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FOREWORD 

The Government of India (Department of Envi~onment) has 
recently becoae concerned about the environmental problems which 
could be created by planned industrialization in the Doon Valley, 
located about 200 km north of New Delhi. Of special concern is 
environmental degradation due to limestone quarrying and lime
stone processing. 

Through the aegis of UNDP and UNIDO, IIASA was award~~ a 
7-month contract in September, 1985 to undertake Phase I of an 
a~sessment of environmental impacts of industrial development in 
the Doon Valley, India. The work envisaged was as follows: 

a) Development of a conceptual framework for an assessment 
of environmental impacts of industrial development in 
the Doon Valley; 

b) Preparation of a baseline report describing present 
envi~onmental conditions and past trends in the Doon 
Valley; 

c) Development of computer software and provision of 
demonstration models for environmental management in 
the Doon Valley and elsewhere; 

d) Provision of advice to the Indian Department of the 
Environment with respect to setting up a supporting 
structure and facilities in India (e.g., national 
scientific team, monitoring systems); 

e) On-the-job training of suitable national counterparts; 

f) Preparation of a comp~ehensive work programme for the 
second phase of the project. 

The present Phase I Report is in three parts. Volume 1 
covers items (a), (b), (d), (e), and (f); Volume 2 relates to 
item (c); Volume 3 contains several papers contributed by the 
collaborators listed on the cover page. 

The principal investigators acknowledge the help that they 
have received from many persons during t~is study. (See Appen
dices 1 and 2 fo~ lists of persons who provided advice.) 
Professor Fedorov visited India in June and November 1985 while 
Professor Munn was there in January 1986. These visits were 
greatly facilitated by UNIDO officers in Vienna (Mr. J.H. 
Paschke) and New Delhi (Dr. K. Hussain and Mr. B. Singh) and by 
Dr. S. Maudgal and his colleagues in the Indian Department of the 
Environmen~. During the course of these visits, discussions were 
held with a number of persons in government services and the 
universities, and it became clear that there are some very 
competeut ecologists, engineers, and envircnmental scientists in 
India. One of the main roles to be played by IIASA in th~ Doon 
Valley study is that of a catalyst. 
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A draft of this report was reviewed at a meeting held 
at IIASA on 3-5 March, 1986. Four members of the Indian Core 
Group for the Doon Valley IIASA/UNIDO Study were able to partici
pate. That meeting contributed substantially to the focus of the 
study, and the principal investigators are indebted to the 
participants. However, er~ors and omissions are the responsi
bility of the authors. 

Appendix 1 gives a list of participants at the review 
meeting. 

Finally it should be mentioned that Volume 1 contains not 
only a description of baseline ~nd historical conditions with 
resulting findings and recommendations, but also conceptual 
presentations to serve as a reference for future activities of 
the Indian Doon Valley Core Group. This is also true for several 
types of impacts that are only indirectly related to industrial 
development. 
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SUMMARY OF VOLUME I 

People livin~ in the Doon Valley believe that environmental 
quality has deteriorated during living memory. This perception 
appears to be supported by the available quantitative data for 
the Valley. Fvr example, the forest cover decreased by about 
25~ between 1972 and 1982 (Sha~ma and Sharma, 19e3) whil~ 
groundwater levels in the City of Debra Dun have reportedly 
lowered by about 15 m in the last decade (sP.e contribution by Roy 
in Volume 3). The most visible si5ns of environmental deterio
ration are th~ ~ca~ring of the Himalaya slopes due to limestone 
quarrying, and the billowing white smoke downwind of the lime
stone kilns. h~we~er, ~n ~mpo~tant reason for the general 
decline in environmen~~l quality is population pressure, particu
larly within Dehra DuP ~ity and vicinity. 

In Chapters ~ and 6, the results of a baseline study of 
enviroomental quality arP given. Although the data available to 
the Principal Investigatcrs a~e ratr.er limited, there are clear 
signs o! environmental degradation in the Valley. 

1. A receut drop in t~e ~ater-t~ble in the vicinity of 
Debra Dun during the dry seasons. 

2. Visible scarrin& ~~ valley slopes due to limestone 
q~arrv~~g. with resultant scil erosion and decreasing 
fore::;,. cover. 

3. Poor air quality, particularly in the Debra Dun -
Mussoorie p~cket, where limestone kilns are operating. 

4. Deforestation due to increased firewood demand. 

5. Declines in th~ numbers cf valued species of birds, 
animals and fish. 

A major cause for this dcop in environmental quality is the 
i~creasing populati~n of peop]e and live5tock in the Valley. For 
example, the growth rate of t~:~ Dehra Dun urban agglomeration 
between 1971 and 1981 wa~ 44% which was higher than the national 
average (DOE, 1984). 

Industry is only one of seve1al causes of environ~ental 
deterioration in the Doon Valley. It is therefore essential that 
the environmental impacts of industrial development be viewed 
within a comprehensive land-use management framework. One such 
fra~ework ~eproduced on the following page is based on the idea 
of s~stainable redevelopment where .!.!!_stai~able applies to both 
ecological and socio-economic processes. li~re it ~hould be 
empha5ized that with the technology availabl~ today, industry 
need not cause harm to t\e environment. Furthermore, industry 
brin13 employment opportunities and income to surrounding areas. 

Redevelopment of lhe Doon Valley requires a thorough 
understanding of th~ ~~rrying capacity of the region. As 
suggested in the Figure, however, carrying capacity is not a 
fixed quantity but depends on: 

- vii -



C 0 N T R 0 L 9 0 U N D A R Y 

REHABILITATION - DIRECT (REFORESTATION) OR INDIRECT 
(CONTROL OF lNDUSTRIAL POLLUTANTS) 

H 

PRIMARY 

l
IROHPEITAL 

QUI ROOTS 

CLEA IR, PRODUCTIVE 
SOIL ~D AVAILABILITY 

OF, CLEAN WATER 

I 

I 
I# 

INDUSTRIAL 
OPTIONS 

FOLICY-DRIVEN l'IOVES TO PURSUE 
PARTICULAR DEVELOPMENT SCENARIOS 

PRIMARY 
PRODUCTION 

810..,.SS FOR FOOD AND ENERGY 

VARlABI.£ CARRYING CAPACITY 

I 
~ 

VARIOU~ COMBINATIONS OF LEVE!.S OF ENVIRONMENTAL 
QUALITY AND INCOME TO SUSTAIN POPULATION 
ABOVE SOf'IE SPECIFIED BASELINE L:~ESTYLE 

!NMIGRATION 

!NClJE I 

AVERAGE YEARLY INCOME 
OF VALLEY RESIDENTS 
REPRESENTING ~ROSS 

PURCHASING PCllfER 

~, 

PURCHA!~LE 

C(M)D !TIES 

A tentative r.onceptual framework for environmental management 
in the Doon Valley. 

·- viii -



the levels of environmental quality deemed to be acceptable 
by society; 

the lifestyle expectations (incomes, food, shelter, edu
cation, etc.) of society; 

the investments that society is prepared to make on environ
mental protection and pollution contra: equipment; 

externalities such as new technologies, changes in world 
trade patterns, etc. 

From the point of view of carrying capacity, the most 
l~miting factor for further industrial development in the Doon 
Valley is lack of water during the dry season. Although monsoon 
rains are very large, most of the water evaporates or is lost as 
runoff. The highest priority should therefore be given to the 
design of enginee~ing works that will improve the water storage 
capacity of the Valley. These facilities must be based on 
understanding, monitoring and modelling the hydrologic cycle. 
Several practical s~gestions for improving the hydrologic 
carrying capacity of the watershed are 2s follows: 

Control of future tubewell development (e.g., staggering of 
wells to tap different aquifers); 

Construction of underground water storage systems; 

Discouragement of plans to locate water-intensive industries 
in the Valley. 

Other c~rrying capacity factors that limit developme~t in 
the Valley include: 

Migration of people into the Valley; (By improving environ
mental and economic conditions, planners may encourage 
immigration, severely taxing the carrying capacity of 
the region.) 

The poor ~ssimilative capacity of the Valley atmosphere, 
placing an upper limit on the pollution that can be e~itted 
if air quality standards are to be met; 

Availability of arable land; 

Milk and fuel wood; (Th£se products cannot be imported 
eco~omically into the Valley, and thus there is a limiting 
population that can be sustained unless improved or alterna
tive technologies are used.) 

Livestock populations: {Stall feeding could increase the 
forestry car~ying capacity of the Valley with respect to 
this factor.) 

Economic factors such as transport costs to d~stant markets 
and within urban areas, energy costs, availabilit · of raw 
materials, waste disposal f2cilities, etc. 

In all of these cases, carrying capacity/sustainability studies 
need to be undertaken, based on a system approach, in which 
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appropriate simulation models are adapted and calibrated for use 
in the Valley. 

In particular, there is a clear need for the development of 
an air quality management strategy. Industry is presently a 
major offender in the industrial area north of Debra Dun City. 
However, the relative contribution of industrial sources to the 
general air pollution loading of the Valley is not known. 

With respect to the broad topic of environmental management 
(including the management of impacts not caused by industrial 
development), a number of im~ortant suggestions are contained in 
Sections 7 and B, including: 

Afforestation 

Land reclamation 

Stall feeding of cattle 

Development of a leather business (to rtmove some of the 
pressure of overgrazing) 

Promotion of various programs that would reduce migration 
into the cities, e.g., development of food processing and 
cottage industries in rural areas. 

Finally in Section 9 a Work Plan for Phase II is given. 
This plan is summarized in the following Table which contains 4 
components: 

Monitoring and modelling 

Software tools 

Data bank 

Training of Indian counterparts 

Details on responsibilities and reporting dates are given in 
Section 9. Phase II is expected to last about 18 months, with 
some provisional quantitative policy instruments becoming 
available at the end of the first 6 months of study. 
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PROPOSED WORK PLAN FOR PHASE II 

Monitoring and Modelling Software Tools 

I I 

• AIR QUALITY MANAGEMENT -- air quality models 

-- climatoiogical analysis -- water models 

-- meteorolog-ical monitoring -- forest models 

-- air quality mor ··-.•.,g - - -- data bank supporting system 

-- air pollution e- 1 on inventory -- statistical programs 

-- 1-RIO"th field proJect 
-- infrared temperature measurl!lll(:f1tS 

~ Ji 
I 

• WATER MANAGEMENT Data Banks I Ir 1 r 
-- preliminary survey 
-- water balance model -- geography Training of -- groundwater model -- climate Indian 
-- water management model -- hydr:>logy Counterparts 

-- industry 
• FOREST MANAGEMENT 

-- agriculture 

-- forest growth models -- forestry 

-- forest carrying-capacity models -- demography 
-- environmental quality 

• RELATED STUDIES {not funded oy UNIDO) indicators 

-- frameworks for regional management 
-- input-output studies 
-- environmental histories 
-- climate change studies 
-- studies of valued ecosystems 
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1. INTRODUCTION 

The Indian Government has recently become concerned about 
environmental problems in the Doon Valley, located about 200 km 
north of New Delhi. The Doon Valley is a typical case where 
industrial development together with other eccnomic and social 
pressures endanger ecological stability. The following human 
activities were identified in the UNIDO Request for Proposal 
(UNIDO, 1985): 

limestone mining ~ith subsequent processing into lime, 
cement, and calcium carbide; 

heavy and metal-mechanical industry; 

urbanization and other infrastructure; 

deforestation due to wood processing industry, increased 
firewood demand and greater agricultural land uee through 
population and livestock increase; 

water and sewage problems due to the growing urban popu
lation and increasing number of tourists and religious 
pilgrims; 

increased transport activities (dust and gas exhausts). 

These pressures on the environment arise, of course, because of 
the growing population in the area. 

In the UNIDO Request for Proposal (UNIDO, 1985) it was 
emphasized that the Doon Valley Project would have to deal with 
two main problems: 

(a) measurement, analysis and modelling of different 
ecological parameters and estimation of industrial 
impacts; 

(b) identification of a development strategy constituting 
an acceptable compromise amongst the variety of 
objectives. 

Point 'b) is particularly to be noted. The assessment is to 
provide a framework for a development strategv, in which 
indiYidual industrial and other land-use proposals can be 
examined in a cross-sectoral way. Although several land-use 
proposals fGr the Doon Valley have recently been implemented or 
are currently being discussed, one of the main goals of the Phase 
I assessment is to provide a conceptual model within which a 
basket of pro1 1 osals and inter-related impacts can be viewed. 
Thus the IIASA/UNIDO study is not a conventional environmental 
impact assessment; rather its goal is to provide a tool for 
environmental management at the regional level. 

As will be elaborated in Sections 4 and 5, the Doon V~lley 
is environmentallr stressed, resulting already in some ecological 
degradation. The stresses have been inevitable in order that 
short-term development goals could be met. However, economic 
growth can not be sustained if these pressures continu~. So it 
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is necessary to focus on long-term development goals for the 
Valley. 

The essence of an appropriate long-term strategy is captured 
in the ~ords sustainable redevelopment. This phrase, which has 
recently ~eec coined by Regier and Baskerville (1986), implies 
that ind·~strial and economic growth and environmental restoration 
are mutual!y reinforcing goals if sound ecological pr~ctices are 
introduced into the planning process. In other words, environ
ment ought to be included in the set of factors (employment, 
~strial, production, consumption, etc.) normally us~d to 
describe the "quality" of development. In the process of 
redeveloping a region, certain readjustments may of course have 
to be made within and amongst sectors but the losers, if any, 
should be compensated. Here it should be emphasized that 
development strategies cannot be formulated in terms of 
environmental/ecological factors alone but must be in the context 
of prevailing legislative, administrative, technological, social 
and cultural practices and norms (Munu, 1979, 1982). 

As agreed by UNIDO, the activities related to assessment of 
the environmental imp3cts of industrial development in the Doon 
Valley are being undertaken in two phases: 

a first phase, to define the conceptual framework for a 
regional environmental assessment using modern techniques of 
systems analysis, and to undertake a study of baseline 
conditions in the valley, including the identification of 
data gaps; 
a second phase during which the environmental assessment 
would be quantified. One of the main goals of Phase II 
would be the transfer of computer software developed at 
IIASA and collaborating institutions, together with the 
capability of adjusting this software, whenever necessary, 
to conditions in other parts of India. 

On-the-job training of Indian scientists would begin in Phase I 
and would be accelerated in Phase II. 
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2. PHYSIOGRAPHY or THE DOON VALLEY 

T~e Doon Valley lies about 200 km north of New Delhi, in the 
foothills of the Himalayas. Fig. 2-1 provides a general idea 
about the valley, which is oriented in a NW-SE d~rection, with 
the Lesser Himalayas to the NE and the Shivalik• -ange of hills 
to the SW. The valley is about 70 km in length; the width of the 
valley floor varies fro• 10 to 20 km. 

The name Debra Dun is used in several di!ferent ways: 

1. The administrative District of Dehra Dun (3CB,800 
hectares) which is about 30~ larger than the area 
shown in Fig. 2-1, the additional area being the tahsil 
or subdistrict ~f Chakrata (136,000 hectares), a 
montane tract to the ncrtheast; a map of the Aiminis
trative District is given in Fig. 2-2; 

2. The area shown in Fig. 2-1, viz., the tahsil of 
Debra Dun; 

3. The a~ministrative sub-divisions of the tahsil of 
Debra D~J, viz., Dehra Dun (the valley) and Mussoorie 
(the Himalayan areas); 

4. The City of Dehra Dun; 

5. The watershed of the Dehra Dun valley; this area 
is larger than that of the Tahsil of Debra Dun but it 
does not correspond with Administrative District of 
Debra Dun. 

Two major river systems divide the valley into two hydro
logic basins - the Ganga to the east, and the Yamuna to the 
west. The demarcation zone between these two river systems 
occurs near the City of Dehra Dun, which is the main population 
centre i~ the region (metropolitan population of approximately 
350,000 and area of 31 km2 ). The next most important centre is 
the hill town of Mussoorie (population of 10,000 in the winter 
but up to 30,00-0 during the hot season), located north of Debra 
Dun. 

Cross-sections through the valley are shown in 
while a satellite photograph is given in Fig. 2-4. 
slopes to the north and northeast of the valley are 
to be noted. 

Figures 2-3 
The steep 
particularly 

With respect to the valley floor, the highest elevation 
above sea level (600 m) is in the vicinity of Dehra Dun, the land 
sloping downward from that area both to the southe3st and to the 
west. Slopes average about 3~ for the first 2 kilometers in both 
directions, then less than l~ to the Ganga (300 m above sea 
level) and Yamuna (also 300 m above sea level; rivers. 

Although the Shivalik hills are rather uniformly orient~d on 
a ~W-SE line, there is an important off-shoot - Lachhiwala - to 

•sometimes spelled Siwalik. 
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the SSE of Dehra Dun, lying between the Suswa and Song rivers in 
the eastern half of the valley. This forested promontory is 10 
1/2 km long, about 5 km wide and rises 60 to 100 m above the 
valley floor. Lachhiwala blocks, to a certain extent, the 
atmospheric ventilation of the Debra Luo urban area. 
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3. T~E E1VIRONMENTALLY-RELA1iD ISSUES IN THE DOON VALLEY 

As a first step in undertaking an assessment of the environ
mental impacts of ind~strial development. it will be helpful to 
summarize the main environMentally-related issues in the Doon 
Valley, including those ~ot associated with industry. These 
issues :1ave attained very high public visibility both locally and 
nationally for several reasons. 

The environmental degradation that has occurred within 
living memory is clearly visible. 

A public interest group, the Rural Litigation and 
Entitlement Kendra (Chairman, Shri A. Kaushal}, has played 
an active role in promoting environmental causes. For 
example, the organization has successfully fought a case in 
the Supreme Court of India, resulting in a reduction in 
limestone quarrying in the Valley. 

A Doon Valley Board has recently been established whose 
membership includes several federal Cabinet Ministers, the 
Principal of the Doon Public School, the Chairman of the 
Rural Litigation Kendra, and Dr. S. Maudgal from the 
Department of the Environment (Ramamurthy, 1985). 

An environmental group is actively campaigning for better 
environmental management in the valley. The Group is 
currently undertaking a study, "Ecosystems Evaluation and 
Planning in the Himalayan Watershed of Ganga and Yamuna," 
sponsored by the Indian Department of the Environme~t 
(Moench and Bandyopadhyay, 1985). 

Several national research institutes are located in the 
Valley and in the neighbouring towns of Roorkee and 
Hardwar. The relative number of professionally trained 
ecologists and environmental scientists in the ~rea is 
rather high. 

The level of education of residents of Debra Dun is also 
rather high. The city has more than its share of retired 
professionals while several nationally important public 
schools are located there. 

The hill to#n of Mc~~oorie is a popular vacation site for 
people from New Delhi. Some of the visitors have obse~ved, 
or have been told about, the environmental changes tak~ng 
place in the valley below. 

Many religious pilgrims from all part3 of India come to the 
Yamuna and Ganfa rivers. 

With this degree of local and national awaren~ss, it has 
been relatively easy to identify the main environmental issues. 
Here it should be emphasized that these issues should all be 
included in an initial environmental "scoping", wriether an 
issue appears to be real or imaginary, important or unimportant, 
to the assessor (9eanlands and Duinker, 1983), and whether an 
issue is related to industrial development or not. 
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In order to compile the list of issues, the following 
publications and persons were consulted: 

1. The UNIDO Request for Proposal (UNIDO, 1985); 

2. Official publications dealing with the Doon Valley, 
particularly the Uttar Pradesh District Gazett~~r 
(Varun, 1979), the review of mining/quar~ying in Dehra 
Dun-Mussoorie region (MSM, 1984) and the Master Plan, 
Regulated Area, Dehradun, 1982-2001 (TCPD, UP, 1982); 

3. A large nu•ber of scientific publications; 
references at the end of this Volume.) 

(See 

4. A large number of persons whose views were solicited 
through interviews; (See Appendix 2 for details.} 

5. Relevant local, state and national standards, 
guidelines and regulations. (See Appecdix 3.) This 
kind of information provides an indication ~f the 
"~orth" that society places on the environment. 

6. A number of contributed papers from Indian scientists 
and from the proprietor of a hotel in Mussoorie; (See 
Volume 3 of ~his report.) 

The resulting iist of issues is rather diverse. In this connec
tion it was not possible to detect any patterns when comparing 
t~e responses of different types of respondents (e.g., laymen 
vs. specialists). 

We co~clude that all of the i~portant environmentally
related issues in the Doon Valley are included in the following 
list, although a consensus on the relative importance of each 
issue would be impossible to achieve. 

a. Meeting the basic needs of the people, especially 
the poor (drinking water, food, clothing, shelter, 
energy, health and education). 

Note: This is a "general issue in developing 
countries, and is the case specifically in 
India (Maudgal, 1985). 

b. Limestone quarrying (on the ste~p slopes of the 
southwest-facing slopes of the Himalayas), causing air 
pollution, soil erosi~n. and ae3thetic damage to the 
landscape. 

Note: (1) A recent decision of the Supreme 
Court of India (March 12, 1985) called fo~ 35 
~uarries to be permanently closed, and 16 
others to be temporarily shut down pending 
appeal; a further 6 quarries were allowed to 
continue operating. s~e Ramamurthy (1985) 
and Shiva and Bandyopadhayay (1985). 
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(2) The Mussoorie hills have iaportant 
phosphate deposits, which may be developed in 
the next decade or so (DOK, 1984). 

c. Air pollution 

Note: (1) The aain industrial sources of pollution 
are ceaent plants, liae kil~s an~ cheaical 
plants but there are several saall chianeys 
in the rural areas e•itting black saoke, 
e.g., fro• sugar processing plants. 

(2) The Doon Valley ha~ been designated as 
an industrial growth area, and incentives are 
provided to attract new industry. 

(3) There are aany non-industrial sources of 
pollution. One respond~nt was of the opinion 
that the vikraa (a iocally aanufactured type 
of taxi) was a aajor contributor to pollution 
in crowded city streets. However, domestic 
cooking stoves and ~utdoor fires a~so add to 
the problea. 

d. Deforestation (due to coaaercial logging, cutting 
of tree3 for ~ersonal use as fuel wood, large-scale 
road construction, cultivation on steep slopes, death 
of chir pine stands through persistent resin tapping, 
quarrying, etc.). 

Note: (1) There has been a recent decision to 
ban cutting of live tree_ in the Doon Valley 
for 12 years. 

(~) Monocropping of the forest was once a 
problea but this practice has stopped. 

(3) An extensive prograa of reforestation 
has begun, very often using volunteers. 

e. Monsoon flooding, soil erosion and landslides (due 
to deforestation, road construction and quarrying). 
These phenomena are believed to have increased in 
recent years; (See Section 5 below) 

Note: (1) A bridge on the Rajpur c~eek near 
the City of Debra Dud was 15 • above water 
level in 1919; sediment is now up to top of 
the bridge and the road ha~ bad to be 
divert~<l (Narayana and Babu, 1983). 

(2) Siltation has bad a bara!ul effect on 
irrigation c~nal~. 

(3) An extensive program of aine 
rehabilitation ~nd terracing of slopes is 
under way. 
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(4) The Central Soil and Water Conservation 
Research and Training Institute, Debra DuJ 
has developed innovative ways of reclaiming 
derelict lands (CSWCRTI, 1984) and of 
controlling landslides (Sastry et al., 1981). 

f. Decreasing water tables and smaller dry-season rive~ 
flows (due to deforestation, quarrying, and increasing 
water consumption). 

Note: See the contribution by A.K Roy in Volune 3 
of this Report for a discussion of changes in 
water table in the vicinity of Debra Dun 
City. The water supply in Debra Dun is 
already deficient during the dry season (DOE, 
1984.) A similar situation exists in 
Mussorie during the peak of the tourist 
season. (See contribution by Prem Thadhani 
in Volume 3.) 

g. Climate change 

No~e: Many people are convinced that local climate 
in the Doon Valley has become hotter and 
drier with less monsoon rainfall in recent 
years. The most frequently cited cause is 
deforestation. A possible economic impact of 
this change has been mentioned by two 
respondents; viz., that the productivity and 
quality of tea bushes have drastically fallen 
in recent decades. 

h. The Tehri dam development 

Note: This dam development is in the adjoining 
watershed to the east and thus will not 
affect the hydrologic cycle in the Doon 
Valley. However, displaced persons from some 
of the villages to be submerged have been 
given 2000 acres (800 hectares) of forest 
land in the southeast corner of the Doon 
Valley (Lall, 1986), increasing the popula
tion pressures. 

i. The increase in human population 

Note: There is a general i~pression that the 
human population is increasing beyond the 
level that can be sustained by the renewa~le 
resources of the valley. The Tehri Dam 
development adds to these pressure. 

j. The increase in livestock population 

Note: (1) There is general agreement that as 
the cattle population of a region goes up, 
the productivity of the land goes down. 
Overgrazing is difficult to reverse, particu-
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larly the practice of allowing animals to 
feed in the forests, preventing the develo~
ment of new seedlings. 

(2) A special problem area is the Shivalik 
hills where an estimated 400 no~ad families 
each manages a herd of about ~00 buffalo, 
donkeys and horses (a total of about 80,000 
animals). It should be mentioned, however, 
that buffalo do not graze in the forests and 
therefore are preferable to cows. These 
Gijjars sell milk to the town people. 

k. Disruption of elephant migrations 

Note: (1) Elephants have traditionally inhabited 
the Shivaliks and forested areas to the 
southeast of the Valley. About 7 yP.ars ago, 
a water channel was built on the east s:de of 
the Ganga river, disrupting migration 
patterns. About 50-100 elephants remain in 
the Shivaliks and another 150 are on the 
other side of the canal. The elephants 
are s~owi~g the characteristic restless 
behaviour that results when migration routes 
are closed, trampling the forest and 
occasionally moving out over adjoining 
agricultural fields. Several persons have 
been killed trying to chase the elephants 
away, and there is growing conflict amongst 
gijjars and farmers. 

(2) There is a proposal to est~blish the 
RaJaJi National Park, which would encompass 
the migration routes of the elephants. 

l. Spread of the weed lentana 

Note: The weed lentana is increasing every year and 
is now spreading into the forests where it 
inhibits the growth of seedlings. 

m. Disappearance of wildlife 

Note: Within living memory, the wild animal 
populations in the Shivaliks are said to 
have decreased dramatically. See, for 
example, the contribution by R. Tilak in 
Volume 3 of this Report. Even in the 
Himalayas, several species are locally 
endangered, e.g., mount~.n ~uail once lived 
just behind Mussoorie and some pheasants have 
changed their habitats. 

n. Disappearance of fish 

Note: Due to river beds drying up in the dry 
season, and due in some cases to overfishing, 
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some species of fish are disappearing. In 
particular, the ~ahseer, as dietary source of 
protein. is now very rare (Tilak, 1983}. See 
also the contribution by R. Tilak in Volume 3 
of this Report. 

o. Decline in the tourist industry 

Note: There is concern in ~ussoorie that the 
tourist industry may some day decline 
due to unfavourable media-reporting of the 
Doon Valley problem and due to local climate 
changes that ar~ believed to be taking 
place. See the contribution by P. Thadhani 
in Vol~me 3 of the this Report. 

p. Pilgrims to Hardwar 

Note: Practicall~ on the southeastern boundary 
of the Doon Valley, n~arby Hardwar is a holy 
city with influxes of pilgrims every March -
April. Once every 12 years there is a 
massive influx, with 8 million persons 
expected in 1986. Whether there are signifi
cant interactions with the Doon Valley 
remains to be investigated. 

q. Reduction in yi~lds of some cash crops 

Note: Several persons mentioned that the yields of 
several cash crops (e.g., tea, lichi, rice) 
had decreased significantly in recent times. 

Interestingly enough, several environmental questions are 
not perceived to be major issues in the Doon Valley. Here one 
could mention water pollution (except in the immediate vicinity 
of industrial and domestic sources), noise, forest fires, vector
borne diseases, and the harmful effects of irrigation, e.g., 
s~linization of soils. As for high-impact low-probability risks 
(a major public issue in Western Europe and North America and at 
Bhopal in lndia), the only example of such a risk mentioned by 
t~spondents was the possibility of increased earthquake hazard 
~ue to construction of reservoirs and dams in adjacent areas and 
due to local quarr'ling which would increase the severity of 
landslides if an earthquake dtd occur. 
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4. A CONCEPTUAL FRAMEWORK 

Once there r.Jas a woman wtzo came into possession of a miZZion 
acres of forest Zand. She kneuJ nothing of managing a forest., so she 
advertised far and UJide for a forest manager., offering the successfuZ 
appZicant the ~est saZary ever paid a forest manager. She ranked 
the hundreds of appZicants and began the intervieuJs. 

The first appZicant., a successfuZ captain of industry., r.Jas 
asked., "If I hire you, what wiU y:JU do for me? 

The answer came quickZy, "I'U ma:dmize your income through 
modern management principZes and ruth!ess efficiency." 

His smiZe faded as the 0111ner said, "Goodbye." 

The second appZicant, a forester, answered the or.mer's question 
with, "I'U marimize the production of wod products from your forest 
whiZe protecting the abi Zi ty of that fore st to produce trees. " 

Another brief "Good.bye." 

A bJiUl.Zife bio'logist said he l.rJOUZd produce a diversity of 
bJiZdZife habitats, protect the threatened species, and p1'0Vuie 
ezceUent hunting for the or.mer. The answer? "Goodbye. ;; 

FinaUy a bJise man with appropriate credentiaZs anSl.rJered the 
question with, "What do you r.Jant from you:r Zand?" The intervier.Js 
were over. She had her manager.* 

4.1 The Valued-Ecosystem Approach to 
Environmental Impact Assessments 

When environmental impact assessmen~~ first became mandatory 
in North America 15 years ago, developers were forced to consider 
environmental factors within the planning process. This was a 
major step forward, although the quality of environmental 
assessments left much to be desired. 

A major advance in improving the usefulness of 
environmental/ecological assessments was m~de by Beanlands and 
Duinker (1983), whose approach has been adopted by many agencies 
in North America. The essence of the method is as follows: 

1. The first step in an assessment procedure is to 
identify a set of valued ecosystem components. In 
the underlined expression, the word valued refers 
not only to components that have high economic value 
but also to those that ~re believed by ecologists to 

*Thomas, Jack Ward, "Towards the Managed Forest: Going places 
that we have never been", Forestry Chronicle, vol. 61, no. 2 
April 1985, pp. 168-170. 
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be essential to the well-being of the system being 
examined and by public groups to have intrinsic 
value. 

If a component is highly valued, then it is 
necessary to ask the questions: "Valued by whom, and 
why?" 

Soae of the valued ecosystem components, e.g., the 
forests, will be i .. ediately selected by the assessor. 
In other cases, it is helpful to catalogue the 
environmental and natural resource issues that are 
important to representative persons and groups, 
including the public. This is the approach that was 
taken in Section 3 above. 

2. The next step in an assessment is to try to seek a 
consensus on guidelines that will permit determination 
of whether postulated changes in ecosystem components 
will improve or diminish the worth of the ecosystem. 

3. Thirdly, it is necessary to specify assessment 
boundaries in space and time. 

4. Next it is essential to develop an explicit strategy 
for investigating the interactions between possible 
human interventions (both deliberate and inadvertent) 
and each valued ecosystem component, and to demonstrate 
how the strategy will be used. 

5. Fifthly, it is essential that predictions of change (or 
of no change) be stated explicitly, and that the 
underlying assumptions be clearly specified. 

6. Finally, a commitment should be made to monitor 
environmental and ecological changes. The main object 
for monitoring should be to test the predictions in the 
assessment, so that mitigative action could be taken if 
the predictions prove to be incorrect (an adaptive 
strategy) (Holling, 1978; Sonntag, 1984). 

An objection is sometimes raised that the Beanlands-Duinker 
assessment framework is unworkable in regions where there are few 
data and where many of the ecological relations are poorly 
understood. However, the valued-ecosystem approach is in fact 
particularly effective in such areas. Where the money available 
to undertake an assessment is limited and tne data gaps are 
large, the Beanlands-Duinker app1·oach forces the assessor to 
focus on a relatively few interconnected parameters. (Many 
environmental assessments in the 1970's in North America were so 
comprehensive that they were of little use to policy makers). 
Another benefit of the Beanlands-Duinker approach is that during 
the course of the assP.ssment, a framework is developed for 
long-term environmental management of the area or resource being 
assessed. 
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4 ? Identification of Valued Ecosystea Coaponents and Indicators 

~here are several lists of factors that need to b~ dr~wn up 
before valued ecosvstem components and indicators can be 
identified: 

relevant local, state and national st3ndards, guidelines, 
regulations, etc. These provide a baseline for 
environmental management, indicating in some sense the value 
that society places on the thing or process being regulated 
(see Appendix 4); 

ecosystem components that are essential in meeting the basic 
needs of the poor; 

issues in environmental and resource management that are 
perceived to be important by one or more groups in the area; 
(See Section 3 above); 

ecosystem components and indicator organisms where the 
impact of human development could be much greater and/or 
could occur more quickly than elsewhere in the ecosystem 
(e,g. destruction of nesting habitats for valued species of 
animals and birds}, thus providing early warning ~f unwanted 
conditions. 

4.3 Bounding the Doon Valley Problem 

Several hundred years ago, the Doon Valley might have 
been considered as an economically closed system. Today, 
however, there are important interactions with the outside world: 

industrial and economic interactions (imports and exports: 
raw materials; energy prices; subsidies; etc.). 

population interactions (tourists; pilgrims; resettle
ment of displaced persons; etc.). 

technology interactions (rapid and sometimes inappro
priate transfer of new technologies; etc.). 

ecological interactions (not important except for species 
migrations). 

physical interactions (not important). 

Reasonable time horizons for bounding of the Doon Valley 
assessment are: 

Tim~ dimension 
Short-term (next 

several years) 

Issue 
The issues for which immediate 
pr1ctical steps could b~ ta~en. 
rsee Section i) 
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Mediua-ter• (next 
10 years) 

Valued ecosyste• co•ponents/ 
indicators that are greatly at 
risk, with soae danger of 
irreversibility in current 
trends. 

Long-ter• (next 
50 years) 

Identification of develop•ent 
path~ays that are sustainable over 
the long tera; (An outline, 

4.4 

admittedly sketchy, of a strategy 
for sustainable redevelopaent 
should be prepared.) 

DeveloRing A Conceptual Fraaework for 
the Doon Valley Assess•ent 

4.4.1 The Array of Possible Fraaeworks 

Several conceptual •odels are available for use in 
environaental/ecolog:cal assess•ents. Briefly, these are: 

1. The hydrologic cycle. 

2. Biogeocheaical cycling. 

3. Input-output •odels of •atter. 

4. Input-output aodels of energy. 

5. Pathway analysis, e.g., food chains (in the case of 
pollution). 

6. Life cycles of selected species (habitats, nesting 
characteristics, migration patterns, etc.). 

7. Population dynamics within an ecosystem (competition, 
predator-prey relations, etc.). 

8. Interactions between ecosystems. 

9. Sustainability analyses, e.g., of the human po~ulation 
that the Doon Valley forests can support (See contri
bution by Fedorov and Lenka in Volume 3 of this Report 
for an example). 

10. Stress-response models of indicator species and of 
ecosystems. 

11. Recycling of usable wastes 

12. Supply-demand models or submodels. 

Note that frameworks 2 and 3 could be applied to towns and 
villages as well as to the more conventional types of 
ecosysteMs. See, for example, Moench and Bandyopadhyay (1985) 
for an analysis of the biomass flow system in the village of 
~unglori, 11 km north of Mussoorie. 
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Two or aore of these systea aodels could, of course, be 
applied in an interactive way to the Do~n Valley systea. 

4.4.2 Constraints on Systea Outputs 

In devising a systeas approach to long-ter• environaental/ 
ecological aanageaent, a nuaber of constraints aust be recognized 
with respect to the types of systea outputs, if the reco .. en
dations are to be iapleaented. 

There is an over-riding short-tera requireaent to aeet 
the basic needs of the people living in the valley; (This is 
often in conflict with long-tera goals). 

The cost of iapleaenting particular measures, no matter 
bow beneficial they aay see~. aust not be excessive, 
and the reco .. ended strateg~ should include, if possible, a 
cost-recovery clause. 

Recoaaended aeasures aust be practicable to iapleaent 
within the social, adainistration and legislative fabric of 
the Doon Valley. 

4.4.3 Narrowing the choice of fraaeworks 

The participants of the Task Force Meeting (IIASA, 3-5 March 
1986} considered a range of possible conceptual frameworks for 
the Doon Valley assessment. Two proposals were made, recognizing 
that considerable elaboration would be required in each case. 
The two frameworks are discussed in the following two sub
sections. 

4.5 The Valued-Component Approach: Applicability 
to the Doon Valley 

As pointed out by Beanlands (see Volume 3 of this Report), 
the valued-ecosystem-component (VEC) approach to assessment has 
only been tested in cases where there is a firm development 
proposal to be examined, with alternatives. Further, the 
approach has not been applied to situations with such a large 
number of environmental/ecological issues as in the Doon Valley. 

Some Task Force Meeting participants expressed the view that 
a matrix of human actions vs. VECs in the Doon Valley would be 
unmanageable. After trying to construct preliminary lists of 
human actions and VECs, this fear seemed to be justified, as the 
number of columns and rows grew and grew. However, the act of 
preparing a matrix provided insight into the nature of the 
problem, revealing differing perceptions of the participants 
concerning the main issues and VECs in the Doon Valley. 

The general conclusion was that it would be valuable if a 
few people were encouraged to develop an appropriate matrix 
during the next several months. In the meantime, the skeleton 
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fraaework given in Fig. 4-1 was suggested,• in which the iteas 
listed within each circle are very tentative, and need to be 
discus~ed with aeabers of the Core and Support Groups to the Doon 
Valley Study, as well as with representatives of local 
organizations. 

Although Fig. 4-1 provides a skeleton fraaework for 
exaaining the environaental issues of the Doon Valley, the 
diagraa is not action-oriented. Fig. 4-2 has therefore been 
added to provide a context. Conceptualizing in teras of a 
triple-layer projection, the upper-layer action aodel contains 
activities such as: 

econoaic developaent 

environaental/ecolcgical protection 

aonitoring 

aodifications in institutional fraaP-works 

aodifications in infrastructures 

The intermediate layer is the saae as that shown in Fig. 4-1 
while the lowest layer is ~ geographic projection intended to 
suggest that the Doon Valley is not a single homogeneous mediua; 
the actions, activities, VECs, VDCs and VACs are all location 
specific. 

4.6 An Alternative Framework for Environmental Management 
in the Doon Valley 

Fig. 4-3 provides another tentative conceptual framework for 
environmental management in the Doon Valley.•• The most 
important rectangle is the one labelled variable carrying 
capacity, the use of the word variable being intentional. 
Carrying capacity is not a fixed quantity but is a function of 
two sets of factors: 

1. social goals (specified lifestyles, incomes, 
environmental quality, etc.). 

2. externalities (new technologies, changes in world trade 
patterns, climate, etc.). 

Fig. 4-3 is not intended to provide the basis for a "big" 
environmental-ecological-economic model of the Doon Valley. It 
is merely a framework that may help the various groups identify 
their particular roles/actions. What the block diagram does 

•The basic ideas contained in Figs. 4-1 and 4-2 were developed at 
the Task Force Meeting by Peter Nijkamp. 

••This block diagram was suggested by G. Beanlands and elaborated 
by participants of the Task Force Meeting in IIASA (3-5 March, 
1986). 



H U ft A R A C T I V I T I E S 

rmr5DJ 

1U•ll1E 
OEftlCAL 
PULP/PAn.R 
CC*S'BUCTIGI 
FOOD 

I 

I - FOR!STltT 

- A&RICUL. TillE 
- Fl::lil!lllli 

' - EIERG\' 

'\ 

\ 
\ 

I 

'~,' 

I ...... ....,; - l'Ol#ll5" 

- EDUCATI Oft 

i RESEARCH . 

~/ 

QCftU 1C 

L/ - HOUSING 

- CONSIWTIOft 
I - TRANSPORT 

- PlliRATIOft 

JV 

- 21 -

v EC s 

AIR 

MATER 

- SOIL 

CLIM TE 

WILDLIFE 

- LNIDSCAPE 

'. 

\ 

·;DC s 

9PL.D'nEIC'r \ - lllall'IE 

IEETI II& llAS IC 
11EEDS OF POOR / 

Fig. 4-1 Prop~sed •keleton fra•ework for environ•ental •anage-
•ent in the Doon Valley. 

VEC- valued environ•ental/ecosy•te• co•ponent 
VDC- valued econo•ic develop•ent co•ponent 
VAC- valued ad•iniatrative co•ponent 



ACTION 
MODEL 

SATELLITc 
:-tODEL 

GEOGRAPHICAL 
PROJECTION 

- 22 -

Fig. 4-2 A triple-layer projection intended to help elucidate 
the develop•ent of appropriate environ•ental •anage•ent 
strategies in the Doon Valley. 
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suggest is that eaphasis should be given to the task of defining 
the c&rrying capacity of the Valley for various sets of social 
goal~ and changing externalities. A 50-year time scale should be 
used, and the objective should be to identify a small set of 
sustainable development/redevelopment pathways. 

Lifestyle is of course a difficult idea to quantify. In 
this connection there is an array of lifestyles and we recognize 
that no segaent of the population should be excluded in develop
ment plans. fig. 4-4 shows conceptu~lly the idea but does 
not reflect the enor•ity of the task of shifting froa the solid 
to the dotted curve. 
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Fig. 4-4 A schematic representation of a development goal. 
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The task of def~~ing the carrying capacities of the Valley 
is itself long-ter• ' could not be co•pleted even in Phase II 
of the IIASA/UNIDO . : 1ect. It will require the involvement of 
Indian scientists fro• •any disciplines. Provisionally, however, 
a few factors can be mentioned that limit the kinds of sustain
able redevelop•ent that could be envisaged for the Valley: 

1. Migration of people into the Valley, particularly into 
the City of Debra Dun, due to increasing industrializ
ation. A preliainary analysis by Fedorov and Lenko 
(see Voluae 3 of this Report) indicates that the rural 
population in the Doon Valley is reaching a saturation 
level but the urban population is still growing. This 
raises a serious social problem for the various levels 
of governaent in India. If uncontrolled migration is 
peraitted on the one hand, ecological and economic 
sustainability will not be possible. If efforts are 
made to limit i••igration without appropriate incen
tives, on the other band, the social fabric of the 
country would be strained. 

2. Ground water shortages during the dry season. This 
clearly is a limiting factor for future industrial 
development. 

3. The assimilative capacity of the airsbed and of the 
watershed with respect to pollutants emitted by 
automobiles, industries, etc. 

4. Fuel wood. This cannot be i~ported economically into 
the Valley. 

5. Agricultural products. Current technology and land 
availability can scstain a population of about 
250,000. Additional food must be imported. 

6. Livestock populations. There must clearly be an upper 
limit to the number of domestic animals that the Valley 
can sustain. 

7. Economic variables such as financing, availability of 
raw materials, distance to markets, energy costs, 
relative competitiveness vis-a-vis other sites in India 
and abroad. These factors provide brakes on certain 
kinds of development, but do not close other options. 

These factors limit sustainable redevelopment but to what 
degree? And how can the uppe~ bounds be increased 7 (In the case 
of groundwater shortages, for example, it has been proposed by 
Roy and by Kaden (see Volume 3 of this Report) that spacing of 
tubewells be staggered and that the possibility of underground 
stora~e of surplus water be examined.) 

With respect to industrial development, the way to begin is 
to create a plausible set of options, and to test each one in 
terms of ecological sustainability. In the case of air pol
lution, for example, this will require a detailed multiple-source 
air pollution model which will permit estimates to be made of the 
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assiailative capacity of the Valley anJ of the impact of proposed 
new factories on air quality. Similarly, input-output models of 
flows of energy and mass need to be elaborated both for the 
Valley and for the City of Debra Dun. Based on sectoral models 
of this kind, the ecological sustainability of each of the 
developaent strategies could then be examined. In the meantime, 
however, preliminary studies of the plausibility of a few options 
ought to be explored. Here the following factors should be taken 
into account: 

1. Local availability of the raw materials required, discour
aging industries that are dependent on scarce local 
resources, e.g., water and firewood; 

2. Feasibility of the option in both an administrative and a 
social-cultural sense. 

4.7 An Example: The Forestry Sector* 

Forests provide a number of useful products and amenities, 
tangible as well as intangible. 

(a) Tangible Forest Products: The tangible products are 
generally exchanged in the market and, therefore, ofte~ 

have a monetary value (e.g., wood and grass). The 
principal products are timber and fuelwood. Other 
commercial forest products are livestock fodder (i.e., 
leaves, grasses and shruhs) and medicinal products, 
e.g., katha, sal seeds and grasses. 

(b) Intangible Forest Products: The indirect use of the 
forest resource is made through its capability with 
respect to soil and water conservation, flood control, 
aesthetics, clean atmosphere, wildlife and outdoor 
recreation. The intangible forest products are usually 
externalities whose economic values are difficult to 
quantify (e.g., flood control and scenery). These may, 
however, be crucial for the very survival of a region. 
For instance, the collapse of an ancient civilization 
in what is now Iraq was undoubtedly the resJlt of 
overgrazing and deforestration in the upper drainage 
basins of the Tigris and Euphrates rivers (Ramade, 
1980, p. 145). 

Forestry can exist as an important economic activity 
for a region only as long as there are adequate forests of 
various age classes and a sufficiently large area of forest 
is harvested and regenerated periodically. At the same time 
it is necessary that interference with the forest ecosystem be 
kept within limits. For instance, deforestation to meet the 
needs for industrial and urban development may accelerate road 
construction, soil erosion and other processes that cause further 
forest degradation; as another example, converting natural mixed 
forests into artificial monospecific forests may appear to be 
financially profitable and administratively convenient in the 
short run, but may impose huge hidden costs (Auclair, 1983, 

·A~ early draft of this Subsection was prepared by J.C. Nautiyal, 
Faculty of Forestry, University of Toronto. 



- '27 -

p. 71/. The basic needs of ~he local population for fodder and 
fuel must be met systematically if haphazard pilferage of these 
products and consequent damage to timber production is to be 
avoided. Existing forests create conditions of flora, fauna an<l 
soil that are conducive to the subsequent r~generation of the 
forest itself and, hence, to the continuation of forest economic 
activities. 

Fig. ~-5, which summari=es these ideas, could provide a 
framework for estimating the long-term human "~arrying capacity" 
of the Doon Valley forests. Such a framework will need to 
include assumptions about the nature of the processes involved. 
One such assumption is that the firewood, housing construction, 
agricul~ural implements, fodder and grazing needs of the entire 
rural population in the valley will oe supplied from the forests 
in the area and that even parts of the fuel and construction 
needs of the urban population will be met. Another assumption is 
that the cattle population in the rural areas is sufficient to 
meet the entire milk requirements for the Valley. Hence the 
fodder and grazing needs of the rural population must take the 
needs of the urban dwellers into account. A third assumption is 
that a much larger proportion of cattle 'can be stall-fed than is 
presently the case and that the number of cattle left for grazing 
in the forested areas is limited to the number that does not 
harm the forest. 

The magnitude of carrying capacity is primarily and 
ultimately a function of primary-resource availability within 
the environment as defined by the size of the particular area and 
by the level of technology available at .3t particular time. 
Certainly, the desired level of economic ell-being also figures 
prominently as a determinant of human carrying capacity since an 
environment can sustain many more people at a low level than at a 
relatively high one. Determining optimum or preferred levels is 
a difficult matter in itself, but the important point here is 
that carrying capacity is ~uite flexible and subject to change -
both for and agaios: the benefit of society. 

Three possible methods could be used for determining the 
carrying capacity of the Doon Valley: tttrial and errortt (or 
simulation), linear programming ttoptimizationtt (Shoemaker 
1977 p. 105) and non-linear dynamic methods. In the trial and 
error apprcach, the predictive equations relating components of 
the system must be solve-:!, analytically or numerically, for each 
new value of the decision variable. For a complex model for 
which many alternatives exist, it is usually too expensive to 
test each admissible policy. One may first choose a few of the 
policies that appear most promising and then test their outcomes 
by simulation. Unfortunately, the best policy can ~e overlooked 
in this procedure. 

A second method often used (but not necessarily the best 
methodl to determine the optimal management of systems is to 
d~scribed them by- a set of linear equations and to solve th"!n by 
linear programmin2: (Shoemaker 1377 p. 106:. Linear progr3mming 
is ~ very powerful optimization tool because it C3n be used for 
systems with a very larg~ numb~r of variables. Solutions can be 
obtained for different objective functions, and the s~nsitiv1ty 
of the solution to one or another variable can be investigated. 
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Its aajor limitation is that it is only suitable for aodels with 
linear constraints and criterion functions. 

The third aethod to be used when the functional relation
ships aaongst the variables are very non-linear is the dynamic 
model approach. However, the input data requireaents then 
increase greatly. Of course a non-linear aodule can be hooked to 
several linear modules of a large aodel; see, for exaaple Brouwer 
et al. ( 1983). 

Developaent of an appropriate sustainability model will 
need input data not yet available to the Project, including 
yields of various agricultural crops and the annual production of 
fuelwood, fodder, timber, resin, and ailk. Much of the effort 
required in developing a model must be devoted to selecting and 
obt~ining these data. 

4.8 Planning Ahead in an Uncertain World 

Planners usually assuae that their task is to help society 
move towards soae desired state. There are several problems with 
this approach: 

Current aspirations of society are in fact a collection of 
conflicting sectoral aspirations. 

These aspirations change from decade to decade. For 
example, the relative iaportance of good environmental 
quality has increased tremendously in the last two decades. 

Strategies proposed by planners to move society forward 
sometimes lead to unexpected results, because of our 
incomplete knowledge of the environment, and of society's 
response to the changed environment. 

Thompson and Wharburton (1985) have given an example of this 
very last point: 

Appropriate Technology solutions of fuel-efficient stoves 
and solar cookers to combat deforestation are environ
mentally appropriate only if the forest is being viewed as a 
renewable resource - a perception to which the providers of 
that technology are deeply attached. But what if those to 
whom they wish to deliver this technology see the forest not 
as a source of fuel but as a source of fresh agricultural 
land? Give them the technology and the last obstacle to the 
full clearance of the forest is reaoved. As we go from one 
institutionally induced perception to another, so the 
Appropriate Technology becomes supremely inappropriate. 

Should the planner have been suprised? Without answering the 
question, the point to be made is that land-use simulation models 
should be sufficiently flexible to permit examination of alterna
tive linkages and inter-relations amongst components and sub
elements. The possibility of surprise should never be over
looked, and the implications should regularly be explored 
that society and life-supporting ecosystems will behave 
differently than expected. 
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5. BASELINE REPORT: HISTORICAL TRENDS• 

5.1 Introduction 

Having identified the main environmental issues, it is row 
appropriate to consider the data bases that substantiate or 
dispell the concerns raised. In this Section we provide a 
historical perspective to the assessment. In Section 5, we 
~hall examine cur~ent conditions and very recent trends over the 
last few years. 

The area to be discussed in this Section is the Debra Dun 
administrative district (See Fig. 2-2), for which long-te~m 
statistics are available. The period covered is the one hundred 
years between 1880 and 1980, and the indicators included are 
human population, land-use, vegetation cover, animal populations 
and man-land ratios. 

The land-use and other time-series data to be presented rely 
in large measure upon official colonial and Republic of India 
statistics. The Agricultural Statistics of India annual series 
is especially valuable for this purpose. Estimates of vegetation 
cover in particular years depend upon close reading of additional 
~arrative descriptions and correlation of these with land-use 
statistics. This systematic approach is described more fully in 
Richards et al. (1985, pp. 702-705). Human population figures 
are taken fr~m the decennial census volumes. Animal population 
numbers are found in official livestock censuses taken at varying 
intervals. Other data on forests and forestry policy come from 
the gazetteers and from official Forestry Department 
publications. 

Debra Dun District, in common with other Himalayan bill 
districts, underwent great changes in the century under review. 
Human pressures on vegetation, soils, wildlife, and water 
supplies have grown steadily. The period after independence has 
been one of intensified alteration of the landscape and 
increasing consumption of the natural resources of the district. 
Both qualitative and quantitative evidence demonstrate the 
strength and consistency of these longer-term historical trends. 

5.2 Population and Urbanization 

Between 1880 and 1980 the number of inhabitants in the 
district rose from 144,000 to 758,000 persons enumerated in the 
1981 census. As Fig. 5-1 shows, the most dramatic growth in 
population has occurred since 1940. In the four decades since 
that date the district's population shot up by 185% from 230,000 
to its 1981 level. Population density, a sparse 47 persons per 
sq. km a century ago, had reached 246 persons per sq. km in 
1980. While not high by all-India standards, this figure is 
considerable for the reso~rces of a mou~tain valley. 

The rising size and importance of the Debra Dun metropolitan 
area has driven much of this population increase. In 1880 the 

•J. Richards, Department of History, Duke University, 
D4rham, N.C., U.S.A. 
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town numbered approximately twenty thousand persons. It was a 
military cantonment for several regiments of Gurkha troops and a 
favored settlement and retirement spot for many English colonial 
officials. In 1911 the town's inhabitants had nearly doubled to 
about 38,SOG. By this time the city had begun its role as a 
scientific and intellectual center for the colonial government. 
The Survey of India, the Forestry Department, and a number of 
other scientific arms of the Indian Government had established 
their headquarters here. Sy 1981 the total urban populace was 
293,500. Today, in 1986, the total surpasses three hundred 
thousand. 

Concentration of population ~ithin the metropolitan area has 
had a wide range of direct and indirect effects on ~·e landscape 
and resources of the Doon valley. Urban demands fc meat, milk, 
grains, drugs, fuelwood and charcoal, construction wood, lime, 
bricks, water, and other commodities rose steadily in the 
1880-1940 period. The demand for these resources aoved sharply 
upward between 1940 and the present day. The needs of the urban 
market encouraged expansion of arable land and clearing of 
forests and other vegetation in the district. Considerable 
evidence exists that these effects have extended well beyond the 
administrative boundaries of the district. As early as 1980, the 
district itself seems to have been importing foodstuffs to feed 
its population. The hinterland for Debra Dun city and municipal 
region is far greater in extent than the confines of the Doon 
valley. The economic attraction of city markets pulled com
modities and labour from hill areas in an expanding arc fifty or 
even one hundred kiiometers or more from the city. 

5.3 Transportation and Access 

In 1829 district colonial administrators began construction 
of the main access road from Roorkee through the Siwaliks to 
Dehra Dun. By 1880 this was largely a "metalled" road, bridged 
and drained, and filled with cart traffic moving commodities in 
both directions. Throughout the century, the work of extending 
the intra-district road network continued. By the 1880s, 
virtually all villages had convenient access to a cartable road. 

Construction of the Hardwar-Dehra railway, opened in 1880, 
afforded speedy and cheap access for both people and goods to the 
valley for the first time. Shortly thereafter, motor traffic on 
the main roads -- soon to be paved -- began in earnest. By the 
late 1920s, regular bus service from the pliins had begun. These 
new forms of transportation superimposed upon the existing 
network of internal roads supplied a major impetus to the 
economic development of the district. 

5.4 Expansion of Agriculture 

Over the century between 1880 and 1980 the area of arabl~ 
land has expanded from slightly more than 41,000 hectares to 
around 64,000 hectares in 1980, a 55~ increase. As F:g. 5-2 
shows, this has been a relatively slow, steady increase save for 
a sudden expansion between 1950 and 1960. In that decade 13,000 
hectares of new land came under cultivation. Presumably this 
pulse resulted from government encouragement for agriculture 
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~oder the first Five Year Plan. A surge of new migrants to the 
district included soae refugees froa Pakistan after partition. 

Crops grown have been primarily wheat -- though diminishing 
in importance -- followed by paddy rice, maize, barley, and 
millet. Sugar cane and saall tea plantations are important cash 
crops. Fruits and vegetables for the urban markets round out the 
list. 

Hilly terrain and difficult water supplies slowed conversion 
o~ land to agriculture. Often the only aeans of expansion for 
aany faraers has been to terrace hillside lands with stone work 
-- an expensive and laborious process. Dry and porous soil makes 
rain-fed faraing precarious and difficult. Expansion of arable 
land has frequently depended upon access to springs, streams or 
river-fed, saall-scale, canal irrigation. 

One of the largest canals, the Rajapur, dates from the pre
British period. British colonial officials built four of the 
reaaining large riverine canals in the nineteenth century before 
1880. Since that date, the governaent and private persons have 
invested in a nuaber of saaller river and spring-fed canals or 
irrigation channels. The irrigated area has varied widely froa 
season to season and year to year depending upon the rainfall and 
snowaelt of that year. In 1885, governaent-owned canals 
totalling 107 km in length irrigated about 5100 hectares of crop 
land. The total area watered from all sources has been consider
ably greater. Irrigated lands in the district have covered about 
one quarter of the total lands under cultivation (24.7~ in 1901 
and 27.6~ of the cultivated area seventy years later). 

Conversion of forest or scrub lands to agriculture, while 
significant, has not been a major source of environmental change 
in Debra Dun District over the past century. 

5.5 Changes in Vegetation 

Changes in the vegetation cover of Debra Dun District has 
been less than that for most other North Indian districts in the 
1880 - 1980 period (See Fig. 5-2). Preliminary estimates show 
that the following vegetation categories• have suffered losses 
(upper set of figures) or gains (lower set of figures): 

Forest Woodlands 
Major Wetlands 
Grass-Shrub 
Semi-Desert Scrub 

Total 

Hectares 

-27,721 
- 4,607 
- 2,269 

442 

-35,039 

(-16~) 

(-21') 
(-11~) 

(-11') 

•The number of categories (7) has been slightly expanded from the 
number (5) used in Fig. 5-2. 
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Rec tares 

+22,729 
+ 4,982 

+ 7,382 

+35,039 

(+55%) 
(426%) 

( 19%) 

The net effect of buaan actions over the past century has been to 
convert 35,039 hectares of the total area of 308,800 ha in the 
district fro• one vegetation category to another or !roa wild 
vegetation to a aanaged landscape. 

Lands under the general classification of forest-woodland 
have shrunk by an estiaated 27,700 hectares (-16~) since 1880. 
Conifers (chir, deodar, kail, spruce) show the greatest decline 
(22~). Losses in the broad-leaved te•perate forests at 18.5% are 
less in percentage ter•s, but slightly aore in nuaber of 
hectares. 

The estimated decline in swa•p-•arsh wetlands is 21%. This 
is the re~ult of concerted investment in swaap drainage in the 
eastern part of the valley. Before as well as after 1880, the 
larger landholders, nuabering •any British settlers, drained 
swamps to reduce the risk of aalaria. As the writer of the 1911 
Gazetteer puts it: "The wide swamps which at one time covered so 
much of the [Eastern Doon] have entirely disappeared ... " 
Clearly, wetland drainage has been a significant habitat 
alteration in the district. 

Woods-~hrub-grass mosaics increased by 19~ over this 
period. This shift is probably a consequence of an ongoing 
process of forest and woodland degradation. Vegetation category 
shifts due to land conversion are not very dramatic. But it is 
clear from the available evidence that various forms of cutting, 
grazing and other hU11an pressures on forests have substantially 
reduced the density and luxuriance of vegetation in the 
district. Slow thinning and degradation, rather than conversion 
to arable lands, bas characterized change in the vegetation of 
the district. 

Debra Dun is a major tim~er collection point and market for 
the buoyant timber and fuel markets of the plain. Since 1880, if 
not before, Dehra Dun bas continuously exported cut timber for 
sleepers, building scantlings and rafters. In 1970 the total 
timber exports from all sources were 10,000 metric tons. 
Fuelwood and charcoal have been until recent years another steady 
export from the district to the plains markets. Bamboos, 
thatching materials, and other forest products complete the list 
of materials taken from the district's woodlands. 
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5.6 Forest Reservation and Manageaent• 

The earliest settle•ents {•ore than 500 years ago) in the 
Doon valley were established on the slopes of the outer Hiaalayas 
and on the plateau in the valley defined by the Tons and Rispana 
rivers. These regions were well endowed with forest wealth which 
the people. largely far•ers, used for satisfying their needs of 
fuel, fodder. structural tiaber and agricultural iapleaeuts. 
Extensive agriculture was practised to produce food surpluses for 
an ever increasing population, and the forests were cleared for 
agricultural cultivation. Moreover, unrestrained forest cutting 
for profit during the brief Gorkha occupation {1803-14) left the 
forests in the vicinity of habitation in the valley devastated to 
a large extent {Tucker. 1982). 

The entry of the British in 1814 did nothing, in the 
beginning. to iaprove the state of the forests. On the contrary, 
they introduced soae drastic changes in the pattern of forest 
utilization which led to their further deterioration. Firstly, 
virgin sal forests were opened to co••ercial exploitation, and. 
secondly. the "za•indari" or land-lord syste• of land revenue was 
introduced which destroyed the com•unity organizations in the 
villages. The forests were seen only as sources of revenue by 
the govern•ent and as a •eans of •aking quick profits by the 
ZaJlindars, the new owners of the forested lands. 

Large-scale clearfellings were carried out, and by the 
1850's, sal tracts below the hills and in the valley were already 
cleared of aarketable trees {Tucker 1982). In an effort to 
establish better control over the forest revenue and to ensure 
timber supplies for the newly introduced railway syste•. the 
Forest Department was established in 1855. It. however, was just 
a forest revenue collecting agency with a different name. and it 
did little to conserve or manage the forests. 

During the 1870's (UPFD, 1979), it was realiz~d that 
one of the important timber species being harvested, sal. was 
not regenerating naturally. The forestry system being practised 
was devoid cf conservancy and consisted of heavy destruction and 
waste of forest resources. In order to introduce planned 
scientific management of forest resources in various parts of the 
then British India, the Indian Forest Act of 1878 was 
promulgated. This law defined several legal categories of 
forests, the most important of which was "reserved forests", 
which would be managed by the Forest Department for timber 
production and silvicultural improvement (Tucker, 1982). 

Large areas of forests in the Doon valley were declared 
as reserved forests. Forestry activities were regulated 
according to prescriptions contained in a long-term plan of 
action, called "working plan", a system that is still practised 
today. 

•First five paragraphs were contributed by J.C. Nautiyal, Faculty 
of Forestry, University of Toronto, Canada. 
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Establishaent of the central offices and institutes of the 
Forestry Depart•ent in Dehra Dun ensured that a large portion of 
the District's forest and woodlands caae under official manage
ment. Therefore the forest records are full and relatively 
precise. The area devoted to officially designated reserved and 
protected forests has grown by 96~ between circa 1880 and 1970: 

(Hectares) 
Date Dehra Dun Chakrata Total ~ of Area 

Tahsil Tahsil 

1877 77,000 77,000 24.9~ 

1901 77.002 36,778 108,779 35.2= 

1950 77,287 36,518 108,805 35.2~ 

1961 76,082 39,089 115,171 37.3~ 

1971 150,803 48.8~ 

(Sources: Varun, 1979; I•p. Gaz. 1909; U.P. Forest Department 
Annual Adainistration Report, 1950-51, 1960-61.) 

Passage of the 1878 Government of India Forest Act confirmed the 
status of the Dehra Dun governaent-managed forests. These 
comprised one-fourth of the lands in the district. By the turn 
of the century, incorporation of the Chakrata forests brought the 
proportion of reserved and protected forests to over one-third of 
the total area. This ratio remained stable until after Indepen
dence. The U.P. Zaaindari Abolition and Land Reforms Act of 1950 
gave the Forestry Department authority over private and village 
forests in the district. By 1971 nearly one-half the lands in 
the district were under professional forestry management and 
protection. 

Placing such a large ratio of district lands under the 
protected forests category added a further impediment to the 
expansion of agriculture in the district. The fields and 
"village forest" lands of many villages in the district abutted 
the boundaries of govern~ent-protected forest tracts. Whatever 
market incentives might develop, they therefore could not cut and 
clear new fields beyond a certain well-defined limit. 

Professional forest management may have limited, but it 
certainly did not halt, the deterioration of the forest, wood
lands and wetlands of the district. Much unrestrained timber 
cutting had already taken place in Debra Dun District between 
the assumption of British control and the demarcation of reserv~d 
forests in the late 1870s. Even after demarcation of the 
forests, acceptable standards for cutting and preservation were 
less stringent than those today. Descriptions of the first 
working plans of the late nineteenth century suggest much heavier 
cutting than might have been desirable for a sustained yield 
policy of the 1980s. 

The British colonial forestry service expected to show a 
substantial profit on the extraction and processing of timber and 
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other forest products from all its holdings. In the first decade 
of the twentieth century, Dehra Dun's average annual timber 
export to the plains was 6440 cubic metres (mostly sal for 
sleepers and building tiabers). In the same period the Depart
ment licensed extraction of 27,552 cubic metres of fuelwood and 
charcoal and permitted cutting of 610,810 baaboos in the 77,000 
hectares of the Doon forestry sector. Total average annual 
profits were 77,800 rupees. 

Tiaber felled and sold by the departaent travelled to the 
plains by an intricate series of river passages. Individual logs 
floated down the Tons, Pabar and JUB1na rivers to be caught b¥ a 
booa. Thereafter the tiabers went by raft down the Juana river 
and the Western Juana canal to a railhead near Delhi. Unexported 
tiaber enjoyed a ready market and rising prices at Dehra Dun 
municipality where a building boom followed the opening of the 
railway in 1900. 

Extraction and sale of timber and other forest products 
through official channels was only one means of degradation. 
Private, individual cutting and gathering put additional pressure 
on private and on supposedly protected forest lands. Throughout 
the colonial period, the rural inhabitants of Dehra Dun district 
retained liaited rights of access to government forests adjacent 
to their villages. Large areas of government forest were 
coapletely closed to grazing and gathering of fuelwood. But in 
certain demarcated areas, people could send in their herds for 
forage; they could take out dry fu~l woad for personal and 
household consumption; they could lop trees for fodder and obtain 
torchwood and a limited amount of timber for building; and they 
could collect thatching grass and other forms of "minor forest 
produce" free of charge. 

Before the early 1900s, these freely exercised village 
rights probably put less pressure on the forests than government
approved fel~ing. However, growing urban demands for fuelwood 
and other forest products led to rising prices, making it 
profitable for villagers to cut more wood than needed for pur~ly 
subsistence purposes. Despite various official control measures 
(including armed guards, arrests, and fines) larger numbers of 
rural inhabitants and their cattle have made greater demands on 
thinning woodlands and forest cover every decade. The sudden 
take-off of population in the district after 1947 has added a 
further dimension to licit and illicit cutting and gathering in 
the reserved forest lands. It appears that for many peasants, 
subsistence rather than merely supplemental income may be at 
stake in the forests. 

5.7 Limestone quarrying 

Rising prices for building materials encouraged the forest 
Department in 1904 to expropriate all private rights to the 
quarrying and processing of limestone. In 1908, 17,055 tons of 
lime left Debra Dun by the railway. Laborers collected boulders 
bearing lime and placed them in large pits of about 30 cubic 
metres capacity. In these kilns, firewood burned steadily under 
about 10,000 kg of stones for a week. The end product was about 
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7500 kg of lime. The 1908 export of lime required an estiaated 
5000 to 6000 cubic metres of firewood for the kilns. 

In 1911, four quarries were operating in the Doon Valley. 
That level of producti~n changed very little until the State of 
Pakistan was created, aad India had to develop its own sources of 
high quality limestone and marble. In 1980 there were about 100 
quarry leaseholders in the Doon Valley, extracting 513 x 103 , and 
136 x 103 tonnes of liaestone and mar~le, respectively, in that 
year (Bandyopadhyay and Shiva, 1985). 

5.8 Aniaal Population 

Livestock are obviously a source of agricultural pro
ductivity for the rural inhabitants of the district. Meat, dairy 
products, wool and hides are important sources of farm income. 
Dung for fuel or fertilizer is essential. Draft animals still 
are a aajor source for traction. At the same time, grazing 
animals make significant demands on vegetation. By and large, 
the district far•ers do not cultivate forage crops for their 
livestock. Fallow lands, agricultural stubble, village commons, 
and fo~est and woodlands are the primary sources for animal 
forage. The Doon valley and hill animals have not been 
impressive for either size or productivity by plains district 
standards. The hill animals especially seem to have been 
uniformly small and scrawny. Cows were poor milk producers. But 
the hill bullocks were probably efficient for drawing ploughs and 
other farm tasks on the slopes of the terraced hillsides. It is 
also likely that they could survive on the scantier diet that 
hill and forest grazing supplied. Since 1947, the government has 
invested some resources in cattle and buffalo breeding. The size 
and the feeding requirements of these larger animals have risen 
accordingly. 

The livestock population of Debra Dun has grown at a steady 
pace (See Fig. 5-3). Between 1890 and 1966, total animals 
increased 89~ from 168,000 to 315,000 head. More recent data for 
1980 are not yet available but it seems unlikely that this trend 
has abated. Although impressive, this enhancement is much less 
than the 426% rise in human population for the century. 
Obviously the high proportion of urban dwellers in the district 
helps to explain the discrepancy. Nevertheless, both urbanites 
and the agricultural population depend upon animal resources. 
Between 1890 and 1966 the ratio of livestock to humans has varied 
from 99 head per one hundred humans in 1890 to a high of 124:100 
in the 1908-1929 years, decreasing to 73:100 in 1966. 

The composition of livestock herds bas remained surprisingly 
constant over the seventy-six yeer period. Bovines (cattle, 
bullocks, and buffalo), sheep and goats constitute 98 to 99~ of 
the district herds. Horses, not commonly employed in the region 
before the British annexation, remain unimportant. Bullocks 
continue to form 17 to 18% of the herds. Cattle, however, show a 
recent gain from 57 to 58~ in the 1920s and 1930s to 62% of the 
total in 1966. Sheep and goats have lost proportionately. 

The recorded enlargement in Debra Dun's livestock has 
outpaced the expansion of land under cultivation. Arable land, 
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as mentioned above, grew by only 55~ in the 1880 to 1980 period. 
We might therefore expect that somewhat greater pressure for 
scrub, woodland and forest grazing may be exerted now than in 
earlier years. Access to grass/shrub mosaics, wood-scrub and 
fallow lands has declined accordingly. The 1890 figure of 0.39 
hectares pe~ animal has dropped steadily to the 0.22 hectares per 
animal in 1966 (See Fig. 5-3). Cultivated forage crops and stall 
feeding do not seem to be common practices at present. Clearly 
for many farmers in the district, the only recourse has been the 
undergrowth, intermittent grasses and lopped branches of the 
district forest~. Forestry department management of reserved 
forests placed a barrier between the peasant farmers of the 
district an~ their accustomed forage resources in the forests. 
Fodder for most of the year consisted of "grass carried in from 
the more precipitous hillsides by the women" and "leaves and 
straw" (1911 GAZ p. 36). Cattle owners rarely tried to store 
fodder, but "hillsides that were too steep for safe grazing acted 
as a natural reserve" (ibid). For four to five months before the 
summer rainy season, the hill villagers drive their cattle "up to 
the great forests on the higher hills: there they make a more or 
less permanent cattle station, not leaving it until the rains 
have ~ell set in" (ibid). 

In 1877-78 the department asserted that the prescriptive or 
customary rights of forest grazing held by farmers both in the 
Doon valley god in the hills was a privilefe and not a right. 
Hereafter these rights were to be extended only to defi~ed forest 
areas adjacent to each village. Grazing and access to the 
forests of the Eastern Siwalik ranges were banned altogether. 
This action seems to have put an end to most of the cattle 
stations for summer grazing in the forests. Continuing restric
tions on access to more distant reserved forest blocks hav_ 
forced more intensive, nd one suspects, more damaging grazing on 
both private and reserved scrub and woodlands circumscribing each 
village. In its descriptions of individual villages, the 1911 
gazetteer mentions the hardships caused the peasants by strict 
exclusion from many forest tracts. 

Wild animals of all types have diminished in numbers as 
human and domestic animal populations have swollen. Hunting and 
the deterioration of habitat have combined to reduce the 
predators. Tigers, leopards, and the hyena were already reduced 
in numbers by the early twentieth century. Elephants were 
depleted by capture. The last known khedah was leld in 1905. 
Deer herds -- sambhar, chital, and parha -- roamed in smaller 
her1s in the early twentieth century because of "continuous 
destruction of game." Quail, duck, partridges, among other game 
birds w~re still prolific. Fish were still abundant, especially 
the large mahseer which could be readily netted by rural folk. 

By the 1970s these animals were certainly far from 
abundant. A tiger census taken in 1973 found eleven animals 
surviving. Other animals suffered less drastic, but similar 
declines. The wildlife protection l~gislation of 1972 has 
prohibited taking of any animals in the district. Some resto
ration of populations may be expected in the reserved forests. 
But this has also reduced access to supplementary food supplies 
for the rural population. Fishing for mahseer is no longer 



- 43 -

common with the decline in numbers. Whether steady depletion of 
animal and bird numbers has had a deleterious effect on the 
ecosystems of the district ~~ certainly a point that should be 
examined. 

5.9 Man-land Ratios 

The effects of one hundred years of economic development and 
growth in human numbers can be seen most dramatically in 
Fig. 5-4. The amount of arable land per person in the district 
-- both urban and rural -- has declined slowly but perceptibly 
over the century. From just under three-tenths of a hectare in 
1880, the figure gradually dropped to just over one tenth of 
a hectare in 1980. This trend towards decreasing values supports 
the notion that the district has increasingly relied upon 
imported foodstuffs. Whether post-1950 investments in improved 
seeds, fertilizer and water have led to better yields thus 
compensating for this declining land ratio is not certain. 

More startling is the trend in per-capita access to natural 
vegetation given by the upper curve in Fig. 5-4. Io 1880 each 
person in the district had access to nearly 1.8 hectares of 
natural vegetation, which includes all the major types of 
vegetation cover, from wetlands to grasslands to forest areas. 
By 1980 this area had tumbled precipitously to just under 
four-tenths of a hectare per person. 

The trend suggests that in at least one important sense, the 
population of the district has become impoverished. Rural folk 
can no longer readily and easily gather manifold products of 
grassland, shrub or woodland. Wild fruits, dyes, medicines, 
fuelwood, thatching materials, bamboo, honey, and game are either 
inaccessible or more costly in terms of time and energy for their 
colle~tion. For the urban dweller, the availability of these 
products at low cost is no longer possible. Perhaps even more 
significantly, this unfavorable trend suggests that in each 
decade, the inhabitants of Dehra Dun have imposed greater 
pressure on the vegetation of the district. Degradation and 
depletion of the habitat is the inevitable result. 
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6. BASELINE REPORT: CURRENT CONDITIONS AND RECENT TRENDS 

5.1 Introduction 

The following baseline report of current conditions in 
the Doon Valley is preliminary. In some cases, the data banks 
were not made available to the Principal Investigators in time to 
meet the deadline for submission of the Phase I Report. In other 
cases, new measurement programs will have to be established under 
Phase II of the Project. 

6.2 The Atmospheric Sector 

5.2.l Climate data sources 

There are three climate observing stations in the valley: 
(1) Debra Dun city; (2) the Forest Research Institute just to the 
west of the city, and (3) the Field Station of the Central Soil 
and Water Conservation Research and Training Institute - about 18 
km to the west of the city). There is also an observing station 
in the hill town of Mussoorie overlooking the Valley. In 
addition, data are available from a "control" site, Roorkee, 
which lies to the south of the valley (about 65 km SSW of the 
City of Dehra Dun). Observations are made twice daily (0300 GMT 
~0830 LST) and 1200 GMT (1730 LST)J of the usual weather 
elements, including in particular maximum and minimum tempera
tures, precipitation amount, and instantaneous wind direction. 
In addition, pilot balloon observations are made at the Debra Dun 
City station. The records go back many years, and climatological 
normals for the period 1931 to 1960 are published. 

6.2.2 Recent trends in climate over India 

The most important large-scale feature of the Indian climate 
is the southwest monsoon which in the Doon Valley, occurs 
generally between late June and mid-September (the rainy 
season). The remainder of the year is dry except for brief 
intervals of rain when weak disturbances cross the region from 
west to east. 

There are significant year-to-year variations in the 
global atmospheric general circulation, particularly with 
respect to the behaviour of the monsoons. However, there is 
no evidence for any recent trends in India. For example, 
Padmanabhamurty has shown (see Volume 3 of this report) that 
there have been no statistically significant changes in annual 
rainfall in recent years. 

6.2.3 Recent trends in the climate of the Doon Valley 

Padmanabhamurty's study did not include rainfall data from 
the Doon Valley. However, a plot of the annual rainfall at the 
Forest Research Institute (Fig. 6-1) certainly does not support 
the idea of a change in rainfall locally in the Doon Valley. A 
careful statistical investigation of this time series as well as 
of 14 recent years of monthly rainfall amounts and temperatures 
at the Forest Research Institute bas been undertaken by Fedorov 
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and Lenka (see Volume 3 of this report}. Again there is no 
evidence for any recent change in climate. 

6.2.4 Evidence for mesometeorological wind circulations 
in the Doon Valley 

Except during the summer monsoons, the topography appears to 
be generally favorable in the Doon Valley for the development of 
slope and valley winds, which would have a •ajor effect on air 
quality in the area. Do the data provide any evidence to support 
this view~ 

The 30-year climatological summaries available to the 
Investigators include frequency distributions, by month of the 
year, of instantaneous wind directions at 0300 and 1200 GMT for 
Roorkee, Debra Dun City and Mussoorie. Admittedly an instan
taneous reading is not the best measure of wind; however, the 
long-term statistics clearly reveal the presence of a diurnal 
cycle in wind except during the monsoon season. Some illustra
tive results are given in Figs. 6-2a, b, c, which show: 

At Roorkee, a "control" station out of the Valley, the 
prevailing wind is NW in January and SE in July. The 
frequency of calms is higher in January, particularly at 
0300 GMT. (See Fig. 6-2a.) 

At Debra Dun City in January, there is a significant wind 
reversal in between 0300 GMT (prevailing wind N to NE) and 
1200 GMT (prevailing wind SW to W). This effect is not so 
evident in July. (See Fig. 6-2b.) 

At Mussoorie, a wind reversal occurs in January, as at Debra 
Dun City, but the prevailing direction at 1200 GMT is S 
rather than SW to W (this may be due to very local 
differences in exposures). In July, the prevailing 
direction is S at both hours (in contrast to SE at 
Roorkee). (See Fig. 6-2c.) 

In summary, the wind direction c]imatolo'y at Roorkee is 
representative of conditions in the plains of Northern India. In 
the.Doon Valley, there is good evidence even from this limited 
data set for a mesoscale wind field, as might also be expected. 
This has important implications for pollution control strategies, 
as will be elucidated in Section 7.2. 

6.2.5 Temperature inversions in the Doon Valley 

The vertical temperature structure in the Valley is an 
important consideration with respect to the dispersion of air 
pollutants. In particular, a temperature inversion (an increase 
of potential temperature with height) acts as a lid on upward 
diffusion of pollution. 

There are no direct measurements of vertical temperature 
profiles in the Doon Valley, the nearest uppP.r air station being 
at Delhi. However, a rough indication of local conditions may be 
obtained from a comparison of temperatures at Mussoorie with 
those in the Valley. (The di!ference in height between Mussoorie 
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and Dehra Dun ~ity is 1360m, so that 13.6°C (1°/lOOm) should be 
added to the Mussoorie te•peratures to correct for adiabatic 
expansion and cooling, before comparing them with Dehra Oun city 
values.) 

