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NTEODdCTICN AND SUnhARY

Introduction

This report Presents the conclusions end rpconmendaticns of 
four ,r.cnth mission to Mexico to consult on 3 project to en- 

ourass the manufacture end use of as r icultural p ! asti cs » The 
e rifis of reference for this mission were es f ol lows?

The consul tent in coleborstion wi th the other experts end 
counterpart? end the CTA will specifically be expected tol

1. Assist in plenums» o rgani zet i on .* and transfer of tech­
nology related to semi-arid zones* taking into considera­
tion the econoic rcaui rements to strengthen the industrial 
ond asroindustrial deve1c?ment cf these areas»

2» Prepare models for rational and industrial dpvaloaoanti

2» Evaluate cost-benefi f and cost-efficiency anal¿sis of 
proposed industrial and asro-industrial anti vi ties»

? Construct scenarios for the evaluation of the techno­
logical impact of such p rejects m  these w reas as well a* 
or.aisee development projects?

5. Condos t a pc up ¡Tieetir.se end workshops in which construc­
tion of scenarios and p rc.spseti ve evaluation of technoloai- 
cai development a re discussed *

Tho consultant will also be reauestsd to prepare a final 
report setting out th e f indi n gs of h .i c a i os ion a n d his 
recommendations to the Government on further action that 
might be reeui red »

Two caveats are in order u-once rnina tha ccntent of this re- 
;rt. First? the conclusions end re cc .T.nsnda t i er.s presented he re 
re sclsiu those of the author and do nut necessarily reflect 
he views of the Centrc de investigation en Ouimica Ap Ileads 
which is the Government executing ins ti tution to which the a u - 
nsr was assigned)» UNIDO ' s ProJee t Coordinate.r * or an* ether 
netividual or organization wi th whom th? author was privileged 
z wort- An* errors of fact or inte pp ret a tien are the sole
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The plan of the report is as follows» Chap^iLc— 2_ of the re­
port briefly chronicles the activités undertaken and the events 
that secured during the period of the mission» The activities
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transferencia de tecnciogia) that non» constituta the Plastics In 
Agriculture Project* and tc promote the the manufacture and use

cultural elastics in Mexico.
A discusses» in a Qualitative was?t̂i* sets the costs and

associated witn elastics mulch technolcd» in the MeiTi- 
t. The discussion in this chaeter attempts tc clarify

and benefits should be evaluated in subseouent ac- 
the ereject.

benefits
car. center 
wnat costs 
tiviti es of

Chaeter 5 describes and illustrates recommended methods for 
analyzing some of the aost iaeortant costs and benefits of use 
of elastics. The models are designed to estimate the effects of 
use of selected elastics technologies on agricultural ercducticn 
and on income in the agricultural sector.

Chaeter 5 also illustrates how potential demand for elas­
tics for selected aeelications can be estimated. Demand for 
mulch in analyzed for the La Laguna Region for a variety of com­
binations of conditions concerning the cost of mulch and the in­
crement in yield obtained from the aeelication of mulch.

Chaeter 6 presents some illustrative estimates concerning
the potential— f o“ 
nation-wide basis

use of elastics in selected applications on a 
These estimates were prepared Jointly with

S . r  3 ! îndez» ¡1C Edgar Guère? an<
extremely rough? the estimates indicate 
for a substantial level of demand.

Ins Jesus Perez. While 
that there is potential
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CHAPTER 2 ACTIVITIES ANC EVENTS

A. Ir.troducti.cn

This chapter reports the major activités and events of the 
past A months of the Flastics In Agriculture Project. Although 
the Project Document was not signed until the latter part of 
June* 1982» the project commenced in the early part of May* 
1982» when the author was posted to CIQA as a UNIDO consultant 
under an advance project authorisation. The purpose of this 
discussion of activities and events is to place in context the 
■findings and recommend* tiens contained in subseauent chapters.

3. Activities and Events

1. Technology assessment initiated

Earls in 1982» CIQA negotiated an agreeement with the Of­
fice of Arid Land Studies (OALS) of the Univeritw of Arizona 
(USA) to provide support to CIQA in the conduct of an assessment 
of agricultural plastics technology. The objectives of this as­
sessment» according to the initial proposal prepared , bw CALS» 
are

... 1) to assess the current use of plastics worldwide and 
in Mexico» 2) to review projected current and future demand 
for basic Petrochemicals in Mexico? 3) to document current 
and project Mexican capacity to produce basic petrochemi­
cals» 4) to review the Dentro de Investigacion sn Quimica 
Aplicada s process research on plastic films» 5) to deter­
mine the potential consumption of plastic films and other 
dryland products in the dryland agricultural sector of the 
Mazapi1 region for various applications? 6) to extrapolate 
this use and demand to other regions of northern Mexico» 
and 7) to provide recommendations for linkages between the 
agricultural sector and the primary petrochemical rreduc-
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ers* (*A Technology Assessment of Plastic* in Mexican Arid 
Lands Development’* A proposal submitted to the Centro de 
Investisacion en Guimica Aplicada by the Office sf Arid 
Lands Studies)* *%

The elastics technology assessment is the second technology as- 
sessaent to be conducted Jointly by CIGA and CALS* The first* a 
technology assessment of Mexican guayule* was available in draft 
fora in May* 19S2.

As originally proposed* the plastics technology assessoent 
was slated to begin in early 1982, Start-op of the assessoent 
had to be postponed* however* due to the devaluation which took 
place in mid-February* 1982* and the ensuing budgetary uncer­
tainty*

The assessment started with the visit of Dr* Jonathan Tay­
lor of OALS during the week of May 9* 1982* This visit was 
scheduled to coincide with the start cf the author's mission and 
the originally-planned starting date of UNIDO Project Coordina­
tor Sr* Gregorio Pruzan's mission. The week of Dr* Taylor's 
visit was devoted to a discussion of the objectives of the tech­
nology assessment and to the ways in which it could strengthen 
the Plastics it. Agriculture Project*

2* Preliminary analysis of potential national demand

During 
Live enslys
iti U 1  C h  t  y  * T r , 
h' 1 P d  w u C  r  *S P

■v * 3Ì V -1 C '3- 1

the week May 9-1.1* the author prepared an illustra- 
is of potential nation-wide demand for -plastic 
e results of this analysis were presented by Project 
. Salvador Fernandez at an international meeting on 
agriculture held in Brazil*

CIGA Project Director attend- intern*.tional meeting

Dr* Fernandez represented the Mexican Plastics project at a 
meeting on agricultural plastics in Brazil* Mas 16-20.

Model developed for regional analysis
During the period May 16-June 25* the author developed* 

programmed* installed on CJQA's computer* and demonstrated a 
model for analyzing the effects of availability of plastic 
mulches on regional agricultural preaction and income* A dis­
cussion of this medal is contained in Chapter 5 of the present 
report.

5* Recommendations prepared on technologs* assessment

luring the period May 16-May 25* the author prepared recom­
mendations concerning the objectives* content* and conduct of 
the Joint CIGA-UALS technology assessoent of agricultural plas­
tics* These recommendation»* based on a review of the results 
of a previous toint TA of Mexican Su3»ule* the proposal for the 
Joint TA of agricultural plastics# the UNDP Plastics ir» Agricul-

<

(



6

/■V
c

c

r

c
c

(

c

c

c

c

c

ture FrsJect 
GALS

being executed 
the previsus

by GIGA» and discussions held with 
*#esk * The ^ 1 nor s recommendations

prc?ùîï „ - - -
ins

that the technology assessment be used 3 s a framework 
orating the three sub-prcJects c-f the UNDP Project. The

revert.

¿. Opportunity Study prepared

During the period Ms y GS-June 25? the author assisted 1 n
the preparation of sn 1'-  -  „  *  . p..units study for selected asricultur-
3I applications of plastics. This studs was later presented at 
3 see tins held ir. Saltillo at the er.d of June (see psrasraph 7 
of this section). Due to time and resource constraints? the Op­
portunity Study did not cover all of the points listed in the 
recommended outline for the study contained in Chapter 3. The 
Opportunity Study that we prepared is contained in Chapter 4 of 
this report.

7, First technology assessment meeting held in Saltillo

ri »iicabins wa^ nald & %.• u „ Q A ? June I * — .*0 ? to explain tha 
technology assessment to potentially-i itefast parties and to 
solicit their participation. The Opportunity Study (see para­
graph * of this section; „as presented.

Tne most important result o; m o  moot1 ns was that severot 
parties expressed interest in cooperation with CISA. Among the 
o r g a n 1 3 a 1 1 C- n s expressing further 1 n t a ; e a t were r E ft E X .* 1 h F
CENAiiAR? CGrLAhAF; ? and RRONOFQR. Cooperative agreements are 
p r e * c r. v * •- l: s . n s n a s o 11 a 1 a 0 w i t n nans c» t 5 s ■ o r s a n 1 z a 11 u n s .

3. Financial analysis model developed

burins the par: 
finane 1 al analsa i s m o «

1 -July 9? 
This model

f\ &
, , •! T 1 i -,

tc prepare income statements and balance sheets

aut.no r installed a 
CIQA's computer 
for an enter-

.. i ices

prise. is anticipated that this tool wi: be used in suose-
ouent stades of the project to analyze financial and economic 
aspects of plastics manufacture and usage at the enterprise lev­
el firm or farm)? and as a tool tc promote investments in
plastics manufscture/use.

9. UNIDO Project Coordinator conducts interviews 

iurins a six-weak mission < approximate!» July 3-Ausust 21?

(
1932; ? UNI: 
key rasure
w 1 W *V J ! wi >J 1

<
b d 9 s ij jri
will ss * .j

<
Folio; 

Chapter 3 
initiated

■rese interviews in­
cluded questions suggested by the author related to promotion.

of promising opportunities
aÿ v .* 1. dk 1» « U » »nolog
a0uen t tas of :
s sages t i on is s d a
through the 5- ' J S
e jovernors of s

remotion

the

or P h o  u S i

suino r '.see
Chapter 3'.? Sr. Pruzsn? through the ausp-ces cf the SIDFA? also

• ate* potential le

(
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terested in projects based ori manufacture end/
i , t a  « ... ;v a  j e • r a W w v s w S »

use of aSricui-

10» Meetings tc pursue cooperative agreements
»»

Dr» Fernandez and Sr» Pruzan met with representatives of 
I«P> PROMCFCR* and ENPE7RCL during the week of July 19 to dis­
cuss possibilities for cooperation in research relating to plas­
tics in agriculture.

11. C3MEPA meets in Guadalajara

COhErA held a major meeting in Guadalajara* July 27-30. At 
this meeting* a series of technical papers* status reports* and 
exhibits were presented. Dr, Fernandez and Sr. Pruzan met with 
the Governor of the State of Jalisco and described to him some 
of the development opportunities potentially available in 
manufacture and/cr use of agricultural plastics.

12. Crop yield-water stress model developed

During the period J 
programmed.- installed 
model for analyzing the 
yield and crop water 
Chapter 5 of the present

uly S — August w8* oh
on CISA's COiTiP' b t *5
effect of use ie »
reouiresents. The
report.

e author developed? 
et and demonstrated c 
plastic mulches on 
model is described ir

• i s 11 to CENAKAF:

Dr. Salvador Fernandez and Sr, Gregorio 
CENa MAR tc discuss possibilities for cooparstio 
tior. with plastico! ture » A formal agreement is

r r u z a n visits o 
in experiments- 

being negotiat­
ed.

14 » ideating with Michoacan ' s Secretary of Indus trial 
Developmen t

Drs, Salvador Fernandez* Robert Anderson* and Sr, Gregorio 
Pruzan met August 19 with the Secretary of Industrial Develop­
ment of the State of Michoacan. The purpose of the meeting* 
which was reauested by the state and arranged by the SIDFA? was 
to discuss potential opportunities for Michoacan in the manufac-
ture and use of agricult Ur P1 Pi asti os, It w3s agreed at the
conci us ion of the meeting thg t this subJ20t would be explored
fu rtha r i:r, two meetings? one in which a lean of experts from
n  1 ,* «w a vM would go to Michoacan* and one i r*; • i * c >i a delegation from
Mich-scan would visit CIGA,

Visit to IMP

The author visited Ins. Er.rioue Castro of IM? 
Ins. Castro described the results of a large c o o p* 
tration project in which asphalsne mulch was used

on A u s u y . w0, 
retive demons- 
on a 10 hec-
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ii. Visit to CIANOC
«

The author visited INIA's Centro de Investigaciones A s n é e ­
las del Norte-Centro (C.TANGC)» representing Dr. Fernander. » to 
sumoarize CISA's work, on plastics in sericultura and to open 
n scussicns concernios possibly future Joint work. Four possi­
ble srsas of cooperation were discussed» including <i) experi­
mentation with applications of plastics» (iií sharinS of ¿3ro- 
ciioetic data reauired to estimate the potential for applica­
tions of plastics» (Hi) modeling of effects of usase of plas­
tics on crop production processes» and (iv) transfer of plastics 
technolcSs into asricultural use. The General Director of 
CIA.NOC is scheduled to visit CICA durins the week of September & 
to follow-up on these discussions.

17. Preparation of report

This report 
September 4.

durins the period AuSuswas p raparse
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CHAPTER 3Î

A. Introduction

RECOMMENDATIONS CONCERNING THE OBJECTIVES* 
SCOPE, AND CONDUCT OF THE TA

As remarked in the previous chapter, one of1 
activities undertaken by CIQA in connection ; 
sericulture is the initiation of a technology

ÎÎ’Î-CÎ in Mexican agricult: chapter dis
Jective, scope? end conduct of CIGA's assessment o
for 
p r  o . 
ing

'¡snufscture and 
:t to conduct U

>3 01 selected agricultural

pagesI T i ­n e  O C -J 9 £

S  ¿ S S S S S fT id n  v IS  C :
iti ve of the chs;

led PAZA 
1er is tc i

could be defined snd conducted in such s was

the important 
. th piss tics in 
assessment O T 
cusses the ofc- 
f technologies 
Plastics» Thu 
in the follow- 
gsest how PAZ*

-V -i £< ̂ 5 f ¡a 4* S . a m  y e s  ’ d w,» s?
V- P, r ci t S G o  ~ >*■ r ,: . je -v * - ̂ W -Jr >“• C- L* *7» 5 r •. ¿.2 Lip t il s P lastics in A  ̂ . * I 1> w. W W A w• • * .-3 r o ~

4 ¿ f id  v 0 . - P OiftO *•w w w - U» A » » •- Gstriai development a sad o Pi­
c u 1 t  - -, — i i*. “> & ± r * <b- 4 ■Z> V  J,C 5 »w Cl G -A* C I C 3 -■  »

The tec b f[ G J. w j si :se5SDen L of agricultural pia sties I s ths
{ its W •_» vi3 C »*»n o i O si* ¿ssessaeri •pV GIGA has conducted.- The first 9 s-

technology assessment of production of rubber from Suayule in 
Monica, was completed in draft fern at the tine the author's

ssion commenced* dsns of the suggestionsit» J» s

chap ce r are oased on 
aut 
egy
nod

reading of •hat dr
hcr's conclusions concerning ways in which the 

assessment process, as reflected in that 
ii-'ied to better serve the objectives of the PI 
t u r e F r o J e c t *

fared in this 
aft, and on the 
usual technol- 
draft, could be 
sstics in ASri-

ZbJectives of PAZA 

I» Backs round

CI3A was charged with the objective of developing technolo- 
that could contribute to the economic and social develop-

It 
tha

Mexico's arid cones* It has done that effectively.
for the use ol

be »a iSe

' £ »"l t-
has developed end demonstrated technologic 
Plentiful resources of these regions.

fo date, however, none of these technologies has reached 
implementation. Indeed, only the guasule technology has been 
incorporated into a serious development project proposal. GJilAN-

I

*



pis.-, tc corid«:t TA's of the technologies it has pioneered is in­
tended to creek the barriers between the RSD process end the 
process of formulating* evaluating* end if indicated.» implement­
ing development projects based on new technologies.

It is also important to remember that PAZA is funded» "in 
part.» by a loan from the Inter3merican Development Sank» and by 
a United Nations Development Programme project. Both of these 
forms of support presume that PAZA would contribute to Mexico's 
economic and/or social development objectives. This» it seems 
tc ,5i) should also be sr. important consideration in framing an 
objective for PAZA.

2. A Statement of CbJective

In lisht of the above considerations? I propose the follow­
ing statement of objective for PAZA!

THE OBJECTIVE OF PAZA IS TO STIMULATE THE FORMULATION?
EVALUATION» AND C IF WARRANTED 3 IMPLEMENTATION OF AGRICUL­
TURAL AND INDUSTRIAL DEVELOPMENT PROJECTS BASED ON PLASTICS
TECHNOLOGY.

In ctbs r words» INFORMED DECISIONS CONCERNING ECONOMIC AND/OR 
SOCIAL DEVELOPMENT PROJECTS Z w ich ere net tc be confused with 
decisions that any analyst working on PAZA would necessarily 
recommend I are the intended final product or outcome of PAZA.

The important phrase in the statement of objective proposed 
above is •* formulât ion » evaluation : end . t , implemen ta tisn of ... 
development projects". CIÙA's objective' ss I understand it» is 
tc s 1 .i m _Iutc .• caductivi c¿-improving iecrnolosicai innovation and 
diffusion in Mexico's arid regions. The above statement of ob­
jective seems tc mo to be on appropriate way tc frame PAZA'g ob­
jectives in iisht of this.

To clarif» the above proposed statement of objective* here 
are two statements of objective I propose NOT be adopted!

’The objective of PAZA is to identify and evaluate poten­
tial social* economic» political? and environmental effects 
of use and manufacture of agricui tural plastics"

’The objective of PAZA is to indent!?-* and evaluate the s c - 
cial * economic* political* and #nvi ronmental factors that 
could inhibit or promote technolcsia ■ for the manufacture 
anu use of plastics for agrieultore *.

These latter two statements leave unclear what* if any* effect 
on decisions is intended* and leave unclear the cennenc tier, 
between PAZA and economic and social development objectives. 
One might well conclude from them that the intended product or 
outcome of PAZA is a report or reports. While careful* thorough
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v 1 rcnoentai ss?ects of agricultural plastics ora an absolutely 
necessary part of the effort.» CIQA's eishv-odd sears of experi­
ence demonstrate that research and reporting ¿lone are not suf­
ficient tc cvercooe the barriers between science and technology 
and development planning and project preparation.

C . Scops of the Assessment
Having proposed an objective» 1st us now turn to a dps 

Lion of technology assessaent as. a sse 
Jectivs, 
sessaent

thcd for achieving this 
’techno logs

s i p-
ob-
c  Ì» ’

A TECHNOLOGY ASSESSMENT IS A PROCESS IN ÜHICH INTERESTED 
PARTIES JOINTLY CONDUCT AN ANALYSIS INTENDED TO FOSTER A 
COMMON UNDERSTANDING OF THE CONSEQUENCES OF ALTERNATIVE 
USES Or A TECHNOLOGY AND THE EFFECTIVENESS OF ALTERNATIVE 
POLICIES FOR MANAGING THESE USES» AND THEREBY TO STIMULATE 
IMPROVED DECISION-MAKING.

Z t 9 £ <? 2 u f r H

Tc achieve its purpose •' i » a » ccìtutì on unde r stendine leedinâ
v C  7k n  ? C ^ m S j  dv5C 1 S  X O n  — JTiDK*. l l i w TA rsGuiret. -cur basic stases»

’ S t ?  I

»* Ht ± Sir Si •-
.hP

a u i C- +■ .-  ̂-*■ * Î-,U » .Pi»
below
^  r

■ D _W> 1C- W w<
- Indu-M v .> ̂  /••11 or» 0

COMPILATI IN OF DATA AND INFORMATION on 
a technology. The meaning of relevar; l ss- 
. i»* y d «¿ca and i n ■ o r m a t » u n is meant a » ; as —
u a n t i t a live anu g u & ì g ic .• 3 p e r t z » ; e r .■ * to

of the techno 1- 
the technology»

included would be a description of the techno 1- 
; y  » a m e  r i  p  v i u H  of p  o s s  i  o % e s p p  * i  t r  .ic. ; • 

p&rfc re data» etc.
it *f requires the CONDUCT OF ANALYSES OF DATA AND 1N- 

h'ORMA on relevant aspects of the technology . By analysis is
meant critical evaluation and processing of data and information 
to deduce its implications about relevant aspects of the tech­
nology.