The results given in Fig. 6-3 should be considered as 
suggestive only. We have used cliaatological mean monthly 
te•peratures, and there will in fact be a frequency distri
bution cf teaperature differences, soae larger and some smaller 
than those shown in Fig. 5-3. In addition, we have assuaed that 
the air is not saturated; when cloud and aist are present, the 
aoist adiabatic lapse rate (O.S°C/100a) should be used. Never
theless, Fig. 6-3 does suggest that temperature inversions may 
occur, thus liaiting the dilution capacity of the mesoaeteorolo
gical valley systea. 

As an anecdotal footnote, one of the principal inves
tigators (R.E. Munn) aeasured the teaperature with a small 
digital theraoaeter exposed outside the left front window of a 
moving autoaobile at each 100 a of elevation between the city 
li•its of Debra Dun and Mussoorie. Heights were estimated from 
the readings of a small aneroid altimeter. The measurements were 
made between 1000 and 1100 LST on January 10, 1986. Skies were 
clear but there was a pall of smoke in the valley. The usual 
caveats apply to this data set: 

Temperatures were no doubt rising with time, partic~
larly on south-facing slopes. However, the increase 
would certainly not have been more than a couple of degrees 
per hour. 

The twisting road was sometimes in sun and sometimes in 
shade, sometimes very near the edge of the slope and 
sometimes set back 20• or so. 

In spite of these factors, the data displayed in Figure 6-4 
suggest that an inversion was probably present in the valley 
on that occasion. Visually, there appeared to be an upper 
lid to the smoke pall at an elevation of about 700 m above 
the valley floor. 

Continuing to observe the situation from a southward facing 
vantage point in Mussourie, wisps of smoke began to move up over 
the town at about 1145 LST, and by noon, the ~ide of the valley 
was shrouded in fog (cloud), so that the trip back to Debra Oun 
was in partial fog. It was therefore not appropriate to repeat 
the measurements on descent, and to average at each elevation, as 
is usually recommended. 

Summarizing, on this single occasion at least, the valley 
did not have an impermeable lid; there was in fact considerable 
leakage of th~ pollution pall associated with upward-rising air 
over southward-facing slopes. In this connection, these 
observations suggest that air quality should be measured at the 
southern edge of Mussourie; it is possible that the import of 
pollutants into the hill town from the valley below could be 
significant. 
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6.2.6 Air guality in the Doon Vallev 

Locations of the largest point sources of air pollution in 
the Doon Valley are shown in Fig. 6-5. These emitters are 
situated between Debra Dun and Mussoorie. However, there are 
many smaller sources not only in the city but also in the 
surrounding rural areas. An ~ir pollution emission inventory 
will have to be made during Phase II of the Project. Presently, 
the only information available is contained in an unpublished 
report dated Septeaber 1985. At the time of a site visit by a 
Central Board team on 19-21 August, 1985, 

ARC Cement: particulate emissions from the ~tock exceeded 
the prescribed limit of 100 mg/Nm3 and there were many 
fugitive emissions. 

M/s V.P. Carbide: the plant was not yet in production but 
it has an installed annual capacity of 21,000 tonnes of 
calcium carbide. Fabric pollution control filters were 
being installed. 

M/s Aditya Chemicals Ltd.: particulate emissions were less 
than 50 mg/Nm3, well below prescribed air pollution control 
limits. The plant is producing about 10,000 tonnes per year 
of precipitated calcium carbonate. 

Lime kilns: about 200 kilns are operating on both sides -0f 
Raipur Road near the Rispata river. 

The only air quality measurements in the Valley were 
obtained close to point sources. For example, Bandyopadhyay et 
al. (1984) mention that measurements taken "near the Rispata 
bridge, and including sensitive areas like a residential 
children's school, revealed that the particulate matter in air 
was 350 micrograms per cubic meter" (8-hour averages). This area 
is close to the limestone kilns, which emit visible white 
dust. At a distance of 150 m from the kilns, concentrations of 
suspended particulate matter averaged over 8 hours are usually 
higher than 1000 micrograms per cubic meter (Shri D.P. Sharma, 
U.P. Pollution Control Board). One of the tasks to be undertaken 
during Phase II of the Project will be to establish a network of 
air quality monitoring stations at representative locations in 
the Valley. 

One rough indicator of long-term pollution trends is 
visibility, particularly the frequencies of occurrences of haze 
and smoke (Munn, 1973). The measurements made at weather 
observing stations in the Doon Valley and vicinity will be 
examined for trends of this type as soon as the data become 
available to the principal investigators. 

6.2.7 The Hydrologic Cycle 

Rainfall climatologies are available from 3 stations in 
the valley, as well as from Mussoorie. As an additional piece of 
information, Moench and Bandyopadhyay (1985) mention that there 
is a rainshadow in the Aglar valley north of Mussoorie; rainfall 
measured at the village of Munglori in the Aglar valley during 
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June-September 1984 totalled only 25~ of that recorded at 
~ussoorie. So it is possible to obtain a rough engineering 
estimate of the water input to the Doon Valley system, including 
the year-to-year variability in rainfall; see Fig. 6-6 for an 
example of the type of climatological output that is available. 
From a knowledge of the temperature and humidity fields, a rather 
crude indirect estimate of evapotranspiration could also be made. 

Some data on water storage and runoff have been collected by 
•arious national and state agencies. However, the information 
has not yet been obtained by the Principal Investigators in most 
cases. This part of the baseline report must therefore remain 
incomplete, and we are able to cite only the following: 

a) Ground-water table in the vicinity of Dehra Dun 

Roy (see Volume 3 of this Report) has mentioned that 
ground-water levels in Dehra Dun have reportedly lowered by 
about 15 m in the last decade. One of the tasks for Phase 
II of the IIASA study will be to undertake a careful 
statistical analysis of ground-water time series. 

b) Peak dischar,es in 5 small watersheds 
in the Doon Valley 

Babu and Narayana (1984) have studied peak discharges 
in 5 small watersheds in the Doon Valley using data for the 
years 1960-1983, and have developed a stochastic model for 
predicting the peaks. For one particular watershed, the 
actual and predicted peaks are shown in Fig. 6-7. As can be 
seen from the best fitting regression curve, an upward trend 
of 0.052 cubic metres per second per year in peak flow is 
obtained. This agrees with the general perception of Valley 
residents that peak run-off rates have been increasing in 
recent years. 

6.3 Water Quality 

Water quality is not a major public issue in the Doon Valley 
(see Section 3). For ease of reference, however, we cite three 
reports that mention water quality. 

Singh (1983) - a Master's thesis at Jawaharlal Nehru 
University on water and sediment quality downstream from the 
Mussoorie phosphate mining area. Some typical results are 
shown in Table 6-1. The effect of the mines on sulphate, 
phosphate and calcium concentrations is detectable. 

Katiyar et al. (1984) - A chemical analysis was undertaken 
of water quality near three mines and in the Baldi river. 
The results shown in Table 6-2 are consistent with those in 
Table 6-1. The sulphate and phosphat~ concentrations are 
elevated in the vicinity of untreated old mines. 

FRI (1984) - A preliminary investigation is being 
undertaken of the chemical quality of Bijapur Canal water 
passing through the New Forest at Debra Dun. 
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Table 6-1: .Some typical resuits from a study of water quality 
downstream of the ~ussoorie phosphate mining area. 
Concentrations in ppm. (Singh, 1983) 

Location 

1400 m upstream 
of mine discharge 

100 m downstream 
of mine discharge 

200 m downstream 
of mine discharge 

Song Canal, Maldeota 
17,400 m downstream 

Tap wat~r. Debra Dun 
33,400 m downstream 

8.1 4 1.3 173 265 0.48 21.5 

8.1 4 1.1 173 754 0.06 28.5 

8. l 4 1. 3 145 577 0.36 150.0 

8.0 1. 4 119 438 0.06 110.0 

8.0 5 1. 3 155 125 0.06 28.5 

Table 6-2: Some results from a study of water quality in the 
vicinity of mining areas in the Doon Valley. 
Concentrations in ppm. (Katiyar et al., 1984) 

Location PH HCO:i- $04-- ca•+ 

Treated old mine 
spoil (Jhandoonala~ 8.2 143 108 51 

Untreated old mine 
spoil (Dhandaula) 8.0 90 495 232 

Untreated fresh 
mi.ne spoil (Kali Rau) 8.0 130 370 182 

Baldi river 8.0 140 l .. " 1 .. 66 
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6.4 The Forestry Sector* 

6.4.l Introduction 

Forests of va~ious types and variable densiti~s cover 
about 1000 km2 , or nearly 50~ of t3e area of the Doon valley. 
The forest resources of the valley are administered by the East 
and the West Dehradun Forest Divisions of the Siwalik Forest 
circle. There are no village or community forests in the 
valley. Therefore, leaving aside some negligible private or 
municipal treelands, practically all the forest in the valley is 
managed by the Uttar Pradesh State Forest Department. The forest 
distribution in the valley is shown in Fig. 6-B. 

6.4.2 Description of the Forests 

The Doon valley has been known for its excellent sal 
(Shorea robusta) forests. However, over the last few decades, 
the proportion of well stocked forests has been falling (Sharma & 
Sharma, 1383), and the present state of forests leaves much to be 
desired. 

The forests in the three geographical regions within 
the valley are markedly different. The condition of vegetation 
in these three regions was assessed by using aerial photographs 
for the years 1975-77 (Sharma & Sharma, 1983). The approximate 
proportions of areas under different densities of forP.st cover 
(above 60%, 20 to 60%, below 20~ and non-forest) are shown in 
Fig. 6-9. 

The forest cover on the north-eastern slopes of the Siwalik 
was the best of all where about 56~ of the land is covered with 
sal forests of high density (i.e., average crown cover of over 
60~). In all, about two thirds of the region had some kind of 
forest cover. In contrast, the valley proper had less than 50~ 
of its area under forest, and only one third of the region was 
under dense sal. Almost 8% of these flat lands had planted 
forests, raised mostly on poor and much degraded areas. The 
forest cover in the third region, the south-western slopes of the 
Himalayas, was found to be in a most pronounced state of degra
dation. Though technically 6-0~ of the land had forest cove~, 
only about 10~ had dense forests. There were no sal forests in 
the region and the dense cover consisted of chir pine (Pinus 
roxburghii) and miscellaneous deciduous species. Almost 12~ 
of the area was covered with scrub vegetation. 

According to vegetation types, the forests in the Doon 
valley can be classified as sal (655 square km, or 64% of 
the total forest area), low-level miscellaneous (231 square 
km, or 23%), chir pine (2 square km, or 0.2~) and unworkable 
blanks (137 square km, or 13~). 

On the basis of formal forest classification 'Champion 
& Seth, 1968), the valley proper and ~he north-eastern slopes of 

•J.C. Sautiyal, Faculty of Forestry, University of Toronto, 
Canada. 
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the Siwaliks largely fall under "northern tropical moist 
deciduous" class of forests with sal as its predominant species. 

As described earlier, forests growing on the slopes of the 
outer Himalayan range, reaching up to the ~ussoorie ridge, 
are generally sparse and of poor quality~ They are classified as 
"Himalayan subtropical scrub" within "Himalayan sub-tropical 
pine" class of forests. The dominant species among whate~er 
overwood is left are chir pine and oak (Quercus incana). Shrubs 
cover large tracts of degraded land. 

Certain small areas of forests in the valley proper, 
principally those on the river banks, fall under "khairsissoo 
priaary seral" sub-type within "tropical dry deciduous" class of 
forests. The principal species in these forests, as the name 
iaplies, are sishaa (Dalbergia sissoo) and khair (Acacia 
catechu). 

Further information on the forests of the Doon Valley 
is given in Saxena (1972). 

6.4.3 Recent Forestry Practices 

Forestry working plans are generally for a period of 10 
years and are reviewed and revised at the end of the period. The 
first working plan for the Dehradun forests was prepared by 
Fernandes in 1888. The plan currently being followed in the 
valley is the one prepared by Singh in 1980. 

The objectives of management as laid out in the recent 
working plans are enuaerated below: 

1. To conserve, develop and extend the existing forest and 
vegetal cover for soil and water conservation; 

2. To attain normal forests as far as possible (a normal 
forest permits nearly equal volumes to be harvested 
annually in perpetuity); 

3. To improve the density of existing growing stock 
and increase the proportion of valuable timber species 
by planting; 

4. To obtain sustained yield of commercial timber, 
fire-wood and other forest produce in perpetuity; 

5. To meet the demand of forest produce under rights 
and concessions of the local people; and 

S. To meet the present and future demands of industries 
for commercial timber, pulpwood and other raw material. 

Though the objectives of forest management highlight 
the environmental and silvicultural aspects, in practice 
commercial utilization of the resource guides management 
practices in the valley like elsewhere in the region (Planning 
Commission, 1982 p.12). 

The forests are grouped into different "working circles" 
(WC) depending upon the species, topography and other local 
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factors. There is generally one set of prescriptions for areas 
within a given working circle. The latest working plan for 
Oehradun divides the forests into "Sal WC" (644 square km, or 63% 
of the total for~st area), "Protection WC" {74 square km, or 7%), 
"Plantation WC" (85 square ka, or a=) and "Grazing WC" (11 square 
ka, or l~). There are two other working circles, naaely, 
"Grazing Overlapping WC" (917 square ka, or 90%) and "Khair Over
lapping WC" (59 square ka, or 6%), the jurisdictions of which 
superimpose over other distinct working circles. 

Different aanageaent systeas are applied to different 
working circles. Sal WC is currently aanaged under the 
"conversion to unifor•" systea. When natural r~generation 
did not follow fellings, the classical shelterwood coapartaent 
systea was aodified and the present systea was evolved. Under 
this, areas are specially categorized according t~ the stage of 
regeneration. Fellings, in theory, are dcne only to facilitate 
regeneration. In practice, however, yield is obtained in almost 
all age groups. These forests have been suffering because of the 
lack of research into the problems of natural regeneration of 
sal, the inability of the adainistration to control grazing, 
lopping and thefts, and the temptation to raise plantations of 
fast growing species (UPFD, 1979). 

The forests within the Protection WC are aanaged under 
the "protection system", where the objective is to conserve 
soil and water. No coaaercial exploitation is prescribed 
and the area is supposed to be protected from grazing, lopping 
and fire. In practice, however, the WC has very heavy incidence 
of biotic interference and there are no regeneration operations. 
Even though trees are not sold, they are often felled to meet the 
needs of local rightholders and concessionists. 

"Clearfelling system" is practised in the areas under 
the Plantation WC. Large-scale afforestation through plantations 
was introduced in the early 1930's in the form of "taungya" 
(Stebbing, 1962, p.346). In this agro-forestry practice, 
sparsPly vegetated areas and those supporting tree crops of low 
commercial value were clearfelled and planted with fast growing 
ec~nomical species. Agricultural crops like mustard and castor 
were grown between tree lines for 2 to 3 years. The choice of 
species has been dependent on the market and industrial demand as 
seen at the time of planting. For instance, earlier it was tun 
and semal for producing plywood and matchwood, but more receritly 
there is a greater emphasis on planting pulpw~od species such as 
hybrid eucalyptus and poplar. Other fast growing species 
which are favoured for planting are teak, khair, sisham and 
tropical pines. The tract is prepared for planting by removing 
all vestiges of past ground flora, sometimes using tractors and 
bulldozers. 

The forests in the Miscellaneous WC are often worked 
under the "selection system". Trees are felled as and when 
they become mature and silviculturally available. In most 
cases the reason fc" not opting for a more concentrated system is 
the terrain condition. The areas in the Grazing WC are kept 
exclusively for grazing. Due to constant grazing and heavy 
lopping, much by the herds of nomadic gujjars, no improvement in 
pastures is po~sible. However, the bulk of the livestock in the 
valley is served through the Grazing Overlapping WC as it covers 
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as much as 90~ of the forest land. But here, ~razing is somewhat 
~egulated and only certain pre-specified forest blocks are opened 
to grazing during a given year. In practice, control of grazing 
is extreaely difficult and the forests near villages are greatly 
daaaged due to unauthorized grazing. 

6.4.4 The Resulting Trends in the Doon Valley Forests 

In recent years there has been a cumulative reduction 
in forest cover and crown density of natural forests. LANDSAT 
scenes for the years 1972 and 1982 (Sharaa & Sharaa, 1983) show 
that the forest cover in the valley decreased by 25~ over a 
period of just 10 years. The reduction in dense forest (i.e., 
forests with average crown density of over 60;) ~uring this 
period was as high as 33~. (See Fig. 6-10.} 

This drastic change can be partially explained as due 
to lack of natural regeneration and transferring of forest 
land for settling displaced people. However, the main reasons 
are as follows: 

(a) Planning of forestry activities exclusively for 
colllllercial objectives and ignoring the role of the 
forest in conserving soil and water; 

(b) A population explosion resulting in heavy demands for 
fuel and fodder which are often satisfied through 
una~horized means. The population of the Doon valley 
has almost doubled in the last 25 years (TCPD, 1982). 
This rate of growth is very high and if there is no 
significant attempt to stabilize the population soGn, 
the demand for forest products in the valley may soon 
outstrip the maximum sustainable yield of the forest3 
as in some other Himalayan areas (Nautiyal & Babor, 
1985); 

(c) The local demands for fuel and fodder have not been 
given due importance. This is evident from the fact 
that plantations of only industrial, and not of fuel or 
fodder, species have been raised; 

(d) Adequate investments in undertaking soil and water 
conservation measures in the catchments of streams, 
over the eroded hills and in the areas around limestone 
quarries have not been made. 

These causes of forest depletion can be overcome by linking 
forest planning with other socio-economic activities, and by 
adopting innovative approaches to the management of forests. If 
appropriate actions are taken in time, forestry can go a long way 
to stabilizing the ecosystem of the valley. 

It must be emphasised t~at due to continuing high population 
density and other socio-economic factors, things can never go 
back to the days when village communities were living in stable 
equilibrium with the surrounding forests. This can be realiz~d 
from the fact that all the village and other civil forests in the 
adjoining districts of Garhwal and ~ainital have either dis
appeared or have become unproductive (UPFD, 1979). Despite 
defective planning and faulty execution by the Forest Department 
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under severe odds, only the forests controlled by the Department 
have survived. The Forest Department in Dehradun, with a 
radically different approach towards forest management, and with 
cooperation of the local people, may still be able to contribute 
to improvement of the ecosystem of the Doon valley if a rational 
population policy aimed at stabilization of the population at a 
future date and integrated development are planned and executed. 

6.5 Soil Erosion 

The limestone quarries have caused serious soil erosion, 
particularly in the area between Mussoorie and Debra Dun (see 
Fig. 6-5). At present, the qu~rries and the areas affected by 
their waste disposal cover about 6.5~ of the above-mentioned area 
(DOE, 1984). It is difficult to estimate the accuracy of this 
figure but officially, the leasehold area covers 14 km2, about 
80~ of which was formerly forested. 
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7. SOME RECOMMENDED SECTORAL ENGINEERING APPROACHES 

7.1 Introduction 

The development of a comprehensive environmental management 
strategy will have to take account of a large number of inter
active issues and socio-economic conditions. Within the frame
work of a systems approach, various kinds of modules will have to 
be joined together with a number of feedback loops. 

This idea was elaborated in Section 4. Here it should be 
emphasized that the inner working parts of individual modules are 
rather complex, and in many cases we have only a qualitative 
notion of their "circuit diagrams." Nevertheless, some of them 
are sufficiently well understood that state-of-the-art environ
mental engineering techniques could be applied immediately to 
effect significant sectoral improvements in the state of the 
environment. These cases will be considered in this Section, 
although two points should be made at the outset: 

l. Although the inner structure of a module may be 
understood in principle, the site-specific data sets 
required to operate an appropriate management scheme 
may be incomplete. In such cases, e.g., air pollution, 
recommendations on data needs will be given. 

2. The various modules are inter-connected. For example, 
regional air pollution increases when population 
increases but may decrease if new technology is 
applied. However, once a working model of the air 
pollution box is developed, it will be possible to ask 
a number of "What if?" questions with respect to 
possible changes in the inputs from other modules. 

7.2 Air Pollution 

There are several ways to control air pollution (Munn 
and Rodhe, 1985): 

1. Reduction in emissions through, for example, 

gradual replacement of old industrial plants by 
new ones; 

gradual replacement of old vehicles by new 
ones; 

installation of stack-cleaning equipment, such as 
filters and precipitators; 

2. Construction of tall chimneys and/or increasing the 
exit velocities and temperatures of chimneys; (These 
were common solution in the 1960s before the effects of 
long-range transport of pollutants were realized.) 

3. Intermittent emission control (reducing emissions 
during atmospheric episode conditions); 
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4. Optimal location of industrial units (avoiding sites 
where atmospheric dispersion is poor; spacing of point 
sources in such a way that pollution "hot spots" are 
avoided; separating residential/agricultural areas from 
industrial establishments through green belts; etc.). 

No single approach is best, and an optimum management strategy 
uses a range of methods for controlling air pollution. In recent 
years, many air pollution control authorities have been renamed 
air management authorities, reflecting a shift in emphasis. 

The information needed to operate a regional air pollution 
control program includes the following: 

1. A set of air quality standards is required for the main 
gaseous and particulate pollutants. 

Note: (a) The standard~ must be supported by 
scientific research reports (as published by 
the World Health Organization, for example) 
indicating that effects on health or 
vegetation are possible if the standards are 
exceeded. 

(b) Annual, daily and hourly standards are 
required. 

(c) There ought to be a process that will 
permit industry and the public to comment 
formally on new proposals for air quality 
standards. 

2. An emission inventory of both point and diffuse area 
sources is needed, for pollutants for which air quality 
standards have been set. 

Note: (a) The inventories should include 
information on both locations and strengths 
of emissions. Engineering estimates of 
strengths can be obtained from a knowledge of 
the industrial proces5es involved, using 
so-called "emission factors" (see various 
air pollution handbooks). 

(b) The inventories should include 
information on typical variations that occur 
diurnally, weekly and annually. (As an 
example, domestic cooking sources in the Doon 
Valley are highest from 7 to 9 pm, with a 
secondary peak near sunrise, while brush 
burning is a seasonal phenomenon occurring 
mainly in late summer after harvesting.) 

(c) At present, it is not possible to 
estimate the relative contributions of 
various sectors (industrial, transportation, 
urban, agricultural) to the total pollution 
loading of the valley or even of the City of 
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Debra Dun. This information is required in 
order to set priorities on control 
strategies. 

(J) The most detailed survey has to be done 
for the area between Debra Dun City and 
Mussorie (see Fig. 6.5). 

3. For major classes of emitters, infor~atio~ should be 
compiled ~n the cost, cost-effectiveness and practi
cality of iutroducin.&.....,pollution controls. 

4. Information on the m~soaeteorology of the Valley is 
required. 

Note: (a) Not only the distribution of emitters 
but also the wind field is important in 
determining regional pollution potential. 

(b) A model of the wind field will have to 
be developed based on currently available 
climatological data and some additional field 
measurements, particularly with respect to 
inve~sion heights and intensities. 

(c) Using the source inventory and the wind 
field model, predictions can be made of 
regional air quality, including both space 
and time variations. 

5. Air quality measurements must be made in the Valley on 
~ regular basis. 

Note: (a) These measurements are required: 

(1) to determine whether air quality 
standards are being met. 

(2) to estimate long-term trends in ai~ 
quality; 

(3) for comparisons of model 
predictions with observed values. 

With the information listed above, it will be possible 
to simulate the effects of various industrial development 
strategies, e.g., comparing alternate sites for new industries, 
transportation corridors, etc. Here it should be mentioned that 
air quality management is a long-term activity requiring 
collaboration rather than confrontation between regulators and 
those being regulated, and supported by scientific data that are 
open to public scrutiny. Air quality in the Doon Valley cannot 
be changed very much in a day or a year, but progress will be 
accomplished by a series of many small and often imperceptible 
steps forward. 

Finally, mention should be made of the various possible 
mathematical models that could be applied to estimate the 
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dispersion from multiple sources in the Doon Valley. The 
mo~els ra~'e from a simple in~ut-output model to ·:ery complex 
represcn'~:1c1: of the 3-diaensional terrain and wind fields. As 
the mode~~ ·ecome mere complex, so do the input data 
requirements, and it is often desirable to begin with a rather 
simple model. Also it should be mentioned that the most appro
priate model depends on the use to which it will be put, e.g., 
land-use planning vs. intermittent emission control. 

Tne contribution by M. Piringer in Volume 3 provides a 
des~ription of various kinds of multiple-source air pollution 
models, and defines the input data needs of each. 

Air pollution abatement in the Ci t·y of Debra Dun. 

Without waiting to establish a monitoring network and a 
multiple-source air pollution model, se~eral measures could be 
taken to improve air quality in the City of Debra Dun: 

(1) compulsory servicing of public and private transport 
units, with respect to air pollution emissions (see 
Section 3). 

(2) paving of the shoulders of downtown streets (see 
contribution by R. Tilak, in Volume 3). 

(3) organization of traffic-free zones in the most crowded 
areas of the city. 

(4) Open green spaces should be increased to 20' of the 
total lawn area, instead of 6.5, as provided by the 
Master Plan (DOE, 1984). 

7.3 The Hydrologic Cycle* 

7.3.1 The hydrologic paradox 

A major issue for the Doon Valley is certainly that of 
water conservation. As pointed out by Singh (1973): 
"Paradoxically, the valley though located in a high rainfall 
area, faces acute shortage of water during the dry seasons." 
On average, the water-table is about 6.4 m higher in summer 
than in winter. 

The ~ituation is becoming more serious because the annual 
aydrologic cycle has been changing in recent years (less storage; 
higher runoff during the mon~oon; decreasing sup~ly of w~~ 
during the dry seasons). Added to th is is the fact that - ·. ,, 
&re increasing withdrawals of water by industrial, agric~. "• 
and domestic users. 

•Use of the w~ cycl~ is nJt ~trictly correct because 
is not a cl0 system - water is imported througl atm. 
transport anJ oosi~ion, i i~ -vnorted by river tran~. ,) [J d 
evaporation a~~ ~tmospher~· t. 
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The increas~ in suD111er runoff is a self-perpetuating spiral 
because of the increasing se>il erosion that it cau'3es. (Soi:;,. is 
lost in the Doon Valley at a rate of about 50-55 tons per hour 
during the monsoon season, according to Saxena and Verma (1981).J 

In these circu~stances 1 a two-pronged water resource. 
management strategy should be elaborated: 

(1) engineering measures to reduce summer runoff rates and 
the resulting soil erosion; and 

(2) medium- to long-term development of an operational 
hydrologic model. 

7.3.2 Engineering measures to reduce soil erosion 

The approaches recommended by the Central Soil and Water 
Conservation Research and Training Institute to reduce s~mmer 
runoff rates are very practical, and the program should be 
accelerated, with slightly better coordination among the various 
parties involved. Some of the techniques bP.ing used include: 

Prevention of cutting trees and of excessive grazing, 
particularly on slopes; 

Afforestation; (There are several excellent programs for 
tree-planting, by volunteers as well as by commercial 
and government agencies.) 

Debris stabilization downstream of quarries. This is 
achieved through construction of terraces and gabions and 
the planting of grasses and shrubs. (An example of the 
great effectiveness of such measures is shown in Table 
7-1.) For very steep slopes, ~pecial engineering works must 
be constructed to prevent landslides (Sas~ry et al., 1981); 

Significant reduction in the number of new roads being 
constructed on the slopes. Bridle paths rather than gravel 
roads are being recommended to connect remote villages to 
main roads; 

Bunding (co~struction of ~arthen levees) aJong the 
boundaries of small watersheds, rt :.i.ng 1'"'10ff by up 
to 85~ (Sastry and Narayana, 1984,; 

Banning of farming on &teep slopes; (See Tab le 7-2 for an 
example of the effect of slope steepness on soil loss 
(tonnes/ha) at two locations in India (Singh ~t al., 1981;. 
There ia a considerable increase in so~l loss with 
i:icreasing slope. J In this connection, the Pl~nning 
Co~-ission in the Seventh Five Year Plan has i·ecommended 
t' "Cultivation of Agricultural crryps in areas with above 

. .;ree s 1 opes s ,.., ·Id be stopped, and these areas s hou 1 d 
t >lanted with fn .''s (food, fodder fuel, fertilizers and 
fibce) trees'' (£<\ &, 1986). 
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Table 7-1: Voluae and weight of d~bris deposited on the Dehra 
Dun - Sahastradhara road before and after gabions 
were constructed on the slopes above the road 
(Katiyar et al., 1984) 

Quantity of debris on the road 

Before treatment 
(1983-84) 

After treatment 
(1984-85) 

Volume Weight Volume Weight 

Debris and small 
boulders 

Blasting boulders 

(cu. metres) (metric tons) 

8758 17516 

8757 

2100* 4200* 

Nil Nil 

*This debris came through two drainage channels from untreated 
sub-watersheds. 

Table 7-2: The effect of slope on soil loss at two sites in 
India (Singh et al., 1981) 

A. Rehmankhera (near Lucknow) 
(average for years 1961 to 1976) 

Slope 

Soil loss 
(tonnes/ha) 

B. Kharagpur 

1. 5,. 

4.2 6.7 

(average for 1ears 1964-1968) 

Slope 

Soil loss 
(tonnes/ha) 

9.1 12.2 

3. 0'9 

12.7 

15.8 
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Levelling of existing fields. This measure significantly 
reduces runoff and soil erosion. 

Many of these ideas are included in the Master Plan, 
Regulated Area, Debra Dun (TCPD, 1982) but the list contained 
therein is worth repeating: 

planting of vegetation along river banks to reduce soil 
erosion; 

construction of reservoirs in the upper reaches of rivers to 
help store surplus ~ater; 

banning the removal of boulders, sand and gravel from 
river beds (such removals accelerate water flows during 
monsoons); 

rehabilitation of mining areas to reduce soil erosion; 

construction of embankments in areas vulnerable to floods; 

banning construction on or near small rivulets; blockages in 
these water courses affect other areas. 

These very practical measures are to be encouraged. 

7.3.3 The development of a~ operational hydrologic model 

A working ~odel of the hydrologic cycle in the Doon Valley 
would be useful for long-term water resource macagement. (See 
contribution by S. Kaden in Volume 3 of this Report.) At 
pres&nt, it is not clear whether the drop in water table is due 
to an increasing amplitude of the annual runoff cycle, or is due 
to the increasing number of tube wells being sunk in the valley. 

The gecmorphology of the region is well known (Nossin, 
1971; Singh, 1973), and quite a bit of information is available 
on groundwater (Singh, 1973; see for example, Fig. 7-1) and on 
rainfall. However, runoff during peak monsoon cloudbursts (when 
a significant fraction of the annual total occurs) will be 
difficult to measure, as indeed will also be the estimation of 
evapotranspiration from the rugged slopes of the Valley. One of 
the Princip~l Investi,ators (R.E. Munn) once carried out a field 
study of evapotranspiration in the Marmot Creek watershed of the 
Canadian Rocky Mountains. The conclusion reached was that 
evapotranspiration estimates in such rugged terrain were too 
uncertain to be useful for water resource management purpos~s 
(Storr et al., 1970). 

7.4 Groundwate~ Utilization and Storage in Debra Dun City 

As mentioned by ~07 (see Volume 3 of this Report), "Ground
water levels in Dehra Dun City have reportedly lowered by about 
15 m in the last 7 years or so." Roy suggests some engineering 
measures that could be taken to alleviate the problem, noting 
that existing tubewells tap more or less the same aquifers at 
depths of about 120-140 m, and that more and more wells are being 
built in a rather haphazard manner: 
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1. Future tubewell developaent should ~e controlled so 
that new wells are properly spaced (with r~spect to the 
existing network of wells) and properly designed to tap 
deeper aquifers in a staggered manner. 

2. A "nest" of properly spaced tubewells should be 
constructed along the terraces of Tons Nadi in the 
Jhajra sector beyond Preanagar, and the water should be 
piped into Dehra Dun. 

3. In order to iapleaent these suggestions, a detailed 
assessment of groundwater resources and locaticn of 
existing wells will have to be carried out. 

4. Finally, industries that have the potential for causing 
groundwater pollution should not be allowed to locate 
in the valley unless appropriate treatment facilities 
are included in the engineering design plans. Ground
water is such an essential regional resource that no 
chances should be taken that it might become depleted 
or polluted. If a water pollution source is removed, a 
river will purify itself very quickly but groundwater 
may remain polluted for many years. 

In Volume 3 of this Report, S. Kaden recomaends that 
feasibility studies be carried out with a view to constructing 
underground water storage systems. These do not require high 
capital investment and have negligible evaporation losses 
compared to those from surface water reservoirs. The engineering 
techniques that could be used to store water underground are well 
known (s~e Asano, 1985). 

7.5 Land Reclaaation 

Flash floods are continually changing the water courses in 
the Doon Valley. As river beds dry up and new ones are formed, 
areas of gravel a~d sand are exposed, with only a thin layer, if 
any, of topsoil. Scientists at th~ Cantral Soil and Water 
Conservation Research and Training Ins~itate, Dehra Dun have 
demonstrated the effectiveness of a nu~her of practical measures 
for reclaiming these areas for agricultural purposes (Singh et 
al., 1981; Saxena and Verma, 1981; Sastray and Narayana, 1984): 

Im?~ovement in the rP.tention of soil moisture through deep 
pi~ti~g and replacement of excavated gravel with good soil, 
altho~gh it should b~ meLtioned th~t this process is rather 
co~tly; (Fruit trees can then be grown successfully.) 

Runoff storaie in farm ponds for subsequent irrigation of 
cro~s: 

Optimization of crop-rotation techniques; 

Planting of babar grass to stabilize bunds; 

Planting of tr.ees (eucalyptus in particular) and babar grass 
oo riverbed lands; the resulting green matter produced can 
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help •~et the fuel, fodder and fibre requireaents of the 
villagers. 

Technology transfer to the faraers in the Doon Valley, through 
demonstration plots, field extension courses, special publi
cations, etc. is an iaportant eleaent of the Central Soil and 
Wate~ Conservation Research and Training Institate. 
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8. CONCLUSIONS AND GENERAL RECOMMENDATIONS 

At the outset it should be emphasized that there should not 
be a distinction between "polluting" and "non-polluting" 
industri~s, since the difference between these two "categories of 
industry" is just determined by the degree to which society is 
willing to pay for "cleaning-up" these so-called "polluting 
:ndustries" by investing in technical facilities. One would 
extre•ely limit industrialization if all efforts were to be 
concentrated on "non-polluting" industries, e.g., assembly of 
electronic products. And exa•ples exist where even these 
"non-polluting" electronic industries have polluted the 
environaent, e.g., groundwater in the United States (California) 
through the production of integrated circuits and micro-chips. 

In this context, the Phase I study has considered qualitat
ively an array of industrial development strategies th~t might be 
appropriate for the Doon Valley. Three of these strategies are 
worthy of further assessment, using modern methods of computer 
simulation: 

1. Decen~ralized industrialization (employment and income 
generation in rural areas through sales of processed 
agricultural products) 

2. Centralized (non-polluting) processing of agricultural 
products such as fruits and vegetables, wood and other 
forest products, as well as meat, hides and skins (this 
would generate rural income through increased demand 
for agricultural productss and would provide employment 
plus income in urban areas). 

J. Development of educational and research facilities in 
the industrial field and therefore in coordination and 
cooperation with (high technology) industry. This 
~1ould generate additional employment oppurtunities in 
urban centers like Debra Oun. At the same time, such 
activities would provide properly skilled labor and 
supervisors for industry and would broaden the 
industry-related basic research. 

Although the data available to the investigators in Phase I 
have been rather limited, there are clear signs of environmental 
deterioration in the Valley. (Industry may not be the major 
cause of this down~ard trend in some cases.) So in~ustrial 
development strategies other than the three listed above would b~ 
mere difficult and more costly to implement. 

in: 
Evidence of declining environmental quality is to be found 

1. A recent drop in the water-table in the vicinity of 
Dehra Dun during the dry season. 

2. Visible scarring of tn~ valley slopes due to limestone 
quarrying, with resultant soil erosion and decreasing 
forest cover. 
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3. Poor air quality, particularly in the Dehra Dun -
Mussoorie pocket, where limestone kilns are emitting 
large clouds of white particles. 

4. Deforestation due to the wood-processing industry and 
increased firewood demand. 

5. Declines in the nu•bers of valued species of birds, 
aniaals and fish. 

A major cause for this decline in environmental quality is 
the increasing population of people and livestock in the Valley. 
For example, growth rate of the Dehra Dun urban agglomeration 
between 1971 and 1981 was 44~. which was higher than the national 
average (DOE, 1984). 

The principal factors that could be identified as causing 
the environmental deterioration are: 

limestone quarrying 

limestone burning (cottage industry) 

limestone processing (chemical industry) 

other industrial activities (e.g., sugar refining) 

transportation 

population increases, particularly migration into the Debra 
Dun agglomeration, leading to: 

a. deforestation 

b. intensified agrculture/animal husbandry 

c. increased domestic consumption of water 

Industrial development of the Doon Valley requires a 
thorough understanding of the carrying capacity of the region. 
As was suggested in Fig. 4-3, however, carrying capacity is 
not a fixed quantity but depends on: 

the levei~ of environmental quality deemed to be acceptable 
by society; 

the lifestyle expectations (incomes, food, shelter, edu
cation, etc.) of society; 

the investments (local, regional, national) that society is 
prepared to make on environmental protection and pollution 
control equipment; 

~xternalities such as new technologies, changes in world 
trade patterns, etc. 

From the point of view of carrying capacity, the most 
limiting factor for further industrial development in the Doon 
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Valley is the current lack Jf water during the dry season. 
Although monsoon rains are very large, •ost of the water evap
orates or is lost as runoff. The highest priority should 
therefore be given to water manage•ent. In particular, there is 
need to design engineering works that will improve the water 
storage capacity oi the Valley. These facilities must be based 
on understanding, aonitoring and modelling the hydrologic cycle. 
Several practical suggestions fo~ improving the hydrologic 
carrying capacity of the watershed are as follows: 

Control of future tubewell development (e.g., staggering of 
wells to tap different aquifers); 

Construction of underground water storage systems; 

Discouragement of plans to locate water-intensive industries 
in the Valley. 

Reduction of monsoon runoff, e.g., through afforestation. 

Other carrying capacity factors that limit development in 
the Valley include: 

Human and livestock populations; (By improving environ
mental and economic conditions, planners may encourage 
immigration, severely taxing the carrying capacity of 
the region.) 

The poor assimilative capacity of the Valley atmosphere, 
during the dry seasons, placing an upper limit on the 
pollution that can be emitted if air quality standards are 
to be met; 

Availability of arable lands; 

Milk and fuel wood; (These products cannot be imported 
economically into the Valley, and thus there is an upper 
limit to the population that can be sustained unless 
improved or alternative technologies are used.) 

Livestock populations; (If stall fe~ding were introduced, 
the forestry carrying capacity of the Valley would be 
increased with respect to this factor.) 

Economic factors such as transport costs to distant markets 
and within urban areas, energy costs, availability of raw 
materials, waste disposal facilities, etc. 

In all of these cases, carrying capacity/sustainability studies 
need to be undertaken, based on a system approach, in which 
appropriate simulation models are adapted and calibrated for use 
in the Valley. 

In particular, there is a clear need for the development of 
an air quality management strategy. Industry is presently a 
major offender in the industrial area north of Debra Dun City. 
However, the relative contribution of industrial sources to the 
general air pollution loading of the Valley is not known. Some 
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of the concrete steps that need to be taken, are given in the 
Work Plan for Phase IT.. 

Turning now to the broader topic of environmental management 
(including the management of impacts not caused by industry), a 
number of important ideas were developed at the Advisory 
Committee meeting March 3-5, 1986. 

First, the conceptual frameworks given in Figs. 4-1, 4-2 and 
4-3 may be helpful. Sacondly, the practica' measures discussed 
in Section 7 for reducing monsoon runoff and soil erosion should 
be promoted. Many of these ideas have already been implemented 
to a certain extent but consideration might be given to providing 
additional" encouragement. Local enthusiasm to help solve the 
environmental problems of the Valley is very high; this pool of 
good will is an important resource for the future. Thirdly 
further attention should be given to long-term programs that 
would reduce migration into the cities. Some possibilities 
include: 

Food processing. This is recommended because it makes 
use of locally available fruit and vegetables, and can 
be undertaken in the countryside. 

Cottage industries (handicrafts, furniture, etc.). These 
industries have the advantage that they are generally 
non-polluting. 

Education and research. 

High-technology industry. It should be noted, however, 
that other areas in India may be better situated in this 
regard, and it will be important to try to find a specific 
niche for the Doon Valley. 

Finally, some suggestions Made by a forestry subgroup at the 
Advisory Committee Meeting should be mentioned: 

(a) Afforestation of village lands and outer Himalaya lands 
should be accelerated. There is the prospect that 
most of the reserve forest land in the Doon Valley will 
be included in a national park. Thus there may be a 
rapid increase in demand for firewond from other areas, 
amplified by the ever growing population. Fuel wood 
requirements may simply not be sufficient. Targets 
must be set on species, locations and management 
criterin. For this program to work, stall feeding 
of animals needs to b~ commenced in order to reduce 
grazing losses. In determining location, it will be 
important to select villages where the people are 
likely to be receptive. It will also be helpful to 
check the comparative productivity efficiencies (the 
fodder/milk ratios) of buffalo and cows. (Buffalo do 
not gr~ze and therefore are preferable to cows in terms 
of forest management.) It is understood that some FAO 
demonstration forests exist in India; these may serve 
as examples. 
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(b) Agro-forestry projects incorporating recycling of 

organic fertilizers and provision ~f fuelwood to 
villages should be enlarged. Tree species to be 
considered include: 

(1) for fodder- Macaranga peltata, Grawia, 
Robinia 

(2) for nitrogen fixation- Acacia, Ailanthus, 
Celtis australis 

(c) Development of a leather business (tanning and pro
cessing) would remove some pressure from animal 
grazing, particularly among older animals. Then wattle 
(Acacia) plantations should be encouraged to produce 
tannin (for curing hides) as well as for fuel wood. 
(Rural Technology Institute, Wardha, Maharashtra; 
Ceatral Leather Research Institute, Madras; State 
Industry Development Corporation, Lucknow). The 
leather-processing industry is non-polluting, and the 
tanning industry can be designed to be non-polluting. 

(d) In the implementation of forestry projects, women 
should be trained and involved because they are often 
the active members of society in collecting firewood 
and fodder, and have a vested interest in forest 
management. 

(e) Industrial opportunities exist in the forest sector 
that ought to be exploited: 

charcoal production by rural workers for consump
tion by urban low-income population 

manufacture of energy-efficient stoves, a decen
tralized small-scale industry 

production of carbonated waste material. 
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9. A WORK PLAN FOR PHASB II 

9.1 Introduction 

While Phase I attempted to make a qualitative assessment of 
the environmental situation in the Doon Valley, the second phase 
will provide more quantitative information, particularly with 
respect to the various options availuble for industrial develop
ment. According to UNIDO, the parties involved in the second 
project phase are likely to be: 

as financial sources - UNIDO and possibly th~ GDR 
government 
the Government of India 

as executing agency UNIDO 

as sub-contractor IIASA 

as project counterpart- Department of Environment. 
Government of India 

as Indian expertise Indian Envi1 nmental Core Group, 
Jawaharlal Nehru University, 
Central Pollution Control 
Institute, H~rdwar, Meteorological 
Department, -. , etc. 

Phase II is likely to last about ·- months; policy rec-
ommendations that are more quantitati aan was possible in 
Phase I can be expected after the first 6 months. 

The proposed work plan for Phase l 
following elements: 

· ll comprise the 

1. Work to be carried out by I .L •• SA (including col labora
ti ve studies in the GDR on water management) 

a. activities during first 6 months 

b. activities during the remaining Phase II period 

2. Work to be carried out by the Indian Governm~~t 

a. expected counterpart inputs for la ard lb 

b. independent activities for obtaining long-term 
statistical information 

c. activities for building-up a nations? environ
mental core grou~ and monitoring system 

3. Work to be carried out by other bodies, with r~spect to 
environmental management of the Doon Valley, but not 
related directly to industrial development. 

In this connection, the Indian Core and Support Groups and IIASA 
should play a coordinating role to ensure program integration. 
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It is strongly recollllllended that serious efforts be made to 
ensnre that all of the studies discussed below are carried out. 

9.2 Air Quality Management 

Air quality management studies should be given high priority 
in ~hase II. The evidence presented in Section 6.2 supports the 
idea that the assimilative capacity of the valley is often 
greatly reduced. The following studies should therefore be 
undertaken: 

9.2.l Climatological analyses 

Historical time series of twice-dail~· observations from the 
five climatological stations in the area ~nd of pilot balloon 
observations from the Dehra Dun City sta~ion should be analyzed 
in the usual ways for spatial wind and temperature patterns. 
These patterns are needed in order to develop appropriate air 
pollution models. 

Responsibility: !!ASA 

Timing: First 6 months of contract 

9.2.2 Establishment of continuously recording 
meteorological stations 

Three continuously recording meteorological stations should 
be establi~hed: 

a~ the Field Station of the Central Soil and Water Conser
vation R. and T. Institute; 

at a location 2w0 m above the valley floor (to detect 
temperature inversions); 

at Mussoorie. 

Hourly wind and temperature observations should be taken at these 
stations, as well as 24-hour high volume sampler measurements. 
Data from these stations are essential inputs into the air 
pollution models. 

Responsibility: Indian Meteorological Department 

Timing: As soon as possible 

9.2.3 Infrared temperature measurements 

As pointed out by Dobesch (see Volume 3 of this Report), it 
may be possible to use remotely-sensed and other infrared imagery 
to obtain snapshots of the variations in g~ound temperature 
throughout the Valley. This is not an eas1 task, of course. It 
will require first, the use of complex algorithms to remove the 
effects of horizontal variations in vegetation biomass, surface 
roughness, etc. and second, ground-truth observations at several 
points in the Valley. 
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The approach is proaising, and the desired output is 
certainly iaportant; given the variations in surface temperature 
across a region, it is possible to infer the wind patterns and 
thus the air pollution field. It is recommended that the Indian 
Institute of Remote Sensing be invited to undertake the study. 
In this connection, Dr. Dobesch is of the opinion that in order 
to calibrate the systea, more detailed inforaation on land use 
will be required than is currently available at IIASA. 

Responsibility: Indian Ins~itute of Reaote Sensing with 
Dr. Dobesch as advisor 

Tiaing: Over fui! contract period 

9.2.4 A short-tera •eteorological field prograa 

A 4-week field caapaign should be undertaken. This should 
be scheduled for the dry season, preferably October or Noveaber, 
and should include: 

(aJ Measure•ents of the inversion structure ov~r the centre 
of the valley, obtained with a minisonde or an acoustic 
radar (Kuaar et al., 1986). 

(b: Autoaobile temperature traverses through the valle~ 
--particularly in the western sector, where the 
promontory Lachhiwala aay block the ventilation of t3e 
valley. 

Responsibility: IIASA p!us Indian Department of the 
Environment and Prof. B. Padmanabhamurty, 
JNU 

Timing: first priority in October-November, second priority 
in April-May 

9.2.5 Air pollution observations 

In addition to the high-volume sampler observations 
mentioned in Section 9.2.2 above, a portable monitoring station 
should be used to obtain hourly measurements of the range of 
pollutants for which air quality standards exist. Measurements 
need not be made durina the monsoon season. These data are 
needed for comparison with model predictions. 

Responsibility: Indian Department of the Environment and 
Pollution Control Research Institute, 
Hardwar 

Timing: As soon as possible 

9.2.6 ~mission inventory 

An emission inventory should be carried out as soon as 
possible. This should include: 

locations of all industrial chimneys, and provisiona~ 
estimate• of emissions (mass per unit time). 
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locations of significant transportation line sources, and 
provisional estiaates of eaissions as a function of tiae of 
day and day of the week. 

locations of significant doaestic area sources, and pro
visional estiaates of eaissions as a function of tiae of 
day, day of th~ week and season. 

locations of significant rural area sources, e.g., burning 
of agricultural wastes, as a function of season. 

Responsibility: Pollution Control Research Institute, 
Hardwar 

Tiaing: As soon as possible 

9.2.7. Develop•ent of aesoscale aultiple-source 
air pollution aodels 

As suggested as a first step by Piringer (see Voluae 3 of 
this Report), a si•ple air pollution box aodel should be adapted 
for use in the Doon Valley. This would provide estiaates of 
areally averaged concentrations for the aain pollutants but would 
n~t give any infor•ation on hot spots. 

The box aodel could be adapted fro• one alreau~ existing at 
the Cent1·al Institute for Meteorology and Geodynaaics in Vienna, 
and it could becoae operational shortly after an eaission 
inventory (3ee Subsection 9.2.6) beca•e available. 

Responsiblity: !!ASA/Central Institute for Meteorology 
and Geodyna•ics 

Tiaing: First 6 aonths 

As a seconJ step, a Geussian aultiple-source pluae aodel 
adapted to val~dY situations should be applied to the Doon 
Valley. This work could be undertaken at the Central Institute 
for Meteorology and Dynamics, including training (1 aonth) in the 
use of the aodel by an Indian scientist. 

Responsibility: IIASA/Central Institute for Meteorology 
and Dynaaics 

Ti~ing: Second 6 aontbs 

There re•ain two iaportant tasks that could not be under
taken until late 1987 after the data aentioned in Subsection 
8.2.1 to 8.2.6 are collected and analyzed: 

lpisode aodellinl 

Calibration of the box and aultiple-source aodels on the 
basis of observed values. 
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Responsibility: IIASA/Central I~stitute for Meteorology 
and Geodynaaics 

Tiaing: Final 6 aonths of contract 

9.2.8 Econoaic studies of the cost-effectiveness of various 
pollution control strategies 

l~e aultiple-source air pollution aodels will give an idea 
of how to aaxiaize air quality for given air pollution 
eaissions. However, there is need for an associated econoaic 
subaodel that could be used to deteraine the costs of the 
resulting control strategies. 

Responsibility: IIASA 

Tiaing: Final 6 aonths 

9.3 Water Manageaent Studies 

The contribution of S. Kaden in Voluae 3 of this Report 
foras the basis for the following propo3als with respect to Phase 
II water aanageaent studies. During the aeeting of the Advisory 
Coaaittee, it becaae clear that if· engineering measures were not 
taken, ground-water would probably be the aost serious liaiting 
factor for further industrial developaent in the Doon Valley. 
The following recoaaendations therefore aust be given very high 
priority. It is proposed that aost of the work will be done by a 
separate contract between UNIDO and Dr. Kaden in the Institute 
for Water Manageaent (IWM), Berlin, GDR. Soae preliainary 
discussions have already taken place. 

9.3.1 Preliainary survey and collection of additional data 

As a first step, all relevant data on geography, hydrology, 
hydrogeology, etc. will have to be collected and analyzed. This 
will require a 2-week visit to the Doon Valley by Dr. Kaden. In 
particular, there is a need for flow rates of the Ganga and 
Yaauna rivers. 

The survey will provide guidance on whether additional 
short-tera field observations are necessary during the aonsoon 
and/or the dry periods. 

Responsibility: IIASA, IWM 

Tiaing: first 6 aonths 

9.3.2 Water balance aodel 

A general water balance aodel of the Doon Ya!ley, covering 
all relevant subprocesses of the hydrological cycle should be 
developed for aonthly aean values. 

Precipitation pattdrns are well known. For evapotrans-
pj ration, seai-eapirical aodels aay be applied based on available 
geographicnl and cliaatological inforaation. To describe the 
distribution of total runoff into surface runoff, infiltration, 
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baseflow, etc., si•ple conceptual •odels (with lu•ped para•eters) 
can be used. 

Responsibility: IIASA/IWM, GDR 

Ti•ing: First 12 •onths 

9.3.3 Groundwater flow •odel 

A groundwater flow •odel for the Doon gravel should be 
developed. This •odel should consider distributed paraaeters, 
the interrelationship between surface water and groundwater, and 
ti•e-dependent recharg&. In view of the lack ~f data, a si•ple 
finite-difference flow •odel is reco••ended. 

Calculations with this •odel would increase our knowledge of 
water resources processes and could be used for ~esigning 
•onitoring and exploration progra•s. Such progra•s should be 
started as soon as possible in order to gain a better under
standing of the functioning of the systea. 

An i•proved groundwater flow •odel could help in the design 
of a controlled syste• of groundwater extractions, including 
design scheduling of artificial groundwater recharge. This •odel 
could be used operationally for control of groundwater extraction 
rates and the design of new installations. 

Responsibility: IIASA/IWM, GDR 

Ti•ing: First 12 •onths 

9.3.4 Water •anage•ent •odeling 

Depending on tae success of the process •odeling •entioned 
above, a aore •anageaent-oriented planning •odel should be 
developed in 1987 as a tool to find rational s~rategies for 
long-ter• developaent. The •odel should be capable of dealing 
with: 

controversy a•ong different water users, socioecono•ic 
developaent and environ•ental quality, 

aultiple criteria for evaluating strategies in cases where 
so•e of the criteria can not be evaluated quantitatively, 

uncertainties and the stochastic character of syste• input 
(e.g. precipitation). 

To aeet these require•ents, a aodel should be developed that 
coabines a aulti-criteria analysis for plannint periods of aore 
than one year with stochastic siaulations of system behaviour 
using aontbly tiae steps. The model should be highly interactive 
and user-friendly. Coaputer color graphics should be used for 
the visual display of results. If these features are not 
included, decision aakers will not use the system. 
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Re&ponsibility: IIASA/IWM, GDR 

Ti•ing: Final 6 •onths 

9.4 Studies Relating to Regional Manage•ent 

At the Advisory Co .. ittee Meeting on 3-5 March 1986, a 
subgroup elaborated the conceptual regional assessaent and 
land-use •anageaent fraaeworks as described in Section 4. These 
ideas need to be refined in several ways: 

through presentation of the fra•eworks to the Indian ~ore 
and Support Groups and to representatives of research and 
public bodies in the Doon Valley; 

through elaboration of a aanageable aatrix on activities -
VRCs-VDCs-VACs (see Section 4.5); 

through practical use by the Core Group and other bodies 
concerned with the pro•otion of better regional •anageaent 
in the Doon Valley. 

If the various issues in the Doon Valley of concern to the local 
residents and to the govern•ent of India can be viewed within a 
co•prehensive ecological fra•ework, the task of land-use aanage
•ent will be greatly siaplified. 

In addition to these general reaarks, there is a clear need 
for detailed studies of the ecological sustainability of the Doon 
Valley for various developaent goals and life styles. This work 
will require inputs fro• the sectoral studies, e.g., in air 
quality, groundwater and forest •anageaent, but these inputs will 
~eed to be coordinated in order that they can be pieced together 
later. 

Particular attP.ntion should be given to studies in which the 
consequences of alternative industrial developaent pathways are 
coapared. These studies will have to include econoaic analyses 
because in principle, the pollution eaissions fro• any given 
industrial enterprise can be aade as saall as desired -- ~ut at a 
price which in soae cases aay be too high. 

Sowe of the alternative industrial develop•ent pathways that 
aight be exaained include the following: 

1. Major industria~ developaent, using state-of-the-art 
pollution control technologies; 

2. The creation of a technopolis providini incentives to 
non-polluting high technology factories, supportdd by 
an increasing nu•ber of colleges and research 
institutes. 

3. Major wilderness and recreation develop•ent, creation 
of a national park and discoura1ement of new industries 
fro• locating in the the Valley. 
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These three pathways are of course extreme cases that are 
not likely to be realized. But an analysis of the possible 
outcomes should provide helpful guidance with respect to long
range industrial planning for the Valley. Other more detailed 
analyses will also be necessary, e.g. 1 to determine whether a 
very few limestone quarries (5-10) under strict government 
control could be op~~ate~ in an environmentally acceptable way. 

Responsibility: IIASA 

Ti•ing: 18 aonths 

9.5 Forest Manage•eut 

At the Advisory Co .. ittee Meeting on 3-5 March 1986, a 
subgroup made a DWlber of i•portant recoa•endations with respect 
to the forestry sector. This is a critical sector with respect 
to the carrying capacity of the Valley, particularly if a 
national park is creatP.d in the Forest Reserve area of the 
Siwaliks, removing a significant supply of fuelwood. Some of the 
general proposals are given in Section 8. Other recomllendations 
falling directly within the fraaework of Phase II of the Doon 
Valley Study are ks follows: 

9.5.1 Forest growth •odels 

There is need for one or more forest growth models, whose 
outputs would be us~d as inruts into forest carrying capacity 
supply-demand models. Suitable model frameworks already exist 
but they need to be adapted so that their space and time resol
utions are appropriate for the supply-demand models. One such 
model that should be applied i• d~scribed by Kairiukstis in his 
contribution to Volume 3. 

Responsibility: IIASA 

Timing: 12 months 

9.5.2 Forest carrying capacity models 

Because the carry~ng c3pacity of the forests is ~rucial to 
the future of the Doon Valley, the development of appropriate 
forest carrying capacity models should be given hi'h priority. 
Section 4.7 outlined the work that should be undertaken, 
beginning with a linear progra•ming model, to be followed by 
~he development of a dynamic non-linear model. Another a~proach 
that should also be applied is described by Kairiukstis in his 
contribution to Volume 3. 

The task will not be easy. In this connection it should be 
emphasized that the goal is ta provide ~ractical assistance in 
managing the forests, and is not to build a bigger aod bigger 
model. 

Responsibility: IIASA, with Prof. Nautiyal as ~dvisor 

Timing: 18 months 
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9.6 Coaputer-Oriented Activities 

If the quantitative assessaents described above are to be 
applied in a policy fraaework, they aust be in user-friendly 
for•. IIASA has had long experience with decision-support 
systeas, and it is proposed to develop an integrated syste• of 
software tools to •ake tne scientific basis for develop•ent 
planning and iapact a3sessaent directly available to planners, 
policy and decision •akers. Using concepts of artificial 
intelligence coupled with aore traditional aethods of applied 
syste•s analysis (e.g., operations research, aathe•atical 
statistics) these tools are designed to provide easy and direct 
access to scientific evidence, and allow the efficient use of 
for•al aethods of analysis and inforaation •anageaent by 
technical and non-technical users. 

On the basis of experience gathered during Phase I, and the 
detailed discussions during the Advisory Co••ittee Meeting, 3-5 
March 1~86, the following six directions should be eaphasized in 
Phase Ii~ 

l. Preparation of operational at•ospheric, hydrological 
and land-use aodels for the Doon Yall-ur. These aodels 
•ust include the •ost essential features of industrial 
developaent i•pacts, and •ust be coapatible with 
available data. Both si•ulation and opti•ization 
•odels have to be prepared. The latter ones will be 
essential for opti•al allocation of industries and for 
analysis of various policies in forestry, land-use and 
water •anageaent. More inforaation on •odels to be 
used in Phase II can be found in Yoluae III in papers 
by K. Fedra, S. laden, L. Kairiukstis and M. Piringer. 

2. The integrated set of software tools will fora the core 
of a co•puter-based Bnviron•ental Assess•ent of 
Industrial Develop•ent for the Doon Valley. It will be 
based on •ethodologies developed at IIASA and will 
fully exploit aodern co•puter technology. 

The study will concentrate on the integration of 
established techniques of environ•ental i•pact assess
•ent, •i•ulation •odeling, data base aanage•ent, 
operations research •ethodology, statistical aethods of 
data analysis and •odel calibration, analysis of •odels 
under uncertainty, opti•ization techniques and aodern 
co•puter technology including interactive color 
graphics and techniques of Artificial Intelligence. 

The basic idea is to draw together the co•ponents 
of a co•prehensive as•e•••ent, such as the backiround 
data, descriptive and nor•ative aodels for the analysis 
of what-if questions and the desiin of •anageaent 
alternatives, and decision-support aethods. 

The basic functions of the systea include: 

providing background information on the status quo 
and likely developaent options; 
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design and analysi~ of feasible develop•ent 
policies (opti•ization of individual activities, 
designing/opti•izing sets of coordinated activi
ties) and their environaental i•plications and 
consequences; 

and finally, the co•parative evaluation of 
develop•ent alternatives and decision support 
(policy analysis). 

To facilitate the access to coaplex co•puter 
•odels for the •ore casual user, and for •ore exper
iaental and explorative use, it appears necessary to 
build •uch of the accumulated knowledge ~f the subject 
areas into the user interface for the •odels. Thus, 
the interface will have to incorporate software that is 
capable of assisting any no~ -~pert user to select, set 
up, run, and interpret spec~ ized aoftware. Bi 
providing a coherent user in~erface that •akes inter
act ions between different aodels, their data bases, and 
auxiliary software for display and analysis transparent 
for the user, a •ore experi•ental and educational style 
of co•puter use can be eaployed, allowing for easy 
exploration of alternative developaent policies and 
strategies in actual planning situations or for 
training purposes. 

Conceptually, the aain eleaents of the syste• are: 

an Intelligent User Interface, which provides 
access to the syste•s' workings for the user. 
This interface aust be attractive, easy to 
understand and use, and to a certain extent 
provide the translation between natural language 
and huaan style of thinking to the •achine level 
and back. This interface •ust also provide a 
largely •enu-driven conversational guide to the 
syste•'s usage (dialog-•enu syste•), and a nu•ber 
of display and report generation styles, including 
color graphics and linguistic interpretation of 
nu•erical data (sy•bolic/graphical display 
syste•); 

the Infor•ation Syste•, which includes the 
syste•'s Knowledge and Data Bases as well as the 
Inference and Data Base Manage•ent Syste•s, which 
not only su••arize application- and i•ple•en
tation-specific infor•ation, but also contain the 
•ost i•portant and useful doaBin-specific 
knowledge; 

the Model Syste•, which consists of a SPt of 
models (Siaulation, Optiaization), whicn describe 
individual processes that are eleaent• of a 
problem situation, perform risk and sensitivity 
analyses on the relationship between control and 
aanage•ent options and criteria for evaluation, or 
optimize plans and policies in terms of their 
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control ~ir~~les given information about the 
user's goals and preferences according to some 
specified model-~f the 5ystem's workings and rules 
for evaluation. -

the Decision Support Syste>itJ-=-Pihich assists in the 
interpretation and multi-objective evaluation of 
modeling results, and provides tools-for the 
selection of optimal alternatives with 'int~_?"-· 
actively defined preferences and aspiration~~ 

Model Calibration and Testing Module, which 
enables models to be adapted to available data, 
defines the most significant gaps in the data, 
scans the essential endogenous parameters and 
input variables. 

Recognizing the open-ended nature of such a 
project, we propose a well-structured cooperative 
effort that takes advantage of the large volUJRe of 
scientific software already available. A •odular 
design phil~sophy e~able~ us to develop individual 
building blocks, which are valuable products in their 
own right, in the various phases of the project, and 
interface and integrate them in a framework which, 
above all, has to be flexible and easily modifiable 
with growing experience of use. Using an open archi
tecture concept, the demonstration prototype can be 
constructed at relatively low cost and with only 
incremental effort. 

The modular syste• will be structured nro~~d a 
major regional develop•ent •odel based on concepts of 
systems dynamics and rule-based simulation. 

This model will be augmented by a decision-support 
module for discrete multi-criteria optimization, i.e., 
the selection of preferred alternatives from a set of 
feasible options, generated through scenario analysis. 

This decision-oriented top-level will be connected 
to selected sectoral simulation and optimization models 
(e.g., individual industries, air quality, water 
resources, and possibly also forestry, agriculture, 
urban development, etc.). These models can either be 
used directly or they can provide inp~t (aggregated 
parameters) to the top level. 

Both levels of models will be supported by data 
bases, which again can be use~ directly as an 
interactive information sv~cem. 

The above system will be complemented by the less 
detailed System of Ecological Forecasting (SEF), the 
first version of which was already tested in Phase I. 
The final version of SEF will De used for training 
activities. 
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It is obvious that the quality of the final 
results will be deterained by the quality of the models 
mentioned above and by the reliability of the input 
data. 

Basic software techniques for user interface 
design and systeas integration, and an o~erational 
prototype of such an interactive software systea will 
be available for deaonstration at the very beginning of 
Phase II (See Voluae 2). 

The transfer of this software to India will be 
siaplified significantly if according to earlier plans, 
the Central Pollution Control Institute in Hardwar were 
to acquire the corresponding equipment (SUN 3/160C). 

3. Statistical methods will be one of the main tools in 
data analysis and aodel fitti•g. Therefore, the 

-----~== :::2:-- - necessary set of prograJU1es has to be prepared and 
~--===-~ransferred to the Indian Core Group. Statistical 

meth~~s will also be used to construct optimal moni
toring- networks. 

4. As has b~~n emphasized many times, relia~le data are 
crucial to the assessment. So data collection and 
improvement of the data bank will continue in Phase II. 

5. The training component is-of great importance in this 
Project, especially with respect to computer-oriented 
activities. It is planned that Indian collaborators 
will visit IIASA several times in Phase II (the total 
length of these visits has to be at least 6 months). 

6. T~ ensure transfer of the most essential software, it 
is recommended that in the budget for Phase II, funds 
be included tQ purchase an IBM PC-AT or equivalent IBM 
compatible computer. 

9.7 Related Studies (coordinated but not funded by the Project) 

9.7.1 Input-Output ~tudies 

As suggested in the contribution by Parikh in Volume 3 of 
this Report, input-output studies of energy and materials are 
urgently needed in order to estimate the e~ological sustain
ability of the Doon Valley and of Debra Dun City. 

Input-output studies of energy 

For different sectors in the Doon Valloy having different 
energy consumption patterns, the energy flows need to be worked 
out. Referring to Parikh's contribution in Volume 3, her Fig. 2 
is a schematic representation with respect to the agricultural 
sector. Numerical values need to be estimated, and similar flow 
ch~rts should be developed for the industrial, transportation and 
urban sectors. Various •arts of aggregation could then be 
undertaken as appropriate for particular scenario studies. 
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Responsibility: To be decided 

Tiaing: Long-terg 

Input-output studies of materials 

Following the ideas of Moench and Bandyopadhy•y (1985} and 
in paraliel with the input-output studies of energy. the material 
flows in the Doon Valley need to be worked out. Special con
sideration will have to be given to estiaating the conversion 
rates to waste products and their disposal. 

Respons~bility: To be decided 

Timing: Long-term 

9.7.2 Environmental Histories 

The results given in Section 4 demonstrate the contribution 
that an historian can make to the preparation of a land-use 
management plan or an environaental impact assessment. It is 
therefore reco .. ended that one or two young Indian historians be 
sponsored at Duke University ·-o work with Professor John Richards 
lear~ing the basics of this new science. The historians would 
then become available to assist the Indian Core Group in the Doon 
Valley and elsewhere. This would strengthen greatly the capa
bility of the Core Group to sponsor studies of baseline con
ditions in areas of int~re3t. 

Specifically, the research centered at Duke University would 
elaborate the ideas contained in Section 4 along the following 
lines: 

1. Expansion of the data base used in Section 4 to include 
the entire hinterland o! Debra Dun municipality. Thi~ 
will require a preliminary study to define the area in 
neighboring districts having intensive economic and 
other relations with the Debra Dun population. 
Portions of ~istricts such as Tehri Garhwal and other 
Kumaon hill districts must certainly be considered. 
Time series similar to those for Dehra Dun district can 
be developed for a larger economic and ecological 
region. If sufficient care is used, these time series 
can be pushed back to as early as 1860 or even 1840. 

2. Systematic and detailed research in the available 
records of the Forestry Department. This will provide 
rich information on the history of the forestry sector 
of Debra Dun valley, and of the larger economic and 
ecolo(ical re(ion. These data should hel~ shape 
projections and estimates of longterm sustainability 
of the forectry sector. For example, it is ~ossible to 
obtain year-by-year figures for fuelwood, timber, minor 
forest products, and other productive uses of the Doon 
forests. It is possible to follow detailed working 
plans on a plot-by-plot bas,is to determine the degree 
of change .1.n the compositio'n of the forest at twenty to 
thirty year intervals. In 1esser,ce, th is wi 11 be a 
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process of retrospective manitoring for the forestry 
sector of the district. 

3. Close scrutiny of irrigation department, municipal, and 
other records to undertake retrospective monitoring of 
water supplies for human use, agriculture and industry. 

4. Further detailed research on changes in the domestic 
and wild animal populations and their relationship to 
environaental degradation. 

5. Detailed retrospective monitoring of limestone pro
duction and its demands and pressures upon the natural 
resources of the valley. It should be possible to 
collate annaal time series data for raw material inputs 
and for lime outputs. 

6. Detailed retrospective study of transportation, 
migration and circulation patterns for the period under 
review. 

7. Meshing of documentary evidence and other data with 
land-use information available from satellite imagery 
for the Doon valley and its hinterland. It is 
especially important to obtain a clear and reliable 
land-use profile for the mid-1980s in order to work 
backward in time~ At the same time, such an interface 
will help achieve a corrected, or at least corrob
orated, pori~ait of current land-use. 

Responsibility: Prof. J. Richards s~pported externally plus 
some local currency 

Timing: 18 months 

9.7.3 Climate Change Studies 

9.7.3.1 Anal~sis of climatological time series 

Time series of daily climatological observations for 
the three valley stations, as well as for the hill station 
(Mussoorie) and the control station (Roorkee) were not available 
at !!ASA in Phase I. It is recommended 'hat very long (30 to 60 
yr) time series for these stations be acquired and analysed for 
evidence of recent changes in local climate. The elements to be 
examined are: 

Precipitation 

Temperature 

Diurnal range in temperature (a decrease in the range would 
indicate an increase in haze and smoke.) 

Visibility and frequencies of occurrence of various obstruc
tions to visibility. 
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A search should also be made for crop-yield data, which 
might give a good indication of climatic trends. See con
tribution by Dobesch in Volume 3 of this Report. 

Responsibility: IIASA 

Timing: 18 aonths 

9.7.3.2 Investi&ation of the local impacts of global cliaate 
change over the next fifty years 

There is general agreement that the earth will warm during 
the ne~t 50 years due to the increasing concentrations of carbon 
dioxide, methane and other "greenhouse" gases. The global 
warming is expected to average about 2°C but there will be large 
variations from region to region. In areas such as the Doon 
Valley where there is considerable saoke and haze, long-term 
trends in concentrations ~f suspended partiLulate aatter will 
also have to be considered in the assessment of climate warming. 

Numerical models of the atmospheric general circulation 
are being used in several countries to simulate the effect of a 
doubling of greenhouse gases. The outputs of these models are 
mean values, for each grid square (360 km x 360 km) on the earth, 
of temperature and precipitation, as well as frequency distri
butions of daily values. Although the spatial resolution of 
these models is subject to many uncertainties, the models do give 
at least a first estimate of how the climate might change in the 
next 50 years. Planners should not assume that present climate 
will continue. 

For Phase II of the Doon Valley assessment, it is proposed 
to acquire a set of climatological frequency distributions for a 
C02-warmed earth, specifically for the grid square containing 
Debra Dun. These distributions can be obtained from one of the 
large computing centres producing three-dimensional atmospheric 
general circulation simulations. The data would be used to 
investigate the possible impacts on the Doon Valley of global 
climate warming. The output would contain practical advice for 
plarners, who should not assume that present c~imate will 
continue. Tb~ study could also lead to some useful sensitivity 
analyses of biosphere sustainability to such changes (see, for 
example, Antonovsky and Korzukkin, 1986}. 

Responsibility: IIASA 

Timing: 18 months 

9.7.4 Studies of Valued Ecosrstea Indicators CVICs) 

As suggested by several persons, there is need to quantify 
the effects of human disturbances on selected valued ecosystem 
indicators (VEis) in the Doon Valley. The output would be a 
model that could be calibrated with historical data on population 
densities, habitat availability and related factors and that 
could be used to provide estimates of the impacts of various 
proposed land transformation scheme• on the VEis. 
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One such VEI is the gaae fish Mahseer, which is disappearing 
fro• the rivers and streaas of the Doon Valley (see contribution 
by Tilak in Volume 3). Other recomaended VEis are the aajor game 
birds {pheasant, partridge, quail), which are particularly 
sensitive to disturb&nces in ground cover. A proposal to 
undertake a study of gaaebirds has been made by P.J. Garson 
(University of Newcastle upon Tyne) (personal coaaunications). 
This kind of work should be supported. 

Responsibility: Prof. P.J. Garson supported externally 

Timing: Long-tera 

9.8 Some RecoMaendations to the Doon Valley Cor~ Group 

1. It is recoaaended that Phase II of the Doon Valley 
study be undertake~. the work plan being that given 
above. Recognizing that the proposals contained in 
Section 9.7 do not fit into the UNIDO framework, it is 
reco .. ended that the Indian Core Group, UNIDO and IIASA 
support efforts to seek alternate sponsors in such 
cases. 

2. Early in the course of Phase II, a 3-day meeting should 
be held in the Doon Valley to present the results of 
the Phase I study, and to seek the collaboration of the 
local people involved. People to be invited to t~e 
meeting should include members of the Core and Support 
Groups to the Doon Valley Study, as well as represen
tatives of local organizations interested in sustain
able ecological and economic redevelopment of the 
Valley. 

3. It is recommended that the Pollution Control Research 
Institute in Hardwar be commissioned to undertake: 

(a) air pollution monitoring in the Doon Valley; 

(b) a preliminary inventory of emission sources. 

The Pollution Control Research Institute is already 
receiving technical assistance through UNIDO/UNDP to 
develop a pollution monitoring capability, and the 
Institute has been appointed to the group supporting 
the Indian Core Group of the IIASA study. State-of
the-art sampling and analysis equipment is 'vailable, 
and the Institute could play an important rJle in the 
air pollution studies planned for Phase II. In this 
connection, the sampling strategy (siting of stations, 
samplin1 periods, etc.) should be desi1ned to meet the 
needs of the air pollution meteorologists and 
modellers. It is therefore recommended that a small 
Air Pollution Working Party be established, consisting 
of: 

Dr. B. Padmanabhamurti from the Core Group 
(Chairman) 
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Dr. B.B. Lal, Pollution Control Research Institute 

Ors. R.E. Munn and V. Fedorov, Internati~nal 
Institute for Applied Syste•s Analy~is 

Dr. M. Piringer, University of Vienna 

4. The Indian Institute of Reaote Sensing in Debra Dun 
provides a unique facility for aonitoring land-use and 
environaental changes in the Doon Valley. That 
Institute should be asked to play a aajor role in 
doct111enting present and future trends in the valley. 

5. Data Base Manageaent 

In order to ensure an orderly information base for 
all parties to use, the following eleaents need to be 
asseabled, collated and stored for easy access: 

Recent aerial photography and satellite imagery
scale 1:50,000 or better. (Indian Institute of 
Reaote Sensing). 

Integrated land resource survey information on 
geology, topography, soils, vegetation, cliaate, 
and land use, using existing infor•ation and 
survey program where possible. (Central Soil and 
Water Conservation Research and Training 
Institute; National Institute of Hydrology; Wadia 
Institute of Geology; J. Nehru University). 

Relevant forestry reports, documents and data 
bases, including forestry growth, age and compo
sition data (U.P. Forest Department; Forest 
Research Institute). 

Preparation of computer map files of the above, 
per•itting various kinds of overlays. One example 
of the striking visual displays that could b~ 
obtained is given in a Canada Forestry Service 
report, "Using Ecological Resouce Inventory" 
(Holland, 1984). 

6. A representative of the Uttar Pradasb Forestry Depart
ment should be invited to join the Doon Valley Core 
Group. 
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APPENDIX 2 

LIST CF PERSONS CONSULTED IN INDIA 
REGARDING THE DOON VALLEY ASSESSMENT 

Drs. Munn and/or Fedorov have consulted the following 
persons in India with respect to the Doon Valley assessment. 

!he Core Group for the Doo~ Valley IIASA/UNIDO Study 

• Dr. S. Maudgal, Depart•ent of the Environment (Coordinator) 
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• Prof. P.S. Ramakrishnan, Jawabarlal Nehru University 
New Delhi 

• Prof. B. Padmanabhamurti, Jawaharlal Nehru University 
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• Shri Sreenivasan, Jawaharlal Nehru University 
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• Dr. C.R. Gosh, Indian Meteorological Department 
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• Dr. S. Chandra, Director, National Institute of Hydrology 
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• Mr. B.B. Lal, Pollution Control Research Institute 
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• Shri A. Khurama, District Magistrate 
Debra Dun 

• Shri A. Kaushal, Nehru Yuvak Kendra 
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• Mr. S.Talmar, Director, Ministry of Industries 
New Delhi 

• Dr. R.V. Singh, President, Forest Research Institute 
Debra Dun 

Others 

• Dr. A. Agarwal 
Centre for Sciences and Environment 
New Delhi 
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• Dr. J. Bandyopadhyay, Doon Valley Ecosystem Study 
Indian Institute-of Management 
Bangalore 

• Dr. Bhandari, Deputy Director, Central Building 
Research Institute 
Roorkee 

• Dr. A.K. Biswas, Consultant to UNEP on water projects 
in India 

• Dr. S.N. Cbaudhury, Pollution Control Researcn Institute 
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New Delhi 

Dr. R. Dayal, Forest Research Institute 
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Prof. C.H. Krishna Murti, Chairman 
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• B.K. Subba Rao, Forest Research Institute 

Debra Dun 

• Dr. N. Subramanyam, Central Water Commission 
New Delhi 

• R. Swaminathan, Pollution Control Research Institute 
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APPENDIX 3 

PROGRESS MADE WITHIN PHASE I 
WITH RESPECT TO SUPPORTING STRUCTURES 

IN INDIA. TRAINING OF INDIAN NATIONAL COUNTERPARTS 
AND INITIATION OF TB! ENVIRONMENTAL DATA BANK FOR THE DOON VALLEY 

1. Establishment of Supporting Structure in India 

The Core Group and the Support Group for the Doon 
Valley IIASA/UNIDO Study were established in November, 
1985. 

The Core Group is a multidisciplinary scientific team 
comprising professionals in environmental sciences, socio
economics, •eteorology, hydrology, forestry management, and 
computing. A list of its members is given in Appendix 2. 

The members of ~he Group made essential contributions 
to the data collection process and to a better understanding 
of the problems related to assessment of the environaental 
impacts of industrial development in the Doon Valley. They 
also contributed to Volume III of this report. 

In Phase II, the Group will be responsible for forming 
alternative concepts of industrial development in the Doon 
~alley, together with IIASA's team. 

One of the major activities of the Group in Phase II 
will be to transfer the methodology and software tools 
developed by the Project and to disseminate results in 
India. 

The objectives of the Support Group are to describe 
the major socioeconomical and environmental problems in the 
Doon Valley to the research teams, and to organize public 
and legislative support for the measures to improve environ
mental conditions t~at the Project will recommend. 

The members of the IIASA's team are highly appreciative 
of the effective help of the Support Group members in 
organizing their field trips. The list of members of the 
Group is given in Appendix 2. 

2. Training of the Indian National Counterpart 

The training component of the Project was mainly 
oriented to computer-related activities. 