Third» it reaui res REACHING CONCLUSIONS concerning relevant
«y s  P & C t  ys of the techno! ogy » These cone’usions would be the

of the analyses co nduc ta:-m§ * •
DU rttlf it reaui res the :'rih IN G OF -ZCChbENDATIONS c c n c ar n-
is v «5 ¡"it aspects.

w » p. e i e v a n t Aspect s

By relavant aspects is meant those o s p & .i  . s' of a technology 
chat would be pertainent te formulation» evaluation» and ¿¡».»le- 
t.i e n t a 11 o n of d e v e 1 o P m e n t p r o. m* -.i t s * R a .1 a v a / ; t aspects i n civ o e ». n e 
> ollowing.

i£c vu! »! ¿1 aggects. Inis includes description» a ». a 1 y s î y »

(
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conclusions» and recommendations cu^-iir.iinâ technology. 
It is based primarily or. the work of ( technical experts il 
e.g.» agricultural engineers» experts in plastics trsnsfor-
»>¿tier, j »
bamagemsot aod edoioistcütluo asaacis. This includes £ in 
the csss of the present- TA T description, analysis* conclu­
sions» end recommandât 1 ens. concerning management and ad­
ministrai ion of p ros rams/p ro.Jec ts to fester applications of 
plastics £ e.g.* attention services» demonstration pro­
jects» educational programs 3» management and adrainmisfcra- 
tion of farms C e.g. assessment of farmers capacity and 
willingness to adopt plastics technology 3» and management 
and administration of transforming firms L e.g.» assessment 
of transforming firms' willingness and ability to integrate 
necessary production and distribution opvsrations into their 
businesses-3.

Organizational aspects are closely 
and adninistrative aspects. The 

focus however is on the description» analysis» conclusions» 
and г e с о n ¿mandations с о n c a r n i n g a 11 a rn о t .. v s о r g an i z a .• i о n a 1 
structures for promoting innovation and diffusion of the 
technology.

Commercial aseects. Commercial aspects includes descrip­
tion* analysis» conclusions» and recommendations concerning 
distribution of inputs and outputs related to the use of 
v n u t а о r ’ ; ; о j, o g y . î n с 1 u d e u in t n y c s ï S of г A a A would be pro­
vision of plastics inputs and complementary inputs C e.g. » 
fertiiizers» etc 3 to farmers* and provision for distribu­
tion of any surplus agricultural production generated.

Organizational aseacis. 
related to management

E’inanciai osaacts. Financial anects includes description* 
analysis* conclusions* and recommendations concerning al­
ternatives for financing innovation and diffusion of the 
technology. Included in financial aspects would ba con­
sideration of such things as alternative financing arrange­
ments and the effects of these on financial viability of 
the technology as viewed by commercial farmers» semi- 
'■•ubsister.es farmers* subsistence farmers* plastics 
transformers* the financing entity t under alternatives 
that would provide special financing facilities 3.

¿.cocomic .
aspects 
the point 
i ► e . * far; 
with it.

ots. Econo
hat finanei
view of the
busi nesses *

о r

Economic aspect:

differ from financial 
view the technology from 
1 economic enti’!, 

nsumers 3 thel would 
attempt to vie* the

aspect' 
i n divi d i. , k.

a e i n v о 1 v e J 
t e c n n о 1 u g y

'rom the perspective of and benefits asso­
ciated with it. 
be auantified»

Mot all such social costs and benefits can 
bu t the re are reasonably satisfactory ways 

to dea'l^with such costs as foreign exchange» distortions in
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technology brou
I  r. P c i e t l O r ;  

CUCtion cost 3 
.' r  ¿ C S  C C i i t r u l â ?

Sht about bs artificially low costs 
to labor» and distortions between t 

r.d value of cutout Produced brought 
taxes? and other policies.

of capi- 
rue pro­
shout by

Social aseec-ts. Social aspects includes description» 
analysis- conclusions» and recommendations concerning pos­
sible social effects associated with a technology and meas­
ures for their mitigation or amplificaticn. Included in 
PAZA might be such effects as changed migration» changed 
patterns of agriculture end conseouent effects on farm fam­
ilies? effects on income distribution» availability of so­
cial services» and so forth.

Eolics asseois. Police aspects includes description» 
analysis» conclusions» and recommendations concerning pos­
sible policies for managing innovation end diffusion. In­
cluded in PAZA would be policies with respect to import of 
necessary plastic inputs» pricing of plastic inputs» output 
purchase» etc.

wOviCwcmeotal osoccts. 
description» er-.alysisî 
concerning possible 
.. iT# p o r t> m a n u f a c t u r e of a g r

Environmental aspects include 
conclusions? and recommendations 

environmental effects of
icultural plastic- and their use.

■ .* S' u t
The main Products of PAZA» if it is succsssful» will be 

evelopment Project proposais for manufacture and use cf
those Project 
implémentation 

important pro­
formulation and

iricultural plastics» thorough evaluations of
i-ror ;:sals» and informed decisions concerning the 
of these proposals. Subsidiary» but nonetheless 
ducts will be publications documenting the 
evaluation of project proposals.

Not ell audiences will be interested in all
spects discusse in C.i and •2 acovei

interested primarily in a very general summary 
information and of

of the stages 
most important

audience» those involved in the decision-making process; will be
description of

e analyses conducted. They will be sens­
ations .

levels. For 
form cf execu- 

ke good use of 
cold be clearly

Presentation» therefore; should 
decision-makers» presentations she 
tiva reports. These are relatively 
graphics. Conclusions and recomm 
stated; along with a summary uustifi 

Executive reports should be bac 
on each aspect cf the assessment

be at v >4 u
.Id be of thu
ho rt ; and a
n d atiens S ;*
ati on for if 3
ad up by t- b1 C
r This r 3

■re;-ared with the assistance of experts une:
should be subjected ,e peer
revised during the course

r s v i e w. 
of the

They should 
r-roJect.

hnical reports 
ports should be 
reauired; and 

be prepared and 
!>ey should be
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L s u f f i c i e n t  datai 1 
description of Bsihcdsi tests# etc per®:¡ reviewers
U * & -  ~ e

machad.
the used ! analysis ! G Пd U C t S d .• -Г Г. d С ОП C A U S  Í OP.S

Conducting the ТА

I propose that PAZA he conducted according tc-
de sc 
ADAP 
of
in 3 
P roc 
•pro 
IDS# 
desi 
sels 
prou

ribed by C.S. Hollins his collessors in
71VE ENVIRONMENTAL ASSESSMENT AND MANAGEMENT 
this approach is the explicit embedding of o 
decision-making process. The particular 

ess I would like tc embed PAZA in is freou 
Ject development cscle* by development adenc

UNDPi I&RDi UNIDOi etc ) » This is a
gned to formulate snd evaluate development 
? leedind tc a decision to implement or to 
acts »

an approach 
book entitled 

* The essence 
f the assessment 
decision-making 

ently called the 
ies ( i.e. FAC» 
decision-process 
project prcpc- 
reJect proposed

t h ■?> ’rocess

A step-by-stes 
ducting this sort c

overview of the proposed 
' TA is shown in Fidure 1

approach to 
Each of the

л  h». > • V i > ;  i ¡rs represents a step» Numbers in boxes 'efe:
con­
soles

O nüíli**
bered paragraphs below which explain briefly the intended ccn-

"he text and example outlines cover both the:зпг cf seen step»
manufacture a;r,r! use oi plastics technologies»
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This sta» establishes 3 *core*
aticn ot the proJeft- It does
may be associated witn •Che
stages I e.g.t laboratory per-

9-::.nciSic» see
( CÌ£ t-3 * If the

.W» -.s w »  ̂ -a
t> r o C w 1 V 6 f a p !

( and for W w"»?

project staff for the dor 
not include personnel who 
project only gt certain 
sonnel conducting experiments» engineers designing a 
production facility 3. The ssks-up of the core staff 
depends upon the nature of the project» but might in­
clude ar. economist C with appropriate sectoral special­
ties It one or more technical specialists» a policy 
analyst» and a specialist in project
organization/management. The core staff is responsible
for organization of all meetings» preparation of all do­
cuments» and for management 3nd integration of the 
results of RSB and/or meetings*

PREPARE OPPORTUNITY EVALUATION STUDY» The core staff 
prepares an Opportunity Evaluation Study. This study 
introduces a project idea and evaluates its technical?

» and policy aspects using available 
a Z which in fact would embrace a wide 
• Live projects 2 appears potentially at- 
for formulating proJect alternatives 
.ion of prefe3sibility and feasibility 

evalautions of then is prepared» and included in the o p - 
PC

«  d > > 11

rtunity evaluation study.

A rough table of contents for the Opportunity Evaluation
Study of opportunitie; 
as ro a lows.

an the transformation industry

art I Project Summary-Manufacture cf Plastics for 
Agricultural Use 

t Commercial aspects
1 Products
2 Markets
3 Marketing strategy 

i Technical aspects
1 Products
2 Production technologies
3 Inputs
4 Quality control

1 Administrativa/manaserial aspects
1 Baseline description of transformation industry
2 C o ir» p a t a o a . a t y of a g • ■ o p .* a s t a c s w a t n industrial si
3 Alternatives for technology transfer 
Organizational aspects
1 Organizational options
2 Roles of public and private sector 

i Financial aspects
1 Transformers

(
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c

»
c

c

c

c

c

c

2 Project
3 Government 
Economic s s p s c U
1 At efficiency trices
2 At eauity prices 
Environmental ss?ects
1 Effects on sir
2 Effects on water
3 Solid wastes
4 Hazardous and toxic substances 
Social aspects
1 Effects on social services
2 Effects on employment
3 Training
4 Effects on population dynamics

I Policy aspectsc 1 Relationship to development objectives
2 Adeauacy of present policy framework

c II Par t II Plan for Evaluation
A F«unctional Study Specifications

1A input Studies
<; a Critical Questions

h Plan
c Cost and time of completion of the

c 2 Technology development
3 Market and marketing strategy
4 Siting and t ranspor tat i or

( 5 Enterprise -organization
i. h  1  T: C> n  C i i

“* Impact assessment
( 8 Policy analysis

B c*► lan for preparation of evaluation
i Criteria

1 a» Ir.corporation of functional studies
7w Decision strategy

** Overall preliminary evaluation of opportun

If the sva! .aticns

POtsnClS- ¡hi
the Opportunity 
the evaluations 
meritorious? P< 

+!l-'art
the

X .* S' i i w *

likely

conducted in C-3 * ► T f>» C- » w a V * >
show the pp oJect idea ti

s project is dropped and
valuation S V 1 a A 3* / i W i

Part I s n 0 J the p roJect
II is •p r epa rad. If the
dee to h a v e little scri t