The two sets of training programmes, "Interactive 
System for Design and Analysis of Simulation Experiments 
(ISSE}" and "System of Ecological Forecasting (SEF)" were 
transferred to the Indian Core Group. SEF is mainly 
for training purposes, but can be used for a preliminary 
assessment of the impacts of industrial end africultural 
development on the environment. !SSE consists of two 
parts, PLAN and SYS. PLAN is the program for constr~cting 
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optiaal aultifactor experiaents on coaputers an~ SYS 
provides the tools for corresponding stati~tical analyses. 
Further details are given in Voluae III. The first versions 
of ISSI and SIF were transferred during the field visit of 
Prof. V. Fedorov (Noveaber-Deceaber, 1985). The final 
versions of these software were handed over to 
Mr. Sreenivasan (Indian Core Group aeaber responsible for 
studies related to the software coaponent of the Project) 
during his visit to IIASA. Both systeas were deaonstrated 
to a nuaber of Indian representatives, including 
Dr. S. Maudgal (Director of the Departaent of lnvironaent, 
Governaent of India), 8.8. Lal (Director of the Pollution 
Control Institute, Rardwar), and aeabers of the Indian Core 
Group visiting the Advisory co .. ittee Meeting (March, 1986, 
llASA); they positively evaluated these systems. 

Mr. S. Sreenivasan spent about three weeks at IIASA 
working with the aeabers of the Project and other IIASA 
scientists. Re participated in the preparation of various 
alternative scenarios of industrial developaent in the Doon 
Valley. Together with the Project's coaputer assistant, 
M. Lenko, he analyzed the aajority of these scenarios on 
IIASA's VAi 11-780. They aainly worked with SIF and ISSI. 
Mr. Sreenivasan also ¥articipated in iaproving the Data Bank 
for the Doon Valley. In other words, participation in the 
coaputer- oriented activities was the priae coaponent of his 
stay at IIASA. 

During the Advisory Coaaittee Meeting (March, 1986) for 
representatives of the Indian Core Group (see the list of 
naaes in Appendix 2) two seainars devoted to the software 
activities were organized at IIASA. 

In the first seainar, ISSI and SIF were extensively 
discussed with a subsequent deaonstration of their possi
bilities. In the second seainar, Dr. I. Fedra (Leader of 
the IIASA's Project on "Advanced Coaputer Applications") 
gave a lecture devoted to •odern coaputerized approaches in 
decision aaking and deaonstrated a prototype of the 
"Integrated Systea for Developaent Planning and Iapact 
Assessaent", which was proposed for iapleaenti~g Phas~ II 
of the Project (for details, see Voluae III). 

The training activities included the following lectures 
delivered by Prof. R.I. Munn during his field visit to 
India: 

lnvironaental Iapact Assessaent (Central Water Coa
aission) 

Assessaent of Industrial Developaent Iapact in the Doon 
Valley (JNU) 

In the suaaer of 1986, the Young Scientist Su•aer 
Prograa will take place at IIASA. Details and invitations 
were sent to India (Departaent of lnvironaent, Governaent of 
India and the Pollution Control Institute, Hardwar). 
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3. Initiation of the Environaental Data Bank for the Doon 
Valley 

The technical details of the data bank are given in 
Voluae II, together with soae saaple printouts. The data 
consist of two aain blocks: 

Statistical data block coapr1s1ng various aspects of 
the Doon Valley geography, environaent, econoaics, 
land-use, and deaography. 

Block of digitized aaps, which will be used in the 
interactive decision-aaking support syste•. 

In Phase II it is planned to extend sections related 
to the aeteorology and hydrology of the Doon Valley (see 
Chapter 8, this voluae, and the contributions by Fedra, 
Kaden, and Piringer, Voluae II). 

It aust be eaphasized that this data bank could be of 
interest to other research groups and su~sequent studies 
beyond the Project, providing for thea a test ground for new 
approaches in environaental assessaent. 

4. Guidelines for Establishing a National Environaental 
Monitoring Network 

Dr. S. Maudgal and his colleagues in the Governaent of 
India (Department of the Environaent, Meteorological 
Departaent, etc.) are well aware of the need to ensure 
uniformity in the design of environmental monitoring 
networks, particularly with respect to: 

Siting criteria. 

Instruaentation. 

Periodic field inspections and calibrations. 

Quality control. 

Management of larg~ data banks. 

User accessibility . 

Guidelines for operating specific types of networks are 
available from WMO, WHO, and other international bodies. 
Where applicable, these guidelines are being followed by the 
appropriate depa~tments, agencies, and institutes in India. 

The only advice that can be offered is therefore the 
following: 

(1) As in many other countries, the responsibility for 
collecting environmental data is shared amongst several 
bodies. As a result, metho~s of storing and accessing 
information are not uniform, creating problems for the 
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user. It is r~coaaended that possible ways of over
coming this situation should be considered. 

(2) UNEP has established a facility in Geneva r.alled 
GRID (Global Resource Inforaatio~ Data Base). Althou(h 
still in an early stage of developaent, GRID will 
ultiaately provide environaental data, ordered by 
geographic location and synthesized to answer specific 
questions posed by environaental aanagers. As is no 
doubt the case already, the Govern•ent of India should 
follow carefully the develop•ent of GRID. and should 
seek to ensure coapatibility between GRID and its 
national environaental data aanagP.aent systeas. 

• 



• 

• 

• 
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APPENDIX 4 

LIST OF RELEVANT LOCAL, STATE AND NATIONAL 
STANDARDS, GUIDELINES AND REGULATIONS 

The information in this Appendix is incoaplete. However, it 
does seea to b~ sufficient to de•onstrate that there is adequate 
s~atutory authority to solve aost of the probleas existing in the 
Doon Valley on a case-by-case basis. In addition, as is 
mentioned in Section 3, citizen groups have the possibility of 
taking class actions to the courts (Raaaaurthy, 1985) . 

Karajagi (1985) has SU!Ularized the aain environaental 
r~gulations that apply in India as follows: 

Regulations 

I. Air (Prevention & 
Control of Pollu
tion) Act. 1981 

2. Forest (Conserva
tion) Act, 1980 

3. Water (Prevention 
and Control of 
Pollution) Act, 1977 

4. Insecticides (Amend
ment) Act, 1977 

5. Water (Prevention 
and Control of 
Pollution} Act, 1974 

6. Wild Life {Protection} 
Act, 1972 

Objectives 

This act provides for ~,revention, 
control and abateaent uf air pollu
tion through Pollution Control 
Boards. 

· State Govern•ents have to obtain 
approval fro• G~vernaent of India 
before converting forest lands to 
non-fotest lands. 

Act providing for collection of a 
tax on water fro• certain indus
tries so as to augment the 
resources of Central and State 
Boards for Prevention and Control 
of Pollution. 

To regulate the import, manu
facture, sale, transport, 
distribution and use of 
insecticides. 

This act envisages establishment of 
Boards for Prevention and Control 
of Water Pollution so as to 
maintain and restore wholesomeness 
of water. 

This act provides for the pro
tection of wild animals and birds 
and for establishing sanctuaries, 
~ational Parks, Game R~$erves and 
closed areas.• 

•facilitie3 for big game shooting in the Debra Dun District 
(~xcept for protected species such as titer and leopard) are 
provided in the Jhabrawala and 8arkot forest blocks through 
permits obtainable from the Chief Wild Life Warden, Uttar 
Pradash (Varun, 1979). 



7. Insecticides Act, 1968 

8. Indian Forest Act, 
1927 and various State 
Acts 
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To regulate the use ot insecticides 
to prevent risk to huaan beings or 
aniaasl. 

To protect the forests 

Specifically relating to Uttar Pradesh State, an Act known as 
"Uttar Pradesh Rural and Rill Areas Tree Protection Act, 1976 
(U.P. Act No. 45, year 1976) controls the felling of trees in all 
rural and hilly areas of Uttar Pradesh, including the Doon 
Valley. 

In the book, "India's Environaent" (Bandyopadhyay et al., 
eds., 1985, pp. 247--309}, several authors discuss the efficacy 
of environaental regulations in India. The general view in that 
book seeas to be that the regulations are soaetiaes inconsistent 
with one anot~er, and are difficult to iapleaent. These 
criticisas are not unique to India but are voiced by citizen 
groups around the world. However, there is no doubt that 
other countries have auch to learn froa India. The recent 
Supreae Court decision on Doon Valley quarrying, including 
payRent of legal costs of the citizen group involved, is without 
precedent in aost industrialized countries. 

• 

• 

I 
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10REWORD 

The present. report (Phase I) contains three perts. 

Vol:mae I covers a cancept.ual fnmewark tor envfroluMtntal hlpect. assess-at. 
of the Doon Valley. a descrlpUon of present. environaental. condlUons and past. 
t.nmds in the region. and a ccmprebenslve work proeraa and recomaendaUoas for 
Phase II of lbe projecL To a enat. extent.. Voluae I sumartzes the main flndlnes 
rf1I Phase I of the Project.. reserving the presentaUoa of cletalls for the t.wo other 
9'0luaes. 

Vol-.- m contains a collecUon of contributed papers wblcb were pr Hnt.ed 
at. lbe Advisory eo..tt.Lee lleelfna {llarcb 1986. llASA) and - propasaJs on 
fat.are acUviUes -.de by parUclpent.s of tills llHU.ng. Some of the papers an 
rather eeneral but. the majorlt.y of th- ant devotecl t.o specific aspects of the 
envinxmental. assesswt of the Doon Valley and supplement. Volume I. 

The present. voluae (Volmae ll) Is devoted t.o comput.er-orient.ecl nrsults of 
Phase I. lncludinl a dat.a bank. The pntentlel users should be equipped with ele
aentary camput.er lmowlqe: this volmae contains tools (more accurately. the 
lnstracUoas on how to me tbea) but. not. any final nrsults. 

, 
JV -v -
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The main efforts of t.he project. durtna Phase ll will be directed towards quan
Ut.aUon of ideas and hypot.heses on envtrcmaental condiUons in Doon Valley. 

A nuaber of IDOdels comprtstna various aspects of environmental dynamics are 
planned to adjust. t.o Doon Valley's specific feat.ores. It. is evident. th~l models of 
different. levels of detailedness will be necessary in onier t.o analyze all possible 
alt.ernaUves for developaent. of the region. Solle of t.hem can describe or (more 
accurat.ely) stmulat.e 1eneral Lendencies int.he valley. say, its averaae erosion or 
averaee soil producUvtt.y. Others can give more detailed results. such as dynamics 
of space dist.ribuUon of pollutants or an admissible wat.er manaeement. policy. 

To appropriately bmidle this variety of models, it. will be necessary to have a 
special sonware. Here we will apply t.he erisUna met.hodology based on staUsUcal 
ideas, usually referred t.a as "Analysts and Desip of Simulation Experiments." 
(See. for example, Fedorov, 1983; Fedorov, Korast.elev, Leonov, 1984; Naylor, 
1971.) 

Part. 1 contains a short int.roducUon to t.be subject. and a manual wit.h a simple 
example. 

Part 2 is a short descripUcm of the "System of Ecological lorecasUna" (SEF). 
This syst.em can be used t.o analyze chanaes In environmental charact.erist.ics of 
1eographically and economically homogeneous areas. In Lerms of references, SEF 
is planned to be a component. oft.be project's t.ralnina acUvtUes. 

Part. 3 contains t.he mcst. essenUal lnformaUon from t.be Data Bank and a ::ibort 
description of computerized ver-sions of Doon Valley maps. 
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l IN'l"ERA.CTIVE SYSTEll FOR DESIGN AND ANALYSIS 
OF SDIULATION EXPERillENTS 

• 
S. Lecmov. Y. F8daro11 

VNIISI - IIASA 
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1. Introduction 
Comput.ers make It. possible t.o construct and nm complicated mathemaUcal 

models of complex syst.ems (e.g., economic syst.ems, ecological syst.ems) which 
involve hundreds of inputs and equaUons. The links bet.ween the different. vari
ables (inputs and out.puts) and equaUons ln t.hese models are usually very difficult. 
t.o follow, and lhls ls cmnplicat.ed by the fact that. the models are c':>DUnuously being 
updat.ed and improved by the lncorporaUon of new mat.hemaUcal features. Some
Umes models consist. of modules (elements) prepared by different. researchers, and 
t.hls ls one reason why mat.hemaUcal aodels (or, aore accurately, t.helr computer
ized versions) occasionally become ''mysterious" even t.o t.belr authors. Analytical 
techniques prove t.o be pracUcally useless in analyzing t.he properUes of these 
aodels. Since ll ls not. possible t.o obtain t.be required results in t.bis way, It. ls 
nat.ural t.o t.ry another approach: one posslbilit.y ls t.o carry out. slmulaUon experi
ments wilh lhe malhemat.ical models lhemselves. 

The quesUon of the effecUveness of lhese experiments and whet.her lhe 
chosen model adequately describes lhe empirical data arises al lhe very beginning 
of t.he research. To st.udy lhls, ''Dlodels" of lhe models are oft.en constructed. In 
what. follows the t.erms seccmdArv aodeL and pr&.ac:irv aodeL will be used in an 
at.tempt. t.o avoid confusion. 

The construct.ion of secondary mod.els can also be sUmulat.ed by t.he fact. t.hat. 
t.he primary models are frequent.ly t.oo detailed fort.he specific lnvest.lgat.iOPS t.hat. 
lhe researcher wishes t.o perform. For lnst.ance, t.o describe lhe behavior of a 
primary model over a relat.ively small range of input. values, lt. might. be sufficient. 
t.o use a polynomial approximaUon of the mod.el. One at.tract.Ive feature of t.bls 
approximat.ion ls t.hat. ft. then becomes possible t.o develop fast. real-t.ime int.erac
Uve soft.ware. This t.ype of soft.ware can be extremely useful t.o declslon makers 
because ft. allows them t.o scan a lot. of variants in a relat.ively short. Ume. 

The types of problems lhat. can be solved are indlcat.ed in Figures 1-3. Figure 
1 fllllSt.rat.es t.he posslblllt.y of t.est.ing or refining t.he primary model by applying 
t.he secondary model t.o lnlt.ial data. Figure 2 explains t.he posslbillt.y of combined 
analysts of t.wo syst.ems. Figure 3 must.rat.es how primary models can be compared 
t.brough approximat.ion by lhe same secondary model. 

Initial 
data 

Primary 
model 

estimation 

Secondary 
model '7(Z 1') 

'7(Z,1') 

Comparison 

fleure 1 Test.tne a primary model by applying a secondary model t.o init.tal dat.a. 
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,__ ... Primary model ..---.. Secondary model 
I I _______ ...,_ 

..___ Primary model Secondary model 
n ----- n 

Figure 2 The combined analysts or t.wo systems. 

----• Primary model 
I 

.__ _____ Primary model 
n 

Secondary model 
% ,"8 

Secondary model 
'7(% ,"8) 

Figure 3 Comparison or primary models t.hroaeh approxfmaUon by t.he same 
secondary model. 
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2. Structure of the ln.teraethe s~ 

The current version of tbe system contains lwo main programs: PLAN 
(Int.ended for construcUon of experimental design) and SYS (int.ended for data 
analysis). These pl"Ogl'BBIS are lndpenclenl of each other and are linked only 
through inpul - oulpul files of data. ll is necessary to polnl out thal tbe t.reat.aenl 
of any specific primary model requires an exchange module. Ibis aodule makes fl 
possible to repealedly call tbe primary aodel varying inpul data. ll ausl be aen
Uomtd also tbal scae pot.enUallUes nolforeseen in tbe system may be assigned to 
the exchange aodule. 

3. ecm.tnu:tion of EKperiaental ._.. 

While lnvesUgaUng tbe primary model. ll ls essuaed thal Input variables x 
(factors or lndepenclenl variables) are separated Into groups according to: first.. 
prior lnfonaUon on their nature. and second, tbe expect.ad degree of their Influ
ence on dependent variable(s) Y • The :fact.ors are usually separated Into the fol
lowlne eroups: 

(a) Scenario and exogenuous variables: 

(b) Panuaeters of lhe model whose values are obtained on the st.age of idenUfica
Uon; 

(c) Variables known with "small" randOlll errors: they may often be considered as 
random ones. 
The program PLAN can generate designs of different types for variables from 

different groups: 

orthogcmal design 

(l) two-level desirnX=l~1 J; ~1=+1,-1; X ls Hadamard matrix. N=41;, I; ls 
an integer number (X X=NIN, IN - ldenUty IDlllriX ); 

(ll) three-level design X=fXt1 J, Xts=+1,0,-1; X is conference JDatrix, 
N=41;+2 (XrX=(N-1)1N) 

In this version the following numbers of experiments for orthogonal 
ci~tan are possible: 

4,8,12,16,20,24,32,40,44,48,52 60,64,68; 
6,14,18,26,30,38,42,5',62. 

The orthogonal deslp ls recommended for erouP I If a detailed invesU
eaUon for the fact.ors from i ls required: 

ranch. .. desip with two- and mulU-level independenl variaUon of fact.ors (usu
ally used for the factors frona eroup b); 

random deslp with simultaneous varlaUon of all factors of the group (may be 
applied for block analysis); 

random desip with conUnuous law of dlslribulion: uniform and normal (may be 
applied for thou factors which are known up to small random error). 

The criterion for desten const.rucUon ls the correlaUon coefficient. of column 
vectors of X - mat.rlx : the columns must have as small a correlaUon u possible. 
The desten may also be eenerat.ed (for some eroups) In a purely randOlll manner. 

There are two variants of the applioalion of eenerat.ed deslen X=IXt1 J: 
(1) X - mat.rix Is wrlUen (row by row) Into the auxlllary file HELP .DAT for appU

caUon In the exchanee module and further analysis of slmulaUon experiment; 
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(ll) the levels of factors may be set In lbe real scale: aean values and scale of 
variaUon are chosen by lhe user. The design In lhe real scale is obt.ained wilh 
lhe help oft.be evident foraula: FN,1=AllD1•(1+AIF~·141).t=1..N. Here the 
J-t.b factor belongs to the chosen group k ; .AIF~ ls a scale of variaUon for 
group k ; .AJID1 fs a aean value of t.be j-t.b factor. The matrix FN=IF71,1 I is 
stored (row by r.J•) In the file HELP.DAT. 

4: • .&na1,-. of ~ts 
The ala of the siaulation anal1Sfs ls the const.rucUon ol a secondary model ol 

the fora: 

(1) 

where y ls a response funcUon (dependent variable); f1o,A1 , •••• Clt are parameters 
t.o be estimated (regression coefficients): f 1, ... J~ are known funcUons dependfnc 
an x - vector ol inpul variables. 

Since k is usually large. one of Ule main problems of experimental analysis is 
lhe screening of significant. fact.ors. The following ls lhe st.ateaent. of the problea: 
lnpul dat.a ls set -

:JJ:N,1 :JJ:N,2 :JJ:N,a 

where N is a nmnber of observaUons and m is a number of variables. One vari
able ls Laken as a response and Is denot.ed by Y • Then k fmacUons f 1J 2, ... J ~. 
depending on lhe rest of the variables, are chosen. (They may be constructed wtt.b 
the help of some transformaUoas - the set. of lhe most usable t.ransfonnaUons ls 
provided by lhe program.) That ls lhe final st.ep In the fonaulaUon of the problem. 
Screening experiments can now be carried out.. 

Here we shall enumerate the possfbllltles of the proeram: 

(1) Input variables can be separated Into p-oups wit.h the help of an ldenUficaUon 
vector: variables from only one eroup are analysed simultaneously, bul the 
Identification vector may be changed, and t.he groups easily rearranged. 

(2) It ls possible t.o make t.ransformaUons of fact.ors, Include their interactions, 
and Lake any variable as a response. 

(3) The proeram provides the stepwise regression procedure (subroutine STPRG): 
factors may be included Into reeression or deleted from lhe equaUon (Efroym
son, 1962). This program for screenfna slentf&cant factors ls based on the 
subroutines from SSP - packqe (1970). Some modifications of these subrou
tines have been carried out. for the implement.ation of interactive reeimf'I. 
Interpretation of input and output. Information in this module will cause no dlf
flcult.fes for a user familiar with the SSP- packqe. 

(4) A user may obtain both ri.atisUcs analoeous to SSP - subroutines and some 
additional information, for lnst.ance, a correlaUon matrix of reeresslon coef
ficients and a detailed analysts of residuals. 

(~) If a secondary model Is used for lnt.erpolat.fon or ext.rapolaUon (subroutine 
FORECAST), values of input. variables {predictors) are chosen by the user and 
the standard errors of the proenoses are calculated. 



(6) A heuristic aet.bod of random perautaUons (subrouUne STRAM) for t.esUne 
significance of entered variables ls provided by Lbe prograa. (See Fedorov 
et. al. 1984.) 

Program SYS uUlises 3 files: SYSIN.DAT and SYSOUT.DAT for input and out
put lnfonaaUon 1 especUvely. and an auxiliary file SYSST .OUT for lnt.eraediat.e 
lnfonaaUon. 

Efroym. JI.A. 1962. JlulUple Keat esslon Analysis. In llClth.nlc&ticaL llctl&IHls jbr 
Di.gi.tal ~. A. Ralston, H. Wllf (eds}. New York: Wiley. 

Fedorov. V. 1983. Analysis and Design of SlaulaUon Ezperiaent.s for Lbe Appron
.aUon of Models. 1fP - 83 -71 . LaxenbUl"I. Austria: lnternaUonal lrsUt.ute for 
Applied Syslells Analysis. 

Fedorov, V ., A.. Korostelev. S. Leonov. 1984. Analysis and Design of SiaulaUcxa 
Experlaent.s with Linear ApprmdmaUon Models. 1fP - 84 - 74 . Laxenbura, 
Austria: Int.ernaUonal lnsUt.ute for Applied Systems Analysis. 

Naylor. T.JI. 1971. Coaputer SlaulaUon Experlment.s with Models of Economc Sys
tems. John Wiley and Sons. N.Y .• l.,nndnn. 

Syst.em/360 SclenUflc Subroutine Package, Version 3, Proeramaer's llanoal. 1970. 
New York: IBJI. Technical PubllcaUons Department.. 
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IastractilllS for pr09f'U PlAll. 

l1forutioa Oii the ter1iul, ! 
Ytriible(s) for iapat 

1. A llNEI OF &IOUPS • 
A IUIEI Of FACTOIS ? (lli,11) 

2. FACTOI llEJITIFICAflM ? 
(Dl(i)' i:l,11) 

l. A IUIEI Of lilCUS FOi 
conrum• AIUUSIS, 
llll.Ullllli Oil .GIOUP ? (ll:OI) 

! ca.eats! 

Iii - a lllber of !Jf'CllPS for erperimul 
desiga, II - total IUlber of factors. 

ll(i) (i:l,1) - • ild!1 of a group to 
•ici factor i belJ19S. 

ll:OI - a IUber of 9'0IPS for •ici 
correlatioa illllJSis is e1tc11ted 
(iaclacl!19 ortM90111l gr01P) 

llesgge 4 1PPHrS, if Iii ) DI . 

4. Tllll l.aES ? 
(IEOl(i), i:l,IEOI) 

5. llITH OITHOli(llAL DESllil: 
TES - 1, Ill - 0 ? (II) 

ll:Ol(i) - ilcle1es of tM groaps for 
•ici corr. 111lrsis is Htctted. 

11=1 - 11i~ or~d iJesiga, 
11=0 - 11itUlt ortll09CIN1 desiga 

lltssiges ' - 8 IPPfir if 11=1 • 

7. A CODE FOi OITHOliOIW. 
DESIGN: 2 - TlllH.EVEl IESllill 
(I IS 4-TUPl.E), l - THIEE
LEVEL DESllill (I IS 2-TUPLEI 

( llX ) 

8. DESIUILE II ? (I) 
(possible I IPPfif 11 ter1i1al) 

ll)IT - aa inde1 of tile group 11i tb orthogonal 
desiga. 

11=2 - lllo-lewel (+l, -I) design is 
coastnacted, 
ll=l - ~ree-lnel (+I, O, -1) design 
is cC11Stracted. 

If 11=2, II bas the fon: 11=4k, k - integer 
If ll=l, II has the fora: 11=4k42. 

( Ciltioa: II •st be greater tbu l ud Im tbu 69 ! ! ! ) 

9. lilOUP CODES : I -
Slllll.TAllEOUS YAIIATilll, 
2 - TllO-l.EYEL YAIUTilll, 
l - 1111.TILEYEL VAllATIOI, 
4 - llflFOlll DISTIIIUTIOI, 
5 - llOllllAL DISTlllUTllll 

( fli(i), i:I,IG). 

lli(i) - a code for e1peri1t11t1l design 
for grQIP i: 
1 - tie-level (+l, -1) si•ltueous variatiCll 
for all factors beloaging to group i; 
2 - tlo-ltJel (+1,-1) independent variatioa; 
l - 11ltiltJel independent variation 

( SH <10) ) ; 
4 - factors froa group i bave unifor1 

distributi1111 ( SH <ll> ); 
5 - f 1etors froa group i bave norlil 

distribution ( SH <I•> l. 

llessages 10-12 IPPflr for HCb group 11ith Ili(i):l. 

10. GROUP L A IUIEI Of 
LEVELS ? (LtV(i)) 

11. LEVELS ? 
(V(l,i), 1:1,LEY(i)) 

12. PROIAIILITIES ? 
(P(l,i), 1:1,LEY(i)) 

LEV(i) - a nuber of levels for group i. 

Y(l,il - values of levels. 

P(l,il - corresponding probabilities. 

llessage ll appears for each group 1ith Ili(i):.t. 

ll. GROUP j , INTERVAL 
OF VAIIATICJK - (-A,Al. 

TOUR *A* ? 

Factors froe group j are unifor1ly 
distributed on (-A, A). 

Nessage 14 appears for each group 1ith Ili(il=S. 
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14. GltlUP l. !(Al : 0, FICtorS fr• 9'0IP 1 ue IOrRlb distribltecl, 
STAl9All IUllTllll ? (lml(l)) &ml(l) - stilldlrd dni1ti111. 

:lessite IS iPP!lrS if II=O ( see <S> ) • 

IS. lllillAL AR llAilllAL 
.. EIS Of EIP£lllEITS ? 
t•, llWI 

16. IO TOI llEEI TO llOll IITH 
TIE VECTOI Of llEMIS ? (Jll) 

• , lllAI - liliRl ilcl liliRl aub«S 
of eiperi .. ts ue ubilnry ( no orlbgoMl 
design ) 

Jlll=l - see <17-18>. 
Jll=O - see <19>. 

ll!ssl9!s 17-18 iPP!U if Jll:l. Ia tb1t cm tle lewis 
of factors ire dlosel by tle ISer llcl set ia tle real st1le 

(see iatrocilcli•) 

17. mlP COEFFICIEITS ? 
(Al.f(i), i=l,lG) 

II. VECTOI Of EIS ? 
(B(j), j:l,11) 

Al.f(i) - group coefficierats. 

B(j) - nctor of llHIS. 

( Ia tb1t cm tle nllf Fll(i,j) of factor j ia i-tl erperi .. t equls to: 
Fl(i,j) : Alll(j) • (1 + Al.f(k)•l(i,j)), 

llere l(i,j) - cmstracted desiga, k - • i1de1 of tle grQIP to •i~ 
factor j belmags ) • 

19. TO JI( IEGIEllG - I, 
TO TIE Ell - 0 ? ((II) 

Ill=l - go to (1), 
111=0 - STOP. 

Iastructi111S for progr11 SfS (A11lysis of tbe si11l1tioa erperi1e11t) 

Iaforaatiaa • tlle ter1inal, ! 
ruiable(s) for inpat ! 

1.IUIEI Of OISEIYATIOIS ? (I) 

2. TOTAL •ER Of YIRIAILES ? 

! Collelts ! 

I - total nlllber of observations 
under analysis 

llTOT - total nullber of variables (factors) 

l.IDEITlflCATION VECTOR ? Variable i belongs to block IDITF(i) 
(IDllTF(i),i:I,llTOT) Ciution: for11t - 1011 !!! 

4. a VAIIAILE lllllEI 1111 SCAL£ ? 
(ISCAL ' SCAl.) 
TO STOP INPUT - !YPE 0 0 

Scaling of variable ISCAL is 1ade: 
X(ISCAL)::: X(ISCAL) t SCAl. 

5. ILOCl FOi AllALYSIS ? (Ill) Variables froa block Ill 11ill be analysed 
( Ciution: total llUlbtr of Ylriables in tile block, including transforutions 

aad interactions, •st be less than 60 ! ! ! ) 

6. TRAllSFORllATIOll Of llDEPEllDENT 
VAllAILES: YES - 1, llO - 0 ? 

llessage 7 appears if ITl:l. 

7. TABLE Of TIAllSFOlllATIOllS: 
1. X::: x•x 5. X::: LN(X) 
2. X::: Sclrt(X) 6. X::: l/X 
l. X::: AIS(X) 7. X::: Arctg(X) 
4. X::: E1p(X) 

ITR:l - see <7>, 
ITR:O - goto <8>. 

INPUT: YARIAILE llO., TRANS. llO. A new indeptndent variable X(new) is 
Ill, NU"TR) created: variable IT is transfor1td 

(it 1Ust belong to block Ill!!!), 



8. IEPElllEllT VAIIAll.E ? (.._,) 

9. IITH llTEUCTIOllS: YES - 1, 
1111 - O ? UITEI) 

10. STEPIISE AllALTSIS: 
EFIOTllSGI PIOCDUIE - 0, 
IITR PEllllTATIOllS - l, • 
AllALTSIS • FOIECAST - 2. 
ED OF TASI - 3, 
AllOTl£1 OPTIOll - 4 

(IAll) 

11. IlllOVATIOll OF lllEllTIFICATIOll 
VECTOI: llO llllOVATIOll, 
llEllATTEllPT -O 
PAITIAL llllOVATIOll - l 
TOTAL l*OYATIOll - 2 
AllOTIEI OPTIOll - j 

( Ill ) 
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trmforuti• 111111 is urried out, 
IMITF(Hll)::= •t. 
..-r - depeedett wuiallle (respoase f..ctica) 

lllTEl=l - if Yiriables i,j bflCllt 
to block •t. a 1et1 illdpetciat nriable 
is created: l(1e11)::= l(i)•X(j) 

IAll=O - Ef royasm pracedire is e1ented 
(see STPIS - ilstncticas); 

IAll=l - stellltise regressi• 1i~ per•taticas 
is HeClted (see STIAI - i1Stncticas). 
it is rec.-ncled after STPIG ; 
IA11=2 - f orecasti" is executed 
(see FOIECAST - i1Stncti011S). cHti•: 
it 11St bf md j1St after STPllG ! ! ! 
IAll=l - Stap, 
IM=• - go to nu 
111=0 - go to m (1e1 block AJ beililysed) 
111=1 - go to U2> (identif. wector AY bf Waged) 
111=2 - go to <l> (total i110nti• of ideetif. tector) 
111:3 - go to <IO> 

Message 12 appears if 111=1. 

12. IllPUT: VAIIAILE AND NEV 
ILOCf llllEI ? (TO STOP 
IllPUT - TTPE 0 0 ) 
( II , NEVILi 

Partial i110vation of identification wector: 
if 0 ( rr ( ITOT, tllen IDllTF(ll):llEllL 
if rr=o, go to <a> . 

Ias;ructions for subroutine STPllli - Ef roylSOI proceGlre 

! Infor1ation on the ter1inal, ! 
! variable(s) for input ! 

1. OUTPUT OF COIREUTIOll llATRIX: 
YES - I, llO - 0 (IOUT) 

! Collents ! 

IOUT=l - correlation 11tri1 is Mritten 
into file SYSOUT.DAT 

2. CODES (IDX(i), i=l,K) Inpgt cf codes for stepwise regression: 
(caution: for1at - 10 Il !!!!) IDX(i)=O - free variable, 

IDX(il=l - variable i is forced into regression equation; 
IDX(i)=2 - variable i is deleted frOI regression. 
IDX(K):J - variable ft is dependent variable. 

Total nulber of independent variables in the analysed block 
(transfor1ations and interactions are included) equals to K-1 • 

l. INFORllATIOll OH THIS STEP: 
PRillT - l, llO - 0 (llOUT) 

4. FORWARD PROCEDURE - 0, 
STOP - 1, 
DELETING PROCEDURE- 2 

(MST OP) 

5. DELETING PROCEDURE 
( Ito input !! ! l 

6. TO TYPE TAILE OF RESIDUALS: 
YES - 1, NO -O (ltR) 

llOUT=l - infor1ation is stored in the 
file SYSOUT .DAT 

NSTOP:O - nert step of st1P1ise regression 
is carried out; 

NSTOP:l - end of stepMise procedure (see <6> ); 
NSTOP=2 - deleting procedure is erecuted lsee <S>l. 

Infor1ati011 on deleting procedure appears 
on the ter1inal (see test e1a1Ple) 

ltR=I - table of residuals is Mritten on 
the ter1inal ana stored in the 
file SYSOUT.DAT . 
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Iastnctiaas for Slbra.tillf F01£CAST - •drsis ild foreust 

! [1for11tioa oa the ter1i1d, ! 
! Yiriible(~? for i1111t 

L F01£CASTilli: TES - 0, m - 1 
([FOIE) 

! ca.eats ! 

IFOl£::0 - forec1St is ezecatecl (set m ) , 
IFOl£=1 - encl of Slbroatiae. 

llessige 2 IPPfirs for ill nriibles fr• block •L <•h for 
bisic nriibles - aot for trmforutioas .t iaterKtioas) 

2. IllPUT: Vil.IE Of YAllAILE l(j) - i nle of nriible j for 
j ? (l(j)) for foreciSt. 

l. ID ATTEllPT - 0, TO STOP - 1 ? IATT=O - foreciSl is - ia tH 
( IJTT) llfll poiat ( 90 to <2> ) ; 

I&TT:l - !Id of sabr•lilf. 

Iastr1ctioas for Slbrautiaf STUii - slf!lllise regressiaa 1i th Pff•litiaas 

! I1for11tioa on the teraiail, ! 
! nriible(s) for iapat ! 

l. IUIEI OF PEllllTATIOllS All 
All llAX. IUIEI OF STEPS ? 

( UIAI, lllAI) 

2. IUIEI Of lllTEIYALS All8 
SCALE FOi A HISTOGIAll ? 

(NDIY, SllS) 

! eo.nts ! 

UIAI - Mllber of per•litioas 
GI Hell step, 

lllAI - 111i11l llUlbfr of steps in 
stfllllise regressim procedure 

(lllAI mt be less or equil to 11-1 -
i ftllbfr of independent nriibles) 

llDIY - i nulbfr of intervils, 
SllS - i scale for a hist09r11 

HistogrilS for severil slitistics ire coastructecl: T - Student's, 
F - Fisher's, SS - proporti111 of the SUI of squires reduced 111 
the given step. llben UIAI is not too luge ( UIAX < 100 ) , it is 
reco11ended to use NDIY : S - 10, SllS : l. 

CiutiOA: the foll011ing ineciudities aust be S1tisf ied -
UIAX < 300 , 2 < llDIY < SO • 

3. PIOGIAlf CODE: 0 - FROll 
THE 1-st STE~. l - NOT 
FRO" THE 1-st STEP ? ("DI 

"esSiges 4, S appear if "D : l. 

4. TOTAL NUlllER OF FORCED 
YAIIAILES ? ( "11 ) 

S. THEIR INDEXES ~ 
( llY(i), i:l,"Xl) 

6. TOTAL NlltlBER OF DELETED 
VAIABLES ? ("DEL) 

"essage 7 dPPears if "DEL > O 

7. THEIR INDEXES? 

llD:O - stflllise regession is eiecuted 
f roa the 1-st step (no forced variables) 
llD=l - SOie variibles are forced into regression -
Sff ( 4,5 ). 

"11 - a nulbfr of variables forced 
into regressi111 equation. 

llY(i) - indexes of forced variables. 

MOEL - total nu1ber of deleted 
variables. 

"Dlf i) - inde1es of deleted variables . 



llllU i), i=~.lllEL) 

8. TO lllITE T - HISTOGIAll : 
TES - 1, llO - 0 ? Un) 

-17-/r '/, 

Jfl:l - i1for1ati01 on T-stitistic 
il!Pfirs on tllt ttr1in1l illd is 
stored in tllf filt STSOUT.llAT 

Alldogous lfSSi9fS 1PPNr dso for F- illd SS- stitistics. 

9. TO COITlllE - 1, TO STOP - 0 
(JU) 

JU=l - neit slfp of StfPlliSf procedlln 
is curied Olt (go to <8> ) ; 

JIJ:O - flld of Slbr1111tiH. 
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El•le !If aft s!SSiOll witb pragru STS: aa~-"'lt file 'STSOUT.DAT' with SOI! Ccm!tts 

STSTEll FOi SillUfiOIC AllALTSIS, OCT 24,1985 

.. El OF OISEIYATIOllS ? 
12 

TOTAL mEt OF YAllAILES ? 
l1 

1 

[llEJITIFICATIOll YECTOI : 
l 1 1 l 1 l 1 2 2 2 2 2 2 2 2 3 l 3 3 3 
l 3 3 4 4 4 4 4 4 4 s 

ILOCI FOi AllALTSIS ? 
CAUHOll: TOTAL IUllEI OF YAllAILES II T1£ ILOCI 
UllCL.UDilli TUllSFOlllATICllS AND lllTEIACTIOMSl 
lllST IE LESS nwt 60 

TAILE Of TIAllSfOWTIONS 
1. X:::XtX S. X:::LJ(X) 
2. l:::SQIT(AIS(X)) &. X:::l/X 
3. X:::AIS(X) 7. X:::ARCTG(X) 
4. X:::EXP(X) 

lllPUT: YAIIAILE MO, TRAICSFORllATION MO. 
COllllEJIT: IF TOU YANT TO STOP INPUT , PRESS 0 0 
l 4 

0 0 

DEPEICDEllT VARIABLE ? 
li 

ll[TH lNTERACTIONS ? { TES - 1, NO - 0) 
0 
A llllllER Of OISERVATIONS 12 

TABLE Of VARJAILES 
FORllAL VARIABLE 1 REAL VARIABLE 1 
FORllAL VARlABLE 2 REAL VARIABLE 2 
FORftAL VARIABLE l REAL VARIAILE l 
FORllAL VARIABLE 4 REAL VARIABLE 4 
FORftAL VARIABLE 5 REAL VARIABLE 5 
FORftAL VARIABLE 6 REAL VARIABLE & 
FORllAL VARIABLE 7 REAL VARIABLE 7 
FORftAL VARIABLE 8 REAL VARIABLE 32 

'*'****'** STEPlllSE PROCEDURE '********* 
VARIABLE llEAN STANDARD 

NO • DEV IA HON 
1 0. 1.04'47 
2 l. 1.04447 
3 0. 1.04447 
4 0. 1.04447 
s 0. 1.04447 
" o. 1.04447 
7 0. 1.04'47 
a l.S4l08 1.22746 
9 2 .16667 22. ?0561 

llub!r of obsenatioas is 12. 

Toll! llUlber of Yariibles is 31. 

ldentificatioa Y!Ctor can S!Ptrate •ariables into 
a giYen nUlber of blocks. Anabsis can be done 
indepeadenth for any of these groups. 

The influence of the first block on response function 
is anahzed oa tbis stage. 

Transfor1atioa nulber 4 (e1p{1)) is 1ade with the cirs 
variable: X(32):exp(X(l)I, l2:ft+i N is total r.ulbe 
of variables. 

Variable ll is the response function. 

Interactions are not included here. 

Variables llhich are to be analyzed on this stage. 

Transfor1ation of variable X(l) (X(l2ll is also 
included in the first block. 

819inning of screening analysis. 

Neans and standard deviations of variables. 

The response function here is the ninth variable. 
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COlllELATIOll llAllII 
ROii 1 

1.00000 0. ~JOOO 
toll 2 

0. 00000 1.00000 
ROii 3 

-0 .00000 -0 .00000 
ROii 4 

0.00000 0. 00000 
ROii s 

-0.00000 -0.00000 

ROii ' -0.00000 -0.00000 
IOll 7 

0 .00000 0.00000 
IOll 8 

1.00000 -0.00000 
ROii 9 

0.24066 0.37999 

lUIER OF SEl.ECTIOll 1 
CODES 
0 0 0 0 0 0 0 0 

-0.00000 0.00000 

-0.00000 0.00000 

1.00000 -0.00000 

-0.00000 1.00000 

-0.00000 0.00000 

-0.00000 0.00000 

-0.00000 0.00000 

0. 0.00000 

0.'1799 0 • .&5852 

m~tm STEP 1 ********"**"*" 
VARJAILE ENTERED ••••. .t 

-0.00000 

-0.00000 

-0.00000 

0.00000 

1.00000 

0.00000 

0.00000 

0.00000 

0 • .&2305 

SUll Of SQUARES REDUCED IN THIS STEP ... . 
PROPORTIOll REDUCED IN THIS STEP ....... . 
CUllU JIVE Slll OF SQUARES REDUCED ..... . 
CUllUTJVE PPOPORTIOll REDUCED ......... . 

lllTIPLE CORRELATION COEFFICIENT .. . 

1213.370 
0.210 

1213.370 
0.210 OF 

0.459 
F-VAL.llE FOR ANALYSIS OF VARIANCE .. . 
STANDARD ERROR OF ESTillATE ........ . 

VARIABLE REG. COEFF. ERROR 
4 10.0555& 6.1630.t 

INTERCEPT 2.1"67 

2.662 
21.3'9 

T-VALUE 
1.632 

***************** STEP 6 ***************** 
VARIABLE ENTERED ..... 1 
SUll OF SQUARES REDUCED JN THIS STEP ... . 
PROPORTION REDUCED IN THIS STEP ....... . 
CUllULATIYE SUit OF SQUARES REDUCED ..... . 
Cllllll.ATIVE PPOPORTJON REDUCED ......... . 

llULTIPLE CORRELATION COEFFICIENT .. . 
F-VALllE FOR AllALYSIS OF VAP.IANCE .. . 
STANDARD ERROR OF ESTI"ATE ........ . 

VARIABLE REG. COEFF. ERROR 
4 10.05556 1.89232 
6 9. 72222 l.89232 
5 9. 27778 1. 89232 
3 9 .16667 1.89232 
2 8.33333 1.89232 
1 5.27778 1.89232 

INTERr.EPT 2.16667 

334.259 
0.058 

5556.482 
0.963 (If 

0.981 
21.552 
,_555 

T-VALUE 
5.314 
5.138 
4.903 
4.8.&4 
4.404 
2.789 

•tttt END ***** STEPWISE PROCEDURE ***** END ***** 

2 

31 

BLOCI FOR ANALYSIS ? 
CAUTION: TOTAL NU"BER Of VARIABLES IN THE BLOCK 
(INCLUDING TRANSFOR"ATIONS AND INTERACTIONS) 
"UST BE LESS THAN 60 

DEPENDENT VARf ABLE ? 

-0.00000 0.60000 1.00000 0.24066 

-0.00000 0.00000 -0.00000 o.nm 

-0.00000 -t.00000 0. 0.4Im 

0.00000 0.00000 0.00000 iJ.45852 

0.00000 0.00000 0.00000 a . .&2305 

1.00000 -0.00000 0. ~.um 

-0.00000 1.00000 0.00000 0.08360 

0. 0.00000 1.00000 0.2406& 

O.«ll2 0.083&0 0.2406& 1.00000 

Correlation 11trix of i11111t variables ad response 
f11ttion. The part of tllis 11tri1 is tlle identity 
1atri1 due to ortlaogoaalilY of tlle desitt. 
ne last line is the correletioa of tlle response 
11ith input variables. 

All variables are free (no forced, no deleted). 

Regression aaalrsis after tile first step. 

5771.334 

-----------·--

5771.ll.t 

Regression analysis after 6 steps. Six variables 
frOI the first block are entered. 

llultiple correlation coefficient (0.981) is large 
enough. Student's T-statistics sho11 possible 
significance of variables 1-6. 
(Caution: distribution of T-v1lue does not 
coincide with classical Student's distribution!) 

End of the first stage of screening analysis. 

No11 the influence of the second block is included. 
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MITH IITEIACTiOllS , ( TES - l, llO - 0 I 
1 Interactions of variables fr111 the second block are 

included. 
A UIEI Of llSEIYA TtOllS 12 

TAllf ro: VARIAILES 
FOlllW. VAIIAILE 1 REAL VARIABLE s Foreal and real ir.dt:!s of variables here differ 
FOllW. VAllAILE 2 llEAl VARIABLE 1 froa each other. 
FOlllAl VAIIAll E 3 llEAl VAIIAILE IO 
FOlllAL VARIABLE 4 llEAl YAIIAILE 11 
FON YAIIAILE 5 llEAl YARIAILE 12 
FOlllAl. YAIUILE 6 REAL YAIIAILE ll 
FOlllAl YAIIAILE 7 REAL YARIAILE 14 
FOlllAl. VAllAILE 8 IEAl YARIAILE IS 
FON YAIIAILE 9 IllTEIACTIOI Of VARIAILES 8 AND 9 
FORllAL VAIIAILE 10 DITEIACHOll OF YAIIAILES 8 AND 10 
FOllllAL YAIIAILE 11 lllTEIACTIOI OF VARIABLES 8 AND 11 
FORllAL YAIIAILE 12 INTERACTION OF YAR!AILES 8 AND 12 
FOllllAL YARIAILE ll IllTEIACTIOI OF VARIAILES 8 AND ll 
FOlllAl. YAIIAli.E 14 INTEIACTIOI OF VARIABLES 8 AND 14 
FOlllAl YARIAILE 15 IllTERACTIOI OF VARIABLES 8 AND 15 
FORllAL VAIIAILE 16 IllTEIACTIOll OF VARIABLES 9 AND 10 
FOllllAL VAIIAILE 17 INTERACTION OF VARIABLES 9 AND u 
FORllAL YAIIAILE 18 INTERACTION OF YARIAILES 9 AND 12 
FOllllAL YARIAILE 19 IllTERACTIOI OF VARIABLES 9 AND 13 
FORllAL VAIIAILE 20 INTERACTION OF VARIAILES 9 AND 14 
FOllllAL VARIABLE 21 IllTERACTIOI OF YARIAILES 9 AND 15 
FORllAL VARIABLE 22 INTERACTION OF YARIAILES 10 AND 11 
FORftAL VARIABLE 23 INTERACTION OF VARIABLES 10 AND 12 
FORllAL VARIABLE 24 INTERACTION OF YARIAILES !O AND ll 
FORllAL VARIABLE 25 INTERACTION OF VARIABLES 10 AND u 
FORllAL VARIAILE 26 INTERACTION OF YARIAILES 10 AND 15 
FORllAL VARIABLE 27 INTERACTION OF VARIABLES 11 AND 12 
FON VARIABLE 28 INTERACTION OF VARIABLES 11 AND ll 
FORllAL VARIABLE 29 INTERACTION OF VARIABlfS 11 ANil 14 
FORllAL VAaIABLE 30 INTERACTION OF VARIAILES 11 AND 15 
FORllAL VARIABLE 31 INTE~ACTION OF VARIABLES 12 AND 13 
FORllAL VARIABLE 32 INTERACTION OF VARIABLES 12 AND 14 
FORltAL VARIABLE 33 INTERACT!~ OF VARIABLES 12 AND 15 
FO!IJIAL YARUBLE 34 INTERACTION OF VARIABLES 13 AND !4 
FORllAL VARIAILE 35 IllTERACTIOll OF VARIABLES 13 AND 15 
FORltAL VARIABLE 36 IMTERACTION OF VARIABLES 14 AND IS 

********** STEPWISE PROCEDURE ********** 
VARIAILE llEAN STANDARD 

NO. DEVIATION 
1 0.16667 1.029&6 
2 0. 1.04447 
3 0.66067 0.77850 
4 0. 1.04447 
5 !I. 1.04447 
6 -0.33333 0. 98473 
7 -0.33333 0.98473 
8 0. 1.04447 
9 -0.16667 1.02986 

10 0.16667 1.02986 
11 -0.16667 1.02986 
12 -0.16667 1.02986 
13 0.16667 1.02996 
14 0.16667 1.02986 
15 -0.16667 1.02986 
16 0.33333 o.9e~n 
17 0. 1.oio1 
18 0.33333 0.98473 
19 -0.33333 0.98473 
20 0. 1.04447 
21 0. 1.04447 
22 0. 1.04447 
23 0. 1.04447 
24 0. l.0~447 
25 -0.33333 0.98473 



... 
di 0. 1.04'47 
27 0. 1.04447 
28 0. 1.04447 
l!J 0. 1.04447 
30 0. 1.04447 
31 -C.33333 0.98473 
32 -0.33333 0.98473 
3l D. 1.04447 
34 0. l.04447 
l5 -o.mn 0.98473 
l6 0. l.04447 
r7 2.16667 22.90561 

UIEI Of SELECTION 1 
CODES 
0 0 0 1 1 0 0 0 0 0 
0 0 0 :J 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 

**'*-************ STEP 2 ***'*-*********'* 
VARIABLE ENTERED ..... 5 
Sllll OF SQUARES REDUCED IN THIS STEP ... . 
PROPORTION REDUCED IH THIS STEP ....... . 
CUllUTIYE SUll OF SQUARES REDUCED ..... . 
CUllllATIYE PPOPORTION REDUCED ......... . 

llULTIPlE CORRELATION COEFFICIENT .. . 
F-VALUE FOR ANALYSIS OF VARIANCE .. . 
STAHDARD ERROR OF ESTillATE ........ . 

VARIABLE REG. COEFF. ERROR 
4 15.94445 4.30973 
5 7.72222 4.30871 

DITERCEPT 2 .16667 

715.593 
0.124 

3766.298 
0.653 or-

0.808 
8.453 

14.926 
T-VALUE 

3.700 
1.792 

****' END ***** STEPllISE PROCEDURE ttttt END ttttt 

IDENTIFICATION VECTOR : 
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Foraal variables 4, 5 (real variables 11, 12) are 
forced into regression. 

5771.l34 They e:plain 65.31 of variance. '!bat is llhy variables 
l - 12 are to be analyzed togetl1er. 

111 111111 122222222 Ne~ identification vector: variables 1 - 12 are 
ir. the f; •st block. 

1 

ll 

0 

2 2 2 2 2 2 2 2 2 2 j 

BLOCl FOR AN~LYSIS ? 
CAUTION: TOTAL NUMBER OF VARIABLES IN THE BLOC( 
(INCLUDING TRANSFORKATIOHS AHD INTERACTIONS) 
HUST BE LESS THAN 60 

DEPENDENT VARIABLE ? 

WITH INTERACTIONS ? ( YES - 1, NO - 0) 

A HUltBER OF OBSERVATIONS 12 

TABLE OF VARIABLES 
FORMAL VARIABLE 1 ~EAL V•RIABLE 1 
FORMAL V4RIABLE 2 REAL VARIABLE 2 
FORKAL VARIABLE 3 REAL VARIABLE 3 
FORKAL VARI~BLE 4 REAL VARIAdLE 4 
FORKAL VARIABLE 5 REAL VARIABLE S 
FORKAL VARIABLE 6 REAL VAaIABLF 6 
FORKAL VARIABLE 7 REAL VARIABLE 7 
FORMAL VARIABLE a REAL VARIABLE S 
FORKAL VARIABLE 9 REAL VARIABLE 9 
FORKAL VARIABLE 10 REAL VARIABLE 10 
FORMAL VARIABLE 11 REAL VARIABLE 11 
FORKAL VARIABLE 12 REAL VARIABLE 12 

'********* STEPWISE PROCEDURE **~******* 
VARIABLE KEAN STANDARD 



NO. OEVCATION 
0. 1.04447 

2 0. 1.04447 
l 0. 1.04447 
4 0. I.04447 
s 0. 1.04447 
~ 0. 1.044.U 
7 0. 1.04447 
8 0.16667 1.02986 
9 0. 1.04447 

10 o.fili067 a.nsso 
l1 0. 1.044(! 
12 0. i.04447 
13 2.16067 22.90561 

IUIER Of liEl.ECrIO!f l 
C~DES 
& ~ 0 0 ~ 0 2. 2 2 2 
e o 
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t~tttt~~t' STEP 8 ***************** 
Y~IIAILE EXiER!;d ....• !2 
SUM OF SQUARES lcEDUCEli ill THIS 5rrP •••• 
P~ITIOf! REDUCED IM THIS STEP •••••••• 
C'.1111.P "H':E SUI!. Of SOUAr.tS REDtlC£D •••••• 
CUftlll.ATIYE PPOPORTIOM lcEWCED .• ~ ••••••• 

llULTIPLE CORRELATION COEFFICIENT ••• 
F-VAL:JE FOR ANALYSIS OF VARIAHCi.,. 
STANDARn ERRGt OE ESHi!UE ........ , 

VARIMJLE · · · RE&. COEFF. ERROR 
11 S.03509 1.99695 
6 8.73100 1.42766 
¢ 7.~5?7 . i.6ldS!J 

·. 56.oo..· 
0.010 

mo.no 
IJ.•f8C} ·'•I 

0.995 
35.33il 
4.4~! 

T-YALUE 
Z.521 
6.U6 

5 6.60819 1.63050 . 
4.530 
4 ll53 
5.~ 3 8.47953 1.51792 

2 6.65497 l.45837 
L . l.S0~•2· l.45'?37 

12 2. 97368 1.78613 
INTERCEPT 2.16667 

***************** STEP 7 ***************** 
V~lU8L£ ENlERED ••••• l . .. 

4.~63 
c.468 
L665 

·s!lll--OF SQUARES REDUCED IM THIS STEP •• ;. . 142.091 
PROPORTI&k~(l)l~CED !N THIS STEP........ O.GZS 
CllHllLATIYE SUH OF S\llJi\RE~ nrn:cED...... 5654.715 

1ariables ? - 10 are deleted fra1 equitioo. 

S7i!.!J4 Eigitt f&riab!es ~1pl1i~ ~~.9 % ~f var:aace, bat they 
essentially differ in significa~c~ (s~e T-va!ues). 
Therefore it is nablrallr ta sugg~st that deleti~' 
seat of tm 11!11 r.Gt deteriorate approuaat!on 
(secondary) 10del essential!~. 

----·--

CUllllLA T!YE PPOPORTION REDUCED .... ; . . . • . 0. 980 OF sn l. m 
HULTIPt.£ C~RRELATJON COEFFICIENT... 0.190 
F·VALUE FOR AKALYS!S O!= YARlANCE... 27.708 
STIJ4D4RD ERRGR OF ESHHATL. • .• •• 5.400 

VAr:.\81.E RE&. COEFF. ERROA T-Y~UE 
11 4.29157 2.33806 ·LS36 
6 9.72222 l 55871 6.237 -
4 9.62500 l.7426~ 4.949 
S 7.8471Z 1.74269 ,.503 
3 7.73611 '.7~269 4:439 
2 ~.90273 l.7421>~. 3.961 
l l.S47?.2 l.74269 · - l.208 

!HTERCEPT 2.l66of ................ -................ ______ ·-------- ·-------------·--------,-- -

iuuuuuuuo Si'EP ' t'.':ouutt-tuuu 
'!Alm2L£ ENTERED..... l 
SUH OF SOUA;~~ ~ED:JCfD 1H THTS STEP.... · ~3'. ?59 
PMuRT!ON REDUCED IN fHIS $TE?........ ~.osa . 



ClllUTIVE Slit Of SQUARES REDUC£D ..... . 
~TIYE PPOP~RTION REDUCED ......... . 

lll.TIPLE CORRELATION COEFFICIENT .. . 
F-VAUJ£ FOR ANAL ms OF VARIANCE .. . 
STANDARD ERROR OF Esrr"ATE ........ . 

VARIABLE REli. CGEFF. ERROR 
4 !0.05556 1.89232 
6 9.72222 l.89232 
5 9.2n18 1.89232 
3 9 .1"67 1.89232 
2 8.3~~3 1.89232 
l 5.2n78 1.89232 

ImlCEPT 2.16667 

5556.483 
0.963 OF 

~.981 
21.552 
6.555 

T-VAL.1£ 
5.314 
5.138 
4.903 
4.844 
4.404 
2.789 
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5771.334 

Two variibles (II, 12) are deleted froa regression 
without essential increasing ~f the SUI of 
squares. The 1ost significani variibles are 
variables 1 - 6. 

*"** EllD *"** STEPllISE PROCEDURE mn EllD ***** 

NO. SIGNinCAllT VARIAILES 

Here is thi listing of subroutine FORECAST. 

m llODEL Wl YSIS AND FORECASTING **' 
REliRESSIOll EOUAnOll 

IESPOllSE S. D. CORRELATION llATRIX OF REli IESSIOll ----------- COEFFICIENTS (PERCENTAGE) 

2 

3 

4 

5 

6 

DEP. VAR. X( 31 ): 2.167 

VARIABLE 4 + 10.056 t X( 4 ) 
( S.310 

VARIABLE 6 + 9.722 ' X( 6 ) 
( 5.138) 

VARIAILE 5 .. 9.278 t X( 5 ) 
( 4.903) 

VARIAILE 3 .. 9.167 * X( 3 ) 
( 4.S.4) 

VARIABLE 2 + 8.3n * X( 2 ) 
( 4.404) 

VARIABLE + 5.276 * X( 1 ) 
( 2.781) 

TEST STA TJSTICS 
CU"ULATJVE PROPORTION REDUCED....... 0.963 
"ULTIPLE CORRELATION COEFFICIENT.... 0.981 
STANDARD ERROR ESTI"ATE ISI611Al..... 6.555 
F-VAL.UE FOR ANALYSIS Of VARIANCE .... 21.552 

1.892 100 0 0 0 0 0 

1.892 0 100 0 0 0 0 

1.892 0 0 100 0 0 0 

1.892 0 0 0 100 0 0 

1.892 0 0 0 0 100 0 

1.892 0 0 0 0 0 100 

such correlation 1atrix (in %) is due to 
orthogonality of the design. 

~in statistics 

---~--------------------------------------------------------·~~----~. 

*'* "ODEL ESTillATION *** 
NO. O~PENDENT VARIABLE RESPONSE RESIDUALS STANDARD RATIO CO""ENTS 

X( 31 ) PREDICTION ABSOLUYE PERCENTAGE DEVIATION RESID./S.D. 
-~--•••••••w-••••••••••••••••••••••••••••••••••••••••••••••••••••••-••••••--••-••••••••••-•••••••••••••••••••••••••••••••••• 

1 -50.1667 -49.6667 -0.5000 1.0 4.b352 -0.1079 Table of residuals 
2 29.8333 35.6607 -5.3333 19.6 4.6352 -1.2585 
3 25.8333 23.3333 2.5000 9.7 4.6352 0.5393 
4 20.1667 la. ma 1.3939 6.9 4.6352 0.299b 
5 12. lo67 5.6667 6.5000 53.4 4 .0352 1.4023 
/) 4.lb67 0.0667 -2.5000 60.0 4.6352 -0.5393 
7 -7.8333 -10.1111 2.2778 29.1 4.6352 0. 4914 
8 -25 .1&67 -20.5556 -4 .6111 lS.3 4.6352 -0.9949 
9 -0.9333 -3.0000 2.1667 260.0 4 .6352 0.4674 
L~ -1.1067 -Ulll 2.9444 252.4 4.b352 0.6352 



11 
12 

-2.am 
21.8333 

* -OUTLIER l[TH P=O.OS 
** -ouTLIEI llTH P:0.01 

ATTEJIPT 

5.4444 
17 .883'9 

-8.2778 
j_94« 

auu FORECASTilli "***' 
I( l) : 0. 
I( 2) : 0. 
I( j) : 0. 
I( 4) : 0. 
I( S) : 0. 
X( 6) : 1.0000 
X( 7) : 1.0000 
I( 81 : 1.0000 
Xl 9) : 1.0000 
I( 101 : 1.0000 
X( 11) : 1.0000 
X( 12) : 1.0000 
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2'2.2 4.6:i52 -1.7858 
18.1 4.'352 o.as10 

Forec1St is 11de: Xl:O, ... , X12=1 
:::) y: 11.8899 

FOiECASTED VALIE Of llEPEJIDOO VARIABLE IS 11.8889 llITH S.D. 6.823 
suu EMD "*** FORECASTING um E11D "*** *"***** STEPlllSE IElilESSIOll IITH PElllJTATIOICS ******** SUbroutine STIAIC (stepwise regression with perautations) 

************************ ******************** is executed. Regression IOdel with ll variables 
... El Of OISEIVATIONS 12 is analned (here variables l - 12 are independent, 
IUIEI OF VAllAILES ll variable ll is resPonse). 
*****************"******************* 
SCALE FOi A HISTOGIAll:A POINT COP.RESPONDS TO 1 VALIE/S/ Scale and nulber of intervals for a histogra1. 
lUIEI !lf INTERVALS FOR A HISTOGIAll 5 
llAI • llllllER OF STEPS 5 
IRlllER OF PERflllTATIONS lO 
mum"""********** ************uum•mss 
TOTAL IUIEI OF DELETED VARIABLES-? 
2 

"********************************** 
THEIR INDEXES-? 
1 2 

************************ ******"***************** 
************************ ************************* 

EMTERED VARIABLES AHD THEIR T-STATISTICS,STEP: l 
11 
l.35 

************************************ 
STEP l 
VARIABLE EMTEREC 11 
************************************ 
BASIC T-STATISTIC l.35 
T-llEAN AND ST.DEVIATION 0.5943 2.1092 
KIN. AND KAX.T-STATISTICS AFTER PERlftJTATION 
-2.~ 4 • .tO 

HIST0611AK FOR T·STATISIIC 
-2.84'6 -I.3949 .•••..•••.. • 
-1.3949 0.0549 * 
0.0549 1.5046 * 
1.5046 2.9544 ··················* 
2.9544 4.4042 .• 

% OF T,FOI llHICH AIS(T) IS LESS THAN AIS(TO) 96.67 
************************ *********************"** 

************************************ 
IASJC F-STATJSTJC 11.213 
F-llEAH AND ST.DEVIATION s.soa 3.111 
KIN. AND llAX.F-STATJSTICS AFTER PERKUTATION 

2.533 l'U97 
HJSTOliRAll FOR F-STATISTIC 

2.5884 S.9501 ..................... • 
S.9501 1.3117 ........ • 
9.jll7 12.b7ll • 

12.b7r.i 16.0350 • 
16.o=so 11.:~bb .• 

: QF F,LESS THAN FO ~~.67 

llulber of pereutations ~n each step is JO. 

Variables l, 2 are deleted fro• regression. 

Variable 11 is entered on the first step, its T-statistic 
is TO: J.lS 

iiean and standard deviation of T-statistic after 
per1Utation: 0.5943 and 2.3092. 
Kinieal and eaxieal T-statistics after per1Utation. 

Hist09ra1 for T-statistic: one point corresponds 
to one value in the interval (according to 
assigned scale). 

Analogous histo~ralS are for F- and SS-statistics. 



*****'******************************* 
IASIC SS-PROPORTION REDUCED 0.5286 
SS-flEAll AND ST.DEVIATION 0.3378 0.0938 
KIN. AND llAX.SS-PROPORTIONS AFTER PERllUTATIOll 
o.~ o.6598 

HISTOGIAll FOR SS-STATISTIC 
0.2056 0.2965 ........... * 
0.2965 0.3873 ........... ·* 
0.38/l 0.4781 ······* 
0.4781 0.5690 * 
0.5690 0.6598 * 

% IF SS,LESS THAN SSO 96.67 

************************ ************************* 
***********'************ ************************* 
************************ ************************* 

EKTEIED VARIABLES AND THEIR T-STATISTICS,STEP: 2 
11 6 
4.16 2.54 

niutttttttttttttttttttttttumm 
STEP 2 
VARIAILE ENTERED 6 
************************************ 
IASIC T-STATISTJC 2.54 
HEAN AND ST.DEVIATION -0. 9889 I. 9952 
KIN. AND llAX.T-STATISTICS AFTER PERllUTATION 

-3.9' l.32 
HISTOGRAll FOR T-STATISTIC 

-3.8553 . -2.4197 ·······* 
-2.4197 -0.9840 ·············* 
-0.9840 0.4516 ·* 
0.4516 1.8873 ·······* 
1.8873 3.3229 ··* 

% OF T,FOR WHICH ABS(T) IS LESS THAN ABS(TO) 76.67 
************************ ************************* 

************************************ 
BASIC F-STATISTIC 11.871 
F-KEAN AND ST.DEVIATION 9.997 4.041 
KIN. AND KAX.F-STATISTlCS AFTER PERIUTATION 

0. 20.811 
HISTOGIAll FOR F-STATISTIC 

0. 4.1622 * 
4.1622 8.3244 ··········* 
8.3244 12.4867 ·············* 

12.4867 16.6489 ···* 
16.6489 20.8111 ···* 

% Of F,LESS THAN FO 76.67 
************************ ************************* 

************************************ 
IASIC SS-PROPORTION REDUCED 0.1965 
SS-tlEAll AND ST.DEVIATION 0.1495 0.0647 
llIH. AND MAX.SS-PROPORTIONS AFTER PERllUTATIOH 
0. 0.2936 

HISTO&RAJI FOR SS-STATISTIC 
0. 0.0587 ·* 
0.0587 0.117.t ......... ·* 
0.1174 0.1762 ···········* 
0.1762 0.2349 ·····* 
0.2349 0.2936 ···* 

% OF SS,LESS THAN SSO 76.67 
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Variables that are entered into regression (basic 10del) 
after 2 steps. Variable 6 is entered into regression 
Oii the sec011d step. 

Here is the inf or1ation concerning the statistics 
on the second step. 

The folloNinq e1a1ple shoNs the potentialities of 
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IDENTIFICATION VECTOR : 
l 1 1 1 l l 1 2 2 2 2 2 2 2 2 2 2 2 2 2 
2 2 2 2 2 2 2 2 2 2 j 

ILOCI FOi AllALTSIS ? 
CAUTION: TOTAL UllEI Of VAIIAILES IN TIE ILOCI 
(INCLUDDIG TIAICSFOlllATIOllS AllD INTERACTIONS) 
lllST IE LESS TIWI 60 

TAIU Of TIWISFOllllATIOllS 
1. X:==X*X 5. X:=:lJl(X) 
2. X:::SOIT(AIS(X)) &. X:=:l/X 
l. X:==AIS(X) 7. X:=:AICTG(X) 
4. X:::EXP(X) 

INPUT: VAIIAILE NO, TIAllSFOlllA TIOlf NO. 
COlllOO: IF rou IWIT TO STOP INPUT ' PRESS 0 0 
I 4 
0 0 

31 

llITH INTERACTIONS ? ( TES - 1, NO - 0) 
I 
A lllllER Of OBSERVATIONS 12 

TABLE Of VARIABLES 
FORJIAl VARIABLE I REAL VARIABLE 1 
FORllAL VARIABLE 2 REAL VARIABLE 2 
FORflAL VARIABLE l REAL VARIABLE l 
FORflAL VARIABLE • REAL VARIABLE 4 
FORllAL VARIABLE 5 REAL VARIABLE 5 
FORJIAl VARIABLE & REAL VARIABLE 6 
FORllAL VARIABLE 7 REAL VARIABLE 7 
FORllAL VARIABLE 8 REAL VARIABLE 32 
FORJIAl VARIABLE 9 INTEllA&TION Of VARIABLES I AND 2 
FORflAL VARIABLE 10 INTERACTION OF VARIABLES 1 AND l 
FORllAl VARIABLE 11 INTERACTION OF VARIABLES 1 AND • 
FOllllAL VARIABLE 12 INTERACTION OF VARIABLES I AND 5 
FORllAL VARIABLE 13 INTERACTION OF VARIABLES l AND 6 
FORMAL VARIABLE 14 INTERACTION OF VARIABLES 1 AND 7 
FORllAL VARIABLE 15 INTERACTION OF VARIABLES 2 AND l 
FORllAL VARIABLE 16 INTERACTION Of VARIABLES 2 AND 4 
FORllAL VARIAILE 17 INTERACTION OF VARIABLES 2 AND 5 
FOR"AL VARIABLE 18 INTERACTION OF VARIABLES 2 AND 6 
FORJIAl VARIABLE 19 INTERACTION Of VARIABLES 2 AND 7 
FORllAL VARIABLE 20 INTERACTION Of VARIABLES l AND 4 
FORllAL VARIABLE 21 INTERACTION OF VARIABLES l AND 5 
FORMAL VARIABLE 22 INTERACTION Of VARIABLES l AND 6 
FORllAL VARIABLE 23 INTERACTION Of VARIABLES l AND 7 
FOllllAL VARIABLE 24 INTERACTION OF VARIABLES 4 AND 5 
FORllAL VARIABLE 25 INTERACTION Of VARIABLES 4 AND 6 
FORllAL VARIABLE 26 I~TERACTION Of VARIABLES 4 AND 7 
FOR"AL VARIABLE 27 INTERACTil'.lfl Of VARIABLES 5 AND 6 
FOR"AL VARIABLE 28 INTERACTIOll OF VARIABLES 5 AND 7 
FOR"AL VARIABLE 29 INTERACTION Of VARIABLES 6 AND 7 

••••tttttt STEPWISE PROCEDURE tttttttttt 
VARIABLE llEAN STANDARD 

NO. DEVIATION 
l 0. 1.0.447 
2 0. 1.04447 

tH subroatiDf FORECAST •et trusf orutiaas 
and inter1ctiOllS ire incltded into regressiOG 
equ1tiOll. 

For1al variable 8 - transforaation of the first var. 
Foraal variables 9 - 29 are interactions 
of seven vari1bles belonging to the first 
block idlich is ualned. 



3 0. 
4 0. 
5 0. 

' 0. 
1 0. 
8 1.54308 
9 0. 

16 0. 
11 0. 
12 0. 
ll IJ. 
14 0. 
15 0. 
16 Ii. 
17 0. 
18 0. 
19 0. 
20 0. 
21 :a. 
22 0. 
21 0. 
24 0. 
25 0. 
26 0. 
27 0. 
28 0. 
29 0. 
30 2.16667 

•ER Of SEl.£CTIOll 
CODES 

1.0UU 
1.04447 
l.04447 
1.04447 
1.04447 
1.22746 
l.04'47 
l.04447 
1.04447 
1.04447 
1.04447 
l.04447 
1.04447 
1.64447 
1.04447 
l.04447 
l.OU47 
1.04447 
1. "4447 
1.04447 
1.04447 
1.04447 
1.04447 
1.04447 
1.04447 
1.04447 
l.04447 

22.90561 
1 
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0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 G 0 0 0 0 

1 1 1 
0 0 0 
0 0 

Forul variables 8 - 10 ire forced iato !Clllitioa. 

tmtttfttmUU STEP 7 mtttttittit.nit 
VARUILE OOEIEJ ..... 2 
SUll Of SOUAIES l£llOC£D lit THIS STEP.... 214.224 
PROPORTIOll llEDOCED lit THIS STEP........ 0.041 
ClllUTIVE SUll Of SQUARES REDUCED...... 5662.125 
CUlllUTIVE PPOPORTION REDOCED.......... 0. 981 OF sni.334 

~TIPlE CORRELATION COEFF£CIEHT... 0.990 
F-VALUE FOR ANALYSIS OF VARiAllCE... 29.627 
STAHllARD ERROR Of ESTillATE......... S.225 

VARIABLE REG. COEFF. ERROR T-VALll 
9 -7.61869 1.70167 -4.477 Seven variables are entered into regression. 
8 9 .87471 1.64755 s. 994 

10 -6.10227 1.73924 -3.509 
20 -17.84344 2.03189 -8.771 
IS -13.34975 1.67873 -7.952 
29 14.48738 2.18110 6.642 
2 5.18056 1.76872 2.m 

IllTERCEPT -13.07085 

ttttt EMO ttttt STEPWISE PROCEDURE ttttt END ttttt 

itt llODEL AllALYSIS AND FORECASTING ttt 

REGRESSION EQUATION 

NO. Sl&MIFICAHT VARIABLES RESPONSE S. D. CORRELATION "ATRIX OF REGRESSION COEFFICIENTS (PERCENTAGE) 

Here is the secondary 1odel: 
DEP. VAR. X( 31 ): -13.071 

m = -u.011 -
INTER. VAR. 1 AND 2 - 7.619 * X( l)tX( 21 1.702 100 -1 -s 23 -12 27 13 

( -4.477) • 7.619 t XI * X2 + 

2 TRANSFOR". O~ VAR. t 9.875 * EXP(X( 1)) l.ti48 -1 100 -20 ·49 19 42 ·a 
( 5.994) t 9.875 • e1p( XI I · 



l JITEI. YAI. lAlll I - 6.102 • l( 
( -3.509) 

4 IITEI. YAI. Hiii ' · · 17.&U •I( 
c -t.m> 

5 IITEI. YAI. 2 ... j - ll.3511 ' I( 
( -7.952) 

6 IITEI. YAI. 6 .. 7 t I4.487 s I( 
( 6.642) 

"! VAlllll.E 2 + 5.18I • I( 
2.'29) 

TEST STATISTICS 
ClllUTIVE PROP91TIOll IEIUCEJ ••••••• 
.. mu COUEUfilil COEFFICCEllL --
3TAall EllOI ESTlllATE (Sl&llAJ ••••• 
F-VALIE FOi AIUL.TSIS OF YAIIAa .... 

• ;HJTlIEI YITH P:O.OS 
•• -ourt.IEI YITH P:0.01 

l)SI( l) 

3)•1( ,, 
2)*1( l) 

6)•1( 7) 

2 ) 

O.'II 
0.9'0 
5.225 

'l9.627 

-'l9/3o 

1.739 -5 -20 UIO Z6 .. -:i6 27 l 

- a.102 • 11 • i:s -
2.034 Zl -49 26 lllO -j -rl 31 

- 17.841 •II• !4 -

Ui79 -I2 I9 7 -j IllO -26 ~ 

- 13-~ ' 12 • ll t 

2.III 27 42 -36 -l7 -26 lllO I4 
t 14.487 • 16 • 'I1 • 

1.769 II -8 27 lI -9 14 lllO 
• 5.18I • 12 

(far e111Ple, for11l Ylriltlle ' = II • 12, 
forlll YUiit>le 8 : HP (II) etc.) 

--------·--------------·---------------
ATTEllPT 

**''* FORECASTING '*'*' 
I( I) : LllOllO 
1( 2) : 1.0000 
X( l) : 0. 
XI 4) : 0. 
X( Sl : O. 
X( 61 : 0. 
X( 7) : 0. 

F~RECASTED YM.1£ Of DEPElfDEllT YARIA!LE IS 
••••• EH' ••••• 

Foncut is 11de: notice that onh the values of tlle 
bisic variables are to be chosen (values of 
transfor11tioas and interactions are calculated 
br the pr09ra1l. 

11.llll YITH S.D. 6.127 
FOIECASTillG ••••• EllD ••••• 



2 SYS1'Ell OF ECOLOGICAL FORECASTING 

(SEF) 

The authors are very erat.eful to V. l'edorov and T. llunn fort.heir 
construcUve advice during t.he preparaUon of t.hls manual. 
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1. lntroductiOll. 

The Syst.em of Ecological Forecast.i.ng (SEF). creat.ed in the All-Union 
Research lnsUtute for Systems Studies (USSR) I~ a set of p~ in Fortran 77. 
It. provides an opport.unit.y to analyze and forecast. (up to 200 years) the state of 
t.be environment on a regional scale. 

A region is defined as a landscape with linear extension >= 50 km.. sit.uat.ed in 
one of t.be geographical belts which has IDOr8 or less homoeeneous ecological 
cbaracterisUcs. including t.ypes of soil. lithology. relief and veget.ation. A region 
cont.ains three subreeions which are described separately: 

1. non-cultivat.ed lands; 

2. arable lands; 

3. fiood-1.ands. 

The environment is described by an index of soil fertility. plant. biomass. sur
face and ground runoffs. polluLant levels for different ecosystem components. etc. 
(For a list. of parameters see Appendix D.) SEF can be used to analyze climatic 
trends and ant.bropqrenic iapacts on nat.ure. such as polluUon. ferUllzaUun. 
lmabering. et.c .• which may occur in different. development. scenarios. (See the lh.-t. 
of ad•lsslble scenarios In Chapter Z.2.4.) 

SEF is based on a set. of dynamics aodels of nat.ural components described In 
(1]. The essential feat.ores of SEF are rat.her simple system adJusbDents for any 
given region (adjustment. Ume 1-5 min) and integrit.y in region representaUon. SEF 
can be easily used bot.b by managers and experts; also. It. can be used in leamtne 
and btisiness games . 
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2. Bow SEF i8 U.ed 

2.1. General Notes 
SEF does not. demand any special background in programming. User-system 

dialogue is realized in the form of answers t.o the system's request.s (e.g., see 
Appendix F), which are of two types: 

1. menu, i.e., lisl of options; user is supposed t.o ~inl out. any available option 
nmnber; 

2. variable value request. consisting of variable verbal description and current. 
value in bracket.s; lhe user should input. new value or press <RETURN> if be 
doesn't. want. t.o change anything. 

In case of an inconsistent. input., the system ignores il, displaying an error 
message and repeating the request.. If an input. value ts beyond the variable's 
prescribed boundaries, the system enters this value but. displays a warning mes
sa&e. 

The system has so-called "shadow" dialogue commands. This enables the user 
t.o manipulate the system and receive necessary infonaaUon. A descrlpUon of 
these commands follows (see also Appendix B): 

<?> - "help": this command provides the user with brief additional lnfol"'IDB
Uon about. the variable under consideration; 

<!> - "show system stale": the response ts a table wtt.b current. values of the 
major system variables. The variables' unlt.s are indicated ln bracket.s. 
If the "prot.ocol" file (see below) ts opened al this moment., the system 
stale is saved by entering fl int.o this file. 

SYSTEM STATE 

land type natur agrtcul bydroupb. 

proporUon (%) 70.0452 20.0000 9.9548 
humidity 115.56 U5.06 118.59 
climate index 2.542 0. 2.759 
polluUon Index 1.00000 1.00000 1.00000 
surf. erosn.(mm) 0.02(1 0.2075 3.897 
wind erasr..(mm) 0.0229 0.1523 0.0174 
lncr .soll.q.lndx 0. o. 0. 
veaet.aUon type 3 2 3 
biomass (t./ha) 415.34 0. 336.67 
soil prod.(t./ha} 0. 0. o. 
mort blom.(t./ha) 0.646 0. 0.689 
soil salinlly(l) 0.0439 0.0360 0.1240 
soil index 4.080 4.000 3.046 

climate: temper. = 22.500/o/ 
preclplt.. = 1705.04/mm/ 

lakes (X) = 0 
t.ot..dlssect..(km/km2) = 5.0273; dissect.by rlvers(km/km2) = 3.0164; 
rlv.wat..sal.(1/1) = 0.047; wat..sal.lar(l/l} = 0.337; wat..sal.2ar(e/l) = 0.153 

For more information on variables, see Appendix C. 

The work continues by answering the quesUon, ''Do you want t.o keep t.he Sys
tem St.ate (y/n}?" I! you answered "y", SEF asks one more quest.ion: "What. ls 
t.he name of t.bls System St.ate?" The system saves t.hls "System St.ate" In t.he 
file "sys.st." under the name aiven ln your answer. This file contains all 
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Syslem St.at.es which you wanted to save during t.he course of a session. IL is 
necessary to remember that. al the beginning of the next. session the previous 
file "sys .sl" is re1DOved. 

<--D> - "reverse" (Control D): t.his command relurns you lo the previous 
request.. 

<#file> - "open protocol": aft.er this ccwmand t.he syst.em-user dialogue will be 
saved in a user-spectrled file. If t.he filename ls omit.led. t.he syslem 
asks foril. 

<#!>

<##> -

"show protocol": enables the user to look through the protocol. 

"close protocoa. ": dialogue recording ceases and the file or protocol is 
closed. 

<Of'lle> - "exlernal input.": with this command. the specified file becomes the 
syst.em•s input.. Al t.his lllOlllenl the inleracUve regime is canceled unW 
t.he end or t.he file or unW an error condiUon occurs. In the lat.ler case 
the error messaae is displayed and the appropriale request. is 
repeat.eel. In both cases the input. is swU.ched back t.o the lerminal being 
operat.ed by t.he user. Such a COlllDUlDd can also be the last. command in 
t.he file it.self. In this case the input. will be mlched fnm this rue t.o 
another one. If t.he file "ans.inp" exists. t.he syslem reads the required 
informaUon from this rue lnunedialely after iniUaUon. If the user is 
aware of t.he sequence of t.he ~lem quesUons, il is possible on one line 
lo oblain a reply lo a number of quesUons. succeslve answers being 
separat.ed by a semicolon (;). Int.his case t.he system is silent. unUl t.he 
end of t.he input. line or unUl an error occurs. 

<STABLE -(year 1,value 1, ... ,year I.value 1 •••• )>: t.his collllllmld enables t.he vari
able to be specified as a piecewise linear inlerpolaUon. This command 
ls available only durtna t.he scenario speclficaUon st.aee. If a current. 
year of slmulaUon ls beyond t.he indicaled years, the command will nol 
affect. t.he appropriate variable. 

2.2. Seaion Staga 
Every scenario involves seven sleps as follows: 

1. system start. 
Z. specify region 
3. adJusbnenl oft.he model lo regional data 
4. specify scenario 
5. set. Ume Interval and slmulaUon run 
6. observe and output results 
7. choose next Slaie. 

The session always starts with st.age 1, alt.hough the sequence of ot.her st.ages 
can be chosen In any convenient order. A few lechnlcal remarks should be men
Uoned: 

When you specify t.he value of a certain variable, make certain t.hat It is meas
ured ln t.he units indicat.ed Int.he [prompt.]; 

When a list. of opUons is displayed, the user ls expect.ad to input. a number; 

In t.he case of an erroneous input, t.he syst.em will repeal its quest.ion. An 
example of an inleracUve session is presented in Appendix r. 



-36-

2.2.1. Bow lo Start the Session 
In nmning t.he model t.ype "sef.e" on your terminal, if you want. to use input. 

from some file instead or input. from t.he t.erminal (Ofile opUon), you must. '\ell" t.he 
system t.he idenUfiers of your terminal using t.he cOJDJDllllc! ''t.t.y > wfil" {for UNIX 
operaUng syst.em) before you begin t.he run .. 

The session opens wit.h t.he following message: 

YOU ARE WELCOME TO THE SYSTEM FOR 

ECOLOGICAL FORECASTING 

••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

IN l1fE COURSE OF INTERACTION Winl SEF 

1. Use'?' lf you need additional lnformaUon. 
2. Use '!' if you need to see the 'SYSTEM STATE'. 
3. Use 'cont.rol-D' lf you need to ret.urn to t.he previous 

point. of int.eracUon. 
4. If t.he SEF quesUon has a current. value of 

''variable" in t.he brackets f ••• 1 you may use 
'RETURN' if you do not. need to change a value. 

5. See details in SEP' User's Manual and SEl' Model 
DescrlpUon . 

....................................................... 

System loading - PLEASE WAIT - System loading 

All program • •ges apearin& in. this manual which are llbcnm on the 
display 8Cl"eeD are marked with a 1-.n in. the fir.t colmm (ezcept Appendiz 
F). 

2.2.2. Specify Region 
The stage opens wit.ha heading 

SPECIFY REGION 

• 
The user will be request.ad to specify some charact.erlsUcs of t.he region t.hat. 

he has chosen. The input. values should be long-t.erm averages rat.her t.han current. 
values. If t.he user is int.erest.ed in t.he behavior oft.he system under unusual cir
cumstances, he should specify all t.he external dist.urbances at. t.he stage of 
scenario specificat.lon. 

There are several ways in which t.he user ln8Y specify t.he reeion. These are 
listed in t.he first. display of t.his stage: 
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I 
I MODES OF REGION SPECIFICATION 
I 
11 - Detailed 
12 - Brief 
I 3 - Geographical 
I 4 - Dlr&et 
I 5 - Previous region 
I 6 - Adjust.eel pi::-evious region 
17 - CONTINUE 
I 

OpUons 1-5 are closed In the sense that after the user has reached the end of 
any path, the syst.em returns t.o the inlUal display so that if any alt.eraUons are 
necessary the user may go t.hrough the procedure again. Opt.ions 6,7 lead t.o the 
next st.age of the session, named "Scenario speclficaUon." 

2.2.2.1. Option 1: Detailed Speeification 

The user is request.ad t.o specify detailed regional charact.erisUcs by answer
in& t.he system's prompt.s. 

The procedure is divided lnt.o several subst.ages, ending wit.h a quest.ion: 

I 
I any alt.eraUons ? (y /n) -
I 

If t.he answer is "y", t.he user is offered a chance t.o input correcUons wit.bin the 
current. portion of the list., or he can return t.o the previous request. using < -D >. 

For a bett.er understanding of some charact.erisUcs, see Figures 4 and 5. 

The full list. of speclflcaUons ls as follows. The number in bracket.s is the 
current value of the specified parameter. If the user does not want t.o change it, 
he can go t.o the next quest.ion by pressing <RETURN>: 
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dept.h of 1-st. water t.able (m) f0.150e+02f -

dept.h of 2-nd water t.able (m) f0.410e+02f -

dept.h of 1-sl aquifer (m) f0.200e+02J -

dept.h of 2-nd aquifer (m) f0.510e+02J -

dept.h of 2-nd water-bearing horizon roof (m) f0.410e+02 I -

fillrat.ion from lransil rivers (mm) fO.e+OOJ -

lot.al dissect.ion (km/km2) f0.290e+01J -

dissect.ion by t.ransit rivers (km/km2) f0.290e+OOJ -

mu:imum depth of local valleys (m} f0.500e+02J -

average depth of local valleys (m) fO.BOOe+01 f -

share of lot.al area(%}. covered with lakes f0.250e+01J -

average surface slope {ta.'lgent} f0.300e-03J -

average width of valleys (m) f0.160e+02f -

downward in!Ut.raUon of ground-water (%) fO. 750e+01 f -

in'll'-raUon of ground-water, 2-no layer, inlo rivers (%) fO .469e+01 J -

ground-water salinity {gr/l) f0.270e+OOf -

deep ground-water salinity (gr /l} f O .270e+OO f -

maximum of monthly surface now (share of tot.al now) f0.550e~OOf -

any alter-at.ions ? (y /n} - n 

Second subst.age. The user is expect.ed lo specify the biot.ic parameters by 
three types of lands: 



I bio!llC'lSS, av~.rage (t/ha··yr/ 
I 
I 
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I :t - nor.-et.J.tivated lands f0.400e+03f -

i 2 -arahle l~ds fO.e+OOf -
I 

~ 3 ·· flood-lands f0.300e+03f -
i 
I mortmass, average (l/ha-yr) 
I 
i 
I 1- non-cu!Uvated lar>ds f0.220e+02f -
I 
I 2 - arable lands tO.SOOevOl.f -
1 
I 3 - fiood-lands fo.220e+o2; -
I 
I index of soil 
I 
I 
11 - non-cul.Uvated lands f0.650e+01f -
1 
I 

I 2 - arable lands f0.600e+01 f -
I 

j 3 -flood-lands fO.OOOe+Ol! -
I 

Th~ ~oil index 13 a measura of soil ferUlit.y. The lowest value of Ute index is 0, 
Ute l'tighest. is ZU. T»1e following approdmat.e eslimat.es may prove helpful: P!)dzols 
- 4; grey forest soil - a: s!?.!c'3oa: · soils - 9; brown, savanna soil - 12/15; black soil -
18/19. 

I 
I soil sa!fr.it.y (%) 

I 
I 
I 1 - :r.ori-culUViit.ed ll'Ulds t0.70re-011-
I 
I 2 - arable lzlnds fO.?COc-Olf -
1 

Third s1.1bst.age, It should be noted here 
pr.ramet.er.s should bs consist.ant. wtt.h t.he alt.!t.un• 
has t.o .n~ut average annual value~ account.Ing fr 

t.atn areas and plains. 

I 
i Precipit.at.ion (mm} f0.510e+03f -
I 

l.he values of the requHt.ed 
~ t.ne area in quest.ion. The ust'!r 

· "' climaUc diffe>:ences in mow~-

I do yC>11 want. lo randomize precipit.at.fon ? (y/n) - y 
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H/L - average surf ace slope 

_...._. ......................... ~ ........................... ..-------- 1-st \•1ater table 
_,...__.._...___..... ...... _.._ ........ _..... ....... ...,.__ ____ 1-st \•later aquifer 

- - - -- - - - · 2-nd \'later table 
-~~ .................... ~,........ ........... ~......,,.__--- 2-nd \·1ater bearing hor. 
--~"""'"i.1~.........,. .................................. ~~--- 2-nd \'later aquifer ................... " 

I I t I • I • t t I t I I I I I I I I I . . . . . . ' . . . . . . . . . . . ' . . 

Fieure 4 Wat.er t.ables. 

f ;.;.:.;I boulder, gravel, sand 

rtlli clay, boulder, gravel 
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Fliure 5 Maximum of mont.hly surface flow (share of t.ot.al now) for Dehra Dun is 
rainfall in Au1ust (max. rainfall) diviciec! by rainfall tort.he whole year. 
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If t.he answer is .. y", t.he user has to answer t.he following quesUons (to set t.he 
percent.age for randomizing t.he precipit.aUon). The predefined values for t.his and 
t.he next temperature randomizaUons can be set in t.he file ''wt.hr .dat ... 

standard deviaUon (%) IO.e+OOI - 0.5 

Temperature (grad) I0.630e+Oll -

do you want to randomize t.emperature? (y/n)-y 

standard deviaUon (%) fO.e+OOI - 0.2 

Wind velocity (m/s) f0.'°°8+011-

Difference of temperatures for valleys and uplands l-0.400e+OOI -

Fourth substage. The user has to specify t.he preYBiling type of lilholORY. 

TYPE OF LlTHOLOGY 

1-Sand 
2 - Loamy sand 
3 -Loam 
4 -Clay 
5 -Marl 
6 - Compact sedimentary rocks 
7 - Int.rust ve and metamorphic rocks 
8 - Shingle beds 
9 - Karsled rocks 

input opUon number -

This terminates t.he delafled input procedure and t.he system rel.urns to t.he 
lnit.lal list. The user may eit.her pass on tot.he next st.age or change t.he speciflca
Uons. 

2.2.2.2. Option 2: Brief Specification 
This mode does not. require so much input. infonnaUon as t.hei previous one. 

The usesr should answer only 6 quesUons (in cont.rast. to 38 in t.he delafled mode). 
All necessary data will be aut.omat.ically reconstructed by t.he system on t.he basis 
or t.he verbal descripUon. The first. list. deals wi t.h t.he t.ype of eeorraphical belt.. 
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TYPE OF GEOGRAPHICAL BELT 

1-ArcUc 
2 - Temperat.e 
3 - Temperate belt. of central sector 
4 - Subtropical 
5 -Tropical 
6 - EquaLorial 

input. opUon number -

In India, only opUons 4 l'Uld 5 will apply. The seoond list. deals wit.h t.he t.ype of 
veget.aUon. The cont.ent. of il depends on t.he response or t.he user Lo t.he previous 
one. If t.he answer was "4" you can choose one of t.he following t.ypes of veget.aUon: 

TYPE OF VEGETAnON 

19 - Subtropical desert. 
20 - Subtropical st.eppe 
21 - Subtropical prairie 
22 - Subtropical sclerophillous forest. 
23 - Sclerophillous forest., sparse growt.h of t.rees 
24 - Subtropical monsoon forest. 

input. opUon number -

The next list. is t.he ''type of relief". 

TYPE OF RELIEF 

1-Low land 
2 - Plainland 
3 -Upland 
4 - Low mountains 
5 -Plat.eau 
6 - Mountains, of medium alUt.ude 
7 - Table-land 

input. opUon number -

• 

The next. list. contains different. t.ypes of lit.holoey and is equivalent. Lo t.he 
relevant. list. oft.he detailed mode: 



TYPE OF LITifOLOGY 

1-Sand 
2 - Loamy sand 
3-Loam 
4 -Clay 
5- Marl 
6 - Compact sedimentary rocks 
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7 - Intrusive and metaaorphic rocks 
8 - Shingle beds 
9 - Karst.eel rocks 

input opUon number -

lbe following lisl cont.ains various intens1Ues of waterl.ogglng for different 
types of hydrological land structures. A high level of waterJ.ouine is typical for 
aquifer 0.5 - 2 meters def'Jp; medium for 2.5 - 3.5 meters deep; low for 3.5 - 5 
meters deep. The display is: 

I 
I WATERLOGGING DUE TO HIGH AQUIFER 
I 
I! -Absent 
12 - Intensive 
I 3 - Moderate 
I 4 - Low 
I 
I input opUon number -
I 

The last request is: 

I 
I fillraUon from t.ransit rivers (mm) fO.e+OOl -
1 

Thi!' terminal.es the brief specificaUon mode. 

2.2.2.3. Option 3: Geosraphical Specification 

This mode is the simplest way to specify a region. The user is requested to 
answer only t.wo quesUons: 

I 
I Input region nmnber (from 1to163)-
1 
I fillraUon from t.ransit rivers (mm) fO.e+OOl -
1 

To answer the first question, the user should consult the 1eographlc map and 
t.he list of reelons (see Appendix A). Having entered t.hls lnformat.ion t.he system 
t.akes det.ailed regional dat.a from t.he dat.a bank. We were not. in a posit.ion to 
determine all parameters, which characterise t.he region, precisely because or the 
lack or infonnat.lon. So the user ls supposed to check regional dat.a and correct 
them If necessary. This can be done In t.wo ways. The first. ls t.he "Det.alled mode". 
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In t.his case one ausl look t.hrough t.he list. of inpul variables. checking t.he values 
in bracket.s and correcUng t.hem if necessary. This method is very suit.able but. 
takes a long Uae. A shorter met.hod is the "Direct. mode". 

2.2.2 . .f. Option .f: Direct. Specification 
This aode has been developed for users who are well aware of the syst.em 

ilself and Lhe meaning of it.s main variables. Such a user can set. t.he required vari
able value clirecUy tr he knows it.s name: 

I 
I Naae of variable - b(1) 
I 

Having ent.ered t.he name, t.he system checks it. and in t.he case of correct. 
inpul naae, displays a second prompt.: 

I 
I Value of variable f0.800e+ool - 0.9 
I 

The number in t.he bracket.s ls t.he current. value of t.he variable. One should 
print. a new value or press <RETURN>. Then the first. prompt. is displayed again: 

I 
I Name of variable -
I 

The user may ell.her inpul the new name or press <RETURN> t.o int.empt. t.he 
mode. 

The descripUon of system variables ls given in Appendix C. 

2.2.2.5. Option 5: PreYiaa. Repon 
In case the user bas chosen t.o work with the previous region, t.he syst.em 

rest.ores the speciflcaUon of t.he rqlon as It. was lmmediat.ely aft.er the last region 
spectficaUon procedure. This mode of speclflcaUon, however. may only be chosen 
when t.he previous region has been specified by t.he user. It can be used 1f the user 
wants t.o specify a new scenario and begin the simulation from zero Ume point. 

2.2.2.8. Option 8: Adjusted Repan 
In response t.o opUon 6 t.he system lakes the infonnaUon for the previously 

adjust.eel region and proceeds t.o the ''Specify scenario" stage. 

2.2.2. 7. Option 7: Continue 
In this case the syst.em displays: 

I 
I Inpul share of arable lands (%) -

I 
The next messaee t.o appear on the screen is: 
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INPUT COMPLETED. MODEL IS ADJUSTING TO 1llE REGIONAL DATA 

This indicates thal the specification of the region is complete. System conLrol 
is then lnmsmilt.ed lo the nexl slage - model adjustaenl lo ~ional daLa. which ls 
perf onned. aut.omaUcally. 

2.2.3. llodel Adju.t.ent 

llodel adjustment does not require parUcipaUan or the user. Once the pro
cedure is over, the screen displays the following message: 

MODEL ADJUSTMENT COllPLE'l'ED 

Aft.er that. the system passes the conLrol lo the next (fourth) stage. 

2.2.4:. Specify S..-.•rio 
This st.age st.arts with a prompt: 

SPECIFY SCENARIO 

HUMAN FACTORS 

0-CONTINUE 
1 - RETURN lo previous scenario 
2 - SensiUvlt.y invesUgaUon 
3 - Temperature trend 
4 - PrecipfLat.ion trend 
5 - PolluUon and ferUllzat.ion rat.es 
6 - Irrigation regime 
7 - Drainage intensity 
8 - Specific features of agriculture 
9 - Fires in non-cult.lvated lands 

10 - ArUficial destruct.ion of biomass 
11 - Chanees in the aree> or arable lands 

• 12 - New planLat.ion in non-cult.ivat.ed lands 
13 - New shelter belts ln arable lands 
14 - Changes in the stock or wood due lo lumbering 

Il is assumed that. the policy /scenario opt.ions will remain unchanged over the 
next simulation period. ll should be mentioned, that the user is able lo define any 
of the speclrted scenario variables as a function or t.ime, using command STABLE. 
Any policy chanae may be introduced only after t.hls period ls over. A user may 
define as many succesive policies of regional development. as he wishes, provided 
that. he does not. exceed the upper limit of loLal simulation lime, which is 199 years. 
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It. should be not.ed t.hat. t.he model does not. comput.e t.he errect.s or previous pol
icy decisions on successive periods; if t.he user wishes to trace t.hem. he should 
fonnulat.e his policy opt.ions respectively. 

The inleracUve procedure at. t.he stage or scenario specification is very simi
lar to t.hat. or region specificat.ion. The syst.em prompt.s t.he user wit.h a list. or 15 
opt.ions, or which all but. zero opt.ion are closed. 

It. should be not.eel t.hat. option 14 refers only to forest. areas. 

2.2.•.l. Option 0: Continue Koclelliq 
Ir t.he user has specified opt.ion 0, t.he syst.em responds wtlh: 

I 
I Input. modelling time (mu.199 years) -
I 

which indicates lhat t.be control passes to t.he next. (fifth) stage. The scenario, 
which was selected at st.age 4 ls stored in a rue for possible future uses. 

2.2.-!.2. Option 1: Return to Preftous Scenario 

This option rest.ores t.he previous scenario and enables t.he user to ronnulat.e 
new scenarios by allering previous ones. 

2.2.-!.3. Option 2: Sensitrrity lnYatigation 

The sensiUvit.y or model output.s to variations or some e:xogeneous variables 
can be st.udied under .Jlis option. The current. version or t.he syst.em provides an 
opport.unit.y to invesUgat.e the infiuence or t.he following syst.em variables: 

n - tot.al drainage rat.e (mm/year) 
dn - tot.al dissect.ion (km/km2) 
hgw - deplh or first ground wat.er I.able (m) 
rws - surface now (mm) 
rwg - ground wat.er now (mm) 
rwdg - deep ground wat.er now (mm) 

while disturbing one or t.he llt.hology coefficient.s: 

clg(i), clw(i), clr(i), where 1=1, ... ,9 

depending on llt.hology t.ype. Predesignat.ed values or t.hese coefficient.s are st.ored 
in t.he I.able below: 

Type of U thology eta clw clr 

1-Sand 69.0 0.10 1.60 
2 - Loamy sand 39.0 0.80 0.64 
3-Loam 26.0 0.85 0.80 
4 -Clay 12.7 0.92 0.53 
5 - Marl 9.0 0.92 0.17 
6 - Compact. sedimentary rocks 6.7 0.93 0.11 
7 - Intrusive and met.amorp rocks 6.7 0.93 0.08 
8 - Shingle beds 97.5 0.40 0.80 
9 - Karst.ad rocks 162.5 0.30 0.32 

The senslt.ivtt.y lnvestlgat.lon proceeds as follows. First., t.he user must. choose a 
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dislurbed coefficienl (lf he has forgolt.en lheir names he may use "? .. command as a 
"help .. ): 

I 
I inpul name or coefficienl - ? 

I 
I -> input. legal name or lllhological coefficienl: 
I clg(l-9); clw(l-9); clr(l-9) 
I 
I input. name of coefficienl - clg(9) 
I 

The number in brackels musl correspond to lhe lllhology lype or region in ques
Uon. Then he enmnerales lhe variables which he ls int.erest.ed in (fi, dn and so on) 
using <RE1URN > for inpul inlerruplion. The last requesl is: 

I 
I input. number of random value -
I 

The answer is an arbitrary lnleger number which defines lhe iniUal point. in pseudo 
random values row. The syslem uses lhese random values to disturb lhe specified 
coefficient.. Then lhe system returns to lhe main scenario menu and lhe user 
should input. 0 (to conUnue) and modelling t.ime (for example 100 years): 

HUMAN FACTORS 

0-CONTINUE 
1 - RETURN to previous scenario 
2 - SensiUvit.y lnvesUgaUon 
3 - Temperature trend 
4 - PrecipftaUon trend 
5 - Pollution and fert.illzaUon rat.es 
6 - IrrigaUon regime 
7 - Drainage inlensit.y 
B - Specific features of agriculture 
9 - Fires in non-culU vat.ed lands 

10 - Artificial dest.rucUon of biomass 
11 - Changes in lhe area of arable lands 
12 - New plant.at.ion in non-oulUvated lands 
13 - New shelter belts in arable lands 
14 - Changes in t.he stock of wood due to lumbering 

input. opt.ion number - 0 

Input. modelling t.ime (max 199 years) -100 

SIMULATION RUN 

Having c-mpleled t.he calculations, t.he system displays values of coefficients 
(original and disturbed): 

coeff: old = ... , new - ... , rel err = ... (%) 
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and relative deviations or variables averaged by decades. The next. quest.ion is 

I 
I print. t.he result.? (y/n) -
I 

Aft.er receiving a replay, t.he syst.em rat.urns t.o t.he main menu or scenario specifi
cat.ion st.age. 

2.2.oi.-l. Option 3: Temperature Trend 
The syst.em displays the following prompt.: 

I 
I Temperat.ure trend (grad per year) -
I 

The user is expect.ad t.o input. average yearly rat.a of t.emperat.ure change within a 
region. The t.emperat.ore trends specified by the user are continued over the 
specified period. 

2.2.oi.5. Option. ~= Precipitation Trend 
The syst.em displays the following phrase: 

I 
I Precipit.at.ion trend (mm per year) -
I 

The user should input. average yearly rat.e or precipit.at.ion change that. will con
Unue over the specified Ume period. 

2.2.oi.8. Option 5: Pollution and Fertilization Rates 
The syst.em displays the following list.: 

I 
I POLLUTION DEPOSITION AND FERTILIZATION RATES 
I 
I pollut.ant.s (t./ha-year) 
I 
11 -sox 

2 -NOx 
3 -CxHy 
4 -Pb 
5 -Hg 
6 -Cd 
7 - Nit.rogen ferUllzes 
8 - PhosphonJ3 fert.illzers 
9 - Pot.assic ferUlizers 
10 - Organic fertilizers 
11 - Continue 

input. opt.ion number -
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OpUons 1 - 10 will return the system to the same list. To relurn to the list or 
scenario opt.ions indicate opt.ion 11. If any number from the range 1 - 6 was chosen, 
the user will have to specify the distribution of the relevant pollutant between dif
ferent types of environment by answering to prompts: 

I 
I into the soil of non-cultivated lands -
I 
I into the soil of arable lands -
I 
I air polluUon -
I 
I water polluUon -
I 

All ferUllzers are applied: 

I 
I into the soil of non-cultivated lands -

I 
and 

I 
I into the soil of arable lands -
I 

while organic ferUlizers caused 

I 
I water pollution -
I 

as well. 

Having specified the dislribuUon of pollutants and ferUlizers, the user should 
indicate opt.ion 11. The system displays: 

I 
I thermal polluUon (grad) -

I 
Thermal polluUon, as It. is assumed here, is the yearly averaged increment of the 
yearly averaged temperature due to t.hermal wast.es. 

2.2.•. 7. Option 6: Irrigation Regime 
The user is requested to specify the sources and the intensity or watering in 

t.he region: 



-51-

AGRICULTURAL WATERING 

with ground water (mm) -

with deep ground water (mm) -

with artesian water (mm) -

from rivers and lakes (mm) -

from transit. rivers and canals (mm) -
I 
f t.he reduct.ion in surface now due t.o water relent.ion -
I 

As for t.he last. quesUon, it. should be noted that. the user is supposed t.o input. a 
number from 1 t.o 10 t.o indicate t.he degree of surface now decrease as a result. of 
wat.er ret.ent.ion. (1-no decrease, 2 - moderate water retention, ... , 10 - significant. 
water relent.ion.) We want. t.o st.ress that. 1 (not. 0) means no water relent.ion int.he 
region. 

2.2.4:.8. Option 7: Drainage In.tensity 

Th6 following inquires are displayed: 

I 
I HYDRAULIC AND DRAINAGE RECLAMATION 
I 
I 
I DRAINAGE 
I 
I 0 -Absent. 
11 - Intensive 
I 2 - Moderate 
I 3 -Low 
I input. opt.ion number -
I 
I Change int.he surface of lakes due t.o engineering reclamation(%) -
I 

2.2.4:.9. Option 8: Specific Features of .Agriculture 

The equations describing t.he crop product.ion block of t.he model were origi
nally identified for wheat.. So t.he biomass of arable lands is supposed t.o be t.he 
wheat. biomass. If t.he user wants t.o lnvest.igat.e another crop, he has t.o specify 
values of t.he appropriate coefficients. To do t.his, he should answer t.he follow!~ 
requests: 
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I 
I SPECIFIC FEATURES OF AGRICULTIJRE 
I 
I The part of biomass removed from t.he fields(% of tot.al} f0.750e+02f -
I 
I The grain/st.raw raUo int.he removed biOID8S's (%} f0.330e+02f -

Having received t.his information, t.he syst.eJU det.enoines a new ·~alue fort.he har
vest. and asks t.he user about. t.he actual harvest. in Ule area in question in order to 
correct. t.he coefficients: 

I 
I The predicted harvest is (0.100e+Oll/ha}; input t.he aclual harvest.-
I 

Then t.he syst.em adjusts t.he values of t.he new coefficients and ret.un~~ t.o t.he main 
menu oft.he st.age. 

2.2.f .10. Option 9: Fires on Lend• Not Umed for Aaricullural Purpoaes 
The syslem will request. t.he user lo specify t.he damage done by fires by 

displaying t.he following prompt.: 

I 
I TIIE INTENSITY OF FIRES IN NON-CULTIVATED LANDS 
I 
I 0 -Abseral 
I 1 - Low (ground fire} 
I 2 -Medium 
I 3 - Significant. (crown fire} 
I 
I input. opUon number -
I 

It. should be kept. in mind t.hat. forest. fires usually occur, for instance, during every 
t.went.iet.h or lent.h year in lhe period of simulftUon. So lhe lime interval under con
sideration has to be divided appropriaUy. 

2.2.-i.11. Option 10: Artificial Datruction of Bioaaa 
The requests are: 

I 
I Dest.ruction of biomass by vehicles(%} -
I 

2.2.f.12. Option 11: Changes in the Area of Arable l•nd• 
The user should specif~ t.he aMual average increase (or decrease} in t.he 

area of arable lands in percent.age of tot.al arable lands area in t.he previous year: 
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I 
I CHANGE IN THE AREA OF ARAB::...E LANDS ~ of lotal area per year} 
I 
I increase -
I 
I decrease -
I 

2.2.4:.13. Option 12: New Plantations in Non-CmtiYated Lends 

The quest.ions are: 

I 
I New plant.at.ions in non-cult.ivaLed lands (% of lot.al area) -
I 
I The age of the trees (years} -
I 

2.2.4:.14:. Option 13: New Sheller Belts in Arable L&nds 

The ques~.:>ns are similar tn the pre"ious opt.ion: 

I 
I New sbeH..er bells in arable lands (% of total area) -
I 
I 

I The age of the t.;·ees (years) -
I 

2.2.4:.15. Option 14:: Changes in the Stock of Woocl Due to Lumbering 
ll might. be pointed out. that. this opt.ion ls valid only In t.he forest. areas. The 

user is lo speci;y the red·1ct.1on in t.he amount. of wood due lo lumbering in percen
t.age or tot.al biomass: 

I 
I Changes in the stock of wood due lo lumbering(%) -
i 
I Is it ~elect.Ive cutting or young trees? (y/n) -
I 

2.2.5. Set T~e Interval. KWl the Jlodel 

This st.age opens llrith the following requesL: 

I 
I Input. m.:ideiUng t.tme {max••• years) -
I 

where """ mebns t.he numb;;r or yeai A lafl before t!1e simulat.ion t.tme expires. The 
tot.al length or simui.atkn p ... rtod should no~, e:irr.eeci 1l:f9 ;tears. 

;.~n.e·t" the system has reccuved an answer, It. replays the follo:a:ing message: 
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SIMULATION RUN 

When the run is 0•1er, the system passes on to the next st.age. 

2.2.6. Output llodes 

The following menu is offered here: 

I 
I OUTPUT MODES 
I 
I 1 - Standard output 
I 2 - Direct output 
I 3 - Continue modelling 
I 
I input '>pUon number -
I 

2.2.6.1. Option 1: Standard Output 
Opt.ion 1 is followed by displaying the sels of the major variables, grouped in 

some reasonable way. The first lisl is as follows: 

I 
I STANDARD OUTPUT 
I 
I Biocenoses dynamics 
I 
11 - soil - vegelaUon 
12 - soil producllvity - soil index - humidity 
I 3 - soil - fertilizers 
I 
i Waler parameters 
I 
I 4 - tolal now 
I 5 - surf ace dissect.Ion 
I s - ground-water now 
I 7 - deep ground-wat.er now 
I 
I Salinity paramet.ers 
I 
I 8 - soil - ground-wat.er 
I 9 - ground-wat.er - river waLer 
I 10 - pollut.ion paramet.ers 
I 
I input. opt.ion number - 10 
I 

Ir opllon 10 was chosen, t.hen t.he second Ust. wculd be displayed: 
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TYPE or ENVIRONMENTAL COMPONENT & POLLUT.'1NT 

Pollution of : 
1 - plants with toxic metals 
2 - soil wit.h toxic metals 
3 -air 
4 - surface wat.ers with metals 
5 - surfi:ice wat.ers with hydrocarbons, nitrogen, phosphorus & potassium 
6 - ground-waters with metals 
7 - ground-waters wit.h hydrocarbons, nitrogen, phosphorus & potassium 
8 - deep ground-waters with metals 
9 - deep ground-waters with hydrocarbons, nitrogen, phosphorus & potassium 

input opt.ion number - 1 

OpUons 1, 3 of the first list and 1, 2 of t.he second one require add1Uonal infor.na
Uon concerning t.ype or land: 

I 
I TYPE or LAND 
I 
I 1 - noD-CulUvaLed 
12 - arable 
I 3 - wet.lands 
I 
I input opUon number -
I 

Having received t.he required infonnaUon, t.he syst.em passes to the next. st.age and 
displays t.he list. or out.put. forms. 

2.2.8.2. Option 2: Direet Output 

Opt.ion 2 implies t.hat. t.he user should specify t.he names of t.he out.put vari
ables. The prompt. is: 

I 
I input. name of * variable -
I 

The asterisk is subsUt.uted by the numbers 1 to 4 because t.he number of out.put. 
variables cannot. exceed 4. To interrupt input., t.he <RETURN> should be pressed. 
ThP Ust. of accessible out.put variables is in Appendix C. 

2.2.8.3. Option. 3: Continue llodelliq 
This opt.ion transfers control to the st.aee of "session continuat.ion opt.ions" 

(2.2.8). 
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2.2. 7. Output J'orms 

The user has t.o choose t.he t.ype of represent.at.ion for t.he out.put. informal.ion: 

I 
I OUTPUT FOR.MS 

I 
I 1 - Table on display 
I 2 - Plot. on display 
I 3 - Plot. on graphics device 
I 
I input. opt.ion number -
I 

Opt.ion 1 is followed by a table of out.put. variables. The ot.her t.wo opt.ions 
require addit.ional informal.ion. 

2.2.8. ScelingKod• 
The user must choose from: 

I SCALING MODES 
I 
11 - aut.omat.ic, single scale for all variables 
I 2 - aut.omatic, separat.e sc&e for every variable 
I 3 - manual, single scale for all variables 
I 4 - manual, separate scale for every variable 
I 
I input. opt.ion number -
I 

Opt.ion 1: TI1e system init.iat.es a procedure for defining t.he minimum (Y min) 
and the maximum (Y max) value!i among all t.he values oft.he out.put variables. (This 
may be done only if t.he out.put variables are measured in t.he same unit.s.) These 
values t.hen serve as t.he upper and lower boundaries of the plot.Led output. along 
t.he Y axis. 

Opt.ion 2: The ~ystem aut.omat.ically defines t.he minimum (Y,min) and t.ho max
imwn cYt max) values for each of t.he olitput. variables {where l is t.he index of the 
out.put. variable). The out.put. curves are t.hen scaled separat.ely Lo fit int.o t.he same 
box. 

Opt.ion 3: The minimum (Y min) and t.he maximum (Y max) among all values of 
t.he out.put. variables are specified by t.he user in response t.o t.he prompt.s: 

I 
I PARAMETERS FOR MANUAL SCALUJG 

I 
I y min-
i 
lymm::-
1 

In case some values of an out.put. variable exceed (or are less t.han) t.he upper {or 
lower) Umit. defined by t.he user, t.he system cut.s off some part.s of the curve. 

Opt.ion 4: The usflr ts requested t.o specify t.he Y,mln 31ld Y,max values for 
each of the output. vartables separately (l lP index of the out.put. variable) by 
answerina to a sequence :Jf prompt.s: 
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I 
I min of variable number (i] -
I 
I m-u of variable number [i) -

Having finished t.he scaling procedure and receiving a response on request: 

I 
I UUe for plot. -
I 

t.he system displays a graphic of the specified parameter. In case of opUon 2 (see 
2.2.7 - Output fonns menu), fl would be a user's terminal. When t.he whole graph is 
displayed on t.he terminal, t.he program wails for <RETURN>. Only after doina t.his 
doest.he following message occur: 

I 
I print t.he graph y /n ? 
I 

The user can prlnl t.his graph on the printer choosing "y". 

2.2.8.1. The Osage of Graphicm De.ices 

The user can display graphs on t.he graphics de\lices by choosing option 3 for 
t.he ''OUTPUT FORMS" menu. 

In order lo create smooth graphics, t.he system uses t.he "Newplot.•· uUllty 
which is available on the II.ASA VAX 11/780 computer. The system i::-epares all 
necessary information, puls It. into t.he files "plot.dat." and "plot.cmd" and transfers 
t.he control tot.he Newplot program. It should be noted tnal lhe graphics device ls 
specified in t.he file "plut..dev" on the first. line. It. can be a graphical terminal, 
''bbc-plolter", or any dot. matrix printer. Here is an example of a ''plol.dev" file: 

mann 

c -- COMMENTS --
First. strtng of this file contains t.he name of t.he graphic device, i.e., 

a) '/dev/t.t.y . .' - for particular graphical display 
b} 'screen' - for graphical display 
c} 'bbc' - for bbc plot.tar 
c} 'varlan' - for varian printer 
e} 't.ekt.ronix' - for t.ekt.ronlx terminal 
r} other filename - out.put. will go lo the file in the current. directory 

and later can be redirected t.o any ct.her previous 
devices or mat.rlx printer 

In order lo change the first. s•.rtne of this file or.;e can change the out.put. dev
ice for the Newplot.. We used the f) opt.ion in this file, e.g., the output. goes lo the 
file with t.he name "mann"; aft.er that, it is automatically prtnt.ed on the central 
Mannesmann Tally dot. matrix print.er. 

If lhe user ls working from the graphical display, he has lo choose option b) 
lo obtain t.he graph on his display. Of course he can redirect. this out.put. t.o another 
hardcopy device using the "devi" command. This is possible because when the 
Newplot finished lt.s last command from the file "plot..cmd", it switched the input. 
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from the t.erminal. The user has to issue some of Newplot. command to conUnue or 
to stop the Newplot. program. For a descripUon of Newplol. see [2]. For our pur
poses. three commands are enough: 

slop - to terminate Newplot. 
devi - t.o override the device 
plot.- to produce a gi"&Ph. 

Aft.er each command the Newplot. prompt.s with ">" and after the last. command. the 
user can return to the l:)yst.em by typing: 

>st.op 

or if he want.s to plot. a graph on "bbc-plot.t.er". he should t.ype t.he following 
sequence of commands: 

> devi bbc 
>plot. 
>stop 

Newplot. creates graphics on the bbc-plot.ter and returns the control to the sixth 
st.age of the system. 

2.2.9. Chooae the lien Slap 
When t.he user has reached this stage. he ls offe!"ed the following list. of 

opUons: 

SESSION CONTINUATION OPTIONS 

0 - Termhiat.e session 
1 - Define region 
2 - Define scenario 
3 - Cont.inue modelling 
4 - Out.put. result.s 

inpllt. opJon number -

OpUon 0 t.enninat.es the session; opUons 1 - 4 transfer conLrol w t.he correspond-
1111 st.ages or t.he syst.sm. 
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3. Haw to Generate the S:pt.ea 

A lisl of necessary files is in Appendix E. 

3.1. System Executable llodule Generation 

The followiDt? files should be compiled and linked t.ogelher t.o create lhe exe
cutable file "sef .e" using lhe followtna UNIX comaand: 

xrn sef .f syssef .f ecmod.f regn.f scen.f out.p.f dlal.f 
str .f nm.f sensef .f grafn.f -o sef .e 

Il must. be menUoned lhat. files ''sef.cmn" and "grsys.cmn" are indispensable during 
compilaUon. It. is also necessary t.o compile some auxiliary programs ''trans.!" 
"cre.f" and "vndl.f " for direct. access files fonnaUon. The program "trans.I" 
lranslat.es lhe dialogue files. Program "cre.f" is used for creaUon of a hash table 
of system variables which is necessary for direct. inpul-out.pul modes. Program 
"vndt.f" alternates lhe data file "vn.dat". 

3.2. The Content al m-
"se! .cmn" - COllllllOJl block, Includes all lhe system variables 
"grsys.cmn·• -common block, includes variables for output programs 

("oct.p.f" and "grafn.f''} 
"namlbl.sef" - direct access file havh. 0 .Jddress table for SEl' common variables 
"vnun.dat." - direct access file, having model parameters data 
"grspe.dat" - standard output. control file 
"save.set" - out.put variables list file 
''regn.eng". "scen.eng", "outp.eng" - direct. access files, having dialogue 

texts 
"regn.f" - region specificaUon program 
"scen.f" - scenario speci!lcaUon program 
"outp.f" - out.put result program 
"sef.f" - main supervisor program 
"syssef .!" - service programs 
"ecmod.f" - ecology dynamic model 
"dlal.f" - dialog reallsaUon i.irogram 
"str.f" - st.ring lnfonnaUon processing 
"ran.!" - random generator 
"sensef.f" - sensitivity fnvestigat.lon program. 
"wt.hr.dat." - file for nsndom general.or control 
"plot..dev" - file for choosing t.he out.put. \.levlce for print figures. 

3.3. Direct Ace- f'ile9 Creation 
For successful system execuUon, ft Is necessary t.o alternate a number of suc

cessive access files Into direct. access tlles: 
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iniUal files: program: direct. access files: 

vn.dat. vndt..e vnun.dat. 
sef.cmn cre.e namt.bl.sef 
regn.dil t.rans.e regn.eng 
seen.di! t.rans.e scen.erag 
out.p.dil t.rans.e out.p.eng 

To realize t.he above tasks, one should successively execute appropriate programs 
''vndt..e", "ere.a" and '1.rans.e" answering t.he required questions from t.be pro
grams. It should be menUoned t.hat. all "* .en.i" files can be created wit.bin one run 
oft.be program ''lrans.e". 

To get. executable programs ''vndl.e" "cre.e" and ''lrans.e", t.he user must use 
t.he following UNIX commands 

xf77 vndl.f -o vndt..e 
xf77 cre.r -o cre.e 
xf77 lrans.f -o lrans.e 

REFERENCES 

Pegov, S., P. Komyakov, V. Krout.kc: Modelling system of region environment. slate 
dynamics 

Schweeger, B.: Newplot. version 1.2 Reference manual, IIASA, 19821.S-8 
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Appendix A List of regions far geographical input aade 

Regio;i Type of Type of Type of Type of 
number vegetaUon relief lllhology walerloggina 

(NZ) (NR) (NL) (NH) 

1 1 3 6 1 
2 3 1 6 1 
3 2 3 6 1 
4 4 3 6 1 
5 5 3 6 1 
6 6 3 3 1 
7 6 1 3 1 
8 7 3 3 1 
9 8 3 3 1 

10 9 4 3 1 
11 10 5 6 1 
12 24 1 2 1 
13 22 6 6 1 
14 21 1 2 1 
15 21 6 6 1 
16 20 6 6 1 
17 20 1 3 1 
18 27 1 3 1 
19 28 1 3 4 
20 30 1 3 1 
21 31 1 3 4 
22 32 1 3 1 
23 31 3 3 1 
24 30 4 6 1 
25 27 2 3 1 
26 27 3 6 1 
27 29 3 6 1 
28 28 1 3 1 
29 25 3 2 1 
30 20 3 2 1 
31 21 2 2 1 
32 24 3 3 1 
33 22 2 8 1 
34 24 2 3 1 
35 9 4 6 1 
36 9 2 3 1 
37 6 2 6 1 
38 26 4 6 1 
39 1 1 2 1 
40 1 4 s 1 
41 2 1 2 1 
42 2 4 6 1 
43 3 4 6 1 
44 3 1 1 1 
45 3 7 7 1 
46 3 6 7 1 
47 4 1 3 1 
48 4 7 7 1 
49 4 6 7 1 
50 5 5 7 1 
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51 5 2 7 1 
52 5 2 3 1 
53 13 1 3 4 
54 13 7 7 1 
55 5 3 7 1 
56 6 2 3 1 
57 6 3 3 1 
58 14 1 2 1 
59 14 6 7 1 
60 6 6 7 1 
61 15 2 3 1 
62 7 2 3 1 
63 7 4 6 1 
64 7 2 3 1 
65 7 4 7 1 
66 7 3 3 1 
67 8 2 3 1 
68 8 3 6 1 
69 16 2 3 1 
70 8 3 3 1 
71 9 2 3 1 
72 16 2 3 1 
73 16 1 3 1 
74 16 4 6 1 
75 10 1 4 1 
76 17 2 3 1 
77 17 5 5 1 
7B 17 4 6 1 
79 11 3 4 1 
80 18 2 3 1 
81 18 4 6 1 
82 12 2 2 1 
83 19 3 3 1 
B4 23 2 3 1 
85 23 4 5 1 
86 19 2 z 1 
B7 19 2 3 1 
BB 19 4 6 1 
89 19 6 6 1 
90 20 6 6 1 
91 24 2 2 1 
92 24 4 6 1 
93 25 3 2 1 
94 26 4 6 1 
95 26 3 1 1 
96 26 5 1 1 
97 26 6 6 1 
98 26 1 2 1 
99 26 4 5 1 

100 28 1 3 4 
101 30 2 3 1 
102 30 5 3 1 
103 30 6 3 1 
104 30 7 7 1 



-63-

105 30 6 7 1 
106 30 1 3 4 
107 31 6 3 1 
108 31 4 7 1 
109 31 1 3 4 
110 31 4 5 1 
111 31 1 3 1 
112 32 3 3 1 
113 32 1 3 1 
114 32 4 7 1 
115 31 5 6 1 
116 31 1 3 1 
117 30 5 6 1 
118 30 1 3 1 
119 27 5 6 1 
120 27 3 3 1 
121 26 5 6 1 
122 20 5 3 1 
123 23 4 6 1 
124 24 6 6 1 
125 31 2 3 1 
126 31 6 6 1 
127 26 2 2 1 
128 27 4 6 1 
129 26 3 2 1 
130 19 2 3 1 
131 20 4 6 1 
132 20 2 3 1 
133 24 4 6 1 
134 21 4 6 1 
135 23 4 6 1 
136 24 6 6 1 
1~7 24 4 6 1 
138 6 4 6 1 
139 8 2 3 1 
140 20 2 3 1 
141 22 2 3 1 
142 30 2 3 1 
143 12 2 2 1 
144 12 5 2 1 
145 30 4 7 1 
146 27 2 3 1 
147 25 2 3 1 
148 25 4 3 1 
149 27 1 3 1 
150 30 2 7 1 
151 e 1 3 1 
152 24 6 3 1 
153 19 5 6 1 
154 32 1 3 1 
155 30 5 6 1 
156 30 2 3 1 
157 30 5 6 1 
158 27 5 6 1 
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159 30 1 2 1 
160 19 2 2 1 
161 21 3 3 1 
162 27 2 2 1 
163 25 2 3 1 
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Appendix B Synopsis of the shadow dialope co~cla 

?-

! -
... D-

I file -

#! -
##
Orne-

help 

show system st.at.e 

reverse 

open protocol (protocol writ.es int.at.he specified file) 

show protocol 

close protocol 

external input. (input. st.ream from t.he specified file) 



-66-

Appendix C Description of system Yariables 
The following not.aUon is used: 

.... 

2. 

3. 

The units of measurement are indicated in brackets after the full name of the 
variable. 

Index 'I' appearing in the name of certain variables should be interpreted as 
follows: 

i=l - lands not used for agricultural purposes; 

i=2 - lands used for agricultural purposes; 

1=3 - weUands. 

Index 'j' indicates different .n:·nds of pollutants and fertilisers: 

j=l - sulfur concentraU•Jns; 

J=2 - niLrogen concenfJ:-aUonb, 

j=3 - hydrocarbons; 

j=4-

J=5 -
j=6-

J=7-

J=8-
J=9-

J=lO-

concentrations of Pb; 

concent.raUons of Hg; 

concentraUons of Cd; 

niLrogen fertilizers; 

phosphorus fertilizers; 

pot.assic fertilizers; 

organic fertilizers; 

j=11:15 - reserved indexes. 
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Biotic parameters 
B(i) - biomass (tonnes per hectare) 

BN(i) - dead biomass (tonnes per hectare) 

CLV(i) - climate index 

CPOL(i) - polluUon index 

D(i) - proporUon of the i-th t.ype of land in the total area (lakes not. included} 
(%) 

DV(i) - proporUon o~ the 1-th t.ype of land in the t.ot.al area (lakes included) (%) 

DWNV(l) - wind erosion ra·.e {nun/year) 

nsco
GHCO
HFF(l)

HFV(l)

KV-

increment. of soil quallt.y Index due t.o ferUllsaUon 

soil producUYit.y (~ per hectare) 

humidity 

humidit.y for i-th t.ype of land 

veget.aUon t.ype: 

KV=l - 1rass; 

KV=2 - forest-steppe; 

KV=3 - forest; 

KV=.f - moss-lichen; 

SLTV(i) - soil sallnlt.y (%) 

SPWV(l) - rale of surface errcsion by t.ype of land {mm/year) 

SY(I) - soil index 

Drainqe parameters 

ClWV(l) - proporUc.n of surface drainage in t.ot.al drainage (%) 

Cl'WV(2) - proporUon of drainage from upper 1round layer in t.ot.al drainage(%) 

ClWV(3) - proporUon of drainage from lower ground layer In t.otal drainage(%) 

DN - t.ot.al dissecUon (km/k1112) 

DNR - dissecUon by rivers {km/km2) 

FL - t.ot.al drainage rat.a (mm/year) 

rL1 - surface drainage rat.a (mm/year) 

FL2 - rat.a of dralnqe from upper eround layer (mr./year) 

!'L3 - rat.a of drainage from lower rround layer (nun/year) 

n.1+FL2 - sum of n.1 and FL2 (mm/year) 

FL12+!'L3 -sum of n.1,. !"L2 and n.3 (mm/year) 

HEX - maximum cut. (m) 

HGW - dept.h of first 1round water t.able (m) 

HGWD - dept.h of seconci 1round water t.able (m) 

HPl - depth of rlrst aquifer 

HPW - depth of first aquifer (m) 

HWPD - depth a senond aqulf er (m) 

RMDV - effective surface drainage(%) 
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water salinity, first. ground wat.er t.able {g/l) 

wat.er salinity, second ground wat.er t.able {g/l) 

river water salinity {g/l) 

Panuaelers of pollutants and fertilizers (tonnes per hectare) 

PLAO) - atmospheric polluUon 

PLDWO) - wat.er pollut.ion, second ground wat.er t.able 

PLGMO) - ground polluUon, bet.ween first. and second water t.ables 

PLGWO) - wat.er polluUon, first. ground water t.able 

PLP(j,i) - veget.aUon pollution 

PLSO,i) - soil polluUon {mobile composiUons) 

PLSGQ,i) -soil polluUon {connect.ad composlUons) 

FLWTO) - surface water polluUon 

Variabl• defined duriq repon specification lltqe 

HGW - dept.h of first. water t.able {m) 

HGWD - dept.h of second water table {m) 

HWP - dept.h of first. aquifer (m) 

HWPD

H7-

HPF

AWF

DN

DNT

HEX

HEM

CLAK
DEC-
CJ;H-

CPDG

CLDG -

SW1 ·• 

SW2-

dept.h of second aquifer (m) 

dept.h of second water bearing-horizon roof (m) 

dept.h of permaffrost. (m) 

fllt.raUon from transit. rivers {mm) 

tot.al dissecUon (km/km2) 

dissect.ion by transit. rivers (km/km2) 

maximum dept.h of valleys {m) 

a7erage dept.h of valleys (m) 

share of t.ot.al area covered wtt.h lakes(%) 

average surface slope {t.angen) 

average l'fidt.h of valleys (m) 

downward infllt.raUon of ground-water (%) 

lnfflt.rat.lon of ground-water, second layer:· int.o rivers(%) 

ground-water salinity (gr/l) 

deep ground-water salinity (gr/l) 

RMDO - maximum of monthly S'Jrlace now as percent. of t.ot.al now (%) 

biomass, average {t/ha-yr) 

B(1) - non-culUvated lands 

B(Z) - arable lands 

8(3) - flood-lands 

mart.mass, average (t./ha-yr) 

BM{1) - non-cult.ivat.ed lands 
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BM(2) - arable lands 

BM(3)- flood-lands 

index of soil 

S(l) - non-cult.ivat.ed lands 

S(2) - arable lands 

S(3) - flood-landS'. 

soil sallnU:r (%) 

SLS - non-cultivated lands 

SI.SA - arable lands 

RI - precipitation (mm) 

n - Lemperat.ure (2rad) 

Vl - wind velocit.y (m/s) 

DTB - difference of t.emperat.ures bet.ween valleys and uplands 
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Appendix D I.mt of 9U'iabl• ace ible ill clirect output mode 

dn dnr n 
03 fl32 fi123 
fi12 hgw bgwneg 
bawd hwp hwpcl 
swlv sw2v rcsv 
MIS "'I nrdl 
u r1 t.pl 
u. tr caf{1) 
pst.r dclna clak 
Pl pgt caw 
frs paq daq 
u{l) u(2) u(3) 
b{l) b(2) b(3) 
cfwv{l) cfwv(2) cfwv(3) 
cpol{1) cpol(2) cpo1(3) 
1h{l) eh{2) gh(3) 
bff{1) bff{2) hff (3) 
sv{1) sv{2) sv(3) 
sU.v{1) sllv(2) sllv(3) 
pla{1) pla{2) pla(3) 
pls(7,1) pls{B,1) pis(9,1) 
pls(7,2) pls{8,2) pls{9,2) 
pls(7,3) pls{B,3) pls{9,3) 
plp{4,1) plp(5,1) plp{6,1) 
plp{4,2) plp(5,2) plp{6,2) 
plp{4,3) plp{5,3) plp{6.~) 

pls{4,1) pls(5,1) pls(ti.:1.:. 
pls{4,2) pls(5,2) pls{6,2) 
pls{4,3) pls(5,3) pls{6,3) 
plwt.(3) plwt.{4) plwt.(5) 
plr.{6) plwt.(7) plwt.(8) 
pbn.{9) 
plgw(3) plgw{4) pJaw(5) 
pJaw{6) Ple•(7) pJaw{8) 
plp(9) 
pldw(3) pldw(4) pldw(5) 
pldw{6) pldw(7) pldw(8) 
pldw(9) 
clpls(1,1) dpls(2,1) dpls(3,1) 
dpls(4,1) dpls(5,1) dpls(6,1) 
clpls(7,1) clpls(8,l) dpls(9,1) 
dpls(10,1) 
clpls(1,2) dpls(2,2) clpls(3,2) 
dpls(4,2) dpls(5,2) dpls(6,2) 
clpls(7,2) clpls(8,2) clpls(9,2) 
clpls(l0,2) 
~pla(l) dpla(2) dpla(3) 
clpla(4) dpla(5) dpla(6} 
clpla(7) dpla(8) dpla(9) 
dpla(10) 
dplw(1) dplw(2) dplw(3) 
dplw(4) dµlw(5) dplw(6) 
dplw(7) dplw(o) dplw(9) 
dplw(lO) 
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Appemliz E LUil of.,._ m .. 
1. Necessary for normal system operaUon: 

:r•f.e 

sef .cmn grsys.can namt.bl.sef 
vnun.dat. lfrspe.dat. save.sef 
~-8111 scen.ensr outp.eng 

~ l!".Jlr .dat. plot..dev 

2. Created by the sJSt,ea durlnc a session: 

lnlrelf .saf lnlscn.saf wfll 
plot..dal plol.cad plU. 
newplol.dal newplot..graf newplot.prot. 
adj. buflO 

3. Necessary for systea reneraUon: 

sef.cmn 
ser.r 
regn.f 
dlal.f 
senser.r 

ll'S)'S.CIUl 

syssef.f 
scen.f 
str.f 
gratn.f 

trans.f rep.dll 

ere.! 

vndl.f vn.dal 

ecmocl.f 
outp.f 
ran.f 

scen.cUl out.p.dil 

• 
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Appendix F: Example of one aeaion 

YOU ARE WELCOllE TO THE SYSTEM FOR 
/' 

ECOLOGICAL FORECASTING 

....................................................... 

IN THE COURSE OF INTERACTION WlTB SEP' 

1. U8e ? if you need additional info.rmation. 
2. O• "!• if JOU need to - the "SYSTEll STATE•. 
3. O• •cantrol-D· if JOU aer.d to ret:arn to the pl"eW'ious 

point of interaction. 
i. Uthe SEP' question baa a cmrent Talue of the 

wariable in brackets ( ••. f JOU _,.a. 
•RtI O.mr- if JOU do not need to cb•nge a Yalue. 

5. Se& details in SU U.rs llanual and SEF llodel 
Oacription. 

... o .. • .. ••••••~ .. •••••••••••••••••••••••••••••••••••• 

Sy.tea loading - PLEASE WAIT - S,.tem loadiq 

SPECIFY REGION 

110025 OF REGION' SPECIFICATION 

1- Detailed 
2 - Brief 
3 - Geographical 

" - Direct 
5 - Pnriows region 
8 -A.djasted previous reaion 
1 - CONTDrog 

input option number - ? 

-> 1. Detailed description of the area has to be '"811 by the 1Ulel" 

far pl"IMri9e adja.taent. 
2. Eca-phJ'llical cbaracteristiC2 are ba:n taken fnma the 

data bank for approzimate 
adjastment of the area. 

3. The .... u before. but the a.er bas ''° point out only 
the number of the repcm. In accontam. .. with Appmulb. A 
froa t.he SEF a.er"s manual. 

<l. In addition to 1 ...... internal panmelen can be 
redefined. 

5. The repon charact.erimtic:s will be the .... u before 
the model adjutment troa the prnioas nm. 

8. The ..... u 5. but after adju.tmant. 
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7. Adjusbaent of region to chosen parameters. 

input option number - 2 

TYPE OF GEOGRAPmCAL BELT 

1-.Arctic 
2 - Temperate 
3 - Temperate belt of central sect.or 
-i - Subtropical 
5 - Tro("ical 
8 - Equatorial 

input option nuaber - 5 

TYPE OF VEGETATION 

25 - Tropical subde.ert 
26 - Tropical de.ert 
27 - Tropical -'ftlDIUl 

28 - Tropical mammon forest 
29 - Tropical forest 

input option nuaber - 28 

TYPE OF RELIEF 

1- Lowland 
2 - Pl•inland 
3-Upland 
-i - Law moantaills 
5- Plateau 
8 - Mountains. of aedi11111 altitude 
7 - Table-land 

input option. number - -i 

TYPE OP' UTHOIDGY 

1- Sand 
2 - Loamy AJld 
3-Loaa 
-i - Clay 
5 - llarl 
8 - Compact 8edimentary rocb 
7 - Intl'U9i•e and metamorphic rocks 
8 - Shiq1£ beds 
9 - ICant.ed rocks 

in.put option n.11111ber - 9 

WATERLOGGDrG DUI TO HIGH AQUIFER 

1 ·Anent 



2 - Intensive 
3 - Moderate 
4: - Low 

input option nwaber - 3 
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filtration from transit 1iw:rs <-> f O.e+OO{ - 0. 

MODES OF REGION SPECIFICATION 

1-Delailed 
2- Brief 
3 - Geocraphical 
4: - Direct 
5 - Prerioaa region 
6 - Adj...ted pl"e9'ioua --cion 
7 - COllTINUE 

input option number - 1 

depth of 1-st. water table (•) f 0.857e+011 -

depth of 2-nd water table (•) f 0.950e+02{ -

depth of 1-sl aquifer (•) f0.100e+02I -

depth of 2-nd aquifer(•) f0.100e+03I -

depth of 2-nd water-bearing horizon. roof(•) f0.900e+02I -

filtration frum transit men (m) f O.e+OO{ -

total diaection (Jm'lm2) f 0.550e+01{ -

diaection by tnulsit riven (k:m'lm2) f O.e+OO{ -

maxi•ma depth of local ...Ue,s (•) f 0.350e+03I -

aTerqe deplh of local ....Ue,s (•) f 0.200e+021 -

llhare of total area (S). COTered with laka fO.e+OO{ -

a?erqe .urface mope (taqemi) f 0.1~{ -

•Ym'BC• width of ..Ue,s (m) f 0.300e+02{ -

dowuward illftltraUon of IJ"Dand-water (S) fO.e+OO{ -

infiltration of IJ"DlUld-water. 2-nd layer. into riirera (S) fO.e+OO{ -

pvand-water-linity (F/I) I0.153e+OOI -

deep IJ"Dand-water Mlinity (lr'1) I0.153e+OOf -
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.. zimum of monthly surface flaw (share of total fiaw) f O..l.90e+OOI -

any alterations ? (y /n) - n 

biomass. average (t/ha-yr) 

1 - non-cultivated lands f O • .f.69e+03I -

2 - arable lands fO.e+OOI -

3 - fiood-lands f 0.363e+031 -

aortmass. average (t/ha-yr) 

1- non-cultmlted 1ands fO.o!OOe+OOl -

2 - arable lands fO.e+OOI -

3 - fiood-lands f0.500e+OOI -

indes of soil 

1 - non-cultmlted lands f 0.500e+01I -

2 - arable lands f 0.4-00e+011 -

3 - fiood-lands f0.i00e+01l -

•il ..nn.ity (:C) 

1- non-cultmlted 1ands f0.518e-01l -

2 - arable lands f0.516e-01I -

Precipitations (mm) f0.188e+04-I -

do you want to randomize precipitalion ? (y /n) - n 

Temperature {grad) f 0.225e+O:?I -

clo you want to randomise temperature? (y In) - n 

Wind .-eloclty (111/a) f0.350e+011 -

Difference of temperature between ftllejw and uplanck f 0.100e+OOI -

TYPE OF LITHOLOGY 

1- Sand 
2 - Loamy •nd 



3-Lo-
4: - Clay 
5 - llarl 
6 - Compact sedimentary rocks 
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7 - Intrusive and metamorphic rocks 
8 - Shingle beds 
9 - Kar.sled rocks 

input option nwnber - 9 

MODES Of' REGION SPECIFICATION 

1- Detailed 
2 - Brief 
3 - Geographical 
.. - Direct 
5 - .Previous region 
8 ·· Adjusted previous repoa 
7 - CONTINUE . 

input option D.:DDber - 7 

In.put share of arable lands (X) - 20 

INPUT COMPLETED. llODEL IS ADJUSTING TO THE REGIONAL DATA 

llODEL ADJUSTllENT COMPLETED 

SPECIFY SCENARIO 

HUllA!f FACTORS 

0-CONTINUE 
1 - RETURN to previous scenario 
2 - SenmtiTity iD.Yati&atio"l 
3 - Temperature trend 
.t • Precipitation tnm.d 
5 - Pollution and fertilization rates 
8 - lrrication regime 
7 - Drainase iD.tmmity 
8 - Specific r-t.ura of qriculture 
9 - Fira in non-cultiTatecl lands 

10 - Artificial d..truct.ion. of biOIDUB 
11 - Chaqes in. the area of arable lands 
12 - New plantation iD. aon-cultiTat.ed lands 
13 - New shelter belts in arable landa-
1.t - Chaqea in the stock of wood due to lumberiq 

in.put option number - 1-t 

Chaqa in the stock of wood due to lumberiq (X) - 5 
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Is it selecti.e culling of younc trees? (y /n) - n 

HUJIAN FACTORS 

0- CONTINUE 
1 - RETURN lo previous scenario 
2 - Sensiti'rily investigation 
3 - Temperature trend 
4 - Precipitation trend 
5 - Pollution and fertilization rates 
6 - Irrigation ~ 
7 - Drainage intensity 
8 - Specific features of agriculture 
9 - rires in non-cultiYated lands 

10 - Artificial destruction of bicmass 
11 - Changes in the area of arable lands 
12 - New plantation in non-cultiYBted lands 
13 - New shelter belts in arable lands 
14 - Changa in the .tock of wood due to luaberiJlc 

input option number - 0 

Input modelling limt.. (max 199 years) - 50 

SillULATION RUN 

OUTPUT llODES 

1 - Standarl output 
2 - Direct output 
3 - Continue modelling 

input option number - 1 

STANDARD OUTPUT 

. ~iocenmses dJllUlica 

1 - 90il - vegetation 
2 - 110il productivity - 110il indez - hwniclity 
3 - aoil - fertilizenl 

Water panmeten 

4 - total Daw 
5 - llUriace diaeclion 
8 - pvund-waler flaw 
7 - deep sroun.d-waler Daw 

Salmity parameten 

e - .. u- vaun.d-waten 
9 • frOUlld-walen - riYer Willen 



10 - pollution parametres 

input option number - 1 

TYPE OF' LAND 

1 - non_culti'walecl 
2 - arable 
3-wetlands 

input option number - 1 

OUTPUT FORllS 

1 - Table on display 
2 - Plot on display 
3 - Plot on graphics dft'ice 

input option number - 2 

SCALING llODES 
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1 - automatic. single scale for all Yllriables 
2 - automatic. separate scale for eft!rY Tariable 
3 - manual. single scale for all Yllriables 
-l - manual. separate scale for 8'Tery variable 

input option number - 2 

nue for plot - first.table 
print the result? (yin) - y 

OUTPUT llODES 

1 - St.andart output 
2 - Direct output 
3 - Continue modelling 

input option number - 1 

STANDARD OUTPUT 

Biocencma dynamics 

1 - 11etil - •egetation 
2 • 11etil productivity - 110il index • humidity 
3 - Hil - fertilizen 

Water parameters 

• - total now 
5 - 911rface diaection 
8 - p-ou.nd-water now 
7 - deep p-ound-water now 



Salinity parameters 

8 - soil - ground-waler 
9 - ground-water - ri'ft!rwater 
10 - pollution parameters 

input option number - 5 

OUTPUT FORKS 

1 - Table on display 
2 - Plot on display 
3 - Plot on graphics device 

input option number - 3 

SCALDfG llODES 

-BO-

1 - automatic, single 8Cllle for all 'ftlriables 
2 - auio-tic. 11eparate 8Cllle for eft!rY 'ftlriablz 
3 - IDIUlual, singie acale for all Tariables 
-i - manual. 11eparate 8Cllle for eft!rY 'W'llriable 

input option number - 2 

TiUe for plot - rlfthtable 

OUTPUT MODES 

1 - Standart output 
2 - Direct outpul 
S - Continue modelling 

input option number - 3 

SESSION CONTl!fUAnON OPTIONS 

0 - Terminate seaion 
1 - Define region 
2 - Define 8Ceuario 
S - Continue modelling 
-i - Output nmult. 

i.D.put option number - 0 



3 EXAllPLES 

V. Fedorw. IL Llm/t:o 
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1'1Dlmple 1. Scenario: Soil Quality 

Traditional Dnelopment of the Apicultural Sector 

To lllwatna~ the posslblllUes of SEF, several scenarios were tested and one 
of them is described briefly ln Ulis secUon. This scenario deals with the area 
hgt.ween the Lesser Himalayas and Shrallk. The geophysical charact.erlsUcs avail
able in the Project. 's Data Bank {see Chapter ll) were used to respond to the 
requests of the SEl secUon "detailed recion speclfica.Uon". 

For the first. 50 years of the run, It. was asswaed also that. 3% of the forest. 
cover of the valley IRIS removeci annaally. The volume of ferUllzers was taken at. a 
level three t.laes less than the cU?TenUy reported one. This 50-year run was done 
to laltat.e the previous developaent.. Fro. rtaure 6 It. Is clear that. after 40 years, 
the soil quallt.y slgnlflcanUy det.erlorat.ed and approached soae low bound without. 
noUcable changes durine the next. 10 years. 

Developaent.s for the next. 50 years were iaitat.ed under the assumpUan that. 
0.016 t/ha of nlt.roeen, 0.005 t./ha of phosphate, 0.0015 t./ha or pot.ash, and 0.1 t./ha 
of organic ferUllzers were used annually {reported ln the Yearbook 1964, Debra 
Dun). One can observe that. even at. the same rat.e of deforestaUon, the ferUllza
Uon of agrfcolt.ural land leads to a significant. improveaent. during the next. 50 
years. But. it. also can be observed {see Figure 7) that. the dlssecUon of land con
UnUOtJSly Increased durfn2 the considered lnt.enal, presuwbly because of a 
rat.lier high levei of deforestaUon which can be the result. not. only or Umberlne, 
but. also of Industrial acUviUes (road construcUon, llaest.one quarrytnc). 
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Eza•ple 2. D-eip and Anal,m of SimulaUon. Ezperiaenta 

To clarlfy the facfllUes of the software on design and analysis "f simulation 
experiments and to assess the seaslUvtt.y of SEF t.a the vartaUon of differ:-ent. input. 
peraaeters. the simulaUon experiment. was carried out. with SEF adjust.eel t.o the 
Doon Valley condlUons. It. Is wort.lnrhlle to emphasize "adjusted" t.o some region 
because the final results strongly depend upon the regional charact.eristJcs. 

For the sake of siapllclt.y. only 31 panuaet.ers were chosen fort.he exercise. 
With the help of the module "PLAN" (see Chapter I). the t.wo-level olboizonal plan 
was constructed (It. cont.aim 32 "observaUons": of course. this plan can be found ln 
- catalogues but. we want. to cte.onst.rat.e the work of the soft.ware). The levels 
of vartaUons for all 31 panmet.ers are in Table 1. llost. of them can be chencecl 
under "Detallecl" descrtpUon ol t.be reefon. Others can be flied In the "Scenario" 
regime. As a response "soil prodacUvlt.y" was chosen. 

When all 32 obs6l vaUons were executed. the module "SYS" (see Chapter I) was 
used t.o 1et. the set. d the most stpfflcant. paraaet.ers. This lncludecl only five out. 
oft.be 31; see llgunt 8. 'r."'3 simplest. seconil•ry llOdel 

• 
.-, =1Jo+ E 1'~.+c, 

•81 

where z • are lnpat. parameters, and c, are devlaUons from the primary model, was 
chosen. The JJOrmalJl*I sua of square residuals 

32 
vj=<n. -R>-1 E <11, -r17>2 

i81 -- ..... ~ ..... --where N=-+1. 11 =1J0 + ~ 1'.z., 1' are t.be stepwise least. square estimates, 
•81 

• =1 ..... 31. was used as a wwwm e of the accuracy of a secondary model. 

From Ftaure 8 It. Is easy to see that. 5 primary chosen parmaet.ers ezplain 
...g()% of the total fiuct.uaUon of SEr proposes for "soil praducUvtt.y." The set. of 
stcntflcant. parameters depends upon the chosen response. For ex~mple. for ''total 
dlssecUan" It. was averaee surface slope. preclpltaUon, biomass and the rate of 
forest. cuWne. 
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Table1 

0 + 

11.st water table ( + 1st. aquifer) 13. 15. 18. ,. 
22nd water table(+ 2nd aquifer) 33. . u. 49 . ,. 
3 flltraUon !rom transit. rivers o. 25. 50. ,.,. 
4 tot.al dlssecUon 2. 3. 5. a.1a.2 

5 dlssecUon by tnmstt. rivers 0.1 0.3 0.5 l:a/b2 
6 mu. depth of ~ocal valleys 25. 50. 75. ,. 
7 average depth of local velleys 5. 8. 20. ,. 
8 covered by lakes In % 1.5 2.5 3.5 
9 average surface slope 0.001 0.05 0.1 
0 average width of valleys 8. 16. 2-4. 

11 downward flltraUon 4. 8. 12. 
mt. of gr.wnt.er into rivers 2.5 5. 7.5 

13 mu. monthly surface now 0.2 0.4 0.6 sh.a.re -tot.floUJ 
4 biomass non-culUvat.ed 200. 300. 400. ti "4111 

bl0118SS arable 0. 1. 2. ti "4111 
16 blcmass flaodlands 100. 200: 300. t/l&a./11 
17 mart.mess non-culUvated to. 20. 30. ti ha./11 

8 mortaass ll.rable 1. 2. 3. tll&a./11 
19 mc::rt.mms flood-lands 10. 20. 30. f./ l&a./11 

index of soil non-culUvat.ed 4. 8. 12. 
Index of soil arable 4. 6. 8. 
index of soil fiood-lands 3. 5. 7. 
preclpitaUon 1000. 1500. 2000. .,. 
t.eaperat.ure 15. 20. 25. ·c 
wind velocity 2. 3. 4. •/fl 
t.emp diff .-98lleys/hl.cillands --0.2 -o.4 •c 
ln9ut. share of arable land 10. 30. 
ferUUzerN 0.012 0.015 
ferUUzerPh 0.0038 0.0045 
ferUllzerK 0.0012 0.0015 

1 forest. cut. 1. 3. 
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SI l"""!ULAT I ON EXPERIMENT 

.. ,. f l9J -.r-.,• sun-. alape 

·-·· 
• (lSJ biamaN (aralll.e lands) 

• (23) pncipitatiml 

•••• 
• (24) t91per•tur• 

• Ill) initial indea of mil 

• • • • • 

STEP 

•• ,.e,.19 •• ae•zc:•••• 

rteure 8 Slmulat.lon experiment - soil productlvtt.y {ratio v! I v6> 
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General data about Doon Valley 

Sources are: Gazetteer about Dehra Dun and othP~ short articles 

Deh r a Dun t0111a Dehra Dun Tehsil 
regulated area 1961 1971 

Total area: 750 kl2 2003. 2363. 
nonarable land 0.1 % 2. % 
forest land 44.6 % 
cultivable land 55.3 % 
land under habituse 5.8 % 
popultion total 249879 362300 498200 
rural POPUiation 18~614 167700 232500 
density total 334 per k12 211 211 
density n:ral 247 per ka2 
livestock 185617 
livst.density 248 per kl2 

General data frOI Yearbook 1984: 

Itel unit Year Value 

Area sq k1 1981 3088 
Population 

ule 1000 1981 420.465 
fnale 1000 1981 341.203 
total 1000 1981 761.668 
rural 1000 1981 389.527 
urban 1000 1981 !72.141 

PercP.Rt of 110rking class 1981 32.56 
Cultivated area 1000 ha 1982-83 57.340 
"ore than oncM cultiv. area 1000 ha 1982-83 30.594 
Net irrigated area 1000 ha 1982-83 23.542 
Production of food grains 1etric tonns 1981-82 82343 
Irrigation 

length of cannals kl 1983-84 
State TubeMells no 1983-84 

Total nulber of cattle no. 1982 
Percentage of c~ltivated land 1J81-82 

1982-83 
Percenatge of land cultivatet 1ore 1981-82 

than once 1982-83 
Percentage of the irrigated land 1981-82 

in total cultivated area 1982-83 
Fertilizer used per hectare kg 1981-82 

kg 1982-83 
F06d production per capita 100 kg 1981-82 

. 100 kg 1982-83 

Per capita production in the District 
(prevailing rates) 

(Rupees) 
1970-71 253 
1975-76 506 
1976-77 606 
1978-79 531 
1980-81 840 
1931-82 791 

336 
35 

359085 
17.69 
17.91 
5~.96 
53.35 
39.74 
'1.05 
23.31 
20.96 
1.08 
1.006 

Dehra Dun District 
1961 1971 1'!81 

2455. 3088. 3088. 