Part II 
prepared, 
idea to

of
If
be
in

expense a no.'
W ’J .h w r, w
the project

The outline 
pc r t UTl 11 3 j 
lari

difficulty of successful exe- 
,r.a of a satisfactory evaluation Phase 3t then 
: idea may os dropped.

f o r  the Opportunity Evaluation Study o f  c p -  

for use of plastics in agriculture is simi-

(
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Part I Project Summary-Use of Plastics Agriculture

r A Technical aspects
1 Technology description
2 Input reouireasnts

r 3 Input costs and use costs

c

4 Yield increments
5 Production functions

B Managerial end adoinistrative as
1 Technology transfer 

a Demonstration
c b Extension 

c Training
d Provision of inputs

c a Distribution of outputs 
f Credit

" 2 Technology adoption
c a Model farms 

b Farm plans
Attitudes end perceptions

r c Organizational aspects
1 Relevant authorities
2 Crganizaticnal options

{ n Commercial aspects
1 Provision of inputs
2 Distribution of outputs

t Financial aspects
1 r s rm
2 Credit-granting authority

1 3 Project
4 Government
Economic aspectsr 1 At efficiency shadow-prices
2 At eauity shadow-prices
3 At merit good shadow prices

r G Environmental aspects
1 Effects on soil resources
2 Effects on water resources

\ 3 Desertification
u Social aspects

1 Effects on social services
t 2 Effects on r u r a l - u r b a n  land a

3 Effects on employment
4 Effects on population dynamic

T•* Policy aspects
1 Relationship to national and 

objectives
2 Adeauacy of present policy fr

S 1 On

¿¿icnsl de'VelOP;

Port II Pisr, for Evaluation Css above!

j
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IDENTIFY POTENTIAL EXTERNAL PRO JECT TEAM. Fundament a1
to the success of the approach outlined he re is the in-
volvemsnt from the beginning of p-aopI a who can solve the
practical problems of project formulation and can make >
ths decisions necessary to formulate» evaluate? and if 

anted? implement a development f reject» The ob-Jee-
nd begin 
ed in the

rt»

W W » *

tive of this stas» i£ to- identify those people a 
the process of persuading them to become involv 
ef f o

The completion of the necessary functional support stu­
dies mas reauire incremental funding» For example* in 
projects dependent upon the availability of natural 
resources whose Quality and/or ouantiy are uncertain C 
g.S»? a project to mine a particular mineral in a region 
2n a resource assessment would have to be undertaken» 
It is hoped that one or more of the agencies represented 
in ths External Project Tear,, would provide resources.* 
either in the form of funding or in kind? for the con­
duct of ana functional support studies requiring incre­
mental funding»

OPPORTUNITY PRESENTATION NEETIN' 
vehicle for encouraging the En 
lifted in Step (3) to participa 
or.at ?5r»iciP5t,iori. i Pis meet».* 
well organized presentation of 
s * on Jtudy9 ccmp1emenLed wnsn n 
1aboratory demonstration? distr 
ducts C a»s»? laminates made
s i t e s ?  S u s y u l e r u b b e r  2?  e n d
l a s t s  a b o u t  o n e - a n d - o n e - h a l f  d a
n a r d - P i i t t i n g . I f  i t  f a i l s  t o
p r o j e c t  i d e a m a y  b e  d r o p p e d  at
p r o m i s i n g  t h e O p p o r t u n i t y  E v s l
- . J  i«  ‘-4 VS if- W W tm> W »

3. This meeting is the 
tern3l Project Team idsn- 
i e ? ¿nd for a r s a n i z i n s 
g would consist of a very 
the Opportunity Evalua- 
ecesssra by a field trip.- 
i e u 11 o n of sample pro— 
from natural fibre compo­
se- forth» The meeting 

ys» It is fast-Faced and 
generate interest? the 
this point no matter how 

uation Study shows the

Two Opportunity Presentation
r.a cur rent! i.

June? 1992? will deal with cpp 
plastics in agriculture» The 
gust? 1992? will deal with the 
for agricultural uses.

inss a>a Pi anned du rins
cbedu 1A6A fa r the end of
uni tiea for the use of
cond 'mtcb e du 1 e d for Au-
r.î facXL-U re of r-las*. _ cs
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PREPARE F'REr EASI £ ILITY 
stair ?rsi*'sr es a Pre 
the preliminary cesults 
pert is- intended to r 
denes for p rel isins ry a 
relevant aspects of the

w V A L. U A . . _ il ♦ To a p r o u a c t cars
easibiiit» Studs Report based or, 
of functional studies. This re­
port- aM j  provide supporting evi­
ne 1usions concsruins the vsrious 
pro-iect.

The outline for this report is basically the sane as 
that for the Opportunity Evaluation Study C see above 3. 
here detail is provided? however. The report includes 
such thinss as preliminary plant layouts» consideration 
of location options» and summarizes the results of func­
tional studies in progress or completed.

PREFEAS.ISIL1TY EVALUATION MEET! 
Pro feasibility Evaluation will 
i * i v o 1 v i n S all o ’> t e r n a i s t u v s 
re --u. ts are unt a * crac 1 a * the p ” 
the results art extremely f avo- 
c i cs may d e c i v c* to s i  p tne r 
proceed directly with project i

0. The results  ̂ i  U a  w * v u lf
be examined in a meeting
par ticipants. If the
„act may be drop pad. If
••ole» participating a:.ipn- 
¿esibility Evaluation and 
¡.p 1 amenta tion .

(
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fiore probably» meeting participants may decide lo f-re­
cede with the Feasibility Evaluation. The meeting wil 
identify project aspects reauiring particular attention 
¿n the preparation of the Feasibility Evaluation»

( 1 0 )
R&D PHASE II» Functional studies are completed at this 
step» taking into account any additional study reaui la­
ments identified at the Prefeasibility Evaluation Meet­
ing*

(11) —  ' •
WORKING GROUP MEETINGS » .Functional ly ...organized working 
groups meet with project staff to assist end advise in 
the completion of functional studies»

FEASIBILITY EVALUATION STUDY» The project core staff 
prepares a Feasibility Evaluation Studs. The outline of 
this study is roughly the same as that for the Prefeasi­
bility Evaluation Study.

(13)
FEASIBILITY EVALUATION MEETING. The rsults of the 
Feasibility Evaluation Study are presented for con­
sideration of all project* participants. If favorable» 
'it is hoped that the appropriate external participants 
will t3ke the necessary steps to move the project into 
the next step »♦»

(14)
DECISION AND PROJECT IMPLEMENTATION.

Discussion of the b p p  roach

There are three points concerning the approach suggests 
above that merit stress. First» the use of terms used b 
development agencies to describe various parts of the prcJec 
development cycles is intentional. The approach is intended t
stimulate the initiation 
manufacture and use of 
used is intended to keep 

Second» the process 
results and tentative

of a project, development cycle fo 
agricultural plastics. The terminolog 
this objective firmly in view, 
outlined above is designed to prcduc 
conclusions at each step of the study

■* e 
ii. *identify unresolved Questions and issues requiring resolution- 

and to facilitate an adaptive approach to decision-making.
Third» it is important to remember that GIQA is not per st 

responsible for development project formulation. It can only b* 
successful if it can secure the cooperation of agencies thai  
have -this responsibility.

In implementing the above approach» therefore» CIGA should 
seek the sponsorship of an agency that has this responsibility.

•9*- r





ihapter 4 : REMARKS CONCERNING TH 
COSTS AND BENEFITS OF

: EVALUATION OF 
PLASTIC MULCHES

H * x 1 1 v 7* G w • J C w * O » •

This chapte r 2 a tr< i r: 2 s aualitalively soma of the casts grid 
o e n a !. s s ths t ¿rs t reouent.y ment * onsd on cr tot}
possible costs slid benefits of use of plastic mu1 ches. Its
p c y u * -> t a r s c 0 f; i n e n d ins c s t e 2 c r 1 o s 0 • casts a r» d a e n 3 f 1 1 s
Iftsril priority in svslusticn Of mulch applications of Piss
■V w f, r* J* w2‘̂ »

Benefits and i 

1, Bensfits

if Ptastisstic Mulehas

of these

3 f

s have been 
cribed and

claimed for the 
discussed briefly

sed yields

with mulches haveInc reased yields 
experiments! and field conditions- 
thought to derive primarily from curb
u n i  cr, r e s u l t s *> 7i >]i 3 c  t> 1 r» ££ a 2  r  e s t e r
n e  e  d s . S e v e r a l e x p e r t s  h a v e s t a t e d  t h a t
able t o  m e e t t h e  f u l l  n e e d s  o f  a n  v
U 0 U 1 d o a  e a u  a 1 t o  t h a t  o f a m u l c h e d

i 0 S
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sub
by

cr

I ¿’ fi c i s s m  wate
.». ” SS-JC‘r, as the
S I 3 r s fTSiSUS!- * a - i Benefi
a v 2 1 u e of the

according to these ews?
available to unmul 
ield increments cr- 
Is substantial» ss 

3 r s
A ; * _
L- b w ► »

-h 1 s type

'•pen reported under bo 
-.ese yield increases a 
Ci a v £ p o t r an s p * r a t i o 
-o r t i cr. of crops7 wat 
-.'¡ere aster is avai 
mulched crop; its yie 
crop. Observed yie 
:s » are due primarily 
:hed crops.
.ainad through use 
ioc is ted oensfits mss 
measured approximate 
0 b t a i n 3 d .

th 
re 
n » 
e r
1-
1 .*/ * w
Id
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t . Cense rvstion of water inputs

The discuss'ion above raises the possibility that mulch mas 
be suos-tituted for water input* Two situations may be dis­
tinguished hers. In the first» sufficient water is avsiiable"to 
maintain the rate of evspctranspirati on at the maximum potential 
rate for oil-crop-climate conditions. In this case» use of 
plastic nulohes enables the reduction of water inputs with nc 
sscri rice in fields.

In the second case» available water inputs are insufficient 
to asintain the maximum potential rate of evapotranspiration. 
Use of mulches may mean that water inputs become sufficient (or 
perhaps even more than sufficient) to maintain this rate. In 
this case too» it mas oe possible <3nd economically desirable) 
to reduce water inputs» with little or no consequent sacrifice 
in yield.