70 % 73 % 
18 % 18 % 

429014 577306 761668 
231!79 305529 389527 

175 187 246 

359085 
116 
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Data about !>ehra Dun fro1 Gazetter 197'1: 

Area (1981) 3088 sq k1 
Area for land utilisation 2627.l sq k1 
Total poPQlation (1971} 577306 tfe1ales 2511981 
Rural population 305529 ( 136840) 
Urban pop0lation 271777 ( 11U58) 

Dehra Dun tahsil 2363.4 sq k1 498178 (fe1. 219l0l) 
Chakrata tahsil 263.9 sq k1 79128 ( 31875) 

Rainfall: 37 % in June-Septi!lber 
Frequency of rain~all bebleen 1901-1953: 
Range in 11 no of years 
llOl-1500 2 
:501-1100 2 
1701-1900 6 
1901-2100 11 
2101-2300 9 
2301-2500 6 
2501-2700 2 
2701-2900 4 
2901-3100 6 
3101-3300 1 
3301-3500 1 
average 7q rainy days (with rainfall ) 2.511) 
heaviest rainfall in 24 hours Rajpur 25. Aug 1954 : 440.4 11 
Te1perature: 
highest 1onth Kay 36.2 oC 
lowest 1onth Jan 6.1 oC 
highest 1a1 llehra Dun 43.9 oC on Jun 4, 1902 

1in -1.! Feb 1, 1905 
Relative hu1idity 1ore than 70 % 
Winds: 

post1onsoon and winter 1ornings N, NE 
in afternoons SW, NW throughout the year 

Forest Areas: (in hectars) 
Year forest depart. private total 
1966-67 150517 16500 167017 
19~7-68 152786 16500 169286 
1968-69 153058 16500 169558 
1969-70 153320 16500 169895 
1970-71 150003 16575 167378 

area under forest (1961) 
uncultivated land 
area under current fallows 
cultivated area 

171021 ha (1971) 167370 
23652 
3430 

56748 

total area affected by soil erosion 35266 ha in the plains 

cultivated area: 
1901 38999 ha 
1921 40141 
1941 41947 
1961 56748 
1967 55557 
197! 55647 

14625 ha in hilly tracts (1970) 

e.g. 12 % to total area 
10 
11 

21 
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culturable area (areas under groves, forests, pastures, grazing land, 
fallows) 

1906 224961 ha 
1921 291666 
1941 268329 
1961 190698 
1967 190636 
1971 194224 

unculturable area (water, buil~ings, roads and railways, habitation sites) 

1901 42569 ha 
1921 Ul99 
194i. 96062 
1961 23652 
1967 16737 
1971 15854 
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c L r " A r 0 L 0 G r c A L T A 8 L E 

st1tion: Debra Dun City 

Hon th pressure Air te111erature 
1ean ertre1es 

dry 11et daily daily high 1011e high date 1011e date 
bulb bulb HI 1in 1ont 1ont year Year 

lb oC oC oC oC oC oC oC oC 

jan I 958.7 8.9 7.1 19.l 6.1 2i.l 2.7 26.l 16 -Ll 11 
jan rr 937 .2 15.6 11.4 1946 1944 
feb I 936.6 11.S 8.9 21.4 8.2 26.0 3.9 29.4 28 -Ll l 
feb n ns.o lll.3 12.7 1956 1905 
Hr I 934.9 16.9 12.3 26.4 12.4 31.4 7.4 37.2 28 2.2 6 
Hr n 932.9 23.7 14.9 um 1945 
apr I 932.S 23.2 15.6 32.l 17.0 37.0 12.0 40.6 27 7.8 4 
apr n 929.8 29.8 16.'~ 11392 1944 
aay I 92tl. 7 27.8 18.9 36.2 21.5 40.2 16.7 42.8 28 12.il 6 
llY II 925.7 33.9 19.9 1944 1947 
jun I 925.4 28.5 22.4 35.5 23.6 40.l 19.l 43_q 4 13.9 10 
jun II 922. l 33.2 22.ll 1902 1906 
jul I 925.2 26.0 24.1 30.4 23.l 34.7 20.7 40.6 l 18.3 28 
jul II 922.5 29.3 25.0 1931 1902 
aug I 926.8 25.4 23.8 29.5 22.7 32.4 20.8 37.2 5 19.4 27 
aug n 924.2 27 .1 24.6 1949 1932 
sep I 930.4 24.6 22.1 29.6 21.3 32.1 17.8 34.4 30 14.4 30 
sep n 927 .a 27.l 23.4 1938 1940 
oct I 955.7 20.4 16.7 28.2 16.1 30.9 11.8 36.l 2 9.4 31 
act II 933.4 25.l 19.9 1901 1938 
ROY I 938.1 14.2 11.3 24.7 10.5 27.5 7.1 30.l l 2.8 30 
ROY II 936.2 19.8 15.4 1952 1938 
dee I 959.l 9.9 7.9 20.9 7.0 24.3 5.7 27.2 30 0.0 31 
dee II 937 .3 16.3 12.6 1960 1934 
annual 932.7 19.S 15.9 27.8 15.8 40.9 2.1 43.9 -Ll 
mean 930.3 24.9 18.3 
nro 30 30 30 30 30 30 30 80 80 
years 24 24 24 

hu1idity cloud a1ount rainfall 1ean 
rel vapour all 1011 total in total in 11ind 

hu1id p;ess clouds c~ouds 11ettest driest heaviest SPeed 
nro 1onth IOnth fall in date 

1onthly rainy 11ith 11ith 24 and 
total days year year hours year 

I lb oktas of sky u u • u k1/h 

jan I 78 8.7 3.1 1.5 62.2 4.1 229.9 0.0 79.5 5 2.6 
jan II 59 10.2 3.5 2.0 1911 1945 
feb r 71 u 2.8 1.1 59.4 3.6 107.0 0.0 106.: j 3.1 
feb II 47 9.7 3.2 1.4 1937 1949 
1ar r 5$ 10.3 3.0 1.0 39.7 3.4 196.6 0.0 81.5 7 3.6 
m II 38 10.4 3.1 1.5 1926 1926 
apr [ 43 11.9 1.9 0.7 17.4 1.7 97.8 0.0 39.1 16 4.2 
apr II 25 9.7 2.8 1.2 1909 1898 
HY I 41 15.2 l.3 0.7 41.7 3.2 193.0 0.0 79.3 28 4.1 
HY II 26 12.7 2.5 u 1933 1940 
jun I 58 21.4 3.2 1.8 185.9 8.3 554.0 21.l 188.0 28 3.6 
jun II 4~ lU 3.1 2.0 1893 1924 1925 
jul I 35 27.9 6.3 5.0 720.3 21.7 113i.7 111.5 194.6 30 2.7 
jul II 77 28.3 5.5 4.0 1894 1911 1890 
aug r 87 27.5 6.2 5.0 764.9 21.7 1637.8 134.l 332.2 22 2.5 
aug II 92 23.6 5.5 u !BBS 1899 1951 
sep I 80 24.4 3 .'} :;.o 32b.7 12.3 1014.0 1.5 212.6 3 2.8 
sep II 73 26.0 4.2 3.4 1924 1928 1924 
oct I i,a 16.0 1. 4 l.l 70.3 3.0 325.4 0.0 137 .4 9 3.3 
oct II 61 !9.0 J.j l.l 1955 1936 
nov r 70 11.1 0.9 0.2 5 .1 0.4 115.6 0.0 78.7 19 3.0 
nov II 61 14.0 1.2 0.4 1911 1911 
dee ! 76 ? . l 2.2 0.8 19.I l.S 150.1 0.0 103.S 4 2.b 
dee II 61 11.5 2.9 1.1 J 9;:'1 1923 
annual oS li'l.l j.l I.a 2313.7 SS.4 3113.?1152.4 332.2 u 
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1ean 54 Iii.Ii j_2 2.0 1884 1?07 
nro :ro jO :ro 20 :m jO ao so so jO 
years 24 24 24 20 

station: llussoorie 

llonth pressure Air tetPP.rature 
1ean ertretes 

dry llt!t daily daily high low high date lOlle date 
bulb bulb AI 1in IClllt IO!lt year year 

lb oC oC oC oC oC oC oC f1C 

j1n I 798.2 5.7 1.9 10.2 2.5 15.9 -1.4 21.1 14 -5.0 16 
jan II 797 .2 6.2 4.1 1949 1935 
feb I 797.2 7.1 l.fi 11.9 l.7 lS.2 -1.5 2l.3 26 ~.7 10 
feb II 796.5 8.0 5.6 1951 1950 
ur I 797.7 11.4 6.5 16.2 7.2 21.9 2.2 26.l ll -2.~ 2:; 
ur II 796.8 12.4 8.4 1945 1960 
apr I 797.6 16.l 10.0 21.l 11.8 25.9 5.5 28.9 22 -0.6 4 
apr II 796.5 18.l 11.6 1956 194$ 
UY I 796.1 19.8 ll.O 24.8 15.1 29.1 9.1 l4.4 24 5.6 6 
NT II 794.9 21.6 ll.8 1949 1947 
jun I 793.o 19.9 !5.8 24.1 16.4 28.5 11.0 31.7 l 5.l 8 
jun II 792.1 2U i7.2 1935 1957 
jul I 792.a 18.l 17.4 20.8 15.9 24.l 14.1 29.4 7 12.2 1 
jul II 79U 18.fi 19.1 1949 1939 
aug I 794.0 17.9 17.2 20.2 15.6 23.0 14.0 25.6 23 12.2 15 
aug II 792.6 18.0 17.8 1957 1937 
sep I 796.5 17.l 16.6 19.9 14.3 25.0 11.2 17.2 11 6.1 lO 
sep II 795.1 17 .l 16.6 1946 1940 
oct I 799.8 14.4 10.6 18.7 11.1 22.3 7.4 25.6 18 3.l 29 
oct II 798.S 14.3 12.0 1951 1945 
nov I 800.l 11.3 6.4 15.8 7.1. 19.6 4.1 25.0 17 -2.l 29 
nov II 798.S 10.7 7.8 1953 1954 
dee I 799.1. 8.0 3.8 12.7 4.l 18.5 0.2 21.7 2 -3.9 31 
dee II 798.2 7.3 5.l 1951 1951. 
annual 796.9 !l.9 10.2 18.0 10.1. 29.8 -2.7 31..3 -6.7 
1ean 795.7 14.S 11.5 
nro 30 lO lO lO 30 30 30 30 30 
years 26 26 26 

hu1idity cloud uount rainfall 1ean 
rel vapour all lOtl total in total in 11ind 

hu1id press clouds clouds 11ettest driest heaviest sPeed 
nro IOllth IOnth fall in date 

10nthly rainy 11ith 11ith 24 and 
total days ynr year hours year 

% lb oktas of sky a a • a k1/h 

jan I SB 5.0 3.9 1.6 60.4 5.3 200.9 0.0 90.9 6 6.7 
jan II 72 6.7 4.6 2.6 1935 1943 
feb I 56 s.s 3.3 1.2 ~.9 1..5 220.5 0.0 82.0 ' 7.4 
feb II 71 7.6 4.2 2.2 1949 1949 
ur I 49 6.l 3.3 1.2 63.S 4.6 1&2.9 0.0 62.0 24 7.9 
ur II 59 8.1. 3.8 ~-1 1944 1944 
apr I 44 7. 9 2.2 0.8 29.S 2.S 106.4 0.0 45.2 17 u 
apr II 46 8.6 3.6 1.8 1943 191.2 
HY I "' 10.3 2.1 1.0 45. l 4.1 143.S 5.8 50.0 13 8.4 
UY II 43 11.9 3.7 2.2 1933 1935 1943 
jun I 68 ls.I j_6 2.0 188.S a.1 542.S 16.S 139.9 23 7.5 
jun II 66 lb.I 4.3 3.1 1936 1931 1936 
jul [ 93 11.1 u. 4.S 7211.S 22.9 126a.o 3a1.a 196.9 23 5.6 
jul II 95 20.6 6.9 4.8 1942 1951 m2 
aug r 94 13.9 6.9 4.2 751.. 7 23.6 1217.9 333.3 302.3 3 4.7 
aug II 98 20.2 7.4 4.0 1950 1938 1931 
sep I 96 16.2 4.5 u 323.2 15.0 101.8.0 38 .1 199. 6 26 5.4 
SIP II ~4 18.5 6.1 4.9 1?47 1939 1947 
oct i bl LO. I 1.6 l. l 64.~ 2.a 447.0 0.0 198.l 9 b. l 
oct II 78 12.a 2.7 2.5 i1Sb 195b 



-99-

nov r 49 6.5 Ll 0.2 7.7 0.5 s:u 0.:1 20.5 2C Li 
nov n (,8 a " .o 1.9 0.9 l?Sl 1928 
dee r so S.l 2.li 0.9 31.5 1.9 111-4.4 0.0 111.0 12 Ca.S 
dee n 69 7.J 3.3 1.5 1936 1957 
annual 114 10.5 5.5 !.8 2168.l 94.6 3211-4.71475.7 l02.l 6.7 
lt!an 72 12.l 4.4 2.7 1942 1929 
nro 30 30 30 20 30 jQ 35 35 35 30 
Jears 26 26 26 20 

stati1111: Roorkl!f' 

llantll pressure Air tetpenture 
IHI ertreleS 

dr1 llft diilT diilJ high lOll! high dite lOll! dite 
bulb bulb IH Ii• at lllllt '"' reu 

lb oC oC oC oC oC aC oC oC 

ju I 985. l 9.5 8.0 20.l 6.6 24.2 2.8 28.l 24 -LI 17 
jan II 98l.O 17.6 12.ll 11198 1935 
feb I 982.6 11.9 9.9 22.9 8.7 V.9 4.5 ll.7 28 -2.2 2 
feb II 91lCU 21.0 13.l 1956 1905 
IU I 980.0 18.0 13.6 28.7 ll.l 34.l 7.9 l8.9 31 2.8 0 
ur II 977 .S 26.'1 16.7 1~45 1945 
apr I 976.6 25.l 17.2 35.2 18.2 40.2 12.5 43.l 19 7.2 4 
apr II 973.2 lU 19.4 urn 1905 
llf I 972.l 30.S 20.4 39.4 23.6 4l.7 18.7 46.l 29 14.4 5 
UT II 968.l 17.7 21.S 1884 1907 
jUI I 968.6 30.9 23.5 38.5 25.9 43.7 21.0 46.7 13 16.l 14 
jwi II 964.7 36.8 24.4 1932 1900 
jul I 968.6 28.6 25.5 ll.3 25.S 38.9 22.3 45.0 l 21.l 11 
jul II 965.7 ll.5 26.5 1931 1'155 
aug I 970.4 27.8 25.5 32.l 25.0 36.2 22.;; 39.8 14 20.6 5 
aug II 9'7.l 30.4 26.6 1960 1914 
sep I 974.2 26.9 24.l 32.4 2l.4 lS.l 19.8 l8.3 10 15.6 29 
sep II 971.l 30.6 25.3 1899 1944 
oct I 980.4 22.4 19.0 30.9 17.2 34.0 12.l 38.l 7 8.9 31 
act II 977 .l 28.4 21.2 um 1953 
nov I 983.? 14.8 12.3 26.5 10.l 29.9 6.2 33.9 1 2.8 30 
nov II 981.6 22.9 16.l 1952 1934 
dee I 985.4 10.l 8.5 22.0 6.8 25.3 LI 28.5 5 -0.7 25 
dee II 983.0 18.6 ll.3 11189 1902 
annual 977.3 21.4 17.3 30.2 17.0 44.l 2.2 46.7 -2.2 
nan 97U 29.0 19. 9 
nro 30 30 30 30 30 30 30 80 80 
years 28 28 28 

hu1idit1 cloud alOUJI t rainfall Han 
rel vapaur all 1011 total in total in 11ind 

hu1id press clouds clouds uettest driest heaviec;t SPeed 
nro aonth aonth fall in date 

tonthly rainy 11ith 11ith 24 and 
total days year year hours year 

% lb okta<; of sky u • .. • k1/h 

jan r 84 9.2 3.1 l.l 42.9 l.l 162.8 0. 101.6 26 4.0 
jan II 54 10.8 3.3 1.5 1911 1883 
feb I 78 10.2 2.9 0.9 46.8 2.8 202.7 0. 111.0 1 4.3 
feb II 43 10.6 3.0 1.2 1954 1930 
aar I 62 11.6 2.6 1.0 28.4 2.0 116.3 0. 109.S 2 5.4 
ur II 32 10.4 2.9 l.5 1955 1955 
apr I 41 13. l 2.0 0.6 11.3 1.1 67.1 0. ~8.3 12 6.1 
apr II 22 10.7 2.5 1.0 1909 1949 
HY I 37 16.2 l.3 0.5 17.0 L8 93.0 0. 57.7 30 7.2 
m II 20 12.9 2.0 0.8 1913 1910 
jun I SS 23.6 3.3 1.4 90.S s.o 438.9 0.3 148.8 29 7.3 
jun II 37 20.j 2.7 1.4 1906 m1 1906 
ju! ( 30 30.5 5.7 3.5 337.2 12.7 621.3 Sl.l 228.9 7 5.8 
jul II 68 j0.5 5.2 3.l 1989 1911 1889 
au9 ( 84 31.0 5.5 5.8 32'1.0 12.9 777 .0 47 .2 112.8 l 4.6 
au9 II ]j 29.6 5.0 3.5 1942 1899 1898 
sep r 30 27.3 3.o 2.3 206.4 7.0 745.0 0. 266. 7 20 4.2 
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S!P II ii( 27.7 3.4 2.S ln4 l~ 
oct I 73 l?.2 LS LO 39.4 LS 356.l o_ 2!L7 9 S.2 
oct II Si 19.0 u u 1':156 1':15o 
dOY I 71. 12.2 LO 0.2 :u 0.3 R2 Q_ 58.2 19 2.6 
ROY II 46 12.S l.3 0.4 Inl l~ll 
dee I 81 10.0 2.2 0.7 12.S LO 97.S 0. 58.2 11 u 
dee n 51 10.9 2.5 0.8 um 1923 
nnual li9 17.8 2.-:1 u 11&4.6 Sl.2 ~.7 Sll.6 266.7 4.9 
IHA 47 17.2 2.9 L6 1'42 1'135 
1ro 3U 30 30 30 30 30 80 80 80 lO 
fHrs 28 28 28 20 

suti111: Si1la 

llontll pressure Air telpfrattre 
IHI eitreteS ., lift dailr dailr high l• high date lo. date 

bulb llllb Iii aiD at IODl fHr rear 
lb oC oC oC oC oC oC oC oC 

ju I 781.7 4.9 1.0 8.5 1.9 14.! -3.3 18.9 11. -10.6 11 
ju n 781.l S.2 2.4 191.9 191.S 
fell I 780.8 6.1. 2.0 10.3 5.1 16.0 -2.3 20.6 26 -8.5 11 
feb n 780.4 7.1 3.8 1953 1950 
Ar I 781.S 10.3 1..2 14.4 6.8 20.0 0.2 23.9 31 -S.6 25 
Ar II 780.'1 11.1. 6.4 1945 1933 
apr I 781.8 15.7 7.8 19.2 11.2 24.4 4.1 28.3 29 -LI 1 .,,, n 780.6 16.6 9.2 1941 1905 
Af I 780.5 19.'1 11.2 23.4 15.0 27.7 8.7 30.0 29 4.1. 4 
Af II n9.4 21.l 12.4 1944 1924 
jun I na.o 20.6 14.6 24.3 16.2 28.3 10.6 l0.6 IS 7.8 2 
;ua n n6.8 21.8 15.6 1932 1922 
jul I n6.8 18.l 16.4 21.0 15.6 25.0 12.8 28 ~ 6 10.0 2 
jul II n5.7 19.l 18.6 1901 1932 
aug I na.! 17.5 16.2 20.1 15.2 23.4 ILI 27.8 26 10.6 I 
aug II n1 .o 17 _., 17.0 1951 1957 
sep I 7808 16.8 14.l 20.0 13.8 22.7 10.8 25.0 11 s.o 29 
S!P II n?.S 17 .2 15.3 !946 1940 
oct I 784.l 14.5 8.8 17.9 10.8 21.5 6.7 23.9 I 2.8 29 
oct II 782.9 11..5 10.2 1938 1901. 
nov I 783.9 11.0 4.3 15.0 7.3 18.S 3.8 21.l 17 -I.I 19 
nov II 782. 9 10.7 5.8 1952 1911 
dee I 782.9 7.4 2.1 11.3 4.2 17.0 -0.l 20.4 5 -6.1 22 
dee II 782. l 7.2 l.6 1960 1937 
annual 780.9 ll.6 8.6 17 .I 10.1 28.6 -4.3 lG.6 -I0.6 
1ean 779.9 14.l 10.0 
nro !O 30 30 30 30 30 30 65 65 
years 28 28 

hu1idity cloud HOunt rainfall wan 
rel vapour all 1011 total in total in 11ind 

hu1id press clouds clo~ds 11tttest driest heaviest speed 
nro IOflth IORtll fall in date 

10nthly rainy 11ith 11ith 24 and 
total days year year hours year 

% lb oktas of sky a • • • k1/h 

ja., r 48 3.5 3.7 l.4 65.2 5.4 255.0 0. 78.7 26 3.9 
jan II 62 5.3 4.6 2.4 1911 1888 
feb I 45 3.7 3.2 1.1 47.6 4.2 229.6 0. 6~.s 2 4.3 
feb II 59 5.8 4.4 2.0 1901 1908 
Hr I 37 4.0 3.3 1.0 5a.1 5.4 231.4 0. 63.0 24 4.7 
tar II 48 6.1 3.9 2.3 1911 1901 
apr [ 32 5.4 2.4 0.5 37.6 3.8 197.4 0.5 39.6 26 u 
apr II 37 6.5 3.7 1.9 1917 1896 1890 
HY [ 54 7.6 2.0 0.6 53.7 4.8 277 .4 2.3 97 .3 26 4.4 
aay II 35 8.2 3.2 1.9 1883 1887 1883 
jm·! r ~· i2. l .. I. 7 i4i .5 ·u 4ii:i 2•.• m.2 21 3.i -IJ J. I 

jun II 53 13.3 4. l 2.8 1916 1S91 1906 
jul I a6 17.2 6.4 u 414.5 20. l 757.9 !jj,5 167.l 20 2.3 
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jui II 88 19.0 6.7 S.2 1894 tnl 1922 
aug I 89 17 .4 6.S . " J.o :i85.4 19.6 1080.l 119.9 221.r 22 2.4 
ug II 92 18.9 7 .1 S.l 1906 19:>9 1901 
S!P I 7S i:u 4.3 2.3 195.2 10.3 453.6 11.9 llS.9 6 2.7 
sep II S2 16.0 S.l 4.3 1924 um um 
oct I 47 7.2 1.3 0.5 45.4 2.8 26J.l 0. 113.0 1 3.1 
oct II 59 9.6 2.1 L7 1956 11184 
IOY I 31 3.6 LI 0.2 6.7 0.5 125.0 0. 68.8 5 3.1 
ROY II 48 6.0 1.7 O.S 1883 um 
dK I 36 3 .. 3 2.7 0.6 23.7 2.2 106.S 0. 76.S 4 3.5 
dee II SS S.5 3.6 u 1893 1923 
unual 51 8.2 3.3 LS 1480.6 88.6 2786.6 992.6 227.l 3.6 
Ifill 60 10.0 4.2 2.& 1894 1931 
nro 30 30 30 20 30 30 80 80 80 30 
years 28 28 28 20 
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Station: Delira Dua City 

llollth 1u nu PIEIOllENA llIMD 
nr'J of days 11i~ nro of days percentage nro of days of 

prec 11ith 11ind speed lliDd frOI 
>0.3 thun- imst squal 20- I-
11 hail der fog stora >62 -61 -19 0 111( E SE S Sii II Ill CAUi 

ju I 6 0.2 3 0.2 0 0 IS IO lS I7 l I 2 2 s 6 SI 
ju II I9 12 3 2 I 3 4 I9 20 8 40 
feb I s O.I 2 0.3 0 0.1 12 16 13 14 1 l 0 3 6 s S7 
feb II 23 s 4 3 0 l 8 23 lO 9 20 
ur I 6 0.3 s 0 0 0.4 14 17 9 9 I 2 I 612 SSS 
aar II 24 7 4 s I 4 6 24 24 10 22 
apr I l 0.2 4 0 0 0.3 I7 ll s s I 2 l 13 21 s 45 
apr II 2S s s 4 0 2 1 25 n 9 lS 
HY I s 0.2 8 0 0.2 O.I IS 13 s 4 I s 6 16 14 6 4l 
aay II 27 4 6 4 I 2 8 28 27 9 lS 
j• I 11 0.5 IO 0.2 O.I 0.I I8 12 s s 2 11 8 I2 IO 6 41 
ju II 2S s 6 7 I 4 IO 21 22 10 I9 
jul I 26 0 12 1.1 0 0 18 13 6 6 3 13 IO 6 8 4 44 
jal II 23 8 9 7 2 I2 8 11 14 8 29 
atl9 I 2S 0 12 0.8 0 0 I6 IS s s 2 12 7 7 7 4 SI 
U9 II 22 9 7 7 2 10 9 12 I6 6 ll 
sep I I6 0 IO 0.6 0 0 IS lS 7 7 4 9 s 6 6 4 j2 
sep II I9 11 6 7 I s s 9 I8 11 38 
oct I 4 O.I s 0 0 0 I4 I7 10 I2 12249456 
oct II 11 20 4 2 0 1 2 6 12 7 66 
DOY I 0.7 0 0.5 0.1 0 0 12 I8 IO 9 0 0 0 4 9 s 6l 
ROY II 6 24 I 1 0 1 I 4 s 6 81 
dee I 3 0 0.7 0.1 0 0 13 18 ll 14 1 l 0 2 6 6 S7 
dee n 9 22 1 2 0 ... 2710472 ' ~nual lll 1.6 70 3 0.3 LO 0 0 I82 I8l 9 9 l s 4 7 9 s SI 
lfan 0 0 233 I32 s 4 I 4 6 I6 I9 8 l7 
nro 20 20 20 20 20 20 26 26 26 26 28 28 28 28 28 28 28 28 28 
years 26 26 26 26 28 28 28 28 28 28 28 28 28 

ltonth CLOUD YISlBILITY 
nro if days 1111th cloud nro of days 11i th !Oii nro of days 11i th 
a1ount (all clouds) cloud a10U11 t visibility 

oktas oktas up to 4-IO over 
fog I-4 10-20 20 

0 1-2 3-S 6-7 8 0 1-2 3-S 6-7 8 8 Ik• kas kas k•s kas 

jan I IO 7 4 s s 19 s 3 2 2 0 0 o.s 3 11 17 
jan II s IO s 6 s ll IO 4 2 2 0 0 0.4 4 12 IS 
feb I 10 6 4 s 3 20 4 2 l 1 ~ 0 0.4 2 12 I4 
feb II 6 9 s s 3 12 IO 3 2 1 0 0.1 0.3 3 12 1l 
ur I 11 8 4 4 4 22 s 2 I I 0 0 0.6 3 IS 12 
1ar II 6 10 6 5 4 14 10 3 2 2 0 0 0.6 l 16 12 
apr I 14 8 4 3 I 23 4 l I 1 0 0 l.l 4 12 13 
apr II 6 ll 5 4 2 13 12 3 1 1 0 0 0.9 4 13 12 
NY I 16 6 4 3 2 23 5 2 l 0 0 0.1 2 8 I4 7 
HY CI 8 13 5 4 1 11 IS 3 1 l 0 0 2 8 14 7 
jun I 10 6 4 4 6 15 8 3 2 2 0 0.2 3 IO 12 s 
jun II 5 11 7 4 3 8 14 5 2 1 0 0 l 8 13 6 
jul I 1 3 5 8 14 2 7 7 6 9 0 0 3 9 11 8 
jul II 1 4 9 10 7 l 11 10 s 4 0 0 1.6 7 12 11 
aug I 0 4 s 7 IS 1 8 7 4 11 0 0 3 9 11 a 
aug II 0 3 8 10 10 1 8 10 6 6 0 0 1.4 7 1l 10 
sep I 5 8 5 5 7 7 10 5 3 5 0 0 1.4 6 12 11 
sep II l 10 7 7 5 l ll 8 4 3 l 0 l.O 6 12 1. 
oct I 19 6 2 2 2 21 s 2 2 1 0 0 0.4 2 11 18 
oct II 11 15 3 l 1 11 15 l 1 l 0 0 0.5 2 12 17 
ROY I 21 5 2 l 1 28 2 0 0 0 0 0 0.1 0.9 9 20 
nov ti 15 11 2 2 0 22 7 l 0 0 0 0 0.1 2 12 16 
dee I 13 8 4 4 2 23 5 1 1 I 0 0 0.4 2 12 17 
dee lI 0 ! 16 4 a a 12 7 0 2 2 0 0.2 s 13 13 
annual 130 75 47 51 62 204 68 35 24 34 0 0.3 16 59 142 150 
1ean 1>4 112 78 62 49 115 137 60 26 24 l 0.1 12 59 154 143 
nro 28 28 28 28 28 20 20 20 20 20 20 28 28 28 29 28 
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JHrS 24 24 24 24 24 20 20 20 20 20 20 24 24 24 24 24 

StatiOft: llussoorie 

llontb IEA TIU PIEIOllENA llIMD 
nro of days 11i th nro of diys percentage nro of dirs of 

prec 11ith 11ind sPeed 11ind frOI 
>0.3 thun- dust squil 20- I-
11 bail der fog stor1 )62 -61 -19 0 NNE ESE SSll II Ill CAUi 

Jil I 7 2 L6 3 0 O.l 0 0 24 7 17 13 11 14 ll s 1 s 21 
jH II 0 0 24 7 7 7 S IS 27 ll l 3 20 
feb I S L7 1.6 1.6 0 O.l 0 0 20 8 19 16 8 8 10 4 1 7 27 
feb II 0 0 2l s s s 4 lS l2 17 l j 16 
Hr I 6 LG 4 0.7 o o.~ 0 I 22 a 2I 16 a 9 9 3 l 6 27 
ur II 0 28 l s 8 s IS l2 ·; 3 3 9 
iPr I 4 1.2 s 0.4 o r j 1 21 8 18 14 6 9 11 ' 2 s 'IQ ,_ 
iPr II 1 27 2 7 6 l lS 30 22 4 s s 
HJ I ' 0.8 8 O.S 0.2 0.8 ·22 9 16 9 l 11 19 8 2 s 27 
111 II 28 l 9 8 4 13 26 19 s 7 9 
jun I 11 0.2 9 6 0.1 0.3 21 9 10 8 l 12 20 10 2 '29 
jun II 25 s 6 s l 12 28 18 6 ' 16 jul I 2S 0 9 19 0 0 19 12 9 1 3 9 19 a 2 s 38 
jul II 21 10 4 l 2 10 2S 16 3 4 33 
aug I 27 0.1 9 17 0 0 19 1: 8 ' l 11 18 8 2 s 39 
a09 II 22 9 6 s 2 10 27 16 1 l 30 
sep I 17 0.1 9 13 0 0.3 19 11 11 7 l 11 16 6 1 6 l9 
sep II 0 22 8 7 4 1 11 29 17 2 2 27 
act I 4 0.1 2 l 0 0 0 20 11 14 10 l 10 IS 6 1 s 36 
oct II 0 25 6 3 S 1 13 57 19 0 2 22 
ROY [ 0.8 0.1 0.S 1.0 0 0 0 21 9 12 10 4 12 16 6 2 7 31 
llOY II 0 25 s 3 2 1 IS l8 17 2 s 19 
dee I 3 0.7 1.4 2 0 0.1 0 2l 8 14 11 6 Il I7 6 2 6 2S 
dee II 0 24 7 7 4 3 I4 29 IS 2 4 22 
anlfUal 116 9 60 67 O.l l 0 2 2SI II2 I4 10 s II lS 6 2 6 31 
1ean 0 1 294 70 6 5 3 I3 lO 17 l 4 !9 
nro 20 20 20 20 20 20 26 26 26 26 28 28 28 28 28 28 28 28 28 
years 2l 23 23 23 2S 2S 25 25 2S 2S 25 25 25 

llontb CLOUD VISIBILITY 
nro of days 11ith cloud nro of days 11ith nro of days 11ith 

a1ount (all clouds) l011 cloud a10unt visibility 
oktas oktas UP to 4-10 over 

fog 1-4 10-20 20 
0 I-2 3-5 6-7 8 0 1-2 l-S 6-7 8 8 Ik1 kas kas k1s us 

jan I 10 6 3 7 5 22 2 1 2 3 1 1.6 0.6 2 4 22 
jan II 4 7 5 7 8 14 s 3 3 3 3 4 1.4 s 3 I8 
f eb I 10 s 3 6 4 21 2 2 1 2 0 o.s u 3 4 19 
feb II 4 7 4 7 6 12 7 3 2 3 I 1.8 1.9 6 3 16 
1ar I 10 7 4 6 4 23 2 2 1 l 0 0.8 1.3 4 s 21 
Hr II 4 9 s 7 6 ll 8 l 4 3 0 0.8 l s 4 18 
apr I 13 8 3 4 2 24 3 1 1 1 0 O.l 1.6 l 5 20 
apr II 4 11 6 7 2 8 14 4 3 I 0 0.1 2 6 4 18 
HJ I lS 7 2 5 2 24 3 1 2 1 0 0.7 5 4 6 IS 
1ay n 4 12 6 7 2 8 14 3 4 2 0 0.4 6 6 6 13 
jun I 9 5 3 6 7 15 4 2 l 3 l 6 6 5 5 9 
jun II 2 7 6 8 7 6 8 s 6 2 l 5 8 5 3 9 
jul I 2 1 2 7 19 4 3 l J 6 12 17 4 2 1.5 6 
jul II I I 2 6 2I I 2 3 5 6 14 18 4 1.9 1.9 5 
aug I 0 2 3 7 19 2 4 l 4 6 12 16 4 3 I.S 7 
aug II 0 0 2 6 23 I 2 2 4 6 16 21 l 1.5 1.4 s 
sep I 4 6 s s IO 8 6 3 l 5 s 7 l 3 l 14 
sep II l l l 7 16 l l s s 6 IO l• 3 3 2 a 
act I 17 7 2 3 2 20 5 2 I 2 I l.S 0.6 3 4 21 
oct II 7 12 4 l 5 7 12 l l 2 4 4 2 4 3 18 
nov I 18 7 2 l 0 28 2 0 0 0 0 0 0 2 4 24 
ROY [I 11 11 3 l 2 19 7 I 1 I I 1.4 o.s s 4 19 
dee I 11 9 3 s 3 25 2 I I 2 0 0.3 0.1 3 5 23 
dee II 7 10 4 6 4 i? s l 2 3 l 3 O.S 6 4 17 



aanual 119 70 JS 64 77 216 S8 21 22 34 34 
lfU 49 90 50 74 102 109 87 30 42 38 Sj 
nro 2S 28 28 28 28 20 20 20 20 29 20 
rears 28 28 28 28 2S 20 20 20 20 20 20 

Station: loorkee 

llii.ith ll£A TIER Pl£llOIEIA lllND 

S2 2S 37 48 201 
73 l6 54 39 164 
28 28 28 28 28 
28 28 28 28 28 

nro of dars 11ith nro of dars 11trcentage nro of dars of 
prec 11i th 11ind speed 11ind froa 
)0.3 thun- dust squal 20- I-
• hail cler fog sto:-1 >62 -61 -19 0 NIE E SE s Sii II NM CALI 

jan I s 0.3 2 0.7 0 0 0 0 17 14 l 2 l 10 I 3 l lS 46 
jan II 0 0 20 11 l 2 0 9 l 3 2 46 30 
feb I 4 O.J J O.l 0.1 0 0 0 17 11 l s l 14 0 3 l 34 39 
feb II 0 0 22 ' I 2 I 11 l s l 55 Zl 
aar I 4 0.2 2 0 0.1 0 0 0 20 11 2 l l 17 l 3 l 36 l6 
aar II 0 l 24 6 l 2 1 12 l 5 2 57 19 
apr I 1.8 0.2 1.9 0.1 O.l 0 0 0 19 11 2 s 2 24 l l l 2l l9 
apr II 0 0 25 s 1 2 0 ll l • 2 61 16 
aar I 3 0.1 s o o.~ 0 0 I 23 7 2 3 l 44 l 2 0 21 24 
ur II 0 1 26 4 0 2 l 18 1 6 1 S9 12 
jun I 7 0 5 0 LI 0 0 I 24 s l l l 56 1 l l 17 19 
jun II 0 0 26 4 0 3 l 27 2 5 I 47 14 
jul I 15 O.S 8 a 0.2 a 0 ' 22 3 I 3 l 6G l I 0 6 27 ~ 

juJ II 0 1 22 8 1 l l 44 2 4 1 16 26 
au! I 17 0.5 7 0 0 0 0 0 21 10 l 2 I 49 2 l 2 9 33 
aug II 0 0 22 9 1 2 1 39 l 4 1 19 30 
sep I 9 0.1 3 0 0.1 0 0 0 19 11 2 4 1 4l 1 I l 11 30 
sep II 0 0 20 10 l .. I 21 I 4 1 l4 34 .. 
act I 2 0 1.3 0 0 0 0 0 16 15 1 4 I JS I I 0 7 so 
oct II 0 0 15 16 0 1 l 11 0 1 ! ll 54 
nov I 0.6 0 0.4 0 0.1 0 0 0 11 19 1 2 1 IS 1 2 I 12 65 
ROY II 0 0 12 18 I 0 0 l 1 1 I 30 63 
dee I 2 0 0.4 0.4 0 0 :J 0 12 19 2 2 0 11 0 2 l 20 62 
dee II 0 0 15 16 0 I 0 7 I l 2 34 54 
annual 70 2 39 LS 3 0 0 l 221 141 2 l I ll 1 2 I 19 40 
ltaR 0 l 249 Ill I 2 I 18 I 4 l 41 ll 
nro 20 20 20 20 20 20 26 26 26 26 28 28 28 28 28 28 28 28 28 
years 26 26 26 26 28 28 28 28 28 28 28 28 28 

CLOUD YISllILITY 
nro if days 1111th cloud nro of days 11ith Ja11 nro of days 11ith 
a10Unt (all clouds) cloud a1ount visibility 

oktas oktas UP to 4-10 over 
fog 1-4 10-20 20 

0 1-2 3-5 6-7 8 0 1-2 l-5 6-7 8 8 lk1 k1s k1s k1s k1s 

jan I 9 7 6 4 s 21 l l 2 I 1 1.2 s 7 l 15 
jan II 7 8 7 s 4 18 6 4 2 I 0 0 J 7 6 IS 
feb I 8 9 5 l 3 20 J 3 2 0 0 0 4 6 4 14 
feb II 6 10 6 4 2 16 8 3 I a 0 0.1 2 5 6 16 
ur I 9 10 6 4 2 23 l 4 1 0 0 0 2 7 6 16 
Hr II 8 8 8 4 3 15 9 5 I l 0 0 2 7 7 IS 
apr I 12 9 s 2 2 25 2 2 1 0 0 0 1.2 7 7 15 
apr II 8 10 7 l 2 18 8 3 1 0 0 0 2 8 8 12 
1ay I 13 9 5 2 2 26 2 2 1 0 0 0.1 3 8 11 9 
HY II 12 10 5 2 2 21 7 l 0 0 0 0.1 4 7 ll 6 
jun I 7 8 5 s s 19 3 5 2 1 0 0.2 4 6 11 9 
jun II 8 8 7 4 J 17 6 s l l 0 0.3 s 6 11 8 
jul I 2 3 8 9 9 6 s 11 6 l 0 0.1 4 5 7 15 
;ul [! 0 4 lJ 9 5 4 9 14 4 0 0 0 2 4 6 19 
aug I l 4 8 9 9 5 6 9 8 3 0 0.2 4 5 8 14 
a119 II 0 s 12 9 s 2 10 !J s 1 0 0 1.2 4 b 19 
sep I 6 8 7 s 4 10 8 7 4 1 0 0 Li b Q 14 
sep II 4 10 10 4 2 5 i2 10 2 I 0 0 0.7 s a !ti 
act r 16 9 J 2 1 23 4 2 2 0 0 0 0.4 6 6 19 
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oct II Li 13 3 l 14 13 3 l 0 0 0 0.3 6 6 18 
DOY I 18 9 2 0 2S 2 0 0 0 0 0 LO 6 5 13 
DOY II 16 9 4 0 25 4 l 0 0 0 0 0.9 7 6 16 
dee I 11 10 5 3 2 25 2 3 l 0 0 0.5 3 7 6 15 
de! II 9 10 6 ~ 2 23 4 5 l u 0 0 3 7 9 -.. LL 

annual 112 95 65 49 44 231 u 51 30 9 l 2 33 76 33 m 
1ean 91 105 88 so :n 173 96 67 19 5 0 0.5 26 73 92 172 
nro 28 2S 28 28 28 20 20 20 20 20 20 2S 28 28 28 23 
years 28 28 28 28 28 20 20 20 20 20 20 28 28 28 28 2S 

Station: Si1la 

llootb llEATIER PIOOllNA lllllD 
nro of days 11i th nro of days percentage nro of days of 

prec 11i th 11ind SPeed 11ind froe 
>0.3 tbua- cast S4'1al 20- 1-
• hail der fog stora )62 -61 -19 0 N NE ESE SSll II Ill CALK 

jm I 9 0.7 1.3 3 0 0.4 0 0 2l 8 8 9 j 2S 21 4 l 2 27 
jan II 0 0 24 7 6 11 5 19 22 12 1 2 22 
feb I 7UL8L4 0 0.6 0 0 20 8 10 17 3 17 18 l l l 30 
feb II 0 0 2l 5 8 9 2 12 27 18 2 5 17 
1ar I 9 1.8 S O.S 0.2 0.4 0 0 23 8 9 16 4 18 19 s 1 2 26 
ur II 0 0 28 3 10 6 2 12 28 20 5 8 9 
apr I 6 l.6 5 0.2 0.1 O.l 0 0 2I 9 9 16 5 IS 16 6 1 2 30 
apr II 0 0 28 2 9 7 I 9 27 24 6 10 7 
uy I 8 l.l 7 0.2 0., 0.1 :J 0 2l 8 10 17 7 13 14 7 2 3 27 
llY II 0 0 29 2 12 8 2 5 20 2S 9 I4 5 
jun I L2 0.7 9 2 0.I O.I 0 0 2I 9 IO I6 9 8 13 7 3 5 29 
jun II 0 0 27 l 11 6 l s 18 21 8 I4 12 
jul I 25 0 5 8 0 0 0 0 20 11 I2 IS 3 8 14 7 2 3 26 
jul II 0 0 23 8 12 8 2 6 I8 IS 5 8 26 
aug I 24 0 3 IO 0 0 0 0 I9 12 !O 14 5 7 14 s l 3 41 
aug II 0 0 22 9 12 11 3 81311 4 9 29 
sep I 15 0.2 4 4 0 0 0 0 19 11 u 19 5 7 9 3 0 4 39 
sep II 0 0 23 7 14 13 4 4 I2 I4 s I2 22 
oct I S LO 2 0.3 0.1 0 0 0 21 10 11 17 4 10 14 s l 3 JS 
oct II 0 0 26 s 14 8 2 6 19 I9 4 11 17 
ROY I 1.1 0.2 0.3 0 0 0.1 0 0 21 9 13 18 4 11 14 4 I 2 33 
ROY II 0 0 23 7 13 IS 3 9 17 13 2 5 23 
dee I s 1.0 0.9 0.8 0 0.1 0 0 22 9 12 14 4 17 17 3 1 2 30 
det II 0 0 24 7 10 18 4 16 I9 8 1 2 22 
annual 126 10 44 30 0.9 2 0 0 2S3 112 11 16 S 13 IS S 1 3 31 
1ean 0 0 300 65 11 10 3 9 20 17 4 8 18 
nro 2U 20 20 20 20 20 26 26 26 26 28 28 28 28 28 28 28 28 28 
years 26 26 26 26 28 28 28 28 28 28 28 28 28 
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CLOUD VISIBILITY 
nro if days 1R1th cloud nro of days vitb 10ti nro of days vitb 
a10Ut.t (all clouds) cloud alOUflt visibility 

oktas oktas up to 4-10 over 
fog 1-4 10-20 20 

0 1-2 3-5 6-7 8 0 1-2 3-5 6-7 8 8 lk• Us Us Us klS 

jan I 10 5 3 6 7 24 1 1 2 2 1 L3 0.1 3 10 17 
jan II 6 5 4 7 9 16 4 3 2 4 2 J LO 19 6 2 
feb I 9 6 2 5 6 23 1 1 1 2 0 0.1 0 3 10 14 
Feb II 4 6 5 7 6 16 5 3 2 2 0 2 LO 20 5 LO 
1ar I 11 s 3 6 5 25 2 l 1 1 l 0.4 0.4 4 13 13 
1ar II 5 8 5 7 6 16 5 4 3 3 0 LO LO 20 8 LO 
apr I 13 6 3 5 3 27 1 0 1 1 0 0.1 0.4 5 11 13 
apr II 4 10 5 7 4 15 8 3 ., 2 0 0 LO 15 13 1.0 .. 
eay I 16 6 2 4 3 26 2 0 1 2 0 0.3 0.7 9 13 8 
aay II 6 11 5 6 J 14 9 3 3 2 0 0 LO 18 11 LO 
jun I 11 5 2 5 7 21 2 l 2 3 1 2 -2 13 9 4 
jun II 3 8 6 8 5 10 7 5 5 2 1 2 2 17 8 LO 
jul I 1 2 3 8 17 7 3 2 4 10 5 10 2 9 6 4 

jul II 0 2 3 10 16 4 3 4 6 11 3 9 ~ 11 6 LO 
aug I I 2 4 8 16 7 4 3 2 8 7 11 2 7 6 5 
aug II 0 I l 9 18 2 3 5 5 IO 6 13 3 10 4 LO 
sep I 7 6 l 6 8 I~ 4 2 2 5 2 4 0.9 6 10 9 
sep II 2 5 6 7 10 3 5 7 6 7 2 6 2 14 7 LO 
oct I 21 4 2 2 2 26 2 i 1 l 0 0.5 0.3 3 9 18 
oct II 11 11 3 3 3 14 !O l 2 2 0 LO LO 18 10 LO 
ROY I 20 5 2 2 l 29 1 0 0 0 0 0.1 0 0.3 8 22 
ROY II 14 9 3 3 1 25 4 1 0 0 0 LO LO 21 7 : 
dee I 12 7 l 5 4 27 1 I I I 0 0.4 0.2 2 9 20 
dee II 7 8 4 7 5 22 l 2 2 2 0 LO 2 21 6 I 
annual 132 60 32 62 79 257 24 13 18 36 17 30 9 64 116 147 
1ean 62 84 52 81 86 157 68 u 38 47 14 39 20 204 91 12 
nro 28 28 28 28 28 20 20 20 20 20 20 28 28 28 28 28 
years 28 28 28 28 28 20 20 20 20 20 20 28 28 28 28 28 
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Cliaatological data for the rears 1969-196-t 

Source: Forest research institute and c "'S. llev Forest. Dehra Dun 
Paaphlet llo. 3-18 

Station: Hew Forest (Dehra Dun) 

llon Av.teaperature Av.R.hua Av.Yap.pr llo Rain- Evaporat. Sun sh/ Av. 11ind 
aax. 1in. aean Olh l4h Olh l4h rain fal! Tot av/dar dar velocitr 

(deg.C) (perc.l (• of Hg)dars (n) la) ~hours) (ka/hl 
1969 

Jan 19 .4 3.5 10.9 96 41 6.2 6.l 7 25.3 4l.6 1.5 7.2 1.2 
Feb 23.0 5.5 14.0 91 33 6.6 6.4 3 12.7 64.7 2.3 8.3 1.7 
llar 29.6 10.6 20.0 84 30 9.3 8.8 l l6.7 126.8 u 9.4 1.9 
Apr 32.9 14.5 23.S 70 34 11.0 12.l 6 17.4 185.9 6.2 7.9 3.2 
11a, 34.I 16.7 24.8 67 32 13.6 11.7 12 I38.5 I77.l 6.3 8.9 2.8 
Jun 36.6 21.2 28.l 72 38 I8.l 15.6 9 53.0 205.a 6.9 8.S 2.3 
Jul l0.4 22.5 26.0 89 69 23.0 21.6 24 476.8 74.6 3.4 4.8 L5 
Aug 29.I 21.9 24.7 95 82 20.9 22.6 26 859.4 50.9 2.8 4.8 2.S 
Sep 28.5 20.2 23.8 94 76 18.7 20.6 20 201.5 62.1 2.6 5.9 2.I 
Oct 28.6 13.7 20.7 9l 57 12.6 IS.I I 32.4 75.9 2.4 9.4 i.9 
llov 25.S 8.6 16.S 98 57 9.0 13.l 0 0.0 57.2 2.0 9.I 1.9 
Dec 21.8 4.1 12.S 97 43 6.3 8.1 0 0.0 41.S 1.3 8.3 1.9 

Tot. lll I8Sl.7 1166.3 

1970 

Jan 18.8 3.9 10.7 94 48 6.2 7.0 4 79.6 37.l 1.2 6.5 2.4 
Feb 21.2 5.7 13.2 96 57 7.2 10.0 2 32.4 52.9 2.0 8.4 2.8 
llar 25. 7 8.9 17.2 91 57 9.0 13.8 1 11.6 96.0 3.1 8.9 3.0 
Apr 33.8 13.5 23.7 73 2~ 11.4 7.4 9.2 172.6 5.7 9.6 3.3 
"ar 36.8 17.S 26.4 64 30 13.2 11.6 6 99.2 214.0 6.9 9.6 3.2 
Jun 31.4 21.6 25.7 87 65 19.6 19.4 12 291.8 90.0 3.6 6.2 1.7 
Jul 31.1 22.5 26.2 91 70 21.4 22.3 IS 417.9 76.2 3.3 5.3 l.5 
Aug 29.9 22.6 25.6 96 79 21.6 22.2 22 632.1 45.a 2.7 4.1 1.3 
Sep ~0.0 20.8 24.8 94 74 19.3 20.8 14 447.4 58.0 2.8 6.5 1.0 
Oct 23.7 14.8 21.3 n 58 13.7 15.6 3 71.8 67.9 2.4 8.8 1.0 
llov 24. 9 6.1 15.0 95 43 7.6 9.5 0 0.0 57.8 1.9 9.0 1.1 
Dec 21.7 3.1 11.9 96 45 6.0 8.2 0 0.0 43.1 u 7.8 1.1 

Tot. 80 2093.0 1011.4 

1971 

Jan 19 .2 2.8 10.4 95 48 5.7 7.5 3 45.6 49.1 1.6 7.7 1.5 
Feb 21.6 S.l 13.0 95 5• 6.9 9.9 4 56.2 60.4 2.3 8.2 2.3 
llar 27. l 8.2 17.a 87 42 8.3 IO.a 1 2.8 113.0 3.6 9.4 2.3 
Apr 31.7 14.8 23.l 77 4• 12.6 14.5 5 5•.8 156.4 S.2 8.9 2.6 
Kay 32.1 17 .1 23. 9 78 49 14.9 16.0 7 114.5 160.3 5.3 8.7 3.4 
Jun 30.l 22.3 25.2 90 77 20.7 21.6 19 587 .9 53. l 2.8 4.5 1.8 
Jul 29 .5 22.4 25.4 93 78 21.1 21. 9 20 599.5 60.4 2.9 4.7 1.5 
Aug 28.l 21.7 2•.l 96 81 20.3 21.3 25 1180.6 26.5 2.2 3.9 l.5 
Sep 29.• 18.7 23.5 92 67 17.4 19.3 7 ll6.5 80.7 3.1 ~-2 1.2 
Oct 27.9 13.7 28.3 93 56 12.9 14.9 5 82.6 80.0 2.8 8.9 1.1 
Nov 23.8 8.0 15.4 97 49 8.4 10.3 2 37.4 48.4 1.7 8.4 1.2 
Dec 21.2 4.6 12.4 98 •S 6.6 8.2 0 0.0 45.5 1.5 a.3 1.2 

Tot. 98 2898.4 933.8 

1972 

Jan 20.4 4.0 11.6 97 u 6.5 7.4 3 14.2 42.6 1.4 ,;.a 1.5 
Feb 19.3 3.9 11.4 95 49 6.3 7.7 5 106.6 55.5 2.2 a.a 2.3 
Kar 27. 5 9. 9 18.5 88 41 9.2 IO.a 2 48.9 108.7 3.5 g_2 2.4 
Apr 30.2 12.8 21.5 82 49 11.4 15.1 s 50.0 152.2 5.1 ?.8 2.? 
Kay 37 .2 16. 9 26.5 62 25 12.7 12.0 0 0.3 239.4 7.7 10. l 2.6 
Jun 36.8 21.3 28.1 IJ6 38 16. 7 15. l 5 51.1 215.l u 6.0 3.0 
Jul 30.a 22.a 26.3 89 73 21.4 22. 3 12 273.2 04.8 3.8 S.b 2.1 
Aug 29.7 21.7 24.? 94 77 20.4 22.0 I? 324.? 71.' 3.1 5-4 I.I 
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Sep 28.9 13.2 22.9 93 66 17 .0 111.9 14 S6S.9 71.3 3.0 7-9 2.4 
Oct 27.8 11.6 19.} 91 49 11.l lV? 2 10.2 88.9 2.9 a.a Li 
Nov 24.6 7.9 lS.8 96 46 3.7 10.2 l 2.9 00.2 2.0 8.8 2.3 
Dec 21.4 4.7 12.S 96 44 7.0 7.9 1 7.6 4S.l LS 7.4 2.3 

Tot. 69 1460.8 124S.2 

1973 

Jan 19.3 4.5 11.3 96 49 6.8 7.5 7 80.4 39.8 u 6.5 2.4 
Feb 22.4 6.4 14.3 96 43 7.7 8.4 4 26.6 60.9 2.2 7.9 3.0 
llar 26.l 8.4 17.3 88 41 8.7 10.3 4 59.3 105.l 3.6 8.2 3.2 
Apr 35.2 14.1 24.6 66 26 10.7 11.1 0 0.0 203.8 6.8 9.7 3.6 
Kay 35.9 17.9 26.l 66 41 1'.8 16.9 2 30.l 250.0 8.1 9.7 4.3 
Jun 32.2 21.7 26.l 84 62 19.7 19.8 17 228.5 124.9 4.8 5.9 3.2 
Jul 30.5 22.S 25.9 90 75 21.9 22.3 17 915.2 78.5 3.9 5.9 3.4 
Aug 29.7 21.7 25.0 94 77 20.9 21.8 22 496.5 67.6 3.2 4.6 2.9 
Sep 29.8 20.3 24.4 94 72 19.5 20.7 IS 346.9 76.7 3.3 6.9 2.9 
Oct 27.7 13.2 20.0 94 55 13.0 l·U 4 106.8 86.2 2.9 9.1 2.4 
Nov 24.9 6.6 15.~ 97 45 8.2 10.1 0 0.0 64.0 2.1 9.4 1.8 
Dec 20.3 3.2 11.2 96 u 6.9 7.9 l 12.0 48.4 1.6 7.7 2.4 

Tot. 93 2302.3 1205.9 

1974 

Jan 19.8 4.4 11.S 95 44 6.3 7.3 3 52.9 46.8 1.6 7.4 2.6 
Feb 20.9 5.0 12.7 91 45 6.4 7.7 l 20.6 67.4 f s 7.5 2.6 
"ar 27.9 10.8 19.2 85 52 9.4 14.0 0 5.4 118.9 3.8 8.4 2.5 
Apr 34.3 14.9 24.7 72 37 11.5 14.6 l 8.0 205.2 6.8 10.l S.l 
Kay 36.6 17.8 26.5 60 31 13.0 13.5 3 40.5 252.9 8.2 9.7 3.6 
Jun 35.2 21.2 27.3 73 47 17.8 18.3 6 78.4 19&.6 6.8 8.1 3.1 
Jul 30.6 22.5 25.9 90 73 20.6 21.4 22 729.4 70.6 3.9 5.3 2.2 
Au~ 30.0 22.6 25.5 93 73 20.7 21.6 17 452.5 82.1 3.4 5.7 2.0 
Sep 30.7 19.9 24.7 90 60 17.7 19.0 6 47.5 118.3 3.9 8.8 1.9 
Oct 28.8 13.9 21.0 89 49 12.7 13.9 4 26.3 94.9 3.2 8.7 1.5 
Nov 25. 7 6.1 15.4 90 36 7.2 8.5 0 0.0 72.0 2.4 9.3 i.2 
Dec 19 .2 4.0 11.l 92 47 6.2 7.3 4 67.8 39.8 1.4 5.7 1.1 

Tot. 67 1529.3 1359.l 

1975 

Jan 17.7 4.6 10.6 93 57 6.5 7.9 6 71.1 36.3 l.3 5.6 1.4 
Feb 20.6 6.0 13.l 93 51 7.1 9.8 5 67.l 52.7 2.1 7.7 1.8 
llar 25. 7 9.3 17.~ 88 42 8.7 9.9 6 119.2 106.6 3.6 8.4 3.6 
Apr 33.3 13.3 2j.3 73 32 10.9 11.9 0 0.0 165.7 5.7 9.9 3.6 
Kay 36.9 17.0 26.3 62 33 14.0 15.0 2 21.4 243.8 8.1 10.8 4.6 
Jun 33.9 20.8 26.S 74 55 17.6 17.7 12 380.l 144.8 6.6 7.4 3.4 
Jul 30.0 21.7 25.2 90 75 20.3 20.0 20 430.8 65.3 3.4 5.5 3.2 
Aug 29.a 22.0 25.l 93 75 20. 4 21.5 21 437.7 61.3 2.8 4.o 2.9 
Sep 28.6 20.2 23.S 93 75 18.6 20.0 18 428.2 65.8 2.9 5.3 3.1 
Oct 28.7 15.2 21.4 91 57 13.a t5.4 3 48.8 84.6 2.8 8.9 2.7 
Nov 24.1 5.4 14.4 95 43 7.4 9.3 0 0.0 63.2 2.1 9.4 2.5 
Dec 21.1 2.7 11.4 96 43 6.1 7 .8 0 0.0 45.3 l.5 8.1 2.3 

Tot. 93 2054.4 1135.4 

1976 

Jan 
Feb 
Kar 
Apr 

"" Jun 
Jul 
AUCJ 
Sep 
'Jct 
Nov 
Dec 
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Tot. 

1977 

Jan 19.3 4.5 11.4 97 51 6.5 8.1 4 49.4 44.8 1.5 6.4 3.0 
Feb 23.2 4.4 13.6 94 38 6.3 8.0 0 1.2 75.0 2.7 9.4 3.4 
Kar 30. 9 9.4 19.7 61 31 ij_4 9.9 1 6.2 139.4 4.5 9.8 3.9 
Apr 31.9 14.4 22.9 77 39 12.0 12.7 4 39.4 176.0 5.9 6.5 4.5 
May 32.7 17.0 24.3 68 40 14.0 13.7 6 65.9 206.2 6.7 9.7 4.4 
Jun 34.5 20.5 26.7 73 54 111.l 18.9 8 295.9 162.l 6.0 7.6 4.1 
Jul 29.6 23.4 25.9 9i 83 22.l 22.9 24 627.2 54.4 2.6 3.3 3.1 
Aug 29.8 22.6 25.5 95 78 21.4 22.S 18 767.l 72.il 3.2 4.7 3.0 
Sep 29.l 20.4 24.2 94 73 19.1 20.3 IE 513.6 80.3 3.7 6.2 3.0 
Oct 27.5 15.7 21.1 95 64 14.5 17.0 l 16.2 84.8 2.7 8.3 2.5 
Nov 25.l 10.3 17.2 96 51 9.9 12.l 0 0.0 58.0 2.0 8.6 2.4 
Dec 20.3 5.4 12.2 96 49 7.0 8.0 4 58.2 U.3 u 6.6 2.6 

Tot. &8 2430.3 1195.l 

1978 

Jan 18.7 3.4 10.6 96 44 6.1 6.8 l 4.4 46.0 1.5 8.0 2.9 
Feb 20.0 5.7 12.6 <14 46 7.1 7.8 4 67.6 66.6 2.5 7.2 3.3 
Mar 22.7 8.3 15.3 88 53 9.0 10.l 8 171.4 93.l 3.3 7.6 Li 
Apr 30.6 13.2 22.0 83 39 12.4 12.6 3 65.8 142.6 4.9 9.1 3.6 
"av 36.6 16.4 26.8 65 36 15.3 16.l l 4.0 230.3 7.4 11.1 3.9 
Jun 33.3 23.2 27.3 81 59 20.0 19 .6 11 390.0 lU.7 6.0 6.5 3.5 
Jul 30.0 22.7 25.7 93 77 21.7 22.3 22 656.6 68.S 3.1 4.6 3.2 
Aug 29.2 22.7 25.3 95 80 21.5 22.4 21 1094.6 48.9 1.6 3.8 2.8 
Sep 29.0 20.l 23.9 92 72 18.9 20.l 14 433.l 83.8 3.4 7 .1 2.9 
Oct 28.4 13.7 20.7 91 54 13.4 15.2 1 t , .b 93.l 3.0 9.8 2.3 
Nov 24.l 8.9 15.9 95 53 9.4 11.2 4 69.2 56.4 1.9 8.0 2.5 
Dec 21.0 4.8 12.4 98 48 7.0 8.6 1 7.6 41.6 1.3 8.3 2.3 

Tot. 91 2968.9 1115.6 39.9 91.l 37 .5 

1979 

Jan 19.9 5.t 12.0 96 48 7.1 8.0 4 48.6 44.0 1.5 7.4 2.8 
Feb 19.6 6.0 12.5 93 55 7.5 8.7 4 121.3 48. l 1.9 7.2 3.4 
"ar 24.1 8.5 16.3 89 43 8.9 Q ~ •• J 1 11. 9 103.1 3.3 8.0 4.0 
Apr 32.6 14.2 23.3 81 41 13.0 14.3 0 7.3 168.8 5.8 9.5 3.7 
May 34.5 15.8 24.5 69 38 13.4 14.6 3 65.1 202.7 7.0 9.7 4.0 
Jun 35.3 20.6 27.l ;3 50 18.6 19.i 9 253.8 174.4 6.5 9.1 3.9 
Jul 30.6 22.0 25.7 92 77 21.5 23.2 20 622.3 96.5 14.2 5.4 3.0 
Aug 30.9 22.0 25.8 93 73 21.2 23.l 14 408.7 88.6 3.5 6.4 2.9 
Sep 31.0 17.1 23.5 91 52 16.2 16.9 1 15.0 119.4 4.0 8.9 2.5 
Oct 30.0 13.l 21.2 92 49 12.8 14.8 0 0.0 112.6 3.6 9.3 2.5 
Nov 27.0 9.0 17.5 93 48 9.5 12.5 0 0.6 75.0 2.5 7.9 '2.5 
Dec 21.7 5.5 13.0 96 43 7.1 7.8 l 25.7 47.5 1.6 6.9 2.4 

Tot. 57 1580.3 1280.7 45.4 95.7 ~7.6 

1980 

Jan 20.5 3.5 11.S 93 43 6.1 7.2 2 11.3 50.5 1.6 7.8 2.8 
Feb 22.7 6.3 14.2 92 41 7.5 7.7 2 26.4 69.4 2.5 8.2 3.3 
Mar 25.0 9.0 16.9 88 44 9.2 9.7 6 50.4 103.0 3.4 7.0 3.7 
Apr 34.7 14.5 ~4.7 6q 28 11.4 11.S l 8.7 220.7 7.4 10.6 4.4 
"ay 37.5 19.2 27.7 59 37 14.7 17.3 2 7.4 292.7 9.4 10.0 5.0 
Jun 32.7 21.8 26.4 33 61 19.8 20.2 12 341.4 142. 9 5.5 7.2 3.7 
Jul 30.2 23.l 26.l 95 76 22.0 22.6 22 545.5 51.6 2.7 3.9 3.0 
Aug 30.l 22.2 25.5 95 76 21.3 22.3 21 890.7 59.7 3.3 5.6 2.7 
Sep 30.3 19.8 24.4 91 64 18.l 19.3 8 150.2 87.8 3.4 7.9 2.6 
Oct 28.5 14.2 20.9 92 51 13.3 14.l 1 11.7 04. 7 2.7 8.4 2.3 
Nc.v 25.0 8.5 16.3 95 45 9.1 10.2 2 17.9 59.3 2.0 8.6 2.3 
&ec 21.4 5.1 12.7 98 49 7.2 8.9 1 12 .1 42 .1 1.4 7.3 2. l 

Tot. 90 2093.7 1264.4 45.3 138.3 37. 9 

1981 
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Jan 18.0 4.8 10.9 97 57 7.2 3.1 7 90.0 36.9 1.3 6.2 2.6 
Feb 22.2 6.8 14.1 q5 u 7.8 8.2 0 b.9 57.3 2.1 7.5 3.0 
Kar 2U 9.7 17.l 93 47 9.7 10 4 6 74.l 88.1 3.0 7.5 3.7 
Apr 31.5 14.3 23.0 76 33 12.3 11.5 1 6 " .o 172.3 5.7 9.9 3.9 
Kay 34.3 17.9 25.5 68 37 15.0 14.2 6 79.3 224.3 7.J 10.0 4.2 
Jun 35.4 20.6 27.0 69 43 17.l 15.8 9 242.3 170.5 6.8 8.6 3.6 
Jul 30.0 23.1 26.0 93 78 22.0 22.6 24 699.2 54.9 3.2 3.7 2.5 
Aug 30.6 22.6 25.9 92 74 21.4 22.3 12 467.7 77 .l 3.4 5.5 2.6 
Stp 30.6 20.0 24.6 93 64 18.5 19.~ 11 128.8 99.3 3.3 7.3 2.2 
Oct 29.4 12.3 20.5 94 47 12.0 lH 0 0.0 91.2 2.9 9.8 2.3 
Nov 24.0 8.2 15.7 93 51 9.1 10.2 3 75.5 47.l l.6 8.0 2.1 
Dec 21.6 J.O ll.8 94 40 5.9 7.1 I 7.6 45.6 LS 8.7 2.4 

Tot. so 1879.l 1065.9 42.l 92.7 35.l 

1982 

Jan 20.l 4.8 11.9 95 51 6.6 7.1 5 88.7 36.8 1.3 6.3 2.5 
Feb 19.5 5.9 12.5 94 54 7.7 8.3 4 62.5 43.5 l.6 6.4 2.8 
Kar 22.6 8.6 15.6 93 54 9.0 10.6 9 165.9 70.2 2.5 7.4 3.5 
Apr 29.9 12.9 21.3 84 41 12.0 12.2 7 56.5 139.2 4.8 9.3 J.6 
Kay 31.9 15.7 23.2 82 41 14.5 12.8 7 1114.2 155.9 5.6 9.1 3.3 
Jun 34.7 20.5 26.6 80 49 18.l 17.5 7 103.9 162.8 5.4 9.1 3.3 
Jul 33.4 22.2 27.l 86 65 19.5 21.l 15 434.l 125.Q 4.0 6.1 2.9 
Aug 30.7 22.7 25.9 93 77 20.8 22.4 21 652.9 62.3 3.5 4.7 2.5 
Sep 31.3 18.4 24.3 93 60 17.6 20.2 4 40.5 109.5 3.7 8.8 2.5 
Oct 29.2 12.8 20.5 93 53 12.4 14.9 2 51.7 83.4 2.8 8.4 2.3 
Nov 25.3 8.4 16.4 93 48 9 .0 11.l 0 0.1 61.2 2.0 7.8 2.2 
Dec 21.C 4.J 12.4 94 44 6.4 8.0 2 52.2 47.2 l.6 6.7 2.2 

Tot. 83 1833.2 1097.9 38.8 90.l 33.6 

1983 

Jan 18.6 3.i 10.6 95 55 6.3 8.2 3 78.5 36.4 1.3 6.8 2.3 
Feb 20.9 5.0 12.7 94 46 6.7 8.0 3 25.7 57.B 2.1 7.~ 2.8 
Har 25.l 8.3 16.6 91 45 8.7 10.l 4 65.3 94.2 J.1 7.4 3.2 
Apr 27.5 11.9 19.7 87 47 11.4 11.8 8 97.7 104.6 4.0 7.5 3.3 
Kay 32.0 16.6 23.6 80 50 15.2 15.2 8 113.4 142.5 5.3 q ~ .. .) 3.1 
Jun 35.0 ~8.9 26.4 72 39 16.2 lU 5 91.0 191.l 6.6 9.4 u 
Jul 31.6 22.2 26.4 88 68 23.3 21.5 17 323.2 101.7 4.1 6.0 2.5 
Aug 30.4 23.4 26.1 94 76 2U 22.S 21 689.S 61.6 2.8 3.2 2.4 
Sep 30.7 22.2 25.8 93 70 20.2 21.6 13 346.l 69.5 3.0 6.8 2.1 
Oct 28.6 14.6 21.0 92 so 12.3 14.2 4 41.8 91.l 3.0 9.3 2.1 
Nov 25.5 10.3 17.4 96 46 8.2 10.8 0 0.0 57.3 2.0 9.1 1.7 
Dec 20.8 3.8 11.7 95 46 6.0 8.0 1 6.2 44.9 1.4 7.4 1.8 

Tot 87 1796.5 1052.7 39.7 99.7 30.7 

1984 

Jan 19.2 l.B 10.0 95 41 5.2 6.6 2 9.5 46.3 1.5 7.3 2.2 
Feb 21.0 3.9 12.2 94 40 6.0 7.0 6 123.4 58.2 2.2 7.7 2.9 
Kar 28.3 9.9 19.! 90 36 9.4 10.2 1 ~ 7 ,,., .113.l 3.6 8.7 2.8 
Apr 32.7 12.9 22.7 76 22 11.7 9.8 1 7.6 184.S 6.i I'\ 0 ... ., 3.6 
Kay 38.2 18.3 27.6 60 26 14.3 12.4 0 1.0 259.9 8.4 9.5 3.7 
Jun 32.9 23.2 27.1 84 62 20.4 20.J 13 389.5 109.6 4.8 4.9 2.7 
Jul 29.9 21.9 25.3 93 75 20. 9 21.7 26 687.4 69.B 3.7 4.9 2.4 
Aug 30.2 22.6 25.7 93 77 21.4 22.1 18 298.6 69 .1 3.0 4.5 1.8 
Sep 29.S lB.6 2j.5 94 63 17.1 18.7 11 207.1 88.3 3.3 7.8 l.B 
Oct 29.7 11.7 20.2 94 39 10.a 11.7 0 0.0 101.7 3.3 9.8 1.8 
Nov 25.3 6.3 15.3 96 42 7.5 9.7 0 0.0 64.B 2.2 a.a 1.6 
i !C 22. l 3.7 12.4 96 42 6.3 7.7 I 13.1 46. l 1.5 7.0 !.S 

Tot. 79 1740.9 1211.4 43.7 89.7 28.B 



Te1oorai distribution of annual rainfall 
Year precipitation (c1) 

1S65 148. 
1866 135. 
1867 225. 
1808 140. 
1869 16'0. 
1370 220. 
1871 300. 
1872 230. 
1673 240. 
1874 160. 
1875 216. 
1876 215. 
1877 110. 
1878 210. 
1879 274. 
1880 220. 
1881 240. 
1882 235. 
1863 160. 
1884 155. 
1885 220. 
1886 300. 
1887 240. 
1888 210. 
1889 215. 
1890 240. 
1391 140. 
1392 180. 
1893 260. 
1894 320. 
1895 210. 
1896 180. 
1897 176. 
1898 310. 
1899 150. 
1900 130. 
1901 224. 
1902 148. 
1903 150. 
1904 220. 
1905 130. 
1906 200. 
1907 180. 
1909 276. 
1909 270. 
1910 278. 
1911 m. 
1912 100. 
1913 155. 
1914 152. 
1915 170. 
1916 220. 
1917 230. 
1918 280. 
1919 120. 
1920 160. 
1921 230. 
1922 251. 
1923 295. 
1924 205. 
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1925 180. 
1926 230. 
1927 174. 
1928 m. 
192~ 180. 
l930 170. 
1931 226. 
1932 225. 
1933 252. 
1934 180. 
1935 305~ 
1936 300. 
1937 222. 
1938 250. 
1939 174. 
1940 175. 
1941 245. 
1942 260. 
1943 177. 
19« 224. 
1945 230. 
1946 250. 
1947 224. 
1948 205. 
1949 225. 
1950 176. 
1951 205. 
1952 210. 
1953 260. 
1954 227. 
1955 255. 
1956 178. 
1957 230. 
1958 280. 
1959 li6. 
1960 278. 
1961 222. 
1962 230. 
1963 240. 
19~ 230. 
1965 225. 
1966 222. 
1967 175. 
1968 165. 
1969 175. 
1970 210. 
1971 215. 
1972 146. 
1973 230. 
1974 153. 
1975 205. 
1976 ??? 

1977 2C3. 
1978 297. 
1979 158. 
1980 208. 
1981 188. 
1982 m. 
1983 180. 
1984 174. 

Source: Dept. of Env1ron1ent 
data for years 1972-1984 are fro1 Forest Researcb Institute, 

Dehra Dun pa1phlets about ,111atolo91cal data for the Hew Forest 
Station in Dehra Dun 
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lklnthly avfrdge rainfall i60 years) (11) 
(UNDP) 

jan 58.9 
feb 62.7 
aar j2.0 
apr 16.5 
laf 36.8 
jur. 217.2 
jul 668.0 
aug m.j 
sep 269.7 
act 32.0 
nov 8.9 
dee 25.9 

J 



Height 
(lOOI) 

0 
l 
2 
J 

4 
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11 
12 
13 
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Potential tees>erature differences bet..een 
llussoorie and valley floor (in oC) 

Diif ference 
(oC) 
0.0 
0.5 
LO 
1.9 
1.7 
4.2 
l.8 
7.0 
1.9 
3.2 
4.5 
7.3 
6.2 
7.7 

Potential telperature profile measured outside the left 
front Mindoli of a 1oving autoaobile, 10.00 - 11.00 LST 
9 January, 1986, betMeen the city li1its of Debra Dun 
and llussou r i e • 
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E:1pected rainfall tin ca) DehnGut 11ith different percent clluce fr~ency 

llonth/ 
period m SOI 70% 60I 50% 40% 311: 29% 10% SI 1% 

Ju 0.2S us 2.41 3.96 S.87 7.U 3.61 10.13 12.IU IS.24 21..71 
feb 0.85 1.35 2.« 3.56 4.l2 S.99 7 .98 II.SI 14.7l 18.54 21.29 
llir o.oa 0.64 LU l.6S 2.82 4.11 4.76 6.27 8.3l IO.S7 19.66 
Apr O.Ol 0.20 O.U 0.79 l.09 1.78 2.08 l.12 4.65 6.00 9.68 
hy 0.56 0.8'9 l.6S 2.29 2.87 l.68 4.72 S.87 6.:~ 11.66 19.lO 
Ju l.Sl 8.10 10.49 13.Sl 17.40 21.21. 2S.Q6 lS.46 40.94 46.00 61.95 
Jul 38.00 48.08 58.32 64.90 70.IS 76.61 83.6-i 27.91 99.87 108.8'9 113.69 
Aug 42.80 50.07 S7.99 65.Sl 71.70 n.os 88.21 98.60 104.24 117.48 163.65 
Sep 7.72 13.69 17 .21. 23.06 27.0l 32.84 lS.08 40.41 56.24 6S.99 101.40 
Oct 0. 0. 0.13 0.79 I.SO l.20 4.93 8.l6 11.33 17.58 l2.54 
Nov 0. 0. 0. 0. 0. 0.10 li.36 Li4 3.10 l.91 11.U 
Dec 0. 0. 0.21 O.Sl LC4 1.73 2.54 4.14 8.28 9.91 IS.DI 
Ann11 m. 94 111 .80 190.SO 20s.14 215. 90 21.6.06 2u.30 -266.70 m.48 302.26 309 90 
PrelO 10.90 15.19 17.40 24.0l 26.62 l0.2l !S.92 40.92 50.55 57.8' 71.18 
llonso 107.57 llS.69 150.65 159.ll 175.90 186.97 200.66 218.72 231.85 249.8' 262. ;1 
Poslo 6.00 7.54 9.75 11.~ 13.72 18.11 19.43 23.l2 26.7S ll.88 40 •• 1 

Pre1011soon - Kirch, APril, hy, June 
llonsooo - Juh, A:igust, SeptHber, October 
Posllonsoon- llov!lber, Decelber, Juuary, February 

Frequency : 100. / Percent chance 



-116-

Population during last 12 decides 
District llehradun 

(yearbook 19341 

YDI totd aale fe.ale run I srbu % iocrHse 
during 10 years 

lSn 117000 
1881 144000 23.118 
1891 168000 16.67 
l~l 177SOO 102400 75100 5.65 
1'11 204SOO 120500 84000 lS.21 
1921 ''!~ 128000 83400 l.62 
1931 229800 137300 92SOO 8.45 
1941 265785 161671 104115 15.66 
1951 36168'1 210860 15082'9 36.08 
1961 42'614 242987 166027 231179 197835 18.60 
1971 577306 3261118 251798 lOSS29 271777 34.57 
1981 761668 420465 341203 389527 372141 31.91 

Percentage of differ!llt 110rkers in .ain workieg cliSS: 
District Debradun 

(yearbook 1984) 

Total 11in 111rkers 247982 100 % 

Firms 69291 28 I 
Agricultural 110rkers 19682 8 % 
Fuih industry ll68 l I 
Others 155841 6l I 

Population & area in 1971 according blocks: 

POPUiation arH in sq kl 
block Cllakrata 22834 302 
block lalasi 38660 278 

block Sahaspur 112709 1229 
block Doi11ala 112991 1114 
block Yangra1 8135 0 

total rural 305529 2923 

total urban 271777 165 

Doon valley rural 234035 2343 
Doon ;alley total 505812 2508 

Debra Dun District 577306 3088 
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Electricity .:OC.suaptiOft in District 
in kllloars Electricity in use 

(yearbook 1984) 

1981-82 1982-Sl 1983-S. 
llolestic light 
' PQller 46080 58500 139360 
Collercial light 
lPC*er 4097 30258 18176 
Industrial 
capacity 88847 15708-4 158416 
Public 
lightning 874 798 1133 
Agricultural 
consuption 5372 5113 48'6 
Setter ' 11ater 
SUPPh 12205 IU47 13997 

Total 257475 266600 ll5928 

Per capita use 338 l50 «l 

Percentage of Electrified Villages 

1970-71 6 % 
1973-74 15 % 
1978-79 32 % 
l 9'cU -82 SO I 
1983-S. 63 I 
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E1traction of Forest Product in De~radun in Cu.ft. 
Source: Dept. of Environ1e11t 

Year Conercid Free ' Concessional Toti! 
llood FirN>Od lloocl Fir!llOOd 

1959-60 26698 9515 6 4376 40595 
1960-61 l0654 2'9181 13 2532 52:i80 
1961-62 19514 56056 52 3414 79036 
1962-63 mu 6256' 150 3166 mn 
1963-64 15456 51326 llS 3232 70149 
1964-65 34772 63490 llI 3155 101S28 
1965-66 l7359 627a2 0 983 10ll24 
1966-67 327118 76067 2 28 1118885 
1967-68 26926 54303 a.a. a.a. 8122' 
1968-69 36873 187493 115 166 224647 
1969-70 41864 141380 125 693 184062 
1970-71 45620 176002 175 8 221805 
1971-72 5135:> 125025 12'9 378 177387 
1972-73 34043 115746 108 142 150039 
1973-74 31023 91S56 35 97 122711 
19i4-75 31342 83434 126 84 114986 
1975-76 •om 89706 50 530 1311163 
1976-77 34053 85089 85 173 119400 
19n-78 39737 n.a. 108 563 40408 
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GrOllth of forest revenue 

rear revenue groe.th er~enditure grOllth 
lo. I Ro .. .. 

1945 ~OS0004 1£5140 
1946 1235302 12.5 1sssn 14.3 
1947 1389681 11.8 212526 12.5 
1948 1543996 12.S 236139 11.l 
1949 3484782 25.9 378484 60.2 
1'50 4392395 23.19 416397 27.9 
1951 SS0&375 27.4 37sas2 10.0 
1952 3216983 38.5 Jann 2.3 
1953 267ll341 21.2 330752 0.2 
1954 2660067 0.3 359101 8.2 
19SS 4079493 12.4 38Sti65 7.4 
1756 
1957 S654347 70.9 458915 16.l 
1958 4220542 25.2 6l0508 16.4 
1959 4L."0562 2.2 600292 3.8 
1960 4525320 4.7 6999l10 l.8 
1961 5015649 6.3 799039 12.8 
1962 5963680 Li 814556 3.2 
1963 6954002 18.5 786156 3.8 
1964 8404161 16.9 882447 12.2 
1%5 1198W'J9 14.5 1306248 48.2 
1966 12890035 8.9 8'J04'8 Jl.7 
1967 12340018 4.4 1148573 2'9 .3 
1968 12450365 0.9 1313332 19.9 
1969 13647050 9.5 1411541 3.3 
1970 16215524 11.4 1519994 7.2 

Retark: values and percentages are not reliable 
Source: Dept. of Environent 
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Runoff versus crop rotaticn in llehradun Valier 

particulars Sannheap- I11ar fodder- llaize 
llheat llheat wheat 

Rainfall ta) 986.8 986.6 9'36.8 
Runoff lul 427.8 267.2 17?.8 
Runoff as % 43.3 27.0 18.2 

Rainfall (a) 1678.l 1678.3 1678.3 
Runoff (a) 1007 .4 386.l 680.0 
Runoff as % 60.0 23.0 40.0 

Rainfall (n) 1023.0 1023.0 1023.0 
Runoff (11) 409.8 70.6 110.7 
Runoff as % 40.0 6.9 10.B 

Rainfall (a) 1018.6 l.U0.2 833.8 
Runoff (•) 280.0 78.0 36.0 
Runoff as % 27.S s.s 4.3 



Runoff and soil erosion 
(for tonsoon pe~iodl 
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Treataent Rainfall 11ater lo;ses s~il erosion 
111) as : of rainfall tons/hour 

(for tonsoon period) 

Foddergrass 1250 
Barefollon 1250 
Bare ploughed 1250 
N~tural grass 1250 

(for winter rains) 

Fodder grass 173 
Bare f allon 173 
Bare ploughed 173 
Natural grass 173 

27.l 
71.l 
59.6 
21.2 

11.4 
58.7 
45.6 
4.1 

1.10 
42.40 

155.95 
LOO 

LIO 
3.55 

- 5.77 
0.03 
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The area in Debra Oun District in years 1880 - 1980 (in hectares) 

---------------------------------------------------------------·--------------------------------------------------------------------------------------------------------------------------------------------------------------------
1880 1890 1900 1910 1920 1930 1940 1~50 1960 1970 1980 

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
tNPOrary crops 35986 36484 36544 J8975 35739 39487 40119 42323 54372 5341l 56101 
per1anent crops 1842 1842 2111 2172 20'.i7 2099 2036 1995 2046 1459 1245 
wet rice 94().t 94().t 10195 96. 9166 10332 9458 11896 13779 13247 12088 
f allOllS 3291 4653 4294 3657 6410 :ma 3412 3490 4100 4602 6502 

AWLE 4lll9 4297? 42949 44804 44236 45314 45617 47808 60518 59472 63848 

conifer 20446 20065 19760 19332 19139 18818 18512 13036 16826 16628 15949 
tror>. B/L hutid forest 38321 36328 37980 37393 37257 36874 36517 35322 33652 33256 32361 
teeperate l/L forest 29504 2'JO~ ~741 28235 28071 27719 27338 26804 25120 24941 24039 
Ii Ied llOOds 27174 27010 26945 26709 26795 26702 26627 26303 24884 24942 24271 
trop. dry forest/11:iodlahd 56937 56335 55944 55200 55121 54675 54268 53358 50240 49884 43541 

FOREST/llOODUND 172882 170806 169370 166669 166363 1647118 163312 160323 150722 149651 145161 

SQ111/1arsh 21481 21094 20786 20350 20160 19835 19526 19038 17773 17540 16874 
llAJOR llEnANDS 21481 21094 20786 20350 20160 19835 19526 19038 17773 17540 16874 

SURFACE llATER 7720 7720 7720 7720 7720 7720 7720 7720 7720 7720 7720 

11ood/f ield 10saics 3907 4012 4lll 4222 4363 4475 4590 4659 45'6 4625 4646 
11oods/shrub/9rass co1Plex 35172 36117 37185 38004 39274 40282 41310 41935 40739 41627 41315 

IMTfRRUPTED llOl'.IDS 39079 40129 4lllb 42226 43637 44757 45900 46594 45265 46252 46461 

grassland/shrub land 21223 20607 21129 21120 20881 20475 20536 ,0406 19567 19817 18954 
GRASS/SHRUB CO"PLEXES 21223 20607 2ll29 21120 208tl 20475 20536 20406 19567 19817 18954 

deser ' se1idesert 4140 4116 4106 4049 4083 4066 4056 4008 3792 3716 3698 
TOTAL llASTELAND ' DESERT 4140 4116 4106 4049 4083 4066 4056 4008 3792 3716 3698 

SETTLED, BUILT-UP, RR ' ROADS 1156 1349 1424 1642 1700 1845 2133 2903 3443 4632 6084 

AREA FRO" AGGREGATE SOURCE 308800 308800 308800 308800 308800 308800 308800 308800 308800 306800 308800 

TOTAL POPULATION 144070 163135 177465 204534 211677 229850 265786 361639 429014 577306 758241 

----------------------------------------------------------·-------------------------------------------------------------------------------------------------------------------------------------------------------------------------

co1pare 1980 - 1880 change I change 
te1porary crops 20115 55.9 
per1anent crops -597 -32.4 
11et rice 2684 28.5 
fallo11s 3211 97.6 

ARABLE 22729 55.3 

conifer -4497 -22.0 
trop. B/L hu1id forest -6460 -16.1> 
te1perate 8/L forest -5465 -13.S 
1ixed 11oods -2903 -!0.7 
trop. dry forest/11oodland -8396 -14.7 

FOREST/WOODLAND -27721 -16.0 

s11a1p/1arsh -4607 -21.4 
"AJOR WETLANDS -4607 -21.4 

SUHFACt WATER 0 ll.O 

Nood/f ield 1osaics 739 lB.9 
11oods/shrub/grass co1ple1 6643 18.9 

INTERRUPTED WOODS 7382 IB. 9 
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grassland/shrubland -2269 -10.7 
GRASS/SHRUB COMPLEXES -2269 -10.7 

deser ' se1id~sert -u2 -10.7 
TOTAL WASTELAND ' DESERT -442 -10.7 

SETTLED, BUILT-UP, RR ' ROADS 4928 426.l 

AREA FROM AGGREGATE SOURCE 0 0.0 

TOTAL POPULATION 6Hl71 426.l 

Table prepared by John F. Richards 
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Fertilizer distribution in Dehradun District 
!yearbook 1984) 

nitroqen 
total per ha 
tonn kg 

1980-81 1224 13.85 
1981-82 1428 16.16 
1982-83 1441 16.31 

phosphat 
total per ha 
tonn kg 
305 us 
421 4.76 
298 3.37 

potash 
total per ha 
tonn kg 

97 1.10 
138 1.56 
104 1.18 

annual applications of che1ical fertilizers 
for Oehra Oun District 
(sour:e: Gazetteer) 

all fertilizer 
total per hectar 
tonn kg 
1626 13.4 
1937 23.31 
1843 20. 96 

[harif tonn Rabi tonn Annual tonn kg/ha 
1969-70 70-71 1969-70 70-71 19&9-70 70-71 1969-70 

Nitrogenous 331 371 459 540 767 911 14.1 
Phosphatic 97 70 151 217 238 287 4.3 
Potasic 36 36 101 118 137 154 2.5 

70-71 
16.4 
5.2 
2.8 
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annual applications of insecticides ' pesticides 

for Uttar Pradesh 

organo-chlorine 1238.0 cons tonn/year 0.204 ig/hectar applic 
organo-phosphorus 24.0 cons tonn/year 0.004 kg/hectar applic 
others 107 .0 cons torm/year 0.018 kg/hectar applic 

H fertilizer 67088 cons tonn/year 11.3 kg/hectar applic 
P fertilizer 15747 cons tonn/year 2.7 kg/hectar applic 
l fertilizer ]j94 cons tonn/year 1.2 kg/hectar applic 



Data about land use 
(source: Yearbook 1984) 
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Net cultivated and irrigated land in hectares 

1970-71 
1973-74 
1978-79 
1981-82 
1982-83 

net cultivated 
55647 
54652 
58336 
56469 
57348 

net irrigated 
18386 
17536 
22673 
23697 
23542 

Area in hectares of 1ain crops 
(1982-83) 

ldleat 28305 
barley 2273 
rice 16090 
1aize 12701 
sugarcane 5037 
potato 971 

total 1ain crops 65362 

Use of land in hectars in Dehra Dun District (*) 

total area forest fallow present other 
under cultiv. land land 

1930-81 322786 226086 11938 2848 3250 
1981-82 !19151 222514 11879 2823 3035 
1982-83 320189 222391 11821 3061 3241 

Land in District under cultivation of various crops 
(in hectares) 

Rice 
total irrig 

1980-81 17477 13545 
1981-82 16185 12655 
1992-83 16090 12038 

llheat 
total irng 
27735 12576 
27902 11700 
28305 11828 

Barley 
total irr ig 
2257 123 
2330 172 
2273 99 

llaize 
total irr ig 
12200 706 
11923 521 
12701 454 

(*) Headings for these tables were taken fro1 translation fro1 original 
language 
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Livestock population, lS~0-1966 

1890 .. 1898 % 1908 .. 1914 % 19~ % 1934 % 1966 .. • .. • 
bulls/bullocks 30328 18.2 37366 18.8 43999 17 .4 44271 16-8 47271 16.6 47273 16.6 57390 18.4 
other bovines 65524 39.2 84546 42.6 107848 42.6 119938 45.6 116375 40.9 122665 42.8 138089 43.8 
total bovines 95847 57 .4 121912 61.4 151847 60.0 164209 62.4 163646 57.5 170388 59.4 195979 62.2 
sheep/goats 68313 41.2 73073 36.8 %832 38.3 94546 35.9 115609 40.6 111915 39.0 115900 36.8 
horses/1ules/donkeys 2387 1.4 3463 1.7 4193 1.7 4433 1.7 5139 1.8 4400 1.5 3052 1.0 
caaels 0 0.0 3 0.0 179 0.1 96 0.0 116 0.0 i75 0.1 l 0.0 
total 167047 100.0 198456 100.0 253051 100.0 263284 100. 0 284510 100.0 286878 100.0 314932 100.0 

huaan pop 168135 177465 204534 2i1877 229850 265786 429014 

ratio of livestock 
to huaan pop 99:100 112:100 124:100 m:lfiO 124:100 108:100 73:100 

forage/grazing area 60736 62445 63346 64518 65232 66436 64832 
fall Oii 4653 4294 3657 6410 3728 3412 uoo 

total 65339 66739 67003 70928 68960 69848 68932 
hectares per aniaal 0.39 0.34 0.26 0.27 0.24 0.24 0.22 

Table prepared by John F. Richards 
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Annual values of Mater need, precipitation, actual Mater utilized, 
deficiency and surplus of the stations 
(co11>11ted acc. to 1955 sche1e of ThornthMaite) 

Station Lat Long Elevation 
(1tsl 

"ussoorie 30o 27' 780 05' 2042 
Dehradun 300 19' 780 02' 682 
Roorkee 290 Sl' 770 58' 254 

TA I L E la/ 

Station Mater Precipi ~ation 11ater deficiency 
need utilized 
(c1) (c1) (c1) (c1) 

ftussoorie 72.3 236.l 70.8 LS 
Dehradun 116.4 231.4 107.9 8.S 
Roorkee 133.4 116.l 160.l 27.3 

T A B L E lb/ 

Station p .E. s.c !1 Ia/Ih 
(c1) % % % 

ftussoorie 72.2 41.9 222.4 0.2 
Dehradun 116.S 44.B 101.7 7.3 
Roorkee m.7 44.4 -46.0 1.7 

P.E potential Evaporation 
S.C Su11er concentration of ther1al efficiency 
I1 lloisture index 
Ia/Ih Index of aridity / Index of hu1idity 

T A B L E le/ 

Water balance ace to 1955 sche1e of Thornth11aite lc1) 

Jan Feb "ar Apr Kay Jun Jul Aug Sep 

PE 1.7 2.5 6.2 12.l 17.1 13.6 16.4 14.3 12.6 
p 6.2 S.9 4.0 1.7 4.2 18.6 72.l 76.5 32.7 
AE 1.7 2.5 6.2 9.9 11.7 18.7 16.4 14.9 12.6 
WO 0.0 0.0 0.0 2.2 6.0 0.0 0.0 0.0 
ws 0.0 3.3 0.0 0.0 0.0 33.0 61.7 20.1 

PE - Potential evapo-transpiration 
P - Precipitation 
AE - Actual evapo-transpiration 
WO - Water deficit 
WS - Water surplus 

0.0 
0.0 

Oct 

9.2 
7.1 
8.2 
0.0 
0.0 

surplus 

(c1) 

166.l 
123.S 
10.2 

Nov Dec YEAR 

4.0 2.2 116.4 
0.5 1.9 231.4 
3.7 2.2 107.9 
0.3 0.0 3.5 
0.0 0.0 123.5 
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GRAPHICAL PRESENTATION OF llAPS OF DOON VALLEY 
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This syst.ea is planned t.o be used as a core ror presentation of dynaatc 
chanaes 1n the realon In eraphlcal rona. These can be either forest cover changes 
during the Uae, or changes 1n area of arable land, polluUon areas, etc. In all of 
these cases, lnJ;ut. data aust. be dialUzed t.o get. the areas in use. To use this system 
with different. display posslbillUes (e.g., on t.he SUN computer which bas t.he 
dfsplay 1024. x 1024. pixels), one has to recoaput.e all coordinat.es for t.be new 
display mode. 

Here we have a bardcopy ol some maps. Because of l.echnical problems, we 
cannot produce t.hese maps In color as t.bey are displayed on t.he AED t.enainal. 
1b1s ts why scme maps seea to be overloaded by various lines and cbaract.ers. 

Technical demcriptioa: 

Necessary hardware: present. version of prognua works wlt.h AED 512 graph
ical t.enainal. The display has 512 x 512 pixels. 

Necessary soft.ware: WAED pachdge wit.h graphical subrouUne support.. WAED 
ls a seL of subrouUnes wrlLt.en In fortran T1 for the VAX llnBO coaput.er under 
the operaUng systea Unix. 

You can display 11aps cans1sUng of several layers and their sequence can be 
chosen from Ute aenu. You have the followlne posslblllUes: 

- t.o display the basts map (reefon boundaries wlt.h rivers and legend) 
- to add river names 
- to paint. urban areas 
- t.o add naaes of urban areas 
- to palnL geographical coordinates and scale of the map 
- t.o add district. names 
- t.o display main reeds and railway 
- t.o display lsollnes 
- t.o display wind roses for Debra Dun ClLy and Mussoorie ror 

every month 

You can start. with displaying the basis map and lat.er you can add any otber 
layer, If the plcLure Is full, you can start. again from basis map. 

There ls a posstbillLy t.o zoom any part. of the picture (buL of course the 
number or pixels remains the saae). This can be done mine keyboard and special 
sUck on the AED graphical t.enainal. 

The package constsLs of several subrouUnes wrlLt.en in 2 tiles: 'waed.t' and 
'opeqr.t'. Except. this tile 'colcom' ls necessary. This me contains 'common 
/color/' which Is used 1n several subrouUnes (with a help of 'Include' COllUNUld) • 
The system libraries with rraphlcal subrouUnes are necessary, t.oo. 

To start. the work with this system you have t.o have the executable tile W AED 
ready. This me can be prepared uslne rollowtne cosr.mand: 

xrn -a waed.f opener .o -1.xaed -lxhash -lxU77 -o w AED 
Then you Lype WA.ED and the syst.ena starts his work. Follow t.be 
dlaloti throueh your t.erminal. 

Besides prorrams you need data tiles, which contain coordinates of different 
objects (boundaries, rivers, roads, lsollnes et.c). All coordlnat.es (data in the tiles 
and also values or V'!lrfables In the subrouUnes) are in absolut.e values (pixel coor· 
dlnat.es), e.a. between 1. and 512. 
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From t.he total available system subrouUnes for graphical support. only t.hese 
were used: 

uc>JJeD - init. graphics 
wendgr - Lenlinat.e graphics 
wscald - define scallng 
wclut - define t.he particular color 
•color - change the current. color 
waove - move the cursor 
..,ver - move relaUve 
wdraw - draw ~ line 
wdrawr - draw relative 
wfrect. - draw the rectangle 
t.xt.box - display t.be t.ext. 
wifill - rm the closed polygon wit.b given color 
wlst.yl - set. line st.yle 
wflusia - paint. the plct.ure {eapt.y int.ernal buffers) 
wt.hick - define thickness of the line 

Necessary dat.a files are: 

tmsis - with coordinates of boundaries and rivers 
coord - wit.b coordinates of geographical coordinates 
lsolines - with coordinates of isollnes 
roads -with coordinates of roads and railway 
urban - with coordinat.es of urban areas 
winds - percent.ual number of days of prevailing wind for every month 

B. Schweeger, Nov 1982, ll.ASA ~. DescrlpUon of the library of graphics subrou
Unes 

B. Schweeger, July 1983, II.ASA, LS-13, Supplement. to the descrlpUon of the library 
or graphics - subbrouUnes color graphics ext.enUons 
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FOREWORD 

The present report (Phase I) contains three parts. 

Volume I covers a conceptual framework for environmental impact. assessment. 
of t.he Doon Valley, a descripUon of present. environmental condiUons and past. 
trends int.he region, and a comprehensive work program and recommendations for 
Phase II oft.he project.. To a great extent., Volume I summarizes t.he main findings 
of Phase I of t.he Project., reserving t.he present.at.ion of details for t.he two other 
volumes. 

Volume Il is devoted t.o computer-oriented results of Phase I, including a data 
bank. The potential users should be equipped with elementary computer 
knowledge: this volume contains tools (more accurately, t.he instruct.ions on how to 
use them) but. not. any final results. 

The present. volume contains a collect.ion of cont.ribut.ed papers which were 
presented at. t.he Advisory Commit.tee Meeting (March 1966, IIASA) and some propo
sals on future acUviUes made by participants of this meeting. Some oft.he papers 
are rat.her general but. t.he majority of them are devoted to specific aspects of the 
environmental assessment. of the Doon Valley and supplement Volume I. 

, 
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COIOIENTS ON DO l VALLEY 

Federal Environment.al Assessment. Review Office 
Nova Scotia, Canada 

Initial lapreaiomi 
One cannot help being st.ruck by the complexity of the problems posed by 

de7elopments in the Doon Valley. Any approach to dealing with the complexity of 
1SSU\lS involved would not reflect the conventional approach to project- specific 
environmental impact assessment. {EIA} as practiced in most developed countries. 
On the contrary, the Doon Valley situation is more representative of the problem 
with cumulative environment.al effects - a problem which we are only beginning to 
seriously address in the industrialized world. 

Nevertheless, in my experience the problems of development. in the Doon Val
ley are not unique. I have seen and beard of numerous other examples in other 
parts of the devdoping world. What makes these stt.uations very difficult. to deal 
with is {1} the direct dependence of the majority of the population on the natural 
resource base, {2} the degree of competition for resources brought. on by the den
sity of population, and {3} the lack of ~dequat.e control systems avail.able to those 
responsible ~or resource man~ement.. At.tempts are being made to deal with these 
situations through the application of EIA; however, it. is difficult. to make the model 
fit.. EIA, as originally perceived, was a forward-looking mechanism designed to 
support important development. decisions yet to be taken. Here it. is being applied 
to unravel an environment.al mess that has resulted from a lack of planning over 
the years. 

It is also clear to me that any approach t.o resolving the problems in the Doon 
Valley must give equal weight t.o the natural {ecological} system and the social sys
tem, i.e., public aspiration, administrative difficulties and Jurisdictional conflicts. 
In oU:er words, a focus on an "ecologic& audit." without. similar at.lent.ion t.o the 
social d!mension of the problem will not resolve the issues involved. 

In short, I see the Doon Valley as a challenge - can we demonstrate that the 
underlying concepts and principles of environment.al impact assessment are flexi
ble enoueh to be applied t.o complex environment.al problent'i currenUy facing the 
developing world? If we can make it work in the Doon Valley, it could be a model 
for application elsewhere. 

The ObjeetiYe for Pba11e I 
As I understand it., Phase I of the project is t.o produce a detailed proposal 

{action plan) t.o guide the actual conduct of Phase II. An important. component. of 
Phase I will be a conceptual framework or model which will provide the basis for 
synthesizing or inlegrat.ing the diverse sect.oral problems which characterize the 
overall stt.uaUon. 

Followine on the above-noted theme, I think It is important. to develop such a 
conceptual framework which will lake account of the socio-economic and political 
problems as well as those stressed in the resource sectors - agriculture, forestry. 
minine. etc. The conceptual framework shouJ.d not be limited to the ecological 
"connectivity" but address the human ecology aspects as well. 
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Approaching the Problem 

If we try t.o adopt. the six "requirements" advocat.ed by Beanlands and Duinker 
(198.(), It. seeris t.o me that. Phase I should deal with the first. three, i.e., idenUfica
tion of val.U6.i ecosyst.em components, deflnition of unacceptable changes t.o these 
components and the establishment. of boundaries in space and time. If we are suc
cessful In defining these for the Doon Valley, It. should provide the basis for inlple
menUng a st.udy strat.egy, predicting changes and defining monit.orlng requirements 
in Phese Il - the remaining three ''requirements.'' A major ext..ension from the ori
ginal ''requirements" would be the Inclusion of the socio-political and 
lnsUt.utional/administ.nltive cmnponents of the problem. 

To put. It. in other words, the Phase I report should indicat.e the natural and 
social amenities that. are valued by the residents of the Doon Valley, demonstrate 
that. these amenities have "significanUy" det.erlorat.ed in recent. tilll8S and rational
ize the selection of space end time boundaries t.o place some limits on the problem 
and subsequent analysis. The Phase I report should end up with a clear Indication 
of how this information will be crucial in the design of the detailed assessnlitint. In 
Phase II. 

Getting Started 
Scoping is the t.erm currenUy used t.o refine the focus of the problem in 

assessment. In the social sense, this ls equivalent t.o the identification of the 
valued ecosyst.em components under the first. ''requirement." As mentioned above, 
If we include the human dimension under our definition of "ecosyst.em'', the valued 
components in the Doon Valley might. (for purposes of discussion) be 1ist.ed as: 

- agrlcult.ural production 
- reliable source of fuelwood (energy) 
- reliable source of clean waler 
-clean air 
- aesthet.ically pleasing countryside 

However, Beanl.ands and Duinker also urged that an ecological scoping be 
undertaken. This ls in recognition of the need t.o link the social concerns t.o some 
measurable natural varlable(s) which can be studied in a more quantitat.lve 
manner. In the Doon Valley case the quest.Ion would be ''What. variable would best 
reflect the changes in agricultural production which ls of concern t.o the local 
residents?" Would it. be decreased growing rat.es, changes iu soil ferlillty, loss of 
arable land, et.c.? In t.his manner, ecological scoping would provide a list of 
measurable variables linked t.o each of t.be valued ecosystem components ident.tfied 
in t.he social scoping exercise. The results of t.be ecological scoping would provide 
the basic direction required in subsequent. baseline studies. 

While t.he scoping exercise is underway, Beanlands and Duinker also recom
mended that. an "ecoloeical reoonnaiBBanoe" ~ undertakek1. This is a summary of 
t.he main driving forces at. work al t.he reeional level - t.o quot.e from I.he publica
tion: 

The objective should be t.o eatn an appreciaUon for such 
feat.ores as the bioloeical resources important. t.o man, and 
important. components or t.heir habitat., the key biological 
processes such as major trophic relat.iomhlps, and drlvine 
forces such as climatic oondiUons and transport. meohanimns. 

This Information serves as t.he ''backdrop" t.o more detailed studies undertaken in 
the assessment. itself. 
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The Sicnifieanre of Cbange 

Once the ecological scoping has p'!"'Ovided the basis upon which chanaes in 
valued ecosystem coaponents will be .neasured, there should be some deflnit.ion of 
an unacceptable change. This, of course, is derived from the model in which a sig
nllficant. chanre is used BS a reference against. which predlct.ed chanaes can be 
t.est.ed. In t.he case of t.he Doon Valley, however, I suggest. that. "significance" be 
more appropriat.ely dealt. with In terms of trend analysis or Uae series studies. 
Obviously t.he valued ecosystem components have been under pressure for scmae 
Uae and It. may be sufficient. t.o demonstrat.e t.hat. If current. trends cont.lnue sooner 
er later the results will be socially, economically and pollt.ically significant.. Ibis 
Is what. happened wlt.h AUanUc salaon stocks In east.em Canada - a demonstrated 
long-term cont.lnuous decline event.ual.ly forced pollt.icians t.o act., even thourh no 
specific "significant." reduct.ion was ever staled. 

In the Doon Valley case, the data required t.o show the significant. decline In 
qrlcult.ural product.ion, the avallabillty of waler, air quality, et.c., could also from 
the basis for the JDOre detailed baseline studies which would be required in the 
comprehensive EIA. BS envisaged In Phase II. 

Boa:adins tbe Problem 

Beanlands and Duinker recogntze four classes of boundaries - adminlstraUve, 
project, ecological and technical. Each of these Is considered from the perspec
t.ives of time and space. 

The admlntst.rat.ive and "project." boundaries for the Dooit Valley should be 
fairly easy t.o establish from a geographical point. of view. The ecological boun
daries may be more difficult. due t.o the potential effects of development. in the val
ley on downstream resources. The t.echnical boundaries may bet.he most. difficult.. 
This simply means that. it. may not. be possible t.o definitively demonstrate t.he 
cause-effect llnkaee bet.ween specific human act.tvlUes, like limest.one quarrying, 
and changes in valued ecosystem components, like agricultural product.ion or 
waler supplies. 

The Ume element may be t.he most crucial boundary. By this I mean t.hal it has 
taken a number of years fort.he nat.ural systems t.o react. t.o various perturbat.ions 
in the valley and it will certainly take a number of years for postUve adjustments 
to be achieved. The operative words here are patience {It. will require Ume to 
demonst.rat.e progress) and commitment {all actors must be prepared t.o abide by 
the new rules for the 10112 run.) 

Projection for Pha.e U 

The results from Phase I should provide the information and data to undertake 
a full-scale assessment. in Phase II. Such an effort could focus on: 

- Study strategy: the development. of an analytical framework 
- Predict.ions: applytna the analytical framework t.o various 

development. scenarios and predicUna effects on the 
valued ecosyst.em components 

- Monit.oring: the desien of montt.ortna proerams t.o test. the 
effectiveness of proposed mitigation (plannina) measures 

I have not. taken my thinking too far in this area so I cannot. offer any specific 
snegesUons. However, t.he st.udy st.rat.egy ls the slnale most Import.ant. component.. 
Will it. be based on a quanUtaUve model; will It. be based on consensus-seeking 
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amonr professionals; will it. be based on exL..rapolaUon methodologies wit.hin sec
tors. etc.? 

The st.udy strategy lo be adopt.eel as lbe analyUcal basis ior the a.~ss+elll 
should be ouWned al the end of the Phase I report. 

llllicatim 

My experience in a nmnber of developtne countries emphasizes the ut.lllty of 
the old saytne "A picture ls worth a thousand words." If I was elven the respcmsi
bWty of COllllllunicaUne the complexity of the Doon Valley problems to the messes, I 
would be tempt.ed to portray ft es shown in the drawine below - The Doon Valley 
Weed. 

The roots of the problem ere the limestone industry. escalating urbanizaUon 
and excessive forest barvesUne. These lead to cbanies in air quality, water qual
ity and avellabWly and land use - the st.em (or integrator) of the problea. The 
"flower" which grows ls made up of neaaUve effect.s cm the valued ecosystem com
ponents: declining qrlcult.ural producUon. negaUve effect.s on aest.heUc 
resources, increased risk lo bmnan baelt.h, Insufficient fuelwood supply and dis
rupt.eel water supplies. The enUre system (weed) ls being fed by overriding cmn
aercial interests, a lack of effecUve <=0nt.rol mechanisms (bureaucraUc and leeal) 
and a lack of approprtet.e long-term development policies. UUhaately the "f erW
lzer" will have to be reduced, but for the inunediat.e future lt .qbt be possible to 
control the root struct.ure!! 

The Doon Valley Weed 
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ON mE P<N;IBllJ1'll!:S Of' OBTAINING BACKGROUND DATA 
FOR THE EVALUATION Of' S<>llE CLlllATOLOGICAL PARAllETERS 

IN THE OOONVALLEY 

1 In.trocluetion 

liartwifJ DolMsch 

Central lnsUt.ut.e of llet.eorololY and Geodynamics 
Vienna. Aust.rta 

For many enviromlental. hydrological, ecolortcal and agronomical problems, 
a knowledge of select.& clbaatoloeical parameters, indicators oft.he meteorologi
cal and tapoeraphic candlUons of the region under invesUpUon, is of consider
able Importance. Various models have been developed and applied ustna simple 
cllwatologtcal data as well a •teWte data t.o evaluate these parameters. A con
siderable Improvement. for model appllcaUon can be achieved by applytna dlrital 
heiaht. l?"fd techniques in cooJuncUon with objecUve interpolaUcn methods (Ganclin 
1963, 1968, or more recently "Krtetna") t.o ''snapn the data to t.he next. l?"fd point.. 
llcnlt.ortna sit.es are usually distributed 1rregularly across a region. 

These nobjecUve interpolaUon methodsn must. take lnt.o account. some funda
ment.al relaUons for the areal dist.ribuUon of t.he basic cllmat.ological data as t.here 
is a heiahl dependence of air temperat.ure; t.he amount of lnsolaUon on mountain 
slopes is dependent. on aspect., slope lnclinaUon and ground albedo; and the surface 
temperat.ure is dependent. on surface properUes such as roqehness, albedo, and 
veeetaUon coveraae. Thus. there is a clear need for detailed lmowlqe of tbe 
physical properUes of t.he surface beina st.udied. There exists a rat.her sparse 
network of cllmat.oloaf cal staUons in t.he Debra Doon Valley. The possiblllty of 
obt.alnlna addlUonal lnformaUon must be considered. Several approaches are pos
sible, wit.h very different costs and manpower requirements. 

2 0.ta and Methods 
One approach widely used to get informaUon about. t.he menUoned cllmatoqi

cal properties is to establish t.he heat budaet of t.he around surface. Because 
RTOWld-~ed data are t.he most. readily available, a vast variet.y of models have 
been applied to evaluate t.he main components of t.he heat budaet equaUon, Viz., 
evapo-t.nmspiraUon, sensible heal fiux, lona- and short-wave radlaUon, and t.he 
heat nux into t.he RTOund. Since precipitaUon data are available in most. cases, t.he 
water budaet may also be established, involvina evaporaUon and preclpitaUon as 
Its main components. In t.bis case, the time scale is usually a month, whereas tor 
the heat. budael, the Ume scale is daily to monthly (e.a .• five t.o trn-day means for 
qromet.eorological applications.) 

The crucial problem ls to aet. the ma%imum lnformaUon out. of the available 
data and consequenUy to apply adequate models. Since around-based data net
works 1ive food information only for the immediate surroundlnas oft.he measurtna 
slt.e, some reatonallzaUon procedures should be applied to aet. at. least. crude infor
mation about. other parts of t.he reeton under invesUeation. 

The use of satellite data must be considered in a somewhat. different manner. 
For climat.oqical purposes, t.his informaUon consist.s mainly of t.he surface tem
perature, since remote sendina of vep,etat.ion-covered surfaces Is limited t.o t.wo 
wave bands: t.he thermal infrared and t.J .s microwave. 
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Concent.raUng here only upon the thermal IR in the window of 10.5 t.o 12.5 m, 
the basic t.echnlque is t.o esUmat.e thermal inert.ta from the diurnal t.emperature 
range which is closely related t.o the volmnetric wet.er cont.enl of the firsl few cm 
below the surface. 

The model of Carlson et al. (1981) is widely used t.o esUmate both the thermal 
inert.ta and soil lllOisture availability ustna data from polar-orbiUng sat.ellit.es (e.1. 
TIROS) which view the saae area t.wice a day near the times of maximum and 
minimum t.emperat.ure. An improvement. could be achieved (e.1 .• Wet.zel et. al., 1983) 
by using data obtained from geastaUonary sat.ellit.es (GOES, INSAT) with more 
sopbisUcat.ed algorithms t.o remove the effects of horizontal vartaUons in vqeta
t.ion biomass, surface roughness, wind speed and other at.aosphertc and surface 
properUes. 

The basis for these ideas is as follows: Surface heal fim and surface t.em
perature are closely related; thus the parUt.ioning of energy int.o sensible and 
lat.ent. heal is direcUy proporUonal t.o the aapllt.ude of the surface t.emperat.ure 
wave. So the er-eat.est amplitude of t.emperat.ure occurs iamediat.ely at the 
ground-air int.erface, decreasing rapidly upward in the air and downward in the 
ground. Well away from the surface, the dally aapllt.ude is much smaller and is 
greaUy modulated by advecUon and other met.eoroloeical lnfiuences. 

The surface t.emperature response is a very senstUve ware of surface 
charact.er. Along with other parameters such es rround-elbedo or emissivity, sur
face roughness and emnmpUons conoernine an appropriat.e boundary-layar model, 
a reasonable estimaUon of surface t.emperalure with a relaUve accuracy of + or -
2 • C can be achieved. 

Up t.o this poinl, we have been considering "synopUc sat.ellit.es" which provide 
data al leasl twice a day with a resoluUon of 4-7 km. As for lnfonnaUon from the 
LANDSAT-3 thermal IR channel (which has a resoluUon of about 240 met.ers and 
repeUUve coverege every 18 days), appropriat.e data processing facWUes have t.o 
be provided (see Appendix: IMAGE PROCESSING) as well as some ground-based 
points for control measurements in order t.o calibrate the pictures. It is then pos
sible t.o gel a snapsbol of ground t.emperatures which may be useful t.o t.esl the 
model under consideraUon. 

3 Canclmlimm 

An analysis of cllmat.ological condiUons ln Doon Valley especially for agricul
tural purposes should involve gathering of additional data. By applying a heighl
&rid model there is t.he possibility t.o infer such lnfonnaUon from the physical pro
perUes of the soil, vegetat.ion coverage, land use, et.c. in the region under invesU
gaUon. So if Landsat. data are processed, valuable lnformaUon about the above 
mentioned properties can be achieved. 

There are some at.her simpler possibillUes t.o qualify the charact.erisUc clima
t.ologlcal features through plwm.ol.ogical oburvat.ions (if there exist any) and 
crop-yULd records as a funcUon of weather condiUons, including met.eorological 
hazards. 

Inquiries for such data should be infUat.ed. If approprlat.e lnformaUon Is 
obtained, It might be possible t.o increase crop yields (as has been done, e.g., by 
.JEANNERET (1977) for Switzerland). Since there are numerous models which make 
differenl demands on the data for the Debra Dun Project, It should be clarified 
first if there is a necesslt.y t.o evaluat.e more complex climat.ological paramet.ers, 
and If a need is found, which data and which model should be on t.he short lisl. 
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ON GROUNDWATER CONDMONS IN THE DOON VALLEY. U ..P. 

A.JC. Roy 

Indian Instit.ute of Remot.e Sensing (N.R.S.A.) 

This paper h~hll2hts t.he hydrogeological set.ling oft.he Debra D\Dl Valley, and 
t.he groundwat.er cm""tdiUons t.herein. Recent. t.rench~ in groundwat.er exploraUon in 
t.he valley and t.he effect. on groundwater condiUo~~ are enumerated. lmpllcaUons 
of lndust.rfallsaUon. deforest.aUon and possible effec~ on groundwat.er quallt.y are 
cited. SuggesUons for further groundwater resource assessment. and fut.ure pat.
t.ern of exploit.aUon of groundwater are made. It. Is imperaUve t.hal proper moni
toring and assessment. of t.he wat.er resources of t.he Doon Valley be made for 
opUmal wat.er uUlisaUon and conservat.ion, lo forestall det.riment.al environment.al 
effects. 

IMTRODOCTIO:N 

Wat.er is a nat.ural resource. It. ls vital for sustenance of life, as well as for 
indust.rial and agricultural development.. Wlt.h t.he increase in population and human 
acUviUes In t.he form of hydrologlc works, indust.riallsaUon and agricult.ure, no 
nat.ural resource has perhaps given rise lo deeper concern about. lt.s optimal 
exploit.at.ion and conservaUon t.han good, clean wat.er. 

Underground wat.er Is a unique, renewable nat.ural resource int.he sense t.hat. 
It. ls a ''reserve bank" of generally pure and abundant. water wherever good aquifer 
mat.erials exist.; on t.he of.her hand, surface water can become polluted more 
direcUy and can also cause damage by flooding during excess run-off. During t.he 
process of percolat.ion t.hrough porous materials and deposits, rain and surface 
waters are "filtered" while being stored in t.he pore spaces of underground layers 
of porous deposits sooh as sands and gravels, known as "aquifers" {water-yielding 
deposits). Deep underground wat.ers are generally free of bacteria and of.her pol
lutants, unless arUficlally polluted by human act.ivlt.ies. 

Debra Dun city and its surrounding Doon Valley area ls endowed wtt.h very 
good, coarse aquifer subsurface materials, known as "Doon Gravels" geolQilcally. 
The Doon gravel beds occur at. several different. depths below t.he surface. They 
are separat.ed by reddish clay lenses and beds. These gravel-sand- boulder 
aquifers are annually recharged by rain, but. some of t.he underground wat.ers leak 
out. of t.he t.wo ends of t.he valley along t.he Suswa river in t.he east and the Asan 
river in t.he west.. The lower reaches oft.he Doon Valley provide good groundwa
t.er, and are tapped by many t.ubewells. Tapping of underground water must. be 
optimally done. 

BYDROllORPBOLOGICAL SET-UP 

The salient. hydromorpholQilcal zones/unit.s are depleted on the at.t.acned "'ap. 

The Doon Valley ls bounded on t.he south by the Upper Slwallk ''Structural 
Hills" comprising ''boulder beds" of Tertiary age. These beds dip northwards and 
have sllt.y-clayey matrix-binding gravel, pebbles and boulders of quartzite, sand
stone, et.c. The hills are highly dissected, variably forested, and form a surface 
run-off zone. The Upper Slwaliks are underlain by Middle Siwalik sandstone and 
clay beds forming hills at. t.he south towards the plains. To the north of t.he Doon 
Valley occur the ''Structural Hills" in t.he Middle Slwaliks in an overt.urned 
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sequence forming t.he northern limb of the syncline widerlying t.hs Doon Valley. 
The northern st.ruct.ural hills also forming a nm-off zone, ext.end from north of 
Dehradwi west.ward t.o the Kat.apathar area along t.he Yamuna River. Along t.his 
st.retch, overt.urned anticline also occurs int.he hilly bell wiLh patchy exposures of 
Upper Siwallks below t.he Krol Thrust zone at. t.he bese of t.he Mussoorie "Denduda
tional mountains" comprising pre-Tertiary rocks. Upper Siwalik beds also underlie 
t.he Doon Valley deposits ("Doon Gravels") and form t.he Doon Syncline. They are 
exposed in places along st.ream cuU.ings in t.he northern part. of t.he valley. Towards 
t.he western part. of t.he northern fi&Uc of t.ha Doon Valley Subat.hu (Older Terti
ary), beds of reddish-purple shales form st.ruct.m-al hills and Juxtapose pre
Tert.iary rocks of Mussoorie mountains above the Krol Thrust. {KT), as well as lie 
over t.he Middle Siwal.ik beds along the Main Bowidary Fault. (MBF) ext.ending NW -
SE Sout.h of t.he Krol Thrust. zone bet.ween Kat.apat.har and Rajpur. 

Eastward, in t.he northern flank of t.he Doon Valley, t.he Krol Thrust. and MBF 
appear t.o coincide, cut.ting off t.he subat.hu beds. The Krol Thrust. is int.ennit.t.enUy 
concealed by t.he Doon Valley deposits, and t.he Middle Siwalik and related beds are 
not exposed in t.he east.em part. of t.he valley. The hills and mountains are prom
inent. nm-off zones as mentioned earlier. In t.he Krol (Mussoorie) mowit.ains, 
springs occur in the limest.ones. 

A major part. of the Doon Valley consists of "Doon Gravel" deposits and 
related alluvial deposits of Late-Pleist.ocene t.o Sub-recent. age. The Doon Gravels 
are subdivided int.o older and younger (Sub-recent.) Wlit.s. These deposits are of 
considerable thickness (approximately 200 m in the deepest. part.) and contain 
genUy inclined unconsolidated layers of silts, gravels, sands, pebblf!s, boul.ders, 
et.c. wit.h interlayers of reddish clays. They form geomorphic unit.s as Intermon
tane piedmont. plains with land forms such as alluvial fans (bot.h northern and 
southern aspects) and fan-cut. terraces, as well as flood plains (present.) along 
major rivers and river terraces, fan-cones (recent.), et.c. Isolated Denude-Residual 
Hills of relatively Older Doon Gravels also occur (ODG). These isolated hills are 
also run-off unit.s. 

The alluvial fans of t.he Doon Valley are subdivided as follow:-: 

a) The southward sloping (Bo - 100 slopes) fans orig- inat.ing from t.he north
ern hills/Mussoorie mount.air, '.:>ell.. These are the Principal Doon Fans, 
and can be further subdivided int.a 2 or 3 sub-units from their apexes 
downward. 

b) The northward sloping (about. 100) fans (fanglomerat.es) originating from 
t.he southern Siwalik hills. The abovt: two terminate along t.he Asan river 
in t.he west. and the Suswa - Song river in the east.. Dehradun forms e 
local surfacewat.er divide in t.he valley for t.he Asan and Suswa - Solli 
drainage systems. 

c) Recent. fan-cones of localised e"ICt.ent., occuring at. the base of hills (not. 
shown on map). These act. as local rechargers t.o groundwater. 

d) lso!.at.An high level fans at.test.Ing t.o t.ect.onic acUvit.y occurring on t.he 
t.op of st.ruct.ural hills near t.he Krol Thrust. zone (not. shown on t.he map 
since t.hey are of limited Hydromorphological sisrnificance). 

The all•Jvial fans and terraces are major rainfall rechargers t.o srroundwater, 
and t.he valley deposits harbour potent.la! aquifers at. depths specially int.he lower 
reaches of Lhe valley bet.ween t.he limits of t.he aquifer zone shown in t.he attached 
map. The upper reaches of t.he valley act. as e recharsring zone mainly, and t.he 
eroundwat.er moves down t.he valley t.o provide srood eroundwat.er pot.ent.ial therein. 
In places t.he c~rculat.ing groundwaters of t.he lower parts of the valley als"I seep 
out. as base-flow along t.he Asan and Suswe-Solli rivers in t.he lowest. part.s of t.he 
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valley. These rivers join t.he Yamuna and Ganga rivers, respectively. The t.hick
ness oft.he Doon gravels (fanglo- merates) reduces appreciably towards t.he bound
ing structural hills. Generally, t.he water table in t.he valley is affect.eel by t.hese 
semi-confined groundwater conditions. Waler-table dept.hs range from about 20 to 
90 m. At. t.he lowest. valley poin~.. t.he wat.er table is shallower. Seasonal wat.er
!evel fiuct.uat.ions range from 20 to 50 m in different. parts of t.he area. Tubewells 
yield around 60,000 to 150,000 litres per hour or more for nomit>.al drawdown 
around 20 m. Locally, shallower perched wat.er levels also exist., but. are not. reli
able, since t.hey dwindle ,;.n t..'1e dry season. fa t.be lowest. parts of t.he valley where 
seepages occur, deep drilling c~uld possibly ~rovide weak artesian to semi
art.esian groundwater c-.ondlt.tons. One t.ubewell at. Clement. Town is reported to have 
a free flow of about 0.4 m above ground surface. r numbdr of seepages/springs 
also occur in t.he upreaches of t.he valley along format.tonal cont.acts adjacent. to 
recent. faults, e.g., near t.o and nort.h of Manduwaho. along Darer Nadi. 

A number of t.ubewells have been construct.ad ~n t.he rapidly growing Debra 
Dun Clt.y Campuses and Colonies in recent. years, and more are being const.ruct.ed 
every year. Most. of these t.t.ilewells t.ap aquifers up to a maximum dept.h of about. 
120 - 140 m. Some of t.he recent. t.ubewells are closely clustereci, for example in 
t.he Kaulagarh est.at.a area and are Ukely to int.erfere wit.h each other's function
ing. Since most. of the t.ubewells in Debra Dun t.ap more or less t.he same existing 
aquif~rs 11p t.o 140 m depth, t.hey are beginninp, t.o strain t.he water resources in 
these aquifers. This is reflect.ad in a general decline {15 m or so) in wat.er table 
level, in Dehradun, in recent. yean. If further t.ubewell construct.ion proceeds 
wit.bout. proper groundwater resource a:...~essment. and optimal utilisation, further 
det.1rio- rat.ion in groundwat.er yield will occur, t.o t.he det.riment. of t.he valley's 
development. and ecological balance. 

There is t.hus a great. nAed for proper monitoring cf water resources of the 
Doon Valley. The t.ubewells should be properly spaced, based on standards t.hat. 
ought. t.o be set., and should also t.ap t.he availabl3 aquifers at. different. depths in a 
staggered way. Future t.ubewells should also tap st.ill deeper aquifers, aft.ei.~ suit.
able exploration so that. t.hese aquifers are also ut.ilised and pressure on t.he upper 
aquifers is somewhat. decreased. Suit.able plans for fut.ure drilling sit.es should be 
prepared. A bat.tery of properly spaced t.ubewells in t.he Jhaira sect.or or the Doon 
Valley is suggest.ad for fut.ure development. of t.he water supply t.o Dehra Dun. This 
recommendat.ion is based on emal.ysis of available data fort.he valley, and needs t.o 
be elaborated. 

Another import.ant. qu~sUon is environment.al. degradation and wat.er pollut.ion. 
Environment.al degradation of land is a serious concern, since deforest.at.ion tends 
to increase surface nm-off of rain waters, as well as erosion and sediment. supply. 
In t.he valley basin of Dehradun, further unplanned land degradation due t.o 
development.al act.ivit.ies would reduce groundwater recharge possibillties by 
at.t.endant. increases of run-off, and silt.at.ion which would tend to part.tally choke 
t.he rischarging pores of the surfacial deposits oft.he valley. The long-t.enn effects 
have to be st.udied and weighed, so as to evolve a more rat.tonal land-use plan for 
Debra Dun and environs, keeping a balanced mix bet.ween development. and environ
ment.al CG .servat.ion. 

Wit.h more industries expected in Debra Dun and neighbouring places, it. has t.o 
be kept in mind t.hat. the valley aquifers are direcUy recharged by surface water 
aft.er rains. Thus any indust.ry discharging poisonous effluents int.'> t.he valley 
would pose a serious groundwater pollution problem. Hence, chemically polluting 
Industries should not. be built in t.hP. Dehra Dun valle} . Even smoke polluc.ion should 
be cont.rolled to a tolerable level in such a closed valley. The int.roduc1.ion of non
polluting indust.ries is t.he only answer to development. of the Doon, alt.hough it. is 
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1 ~co;::·.i.ized t.hal one or two vit.al major indusLries may be inevitable. Already a 
Ceme;·,1. .ind Carbide f"!ctory exists just nort.h of Dehradun, near a recreational 
cenlr,,., whicn is t p~ty. There must be a swp t.o unplanneci developme~•l. There is 
=lisC: c.. panu::o~ .-::t ;e ' for crealin& publi~ ewareness lowards environmenlal p~ 
t.ec~.~or· c;;ide bJ s~j !<n•h development. 

COMCLUSIONS AND sn~ESTIONS 
The DX>n Vall"!y is a uniqus lr~<.:::--mi:>nlane valley basin formi~ piedmont allu

vial :an plains, fan-!:Pl terraces a:id river terraces. ll consists of ''Doon Gravel'' 
deposits nf gP-ntly- sloping (so1'Lltwards nn.d northwards - northern and southern 
C>S98ctsj silts, san~. gravels, pebble.:-, boulders elc. with inter-layers of clays. 
These , ~eposJt.s are quit.e thick in t.he lower reaches of t.he valley and fonr. Jnajor 
equt.fer SJSt.ems wH.h ::agh i!'oundwolor poVilnt.ial. 

TI1e groundwat.er conditions have been broadly enumerated in the paper. 
Wai.er !-e.v"'! ts gene.: ally deep, but t.he aquifers support heavy-duly t.abewelis. 
Water levels in l>ehrudun have reporimdly t•,wen!d by about 15 m ir1 t.he last 7 
yea:-s or so. 

'fhe vr.U<Jy is bounded by hllls and moun~ns lo its south and north sides, 
5rlclosir.s? the vaii.ey. Ani.ecedent. river·::, namely t."'ie Yamuna and Ganga cut across 
~e foothills t.o drain int.o the ganget.ic plains further south, beyond the valley. 
1!1ea hills u.re composed :if pre-Tertiary am1 T"2trt.iary rocks consisting of phyllit.es, 
quart.zit.es, sii.aies, limestones; and :mnd::;t.cnes, clays, boulder beds, respecUveiy. 

The main geomorphic units mapped are: 

!ni.ennon:.a11e valley - pl'° ·1 :nont plains 
Denud~Residual Hills in vlder Doon GM!vels 
S~clural Hills in Tertiaries 
Denudal.ional Moll?lt.a.ins in pre··'!ert.i.ar les 

The er.vironmental and groundwater a..cipacts have been briefly discussed. 
Suggestions for future development are made. Caution is expres~ed regarding 
environmental degradation due t.o future development a~t.ivi!.ies ar'lu."ld Dehra Dun. 
A balance should be mainWner. bet·,:een deval.::..pment and environmental preserva
tion. 

Keeping in view ·~he growth of Deh:-adun and environs and t.he increasing 
d(lmands for wat.er supply, il is suggest.ed that a det.tillerl groundwater resources 
assessment and associated monitoring should be carried ouL, and fui:.ure tubewells 
should be properly locat.6d, spaced ant:l. designed ~o as t.o t.ap deeper aqu:fers in a 
slaggared marmer. For future water S'lpply lo the growing Dehr-ad:m city, a "nest" 
of properly spaced t.ubewells should be construct.ed along t.he terraces of Tons 
Nadi in lht: Jhajra sect.or, beyond Premnagar. and the \rat.er should be piped in. 
This is essent.iel so 8S not. t.o congest Dehradun city proper wlt.h loo many 
t.uoewells, as is i:.he case present.ly, "8USing a st.rain on the aquifers in Debra D,-... _ 

Measures i.o conserve t.he waler resources of Doon Valley, and their opt.imal 
utilisation '1S well as artificial recharge sli.ould be considered. 

__________________ , ______________________ _ -
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ENVIRONJIENTAL IllPACT ~UENT lJlTH 
SPECIAL REFERENCE TO DEBRA DUN 

Prrr.& 7'1t.acUa4ni 

Mussoorie, India 

1 The Area Under Study 

The Dehra Dun watershed is bounded by the first. range of the Lesser ~ys 
lo the North East., ther Slwallk hills lo the South West., the Yamuna river lo the 
Nor+..h West., and the Gangss river lo the South East.. 

Mussoorie ls the highpoint. of this watershed. 

The saucer-shaped Doon Valley covers an area of approximately 20 km by 70 
km and has an annual rainfall in excess of 200 cm. The valley ls made up of dolom
ite rocks above krol llmest.one, with shale and mud below. Above the llmest.one is a 
thin layer of black phosphaUc rock. 

The populaUon of Dehra Dun and Mussoorie is 762,000. This valley is the gate
way lo the rural Tehrt Garhwal hinterland with a populaUon of 498,000. The t.wo 
lawns of Mm:soorie and Dehra Dwi have mcny residenUal schools with a student. 
populat.ion of over 20,000, and several Governme'll insUt.ut.es like The Indian Mili
tary Academy, The Oil and Natural Gas Commission, The Forest. Research Inst.itute, 
The Lal Bahadur Shastri NaUonal Academy of Administ.rat.ion, and t.l~e High AlUt.ude 
Defence Services Academy of the Inda-Tibet. Border Police. 

2 History 

According t.o legend, Garhwal was formed by t.he merger of 52 Chieftanships. 
Garb means Fort. and Garhwal, t.he land of Forts. Garhwal had a barter system t.111 
thts 18th Century and in the 19th Century 'Rajah' Wilson, a forest. conlnlclor, 
mint.ad his own i.o.u. cot.ns near Harsll. TradiUonally, t.hts area has had a money
order economy, with women t.oiling on the land, and the men joining the army and 
sending money home lo support. the famll:t. 

Aft.er the Gorkha war of 1814, Faurt or Brit.ish Garhwal. was annexed by the 
Brit.ish and Tehri Garhwal was awarded lo AJaz Pal of the Chandpur Dynasty, for 
helping the BriUsh in driving out. the Nepalese. Al this lime, Mussoorie was also 
annexed as a Brit.ish t.errilory. In t.he elg!lt.een-t.hirt.ies the Brit.ish beQan lo 
encourage people lo setUe in the Mussoorie hills, as a kind of saniloriWll ror Brit
ish troops and expat.nat.M keen lo get away from the smnmer heat. cf th" Indian 
plains. 

G.R.C. Williams of the ''Imperial Gazet.t.eer" recorded i . 1 memoins of 1874: 
'"The scenery or these mountain dales can .hardl:v be surp&..- ·d for pict.~4esque 
beauty." 

Villagers dependent. on forests for fodder and firewood preserved them in 
their own interests. In the early 19th Cent.ury, felling of trees by Zamindas:. (lar,
downers) had led lo a reducUon of forest. cover. Aerlculture supported staples llke 
the famous Basnaat.I rice, grown on drained swamp land, wheat, lent.Us, and oiL .. eeds 
like mustard. PJ,. ''.it.ions grew some of the finest 2reen lea exported l.o Afgho.nis-
t.an end sericul' lOurlshed for a whllA. 
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The railway came t.o DehI"ll Dun in 1900. However, no great harm was done t.o 
t.he valley till 1947 when refugee miners set.Ued ln Debra Dun and recognised t.he 
potential for making quick money from limestone quarrying on a la!'ge scale. 

Traditionally, parts of river beds had been leased out. by t.he District Magts
t.rat.e by t.he gI"l!lDt of permit.s for a short. period t.o local residents, who cleared t.he 
rivers of debris brought. down by t.be monsoons and crushed and fired t.he boulders 
on slt.e t.o meet. t.helr local needs, such as whitewash for painting t.helr houses. nn 
about 1947, t.he entire quantity of limestone required by a few lndust.ries in India 
was import.eel from Pakistan. 

In 1975 t.he forest contract.or ~ement. was ended by t.be Government. and 
t.he price of minerals start.ed t.o go up. 

3 LecaI m.tory 
For t.he first. time in 1949 an act named 'The Mines and Minerals (Regulation 

and Development.) Act.1949" was passed by t.he Government and t.he Mineral Conces
sion Rules 1949 were published by Notification No. N-11-155 (24)-2 dat.ed 18 
Oct.ober 1949. This act did not. serve t.he purpose of development. and conservation 
of mineral resources and t.herefore in 1957, t.he C" .,ment. subsUt.u(.ed t.h1s act. by 
Act No. 67 of 1957. The main objective of t.hls : ; t.o provide for t.he regula-
tion of mines and t.be development of minerals ~ .ir t.be cont.rel of t.he Union. 
Petroleum products which were earlier includeci ln t.be act. of 2949 were now 
excluded. 

In 1952, t.he Mines Act. 2952 wns enact.ed, superseding t.he 1923 Act., wit.h t.he 
purpose of removing ft nwnber of defects and deficiencies which hampered effec
tive adminis+..ration. 

The Government. of India vide notification No. VSR-1398 dat.ed 11 November 
1960 published t.he Mineral Concession Rules 1960 by virt.us of t.he power con
ferred on t.hem under section 13 of Act. 67 of 1957. These rules apply t.o all t.he 
major mlinerals which are speclfied in Schedule I and II or Act. No. 67 of 1957. The 
Mines and Minerals (Regulation and Development.) Act 1957 also empowered t.he 
St.ate Government under se~tion 15 of t.be Act. to make rules in respect. of minor 
minerals. Accordingly t.he Governmeral of Ut.t.ar Pradesh vide notification No. 
1575-M-XVIII-BM-96-58 dated 26 August. 1963 made t.he rnles known as "U .P. Minor 
Minerals (Concession) Rules 1963." 

Under t.he provisions of Act 67 of 1957, t.he St.at.e Government. is empowered t.o 
sanction a lease of a mineral which ls speclfied in Schedule II but. ft. has t.o take 
prior approval of !.he Central Government. in respect of a mineral whiol1 ls speci
fied in Schedule I. In t.he dist.riot of Debra Dun all t.he minerals isrhich are avail
able are llst.ed in Schedule II except. for gypsum. Section 8 of t.he .Act. says t.hat. t.he 
maximum period for which a lease can be grant.ed fer t.he minerals available 1n 
Dehr"B Dun dist.rict is 20 years, and t.he maximum period for which such leases can 
be renewed is also 20 years. 

ConsequenUy, leases were grclilt.ed around 1962/3 for 20 years wtt.h a clause 
st.at.Ing t.hat., should the leasee so wish, hio lease would he automatically renewed 
for an additional 20 years. 

Int.he t>!leinning of 1982 t.he position of leasec was as follows: 
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Serial No. Name of Block Under Under No. of leases 
MCR 1960 MMCR 1963 which were to 

expire 1n 1982/83 

1 Kiarkull 5 6 5 
2 Banoe-Ntlll 7 7 2 
3 Bhit.t.arli 9 5 3 
4 Maldeota 2 - -
5 Son& Valley 5 1 -
6 Sahast.radhara 6 2 2 
7 Arn1pd 7 1 5 
8 Kairwan 3 1 1 
9 Barkot. 3 - 1 

47 23 19 

Wit.b t.he growing demand 1n many circles for t.be closure of limestone quarries 
on ecological consideraUons, the Government. of U .P. formed a commit.tee ander t.he 
chairmanship of t.he special Secretary of Industries to advise It on t.he sanction 
and renewal of leases. SubsequenUy, t.he Industries Department. issued a General 
Order No. 6013/18-12/82 dated 17 Sept.ember 1962 saytne t.hat. t.be Kiarkull and 
Song Valley Blocks were unsuitable for Jldnin&. In Sahast.radara Block, t.be Govern
ment direct.ad t.hat. leases shoula not. be sancUoned or renewed close to sulphur 
st.reams dlrecUy connec~ 111iit.h t.he Sulphur Spring. Tl:e Government. also direct.ad 
t.hat. in at.her blocks, acUon should be taken on t.he individual merits of each case. 
In Feb_~ 1983, t.he Government. of U.P. reject.ad all renewal appllcaUons, mainly 
on t.he grounds t.hat. quarrying had an adverse effect. on the envirorunent., ecoloey, 
and scenic beauty of t.he Mussoorfe hills. In some cases t.he grounds for rejecUon 
were stat.ad to be t.hat. Uje leased area formed part of reserved forests or other 
foresb which came under t.be purview of t.he Forest ConservaUon Ac:t. 1980. This 
act prohibits use of forest. land for non-forest. pur"JIOSes, and in all s11ch cases 
where forest land ls involved, prior permission of t.h9 Governrnent. of India ts 
required. 

It is untort.nnat.e t.hat. t.he Forest Department. has not been more alert in pro
t.est.in& against the grant. of leases on fc,rest land. Ira any e&"3e, t.he Slate 
Government's acUon did not go far enough, as it. did not t.ouch those minine leases 
which had not. expired In 1382/83. Further, it. created a contradictory leial posi
t.ion which it did not tackle or resolve. The steps taken by t.he Slate Government. 
were skin deep and merely paid Up service t.o t.he cause of preserving the environ
ment. and its ecology, wit.bout. any real, in-depth appreciaUon of t.he general and 
speciflc fact.ors involved int.his particular Himalayan, micro-watershed. 

Almost. all persons whose renewU appll.'.:ations had been reject.ad by t.he Slat.a 
Governmcmt., approechsd the Ha.1orable Hillh Court. '11lder Article 226 of the con
st.tt.uUon of India and some oft.hem filed civil suits for 1nJuncUon under the specific 
performance Act for renewal of t.betr leases for an additional 20 years. 

The first case, decided by t.he Hiih Court. on 9.3.83, direct.ad t.he Government. 
to dispose of the rene~al application aft.er fivin& reasonable opportunity under 
Article 14 of t.he constitution, and did not agree wit.h t.he Government that. if e 
renewal application is not disposed of within a stipulated time, the appUcat.ion is 
deemed to have been reje-:t.ed as is provided under sub-rule 3 of rule 14 of t.he 
Mineral Concession Rules 1960. Other cases were also decided on similar lines. 

Some lease holders had filed civil .iuit.s before the Civil Judie. Dehradun and 
en 28.5.83 they were Joined by others whose writ. pet.it.ions had been disposed of by 
t.he High Court. On 8.6.83 the Civil Judge, Dehradun rrant.ed en ad int.ertm 
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injunction againsl lhe St.ale of U .P. anW disposal of lhe suil. However. lhe High 
Court had already direct.eel lhe Governmenl t.o oonslder renewing lhe applications, 
bnl before lhis could be done, the Civil Judge, Dehm Dun, a lower court, by it.s ad 
interim injunction, in unseemly haste preempt.eel lhe act.ion of lhe St.ale Government 
under direct.ions or lhe High Court.. 

In some cases, the St.ale Government prematurely det.ermined the leases on 
lhe grounds lhal certain provisions of lhe Melalllferous Mines Reput.at.ion Act 1981 
were nol being followed. Three leases moved through lhe Civil CoTTl and one wenl 
up t.o lhe High Court against. lhese orders. All four leases were i- 'dllt.ed stay ord
ers on lhe t.echnicality lhal lbe Director, Geology and Mining, who had pr-ematurely 
t.erminat.ed the leases, was not empowered t.o do so, and lhal the only anlhorily who 
cocid enforo6 the Mines Acl, lbe IUl.R. 1961 was the Director, Mines Safely. 

Subsection 3 or Sect.ion 5 of lbe Mir.es Acl reads as follows: 

The District Magistrale may e:z:ercise the powers and perform the duties 
cl an inspector (of mines) subject t.o general or special orders or the 
Central Government. Provided that nothing in tbts subsection shall be 
deemed t.o empower the District liagtst.rat.e t.o e:z:ercise only of the 
powers confe?Ted by sect.ion 22 or sect.ion 61. 

Sect.ion 22 of the Mine Acl 1952 st.at.es the powers of lbe Inspect.or of Mines 
when lbe cause of danger is not. e:z:pressly provided against. or when employment. of 
persons is dengerons. Seat.ion 61 relates t.o the bye-laws for working of mines. 
Non-compliance of an order bsned under sect.ion 22 or 61 is punishable on com
plaint. but sect.ion 75 provides lbal wh6n an offec.:le is commltt.ed In the course of 
the t.echnical direct.ion and management. of a mine, the District Magistrale shall nol 
tnst.it.ut.e any prcsecuUon against an owner, aeenl, or manager without lbe pre~"ions 
approval of lhe Chief Inspect.or. 

The Mine Rules 1955 were framed under secUon 58 and t.he Melalllferous Mines 
Regulation 1961 were framed under sect.ion 57 of the Mines Act. These rules do not 
spell out the functions of lbe Districl Magislrat.e wlt.h regards Lo the t.echnical 
espect.s of lhe management. of Jllines. The conclusion dttrived is that It is only the 
Direct.or of Mines Safet.y who is empowered t.o prosecute under these Acts and 
Rules which, in any case, are largely confined t.o the safe working of mines and the 
safety of mine labour, with llWe or no emphasis on ecoloeical considerations. 
Where eculoeloal considerations are mentioned in passine. lhey appear t.o relate t.o 
lhe plains and not t.o hilly terrain. For inst.anoe, restrict.ions on mining within oer
t.ain distances from t.ube wells are meut.ioned, but no thought has been given t.o con
t.aminat.ion and silt.tng of mountain streams and the damage t.o terreoed fields from 
scree from mines r.!~'!ated above the fields. 

A unit of the Direct.orat.e of Mines and safety is al Debra Dun and the Regional 
Office is at Ghaziabad. The quarry offioe is directly con<-erned wit.h the recovery 
of royalty, et.c., and t.he work of on-the-spot demarcation is done by the geologist 
d!rec.:t.ly under the control of the D.G.M. Lucknow and the St.ate Government.. 

<i Clt.isena lnitiatiYe 

While t.his leaal wranale was aotng on in the cont.ext of badly framed, ill 
thought. out, and unc0t>rdinat.ed laws, t.he Save MU11BOOrie Society, a olt.izens arou~ 
of ecologically conscious people, filed a pet.it.ion in July 1983 aefore the st.anding 
oommlt.t.ee on Petit.ions of the RaJya Sabha (the upper House of Parliament. or the 
Council of St.at.es) request.ine an end t.o mt"line in and around Debra Dun. In it.s find
Ines, this commit.tee of Parliament, while sympalhisine with the pet.llloners on t.he 
arounds of ecoloetoal damqe t.o the environment, fell it.self t.c be in a dilemma as 
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whole::ale closure of mines would, in it.s opinion, lead t-0 the loss of Jobs and caU'!e 
economic hardship. No acUon was ta.ke:n by Government. on the report or this Com
mit.tee, which sat on the fence. 

5 '£"he Sap1 T Court 

The scenario then shifted lo the Honorable Supreme Court. of India. JusUce 
P .N. Bhqwa.U, no• the Chief JusUce of India, had int.roduced a scheme of Public 
Int.er-est LlUgaUon. Under Urls scheme, anyone could approach the highest court 
of the land for social JusUce and ask for free leeal aid. 

llr. Avdesb Kaushal, bead of the Rural LiUgaUon and EnUUement. Kendra, 
Debra Dun, and also the Youth Coordinator of The Nehru Yuvak Kendra, Debra 
Dun, submitt.ed public interest. UUgaUon before the Honorable Supreme Court.. 
Olher lnt.ervenUonists included ecologically minded public eroups such as '"The 
Friends of Doon" and '"The Save Mussoorie Society." 

This case was st.ronely cont.e3t.ed by both sides dartne 1984/85. The Honor
able Supreme Court. of India pennanenUy closed ~ut 54 open-cast limestone 
mnes which fell wit.bin the municipal limits of Mussoorie and Debra Dun; allowed 7 
lllirJes out.side municipal limits lo continue lo operat.e, includlne the U .P. St.at.e
owned U.P.S.M.D.C. mine al Lmnbhiehar, Mussoorie; and t.emporarily closed the bal
ance of mines falling in ~ grey area. Aboul 13 mines of 15 lessees, which bad 
divided themselves lnlo t.wo rival gr-oups, the Manrah Group and lhe Oberoi Group, 
submitted revised mintne schemes lo lhe Bandbopadhaya Commit.t.ee set. up by the 
Supreme Court vide order dat.ed 12 March 1985. This commit.lee visited all mines 
on 26,27December1985 and the final out.come ls awaited. 

6 The N•atne lllpacta of w-toDe QuarryiDc an the EeoloU' of the 
Doon Enftra.llllmll 

Al lhfs pojnt., H. will be useful lo enumeE"at.e, in some detail, the nege.Uve 
impacts of llmt.~tl;ne quarrying on the ecol<>eY and environment of t.he Doon, and 
hence on its economy and lhe quality of life. 

Opencast limestone quarryine and assoclat.ed industrial operaUons for lt.s pro
cessing in the Debra D:m-Mmsoorte region have resulted in the followine adverse 
environment.al affects: 

(a) Denudation of forested slopes. Of the tDt.al udning area of 10(3 hectares in 
lhe MUSPoorie hills, 803.6 hectares fall wider t.."le oateeory of reserved 
forests. Denudat.1on .Jf forested slopes and lhe valuable soil cover is further 
compomided by t.he construction of access raids lo mine sit.es and by the vast. 
quantities of scree sliding down hillsides. Wllh Uie erosion of hillsides, the 
monsoons bave washed away lop soil with the result. thal t.here ls no leaf 
mould, a valuable oreantc fertiliser, l~ft. for t.he fields. For instance, in t.he 
Oalt1I river cat.ctoment. at"ea, !cod eratn product.ion rell by Z8% in t.he lasl 2 
decades, acconUne lo a study ~ed out. hy Dr. Jayanlo Bandhopadhaya for 
t.he Department. of :tnvironnHml, Government. of India. 

(h) 30% ol thc!t limestone mined is dumped inlo river beds, polluting t.he wat.er and 
raising riv3r bed levels which have led to the inundation of low-lylne farm 
J.md. For instance, In t.ile 1982 monsoons, the debris inflow into t.he Tons river 
was meuurftd u live faat. in heleht.. 

(e) Wilhonl wet.er', t.here can be no civilization. The water supply lo Debra Dun 
and Mussoorte is deper.dent. on perennial, rainfed st.reams. The Himalayas 
ranee effectively blocks these set.Uements from snow-fed river sources which 
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skirt the Doon. Some oft.be import.ant rainfed streams and canals which feed 
these t.wo townships are: t.be RaJpur Canal, t.be BiJapur Canal, t.be Kal1np. 
Canal, the Jakhan Canal, t.be Aswan, Song and Sukswa rivers, t.be Amipd Na!a, 
the Bhit.arli Nadi and t.be Kandi2hat. stream. The limestone st.rat.a ls an aqulfir 
which st.ores rainwat.er in Its cavit.ies and allows it to percolate to feed 
st.reams and rivulets int.be dry season. Int.be four years from 1979 to 1982, 
t.be wet.er level in t.be RaJpur Canal bas dropped b7 801, in t.be BiJapur Canal 
by 40%, and in 18 sprines int.be Baldi Cat.chaent. area by 501. 

(d) Owing to t.be loss of forest. cover, t.be uabient. t.eaperat.m-e ~ llussoorie bas 
risen from 25.8 • C in 1950 to 32.2 • C in 1980. 

(e) Schock waves from gelignite blasts have fart.her Wttakened t.be llaest.one 
st.rat.a near t.ect.ontc faults in llussoorie, caustna landslides. In 1985, t.be only 
llussoorie-Dehra Dun link l"'CJlld was closed for one week by o major landslide. 

(f) The destruct.ion of scenic beaut.y ls detriaent.al to tourism, an taportant. 
economic acUvit.y oft.he reaton. 

(£) Short. lrucks known as "rut.t.uo", which are paid by t.be t.ruok load, are a 
L-affic hazard on narTOW hW roads. 

(b) Limestone dust. parUcles from quarries and fact.orbs such es ARC Cemant., 
Aditya Chemicals, and t.be UPSMDC Calcium Carbide plant., bani like a pall 
over the valley. ,u -borne pollutants cannot. escape from the Doon because of 
t.be prevailing weaK air current pat.terns and t.be t.emperat.ure inversion, 
which t.raps limestone dust in this enclosed valley. This leads to an ever 
increasing conoent.raUon of air polluUon which ls responsible for respiratory 
diseases. Dust parUcles in t.be R1spana area have been wared as 360 
microgrammes per cubic met.er as against the safe level of 100. This posos a 
direct danger first of all to over 2,000 children in 3 residenUal schools in the 
area. Whit.e limestone dust has seWed on vegetaUon arou:1d factories, spol 
zoned ln rural areas. ConsequenUy, milk product.ion has dropped from an 
average of 30 lit.ers per cow to 10 lit.ers and major crops which gave a yield of 
19 quint.els per acre 20 years qo, now rtve a yield of 10 qmnt.als per acre. A 
meeUng of 500 villagers in November 1985 near the ARC factory, did not. 
demand more Jobs for local villagen but. asked for campensaUon t.o every 
household where t.radiUonal means of livelihood had ~n adversely affect.eel 
by air polluUon from this factory. 

(I) Quarrying has also led t.o a less of grazing land wlt.b the result t.hat in the 
~ldi Cat.chment., Uvest.ock populaUon dropped by 35% as oompared to a rise of 
15% in the Kalapat.har area unaffect.ed by quar.-ytng ;act.•vtt.y in the last t.wo 
decades. 

0) The resultant. loss of manure has affected pr: iucUvtLy of wheat. by 40% and of 
rtoe by 33% in the Baldi valley overt.he last. t.wo d9cades. 

The plea of conservaUonist.s for a tot.al ban on quarrying in the valley is also 
based on the facts that: 

(a) The limestone reserves of t.he valley are 3% only of the tot.al rnerves in the 
count.ry; and cat.er to only 54 out. of 315 suaar mills, 2 out of 50 cement. plants, 
2 out. of 121 paper mills, 1 out of 6 major st.eel plants, and nil out. of 1.47 minor 
iron and st.eel fact.ones, which all have alt.ernat.ive soaroes of supply from 
less ecoqically senslUve areas in the plains. 

(b) The 99.8% purity oft.he MUBBOOrie limest.one, perhaps equalled only by sources 
in Japan, may be necessary for the manufact.ure of defence grade st.eel. How
ever, t.he nsco plant. could obtain lower grade limestone from lea ecologJ
cally fragile zones and install a new plant. in order to upgrade It. 
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{c) lbe bogey ot ''loss ot employment. i! quarrying ls stopped" is !alse as t.he 
Labour Department. records show t.hat. 1366 persons only were employed in 
quarries, as qa1nst. t.he Industry's clailll of about. 20,000 people. The migrant. 
Nepali and Bihari labour force has already moved on. 

{d) In fact., t.radt· Jonal skjlls like tanning and cla1ryiq have been destroyed. Dis
placed fanurs have taken to occupaUons like Ullclt. brewing of liquor and 
Umber smur2llna. or have migrated to slums in cfUes as unskilled labour. 

{e) De-sllUng of CaJens ccst.s the Garhwal Jal Sanat.han Rs.300,000 to Rs. 500,000 
annmdly. 

{f) Ir t.he whole subject. was ~ under review by ~ everal. qencies, Ulen t.he 26 
propaaed cement. and chemical plants would have need~ 32 llW or elect.r1cit.y, 
while Dehra Dun consuaes only 40 MW today. 

{a) Sl.mllarly, llmestcne-based indust.r!ss woulQ. have consumed 32 cu met.res per 
sec of water, which is almost. as much as t.he rest ot t.he valley. 

{b) 20 more years of mintne will lead to a wat.er famine and mineable reserves of 
Umest.one will be exhausted in 50 years. {Source: U .P. Government. special 
commit.tee report. dated July 1982 and InfonaaUon and Broadcast.Ing Ministry 
publi.mUon "India 1982") . 

., Sabotap by "i'..ted Inbtnmb 

Meanwhile some other development.s have taken place which have a bearing on 
t.he problem. 

EnUre villages, like Jhandukhala have boen wiped out. by landslides caused by 
blasUng associated wit.h mining ecUvtt.y. No compensaUon was paid tot.he lone sur
vivor. While t.his was brought. to t.he at.t.enUon or The Rajya Sabha Commit.tee on 
PeUUons durilli t.helr sit.a vlsft.s, t.helr report. does not. document. t.his fact. 

llost or t.he temporarily closed m!nes under review by t.he Hieb powered Ban
dhopadhaza Conunit.t.ee of t.he Honorable Supreme Court. of India are sit.uat.ed on 
hills, t.he slopes of which are direcUy connf!!r:t.ed t.o st.reams which supply wat.er to 
Debra Dwt anJ Mussoorte. These st.reams are Arniead, Bhit.arll and Kandigad. 

Funds sancUoned undet· The r:at.!onal Rural Employment. Programme were 
effecUvely blocked by t.he Dist.rict. ~nist.rat.ion for 6 months, delaytne const.ruc
Uon of an absolutely a~ent.ial minor irrieaUon Canal in Kiaskhull Villqe, 
esUmat.ed to cost. lRs. 5 ~k~s: but. in nearby Basa Gad Villqe, a similar Canal, 
nt.imated to cost. Rs. 9 lakhs, has been partly built. at. an expenditure of Rs. 4 
lakhs, to feed terraced flel.:is which proved to lJe non~xistent.. 

While the U .P. Government, 's own !i~ures show t.hat. Dehra Dun district is t.he 
second most. developed cfa~t.rict in U .P. in t.enns of manufactured eooas t.aken as a 
percent.age of agricultural produce, t.his di:t?t.rict was decltl.red a ''backward dls
t.rict." and becam& eligi.:il., for G..>vernment. subsidies for lndust.ry. This was 
avowedly done to offer incentives to at.tract. the non-pollu~Jag elect.ronics industry. 
In fact., limAStone-~ased mdust.rhrs, in which poll<.icians s:irobably havo an interest., 
have developed. 

In t.h~s dist.rid, a Ceas Trust. Board was oonst.!t..ut.ed in 1976 and some quarry 
owners agreed t.o pay a Cess of Rs. 0.4.5 per M. lon which was t.o be used for works 
of public ut.lllty wit.h!n a nulius of 5 km from t.he mine. There is no provision in law 
to realise t.his c.JSS and ln 1982 about, Rs. 1,200,000 was out.standine int.he account.. 
As mine owners have to deal wtt.h t.hd District Adm.tntst.rat.ion on many matters, 
perhaps Dist.net. Mqistrat.es could have used areat.or powers of pt.!"3uaston t.o 
realise out.standing cess money. 
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The Honorable Supreme Court ln the order dated 12lh March, 1985 directed 
"lhe workmen who were thrown out. of their Job, ln consequence of this order shall 
es far es pracUcable and in the short.est. possible Ume, be provided employment. in 
the afforest.aUon and soil conservaUon programme t.o be taken up 1n this area." 
The Government. released Rs. 2,000,000 on 18 llarcb 1985 for providing employ
ment through the NaUonal Rural Employment. Prognmme t.o the dis-employed 
quarry workers. However, the Dlst.rict. llagtst.rate of Dehra6un did not.b1ne Ull 
October 1985 when on the complaint. of "The Friends of Doon", this lnacUon was 
lnvesUgat.ed by The Bandyopadbyay Comnrlt.t.ee of The Supreme Court.. 

The Supreme Court. ln their orde~ dated 12 March 1985 and 24 April 1985, 
directed that. public splrlt.ed individuals be assoclat.ed wllh representaUves of the 
District. llagist.rat.e, Dehradun and a gazet.t.ed officer of the llinlng Department. of 
the Government. of U .P. t.o supervise the relllOval of minerals already mined but. 
lying at. t.he sit.e of closed mines. This was done. SubsequenUy, however, t.be Dis
trict. llqlst.rat.e, Dehradun issued llllnine pennlts/leeses for removal of material 
from river beds adjoining the closecl mines. This led t.o illegal q'IR".rrying. The Ban
dyopadhyay Coaunlt.t.ee also lnvesUgat.ed this maUer on reoelvtne a ooaaplalnt. from 
"The Fr.lends of Doon". The cmmniU.ee's flndlnes were as follows: 

Fresh mining acUvtt.ies were noUced... M regards the complaint. about. 
Ute dislodging of material fl"Olll the closed mines and BUbsequent. removal 
from the river-beds, this complaint. was found t.o be absolutely correct. ... 
From the foregoing it. would be clear that. the collector did not act. wilh 
circumspect.ion and care ln the issue of an auct.lon/minlng permit.. Due 
at.t.enUon and regard was also not. paid t.o t.be spirit. of the direct.ions of 
the Honorable supreme court.. I feel it. is skat.Ing on dangerously Ulin lee 
by giving a permit. which touched the boundaries of closed mines ••. 

I cannot. say whether this has been done because of malA fide lnt.entJon, 
carelessness or foollshness ..• Since it. may amount t.o a violatJon of the 
clear order of the Honorable Supreme Court. on the issue, I am bringing 
t.bls maUer t.o t.he noUce of the Honorable Court.. 

The summary record of the fifth meet.Ing of t.he "Board for Doon Valley 
and the Adjacent. Watershed Areas of Genga and Yamuna" held on 5t.h 
November 1985, st.at.es: 'The U.P. aut.horltJes would take appropriate 
legal powers if need be through an ordinance for declaring Doon Valley 
as an ecologically fraelle zone wit.bin one month." 

Since the naUfied Mast.er Plan deviates from t.he recommendatJon of the 
Expert Group, t.he Board directed t.hat. the Depart.ment. of Envlronment. 
should st.udy the reports ••• a finai view •.• should be communicated •.. for 
recasting t.he Mast.er Plan. 

Serious ooncerr was expressed t.hal some of the industrial unit.s like ARC 
Cement. continued t.o be a source of serious pollution int.he Valley despit.e 
the fact. that. everybody from the Prime Minister t.o t.he citizens of Dehra
dun have called for closure of the units. 

The St.at.a Government. did not. declare the Doon Valley as an eoolorioally 
frqlle zone in one month out its lndust.ries Department. pushed through 
trial µreduct.ion of the spot. zoned Calcium Carbide plant. of the 
U.P.S.M.D.C. which went. on st.ream fort.he first. t.ime aft.er t.he Doon Val
ley Board recorded: "t.he stt.ine of lndust.rtes should be done in e uompo
si t.e manner." 
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8 Benefit. of To~ 

As against. t.he negaUve impact. oft.he limestone tndustry, well planned t.olIIism 
can make a large postUve contribuUon tot.his re1rion. 

The t.ourtst. indust.ry is a aat.alyst. which revit.allses at.her sect.ors of t.he econ
omy became or its mulUpller effect.. 

A survey of the Int.ernaUonal Union of Official Travel OrganisaUons swnmar-
1.ses tourist. erpendit.ure m "2% on boerd and lodV~. 55% on int.ernal travel and 
shoppinlf, and 3% under at.her miscellaneous heads of expendit.ure. 

By e~ direct. and indirect. employment., parUcularly in less favoured 
backward districts, it. alleviates unemployment.. For instance, t.he staff-to-room 
raUo for low priced hot.els alone is 1.5 people per room. 

An ad-hoc commit.t.ee under the Direct.or General of Tourism had estimat.ed 
t.hat. 15% of all erpeoses incurred by t.omis~ accrued to t.he Government. in t.he 
form of taxes in 1979. Recent. trends indicate t.h1s figure may now be as high as 
20%. 

Apart. from its direct. contribuUon t.o the growth of hot.els, restaurants 
and ot.her t.ourist. orientat.ed schemes, it has slanifioant. linkages wit.h 
many other sect.ors of the economy such as agriculture, fruit growing, 
poultry, horUcult.ure, handicrafts, et.c., with a mulUplier effect in t.hese 
sect.ors. Tourism Is also significant. in having a direct. spin-off of income 
c.r;:ioq secUons of societ.y which are t.radiUonally considered t.o be back
ward and someUmes rural. (Source: Sevent.h Five Year Plan of Depart
me!lt. or Tourism. Chapt.er :i., para 2). 

Tourism is also ln~e·s second major foreign exchange earning acUvity today. 
Hot.els alont1 earn about. Rs. 1,300 cror\18 wort.h or foretan exchange through ser
vices and not by the sale o! any commodit.y. 

Touri~m. by its very nature, needs t.o protect the environment. because direct 
contact wit.h nature and different cultures is a significant. aspect of t.he t.ourist 
industry. 

It is relevant to not.e here t.hat. as against tile current foreign t.ourist. arrivals 
of aoaut. 1.Z5 million per annum in India, t.he target. for 1990 is 2.5 million. 

Tilts region can make a posiUve contribuUon. It. is esU.mated that 250,000 
t.ourist.s vistUna Mussoorie each year, spend Rs. 375 lakbs on board and lodge, Rs. 
375 lakhs on shoppina ar.d t.raveW~. and Rs. 75 lakhs under miscellaneous it.ems of 
expenditure. The hot.I!~ workers' annual wqe bill is estimated at. Rs. 48 lakhs. 

A euostimat.ed budaet.ed ttxpendit.itre on t.he development and markeUng ":l! 
Park !:st.ate, Lakhamandal, Theyt.ur and Su~kunda Dtsvi in and a:-ound Mussoorie is 
Rs. 4 crores. Should ft. incrt'ase the t.ourist. inflow by even 10%, this would resull in 
an additional annual t.ourist. expenditure/contribution to lhe local economy of Rs. 
90 lakhs. 

Hotel occupancy in Debra Dun !CJ lareely dependent on the pat.ronaee of insU
t.ut.es such as the QNGC, and llt.igents vtsttina lhe dist.net. courts. 