In valuing water savings» it is particularly iarortsnt to 
value water 3t its opportunity cost. The nominal value of water 
ireported by several individuals to be about 50.50 MN per cubic 
meter— primarily pumping and set-up costs) is probably well 
below its opportunits cost in most situations.

v Á C 11 fertilizers/nutrientï

Use of plastic 
from the root zone, 
er inputs needed to

'.viches reduces leaching of nutrients
It may thus be possible tc reduce fertiliz-
a : t aa m  3ny i van nut n e level.

In the case of conservation of fertilizers» it is also im­
portant to value the benefit at the opportunity cost of fertil­
izer. Fertilizer is in short supply relative to demand at 
current nominal costs» and is rationed. The opportunity cost of 
fertilizer is therefore likely 
cost.

■¿4 • 1'•ove its

d. Conservation of cultivation inputs

Mulch may also contribute to the control of weeds. Herbi­
cide use and/or hand weeding may thus be reduced. In the case 
of a reduction of the demand for hand labor, the extent to which 
such is to be counted as a benefit may be debatsable. Another
point to bear in mind is that» due to mil 'i U .7, wade
the nominal cost labor may be somewhat above its

provisions»
OPPOPtunity

:osi

e. Improved crop oualits

X ',nproved duality of crop s < e . g . Z, »»» F
through reduction of di rect con tact . k

m m  o.
r e s u 11 s from use of n-Ich. T h e value of t- r, Á
m a tel y the increase in the m a r k a t V & 1
higher auslity.

?, Earliness

jved melon quality 
the soil) sometimes 
benefit is aer-rexi-

(
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Experiments end field 
'.as results ir. a reductic

-  2 5  -

experience indi 
n in the time

attain harvest maturity. T .era are three as
ness benefit. each of which merits separate
¿ 1 СГ> »

First, as rliness makes 3 C TOP avai labi

Cete

\

that use of
aauired for crops tc
Э w w - to the earli-
ment ion and discus-

■a at prsciely the
urces (e.S. storage?
n a t is. earlienessч * * ̂J> V Л, % generally mere

other drew regions) may be ®ost costly. 1 
stakes a crop available s f  a tiate at which 
scarce than it is at the normal time of harvest. This is clear­
ly a benefit., and is reflected in the higher price received by 
the farmer who is early to the market with his crops.

One must, however, be a bit careful in the interpretation 
and measurement of this aspect of the earliness benefit. To see 
why this is so. let us suppose that all farmers used mulch. and 
hence. the date at which ell brought their crops to market was 
correspcndinsly earlier. The effect would be that the relative­
ly low price that characterices the usual period of heavy mark­
eting would be shifted forward in time, and no farmer would re­
ceive a higher price.

If the peak marketing Period occurs earlier, does this mean 
that there is no earliness benefit? The answer is no. The 
availability of mulch technology means that it is possible l.c 
erelong tns r-eriod durif. t which fresh cro r‘ ffi atures and is 
brought to the market. By a coordinated use of mulch and con­
ventional technology. it may be possible to secure a sustained

costsperiod of svji1 obi 1its of fresh crop, and thus to reduce 
of storage and/or costs of transport of the crop from other 
growing regions. As noted above. this mas reauire some kind of 
a coordinating mechanism <3 futures market, for example? could 
provide this function) insuring the proper balance between tech­
nologies. production regions, and storage capacities.

A second aspect of the earliness benefit is in the reduc­
tion of working capital costs associates with a crop. The nature 
of this benefit is clear; capital is tied-u? in a crop under 
cultivation for a shorter period of time. Under the conditions 
of capital shortage and capital rationing that seem to charac­
terize the current agricultural capital market in Mexico, this 
could be an important benefit.

A third aspect of earliness is that it may be possible to 
crop a given parcel of land more intensively. Shortened growing
periods of' crops may make p

g.
cssible mu

Socia 1 benefits

A variety of potential 
d 1 t* e c w. у i. оn n e c ted wit n c r 
the use of plastic mulches, 
siderable political appeal, i 
nature and the extent to which-

not e i % e w n s r о

benefits in 
d p production

1

tiple cropping.

:l assif ied 

addi tion
C £• P Г;

to those 
ascribed to

S : nce tлese сp r c i ts may neve 
t is important to be clear on 

they mas reasonably

С О П ~
the i,

to derive from expended Plastics usage. Acecrdinls. those that 
are frequently mentioned in discussion of the outlook for agri­
cultural Plastics applications in Mexico are discussed ami

1

( I
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jv3.Iu3t3i briefly below»

(i) stem the flew of rural-urban nig ret ion

Tjy raisins productivity and incomes
i-subsistencs agriculture» use of .3stic> Wsemi

attractiveness of agricultural occupations, 
tivity in subsistence agriculture» the 'csi 
the land would be increased.

There is some empirical evidence to s u p p : 
that improvements in agricultural product 
slight decrs3se in urban-rural migration. Th 
this (a studs by A. Silvers and P. Cr 
Resources for the Future)» however» shows th 
small. Also» the investments co.nsidsred in 
study were primarily investments targeted 
agriculture►

I am not awsare of any evidence concern! 
productivity improvements or, subsistence as

commercial and 
Id increase the 
raising preduc­

ai ns capacity* cf

the contention
iv; ty re su H in
e study which shows 
osson» published by 
at the effect is 
the Silvers-Crosson 
toward commercial

The argument» however» is that
curs b 6 C S U S 6
people are

crop failure. In a 1i- too-1
¡reed to migrate from subsistence 

plastic mulches increased yields in years t 
be disastercus '»through conservation of soil

ns the effect cf 
ri cui ture or. mis re­
ame migration co­

li u e n t bad years»
rural areas. If 

hat otherwise would 
leisure)» forced

.srat ion ^uid oe reduced,

ili) improved nutr u I U ii i n  ssubsistence asriculture

Tr,is benefit is closely related to that described above. 
'ha ¿rs.jjan; sous that by m e  r easing average yields and reducing 
vhe likelihood of disasterously lew yields» nutritional needs of 
the poorest segments of the rural population would be met more 
adeauste iy.

Ciii) reduced degradation of the soil resource

Use of' mulches could reduce soil erosion» nutrient leach­
ing» and compaction. These benefits are soil conservation bene-

1

Th a most inpc rtant issues with r2

■J £ 5+ 3 of mulch techno 1ogy relate to ¿.

 ̂*> 4-> w1"» H f i i m  a i » o W t  3 Sr '/ i  1 C3 t  i  w;" i 3 H ti
%2 v ¿- iW C w s d both é t r* w Tri i n a i  costs an U
two dive rse in the •case of film d•J

■tha case or ap p 11 cation and dis
labor and capit al costs . In the case
ar.vi r c r»mental p rob less associ ated Y*

use 3 I* » 3old also be cons idered.

?ct to evaluation of the 
the evaluation of the costs 
isposal. Costs should be 
nt opportunity costs. The 
s to PEhiX subsidies» and 
osel dus to distortions in

dispesa- ? 
disposal

.he possible 
¡f film after



ANALYZING AGRICULTURAL CENANBS FGR PLASTICSCHAPTER 5:

A » Introduction

This chapter presents and illustrates two models developed
by ;be author or analysing the effects of use of plastic
mulches on agricultural production and income* Computer source 
listings.» instructions for use» and examples of input and output 
files 3re contained in the appendices to the chapter.

'he plan of the chapter- i s  a s  fill 1OilGWSI In Section Bi the
5F6C•t 1 c a 11 cn an ec

07 sulch on
mcmic model for analyzing the effects of 

si production and income is present-
ad. ns model presented is a simple out powerful linear p p c-
gramming model of regional agri; 1 * p reduct Lon►

cb-Section C presents some preliminary results that were 
tsined when this model was used to estimate potential effects of

reduction and income in the La Laguna regionpias ¿ics usage on
ü 7 /.•£■/*! CO »  » 7» & PèSUàl-ì
c H c  .  t n ’Ô C# G iït 3  f

Section B prese 
that can be used

sis;
. 11
* hshow hew the model cor le used to

;sht
the

3*

for p i a s t i c m u .1 c h e s .
> and illustrates an agro—climatic model 
estimate the effect of use of mulching on 

water usage* This model is intended to com- 
the model contained in Section S as a cool for analyzing 

of iftu.cn usage on income a » ■ d a reduction*
A Linear Programming Nodal of Production and Income 

1. Introduction

This section describes a possible ’ amewo r ‘or evaluating 
to agricul­

t u r e  
a e p 1.
*fc j‘ * C P 
r
„ . i ,)r W 1 -
f i e l

bric 
ploy 
m e n t
Ô iî (VI

icotion of alternative alaslio•* technologies 
Nexico » Available experimental evidence suggest w »hat
;ns of ss le: d technologies can result »r> suostantiai 

framework pro­eases in t n e yields o » i m p o r t a n t c r o p s ♦ » n e
o is designed to appraise the conseauancas of alternative 
ci es- with respsc tc the diffusion of this technology into
C <3 ̂ f* e m i.' 3 v é w Ti »

is useful in developing such framework to consider
the ns»v W 1 ot ',r,e -a I

ad in—.Mexican agriculture 
, The main direct effect 
cultural technologies for

a tionshc b etween techno 1ogies em-
and e c o n J rh .i W and social develop-
of Pi est a W wechnolosias I or other
that mat t e r j is on the p rcductivi-



О» » Srf ♦ Setter technology* if successfully applied* • results
: ts i hi she г yields * bettermne followir. er

lower costs» conservsticr;

ty of .
in one or no re 
crop owe1 its? 
hishcr sielosj 
tained basis 
farmer. In commercial
technology results in increased production and  ̂
subsistence sericulture.* better technology may

, . Ц  1 ,-*4mi i i t и tS i r¡
better cre? Guslity? snd/or iewer costs on £ sus~*«1. This» in turn» effects the well-being of the 

?nd ssni-subsistence sericulture* better
faro ir.cose.
'esult i n

in 
i in—

proved nutrition* liberation of family labor for other undertak­
ings* reduced risk of crop failure» conservation; and/or in pro­
motion of the transition from subsistence agriculture to semi- 
subsistence agriculture.

The indirect effects of improved
extend well beyond the :or,fines or

agricultural technology 
the agricultural sector.

Backward linkages азы be created to industry to supply inputs 
associated with the use of the new technology. In the case of 
the opportunities for using plastics in agriculture* the poten- 

opportunities that could be created through backward iink-tiaJ
age to the plastics trsnsfemotion industry are important con- 
si d crations.

Similarly* the addition;
Г Г С .н С О m >»i S Г u л  s 1 and '£ L; 3- X stenca

output anticipated 
s газу offericu¿ torali7 i =*

o p p ortunities for the
O P P O  7 vw.:*i* T. 1 S ¿
<3 X P Г w a >e C 4  .«4 Л  * 

W 9  _  W - J Id be
Tha 9>:tan L to w

d irsc Í3 с с и г d e p e r,
к Г* d U ’£> I- Г S Í £Г»0 tíavsrni

creation of forward linkages, 
processing an 
xpected*
oh these effects Tbcth direct and

Addi ticnsl

in-

lee i ai 
i>UP

sSriculi

'on decisions t. 
This paper f-,

1 7 Í Г. ± • Г: *K П; 2fi:-
r * ̂ S t * C S i* S С П fi C * 0 í¿ 1 ¡i? 3 ¥

ЪС 500?
'he psps

£ U £ £J
О г r..;

iriculturali sts» 
-3 « prirssrily c r. t h s 

adopt esricul-
descrioes a aetneo mat

;o analyze the effect of alternative technologies
litoral production snd

w * i C- v these facto*-
farm . 
i . e . *

ncome. 
г г о d u c t

It is . import III CT‘ <v c

ion and farm 1 Г; Z *v IT( 6 ->
cultura1ists' déci­
logy. Other mo ti va-

a> i > w ’

»’ S C £ as f, 1 Z 1

are not the only factors 1 
siens to use or not to 
cions such as effects on family nutrition* conservation» effects 
on social status* perceived risks associated with use of the new 
technology» education» age* land tenure form* parcel size* and a 
host of other factors have been found to be relevant factors in­
fluencing agricultural technology adoption decisions.

Nonetheless* it is useful to focus on production and income 
in an initial analysis as a first star- for two reasons. first» 
these factors relate importantly to national and regional 
development objectives; snd thus have some bearing on decisions

End or or programs to facilitate the use 
plastics. c a c c n d * rscu it u rails ts are jui t*

to uncertaxe project
or Зу r1cultu rol
isponsive to these 

2. The model

} w a ni ú je « ♦

As noted above» the model developed hers assumes that agri­
culturalists are motivated by economic considerations- In the 
case of commercial snd semi-subsistance asricultu ralists; this
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k' P < ¿ 1 i'j« £ w'ci 1 »i w G >n o />1 i Z * • • o »' »*» 1 ft w U tki S 7 ■> w O «•» S C v wO TC^ C D ■ i
*• ^ -\ •••- • - I- V » O A I » V =• in  a c< i u O s i s i e n c i ¡grieuit. .ralists > this
r r ci i's 1 d tc> iiitj minimizing P PCdUC h# 1GH L'Os t's W C F TDdUC 1 Ti!̂

n&at fanil s needs;>e ntCiSs&ri SRlGŵ *v Cl rsa-Jirec vc

s suite 
areels of lend?

ssir. given some constraints Ce*S.» amount of family labor
cVei ietls i Or 3^ T 1 CUi tli t Cl i V i t i S b J »

The basic ides bahind the model developed below 
■simple. The givens of the model are a set c 
cccc iistiii^uished C3 fields m a t  coc.a ce achieved in 3 variety» 
0 7 croes csir»i a v3rie tb c-7 alternate vs cu* 1» >¿tier» tschriolc- 
sies.» and by costs of cultivation of aach of these croes or. each 
or vne parcels under alternative technologies* Given croe 
prices» the model finds the cropping pattern that maximizes

a ; 1
■A agricultural income» subject V w certain constrai nts* This

approximation of the pattern cf land allocation that would
arse if agricultur alists made their decisions •primarily c
£* d  S I  i of economic considerations. 

a. Notation

begin» *! *3 + ; » r« C w Us* adept the following notation.
i ~ i » ** *• » >\* C ? index 0f crops
u ~ . » ». . »NP» index 0f land parcels
k - i?.► *»N t * index s7 tec n n 01s s 7 e s
Y(iJk; = sieiu of ith crop on Jth parcel usi

J. ._ •• J* — .«| 1 .M t .r. i . l iM v a  v d s -

c < i J k ;  = r * w ^  w * L» 1 » w L
If i  i  —. «. F.  ̂ ^  !!A . i C w h n w l  U w v

•op on -to parcel ...sind

t f• < i ) = farm price of ith crop

(
A< i Jk) = fra 

crop
c t i 0 n 
using

of Jth parcel 
kth technology

t
M C i Jk ) - m a x 

C rop
isus
using

potential fract 
kth technology

.on of Jth parcel in ith

iJ!0 = indicator variable» fracvicn of Jth parcel in 
ith crop using kth techno l eas
- plastics reoui rement or. .,th parcel for ith crop 
using kth techno! cg«

b. Intermediate expressions 

It will facilitate subsequent discussion cf the model

1

( J.
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certain in isrmadiate axp'ressisas ara first devslired, 
afiu ? nets vhs f O i ̂ Owing a;;? rfi5'»*Cr;̂  »

;C inis

f<i>Y<iJ:-w-CCi ok) = profit if uth psreal is Planted in ith crop
usins technoIcss k

D<iJkXPi i>Y<ijk;-C(iJk;> = profit if fraction BCijk) of parcel J
is planted in crop i using technology k

A<iuk) = ACiJ.)* current fraction of parcel J 
in crop i

AC i Jk X ?  i > Y( i Jk >-C( i jk)> = far® incone under current cropping
p a 11 e r n

I: i J k X P  ; i ) Y ( i Jk )-C ( i Jk )> = farsi income under cropping pattern
BiiJk)

S(iJk) = 1? for all J» i.e.» at most 100 
percent of any parcel may he 
al located

= plastics rasai resent*" f - '!/ % D ( i *«.• vV t 4 Wh > li 1 AW f% *

Uitn the notation and • intermediate expressions developed above* 
and. some assumptions to discussed? it is relatively strsiStfor- 
w a v d to comp*eve _■ n e speciticawion of *-■ >< model.

c. Formulation of the nodal

As noted above? the basic formulation of the model calcu­
lates the allocation of land and choice of technology that would 
result in maximum farm income. Alternative formulations that 
reflect other objectives are discussed briefly below.

In terms of the notation developed above» total farm income 
for a region resulting from selection of a cropping pattern and 
technology may be found by solving the following problem for the
^  A U  /\ ) »

>*» & s* * Ji i Z £f t i Jk<P( i > ■'f  : \ ^  f» !  ; I. ». \ > / _> A A w  t‘. / *

SubJaet tcl D < i J k ) = 1
BiiJk) = 0 for ali i » J » and /•. *

This problem has the form of the well-known Assignment 
The computer programs for finding the solution of this problem 
are discussed in an appendix to this chapter.

d. Alternative formulations
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It ¿s 3 relatively easy natter to see how the ssovs formu­
lation in Eauaiion (15 could he extended to encampess ether ob­
jectives» For example? the choices of subsistence agricultural­
ists night be modeled by assuming that their objective is minim­
izing costs subject to achieving a level of food production sdf- 
ficient to sssi family needs» In like aer.ner» other objectives 
and/or constraints could be accomodated. For example» one sight 
also wish to explore the effect of crop and technology choices 
on the variability of f ara Income or fares production? and hence 
the risk associated with agricultural activity.

The above formulation of the model can also be easily modi­
fied to incorporate multiple cropping of the same area during a 
single crop sear» and crop rotations over several sears. In 
such a reformulation» each alternative cropping pattern consti­
tutes a ’crop* in the formulation presented in B.2.c above.

Another modification that is relatively easy tc make is tc 
constrain the amount of land area planted in any given crop. 
This might be done» for example? to reflect constraints on the 
the capacity of the distribution system to handle farm output» 
or as a crude --d-ustmerrt tc reflect farmers"' efforts to mitigate 
risks. The computer program developed to implement this model 
.see appendix) provide for the easy inclusion of constraints on 
crop area.

. C . An Analysi s of La Laguna 
1» Introduction
To il lustrate l ha applica Lion of the mod.=*'l described above» 

an '¿..ample analysis of the La Logons resiun has been carried
¿U - » using mapg prepared о у £:2S£TcMAL at a s c a * e•i > 4 Л - » > . v Vt .< ICO? the region was divided into cell s of 2 ? 500
wSrSif Data wsr s collected for each call or; soil type? text
conductivity? and presence or absence of irrigation. These 
data shewed that there are 2ó different types of parcels of land 
in the La Laguna region when oistinguished according tc the 
above-mentioned characteristics.

Sixteen Cl£) different crops were included in the analysis? 
inducing both major and minor crc*s \ in tc rms of land ares) in 
ine region. Coat and price conditions roughly rep resentati ve of 
July 3 ;? 1932 » were assumes i; the ansi ¿sis. In the results re­
port eo liars» the ares planted in each crow „-os con* l rained to be 
upprox rately the ssm? as the ccrrssr ending area planted during 
...he »?:Ji/2i crux year.

Luti nates were mede b* JliiA's ssren crisis of p reduction 
cost ¿me g * s .1 d о ' each ero- or. « ter. to-pc о >” marce* . >hsss s sti­
ma tss ware su:-p iced as input to the no dsl » in s fern described 
in thr Appendix.

fabies i-J below illustrate the output obtained from the 
model. In the Particular analysis reported in Tobias 1-c? it is 
postal stud that a mulch technology exists which costs 3 23»CC0 
hh per hectare tc apply irrespective cf the type of crop or land 
on which applied? raauires 40C kilograms of plastic per hectare?