9 PiU.U. rf Tourima 

Tr•'1rism necessitates t.he d"velopment. of access roads, hot.els, restaurants, 
shoppin2. recreation and entertainment facilflies, and ct.her civic amenities. 
These dev4'!opm<Snts have taken place in a lopsided and haphazard ntanner in lhe 
Mu-soorte reeion. Consequent.I/, civic services such as lhe wat.er supply lo t.he 
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town and communication (t.elephone) facillUes have not kept pace wtt.h demand. 

The peak tourist season populat.ion in Mussoorie of about 75.000 to 100,000 
people in May and June requires wat.er al t.he rate of t.hirty gallons of wrter per 
person per day. We t.herefore need to pump t.hirty lakh gallons per day, or 1.5 
lakh gallons per hour per 20 hour-days. (Annex IV). As against t.his, our inst.ailed 
pumping capacity is 75,900 gallons per hour and, owing t.o poor maintenance of 
pumping stat.ions, we do not pump more t.han 54,000 gallons per hour for a maximum 
of 18 hours per day. 

We need t.o idenUfy new spring water sources from which we can make up t.he 
present shortfall of 75,000 to 100,000 aallons of water per hour, wit.bin a reason
able t.ime frame al a reasonable cost. Backup wat.er storage needed for 2 days 
water supply is 60 lakh gallons. Out of Mussoorie's installed reservoir capacity of 
45 lakh gallons, reservoirs wit.h a tot.al capacity of 23 lakh gallons are out of use 
because of poor maintenance. 

The est.imat.ed requirement. of 3,000,000 gallons of wat.er per day for Mus
soorie town does not take into consider-at.ion the needs of surrounding vlllages. It 
is also ironic t.hat most of t.he mines t.emporarily closed by the Honorable supreme 
court, and await.ing a final decision, are situated very close lo t.he exisUng wat.er 
sources of Debra Dun and Mussoorie. 

In t.he 1980's, half a dozen highrise buildings were sanct.ioned for construc
Uon, including a 100 bed U .P. Government tourist complex cost.ing Rs. 1 crore, 
when 100 hot.els with a licensed cepacity of over 10,000 beds already exist in Mus
soorie. This also put a farther st.rain on exisUng civic amenit.ies. 

10 The &i«hl EmpluuU for Deftlopment of the Eeommy 
The emphasis should have been on developing recreaUon facillties, including 

off-season winter sports facillt.ies, such as open-air ice skaUng rinks; t.heme 
parks, museums, and the preservation of historic landmarks such as Park Estate, 
t.he residence of Lt.Col. Sir George Everest, Surveyor General of India in the 
1830's. This did not take place because town planners and t.he administration 
failed to appreciate that Mussoorie and Debra Dun are: 

1) Locations for leisure tocrtsm, and 

2) Transit towns, a base, a gateway lot.he Garhwal Himalayas and t.he hinter
land with special tourist interests of photography, bird-watching, 
angling, trekking, hiking, mountaineering, river-rafting, folk festive.ls, 
mythology and social customs. 

The Mast.er Plan for this region, now being recast., should include in its zone of 
control the development. of speclfic day-return excursions, trekking, river-re.ft.!ng 
and folk-fesUval tour circuits. This valley forms a most. convenient. and logical 
base for them, irrespective of outdated, arUflcial municipal and district. boun
daries. In many cases t.hls will mean goi02 Sout.h to North along mot.or roads which 
follow the Ya..'lluna and Bh~lrathi/ Gange river gorges, in search of day-return 
excursion circuits; and East t.o West. along short. cuts which run from one river t.o 
the ot.her, with set.Uements along each river having separat.e and distinct. cultures, 
dialects and religions, in search of trekking rout.es. 

The tourist. influx t.o Mussoorie, and the supporting fioatilli populat.ion in 
search of seasonal Jobs, outweighs the permanent populaUon of aboul 25 ,000 
residents. The infnmt.ruct.ural requirements of t.he permanent. population would be 
largely and automatically taken care of under the umbrella of e tourist plan for 
M11SS00rie. Town planning for MU88oorie ls in fact., planning for tourism. 
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While t.ourism is a fact."lr in naUonal anci internaUonal integraUon, it is neces-
sary t.o keep in mind that. it is particularly vul.n'!rable t.o: 

1) PollUcal unrest. and 

2) Labour agit.aUon. 

Therefore, while emphasising the relevance of t.ourism t.o the economuy of the 
Debra Dun-Mussoorie wat.ershed, cognizance should be taken of lhe essenUally 
rural char-act.er of this region. Any integrated plan for lhe economic uplift of this 
area should consider t.he favourable environmental impact. of: 

1) Introducing new handloom technology, and 

2) Building minor irr1gaUon field channels t.o bring more waste/graziJli land 
under t.he plow. 

The major source of funds for rural works wolll.d have t.o come from t.he many 
Government. Schemes for poverty alleviaUon, such as The NaUonal Rural Employ
ment. Programme (NREP), Training Rural Youth for Self-Employment. {TRYSEM), 
Rural Landless Employment. Guarantee Prosiramme (RLEGP), and so on. 

11 ID.tecrated .Approach for the Eeonmaic Uplift of the Valley 

It ts necessary t.o learn a lesson from the at.tempts by vested industrial and 
pollUcal interests t.o discredit. efforts t.o combat. opencase llmest.one qll8I"ries in 
the Doon. In this context., one feels there is a strong case t.o be made for set.Ung 
up a powerful, independent. cell, with a "one-window" approach, in order t.o formu
late, implement., monit.or and evaluate the progress of poverty alleviaUon pro
grammes at. the grassroot level, by participaUon of the people through village 
panchayat.s/commit.tees. 

This body, reporUng t.o the Doon Valley Board, should: 

1. Receive Government. funds and direct. Government. effort. for intensive, 
integrated development of this watershed. 

2. Mobilise financial resources. 

3. Supplement Government effort.. 

4. Simplify procedural tormallt.ies. 

5. Disseminate informaUon. 

6. Offer subsidies t.o break iniUal barriers. 

7. Be the eyes and ears of the people at the village level. 

B. Set an example and build confidence antOJli the rural poor: happenings in this 
micro-watershed have a great. infiuence on trends in the Garhwal hinterland. 

This cell should concentrate on: 

1. The development. of t.ourlsm. 

2. The development of the village economy by: 

a) Switching over from monsoon-based t.o irrigaUon-based agriculture, by 
the implementation of minor irrigat.ion programmes (defined by Govern
ment. as costing less than Rs. 10 lakhs each), which could increase the 
production of vegetables and oilseeds, such as mustard, by bringing 
wasteland int.a production. 

b) Consolidation of landholdings up t.o 2 hectares each, or more, as t.he need 
may be, or small and marginal farmers. 
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c) Rainwat.er management. 

d) Afforest.aUon and pasture development. 

e) Social forestry, i.e., the setUng up of rural fuelwood plantations of indi
genous thermally efficient species accept.able lo the people. 

f) Manpower development by set.Ung up of mulUpurpose community cent.ers 
for the purpose of imparting t.nrlning lo workers lo enable them t.o take 
up self sustaining, income-generaUng acUviUes. One such occupaUon 
which may have good pot.enUal for generaUng r Jsouroes needed for the 
uplift of the rural poor {dertned by the Government as those with incomes 
up lo Rs. 6,400 P.A. per family) and the lower middle class, is the int.ro
ducUon of the hand or electric driver AMPAR CHARKHA SPINNING UNIT. 

g) Organisational support by set.Ung up supply Bild markeUng socieUes. 

h) lnfnsstructural support by building village roads and by set.Ung up nur
series. 

i) Exploring the use of non-convent.tonal sources of energy, such as wind 
energy. The minimum wind speed required lo operate windmills is 7 km 
per hour and they can draw water, for irrigaUon, up lo heights of 55 
feet.. The cost of the whole syst.em is bet.weeen Rs. 11,000 lo 20,000. 
While the mean daily surface wind speed for Del1ra Dun falls within the 5 
km per hour sect.or, more informaUon is required lo determine for what 
period of lime wind speeds exceed the minimum necessary limit of 7 km 
per hour. Wind generators, developed in the Cou: -y, are also of 
relevance to t.he village economy. 

12 Specific Prapoaala on Tourimn 
A) Park Est.at.e. 

Park Est.at.e was the former residence of Lt. Col. S' · ""rge Everest, Sur-
veyor General of India, from 1833 t.o 1843. It. is sit.uated '-· .t.hlapaon Hill, 7089 
feet above sea level, on the main ridge about 3 miles west of M11~oorie; and within 
2 miles of the hilghpoint, Begog. Bet.ween Hat.hlpaon and S t.he hill called 
Cloud End. To the south, the park overlooks the Doon Valle~ i.0 the north, the 
Nag Tlbba Range can be seen; beyond that. are the snow oovered peaks of the 
Himalayas. 

This est.at.e has been divided and sold lo many owners over the years. Origi
nally, it. covered some 570 acres. It ls possible t.hat the r-.ain of ownership in the 
UUe deeds may not be very clear. However, Government acquisiUon proceedings 
can determine and overcome t.his problem. 

The main building, Park House, the observatory, and the servants' quarters 
are partly in ruins. These wf th a surrounding 40 acres of land belong lo Mr. 
Chowdhary Pooran Singh, a criminal lawyer of Dehra Dun. 

The U.P.S.M.D.C. open-cast limestone mine is sit.uat.ed t.o t.he Southwest, on t.he 
next range of hills below Park Est.at.e, known as Lambidhas. Some other caste :ime
st.one mines, temporarily closed by t.he Honorable Supreme Court or India, are 
situated nearby. 

This area is accessible by two roads: t.he Cart Road and t.he road from the 
convent. or Jesus and Mary. The Public Works Department has plans lo improve 
these roads. This area, i.e., Hathipaon Cloud End and Benog hills, including r.iarts 
of the Yamuna river, lends itself easily for development for tourism end can be 
declared a national park: 
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1) It. is a satellite region 3 miles t.o t.he west. of Mussoorie t.own and readily acces
sible by 2 existing roads which need only minor improvement. 

2) Park House, wit.h its hlst.oric baclq:round, ~s of int.ernaLional interest and The 
Sarvey of India can use it. as a museum aft.er rest.oraUon. 

3) The Valley land mountain views are superb. 

4) This Is a t.radlUonal t.relddng area which can be improvad at. minor cost by: 
sien posts and foot. bridges, building simple log cabins/alpine huts for shelter 
at. convenient points along t.he t.rail, and by developing camp sit.es where sup
plies of kerosene and LPG can be stocked for use by trekkers. 

5) The Yamuna river can be usea for river rafUng. 

6) The meadows around Par!c HouJe can be used for an annual 10 day sumaer fes
Uval of 17..imalayas Folk Dance and Music. 

7) Some of t.he nearby abandoned limest.one mines can be damned and fiooded for 
use as an open air tee skaUng rink. 

8) Park Houso can be fiood-Ut. for a Son et. Lumtere show. 

B) Day-Rat.urn Excursions t.o Surkanda Devi, Lakhamandal and lbeyt.ur. 

While accessible year round, t.hese excursions would particularly help pro
mote off-season, winter tourism. 

A large variety of birds can be seen in t.he agricultural fields of Theyt.ur in 
winter, when t.he birds come down t.o t.he Aglad River because oft.he extreme cold 
in t.he higher mountains. The naturalist, Dr. Fleming, lists 56 birds belonging t.o 
t.he Gangotri and Yamunotri Valleys, many of which can be seen near Theyt.ur. 

Theyt.ur is t.he road head, 35 km from Mussoorie, and t.he starting point oft.he 
Nag Tlbba lrek. The development. needed al Theyt.ur are t.hose of a campsite wit.h 
drinking water and t.oilel facillUes and storage for camping equipment {tents, 
sleeptne hap, ground sheets, rucksacks and fuel). Simple provisions are already 
availaole Int.he villaae. 

Lakhamandal ls much lower and therefore warmer t.han Mussoorie In t.he 
winter. Lakhamandal Temple is 71 km and 3 !/2 hours drive from Mussoorie t.o 
Kuwa on t.he Yamundri route. From Kuwa one crosses t.he Yamuna river by a Forest. 
Department. trolley t.o Lakhamandal village on t.he meadowed banks of the river. 
This is a good place for picniking, campir.g, swimming, and horse riding. An iron 
suspension bridge is under const.ruct.lon. The temple Itself is a 1 1/2 km hike up 
through the villaae along a 3 foot. wide goat. t.rack. The temple has been classified 
by the Archeologlcal Survey of India as dating back al least. t.o t.he 8th Century 
A.D. There 13 a museum nearby and statues and Shive Lingams in the fields. This Is 
the mythological site where t.he Kamaras t.rted t.o burn the Pardavas. Lakhamandal 
can also be an excellent. half way halt.Ing site for Yat.ra {Pilgrim) t.ourism eotng t.o 
Yamundri Temple. Improvements needed here are a cable ropeway t.o the t.op oft.he 
hill and a camp site or tourist. lodge at. the bot.t.om of the hill. 

Surkunda Devi is 45 km and a one hour drive from Mussoorte t.o Kadukhal on 
the Tehri road, from where there ls a 3 km/3000 feet. hike up t.o the hill at. 10,000 
feet. above sea level. This ls the mythological sit.a where t.he head of Loni Shiva's 
consort. fell when it. was cut. off t.o st.op the t.ant.ric dance. The 360 degree view ls 
of Mussoorte and Dehradun on t.he one side, and of snow-capped peaks such ss 
Swaragr.-ohini, Banderpaonch, Srikant.a, t.he Ganptri group Jaunl.1, Chankhamba, 
Nllkant.h, Badrlnlat.h, and Nanda Devi, on t.he other. There Is a temple at. the t.op or 
the hill. The Ganga Durshera impromptu folk fest.lval ls held here at. t.he end of 
May/early June each year, depending on t.he Hindu Calendar. Improvements needed 
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here are again development of a suit.able t.ourist lodge or campsite and the tnst.al
laUon of a 'ski lift' or cable ropeway from Kadhukhal t.o Surkanda Devi. 

C) Trekking Rout.es. 

The trekking rout.es of Hariddun and Dodital are fairly well known and easily 
accessible from Mossoorie. Harkidun is a green valley al the base of the Bander
poonch 111oun:.atn. Dodit.al is known for Its alpine lake with mahseer fish. The pos
slblllly of improving the t.rack from the Yamundri side t.o Docllt.al needs t.o be 
explored, as this will make th..: Doditdl trek, which slarls from the village of Agoda 
on the Ga!"...g!'lri route, a circult.ous trek. 

If the disused anny road from Dhanault.i t.o Son Danda is repaired, it will open 
up the Nagun trek and a new route t.o Nag Tlbbe along the ridge. Son Danda should 
then have a t.ourisl lodge. 
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SOllE IDEAS ON THE DOON VALLEY ENVIRONJIENT 

DITRODUCTION 

RaJ 7'UaJ: 

Zoological Survey of India 
Debra Dun, India 

The Doon Valley is a unique area, measurtnr 2080.25 sq.km. and lying between 
the Shiwallk ranges on the south and the Himalayas on the north. This is the only 
area along the Himalayas where the Shlwallk range separates from the Himalayas 
creaUnr a wide valley ln between. Because of Its low alUtude and tolerable cll
mete, the Doon Valley has long been a favour':t.e area for t.ourtsts and for reUred 
Government and private persons t.o seWe because of the peaceful and healthy 
environment. However, the high asplraUons of those who seWed in this area have 
been gradually shattered because the envfrooment has deteriorated year after 
year. 1b1s reducUon in environmental ~uality bas been witnessed by the present 
generaUon. The envtrorunentalists have collecUvely raised a voice against some of 
the causes for this deterioration and have been, to a certain extent, successful in 
maldnr the government realize the gravity of the !'?ttuaUon. 

Througn personal observations during the course of nearly 12 years, the 
Important. causes for environmental deterioraUon of the Doon Valley have been 
ident.lfled. These are b~:1efiy enumerated in this paper: 

1 Deforwmtation 
Durlnr the course of one decade, bet.ween 1972-1982, the forest area 

decreased from 1372.75 sq.km. t.o only 900.50 sq.km. The closed forest area 
decrea.<:!ed from 1046 sq.km. t.o 703 sq.km. and the open forest area from 257 .50 
mi.km. t.o 'lZ7 .75 sq.km. As a result., the non-forest area increased from 806.5 
~.km. t.o 1119. 75 sq.km. The Doon Valley has long been known for the qualit.y of tts 
mixed forest comprising BanJ (Quercus h:cana), Chir (Pinus roxburghil), Saal 
~Shorea robust.a) etc. lwcurlanUy erowfng 011 the lower ):fimalayas and Sbiwallks. 
Due t.o a lacic of proper manaaement. policy and with utter disregard for the 
envtron.'Dantal effects of a less of forest area, the Department. of Forests of the 
State Government permitted reckless felling of t.rees. Afforestation ls being 
und~rtaken bot. to a far lesser extent than deforestation. Some 25-30 years ago, 
the houses ln the Valley had no provision for fans or other coolinr devices during 
the summar season because the climate was moderated by the forests around. Wind 
storms and hot. winds (Loo) during the summer season were unheard of in the Doon 
Valley. At present., the summer season ls as bot ln the Valley as in the plains; as a 
restut., fans and room cooler.s hav" become a necessity. Wind st.arms of high velo
city and hot. winds from the plains cress t.hroueh the Valley uninterrupted; the 
winds ent.er through the defile created by t.he Ymauna river near Paonta Sahib. In 
earlier t.lmes these winds were held bttck by the thick forest cover. 

During the past few years, heavy defo'!"estation of the Saal forest in eastern 
Doon Valley was authorized by the stat.a Government. to create residential com
plexa and qrieultural fields for the Tehri Dam oust.ea. A huge dam on t.hs 
Bhqlrathi river near Tehri town is likely to be completed dw1ng the next. few 
years and the submerged hlll vfllqes around Tehrt behind the high dam will have 
to be evacuated. Deon Valley unfortunately has bee11 1telect.ed far reseWement. 
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This has reduced t.he fo?"eSt. area still fu;Jier. 

Nearly 500,000 people reside in the Doon Valley. 'fl\.- population explosion 
for which t.he resident.s are themselves responslbltt, ls another fact.or; people ll8f'd 
increasing amount.s of firewood. This also causes pressures on t.he forest.s, as well 
es on the trees along roads and in fields. New plantations of trees are far below 
the minimum number desirable and es a result., vast. st.retches of bare fields without. 
trees on their periphery are a common sight.. The young trees if planted, remain 
uncared for and are eat.en by goet.s and sheep and uproot.eel by t.he caWe. Care of 
plantations is also ext.re:nely poor. 

As a result. of the reduct.ion of forest. cover, the nmnber of small trees and 
bushes hes decreased markedly and Ute carrying capacity of the remaining forest. 
bas tremendously reduced the population of wild life. The nmnber of art.lodactyles 
(deer and ant.elopes) and carnivores (small and big cat.s} bes decreased greaUy. 
I...arge herds of cheetal, a common sight. at. one time in t.he forest.s of the Valley, are 
no more seen. One hardly ever comes across a group of 2-3 cheet.als or other 
ant.elopes even deep into t.he forests. 

2 Mining 

The Mussoorie and S.ahest.radhara hills are reknmred for their high quality of 
limestone, so badly needed for many industries ln the country such es sugar, chem
ical, paper, glass, st.eel, cement. and cosmetic. other minerals in these bills are 
marble, phosphorit.e and gypsum. The miners have, however, proceeded in an 
ut.t.erly unscientific manner. Mining was, in fact., turned into plundering the 
mineral wealth of t.he bills. As a result., vast. st.retches of the wounded hills are 
visible along t.he Mussoorie and Sahastradbara hills. Due lo reckless dynamiting of 
the area, t.hese hills are now prone lo serious geomorphological changes which 
could be disastrous for the human populaUon in t.he Valley. In t.he mined area, t.he 
vqetaUon cover .:.S co:nplet.ely rtt'80Ved end, therefore, U1e •"!lt.er ret.ention power 
oft.he hi'.ls is greaUy reduced. Many natural springs in t.hese hills have gradually 
dried out., causing a serious local short.age of wat.er and also in the cit.y of Debra 
Dun which depends solely on these springs. The aquifers below these bills are no 
longer charged properly and a permanent. depletion of 1111at.er is being felt. by one 
and all. Thanks lo the efforts of variom: organisations such es the Doon Science 
Forum (of which the present. author is President.), the !'riends of Doon, the Vil
lagers' movement., etc. who put. t.his case lot.he highest. Judiciary level int.he coun
try, t.he Supreme Court. of India has now rest.riot.eel minina. But. at. t.his asi.aae, reha
bWtaUon remains a big problem needing scientific inputs and Gover.unent support.. 
Hure quanUUes of st.ones, pebbles and rubble are wash~ down during the monsoon 
season, heavily sllUna up the beds of almost. all st.reams. As an example, one can 
see a bridge on the way t.o Mussoorie where U1e bed of t.he st.ream, which was at. one 
Ume nearly 20-25 feet. below the bridge, almcst. touches the ceiling oft.he bridge. 

The perenial st.reams of t.he Valley are gradually drying up and many of t.hem 
run only during t.he rainy season. Due t.o t.his, aqmtic fauna such as fish, crusta
ceans and araphlblans have s'lffered t.nnaendomly. Thon st.reams which sUll 
retain the~r perenial character do not. have sufficient. wet.er lo bold big fishes such 
as species of Mab Seer [Tor put.It.era (Hanallton) and Tor tor (Hamilton)], Labeo£ 
[Labeo dero (Hamilton) and Labec; dyochellus (JlnClelland) ]. This has impmed a 
great. set.back t.o the endemic fisheries of t.he area and has also beien e great. disap
pointment. for eaeer anelers with their best. fishing tackle who ret· ..rn hDIH wlt.h 
empty ft.sh bqs. Serious t.hought. and scientific st.udy on t.he bloecology of these 
fishes Is now r.eeded for their rehabilltaUon by art.ificial means. The const.rucUon 
of muns along t.he Y amuna ri ''er has already inflicted zreat. damqe t.o t.he Mahzoer 
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by obstrucUng their upstream- downstream mign1Uons, so necessary for spawning. 
lbe Mahseer does not. breed in confined waters and must. swim upstream in rivers 
for this purpose, ascending in alUt.ude by an amowit. of 2000 ft.. 

3 Human Settlement. amt~ 
All aloq the Shiwallk hills, there are hundreds of small villages, the predom

fnant. inhabitants being Gujjars wbo make a living from tending caWe. F.ach family 
hes on an averaee 15-20 caWe which freely graze on these hills, prevenU112 the 
natural forest. seedlings fran growing. In order t.o provide fresh and tender 
leaves for their caWe, the Gujjars int.enUonally put. fire t.o the forest. so that. t.he 
dry leaves and bushes burn out. and in the next. rainy season, fresh grass shoots 
emerge. lbe Gujjars also burn out. thorny bushes t.o make an easy passage through 
the forest. for themselves as well as for their caWe. In such forest fires, hwidreds 
of eggs of birds, ineluding the Red Jungle Fowl, KhallJ et.c., are destroyed. lbe 
newly hatched fiedgllngs and the new-born calves of deer and ant.elopflS artt 

roest.ed alive. As a result., the forest cover is reduced and wildlife is endan~ered. 

4: Air Pollution 
Air polluUon in the Valley is increasing at. a tremendous rate for several rea

sons: 

(a) Thriving on t.he limestone, kilns burn limestone with coal and produce dehy
drated lime. lbe chimneys of these kilns emit. ash and carbon-based poisonous 
gases conUnuously. It. is, in fact., difficult. t.o breathe in the vicinity of these 
kilns. The ash and dust. rain down on t.he houses nearby. 

(b) Also based on limestone r:•ming, fact.ortes crush limestone and marble into 
smaller iI'Bins and conUnuously throw tonnes of limestone dust. into the atmo
sphere. The visible evidence is t.o be seen on t.he lea\•es of trees and bushes, 
houses et.c. which t.urn almost. white, es If they had been whitewashed. Due t.o 
•JUs dust., t.he evapotranspiraUon of leaves is reduced, with other sidi, effects. 

(c) The cement. and chemical !act.ones installed In t.he Valley emit. hundreds of 
tonnes of smoke and ash into t.he at.mosphere and a black pall oft.en covers the 
sky. The liquid effiuent.s from t.he chemical factories near Rajpur and 
Harawala are discharged Into the adjoining streams where aquatic llfe is 
endaqered as well t.he human populaUon which depends upon t.hese streams 
for Its water supply. 

(d) The cit.y roads In Debra Dun are like rural roads, a sit.uaUon t.hat. was toler
able when the numbe;e of automobiles and people was negligibly low. By rural 
roads, I mean that. for a 20-30 ft.. reed width, only the central 12-15 fi.. are 
covered with stones and t.ar whereas the 4-6 ft.. flanges on alt.bet- side remain 
unpaved. Dm'iq the rainy season, t.he unpaved porUon beCOllles muddy and 
slippery while dm'ing the dry season, huge amounts of dust. fiy Into the at.mo
sphere from pass1111 automobiles. Unsanitary condiUons prevail In many cases 
and the muddy parts of t.hts nsnaes harbour millions of germs which fiy into 
the at.moephere aloq with the dust. part.lcles. Respiratory diseases, such as 
the commor. cold end bronchial asthma are on the increase In the clt.y and 
enc:tanaer t.he lives of many people. This problem could be ellminat.ed by pav
lq the roads wlt.h st.one and t.ar. 
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STATISTICAL ANALYSIS OF ANNUAL RAINFALL TillE SERIES 

Y. Fed.orov ~nd IL LfmJco 

Int.ernaUonal bstit.ute for Applied Systems Analysis 
Laxenb1JI'i,Aostria 

The Uae series under analysis is present.ad in ngures la,b,c (Debra-Dun, 
1865-1964; India, 1875-1964). On the visual level there is no indicaUon of the 
existence of any st1nlf1cant. syst.emaUc variaUon in this Ume series despite common 
oplcloa that. the averqe rainfall in Doon Valley decreased during the last. 10-15 
years. 'l'hiU discrepancy demanded a more thorough analysis. 

Nonparametric te.ta 

~anslaUD1 t.be colloquial assmapUon that ''nothing systemaUc happened dur-
1.n& the observed interval" into probablllsUc J.aniuage, one can say that our obser
vaUon 111 •... ,lfa is a sample corresponding t.o nmdom values Y1, ... ,Yn• which are 
independent. and idenUcally cllstribut.ed with an unknown dist.ribuUon funcUon. This 
asserUon is usually called lhe "null hypothesis." 

It. ts difficult. lo formulate well-structured alt.ernaUve<J in our case. Therefore 
the "n:.it tests" oriented t.o the omnibus alternaUves t.o randomness will be used. 
{See Hannan, Krisbnaiah and Sen, 1985, pare 107.) 

Let 'i be the sample median and write +{-} for miy l/i so that. 1'i~(<i}. 
Then the run s~UsUc R counts the number of ncs above and below the median of 
lhe original sequence. When lbe null hypothesis is true for large n. , /! ls appnai
mately normal with mean equals n. / 2 and variance equals n. / 4 {ln our case 
n.=120). The stmplt;11 calculaUon gives 'ii:215 and RS49. So 
R>n/2-L96vn /?=48 &-ul for the significance level 0.95, there ls no reason t.o 
reject. t.be null hypothesis. Nevertheless we are quite close lo a violaUon of ine
quality, so another t.est. ls necessary for certatnty. 

Thl.s tr.st ts based (Hannan, Krishnalab and Sen, 1985, p. 109) on the staUstic 
,. = tot.al number of nms up or down. A sequence of h consecuUve inequeUties 
lit +1 -Yt >O ls called a "run up" of length h {a "run down" ts simllarl/" defined; if 
subsequent observaUons are eqml, only one of them must be considered.) If the 
null hypothesis 1s true, then r 1s asymt.oUcally 'lOnlUllly dist.rlbuled with mea.n 
(2n.-1)/3 an:i variance {lSn.-29)/90. In cmr case,. =72 which gives 

r >(2n. -1)/3-1.96"'11'(16n. -29/ oo=-ro 
Since this situaUon la similar to the previous one, more detailed analysis can prob
ably clarify it. Of course we cannot create new data, b~t. we can use more detailed 
models (or hypot.beses) lmplloit.ly containin, some prior lnformaUon. In statistical 
analysts these could be re11"ession models. 

To start this kind of anal.YIM one bu to formulate a re~ression model which 
accumulat.ea prior lnformaUon and uswnpUons, althoQlh some of them are still 
subject. to veriflcaUon. Here the assumpUom: will be (see also Table 1): 

There are lont t.erm !luct.uat.ions in averaee annual rainf1!\ll {e.a.. lu 
model I from Table 1, the fiuct:.on ls described by the lest. ten~.) 
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There is a permanent trend in average annual rainfall (panunet.er 1'2 
describes this trend.) 

Deviations of annual rainfall from t.be average behavior are assumed to 
be random end independent and t.beir variance does not. depend on t.ime. 

The tested hypothesis is now 1'2<Ci It will be clear lat.er t.bat t.be first. assumption 
is nol crucial fort.be t.esUng, but t.be last one can change t.be final result signifi
canUy. Unfortunately, if we st.art to verify t.bis assumption, we would be led back 
to a sit.oat.ion stmllnr tot.be one Int.be previous sect.ion. So one can only "believe" 
in It. 

Table 1 Reg1 riDD. MCldeJa Fitting 
Type of Model: Nonlinear wft.b add1Uve random noise 

'llt =71(tt, 1')+£,, i =1,n .t, =real scale -1985 

AssmllpUons: £t are independent. with vertanoe a2 (unknown). 

(1) 

(2) 

For Doon Valley, lit ts t.be yearly rainfall In cm. 

11l-V 
For India, lit= _ , where ll/ is t.be average of t.he country's yearly rainfall, 

ft 
'II 

- -1~ 11=n ~lit· 
t Cl. 

The results or this analysis are 81DllJllllrized In Tat-le 2 and are even more 
surprtstne than previous ones from the point of view of "common opinion." The 

· regression analysis yields ,,2>0, sueeest.tne (lnsipificanUy staUsUcelly, but. 
nevertheless ••. } t.hat. durtna t.be last. century an average Increase (!) In rainfall 
occurrod ir1 Doon Valley. The reason for the exist.Ina oommon opinion may be the 
lone-t.enn pertodlclt.y (""'60 years; see Table 2), which 8')proeches Its minimum In 
t.he late sever:Ues. This pertodlclt.y ts well-pronounced (BM panuaet.ers "'5); more
over, t.he same pertodlctt.y takes plaoe for the whole Indian wbcont.inent. (see the 
llallle Table). One can also see t.bat. t.hr.e ts a •bort.-tenn pertodlclt.y (""6 years) 
which ts staUsUcelly sipltlcant for Doon Valley. 

In summarlzine all currenUy aYllilable data, one must. reject. the hypothesis or 
a decrease in averaae annual rainfall in Doon Valley. The calculaUons were based 
on t.he aleortt.bm from P'edorov, Vereskov, 1985. 
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Table 2 Panmeter Eatim&U. and their Estimated Standani De.iationa 

Parameter number 
1 2 3 4 5 6 7 8 

DDI 205.2 0.109 63.0 3.4 11.4 
Sl.dev. 8.9 0.131 10.2 10.7 6.29 
India I ~.58 0.131 61.1 -5.07 1.75 
Sl.dev. 2.64 0.0516 28.7 28.S 1.45 

DDII 205.9 0.099 60.85 4.59 11.78 6.06 -1.33 -14.4 
Sl.dev. 8.75 0.129 8.95 8.67 6.06 0.7 0.727 7.04 
lndinll ~.43 0.028 63.37 -7.58 1.95 6.26 ~.87 ~-83 
Sl.dev. 2.28 0.043 20.1 19.9 1.47 0.329 2.8 1.64 

AnaI,m. of llolltbly Data 
The OorTeSpODd1ng monthly data were available to us (see DATA BANK in 

Volume II) only for the last.14 years (Forestry Research lnsUt.ute StaUon), and the 
length of the Ume series is therefore not. sufficient. for any serious staUsUcal 
approach. Nevertheless, a comparison of data with I.ona-t.erm extremes seems to 
be useful (see ngure 2a,b,c) where lhe information for t.wo dry months and one 
rainy month is presented. In order to lllwninale the st.ability of t.radiUonal 
weather indicators, the temperature Ume series in ng. 3a,b,c are presented for 
the same months. It. is worthwhile to note that. all extremes occurred earlier than 
expected in the Ume interval under constderaUon. 
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POPULATION TRENDS IN THE DOON VALLEY 

V. Fedarov cua.d II. IAft.l:o 

Int.ernat.ional lnstJtut.e for Applied Systems Analysis 
l.a%enb~. Austria 

The main data r.tvailable on the population of Doon Valley is collectec:! in Table 
1; see also Ftaure 1 (Ve.run, 1979; StaUsUcal Report, l.9M). One can observe that 
the total populaUon rrowt.h has had an exponenUal character of a sort lJSUlll.ly 
observed when a ~on does not face saturaUon effects, for example, a stenlflcant 
3hortage of major supplies. 

Table 1 llain. De 101rapbic Cbaraetermticm 

Pt'i:?ULATION DURING THE LAST 12 DECADES 
DEHRADUN DISTRICT 

YEAR TOTAL MALE n:JlALE RURAL URBAN 

1872 117000 

1881 1"4000 

!891 168000 

1901 177500 102400 75100 

1911 20"'500 120500 84000 

1921 2U900 128000 83~ 

1931 229800 137300 92500 

1941 265789 161671 10.115 

1951 36168S 210860 150289 

1961 429014 242987 186027 231179 197835 

1971 5T7306 326108 251798 305529 271777 

1981 761668 420454 341203 389527 372141 

PERCENTAGE or Dl!TERENT WORKERS IN MAJOR LABOR CLASSES 

Total major workers 247982 I 100% 
Farmers 69291 28% 
~cultural workers 19682 8% 
Family industries 3168 1% 
Other 155841 63% 

POPULATION IN DEHRADUN TAHSIL 

1961 362300 205300 157000 167700 194600 
1971 498200 278900 219300 232500 265700 
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POPULATION DURING 
LAST 9 DECADES 

YE~A 
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Th!"Ct r-eg~on llhldels wers fitted to t.hls available data. (See Ftaures 
2a,b,c.d; the wrt.lcal l!nes Jndiute esUmat.es of .he standard devtl'\Uon.) All three 
have approximately Lhe -;a.me sum of square residuals. 30 t.h{'ly are stat.lsUcally 
equally good; see Taole Z. It. ls worthwhile t.o point. out. Lhat t.he loglstlc model 
(which takes into account sat.uraUcm e~fece.s) does not eive any vlslble indicaUon of 
a slowing down of Lhe tot.al populaUon (;l"Owt.h. 

Table 2 ~on Modem of Population. Grawth 

tit =7J(t,, 1')+e, ,t, =r, -1871. 
where e, are random values wlt.h constant. variance a1-, 
T' are current. years. 

"'1d .. 

71(t ,,,): ,,,_ .. 1+4rJ. / (1+e .. 1+4rJ.) 

"'1• .. +1J~ ... 
2 - 2 SI =l:Ct1,-tJCt,.,,)] / (N-.,>. 

where N ls number of observaUons, 
~:I .s number of unknown parameters, 
1' are Lheir estimates. 

Parameter nl.."lllbers 
1 2 3 

MODEL 

I 
param. 80.7 0.20 
st.dev. 11.4 0.015 

II 
param. -3.9 0.21 4.0·103 

st.dev. 3.0 0.07 12.7·103 

m param. 3.4 0.45 139.7 
st.dev. 4.3 0.09 8.2 

IV• param. 3.5 0.43 109.6 
st.dev. 1.7 0.05 12.4 

I 

*Case IV - Model III was used wtt.h ~.he addiUon of infonaaUon 
on t.he urban and rural populaUon (1961, 1971, 1981) 

4 

0.065 
0.039 

0.104 
0.012 

s2/s2 
:I "' 

0.8162 

1. 

0.766 

0.4-54 

(1) 

(2) 

(3) 

The sum of Lwo exponents elves t.he most. interesUne and "physically" reason
able result.. It. shows Lhat. t.here are Lwo populaUon groups wit.h different. growth 
r-at.es. Thi:.: can be explained by compartne t.he size of each group wlt.h Lhe lat.est 
available date on rural ar.d urban populaUon (1961, 1971, 1981). The first group 
can be considered urban, t.he SftCOnd, rural. One can see ln rtaure 2d that. the 
urban popula•Jon increases mOJCh fast.er t.han t.he rural one. Presumably Lhls ls a 
refiecUon oft.he fact. t.hat. t.htt forest.-eartcult.unli carrytne capacity oft.he resrlon 
has almoBt. approached lt.s upper limit.; see cont.rtbuUon in t.h1s volume "A Prelim
inary Assessment. of So.,.e 'Carrytne Capacity' Indicators for t.he Debra-Dun Dts
t.rtct." by Fedorov, Lenko and Parikh. 
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In a.:idlUon to the models presented. in Table 2. models with the same response 
funcUons (average behavior) but with other assumpUons on add1Uve random devia
tions were fitted: 

a2=42"1(%I1')01" =#-Tf (%I 1') 0 

These models are popular in populaUon growth st.udies and some probabilisUc 
results confirm that they should be better than the models from Table 2. But ln our 
case the final results (proposes and parameter est.lmates) practically coincide 
for all mocliflcaUons. 
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A PRELillINARY .L~llENT OF SOJIE "CARRYING CAPACITY" INDICATORS 
FOR THE DEBRA-DUN DISTRICT 

V. Fedorov. lL I.cnko. J. PariJ:h 

International InsUt.ute for Applied Systems Analysis 
Laxenburg. Austria 

In.trod action 

An estimate of the "carrying capacity" of a region is oft.en considered lo be a 
necessary element. of regional envtromnental assessments. It. ls clear that. "carry
ing capacity" is a concept. that. can include many descrlpUve factors. (e.g .• Slesser 
and Hounam, 1981). Because of dat.a scarcity concerning the Debra-Don district.. 
only a very models number of factors can be analyzed al present.. In Phase II. the 
corresponding analysis may be done on a multi- factor base, and must comprise 
local indust.ries and mineral resources. 

Al present. only rural components will be considered, for the reason given in 
the contribution ''Population Trends in the Doon Valley" by Fedorov and Lenko. 
where a brlef statistical analysis of population dynamics was made. From this 
analysis it. follows that the rural population has nearly approached its saturation 
level, while the urban is sUU growing intensively. (see ''Population Trends in the 
Doon Valley", this volume. Flg.Zd) One can also observe value-st.ablllzation of 
arable lands and crops. (Compare Varon, 1979, and St.aUsUcal Reports, 1984.) 

The basic information necessary and available for analysis is shown in Tables 
1 and 2. All regional Information corresponds lo the Dehra-Dun dislrict. There
fore, slricUy speaking, the analysis was completed for this administ.raUve unit. 

Table 1 General Information. 

Cultivated area 580 sq.km. 
Area yielding two annual crops 240 ~.km. 
Foodgrain product.ton 77,000 t. 

Forest area 1,500 sq.km. 
Forest. products 

Timber 40,000 cu.m. 
Fuel wood 90,000 cu.m. 

CatUe and buffalo 150,000 
Sheep 35,000 
Goe ts 35,000 
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Caloric Values on lresb-weighl Basis 
for Certain Agricultural Materials 

Calelrory KI per kg ·103 

Grains 16.2 
Pulses {various beans. et.c.) 17.1 
Leafy vegetables 2.8 
Tubers (potato) 4.0 
Veretables 2.4 
Green fodder 4.0 
Tree and shrub laaves 4.2 
Hay 1'.6 
Leruminous hay 15.0 
St.raw 1'.0 
Concentrates 13.9 
Cakes.meals 18.2 
Manure 7.3 
Fert.lllzer 30.3 
Fuel 16.8 
lll1k 4.2 

KI per day ·103 

One man-day 16.7 
One bullock-day 72.7 

Fuelwood C011S1DDpUon 1.5 KI/day· capita 

*Pandey, Singh. 1984 

Fuelwood Coaaaaption. 

From Tables 1 and 2. il follows that. in Urls district. the volume of the extracted 
ruelwood is sufficient. to support. 130.000 people. The coefficient 0.8 was used tor 
t.nmsformaUon of cu.m. of !uebrood to tonnes. A rat.her high coefficient lfllS taken 
and it. corresponds to the best species. Usually t.he value 0.6 is more realistic. 

Our estimate is based on current. tuelwood extract.ion. If we assume an annual 
increment of forest. biomas {in this area it. ls 160 t./sq.km.) used as tuelwood, t.hen 
the district can support about. 440.000 people. Of course this firure is purely 
theoretical and even rrazing was not. taken into a.Jcount. here. At. best, one can 
hope for 50% use of the annual increment. and this reduces t.he upper llmlt. t.o 
220,000. 

It. shOtlld be pointed out that. demand tor !uelwood e!!: capita is decreasing 
steadily due to the use ot more efficient. enerry sources. For instance, about. 60% 
of v11.lares are now eleotrified {See Volume II. DATA BANK), but t.he corresponding 
enerrY is mainly imported. 

Food Cowaaption 
From Tables 1,2 and nrure 1, it. follows that. the current. level of foodrrain 

product.ion t.he district. can support. is about. 190.000 people. It one takes into 
account. t.he product.ion of fruits, veretables and domestic animal products, this 
tirure can increase up to 400,000. So t.he rural population, which ls now about. 
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390,000, can support Itself but conLrfbut.es very few products to towns. 

This fact. is reflect.eel expliciUy in "Population of India", 1984, which st.at.es 
that. in 1971-1973, when the tot.al population was 580,000 and rural was 300,000, the 
dist.rict. produced around 58,000 t. of foocierain {compared with 77,000 t. in 1964), 
and about. 30,000 t. was iaport.ecl. 

Cam:lamon 

In SUIUlal"izint the results one can assert that. the Debra-Dun dfst.ricl bas 
approached sat.uraUon al least. for t.wo essential factors: fuelwood and available 
food ccmsuaption. There Is evidence that. wat.er resom: ces {at. least. under ezisUDa 
water-mmaaement. policies) have becaH insufficient. in the dlstricL This fact. bas 
been point.eel out. by different. authors {Singh, 1973; Saxena, Verma, 1981). In addl
Uon, the Increase of arable lands seems to be very problmnaUc because it will 
almost cert.afnl~ result in deforestation with subsequent. deterioration of envlron
aental condfUom. 

Therefore, cansider.iq previous tendencies and currenUy available data, 
extensive developaent. of this area looks fnadwtsstble. Of cow 56, this conclusion 
should be considered very cautiously became it. Is based on a very prell•fmry, 
single-fact.or, type of analysis. 

This prellmtrvn-y mess11Mtnt. does not include several important. factors. 
lbe:se relate to: 

- Improvements in a static pict.ure of 1980 
- Dynamic variaUons In future 
- Effects of different policies 

1- mpauu in.ta in bw ,_.-

Demographic composition of population, I.e., different calorie requirements of 
men,women,andchlldren 

Livestock compostUon in term or cows, bullocks, aoats, sheep, pip and t.hetr 
different. feed requirements 

Fuel composition and rural eneriu survey 

2. DynuUc .ariatiom in. future 

In add!Uon to these improvements for t.he base year, carrytne capacity in 
fut.ore needs to be a d]lft4aic concqt. This would mean that. in the fut.ore, one 
could have many trrul.e-aJ!s bctwccn. cilternati.ws. Some of them are Indicated 
below: 

What amount. of populaUon arowt.h and livestock arowt.h could be sustained in 
the future and with what. measures? 

How do increased industrial activities and Imports of oil products affect. fuel
wood slt.uaUon and employment. questions? 

3. Effec:b of alternatne polici• 
In add!Uon, t.here are policy alt.ernat.lves: 
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laproved efficiencies of fuel-use 

Hieb-yielding varieUes and addfUonal cheaical fertWzers 

llore investaenL in t.he rerton 

How do such policy mcwm es alt.er t.be life in t.be Doon Valley? These and 
other aspects will be looked into in Phase Z. 

Pandey. v .• D.S. Sqb. 198(. Eneru-flow RelaUonships BeLween Aar<>- and 
FonsL-Ecosyst.ems in Central Hlllalaya. in EnvironaenLal Conservauon. 
Vol.Il(1):45-53. 

SalCena. P .• S. Verma. 1981. Resource EvaluaUon and Ecc:mcmlc Planning in Debra 
Dun Valley. in Nat.tonal Geolrral>hic. VoLXVI:63-70. 

Sin&b. G.D.S. 1973. Groandwat.er Resources of Doon Valley. in Proc. of Internal. 
Symp. on Developaent of Ground Wat.er Resources. Vol.3:97-111. 

Slesser. II .• I. Hom. 1981. Carry1ne Capacity. in lbird EdiUan of Eneru St. 
dies UniL. University of Stratchclyde. Glaqow. 

Va.nm, D. 1979. UUar Pradesh Dtstricl GazeUers - Debra Dun. Roodlee, V.P. 
India. 
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Integrated Software for Environmental Assessment 
of Industrial Development in the Doon Valley 

Kurt. Fedra 

Pro;ect Leader. 
Actvcmced CoMputer Applications (ACA) 

SUKKARY: 
This proposal ciescribes an intqrated set of softwan tools t.hat could form 

t.he core of a computer-based Environmental Assessment of Industrial Deveiopment 
for lhe Doon Valley. 

It. is baseci on lhe inle2ralion of est.abilsheci lechnii;ues of environmental 
impact assessment, simulation model.in2, ciata base ma:iagement, operations 
research meUlcxioiogy, and modern computer technology ~ncludine interactive 
color graphics and techniques of Artificial Intelligence (AI). 

The basic idea is lo draw loget.her, into one integrated software environment, 
t.he comPQnenls of a comprehensive assessment, such as lhe background data, 
ciescriptive and normative mocieis for t.he analysis of what-if quest.ions and t.he 
design of 1118na2ement alternatives, and decision-support methods. Linking them 
into a coherent, easy-to-use system provici83 a coordinating framework and project 
structure t.hat interactively anci dynamically supplements any static, i.e., printed 
impact assessment or report. 

The basic functions of the system include: 

• providing background information on t.he status quo and likely ctevelopm.ent 
options; 

design. c:inct c:inaly.si.s of feasible development policies (optimization of indivi
dual activities, designing/optimizing sets of coordinated activities) and their 
environmental implications and consequences; 

and finally, the compcirc:itiw evaLuciticm. of deveiopment alternatives and 
decision support (poiicy analysis). 

The system wouid be implemented on a super-microcomputer 2IC!Phics workstation. 
Numerous component models relevant. lo lhe Doon Valley and similar si~uations of 
industrial development-environment. interact.ions (e.g., a number of models 
developed at. t.he US/EPA) are available at. IIASA or have been developed at. IIASA 
(see Appendix). Basic soft.ware techniques for user interface design and systems 
integration, and an operational prolot.ype of such an int.eract.ive soft.ware system, 
deveioped by ACA, are avaiiab~e for demonst.ralion {see attached bibliography). 

RESEARCH APPROACH AND CONTENTS 

Th4 central met.hod of the proposed approach, which is t.o be understood as 
compiement.ary t.o other met.hods proposed, is ba.awledge enginee1'ing logelher 
wilh and around well established techniques of Applied Systems Analysis, Artificial 
Intelligence, and modern computer technology. The project. will design and deveiop 
an i.ntegrc:itect set of softwa.re tools, building iar2ely on existing models and 
computer-assisted procedures. This set of tools is designed for a broad group of 
users with diverse, including non-technicai, backgrounds. Its primary purpose is 
to provide easy access and aliow efficient use of methods or analysis and informa
l.ion management. which are normally restricted lo a small 7roup of technical 
experts. The use or advanced information and data processini technology should 
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aliow a more comprehensive and inlerdisciplinary approact. lo develoi:;ment poiicy 
ciesign and anaiysis. 

To facililale the access lo compiex computer modeis for the more casuai user, 
and for more experiment.al anc:i expiorative use, it also appears necessary lo buiici 
much of the ac.cumulaled knowiec:ige of the subject areas inlo the user interface for 
the models. Thus. the inlerface will have lo incorporate software that is capabie 
of assisting any non-expert. user to select. set up, ran. anci inlerpret specialized 
software. By providing a coherent user interface. that makes int.eractions between 
different models, their data hues. and ataXiliary software for display and analysis 
transparent for the user. a more experimental and educational style of computer 
usage can be supported. el!~..::; !c& an aagy expiorat.ion of ait.ernat1ve develop
ment policies and strategies in actual plannina situations or for training purposes. 

Conceptually. the main el Jments of the system are: 

an intelligent User Ir· .erface. which provides access to the systems' work
ines for the user. This inlerface must be aUractive, easy lo underslanc:i and 
use. and t.o a certain extent provide the translation between natural language 
and human style of think:i112 to the machine level and back. This interface 
must also provide a largely menu-driven conversational guide to the system's 
usaae (dialog - menu system). and a number of display anci report generation 
styles. incluciine color eraphics and linguistic int.erpretation of num3rical 
data (symbolic/eraphical display syst.em); 

• Information System. which includes thP. syst.em's K110wiedge and Dat.a Bases 
as well as the Inference and Data Base Manaeement Systems, which not oniy 
summarize application- and implemenlalion-specific information. but also con
tain the most important and useful domain-specific knowlqe; 

• the lfodel System. w:1icb consists of a set of models (Simulation, Optimiza
tion), which describe individual processes that are elements of a probiem 
situation, perlorm risk and sensitivity analyses on the relationship between 
control anci manaeement options and criteria for evaluation, or optimize pians 
and policies in terms of their control variabies given information about the 
user's goals and preferences according to some specified model or the 
system's workings and rules for evaluation. 

the Decisicn Support. Syste:m. which assists in the interpretation anci mulli
objeclive evaluation of modeling remllls, and provides tools for the select.ion 
of optin.ai. allenialives with interactiveiy ce!ined preferences and aspira
tions. 

Recognizing the potentially enormous developme!lt effort required and the 
open-ended nature or such a project, we propose a well-structured cooperat.ive 
effort that takes advantage of the large volume of scienti!ic software already 
available. A modular design philosophy enables us lo develop individual building 
blocks, which are valuable products in their own right, in the various phases or 
the project, and interface and integrale them in a framework which, above all, has 
to be flexible and easily modi!iable with erowing experience of use. 

Using an open architecture concept with a functional and problem-oriented., 
rather than a structural and methodoiogical design for this framework, the 
demonstration prototype can be constructed at relatively low cost and with only 
incremental effort. 

The decision support sysleM proposed here is based on tn/orm4tion m4ncige
mcnt and moctel-ba.s•d deci.si.on suppo~t. It envisions experts as it.s users, as well 
as decision and policy makers, and in fact, the computer is seen as a mediator and 
transiator between expert and decision maker. between science and policy. The 
computer is thus not only a vehicle ror analysis, but even more importantly. a 
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vehicle for communication, learning, arid experimentation. 

The three basic, interwoven ~iements, are 

• lo supply factual tnfor71&4ticm, basm on uisti.n.g data., statistics, and scien
tific evidence, 

lo assist. in designing 4Ltern4tives and lo assess the likely consequences of 
such new plans or policy Q!>tions, and 

• lo assisl in a systematic auLti-critertci ev4Lue&tion mid C011lparison or the 
alternatives generated and studied. 

The framework foresees the selection of criteria for assessment by the user, 
and the assessment of scenarios or alternative plans in lenns of these criteria. 

An example of these concepts in a practical appi.cation, namely a structurally 
similar study on industrial risk, carried out by IIASA/ ACA under contract lo the 
Commission of the European Communities, Joint Research Centre (EURATOM), lspra 
Establishment, lspra, Italy, is described by Fedra (1985, 1986). The material and 
approach described. in these reports could serve as a starling point for the Doon 
Valley case study software development and inlegrat.ion. 

Also, a similar case study developing Ezpcrts Systems for lntegra..ted 
Development: A case ~twt'J,· of Sha.n:ft Province, tl&.e People's Republic of Chi1'4. 
developing and impleme:i.ling model-based decisior.. support. software for industrial 
development wicier environmental constraints, is in progress in :;ae ACA project.. 

A short. list of references is given in the at.tached bibliography. 

Structure and Contents 

The highly modular syst.em will be struct.ured around a major recional 
developmeI!.t model besed on concepts of systems dynamics and rule-based simula
tion similar in scope to the models used in AEil workshops (Adaptive Environmen
tal Assessment. and Management), but based on substantial backl")und data and 
with a higher degree of resolut.ion in lime and space. 

This model will be augmented by a decision-support module for discrete 
optimization, i.e., the selection of preferred alternatives from a set of feasible 
options, generated through scenario analysis. 

This decision-orient.ad top-level will be connected lo selected sectoral simu
lation and optimization models {e.g., individual industries, mining, forestry, 
agricult.ure, urban development, air qualit.y, wat.er resources, etc.). These models 
can either be used directly or they can provide input. (aggregated panimeters) lo 
the lop level. 

Bot.h levels of models are connected lo a set of data b--, which again can 
be used directly as an inleract.ive informat.ion sysl3m. All elements of t.he system 
are light.Ly int.egrat.ed and driven by an int.eraclive, uaphics-oriented intelligent 
Wlel'"-interface and dist>iaY system. 

Basic :software .yst.ems components: 

Do.ta. Ba.ses should include, e.g.: 

• indust.rial act.ivilies and establishments (including emission data) 



-68-

• industrial technologies (including pollulion abalenaenl melhods) 

waler resour.'.:es and climatic dala 

Land use and agriculture 

• popuialion. 

Access to lhe Data Bases is either lra."lSP2ll"ent. through lhe component simula
tion models or through an interactive query format., i.e., menu-Qriven and sy "Ubol
oriented interface to the heterarchicai-'> informal.ion structure, combining :.1.alic 
as well as dynamic data elements with geographical display and simple stalislical 
analysis features (e.g., regression, lime-series analysis). 

Tentative topics for co•~t models: 
Selected models (covering the topics addressed e.g., in lhe Dehradun Master 

Plan) will be int.egrat.ed into t.he system in a hierarchical, top-down approach, 
starling from an overall regional development. Pl.annine Level: 

• dynamic, qualitative (symbolic) simulation of regional development, based on 
principles of system dynamics and rule-based symbolic simulation, linked, in a 
hierarchical slruct.ure, t.o the sect.oral models below; 

• process-oriented det.alled simulation models for specific aclivilies (e.g., min
ing, forestry) for the est.imalion of economic descriptors, resource consump
tion, and pollut.ant emission, in scenario analysis or possibly opt.imizat.ion 
mode; 

• water resources planning, including water ailocalion, with specific emphasis 
on the effects of land use changes (deforestation); 

• environment.al quality (air, water) in relalion to industrial activities; 

• urban development and demography. 

This list. is certainly neither complete nor definite; is should only serve as an out
line of the possible scope of such a system. However, it is important lo underst.and 
that due lo lhe modular st.ruct.ure, the individual components can be of various 
degrees of detail; initially, lhey may be very simple modules, that can be easily 
replaced by more detaiied ones as the study progresses. The models integrated 
can include any computeriz\!KI assessment method deemed relevant; integral.ion will 
provide an appropriate user interface and the coupling with other models in the 
system and t.he data bases. 

Systems i.ntegra.ti.on a.net user interface: 

Data bases and component models will be supplemented by a decision-support 
ievel, based on multi-objective multi-criteria methods. 

The decision support level is based on: 

• al lhe t.op level of aggregation, the use of a development planning module, 
consist.ing of a dynamic, rule-based simulation/gaming model which summarizes 
and aggregates the results of the sect.oral simulation models; 

• scenario analysis wit.h the component sectoral models (e.g., water resources, 
mining, forest.ry, agriculture). Individual models are supplied with rule-based 
problem- and input-generators and directly coupled to the data bases t.o facil
itate interactive use; 

1 The t.erm het.ererc:hy refers t.o • mult.1-dimenstonal hierarchy wtt.h arblt.rary Unkaees. 
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and finally background information from the helerarchical informalion sys
tem. providing geographicatly organized dala as well as statistical anaiyses in 
an inleract.ive, ciispl.ay-orienled formal. 

The user interface is ilased on menu-driven, largely symbolic inpul and a mix
ture of symboiic, graphical, and alphanumerical tabular or lexlual output. with the 
emphasis on (geo )graphical color display. On-line explain functions and inpul 
error correct.ion and automatic feasibility checking are basic elements of lhe user 
interface. 

The development of the sys"..sm will start frcCl a mjnjwal aet of functional 
C0111.ponenb. so that. an early prololype is available for extensive lest.ing; pro
gress t.owa.rcis increasing refinement. and more components would be dependent. on 
the lime and resources available. The inclusion of additional elements al.so 
depends on t.he availability of the appropriate data bases. 
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APPn~IX: aTailable simulation models. 

The following list compiles selected models t.hat. could be relevant. ror t.he Doon 
Valley study, t.hat. are available and already partly implemented at. ACA, and that 
could be inlegrat.ed inlo Lhe software system outlined above: 



Il!i)JI: a spalially dis"..ribut.ed Int.erac' 
ing industrial prnduct.ion and wast.E 
cient.s, est.imat.ing waler as weil as ah 
agricult.ural production; 

- 7C' -

·e Regic:tal Development. si.nulat.or, inciuci
-3rat.ion (production based wast.e coerfi
·_--ne ;:>ollut.ion), wast.ewat.er t.reat.ment., and 

JllTSD(; a river basin simulator developed at. MIT and widely applied in developing 
count.ries, t.hat. opt.imizes waler allocat.ions among agricult.u!"al, indust.rial and 
domest.ic use; includes irrigat.ion and hydropower generat.ion; 

RRll: a waler budget. and raib-runoff simulat.or, describing eff ect.s of land use 
changes (e.g., deforest.at.ion, urbanization} on runoff (peak and low-now) and 
groundwater recharge; 

FEFLOlf: a 2D finite elements groundwater qmmlit.y and qualit.y simulator; 

HSPJ': a comprehensive hydrological simulation package developed at. US-EPA; 

QUAL-ll. RIVER. WODA. TOX-SCREEN. EXAMS. TOXIWASP: a set. of waler qua.lily 
simulators wit.h various degrees of resolution, ranging from DO-BOD to multiple pol
lutants and toxics; 

ARK: Agricultural Runoff Management, describing runoff and nonpoint source pol
lution (including erosion and pesticides) from agricultural wat.ersheds; 

DISCRETE: a scenario analysis post-processor for discrete multi-crit.eria optimi
zation. 

In addition, various data base management. and graphical display programs, as well 
as stat.istical dat.a analysis programs have been c!eveloped and implemented at. ACA. 
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POSSIBLE WATER JIA.."UGKllENT llODELS FOR THE DOON VALIEY 

~Kadeft 

Int.ernaUonal lnsUt.ut.e for Applied Systems Analysis 
Laxenburg,Aust.ria 

PrelmiDary 8-rk 

The followine cont.ribuUon Is based on a review of the llt.erat.ure. There has 
been no possfbWt.y t.o visit. t.he Doon Valley and t.o talk t.o Indian specialists on 
wat.er management and hydrogeolo&Y in the region. Some of the assmnpUons con
tained in this Appendix may therefore be incorrect. and t.he proposed modeling 
schemes may need t.o be revised. 

The Water ._,Ul"ce8 s,.._ in the Doon Valley 

The Doon Valley Is locat.ad bet.ween the Lesser Himalayas t.o the NE and the 
Shivalik ranre t.o the SW. The Ganea River t.o the East. and the Jwnna River t.o t.he 
West. divide the valley int.o t.wo ma;or watersheds. The total length of the valley is 
about. 70 Ion, the width of the fioor between 10 and 20 Ion, the width of t.he 
watersheds 30 km at maximmn. lbe total area of both watersheds amowit.s t.o 
approx. 2000 !on2. 

The Doon Valley Is characterized by extremely heav-1 S\lllUller preciplt.aUon. 
Along the south-facing slope of the Mussoorie hills, the monsoon rainfall averaees 
2000 mm per year. About. 80% of t.ot.al annual preclpit.aUon ls received from June lo 
Sept.ember. At an observaUon point near Dehra D~. the followine figures have 
been given {Singh, 1973): 

24 yr. averaee 1688.1 nur 
maximmn 2613.5 mm 
minimum 1265.4 mm 

For the Doon Valley, the yearly averaee precipit.aUon amounts t.o about 3.4 billion 
m3. In order t.o evaluate the available wat.er resources, the real evapot.ranspira
Uon would have t.o be estimated. Aft.er Sastry and Narayama {1984), t.he evapora
Uon in the Doon Valley amounts lo about 1350 mm/year {2.7 billion m3). This is t.he 
vdlue for evaporaUon from a free wat.er surface; Singh et al. {1981) give the same 
value therefore. Using this value, the lot.al runoff of t.he valley (preclplt.aUon 
minus evaporaUon) would be 340 mm or 680 million m3. This is only a very rough 
esthnat.e, because the real etvapot.ransplration from the valley {mosUy agricultural 
area and forestry) differs from that. of a free wat.er surface. A rougn estimat.e of 
the real evapot.ranspiraUon based on Korsun et. al. {1984) ls 700 mm. From t.ha, .• a 
t.ot.al runoff of about. 1000 mm/year {2 billion m3) results. As expected, the runoff 
ls characterized by a strong annual cycle as ?lg. 1 indicates. 
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( 1951- 1979 I 

nrure 1 Annual water balance or the Doon valley, comparing precipitation and 
evaporation 

U ls clear thal intermediate st.orage of runoff during the dry season is impor
tant for the natural ecosystem in the Valley as well as for the socio-economic sys
tems. In the valley itself, there are practically no nat.ural or E ficial surface 
water storages (neglecting short-term storage effects of rivers, e. ecially during 
fioods}. The only relevant. storages are nat.ural subsurface ones: 

t.he limestone deposits of t.he Lesser Himalayas (Mussoorle 
bill} 

t.he river beds 
t.he Doon gravel. 

Irantic aquifer of the u...tan.e depomta 
The fissured limestone deposits cont.ain cavities of several sizes. The con

nected cavities form a karst.ic aquifer which ls able lo store and lo release large 
amounts of water. The aquifer is recharged by the monsoon ""l!linfall. Aft.er t.he 
monsoon. t.he stored water is discharred t.hroueh springs at. t.ne lower parts of t.he 
deposits. 

Bandyopadhyay et. al., (1984} stale that.: 'The aquifer funct.ion of the fissured 
limestone bell or t.he Mussoorle hills ls t.he most critical factor or t.nnsformlng a 
temporally uneven dist.r1buUon of incident. water from rainfall into a perennial and 
temporally uniform dislribut.ion or spring and stream discharges. Throueh lts 
dynamic role in u.e hydrological cycle of t.he Valley, t.he limestone deposit act.s as 
a mechanism for avoiding t.he t.wtn hazards of fioods and droughts." 

An open quest.ion ls whet.her t.he karslic aquifer ls connected subt.eraneously 
wlt.h t.he Doon gravel aquifer and contributes lo its recharge. See below. 
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Sut.urface water ca11nem of ~ becla 

Only t.he main rivers, t.he Jumna and t.he Ganga, and a few of t.heir tributaries 
have perennial flow. All at.her rivers in t.he valley are seasonally dry (Nossin, 
1971). The river beds are formed by erosion processes from boulder and gravel 
sediments, undergoing continuous modification. These sediments have high st.orage 
capacity and permeability. Obviously a part. oft.he river flow especially int.he dry 
season occurs below the surface in the river bed. The river beds are hydrog~ 
logically connected with the Doon gravel. The runoff (surface and subsurface) in 
t.he river bed, including flood areas, recharges t.he Doon gravel. In t.he lower 
parts o! the valley, baseflo.- occurs from t.he Doon gravel into t.he rivers. 

Doon p-a.et aquifer 

The t.opsoil of major parts oft.he floor oft.he Doon Valley is a silty clay loam 
of low permeability. Below t.he t.opsoil, a thick gravel fonnaUon of medium permea
bility exists - the Doon gravel. Its dept.h amounts t.o 200 m at. maximum (Roy, t.his 
volume). The Doon gravel is t.he main aquifer bei112 used for water supply purposes 
int.he valley. It. is recharged. by infiltration from t.he surface, above all from allu
vial fans and terraces and from t.he rivers. Because t.he subsurface catchment. 
area is not known, it. is not. clear whet.her t.here are further sources of recharge, 
e.g. from t.he limestone deposit.. 

Another open question is t.he hydrogeological nature of the deeper geological 
format.ions. Probably these are also permeable and water bearfne. 

In dry periods, t.he Doon gravel aquifer may recharge rivers, especially in 
lower parts of t.he valley. More det.ails on t.he hydrogeological set.Ung can be found 
in Roy (t.his volume). 

Figure 2 gives an overview of t.he relevant. elements of t.he water resouroes 
system int.he Doon Valley. 

' -----------
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Figure 2 Waler resources system in the Doon Valley 

Impacts on the Water Remoun:es Symtaa 

The major water user in lhe Doon Valley is lhe populaUon. The wat.er consmnp
Uon in Dehra Dun City amounts to 68 -128 liter/day (1984) per person. Assumine a 
populat.ion in lhe urban aealomeraUon of 293 ,000 (1984), we aet an annual wat.er 
consumpUon of 7.3 - 13.7 million m3. Th!s ls only 0.3 - 0.71 of the average yearly 
runoff. 

The water consumpUon fiaure above contradicts that in Bandyopadhyay 
(1984), who assumed a daily consumpUon of 25 liter/day per person. In this case 
the annual water consumpUon would amount lo 2.7 million m3, i.e. only 0.1% of lhe 
total runoff. 

The 1982 water consumpUon of various industries in Debra Dun City was 
esUmaled to about 407 m3 per day, i.e., only 0.15 million m3 per year. This fiaure 
is less than 10% of the water consumpUon of the populaUon. 

Fiaures on wat.er consumption in qricullure are not known. In total, water 
consumpUon may be estimated lo be in the ranae of 10 million m3 per year. This 
means that in lhe annual mean, there should not. be any problems for wet.er supply 
and t.he impact. of wat.er consumption on water resources should be neali&ible. 

The situation looks quite different. if one considers the annual cycle of nmoff 
(see Flaure 1). If the monsoon rainfall cannot be stored su!flclenUy, in the dry 
period wat.er deficits may occur. Accordina lo Roy (this volume), the wat.er table 
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near Dehra Dun City is already lowered by about 7 to 15 m. The significance or this 
lnformaUon is not clear (Is it. a mean value? How far is the observaUon point. from 
the extract.ion wells et.c. ?) Nevertheless, t.be observed depletion indicates t.bat. a 
depleUon of rroundwater resources may have already st.art.ed in this region (the 
pwapage ls larger than the natural recharge). And t.bis may effect. other parts or 
the water resources system, e.e. t.be river fiow in lower parts or the vel.ley during 
dry ;:>eriods. 

In addiUon to t.be direct. impact. on t.be water resources system described 
above, t.bere are a number of indirect. human impacts. These impacts are probably 
more relevant. t.ban t.bose listed above. According to t.be available publications, 
the major impacts are caused by: 

cbanlres In land-use pracUce Including deforestaUon, 
resulUr.ar ln an increased surface runoff and reduced 
groundwater recharge, 
- limestone ndnln(i, cbanglne t.be recharge condition ror t.be 
karsUc aquifer or the llaest.one depostt.s, increaring 
surface runoff, 
- flood protecUon ww ement.s and removal or sediments from 
river beds, lncreaslna the uaount. of unused discharge durlni 
monsocms (the reduced size of flooded area reduces rround
water recharge!), 
- siltaUon caused by Increased runoff and erasion due to land 
deeradaUon, result.inlr ln surface clOK&ina of river beds and 
rroundwater recharge areas (alluvial fans), consequenUy 
r'9ducing groundwater recharge. 

In Volume I, Chapters 6 and 7, several practical measures for a rational water 
management. stratea are listed. Here we would like to emphasize the posslblllt.y or 
artificial groundwater recharge. 

Artificial Groundwater Rec:h• .. e 
ArUficial recharge of eroundwater basins is becoming increasingly important. 

in rroundwater management., p".lrticularly in the Joint use of surface water and 
rroundwater resourcu (Asano, 1985). Major objectives for artificial recharge 
are: 

- augmentation of the amount of available gromu:lwat.er for 
water supply, 

conservation and disposal of runoff and fioodwaters, 
improved water quality by removing suspended solids by 

tilt.rat.ion t.hroueh the II"Ound. 

These objectives are applicable to the Doon Valley. Due t.o the eood penneablllty 
of the Doon Valley dariOK the monsoon, large volumes of ronoff could be stored in 
the aquifer. 

The eqineeriq techniques needed for arllficial recharae are well-known, 
e.e.: 
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- direct. surface t.echniques such as flooding, diLcb and furrow 
systems, basins, 
- direct. subsw face t.echniques such as wells, reverse 
drainage, pits and shafts, 
- cmabinaUcns of these techniques for subsurface drainage 
{collectors with wells). 

Details can be found for Instance in Asano, {1985). (This cc:nprehenstve text. also 
atves a voluminous list. of references.) 

The st.orqe met.bod does not. require high capital investment.. One laportant. 
benefit. Is t.bat. evaporaUon losses are neellafble in comparison wit.b those from sur
face water reservoirs. A properly designed system for art.1flclal rechal"Ke in t.be 
Doon Valley could hel!l meet. t.be water supply needs of the residents as well as 
being environment.ally beneficial (e.a. increasing t.be baseflow in the lower part of 
t.be valley). 

Taalm farWatm-•n•1 nt Jladelinc 
The common tasks of water memqeaent. for reatonal systems in many countries 

include t.be followtna: 

to elaborate devel.rpment. policies (loq-t.erm) for the water 
resources and lllllmqfement. system in the reaton. 
- to desip water ntanqement. systems (such as reservoirs, 
aroundwater ext.racUon wells et.c.), 

to derive raUonal medium- and Iona-t.erm 111a11qement. 
st.rat.eates for extsUna and/or planned water manqement. 
systems, . 

to consider the needs of short.-t.erm {real-time) operaUonal 
control of such systems. 

In principle these tasks are relevant. for t.be Doon Valley. But., at oresent. a 
comprehensive water manaaement. plan does not. exist.. There are pracUcally no 
runoff controls (reservoirs, weirs, et.c.). Groundwater ext.racUon is done by the 
help of tube wells, obviously more or less uncontrolled. So the first. t.wo tasks are 
of major interest. for t.be Doon Valley - elaboraUon of development. policies and 
desien of water manaaement. systems, above all the cont.rolled aroundwater ext.rac
Uon for water supply. In solving these problems, fut.ure aspects of raUonal 
management. strateeies and operaUonal control would have to be taken into 
account.. 

In the Doon Valley, one has to consider the strong inter-relaUonships bet.ween 
the water resources system, the environmental system in aeneral, and the impacts 
of socio-economic development.. The deterioraUon of the environment. affects the 
water resources system and thus also the different. water users. At. the same Ume, 
there is a st.rone reverse impact of the water resources system on t.he environ
ment.. 

In principle there is a requirement. for the development. of a complex model 
inclucUne all aspects of environmental and socio-economic development.. It. is cer
tain that. such a mode: would be absolutely unreallstic under the cond!Uons in the 
Doon Valley, above all because of the lack of knowlqe on subprocesses and the 
lack of dat.a. Nevertheless, any water JIUUl8&ement. modeline for the Doon Valley 
has to consider these complex interrelationships. The models should be destined 
in such a way that results of modeWne other environmental subsystems (e.f. soil 
erosion) can be easily included, and result.a of the water JIUUl8&ement. model can be 
used for modeling of ot.her subsy.rt.ems. 
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The accuracy and relevance of water management modeling depends on 
knowledge or the basic processes and on the available relevant data on the syst.em 
and systems impacts. In the Doan Valley, one has t.o work with both misstng 
knowledge and missing data. As a result, another task for aodellng arises - pro
cess modeling in order to understand the wat.er resources processes (hydroloef cal 
cycle) and as a basis for the desip of effecUve e%ploraUon and JDODit.ortna pro
grams. 

Water lle9oarew Pra •od•Hns 
Wat.er resources modeling for the Doan Valley can only be based on det.er

minlsUc model concepts, al least for the near future. Due to the lack of lone-term 
observaUons {frequenUy a lack of any observaUons al all) any slaUsUcal or 
black-box approach as is co-moo in h~ would feU. 

The st.arUng point should be a general wat.er balance model of the Doon Val
ley. covering all relevant subprocesses depicted in Ftaure 2. The Uae step shot" _ 
be if possible one month al mu:iaua. 

PrecipitaUr:m pat.terns are well-known. For evapolranspiraUon, semi-empiric 
models may be applied based on available reoeraPhical and cllmatoloefcal infonaa
Uon. To describe the distribuUon of total nmoff into surface runoff, lnflllraUon, 
basefiow etc., staple conceptual models {with lumped panunet.en) can be used, e.e. 
based on the model of a linear reservoir. The principal parts of such a wat.er bal
ance model are depicted in nrure 3. 

WiUlin the Regional Wat.er Policies project al IlASA in collaboraUon with the 
lnsUlut.e for Wat.er Management, GDR, a methodolQ2Y for developing simplified 
models for rerional studies has been elaborated wtt.h special regard to surface 
wat.er - rroundwat.er int.eracuons. {Kaden el al •• 1985b). The concepts and models 
could be useful for the Doon Valley too. The choice of approach depends finally on 
the available informaUon. Detailed model concepts have to be selected lat.er. 

Such a conceptual balance model could be used for a first. impact assessment 
of en"'1ronmenlal det.erloraUon. furthermore il provides a framework for the 
development of more comprehensive process models. 

The elaboraUon of more comprehensive models for surface and river runoff 
does not seem lo be necessary or realisUc. But. a comprehensive groundwater flow 
model for the Doon eravel should be developed in a second st.ep. This model should 
consider d1st.rlbut.ed parameters, the lnt.errelaUonship between surface wat.er and 
groundwater, and the lhlHMlependenl recharre. Because of the lack of data, a sim
ple finit.4Milfference now model can be used. 

CalculaUons wtlh this model would Increase our knowlqe of the wat.er 
resources processes and could be used for desf&ning monitoring and exploraUon 
prosirams. 
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Water •••1 rt •...t•Hna 
Dependlne on the success of the process model.inc. mere mmaaeaenl-orient.ed 

models should then be cle99loped. 

An iaproved eroandwat.er flow model sboald be applied for the desfen of a 
conlrolled. system of eroundwaler extracUons. Tb.ls model should be used conUnu
ausly far CC!lltrolline the aroandwaler erlracUon and the desian of new installa
Uons. As new aeesureaenl data are obtained. the ..tel could be farther 
Improved. Tb.ls would be the so-called concepl of a conUnuoasly ~ ..tel 
(Kaden et. al .• 1985b). 

Based on the balance ..tel above. a planntnr aodel should be developed as a 
tool to f(nlf :-aUonal st.rateates ol Iane-t.era clevelopaenl. Such a aodel should be 
capable of cleallna with the followfna ccmplexiUes: 

- controversy UICIDI dltferent. waler users. soci01COIXWafc 
developaenl and enviromlenl. 
- aulUple crflerfa of e91ll.mUon of strateates (ll aay not be 
possible to e91ll.uale same ol the criteria quanUt.aUvel.y). 
- u:ncertalnUes and stocbasUc character ol systeas input. 
(e.a. precipitaUon). 

An appropriate Deciskm Support llodel Syst.ea for the analysis of reatonal waler 
policies ln llpile .mtna areas bas been developed al IlASA. ll combines a mulU
crit.eria analysis for planninr periods areal.er than one year with a stocbasUc 
siaulaUon of monthly systems behaviour (Kaden et. al., 1985a). 'ibe systea ls 
hiably int.eracUve and mer friendly. ea.put.er color arapbics are used for the 
v1sual display of results. An enmple (aonochroat) 1s shown in ~e .(. In princi
ple, t.b1s concept could be applied to wat.er manaeeaent 1n the Doon Valley as soon 
as subaodels of the relevant processes have been developed. Perhaps even other 
environmental subprocesses could be included into t.b1s aodel concept. 
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DD'ORES'l'AnON AND CJJVATIC CHANGE 

B . .Pcld7llC&ftelbhmaurti 

School or Environmental Sciences 
Jawaharlal Nehru University 

New Delhi, India 

The effect or deforest.aUon on rainfall was examined al 32 stations distributed 
over the breadth and width of India. llore than 50 years or rainfall observaUons 
available from a non-parametric rank test. applied t.o lhe above series of rainfall 
data showed that except for an Isolated case (Sht.oga in Karnataka), there was no 
sfaniflcanl decrease in rainfall al any staUoa. 
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lntroduc:tian 

Industrial projects and other development acUviUes may cause some adverse 
ecological etrects like deforest.aUon. Oft.en t.he damaae caUS6d Is irreversible. 
Despit.e industrial and other development acUviUes in India. possible irreversible 
and adverse effects have not yet caused :slann alt.hough relevant studies are very 
llmlled. 

In particular, t.he effect. of deforestaUcn on rainfall Is sWl controversial. 
there are many examples where rainfall bas decreased due to deforestation. and a 
few where no chanae bas been noUced (Johnson el al •• 1975). DenudaUon of vegeta
Uon causes dlsast.rous floods. soil erosion and loss of fertile soil resulUna in waste 
lands. Such examples are in LltUe Anctawan, lllddle Island and in Great. Nicobar. 
Loss of yield has been noticed due to loss of ferUllly. A study on t.he effect of 
forest. cover on rainfall distribution at Andaman and Nicobar Islands indicates t.hal 
rainfall increases with increasfn& forest. cover (Blswas, 1980). 

LarRe trees besides providfne sbelt.er and comfort to human beings increase 
the rainfall. It has been concluded in t.he USSR that. preclplt.aUon Increased by 
10-12% over t.he forests (!'edorov el ftl., 1967). the Idea t.hat. deforest.aUon leads to 
a decline in rainfall is t>ased on the fact t.hat. t.he presence of a forest has a 
favourable Influence on t.he water economy of an area. DeforestaUon Increases 
maxlnlmll alr and soil temperatures and decreeses sli&hUy t.he minimum alr and soil 
temperatures. DeforestaUon also decreases t.he net incoming radiation and 
increases radlaUve coollna of the alr. DeforestaUon cbanaes t.he refiecUvity of 
t.he surface of t.he earth and Increases dust parUcles In t.he air due to increased 
wind speed and dry soils. this chanaes t.he regional radlaUon exchanae bet.ween 
t.he earth and t.he atmosphere. The relaUve humidity also Is lowered. Deforesta
Uon Increases surface wind. 

Rajast.ban desert Is presumed to be man-made - a result of ecological 
mismanagement.. Archaeol.orical and pollen studies indicate that. t.he desert llrllS 

indeed relaUvely fertile several thousand years qo and that it. cont.alned a f-esh
water lake that. supported t.he Indus clvllizaUon. SueeesUons are t.hal defores
t.aUon led to increased tropospheric dust. loading which in turn enhanced alr sub
sidence, thus inhibiting precipit.aUon. It should be ment.ioned here that destruc
Uon of forests is almost. an irreversible process as reforest.aUon Is successful only 
with the great.est of difficulty. 