I
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Tròie 1

Is I«aúna» tecnoleaia presente » 2col *25009/ha» rendimiento:!.5x iacol=.4t/ha

cultivo costo procedici rendimiento» precio rural area aaxiaa area oinisa
li/taì <t/ha) (l/t) <Z) (Z)

alpiste 9199.90 1.00 7300.00 0.04 0.02avena(fcrr) 17128.90 38.01 350,00 5.30 3.30cartaso 10121,90 1.87 5450.00 6,00 4.00frijol 17653.30 1,75 17000.00 3.80 1.80sair 13336.19 2.73 5500.00 11.40 9.40neiz(forr) 14696,20 37.15 380.00 6.00 4.00aeion 19810.29 24.33 3090.00 3,30 1.30sandia 1S5C8.10 27.79 2900.00 . 2.10 0.10sorso 15333.30 3,56 3650.00 4.00 2,00soráoíforr) 15326,30 32.60 450,00 1.90 0.90tosate 26716,CO 24.25 7500.00 1.10 0,10alaodcn 26667.50 2.50 15800.00 42,19 40,10trido 17171.70 2.56 3750.00 2.30 ' . 0.30alfalfa 47167.00 68.23 400.00 13.20 11,20nodal 25e33,40 1.08 60000.00 3.90 1.90vid 41855,29 10.71 3559.00 7.00 5.00

<no include costo de la tierra
ttproiedio
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Table 2

la laguna* tecnclosia presente s acol 825000/1»* rendiBieoto=l*5s *acol=-4t/ha

resultados suaarizados 
producción (»il toneladas)

alpiste 0.02
avana(fsrr) 87.92
cartaso 5.44
frijol 4.73
oaiz 18.19
oaiz(forr) 49.87
eelon 147.42
sandia 107.27
sordo 3.35
sordo(fcrr) 12.95
toaate 47.24
alscdcn 123.77
triso 0.18
alfalfa 1007.88
nodal 7.47
vid 45.57
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Table 3

la laguna* tecnología presente » acal $2SOOO/ha» rendí ai ento-1.5>: *acol=»4t/ha

ingreso total (ail pesos)

alpiste 10.70
avenaiforr) -121.83
cartass 2689.11
frijol 40495.09
aaiz - -17924.02
aaiz(forr) -23724,97
selon 303416.34
sandia 224968.75
sorgo -16623.97
sorsotforr) -6074.51
toaste 300549,63
algodón 897575.81
trigo -1642.75
alfalfa -94549.77
nogal 26103:.22
vid 35620.15

ingreso total = 1900896.13
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> Tsble 4

i ls Iaáunai tecnolosia presente s acol 425000/ha» rendi=iento=1.5x »acol=,4t/ha

i superficie total (sil hectáreas)

alpiste 0,02avena(forr) 3.10cartsso 3.77frijol 2.26saiz 8.84saiz(forr) « 3,76celen 3.11sandia 1.98sorso 1.88sorác(forr) 0.85toaate 1.04alácdon 39.67triso 0.28alfalfa 10.55nodal 3.68vid 4,71

superficie total = 89,5b

)

í
i
lf11
t

♦
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Table 5

Is laduna, tecnclodia presente y accl »25000/ha, rendiiiento=1.5x »acol-*4t/ha

consuso de los Plásticos (sil toneladas)

alpiste 0.
avena(forr) 0.cartaao 0,frijol 0.aaiz 0.
aaiz(forr) 0.telón 1*24
sandia 0,79sordo 0,sordo(forr) 0*toaate 0.42aldodon 0.triso 0*
alfalfa 0.
nodal 1,47vid 0*

consuao total = ' 3,92 i
II
!rrirt

)I
iii
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Tibie 6
)

li laduna» tecnclcsia presente s scoi l25GC0/ha» rendisiento=1.5x »acol=.4t/he
) • re'L’lUdcs pare parcelas de tipo 1 

, tipo de suelo - aerosol hiPlicc asua = rieso
fise auinice = ausente textura s sedia

cultivo tecnolodia costo de producción sarden superficie rcndisiento producción ingreso uso ut piasti
(♦/ha) (♦/ha) (sii ha) (t/ha) (sii ton) (sil ♦) (sii ton)

alpiste presente 9199.00 -804.00 0. 1.15 0. 0. 0.alpiste acolchad 34299*00 -21606.50 0. 1.73 0. 0. 0,avena(forr) presente 17128.90 -1829,47 0. 43.71 0. 0. 0.avenal forr) acolchad 42128.90 -19179,76 0. 65.57 0. 0. 0.cartaso presente 10131.90 1817.66 0. 2.19 0. 0. 0.cartaso acolchad 35131.90 -17207.56 0. 3.29 0. 0,frijol presente 17653.30 17944,70 2.26 2.09 4.73 .40495.09 0.frijol acolchad 42653.30 10743.70 0. 3.14 0. 0. 0.aaiz - presente 13236.10 6212.00 0. 3.55 0. 0. 0.aaiz acolchad 38335.10 -9013.95 0. 5.33 0. 0. 0,
oaizíforr) presente 14596.20 3657.38 0. 48.30 0. 0. 0.siiz(forr) acolchad 39696.20 -12165,83 0, 72.45 0. 0. 0.sel on presente 19810.30 75061,10 0. 31.62 0. 0. 0.sel en acolchad 44810.30 97496.80 2.45 47.44 116.26 228959,94 0,98sandia presente 18508.10 86260.20 0. 36.13 0. 0. 0.sandia acolchad 43503.10 113644.34 1,98 54.19 107.27 224968.75 0.79sorso presente 15333.30 900.08 0. 4.45 0. 0, 0.sordo ' acolchad 40333.30 -15983.24 0, 6.67 0. 0, 0.sordoíforr) presente 15325.30 3008.95 0. 40.75 0. 0. 0.scráoíforr) acolchad 40226.30 -12823.42 0. £1,12 0, 0. C.tócate presente 26716.00 191534.00 0. 29.10 0. 0. 0.tosate acolchad 51716,00 275659.00 0. 43.65 0. 0. 0.aláodon presente 26667,50 22707.50 18,47 3.13 57.73 419455.21 0.aláodon acolchad 51667.50 22395.00 0. 4.69 o. 0, 0.trido presente 17171,70 -5647.20 0, 3.07 0. 0, 3.trido acolchad 42171,70 -24834,95 0. 4.61 0, 0. 0,alfalfa presente 47167,00 -8960.44 8,35 95,52 797.74 -74826,80 0.alfalfa acolchad 72167.00 -14857,16 0, 143,27 0. 0. 0,
nodal presente 25633.40 55341,60 0. 1.35 0. 0. 0.nodal acolchad 50683,40 70954.11 0.68 2.03 1,38 48169.89 0.27vid presente 41655.20 7562,22 3.61 13.92 50.26 27301.71 0.vid acolchad 66855,20 7270.93 0. 20.88 0. 0, 0,

»



Table 1 reports in s-îisrs fora ths nain inputs of thé 
Aodei. Tins inputs reported in this table are average production 
cost iexci-.sivc of tho cost of land) » averabe yield* the eversae 
fer» price» • end the ns;: i nan and ainiaua fractions of the cultiv­
able land area of the rosion thst ass be planted ir. esch crop.

Table 2 reports the tetsl production of each crop in 
thousands of metric tons. For example* in the analysis reported 
in Table 2? the production of baans is 473C tons when land is 
allocated and technology is chosen so as to maximize the contri­
bution to farm income*

Table 3 reports the estimated contribution to farm income 
obtained from each crop* Note that in the results reported in 
Table 3» several of the crops are estimated to produce 3 nega­
tive contribution to farm income* This reflects the assumed 
production costs» yields» prices and restrictions of crop areas. 
A tots! contribution to farm, income of approximately 5 1*9 bil­
lion hN is estimated.

Table 4 reports the allocation of land area to crops. As 
can be seen; the cropped area occupies a total of approximately 
90 thousand hectares.

fable 3 reports estimated usaSe of plastics by crop. In 
the case of the analysis reported.» it is estimated that approxi­
mately 3920 tons of plastic would be used .n the La Laduna Re- 
Sion. host of this would be used in the production of nasal,

fable 6 illustrates the detailed output produced by th«. 
model for- each parcel tape included in the analysis. This tablé 
repor ¿s she character is :i:s c ? the parcel* the cost of ? redue - 
¿ion of each ore? Cexclusive of the cost of land) on each typo 
of parcel usina each of the available technologies* the contri­
bution ms rain that would be earned with each crop-?-*,ael- 
technoloSs combination* the crop ares devoted to each rrcp- 
¿¿chnoloss combination* yield of each crop-technology combina- 
¿ion> production» income* and plastics consumption.

2. Parameter ranges

Lisina the basic agronomic data and estimates supplied by 
CICiA's aarenomists* the model described above can be used to 
study she demand for mulch* production? and farm income as a 
function of yield increment and the cost of mulch. This section 
presents she results of an analysis in which yield increments in 
the ranss of frcm 10 percent to SC psrcenf> and costs of mulch 
of between $7300 “N and $23000 MM were explored. in this 
analysis* cron areas were constrains i to l,.o between the upper 
and lower bounds reported in Table 1 above. The analysis thus 
reflects the demand for plastics thst mi a he be anticipated unde’ 
rousbls ¿he present crop?ins pattern.

3. Anal ysis

Tables 7 through 9 reps, ■ estimated demand for .mulch in La 
¡.sauna at tr.re* different levels of assumed yield increment and 
u-ost of mulch. Table 7 reports estimated demand assuming a
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sielo incrsw.'.t of 50 ?epc8r.L 
r  fi r  n ^ C l e T c  c  * i iiu i CT> > * / 5 0 C  ...» 
can be seen* demand is greatest at a

3 t three different levels 
$ 15000 MN, 5.‘id $25000

t  "7 ~  ‘* A »<M f
■+ t  w i . » 1 \

3T

i -e

cost
A

* 3^'
'i)9 Wl> i  S 27323 tons) m u  * u , S 8 : 525000 „MN

ii.-. approximately 3920 4 ‘ w W » l 3- v »
A comparison of the results reported in i »D  S 3 2 C -v M  Q , , i +• H any 7 «wav*)

those in Teo1e 7 reveals tnst  demend is lows r at Ic’we r levels of
assumed yield increments. This is precisely whet one would e;;~
p e c t ♦ table 9 snows that <
and highest mulch cost ci.a<

.he lowest assumed yield increment
10 percent neld i no remen

cost 5er r.ectsre oi iulch of $25000 J1MJ > no mulch would b
according to the model»

m 
<*
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T -, s ? 7> ©■ ьЛ * с у

i'S iT ià P id  Т О Г  м J 1 С it 1 fi w e  b â d u f i »

b.'¿ Crop 
Í v C T iS /  !s "  )

(Assumed Yiald Increir.er.t = 5CÁl>
( *» Cost r  +V à MuIch ?й г He c io г i?