The luxuriant. forest erowlh and unusual climate of early America invited con
jecture on the cllmaUc effects of the forests and the consequences of their remo
val (1bompson, 1980). Pioneer set.Uers in America thouehL that clearine of the 
forests was producina a wanntna trend and affecUna the climate in other ways. By 
the nineteenth century there was wide, but. not. enUrely unanimous belief that 
deforest.aUon had caused sienlficant. cllmaUc chanees, especially hieher t.empera
t.ures and lower pre.:ipit.aUon. It was also believed thaL tree planting might 
increase precipit.at.ion in the semi-erid west.. Modern scienUsts now at.tribute an 
important microscale climatic influence to f orest.s and are considering the macros
cale effects, especially a:J related to atmospheric carbon dioxide and albedo 
chan1es. 

The effecL of forests upon the tot.al amount or rainfall is a quesUon upon which 
writers are not qreed, some denylne their influence alloeet.her. In t.he present. 
paper, the author has at.tempted to study t.he impact of forest. clearina on rainfall 
at. several stat.ions spread across India (lie. 1). 

I 
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figure 1 

llethodoloa 
A non-parametric Rank Test has been applied to the series of rainfall data. 

Let. x1. , x2 ..... m be the amounts of rainfall In the successive years of t.he series. 
Let. n1 , n2 ..... nN be the frequency occurrence of each amount. of rainfall. Then 
Test Score P is defines as P = n1 + n2 ...... nN. For example, 

Rainfall (MM) 

Frequency of 
Occurrence 

Then P = 3 + 1 + 2 + 0 + 0 = 6 

250 500 180 750 390 

3 1 2 0 0 

N(N-1} 
A Test staUstic S is defined as S=2.P 

2 
, where N is the number of of 

observations. Accordlne t.o t.he above example 

S=12~ 
2 

=12-10=2 

Sta.nda.rd. error of S=SE(S)=- /N(N+i){2N+5) v 16 
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=- ~=v'Z5=5 V15 

Z-Score(stAnda.f"d Norraa.L ltlric&ticm.)- SE"~S) ~ =0.4 

Z follows a normal distribuUon with mean 0 and variance 1. If z > 2.58 the t.esl 
sr.ore is significant al the 1% level. If z > 1.96, the lest score is significant at. the 
5% level. The inference could then be that. a significant. trend exist.. 

a..uJ.b: 
The trend in rainfall analysis as per the non-panunet.eric rank test is given in 

Table 1 which shows the st.aUons, the number of years of rainfall data used, the 
Test. St.aUsUc (S), Standard Error of S and the z Score. 
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TABLE 1 

Trend in rainfall series by Non-parametric Rank Test. 

No. of Test. z Score 
S.No. Name of SlaUon 

Years 
SlaUsUc SE(S) 

S/E(S) s 
1. Coimbatore (Tamil Nadu) 56 -90 144 0.63 
2. Shim.oga {Kamat.aka) 49 -248 118 2.10• 
3. Phqhat. {Kerala) 62 -37 167 0.22 
(. Sawai Madhopur (Jajast.han) 70 217 200 1.08 
5. Keshod (Gujarat.) 9 -18 19 0.96 
6. Kodaikanal (Tamil Nadu) 53 166 133 1.25 
7. Mahabaleshwar (Maharashtra) 38 -69 82 0.84 
8. Pancb.marhi (Jl.P .} 70 -11 200 0.05 
9. Kallmpone (West. Bengal) 61 318 163 1.95 

10. Bulsar (Gujarat.} 52 64 129 0.49 
11. Ranchi (Blhar) 53 -86 133 0.65 
12. Tora (Maghalaya} 67 -91 188 0.49 
13. Koraput. (Ortssa) 52 144 129 1.11 
14. Bidar (Kamat.aka) 60 240 159 1.51 
15. Mukeshwar (U.P.} 49 -116 118 0.98 
16. Kohima (Nagaland} 57 66 148 0.45 
17. Udhampur (J & K} 59 123 156 0.79 
18. Kulu (H.P.) 66 145 183 0.79 
19. Chanderpur (Maharashtra} 70 157 200 0.78 
20. Mandia {M.P.} 20 -54 32 1.67 
21. Jagdalpur {M.P.} 61 -122 163 0.75 
22. Shadrachalam (A.P.) 64 188 175 1.07 
23. Nilgirl {Tamil Nadu) 54 -187 136 1.37 
24. Dlgboi (Assam) 5 
25. Bomdlla (Arunachal Pradesh} 4 Time series too short 
26. Pauri Garwal 74 -333 217 1.58 
27. Srlnqar (Garhwal} 67 -17 187 0.91 
28. Almora 75 -267 221 1.21 
29. Gauhati 65 12 179 0.07 
30. Shillone 67 125 167 0.67 
31. CherrapunJi 61 68 163 0.42 
32. Gangtok 15 -9 21.6 0.42 

ns1gn1ncant. at. 5% level (slight.Ly decreasing t.rend). 

Conr.:lumou 

Rainfall dat.a from 32 st.at.ions have been tested fer t.rend using a non-
paramet.rlc ran'' test.. Except. for Shlmoga (Kamat.aka) none of t.he series exhibits 
any significant. t.rend in long-term rainfall. Shimoga has a slight.Ly decreasine 
t.rend which ls significant. at. 5% level but. not. at. 1%. 

T:ae data for Diebol and Bomdlla were not. sufficient t.o apply t.he t.est.. 
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A BRIEF SURVEY OF AIR POUUTION 110DELS ROUnNELY EllPLOYKO AT THE 
CENTRAL 1NSTlTUTE OF llETEOROLOGY AND GEOD\'NAllICS JN V1ENNA 

INCLUDING DATA REQUIREllENTS AND OUTPUT EXAllPI..ES 

IL Pi.ringer 

~enlntl lnsUlute of :Meteorology and G£0dynamics 
Vienna, Austria 

1 I:atracluctio11 

The "eneral scope of the Doon Valley projec~ from the air polluUon modeler's 
point of view Includes t.he selecUan or development u~ proper air po.llut.ion models, 
the appllcaUon t.o the spe-,iflc sit.es and the gat.hmng of appropriate c~ta. 
TQielher with tho aid of Indian aut.horiUes (Pollution Cont.ro! 1Wsearc;1 lnsUt.ute, 
Indian Meteorological Depart.-nent.), the procedore will therefore probably be as 
follows: 

1 Creation of an emisrlon Inventory: 

classificat.ion of Industrialized and built.-U?> areas as w"'H M tra!!lc r.-:>ndi
Uons 

delermine.Uon of emissions 

Z analysis o' meteorolcgtcal. and air polluUon t.lat.a al hall~ (including ,&,ch:.!l 
data) 

3 choice oft.he locations of monitoring stat.ic,~1& (air pclh: . .ion, met.eorology) wilh 
spscial emphas!s on le•!tperat.uro inversion charact.arisU~s !n the vclley 

4 data analysis aft.er e.g. ~wo yeirrs oi rnouitoring 

5 simulaU.on of different. air pallet.ion scenarif'A! 

6 discussion of results; inlerd.lllci;;llnary recommendaUons for future develop
ments 

In the following, a brief survey of cur pollutJ.on models, ~hich are nm ot1 to 
routine basis r.t. the Central Inst.ft.ute cf Met.Gc:""Olor.Y nr.d G<-'ld:rnamtcs, is given, 
with special emphasis on input. requiresmenls and outi;.ut fecHVJ.es. 

2 Slln'ey of Air Pollution Eoclehl 
The survey st.arts wit.!1 very simple modt;-_:.s not requiring meteorological input 

and en.h: wit.~ the description of a multiple point· and area-source mod,6l. All t.hh 
models are Ga~sian. Connurning t.he India project and t..'ld difi'lcult.y ir1 obtaining 
dat.a, it. seems desirable to use model3 wh!ch need Utt.le input.. 

2.1 Point Source Model• Kot Hequir'iDC lleteorolopcal Input 

2.1.1 Predietinc ll•ri•Ulll Conrentratioll.8 ill Flat 'ten·3in 
The model predicts location and amount. of m~ ... tmum concent.ri:llinns of a stnele 

pollutant. depending on st.abil!ly class and win'1 ve·Loc!t.)·. 'fb·.1 modtJl ''~es Ti.•rner 
st.ability classes, i.e., c.lasses 1 to 3 21.r_, unstabte, class 4 {s nout.ral arid clll!ise:s 5 
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to 7 are stable. 

Input requirements: 

1) stack height {m) 
2) flffiuenl temperature al the stack (° C) 
3) ai~4 i.emperalure (° C) 
4) effitMnl vol·we {•3 I h.) 
5) source strength ("';'Is) 
6) stack diameter {m) 
7) vert.ical velocity of effluent {mis} 
8} height. ~r ane-nomet.er {m) 

If the temperature of the effluent is great.er than 50 • C, inputs 6) and 7) are not. 
IJSed. 

The out.put is given as a table and a plot {Ftg. 1,Z). 

A model run is very fast. so e.g. different stack heights can be tested easily. 
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TllELLE 
EFFEICTIYE SCHnt11STETNMl1EMf MfC111,•&rillALf•'lf~~TllN Sl'AYClO•• 0 •G/"l••~l IJllD DE•EN EllTFE•llU'I' JC" I V!Jlt 
DEi O\IELLE I1f A•lfAElllCOt,ICEJT V'tll OE.l V 111 "'H'='411T llO TGKETT UC" 1$1 U'tO OF.I l!J~Ur; ITUICSKUSSE 

'6 UIO/U -u 
vat TU BC 

IC LAS SE z 3 L&IIL 4 MEllTUL ' 6 7 !T All!. 

u $1UI lC"l lfE s"' r 1(11) MS! SllU r r 111 Mf SRA J lt Ill I HE ~"U .r ( llJ ME SllU I C"I I 

lei! .TlZ 31CI Z'1 .•31 74Z l•fl .33fi 15111 l<"' .131 17'H5 170 .012 >Z:>1111 
1.5 .5fl2 HZ Z2' ,353 91!1 Z24 .z 14 ?034 l'"' .11~ >Z')1111 UI .OZ7 >ZOICll 
z.o ·'1' 534 203 .Jn 10flZ lCll .z311 Z41? .LT7 .196 ~z5" lH • 0111! >Z1'1111 150 
z., • nz ,, . 177 .401 11011 U7 .z411 Z5~ 1,9 .1 .. n~6 Hf> .Mo >ZIJICll HZ 
3.0 ,535 fl52 1511 .417 Ufl• 151 .26:> ?6'5~ lH .162 T144 136 .0116 >ZOICll 130 
3.5 ,531 110 1•6 0425 122Z 1311 .Zflfl z1•1 133 .lbfl TOT~ 121 
4o 0 0524 7fl6 131 .4111 121!3 130 • Zf!ll 2""1 125 olf-T 1124~ lZ'l 
4.5 .5H llZ3 12' .427 1345 iz• .260 ?'1!t U 11 ,UT 1!5'1 114 

'·' ,471 1•011 11" • '6T 1n11T 114 .u, 11871 lll 

'·' 0417 1414 114 .Zfl4 122:! ll 0 
•• o • 411 1'40 110 .z110 '1'5) JOT 
6.5 .404 1607 l 01 . ~" 14"1 11>• 
7, 0 ,] 96 1!174 1C5 • ?5J 3~11 101 
T, 5 .1119 1. To\l :.u .246 174" 90 
a.o , ] IU) llCIO lCJ .HJ 3'"" ;r 
a,5 .1n lllTT 1114 oZ3'5 401" 116 
0 .o .363 1'U5 OT .nn H5b II• 

'·' • 3!15 ZC14 05 .zu 4''" 93 
10.0 .341 20~2 '" .220 H31 92 
1Zo5 • 312 2421 '" o \5''1 5U1 .. 

SClf&DSTOFF SCl7 

FE'STE SClfOlllSTETllHOEME Hl"I • 7!) 
coesu•TUGA ~Ellett 0 I !l;U Jf•s-•••3/lfl. ,,u F •}~ 
c;;s &'IT&IGA Sllflllt:E OC N0•11-11••3 I~ I • , 31)111J f .-, ft 

OUHLSTAUltf os1•11;10:1 •• ZJftE~6 
OUFLLSTAEtkE 0~111i;1~1 • o9!11!•01 

UG&STER•EUTUI T"i;uo CHI• 1110 UllctElllJ•JNG~TEll•FU TUl TLCCl&1 ':HI• 10 
OIEIE LtCMTfVEIT~ 01111 • AU.STIUTTSGF.sCMllINOI~ETT v;1 .. 1s1 • 

niure 1 Etr~ct.ive stack heiiht. HE(na}, maximum concentration SM.AX (111g / 111 3) 
and lt.s distance X(m} from the source dependfne on wind velocity 
(U(m/s)) and st.ability class 

pollutant.: so 2 
stack beiibt. H(m}: 70 
etnuent volume (m 3 / h. ): 511000 
source strenat.h (q/s): 236000 
etnuent. t.emperat.are at. the stack ( • C): 180 
air temperature { • C ) : 10 
hetrht of anemomet.er (m): 10 

lfE 

lflT 
15' 
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2-1..2 Predict.inc Concentration Fields ill Flat Tel'T'ain 

Using the same input. as above, concent.raUon fields for a given combinaUon of 
wind velocity and stabillt.y class for a sfn2le stack in fiat. t.errain can be plot.t.ed. 
An example is given in ngure 3. 

2-1..3 Predicting Co11Ce11.lratioDJ1 ill Flat Terrain or Alone Slopes for Multiple 
Sources 

The canput.er calculates a concent.raUon field in the : -z-plane under the 
assmnpUon that. any grid point is influenced by topography except. on the line z =O. 
For low wind.speeds, st.reaml1nes go over obstacles; for higher windspeeds they go 
around them. The user can choose up to 19 receptor points along the :-exts and 
up to 10 "layers" (recommended verUcal distance: 50 m). Data are required in a 
similar" manner as in SecUon Z.1.1 for up to 15 stacks, but. addiUonal informaUon is 
required concerning field width (number of steps !n the :-and z-dire-?Uons and 
distance of steps). The program also includas different mixing heiehts. 

An example of out.put. in the form of at.able is given in neure 4; an int.erpreta
Uon of this output is given in Figure 5. 
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30(' 

l 2 3 5 ENTFERNVNG (K~) 

ABB.7: M~Xl~ALE NCX - IM~ISSIONSKONZENTRATJON 

(MG/M3,DONNE LINJEN) JN ABHANGIGKEJT VON DER 

ENTFERNUNG VO~ E~ITTENTEN (K~) UNO DER HOHE 

OBER GRiJND (M) 

DICK AUSGEZOGENE LJNlE: HANGPROFIL 

MISCHBETRJEo 

Fieure 5 Maximum NOz - ooncent.rat.ions (t.hin lines, mp Im 3), depending on dis
tance from t.he source {km) and hetehl above ,round (m); t.hick line: 
profile of t.he slope 
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2.2 Analym of Meteorolopcal and Air Pollution Data 

Programs for analyzing meteorological and air polluUon data (half-hour mean 
values) are available under the assumpUon that the data are correct and have 
been placed on working file with certain formal specificaUons. 

2.2.1 llean Values 

The Proenun calculates daily. monthly. half-year or yearly means of meteoro
logical paraaet.ers or air polluUon concentraUons. Naue and unit of the panune
t.er. desired data period and desired mean values are requested. An example of an 
output is shown 1n ltgure 6. 
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2.2.2 Ileen. Daily Variation. of Elements 

A quick glance al a graph depicting lhe daily mean pall.em of a meteorological 
or air polluUon element can oft.en be lnformaUve. A3 an example, Figure 7 shows 
lhe daily mean pat.Lem of .51?2, together wilh lhe standard deviation. Given lhe 
working file, only a small amount. of informaUon is required, mainly lhe parameter 
t.o be printed and the Ume period t.o be select.ea. 

2.2.3 •lriz Repnmentation. 
Matrix representation offers t.be possibility of comparing t.wo meteorological 

elements (or pollutants, or pollutant. versus lime, etc.} using lhe system of fre
quency dist.ributions. The idea ls to construct. intervals for each element and to 
count frequencies (absolute or relaUve) for all intervals of t.he matrix (see Fig
ures 6,9}. ngure 8 gives lhe frequencies of air t.emperat.ure at t.wo different. loca
tions at. lhe same time; Figure 9 shows a Ume-dependent frequency dist.ribution. 
The matrix framework is still more fiexible: il allows for almost all combinations of 
elements, for cumulaUve freqrencies, and for different kinds of relaUve frequency 
distributions. 

Input requirements are again very simple: elements and Umes have to be 
chosen, and lhe let.lering of lhe mat.rix can be chosen by lhe user. 

In summary, dat.a analysis is possible in an efficient. manner wilh a great. 
amount or detail. Thus, it. allows meteorologists to draw preliminary conclusions on 
lhe meteorological sit.uaUcn or <-.oncent.raUon pat.tern in lhe region of interest.. 
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2.3 llultiple Point Source llodels Bequirin& ~eteorological Ob9enationa 

Subdivided by wind direct.ion and wind velocit.y categories, a frequency distri
but.ion of each st.ablllt.y class (obtained from a comblnat.ion of temperat.ure gra
dient. and wind velocity or radiation balance and wind velocit.y) wit.h respect. t.o t.he 
season of t.he year Is used as input t.o t.he following t.wo models. 

2.3.1 Sea.anal Ileen Concentration. Fields 

The model calculates a field of half-year (winter or summer) or yearly mean 
concentrations of up t.o 15 stacks wit.h t.he aid of the above mentioned st.aUsUcs of 
st.ability classes. There are several opt.ions: inclusion of t.opography, of lntermit.
t.enUy eaadt.Ung st.acJCS, of chemical react.ions and of deposit.ion. An example of a 
graphical out.put. is given in Figure 10. 

2.3.2 Detenaination. of the If umber of ea- AboYe or Below Preacribed. 
Cou.cen.tration. Le.els 

The user is allowed t.o choose t.wo concent.raUon levels of interest., and t.he 
computer program calculates at. each gridpoint. t.he relat.ive frequencies of concen
trations below t.he lower level, bet.ween t.he lower and t.he upper level, and above 
t.he upper level. The relaU ve frequencies are again calculated on t.he basis of sea
sonal means ~t.h t.he aid of t.he st.a:.tsUcs of st.ability classes. Again, emission data 
from up t.o 15 stacks can be used; t.he same infonnat.ion as in Sect.ion 2.1.1 is 
required. An example of an out.put. in tabular form is given in !'igure 11. 
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2.-4 Line-Source Model 
The Central lnsUlute of Met.eorol02y and Geodynamics runs en EPA-version of 

a line-source model called HIW A Y, where lhP ;:,-pace-dependent diffusion parameters 
a

11 
and ar• which determine lhe angle of spread of lhe pollutant, are replaced by 

time-dependent ones. The model calculat.es concentrations al chosen downwind 
receptor locations of a highway of variable size. The user can choose between ar. 
at-grade highway or a cut sect.ion. The following input is required: 

1) dimension of lhe hiehway (length, number of lanes, widlh of each lane) 

2) meteorological input (wind direct.ion, wind vebcity, st.ability class) 

3) line-source strength of each la."le, dependill2 on t.raffic volume and mean emis
sion rate of vehicles. 
The output is given in tables, as shown, for example in Figure 12. 
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2.5 Genawj-'Ul •ultiple Point and Area Source •odel {Urban •odel) 

The area of int.erest (in general a big t.own and its immediate surroundings) is 
divided int.a equal area sources of about 1 .1:7aZ size. For each of these squares, 
mean emission rat.es are required (e.g., from an emission inventory}. where up t.o 9 
different. emission heights can be assigned for each area source. rurthennore, 
emission rat.es of big point. sources of almost. any amount. at. known local.ions can be 
accepted by the model. The model t.hen calculates concentrat.ions for chosen 
recept.or local.ions (max.99) and chosen weather condlt.ions (any number); point. 
source and area source concentrat.iOl!S are prtnt.ed separately. and also t.he sum or 
concentrat.ions at. each recept.er locaUon ls given (ng1Jre 13). 

Input. requirements are as follows: 

1) Input. file for grid and weather specificaUons 

number or area sources int.be r- and 11-direct.ions; grid dlst.ances (m) 

number of chosen emlsslon heights; value (in m) for each height. 

mean plume rise for area sources for each stabillt.y class 

number of wind veloclt.y ciasses; calculated value for each class (mis) 

mixing heteht. (m) for each wind velocity class 

coordinate pairs for Jlla%.99 receptor locaUons (m) 

met.eoroloeical conditions (any number) 

wind velocit.y class 

wind direct.ion 

air temperature 

st.abillt.y class 

2) me containing emission heights and area-source emission rat.es 

3) File containing t.he point.-source emission rat.es 

The Input. is the same as in SecUon 2.1.1, but. t.he locaUons of the point. sources 
are also requir'Kl. 
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RECOJUIENDATIONS ON WATER 11ANAGE11ENT STUDIES 
FOR THE DOON VALLEY 

S.Kadtm. 

Int.ernat.ional Inst.it.ut.e for Applied Syst.ems Analysis 
Laxenburg, Austria 

01Pjecti'ft8 and Work Plan 

The water resources syst.em is an import.ant. component. of the environment. and 
the socio-economic development. 1n the Doon Valley. The valley t.hough located in a 
high rainfall area, faces acut.e shortage of water during the dry season. The sit.m
t.ion is becoming more serious in recent. yeers because of increased surface nmoff 
during the monsoon and reduced storage of water t.o the dry seasons. The avalla
billt.y of water may become one of t.he most. rest.rtct.ina fact.ors of industrial 
development., agriculture, and human welfare. 

In order t.o stooy t.he role of the water resources in the envtronment.al system, 
the endangering t.o be depleted and polluted by industrial and other human act.ivi
t.ies, and their availabillt.y for industrial, agricult.ural and municipal water supply, 
the following tasks should be realized: 

1. Bam anal:pia and data collection. for water l"'e90111"Ctm prabl-. 
As a first step, an analysis oft.he water resources problems has t.o be under

taken. All relevant. and available data on geography, hydrology, and hydrogeology 
have t.o be collected. Durina a field trip t.o the Doon Valley, the problems related 
t.o both water quanUt.y and water quality have to be studied. Based on that., neces
sary monit.oring acUviUes have t.o be designed. 

2. Water balance - conceptual hydralopcal model. 

A general water balance model of the Doon Valley, coverina all relevant sub
processes of t.he hydrological cycle has to be developed for monthly t.ime steps at. 
maximum. 

Preciplt.at.ion pat.terns are well know. For evapo-t.ransplrat.ion, semi
empirical models may be applied based on available geoaraphlcal and climatologi
cal lnforD'at.ion. To describe the dlst.ribut.ion of tot.al runoff int.a ~ace runoff. 
lnfllt.rat.lon, basenow, etc., simple conceptual models (with lumped parameters) has 
to be used. 

The conceptual hydrological model ls a basis for the assessment. of industrial 
and ct.her human ilmpact.s on the water resources system, direct. impacts as well as 
indirect. impacts due to environment.al det.erioraUon. 

3. Groundwater ftaw model 

A groundwater now model for t.he Doon gravel has to be developed. This model 
should consider distriburt.ed parameters, t.he lnterrelaUonahip bet.ween surface 
wet.er and groundwater, and time-dependent. recharge. In view of the lack of data, 
a simple rtntt.e-dlfference now model ts recommended. 
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Calculations wtt.h t.his model increases our knowledge or wat.er resources 
processes and is a basis for t.he design of monitoring and exploration programs. 
Such programs should be start.eel as soon as possible in order t.o gain a belt.er 
underslnnding or t.he functioning or t.he system. Based on t.hal an improved ground
wat.er fiow model has to be implement.ed to help in t.he design or a cont.rolled system 
or groundwater ext.racUons, including scheduline and design of artificial ground
water recharge. This model has to be used further operaUonally for control or 
groundwater extract.ion rat.es and t.he design or new inst.allaUons. 

4:. Water -n•1m ant miocleling 

Depending on the success of lbe process modeling mentioned above based on 
th concept.ual hydrological model a management model hes t.o be developed as a tool 
to find raUonal st.rat.egies for long-term development with special :regard t.o indus
trial, agricult.ural, and human requirements. This model hes t.o be capable or deal
ing with lbe following complex!Ues: 

controversy among different wat.er user, socio-economic development and 
environment, 

mulUple criteria or evaluaUon or st.rat.egies, some of the criteria may not be 
evaluated quanUt.aUvely. 

uncertainties and st.ochaslic cheract.er or systems input (e.g., precipilaUon). 

The final product should oo a Df sion Support Model System designed bilghly 
interact.ively and user-friendly inci Jing t.he use or comput.er color graphics. 

OrpnisaUonal .bpecb 
We propose t.o subcontract for the wat.er management st.udies, the InsUt.ule for 

Wat.er Management (I!'W), GDR. 1190 Berlin, Schnellerst.r. 140. 

The IFW ts experienced in developing wat.er management models as the colla
boraUon with IIASA during the last years demonst.rat.es, i.e., developing a Decision 
Support Model Syst.em for t.be analysis or regional wa(.er policies in lignite mining 
areas. For the above defined t.asks the basic methodologies and models are avail
able. They have t.o be adapt.ed t.o t.be Doon Valley condiUons and implement.ed. 

In order to realize this subcontract, adequate funds have to be allocated. The 
following possiblllUes may be considered: 

di:-ecl payment in US dollars from UNIDO; 

use of naUonal currency or t.he GDR assigned to UNIDO. 
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SOllE PRACTICAL APPROACHES FOR llAINTAilJ!NG 

FORES!" SUSTAINABILITY IN THE DOON VALLEY 

1. INTRODUCTION 

Acad. L. Kcii.t"i.ukstis 
II.ASA 

The basic aim of forest management. is t.o keep forest cmTYin2 capacity 
at. a hieh l.evel.. The idea of maint.ainilli forest productivity dist.~hes 
forestry as a profession from forest devastation. Sustained productivity 
may be envisaged in t.wo senses: as a continuity cf forest growt.h and a 
continuity in harvest. yield. Sustained yield management. means, as a rule, 
bot.h of t.hese. 

The int.reduct.ion of t.he sustained yield management. principle into 
practical forestry is necessary in crder t.o ensure t.hal t.he needs for timber 
and environment.al prot.ect.ion are met. st.eadily. Under t.he conditions of 
int.ensive, multi-obj6ctive forest use (of wood and it.s prot.ective functions) 
in t.he Doon Valley Phase Il, t.he following approaches and means to solve t.he 
problems are SU2eest.ed. • 

1. To calculat.e t.he long-t.erm harvest. capacity of t.he exist.illi forest.. 

This can be done using t.he forst. reproduction model. Such a model is 
considered lo be an effective tool wit.h which lo opti.mi.ze the aJJ.owabl.e 
cut and lo normalize t.he age structure of a forest., ensuring the 
rational use of mature stands' resources. 

2. To adopt. an optimal forest thinning system in t.he Doon Valley foresl 
wit.h conditional hilh density. This can enable one to maintain forest 
sustainability and t.o cover wood demand for fuel. 

3. To implement. t.he manaeement. system, particularly for reserve forests 
of high density t.hat. enable one lo form, in t.he forest, stands of 
maximum productivity. To establish l.ocal standards of stands of 
J1121%immn productivity, t.he module of t.he most. productive forest. stands 
should be used. 

4. finally, the forest. sect.or should be inLegrat.ed int.o t.he Doon Valley's 
regional economy. To achieve t.his, t.he dynamic optimum correlation 
amone t.he refional economy branches (land users) and correlations 
bet.ween t.he main t.errit.ories (qricult.ural., forest., urban-industrial, 
recreational, con-servational, etc.) must. be establi!!hed. The 
optimization and specialization of forest. if"Owth must be oased on a 
purposeful function of each laree landscape unit.. 

•!'or eppl1cat.1on ot met.hods and llOft.ware cllscanad in t.hls paper, det.ailad 1ntonnat.1on can 
be obt.alned trom t.he Llt.haanlan it-arch lnst.lt.ut.e ot !'oreat.ry, Glrtonys, Xaanaa, 
L1t.haan1an S5R (Prot. A. JuoctTallds, Dr. S. llluru, Dr. R. Delt.uvu or Dr. J. GrtraUanaa). 
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A description of t.he pract.ical t.ools and measures for implement.at.ion 
above in forestry pract.ice in t.he Doon Valley follows below. 

2. CALCULATIONS O'f' THE LONG-TERll HARVEST CAPACITY OF THE 
FOREST 
The hist.Dry of European forest. resources deplet.ion dming t.he last. 

cent.uries hes shown that forest. deplet.ion is simultaneously a precondit.ion 
and a consequence of t.he sustainability and cont.inuity of t.he use of forest. 
resources. Lessons learned in Europe (for example, int.roducina strong 
regulating forces and laws, programs of afforest.at.ion, t.he monitoring of 
forest. rasources dynamics, can be used in t.he case of t.he Doon Valley. Most. 
important. among theses is t.he final yield regulat.ion. 

Int.he author's opinion, an area met.hod named ''OPTINA•" can be used 
fort.he final yield reiQ).at.ion int.he Doon Valley (Delt.uves, 1982; Kairiukst.is 
et. al, 1985). This method is based on t.he rot.at.ion and qe class contribution 
int.o management. classes. 

When construct.Ing t.he model, t.he following was presmnecl: 

a) applicability t.o any management. unit (forest. ent.erprise, rural 
community, region, count.ry, et.c.); 

b} examination or the complete age structure of a mangement. class; 

c) improvement. (nonnalizat.ion} of lbe age class st.ruct.ure; and 

d} monotonous (if necessary) transit.ion of lbe alloweble cul lo an uniform 
annual cut from rot.at.ion-aged timber. 

The volume yield can be determined by multiplying the est.imaLed cut. 
area by t.he average volume of mature stands in a given management. class 
for one ha. The yield for lbe forest. ent.erprise (rural community) would 
equal lbe sum of yields estimated for all management. classes. 

2.1 Module of Forest Reproduction 

The module is made t.o obtain t.he date of t.he forest. stat.e, forest. 
ut.ilizat.ion volume and economic indexes of forestry at. different. variants of 
the forest. reproduct.ion: 

Precondit.ions of t.he model format.ion: 

a) t.h-e state of t.he forest. is described by the tables of age-classes 
differentiated on t.he basis of t.he main purposeful deslinat.ion of 
t.he forest.; 

b) the dynamics of t.he forest.s are determined by t.he movements of 
t.he age-classes; and 

c) the OPTINA model is used t.o det.ermine the amoun~ of main forest. 
cut.t.irli . 

•OPTDIA: "OPTlmalas JiAadoJimu" (in LSt.haanian) which means opt.imal amount. of forest. 
cat.t.tn1. 
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The module imitates the followma means of forest reproduction: 

• lhe increase or decrease of t.he areas covered wit.h forests; 

change in lhe structure of ~e forest.; and 

increase or de :::reasc in forest. pl"O'!uct.ivity. 

The following input. Jat.e are needed: 

"· The area distribution int.o age <.oi21sses according to prevailL.""lg 
t.ree species: 

.Age Class 

Tree 
Species I n Ill n-1 n Tot.al 

ha ha ha ha ha ha 
3al 

~ ~ ;!" -3 
m ;r ~ 

Pine, et.c. 

b. Rot.at.ion age for evary t.ree specie. 

c. Number of age classes in the rotation age for every tree sr.ecie. 

d. Average volmne for 1 ha of mature st.ands in a given management. 
class. 

The dynamics of the forests are conditioned by the stands U')wt..h, 
silvicult.ural activities and random factors (natural calamities, fire, eic.). 
Every t.en years each element. of t.he area ma~ is moved t.o t.he next age
class. 

c (i,j,lc) ~ c (i,j+l,lc) 

The model of forost. dynamics and forest use (forest. t"i'prr.xiuct.ion) 
imitates 12 variants: 

1) •.he basic variant. when other fact.ors influencing forest tiynarmcs 
are not. considered in transferrtna e,ae-classes; 

2) the increase in forest. areas; 
3) the decrease in forest. areas; 
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4) an ideal st.at.e of fore;;t.s (the purpo.~eful species composition, a 
normal age-c.i.ass structure, purposeful timber resources); 

5) u.. fert.::.ivitit:~ r.~ forests; 

6) forest lan,. l"'c°aii.ation; 

7) forest growth from elite seeds; 

8) forest growth from fast growing species and hybrids; 

9) the impact of hunt.!.ng fauna on lhe forests; 

10) unclear cot.Ung; 

11} the format.ion of standard st.ands; and 

12) the varimlt. in which climatic fluctuations ere taken into 
consideration. 

Tabie 1. Forest age classes {area, ha). 

TT~C Ace cleoo, IO years 
llJ>l?CiC ! ! 

l I 11 IlI 111 v ! VI I vu VIII Il I ); :T.I XII 

:r:i.ne 15028 80092 1'i5C5 61029 50440 56084 45953 ))8137 16)0) lOC.20 5III .0: .. 52 
::;.11nice 96')e 13527 lll67 20390 ))842 40001 2r,c;59 I7R44 9681 5697 I)iH 786 
Onk 2)r 1450 1466 1209 658 6)) 501 456 47) 644 38' 9i;e 

Ash 2lC~ 2593 2CJ5 2599 1092 I076 I235 705 470 270 l79 212 

1:1 t .::r. IJJIB )7133 56861 5&-105.i . .40952 304r, IJ89B .))2) 414 76 ) )2 

l3lock 1 l- 5415 6597 9257 14939 120)9 02bl 5276 2437 772 2I7 29 )4 
de:r 

A::p 2950 6))0 12172 I.3244 13)09 115.31 472) 757 156 IS ) ) 

;:;hih el- .3506 12120 10082 GOO<: IJB.3 41 20 
.der 

Totel 6HJ~ l59C5B 179425 175987 162515 l5IBI.3 98269 59409 28269 17542 7287 6&87 

Bf\Sed on the results of the forest dynamics analysis variant., the 
influence of the whole complex of forests is estimated. 

When estimating the allowable cut for a management class which is 
characterized by the dominant tree specie, its rot.at.ion and areas of age 
classes in t.E"n-year intervals, we seek a normal age-class distribution to 
e~ure a sustained yield. The 8!'"86 yield for a ten-year period can be 
calculated by the following formula: 

a= 0,9 ~ 0,1 (1) 

(2) 

I Y.IIJ I 'f·otol 

49B7 .0:7907) 
2)f. 192000 

I129 10109 
67 170.0:2 

252975 
IO 6440) 

65196 
))242 

6429 lll4920 
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In order t.o secure the increasing allowable cut. from one ten-year 
period t.o the nert, the fol!owtng limitations are favored: 

F1:; 
1. IJ fi1:; :iii:!~., N1: = - (3) 

T1: 

then: 

a) if L1: ~ N1:, t.hen area yield is L1: ; 

b) if L1: > N1c, t.hen area yield is N1: ; 

3. IJ ff• ~ fU.1: , ~ = 0,1, th.en area. vteLc! is L1:, 

ff~ =!f• -L1: + lt.,-1 

Indices: 

L1: - cal.cull'lt.ad 'llinimal area yield; 

F~ - lot.al area of k management. class per ha; 

T1 - rotation decenioms; 

ff - area of i age class per ha; 

J 1 - area of the st.ands at. felling age, ha; 

Nt - normal allowable cut. for k management class, ha. 

The volume yield can be determined by multiplying t.he estimated area 
by t.he average volume of actual stands at the felli~~ age in a given 
management. class for one hectar. The yield for t.he whole region would 
equal the sum of yields estimated for all ~ement. classes. 

The results of t.he calculat.ions, bb.Sed on t.he average 1 ha volumes of 
t.he mature stands should they stay at t.oday's level are presented in Table 
2). In FiiU?"e 1, the calculations of final forest cuU.in2 up till t.he year 2050 
are suggested in t.he case that st.ands are formed accordini t.o standard of 
the most. productive stands as described above. 

Besides, t.he scenario ls distinguished comiderin2 the tn!luence of 
eco-climat.ic backgrounds nuctuat.ions. Possible c~anges of '-~lln.c:.•~ 

conditions in the Doon Valley have been discussed in the Fimol .L.. ,.,.,., l'lf "h" 
Doon Valley Study - Phase I. Such changes are r.,.vorablf\ (,<... 6 · ;·r er·mt. 
degree for production processes of t.he forest. In pr«iildicting forest. 
dynamics t.hese changes can be ~.ral.uat.ed and cmi.JiC: Gr·~ t.,. 'l Jendro
climatic-chronolosr~cal met.hod. Taking into ~onsiderat.io!l t.he r.:UJMlic 
nuct.uations (11 (t )), the timber ri0oourc~ Brt! del.eT'lni!led o:•cccrdine t.o the 
formule.: 
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whert.: 

Ky{t.) percent. or changes in res'.:>urues dep&ndl..!l2 upon 
cli>.:et.k flnct.'f11!t.ior.s, 

K ~fficie~l at propor1Jn.12Llity; 

where· 

y{l) det.&droclimat.ic index (relative deviatlon of forest 
productivity front perennial) per year t.: 

j number of 11 climatic cycle; 
n number of cycles; 
A.1 fluctuation amplitude of J cycle; 
'Pj fluctuation phase or j cycle; 
T1 j cycle duration. 

The comput.er det.ermines the values of final :i~~me for each variant. of 
forest resources reproduct.!on for 10 t.o 15 years ahead and for the longer 
Lerm. 

2.2 An Example of Calculations of Forest Resource Capacity in the 
Lithn•nian SSR 

The Lithuanian SSR is one of the Republics of the USSR situated on a 
area of 6.5 million he with an average population density of 52 inhabiUU1:.s 
per km2

• The high level of landscape cult.ivet.ion, intensively developed and 
highly-product.Ive silvicult.ure which meets the requirenrtents for wood by 
approximaLely 751, are charact.ertstic for the Republic. Of the tot.al area, 
woods cover 27 ,61; the avenl2e forest. di3t.rtct covers 3000 ha, and forest. 
management. covers 30000 ha. There is e well-organizer •ture proLection 
sysLem, int.enstvely devdloped t.our1sm and rec:rreationa.£ faclllties, pme 
management. and sport. hunting. 

The charact.erist.ics of e Lithuanian forest. accoriiine t.o qe cl.asses is 
given in Table 1. Such e table can be described as e three-dimensional 
1il2!t.r..x c (i .i ,k ), where i is the index of e tree specie, i is that of an ege
class, le is that. of the specialized use of the forest. sector. Any element. c 
(i .i .k) of the matrix will show tht: forst. nrea of i tree specie, i age class, 
and le specialised use of the forest sect.:>?". The analogous matrix describes 
the st.endi~ volume 

Ustng +ne model cei>.::r~~ed ebove {see Section 2.1). the amount of 
a\.-aU.e.t-le wooa fe;,r cutt.l~-ig was !2lculet.ed for t.he lone-term future. The 
results of t.he calc:ulaU:>ns, bas~.i IJJ'i ~e dverage l i'l!l vc;,lumes of the mat.are 
st.ands, should ~ht'ty remal;;, el lhe prest1t1t. Jsvel, aru g!v~n ln Table 2. In 
F'\gure 1, U1e calc1.1letior.s of ftnal fori?Si cu:.t.i~ up till the year 2050 are 
su~ger'.ed in t.he cas~ that. stands are fot1ntlld ac.a~ma to ~he standards of 
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the most productive st.ands (as described in Section 3 of this article). 

Table 2. Long range volume yield for the Lithuanian SSR (100 m3). 

Tree Years 
Species 

1990 zooo 2010 2020 2030 2040 2050 

Pine 1577 2285 3586 652 8791 9614 9614 
Spruce 2927 3398 4009 4397 4397 4397 4397 
Oak 99 109 115 125 122 122 122 
Ash 69 84 106 167 283 319 336 
Birch 3615 5535 6712 6712 6712 6712 6712 
Black alder 1549 1926 l.974 1974 1974 1974 1974 
Asp 2903 2903 2903 2903 2903 2903 2903 
White alder 1377 1377 1377 1377 1377 1377 1377 

Tot.al 14115 17618 20781 24206 26559 27419 274436 

3. CALCULA.TIONS OF THE OPTllUL INTERllEDIATE P'OREST USE 

Takinsi i.nt.o consideration that the forest in the Doon Valley is fulfilling 
multiobjective purposes, intermediate cutlinp may play a import&lt role in 
both maint.aini?li the forest system's sustainability and covering wood 
demand for fuel. 

The model of optimal thinning can be med t.o plan intermediate r.se of a 
forest on a sustainable basis. A simpll!led scheme of t.he model is presented 
in Figure 2. 

Using input. dat.a such as tree species, st.and com;>osition, average tree 
height of each specie, st.and volume, st.and basal area, and volume of 
standard (normal) stands, one can calculate the possible cut.ting volume and 
st.and indices after thinning. The standards established usinsi approaches 
and models described in the following Secti..>r.s can be taken as criteria for 
normal st.ands. 

4:. THE llODUL!! OF THE KOST PRODUCTIVE FOREST STANDS 

The optimal panunet.ers of the st.ands have been defined and 
t.heoret.ical foundations of the model have been worked out. in the Lithuanian 
Forestry Research Instlt.ut.e (Kairiukst.is. 1973; Kairiukst.is et al., 1980). 
The preconditions of modelin-z t.he most. product.ive st.ands are as follows: 
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Fii1Jl'"e 1: The main use of the forest.. The iorest volumes of t.he rreat.est 
product.tvtt.y are t.aken as: 1 - .Pi.n:u.s riLwstris; 2 - .Pi.cea. 
a.bi.es; 3 - Betu.La. verrucosa; 4 - .Popu.Lus trniu.La.; 5 - .ALnus 
oLu.tinosa; 6 - A.Lnus in.can.a; 7 - .F'rcu::in.us a:cel.S'i.or; 8 -
Quercus robor. 
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• St.ands are formed on t.he basis of mappine forest soils (Vaicys, 1975) 
from species which under given soil and ecological conditions can yield 
maximum production of industrial wood dnt'ine t.he short.est. period of 
t.ime. 

• The opt.imal erow"..h of a maximally producUve st.and is based on 
maximum st.and productivity of a definite species on certain soils and is 
feasible under the following conditions: 

a) maximum eneriY quenUty absorbed by the st.and (reduced albedo) 
and ereal eff ecUveness of its uUlizatian by trees and st.mies aft.er 
selective t.hlnnin& (Kat.riukstis, 1967); 

b) during the erowine process, mut.Uill approach of trees (element.ary 
systems) which form a st.and (mi~ and meso-ecosyst.ems) is 
regulated in such a way thal negative consequences of mut.ual tree 
depression dmine t.he ecosyst.em creeUon sboul1 be mintmel 

c) forest. cover is formed from lllllximally prodUCUve trees of class A, 
uniformly dist.ribut.ed over an area; the distance bet.wGeD trees is 
opt.imal {Kairiukst.is, 1973); and 

d) crown density ,. :'1d homeost.atic st.and sustainability is mextmel. 

According t.o the above conditions, t.he optimal requirements for 
light.in& of trees of different. species mld development. classes, the stories 
struct.ure at which the albedo index is al its smallest. point., is det.ennined.. 
Within the specific class of trees, those wit.h t.he most. economical use of 
solar eneI"2Y for t.he format.ion of st.em Umber increment., have been found 
and density re~tion means have been carried out (Patent. Certificate Nr. 
409677). The leu.er enable mut.ual t.ree depression in forest. ecosyst.em 
formation t.o be avoided. 

The mem index in the model of maxime.lly productive forests is the 
opt.imal quant.lty of trees. providing t.he maximum curri!llt. increment. of wood 
in an area unit. of BiiY stand age. It. is calculated according Le Ute formula: 

Q 
N"Pt = p 

S(l -lOO) 

where: 

Q = maximnlly possible canopy area emount.ini t.o 7-9th ::n/ha; 
dependin& upon t.he species, age .me soil-cllr:mt.ic condit.ions; 

S = mean uea of a horizont.el crown of a well-developed tree, m; 
P = t.he optimal overlapping of crown am~unting t.o 5-201 vf t.he tot.el 

crown area depending upon t.he species end age. 

Fii\Jre 3 presents a block~ of the alaortt.hm. !he values oft.he 
paramet.ers are: 

.I.. = 
s = 
Q,,uit = 
Q = 

aee, year; 

:.:: ~:ie~!a~roJection irl t.he sect.ion, 1n m2 /ha; 
area of the layer proj4'ct.ion in m2; 
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q = area of crown projecUon of an individual tree wit.bout 
overlappin&. in m2: 

q,, = crown project.ion area of an individual tree in m2: 

qapt = crow:i area of the opUmal project.ion in m2: 

qv = mean area of a crown project.ion in m2
; 

N = number of trees in t.he area unit.; 

Zo = inc:nma6Dt. of stand basal area of a separate tree in m2; 

ZG = inc:nmaent. of a stand basal area, !n m2 /ha; 
tl = diameter of a tree in cm; 
tlapt = cpt.imal diameter of a tree in cm; 

~ = radial increment. duri.DR a one year period in cm; 
p = percent. of the overlapping crown; 
T = index of a forest. type; .,, = index of a tree species; 
h = height. of a tree in m; 
hapt = optimal heieht. of a t.ree in m; 

GA = optimal sum of stand basal area in m 
2 
/ha: 

Napt = optimal number of trees in ha: 

MA = opUmal. volume of a st.and, in m3/ha: 
F = optimal form ir.de:z:; and 
Cl = equation parameters. 

The algorithm of the model consists in the det.erminat.ion of t.he 
maximum density oft.he layer, the calculation of the area of t.he horizontal 
project.ion of the optimal crown, t.he det.erminat.ion of the optimal 
overlappin& percent of t.he opt.imal crown, the calculation of the number of 
trees at a certain aee. Fort.he determination oft.he maximum density of the 
layer (Block 2), one should use experiment. plots in the possibly dense 
st.anCs in all the ranee indicated int.he constraints and t.o draw the plan of 
tree locations and crown projections. The whole area of the crown 
projection (q,,) and area q, except overlapping, are presented separately 
for each tree. These mflaS\lrements are necessary for t.he det.ermination of 
the area of inevitable gl£des in t.he stand and calculations of the optimal 
crown overlapping. !f t.he stand cont.ains ''windows" {or squares) t.he area 
which is great.er t.han t.hal of an average tree crown, a certain quantity of 
trees is artificially included in them and their crown are included into t.he 
initial information. The maximum density of t.tie layer in 1 ha area is found 
by t.he computer. This is the sum of the crown projection areas wit.bout. 
overlapping. 

In order t.o determine the optimal crown pansmet.el'S, the correlation 
bet.ween Z0 and Pp at. 3 particular age is being sought.. The crown 
productive maximum wood increment. in the area unit. is co?'sidered optimal.. 
Having t.he opt.imal crown parameters at. a certain qe int.erval, we find its 
relation with age in all the age ranaes (Blocks 4, 5 aru.i 10). 

When the maximum layer density and t.he O?t.imal crown area are know, 
t.he opUmal number of t.rees in t.he area lD'lit can be found. For this purpose, 
however, t.he opt.Imel distance bet.ween t.he trees must. be found. In the 
model, this distance is established in t.erms of t.he optimal crown parameters 
and the percent o! opt.imal crown overlap. The calculation of optimal 
percent.age o! crown overlap is described in blocks U-14. As a remll of 
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t.he calculations. t.he opLimal number or trees, t.he opLimal st.and base area 
and volume affecting t.he maximum wood increment. are obLained !or t.he 
eiven t.ype or forests and Lree species. 

Finally, based on t.he above-mentioned, t.he standards or t.he mosL 
productive st.ands !or pure st.ands and main eroups or species' composition 
and siLe conditions have been elaboraLed. These standards expressed 
opLimal. indices or st.ands in different. periods or their growth. The 
standards refiecL optimum st.and densiLy and st.rucLure al any age. 

In t.he process or standard forest. rormaLion in practice, t.he assessed 
indices of t.he specific st.and at a certain height m\JSt. be compared with the 
correspondini indices of standard st.ands calculaLed by t.he model !or the 
Doon Valley forest., as bas already been done for Lit.huania {see Table 3). In 
t.he pl.annini or inlermediale cuttinis. t.he volume or st.and basal area in t.he 
forest. is compared with the correspon~g indices presented in the 
proeram. The main ioal or the thinnini system is t.o achieve highly 
productive st.ands aL the time of final cutting. Table 4 presents an example 
of the average volume and st.and basal area or the most productive st.ands at 
t.he time or final cutt.iJ12 in the Lithuanian case. 

5. DITEGRAnON OF THE FOREST SECTOR INTO A REGIONAL 
(NATIONAL) ECONOMY 

Optimizing forest. erowt.h. for different. purposes on specific 
geoeraphical landscapes, t.he elucidation or the role and place or forests in 
the regional (national) economy as well as in the whole land use system, and 
det.erminine Lhe predominant. function or Lhe forest. on a specl!ic Lerrit.ory 
have appeared durini the last. decades t.o be import.ant. problems in regional 
(national) development. and physical plannlni. 

To solve such· problems, four separat.e regions are presenUy feasible 
only for a whole complex or scientific and project.ini organizations engaeed 
in geoeraphical, ecolQiical, forestry, economic demoeraphic, social, 
genetic and other investigations as well as plannine on Lhe eiven territ.ory. 
For example, in the Soviet. Union and other countries where land is stat.e
owned., t.he allocation of funcLional landscapes amone t.he main branches of 
the national economy (aiTfculture, forestry, urban development., elc.) as 
well as the int.eerat.ion or t.he forest. sect.or int.o t.he national economy, are 
mainly solved with the aid of reeional physical plannine. Moreover, when 
opLimizing land use in inteerat.ed economic developr.1enl or sepe...-at.e reeioru:, 
ralher int.ricat.e problems arise in achievine an adequate improvemenl of 
livine condllions of the local human population and development. of separate 
industrial branches. 

To reach a more or less opt.imal decision in rertonal development., a set. 
of models should be used. The cycle beine modeled is t.he followine: lhe 
economics chanae the environmenl (air pollution, decrease in woodiness, 
soil erosion, etc.); due t.o environmental chanees an impacl is noted on lhe 
fact.ors of 'lroduction and on t)iose of the non-productive sphere, includtne 
man. The consequences of this change by the feed.back influence t.he 
economy and social development of society. The modeline eoal is t.hat 
planners may have opportunllies t.o evaluate lhe state of branches of lhe 
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Table 3. Program of' t.he most productive spruce stand format.ion under 
the condition that opening the crown cover and clearing occm-
every five years, while thinning and int.ermediat.e cut.ting occur 
every t.en years. 

Assessment. indices of trees left 
aft.er thirulini in different forest. types 

Mean 
Height MJ,trtiUosu•. ugopocttosum MJ/rti.l.Losum-o:al'ictosu• 
or well- mi.:toherbosum 

developed 
trees, m N G v N G v 

ind/ha m2/ha m3/ha ind/ha m2/ha m3/he 

2 2230 0,3 3 2410 0,2 2 
s 2310 0,9 5 2400 0,7 3 
4 2290 2,0 5 2390 1,5 4 
5 2250 3,2 9 2370 2,6 7 
6 Z200 4,8 15 2320 4,1 14 

7 2140 6,6 25 2270 5,9 24 
8 2080 8,8 40 Z210 7,9 35 
9 2000 11,4 59 2140 10,0 51 

10 192(l 13,9 78 2070 12,-4 68 
11 1830 16,5 101 1980 14,6 89 
12 1740 19,2 128 1890 17,1 112 
13 1640 22.1 158 1800 20,0 139 
14 1540 24,9 188 1700 Z2,6 165 
15 1430 27,7 2Z2 1590 25,1 196 
15 1330 30,0 Z25 1490 27,2 228 
17 1Z20 32,4 287 1380 Z9,5 256 
16 1120 34,5 321 1280 31,3 289 
19 1020 36,3 352 1180 33,5 320 
20 920 37,9 384 1080 34,7 352 
21 830 3,92 415 980 35,9 380 
22 740 40,3 443 890 37,4 410 
23 650 41,1 470 BOO 38,3 435 
24 580 42,0 483 720 39,3 458 
25 510 42,8 517 650 40,2 485 
26 450 43,5 540 590 41,0 510 
27 540 41,7 534 
28 490 42,1 554 
29 470 42,5 576 
30 450 43,1 595 
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Table 4. Avef"a2e volume and st.and basal area of maximum productive 
st.ands at. the t.ime of final cutUng. 

Tree 
species N M I:G DL.3 H v 

Pine 540 472 39,3 30,5 26,7 0,874 

Fir 504 655 49,3 35,3 28,7 1,300 
Oak 274 405 32,2 38,7 27,9 1,478 

Ash 393 296 25,6 28,8 26,7 0,753 
Beech 599 283 26,4 23,7 25,3 0,472 

Alder 639 319 31,9 25,2 C:0,8 0,499 
Asp 934 304 28,5 19,7 23,1 0,326 

economy (including the forest. sector), of t.he environment and of people at 
different. regional development st.rat.egies. This approach can also be used 
in t.he case oft.he Doon Valley. 

5.1 An In.terbnmch I.lmtl 

The system of models used for int.er-branch analysis embraces t.he 
bran~hes of t.he regional (national) econ~y and territ.orial levels. The 
basic tool used t.o undertake nlJJllerical calculations t.o forecast. economic 
development of t.he reriion (republic) on t.he national economy level is t.he 
model of analysis and predict.ion of a reproduction process of arms national 
product.. The model NBS constroct.ed at. the Inst.it.ut.e of Economics of t.he 
Lit.huan\an SSR Academy of Sciences (Rut.kauskas, 1980). In t.he model, t.he 
multi-branch economic system is described by equilibrium equations. For 
the eross output predict.ion of branches, t.he productive functions are 
applied. ':be rate of growth of net out.put. was chosen as a criterion of t.he 
optimum. 

The branches of t.he forest. sect.or are united int.o a complex which 
includes the timber industry, wood processine and cellulose-paper industry. 
For a disaegregat.ion of t.he forest. branches in t.he model and in order t.o 
single out the branch or loszeine and timber sorttne. the following dat.a is 
ased: 

t.he coefficients of direct expenditures; 

productive function of the gross out.put.; 

branch structure of capital invest.ment.s; 

lack of capital invest.ment.s; 

the main product.ion funds at. t.ha end of t.he pre-plan period. 
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The coefficients of direct expenditures are determined according lo 
the dat.a of inter-branch production balance and out.put distribution. 

The model of reproduction of t.he gross national product can work wit.h 
productive functions of the gross out.put. of Cobb-Douglas type and wit.h 
linear functions. These t.wo functions of the gross output for t.he 
enterprises of the Ministry of Agricultm-e and Timber Industry of the 
Lithuanian SSR are presented below. 

Cobb-l»ugLas fu:n.cti.on: 

y = 2.4765L 0.3516 0.3516F"°·4'714 

7he Linear junction: 

y = -z729.7+1.9L + O.BF , 

where: 

y - annual gross out.put., 1n thousand roubles; 

L - personnel engaged in industry and product.ion; 

F - the main product.ion funds, 1n thousand roubles. 

The coefficients of the formulae were determined by processing 
dynamic rows of the corresponding indices. The branch st.ruct.ure of the 
capital investments showing the part of product.ion of individual r "'lches is 
the following: indostry - 0.52; canst.ruction - 0.42; other branci. 0.06. 
A lack of capital investments indicates delay in put.ting t.he m=-in production 
funds into operation. CurrenUy, we have only dale on t.he · nder of the 
uncompleted construct.ion at t.he end of every year. In cmt·~ ..• e remainder 
is invest.ad the following year, the capital investments in COJ" .... --.. ction of a 
two-year lag will be: t.he first. year: 0.79; the second yea: .. These 
dat.a enable t.he branch of logging and timber sorting t.o be si:•k-. out in the 
model and the main indices of their development lo be prer' · -t.ed. However, 
in the int.er-branch model of gross national produ, reproduction, 
ecological fact.ors are not considered. Therefore, additional indices are 
introduced into ft. They characterize reproduction, t.beo use of natural 
resources and constraints imposed by scarce resources. ·j.,,e principal task 
of the models of national economy (int.er-branch) is t.o establish the basic 
proportion of economic development and t.o preserve stable ecological 
systems for a long time. The date obtained is concret.ized and disaigregat.ed 
in the model of individual branches and rerions. 

5.2 Branch Level 

At t.he branch level, the development of individual branches and of 
their whole complex is beine modeled. The product.ion volumes, ascertained 
in t.he model of the national economy mast be 1n a,reement wit.h t.he 
possibillt.y of a branch and t.he environment.. These tasks are being solved 
here. The problems beinr tackled by a system of models of the forest 
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sectcr are the following: determination or demand for forest. resources, 
singling out or specialized sectors of wood growth, prediction and 
optilllization of reproduction or forest. resources, establishment of the 
development. of logging and timber sorting as well as forecasting and 
oplilllizing of wood processing. 

Demand for products or branches or wood processing as a whole is 
ascertained in a balance inter-branch model. It. is further delailed in the 
block of demand deternaination for production or wood processing and the 
demand for Umber resources is calculalecl through the model or the 
development. or wood processing. the requirements for non-wood forest. 
resources (berries, bunting fauna, elc.) and for those resources which form 
the enviromaent. are established as a function or the dynaatcs or population 
nmnber and ot.her indices predict.eel in the models or the regional (national) 
economy. 

In a study undertaken at. IIASA, it. was suggest.ad that. the deternaination 
of demand for wood (E) as a function(&) of the gross national product (G), 
population D\Jlllber (P), prices of wood products (P,) and frmn prices of 
their alternatives (Ps ). An analotical principle is used t.o predict. the 
requirements for forest. resources in LSFll. Having applied this principle 
to ascertain lhe requirements in the recr•Uon sector, the foll.owing 
nml.Ufactor equation was obtained (Riepsas, 1981): 

11 = 11.55 + 1.25 =1 + 0.041 =2 - 0.115 :3 + 0.026 :4 • 

where: 

y - recreation, million visitors days/year; 

: 1 - duration of holidays, in days; 

: 2 - number of private cars; 

: 3 - number of population, in thousands; 

: 4 - percent. of townsmen. 

the equation approximates well enoueh the chm11es in the nlDllber of 
people who vacationed in forests in lhe past. and etves a real forecast. for 
the future. 

In the whole system of models of the forest sector one part. of the data 
on demand ls obtained from t.he models Of a re1ional (nat.ional) economy; the 
other part. comes from 'The Forest land" data bank. 

5.3 Growth of SpeicaUzed Fon& Stands 

The dlstrlbut.ion of forests into specialized subsectors ls an essential 
conclit.ion for the modelfna of forest. raourca reproduction. A speclalizecl 
subs~ct.or comprises a complex of st.ands, t.errttorlally isolated and unit.eel 
by the major object.Ive of wood arowtne and similar mana1ement. In the 
Llt.huanian SSR, t.here are ftvo main functions of landscapes: qrtcult.ural, 
ttmber-indut.rlal, recr•tional, urbanized, conservat.ional. In •ch of 
these t.here will be s1Jnilar mana1ement peculiartt.ies wit.bin t.he whole 
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functional zone. Depending upon t.be zone t.o which forests belOD&. they 
form the corresponding subsect.or of wood growth. The essential uc>up at 
fact.ors subject.ad t.o analysis in modelln& singling oul of specialized sect.ors 
is as follows: t.be initial st.ruct.ure of land use, demand for product.ion of 
land using branches, restrict.ions imposed on t.be use of natural resources 
for environmental protect.ion, suitability of t.errit.ories for different 
functions, exoendit.ures ~losses of t.ransfonninl one lerrit.orial function 
int.o another. The major problems of establishing t.errit.orial fancUons are 
tackled in the aodels al t.be int.er-branch and reeional levels. llaking use of 
t.be comparaUve eval.uat.icm of forests wlt.b different functions, c:me C1111 

det.ennine the opUlllal pm)IOSeful cllslribulion of forests. 

We have singled out. the followlnl forest SDbsectars in the republic: 
exploit.alive (52,7%), agrtcuitural-prot.ecUve (18,4%), recreational (11,2%), 
conservaUonal (10,6%) and sport (r~t.icmal) bunting (7,0%) forest. 
subsectm's. In opt.imizin1 larle reeions Oil the basis of the dc:mineLin£ 
flmcUon of a territory with different. kinds of land 118llS (qrlcalt.ural lands, 
forests, -t.er areas, et.c.), speclallzed subsectars -Y Include different 
forest cat.eaories althoaab there is only c:me l•dtn1 fancUon. 

for the forests of the Lithuanian SSR for enaple, the standards for 
wood £TOWt.b for •cb separate forest. subsect.ar is belnl worked out.. 

~.3.1. Sla.ftd&rds for .mctustricll~w FDnrts (incLwting 
11/.an.tal.ioF.sJ of Jlcu:i•u• .Proctumv£ty 

Standards of the most. prodDct.ive forests have been calculat.ed using 
the module of the most product.Ive forest stands. In the subsect.or of 
industrial-exploitative forests, all silvicult.ural operations contributinl to 
more simple, inexpensive end rapid wood erowt.b for coosumpt.ian are beilll 
implement.eel. In purely lDclustrial-exploltat.ive foresLs, clear C1llUng 
prevails. In mixed forests, shelter wood is applied. In thae forests, t.he elk 
and deer population is decreased t.o that level which causes least. damale to 
the forests, while the number of boars is close t.o the ecoloeical density 
limit.. 

Experience hes revealed that due t.o the erowUi of industrial
exploitat.tve forests accordine t.o the proet'8JD ment.ioned above, t.he 
industrial wood increment. is increased by 20-25%, it.s ut.llizat.ion from an 
area unit. is sipificanUy aupaent.ed and lt.s cut.Una cycle is noted t.o be much 
short.er. 

6.3.2 Sla.n.da.rd.B for Agricultural .Prot«:tiw ForaU 

Standards for q?"O-Prot.ect.tve forests are beinl establlsbed ln 
conformity wtt.h the forest. whi~h maximally prevent.s erosive processes and 
creat.es belt.er micro-climat.lc concUt.lons for the lldJoinilll qrtcult.ural 
fields. Tbe forest.111Um.1ement. 10B1 ln t.bae stands ls t.be prewrvat.1an end 
Increase in their prot.ect.tve peculiartt.I•. DenH, many...ioried, with 
underet owLh end natural rerenerat.ion standard f oreata serve this pm poae. 

Under the oondtt.ions of Lithuania, nch stands nert. a favorable 
influence on the microcllmat.e of fields at. a dlst.anoe of 500-800 mot.en fl'Oll\ 
t.be forest.. Thus, precipltat.ion is clist.rlbut.ed more equally, surface nm-off 
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decreases up to 651. defiat.ion reduces greaUy. crops lie Oat. to a lesser 
ext.ent.. and the yield increases by 101. Such forests are of panunount. 
importance in hilly reetons where woodland is scarce. 

A select.eel cut.Ung S1sUm prevails in the naanapaent. of qricult.llnll 
prot.ecUve forests. Shell.er wood cut.Una is an except.ion. Int.ensive 
int.eraediat.e cut.Ung is direct.ed towards the red.ucU.an of spruce (in vi- of 
Its low resistance to w1Dcl and poor prot.ecUve quallUes) in st.and 
cmnposlUan, in the restoraUon of deciduous species and pine as well as 
towards a conUnuous lllaint.enance of prot.ecUve feet.ares of these forests. 
While in ~rol.ecUve forests the qarmUt.y of deer is ueat.er. the boar 
populaUon denslt.y is replat.ed on the besls of dulage which It. infllcts on 
qricult.ure. 

6.3.3 Sta.nda.rds for ~}brats 

The standards of rec:reeUonal forests were ael up in conformity with 
the hiehest. sanitary, h71lenlc and. aest.heUc levels. The forests were 
foraed with cbanaing stand density and species comnmlt.y areas, clearings 
and meadows with water basins. Approxlmat.ely 70% of the whole 
reereaUCJual t.errit.ory is to be forest.ed. Scotch pine {Pm.us rilwstris L.). 
European while birch (artulA WM"l&COSCI Ehr.), oak (Quercus- f'Dllur L.), 
maple CAcer ~ L.), wit.b lllldm wood of COllllllOll Juniper (Ju.niJJef'US 
c:oaaunis), and ash-tree (Fraztnus a:csLsior L.) predo=;.nat.e in the 
composition of pure or mixed stands. 

A syst.emaUc select.ion of Individual trees depencli.ne upon their state. 
cuU.i.na favortne the formation of the best. landscape vi- encl forest. 
stabWt.y as well as int.enslve sanitary fellings are applied in the 1m11qeaenl 
of ncr•Uonal forests. Forest. road const.racUon. parkl.na areas, foot.
paths. etc., are of era.t siinlficance. The great. density of hllllUne fauna, 
intensive sport. hantine and Its lllllDllC811911l are typical of recraUonal 
forests. 

6.3.4 Sta.nda.rds/Dr ~Forat 

The 8'andards established meet the 1oals of the _.. valuable stands 
from a sclenUflc and naWr-e prot.ecllon point. of view. Such forest.a ere 
composed of l'IJll8 preserves, rmi YBUons and naUoaal parks. They 
preserve the 1enofund of Ute main species, prlaeval environment, the 
vanishine ve1etatlon. anllllals and their CMlllCJ89S. llanaleaaenl act.ivlUes In 
these forests are entirely forbidden or st.rtcU:r llmiLecl. Stat.ates and 
protect.ion aeasares far each object are worked out. by 8CienUfic 
orpnizat.lons and approved by state departments. In comervat.ional 
forests a ,reel number of fauna is kept.; this .. Y reach an apUmmn 
eooqical level. 

~.3~ Sta.nda.nb for Sport llun.tl.ng ~,,..,,,...,. 

The standards for sport. banUne (recreat.lonal) forests n:clastvely 
answer the 1oels Ht for tnt.emtve hanUDI --.eaent.. Sllvioult.aral 
operat.lons applied In Lhae forests oontrlbut.e to the lncr .... of forqe and 
protect.Ive meer.res for bant.tna 1811•· Dependlna upon famm t.ype, Lb ... 
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forests are reconstruct.eel for roe deer. red deer and elk rmrtng. Only one 
of these animal species is considered prevailfD2. while the rest. are minor. 
Hare and wild boar distribution occw-s in all forests. 

While speci1diztng the forest. hunting areas. significant au.enuon is 
focused on the percentage of the t.errlt.ory which is covered by wood. the 
average siZe of forest. areas. the preckmdnant soil types. st.and cmnpasiUon. 
and the recm 1 ence of forest.eel and non-wooclec1 areas. The ecological 
density J.iJDit of all the aain pae species is determined by direct. 
dependency cm ferUllty of the Pl'"8Vllllinl soil types. deciduous species in 
st.and cmaposilion. percentaee of Lenit.ary covered by wood and lhe scale 
of forest. areas. 

Cat.Ung is direct.eel towards the fncreese in liebt.ina 11Dder cover and 
reproc:lucUon and developaent of fonare plenls es well as towards the 
securma of hidine places for pae. The creauon of plantaUom ccniatntne 
oak (Quercus robvr L.). borsechest.nut. (Aaculus #&.~• L.). wild 
apple (Jlalus rilwstris L. EU.). pear CPafn,&s taellus L.). mountain ash 
(Sorius h.1'flrida L.) and eoat-willow (Sal= r:GFC L.) is therefore of er-eat. 
iaporlance. 
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ELEllENTS OFA PROPOSED llETHODOLOGY JOR 
DVIRONllENTAL DIPA.Cl" ~HNT OF THE DOON VALLEY 

.... J.Nauti]IGL 

University of Toronto 
Toronto. Canada 

It. bas been establlsbed t.bat. In the Doon valley. various econcmic acUvlUes 
are lnt.erllnkecl Uirouab ecoloeical processes. Therefore. the tradlUonal sectoral 
approach here to analyze t.be coatribuUon of each ecmcnfc acUvlt.y to economic 
growth and development. of a society will be Incomplete and. hence. inaccurate 
(Bandopmlbyay et. al. 1984). Utilization of one nat.ural resuwce int.he generaUon 
of one economic acUvlt.y may adverseiy affect. certain othel activlUes and t.bus 
fapme hidden costs. The one resow ce approach und.er-estlmat.es the act.ml costs 
while intlatln& t.be benefits frcm t.be individual economic aclt.vlt.y. Thus. In order to 
take raUonal policy decf.~ an such Issues as reaioaal econcmic development.. a 
systems approach ls the aost. sclenUflc met.hod to adopt.. 

Tbe ecasyst.ea under coaslderaUon Involves complex lnt.erllnkqes amone 
mt.ural and socio-ecancmlc phenomena. Therefore. we need a manageaent. model to 
help us make decision:; about. -etnl t.he Doon valley ecmyst.em. The overall 
model may contain several sub-lllodels which may be of analyUcal or simulaUon type 
or a ccmablnaUon of bot.h (Hall It Day.19T7, p.7). The t.wo met.hods used for solvina 
manqement. models are 'trial and err0r• (or slJRulaUon) and 'optlalzaUon' met.hods 
(Shoemaker 1977. p.105). In t.he trlal and error approach. t.he predlcUve equa
Uons relaUna ccmponents of tM systEim must. be solved, amlyUcally or numeri
cally, for each new value of the d~ variable. For a cmaplez model for which 
IDllDY altemaUves exist, ft. ls usually too expensive to test. each ad•fssible policy. 
One may first. choose a few of t.he policies t.hat. appear most. prmdslna and t.hen go 
ahead and test. their outcomes by simulaUon. Unfortunately, t.he best. policy can be 
overlooked In this procedure. 

The alt.ernaUw approach ustnc opUJDimUon t.ecbniq111S calcalat.es dlrecUy the 
policy which ~ an obJecUve fmicUon. Numerical methods have been 
developed to calculate opUmal pollcl•. Tbe best. method to use depends upon 
cbaracterisUcs of the problem belna studied, that. la. whet.her the problem ls 
linear, naallnear. conUm:loas. stocbuUc or const.nlned. One of the met.hods most 
used to det.ermlne the opUaal llllllllS•ment. of .,....._ described by a set. of linear 
equaUm.'S Is linear proen••lna (Shoemaker 1977, p. 106). 

Linear pl"OlnlJUllna (or LP) la a verr powerful opUllizaUon tool because It. 
can be med for systems with e very Iarse number of variab1-. SoluJons can be 
obtained tor different. obJecUve funcUons and senStUvlt.y or the soluUon to one or 
the other variable can be lnv..Up(.ad. Its major IJJlllt.aUon ls that. It. is only suit.
able for models with conr..ramw and crlf.erfon runcuons that. are linear. Another 
cUsadvantqe of LP ls t.hat. It. ls not. applicable If the relaUonshlps amonr variables 
are llt.ochuUc. 

It. _, be menUoaed that. even If S01M of the aondlUons presumed in applylna 
LP are not. au.tied by a parUcalar problelD. we can sUll at.t.empt. t.o me It. u a 
first. approximaUon. Ir SOlll9 components or the problem ezhlblt. randolll behaviour, 
•• may subsUt.ut.e averae• for thue components. Nonlinear behaviour amona 
components can be apprm:imat.ed wttn suit.able linear relaUonship. 
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The Doon valley system Includes several relaUonsbips which involve esUmat.
ing economic ext.emallUes in quanUtaUve \M"ms. These are difficult. to ww-e 
even roughly as these are characterised by market. failure and, hence, absence of 
relevant. economic lnformaUon (Heller & St.erTet.t. 1976, p.10}. There are several 
ecoloeical relaUonsbips such as bet.ween forest. cover and fiood cont.rot or reduc
tion in ataospberic pollution which are equally difficult. to quanUfy. F.st.lmaUon of 
t.he coefficients representing t.hese relaUonsbips wit.bin a reasonable range of 
error will be the aost. formidable task in developing t.he manageaent. aoclel for the 
Doan valley ecosyst.em. Using ccmaplicat.ed techniques such as dynamic proermn
aing or input.-out.put. prooedure far solving a aoclel with very rou&h eqaaUans ls 
not. likely r.o provide bet.t.er soluUons. Therefore, developfne a robust. aoclel 
should be the priorlt.y and using a simpler met.hod of Solvfne it. qbt. be a suitable 
approach to begin with. 

The r8laUonsbips IUllDllP. variables in the ecasyst.em have to be determlnecl and 
expressed in the fonn of linear -t.he-Ucal eqaaUans. Far lnstance, linear eque
Uans could be developed for the possible impacts of forests on various acUvlUes 
es pointed. out. in Table 1 of the previous secUon. SbDJ)ar interlfnlmees will ezlBl 
far ot.ber resources vis-c&-vis eccmomlc acUvlUes in the Doan valley. These will 
have to be specified and quanUfled appropriately. In eddlUon, we shall have to 
idenUfy our objecUve funcUan (I.e., t.be funcUon beine Maximized or llinlmizecl} 
and a set. of oonst.ralnts to which it. ls BUbJect.. 

The const.ralnts will be of ph1Sfcal, ecancmlc or pollUcal nature. Smae will be 
oft.be fonn such as: (I} Lhe sum of the land area under different. land-me should 
not. exceed t.be tot.al area of t.be Doon valley; (ii} tbe area under forest. should 
exceed cert.aln minimum such es prescribed by the NaUonal Forest. Polley; or {lli} 
t.be UlOUllt. of forest. wit.bin a cert.aln distance from villages be no less than that. 
required to aeet. their fuelwood, grazing and Umber needs, et.c. In general, the 
constralnts will be such u to ensure that. the ecolorical stat.as of the valley does 
not. becollle unacceptable. 

The objecUve funcUan can be of various forms, depending tJD t.be choice of the 
policy makers. Some of t.be possible obJecUve funcUaas can be: (l} 11111Xfmize the 
lot.al h'Ulllall populaUan of the Dom valley so u to define the carryln& capacJt.y of 
t.he region beyond which t.be ecology of Lhe valley will deteriorate for the given 
level of technology; (ii) t.be t.ot.al income oft.be valley residents be muimlzed; (ill} 
fnt.roduce lncome dlstrlbuUon aspect. by treaUng rural and urban categories of 
popalaUon separat.ely and muimlze a wetabt.ed average of incoJlle earned by t.be 
t.wo kinds of populaUon; or (Iv} t.be net. value of t.be produce of t.be '9111ley be mu
imized. 

Different. scenarios can be used to simulate the iapact. of different. objecUve 
funcUons and parameters. The final policy decision can be taken on t.he basis of 
t.be results provided by t.be model above, nbJeot. to various 8118D1DPUons and 
apprmlmaUons made in t.he process of Its formalaUon. 

m:rmwca 
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HUllAN-AcnvrtT llODELING or DOON VALLEY POR EXPLORING 
ADJUSl"llENT S'l"RATEGIES 

J. Pa.rU:h 

InlernaUonal InsUt.ute for Applied Systems Analysis 
Lazenburg.Aust.ria 

In a s-.. "'Sl.ems modeling approach. the Doon Valley needs to be characterized in 
such a way that. all the dynaalc variables are capt.ured. StaUc panuaeters such as 
area and location provide a fnme of reference. Dynamic variables. e.g., popula
tion growth, could be policy-dependent. or policy-Independent.. The interdepen
dence of the dynamic variables needs to be examined first.. 

Figure 1 illustrates major acUVftes in the Doon Valley. Every acUvit.y bu Its 
resource requlreaents and envinlnmental implications. There are policies that. 
need to be considered, ... of which are aiaed dlrecUy at. resource uWization, 
sc:me at. the activities themselves (e.g., industrial policies) and smae at. the 
environlllent.al effects (e.g., pollution manitorfn&). 

Instead of dlsc'l18Slng all the activities and resources, the ezaaple of energy 
will be described In detail. It. should be mentioned that. a slJDilar approach has 
been tried for Bangladesh successfully and therefore, a skeleton framework 
eztsts. althoUCb It. needs to be modified a great. deal for the Doon Valley. ngure Z 
illustrates the COlllfGl8nts involved. 

Deforestation ls a symptom caused by many activities, only cme of which is 
fuelwood gat.heriq. To that. extent., alternative energy supply becomes relevant.. 
In particular. the fuelwood problem which ls related to the energy question, needs 
to be examined in this light.. In rural areas, biomass ls used for food. feed, fuel 
and fertfllsers. Thus, the bfcma ass and enersY flows are essenUal for characteri
zation of Doon Valley. Energy balances for t.be Doon Valley need to be worked out. 
to show t.be struct.ure of enel"I)' consmnptlon for different. p-wrpases and different. 
energy supplies. The fiow Of eDerlY ls ef ven in nrure 2, but. DUJHrical values need 
t.o be obtained for each box. 

The rural populaUon of India gets 90% of ft.s energy from biomass-based 
sources, i.e., f'.Htbroocl, agricult.ural wut.e and animal dona. Biomass resoarcea are 
under severe stress because of the conflicUna d-..cls for food, fuel, fodder and 
f erUllzers. 

Different. lDCOllle 1roups have different. enel"I)' conawaption pat.terns. Enef'IY 
fiows for t.he Doon Valley need t.o be ldenUfled for 7e~ anot.her remron. This Is for 
esUmatine air pollutant. emia!oas. A schematic npre 3 Illustrates various end 
uses and typical energy sources that. could be used for thOH end UBeB. Act.ual 
values for this will need t.o be worked out.. In this connection. It. Is laaportant. tn 
separate t.he requirements of the local population from thOH of the t.oartst.s. 

Linear Pl"Oll'llllllDine approach will be developed which Is bued on resource 
requirement.a for different. socio-economic actlvit.fes and conaequent. nviromaent.al 
Impacts. For eDJ11ple, the resoarces required for each llCUvit.7 llsted in nrure 1 
require certain land, enera. labor. capital, aw. Each of tb- also has polluUon 
Impacts which could be quantified t.o some nt.ent.. Th• obJecUve fancUon of matm
lzaUon ot lncome-eeneration wtt.h a number of raoaroa and otber conatratnt.s, 
lncludlq minimization of pollution, could characterlH development. objectives of 
Doon Valley. Since all the OHS of blOlllUB are Included, cmT)1na capaclt.7 of Doon 
Valley will be one of t.ho nat.ural out.comea of this model, not. In a staUc, bat. In a 
d)"n&Jlllc senH where adJmtment. naechanisms could be explored. 
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I RESOURCES 1--·~ I ACTIVITY 1--~) ENV~~~AL 

Forests 
Land 
Minerals 
Water 
Energy 
Labor 
capital 

Forestry 
Agriculture 
Quarrying 
Transport 
Tourism 
Household 
Other 

Afforestation 
Improved stoves 

Deforestation 
Water pollution 
Air pollution 
Soil degradation 
Damage to landscape 

Industrial development policies 
Pollution monitoring policies 
Land use policies 
Investment policies 

flpre 1 Act.lvtt.y-orlent.ed syst.ems modellne for Doon Valley 
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Energy Inputs Diesel. electricity. petro-chemicals .,. _______ _ 

Production 
System 

Agriculture 
Outputs 

Sectors of 
tht Economy 

Food and ood 
Non-Food 

Runl industries 

Source: J. Parikh. 1981 

Power 

Suaws 
and 

by-products 

Savings of 
investment 

and imports for 
commercial 

energy 

neure 2 Bl~ and enera nows In rural economy 

Feed 

Dung 

Households 
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Animal Agricul. Oil 
Fuel.wood DmlR Wast.e Products Electricity 

Bcnmebalda 

Cooking x x ~ x 
Lighling x x 
Healir.g x x x x 
Hot.wat.er x x J: J: 

Industries 

Quarrying x 
Lime kilns x 
Other 

Transport 

Trucks x 
Cars 
Auto rickshaw/ 
scooter x 

Agriculture 

Machinery 
Irrigation pumps x 

Not.e: The needs of tourists and local population could be separat.ed If t.he data is 
available. 

Flew• 3 Enerty nows in Doon Valley 
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