Crop *»
c ** $ 7500 MN ♦* $15000 Hit : $25000

c Aipl=t¿ Л Л
«/ » V 0.0 0.0

Ave г. о ( тоr г ; 0.0 0.0 0.0
5 Г "v С- íii »• 0.0 c.o 0.0

c Frijol 1440.0 OCJ Z Л u / O * Л Л
V  • JА А V Р *» W' P '»> 0.0

Meiz : for Г* ' А. Л{ A A V é ‘w 0.0
( Aol с г. ■•̂ ¿2*0 i 2 ¿* 3 , C 1243.0

Sondi sí /di» V 7 S 4 » 0 734.0
»«> 0 Г J «J* w » V A«> » 'V 0.0

( Sorso i feг г ) 0.0 0.0 0 » 0
;" c "i в V- s ' » .A k¿ * к* * ч ••••* л i.* P w И * ¿ л/ A. W * w
Alsodon «Î «í с т 7 Л

•к Ьт' f -to Г M
< d;o7'7 a Л. At.‘ * wj ¿ г I ¿ о 0,0 л л•W- P fc* Л ЛV P V.'Ч Ь'-1 ̂  -, rU I о * » о .1 ̂ •■? У л 4224.0 С г и

и Câc:i 1 ¿7* A 1472.-0 i * *"* 2 , 0
< Vid 1SS3.0 1838.0 0.0

•у* Г» * r  A ¡ Гк) ¡ h L 2722C.0 2¿SCO.0 3720.0
(

H S 5 Ü il» £ '£ mole Í'| = 0.4 ter>sJ П 6 'íN

(
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As с: Jui-: 1922 .• the

3PPiIC3t.lOr; от 400 kilegrams 1 « = *

price on Mexico of d i s c*, po­
ly ethylene Tilm 
Kilogram. At an assumed rate
par hectare per year* this translates into an annual cost, per 
hectare under ¡iiulch of $24000. The estimated cost of $25000 MN 
per hectare thus probably acst nearly apprexisatss the cost of 
etulch prior to the most recent devaluation. Costs sisnificanly 
lower than this level < for example> costs of between $7500 MN 
and $15000 MN could be anticipated only if plastics usase were 
rather heavily subsidized or if there were sene dramatic reduc­
tion in the cost of mulch per hectare due to technological im­
provements) .

It is somewhat more difficult to say which of the alterna­
tive yield increments most nearly approximates the productivity 
increase that would be acheived via application of mulches in La 
Laguna under field conditions. Experimental results in Mexico» 
particularly those reported by CIGA's agronomists (see Chapter 6 
of this report) indicate yield increases of more than ICC per­
cent in some cases. Nonetheless? there is no experimental evi-
dsr.ee many of cross considered ;he analysis? and
there is relatively little experimental evidence obtained 
large plots under the range of si 
characterize Mexican agriculture.

While the
perisnee indicates that yield increments achieved under normal 
field conditions are but a fraction of those achieved under ex­
perimental conditions. Pending further study» it is prudent to

¡rder of 10 percent 30assume that increases might be on t.hi 
percent.

If one accepts these arguments» one would be inclined to 
the view that the demand for mulches in La Laguna would fall to­
ward the lower end of the range spanned by the estimates 
presented in Tables 7 through 9. One would probably also be in­
clined to the view that mulches would be used primarily in the

by the observa- 
are currently in

production of hiah-vslued с rops such as melon
mate. T n i s view A 0 U X d РГООлЫ у be strengthened

( tion that» in count г i es ir» which mulches
widespread use? the p г e da.'» insnt use is in thi
hish-valued crops like those ms n1 1 оned aoove .

production

Inspection of the back-up tables for individual types of 
land parcels like Table 6 above ) shows that under the range
of assumptions explored in this analysis» ►tic mulches are
never used under rainfed conditions. Even assuming yield incre­
ments of 50 percent for 3ll crops on rainfed parcels and a cost 
of mulch of $ 7500 per hectare per year» it is not economical to 
use mulch on rainfed parcels for any of the crops in the model.

1

D. A Water Stress - Crop Yield Model



c

1. Introduction
c The yield increments used in the linear programming 

analysis discussed in Sections R and C above are based on Judse- 
f mental extrapolation from experimental results and field experi­

ence in other countries» The author decided to develop an
egro-climatic model to enable the scientific calculation of 

C yield increments and/or reduced, uater requirements (see the dis­
cussion in Chapter 4)» These calculated values can then be used 
as a source of input information for the linear programming 

( model» In addition» the agro-climatic model can be used in a
Monte Carlo simulation mode using data on the probability dis­
tribution of effective precipitation to study the effect of the 

(; use of mulches on the probability distribution of crop yields»
and hence the probability of crop failure (see the discussion in 
Chapter 4 on the importance of preventing crop failure)»

Cj To use the model presented in this section to evaluate the
effect of mulch on crop yield and/or water requirement» measure­
ments are required of the effect of mulch on potential and sctu- 

C al evapotranspiration. The author understands that such meas­
urements are now being made by CIQA's agronomists»

The model developed by the author is a computerized version 
C of the calculations explained in "Efectcs del Agua Sobre El Ren-

diiaiento de Ics Cultivos*» by J. Doorenbos and A.H» Kassam» FAD 
Study! Irrigation and Drainage Number 33» FAO 1979. Due to 3 

c  computer malfunction during the period the model was developed»
inadequate time was available to document the ¡nodal» The model 
is interactive» however» and a diligent individual should be 

C  able to use it after reading the Doorenbos and Kassam publica­
tion» perhaps with occasional consultation of the source program 
listing. To 3id In the use of the model» an example model use 
session is reproduced and commented upon in the following sec­
tion.

c An example session

c

(

<

The session begins with the analyst invoking the object 
code of the model. In the author's current file» the object 
code of the model is named fa.out*. After typing *a.out* at the 
terminal the model prompts the user to input a series of parame­
ters characterizing the climate» the soil» and the crop» The 
prompts» illustrative responses» and results of the model run 
are shown in Figure 2.

(

c

c

(

1
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1.0 benone 9.0 guisante» fresco
1.1 subtropical 10.0 piseniero» fresca
1.2 tropical 11.0 petate
2.0 frijol 12.9 arroz
2.1 verde 13.0 cariano
2.2 seco 14.0 sorso
3.0 col 15.0 sode
4.0 alscdon 16.0 reooicha azúcar
5.0 vid 17.0 cana de azucer
6.0 cacahuete 18.0 Sirasoi
7.0 selz 19.0 tabaco
7.1 dulce 20.0 tesate
7.2 sreno 21.0 sandia
B.O cebolla 22.0 triso
8.1 seca 23.0 alfalfa
8.2 verde

enter crsp nusber,
2 .1
entra correct? enter *1 return* if so» ’0 return* if not

1
er.ter altitude of sitile

soo
entra correct? enter *1 return* if so» *0 return' if not

1
enter latitude cf site» deSress 

25
entra correct? enter *1 return* if so» *0 return* if not

1
enter sean santhla tezperatures» deárees Celsius 

15 
li
17 
20 
25 
30 
35 
30 
20
18 
15 
15
entra correct? enter '1 return' if so» '0 return* if net

1

T
I

L
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Figure 2 (cont'd)

enter aesn teati» windsfeed? e/sec? aenth
3
4
4
3
3
2
2
2
2
*
2
entra correct? enter "1 return' if so? '0 return' if not 
enter eean nishttise uindspsed? e/sec? ba tenth

entra correct? enter '1 return* if so? '0 return' if not
enter ssxiïua aield of this crop on this site? ta 

500
entra correct? enter '1 return' if so? *0 return’ if net

1
enter ecnthla effective precipitation? so 

30 
40 
50 
50 
40 
30 
30 
30 
20 
20 
20 
20
entra correct? enter '1 return' if so? '0 return' if not 

l
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Figure 2 (cont'd)

enter de*th of root icr.e> 5
►5entry correct? enter *1 return* if so» *0 return* if not
1enter available soil ocisture at this sitei aa/s 
200
entry correct? enter *1 return* if so» *0 return* if not

1
enter initial (teeth of available aater» u 

100
entry correct? enter *1 return* if sc» *0 return* if not

1
enter tenthly relative huairfity» percent 

SO
a
so
so
50
50
SO
so
50
50
50
*5
entry correct? enter *1 return* if so» *0 return* if not 

5
enter sonthla relative husidity saxiaa» percent 

£5 
£5 
£5 
¿5 
¿5
Д Чvu

¿5
>5
£5
£5
£5
entry correct? enter *1 return' if so» *0 return' if not
enter acr.tlily actual hours of sunshine

9



Figure 2 (cont'd)
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C>i>
0«*3te
3 a

entre correct7 enter *1 ratura' i f  m i '0 return' i f  not
«1

enter 5 ere? factors for oskìeui evareirans?:ration (ke) 
»2j»4i.5*.4t.3

entre correct? enter *i return' if  so» *0 return' if  not
4
4

enter 5 ero? factors for aield £ks)
t«f ikii *vii5

entre correct? enter *1 return* if  so» *9 return* if  not

enter wtrirt of <¡a*s in S c»-o? stages bu senth
O.jO.jO.jO.jO.i
C»»0.»0.»C.»0.»
15.»0.»0»»d»f0.»
O.iJO.iO.iO.iO.)
0.»0.«31.i0.i0.i 
Ô.?û»j0.»39»i9»»
C.r0»»Q.>0»»15.»
0.»C.»C.»0.*0.»
C.s0»»3»»C.»0»>
O.iC.iO.iO.iO.» '
0.»0.»0.»0.»0.>
9»»C.>Q."iO>»C>f

entra correct? enter '1 return' if  so» '0 return' if  not 
I

9.0Ш01 i.iie+Ol
2.13*402 S.OOetOl
2.22eM2 4.C0e+51
2.45*402 2.00е+01
l.S'5e«2 1.50вШ
4.1CS-01 5.00e-Cl l.óletOl 9-Olstftl
S.42e-01 1.1Ce400 S.OOetOl 2.13etC2
4.10e-01 5.00e-01 4.03*401 2*22et02
4.40e-01 5»C0e-0i З.ОСеШ 2.48гт02
4,¿2e-0í 5.C0e-Ci 1 » 50*401 1.9ES+02
5.90B-01
4.10S-31
9.328-02
E.42e-01
5.51e-02
S.ííí-CJ
3.v'?í-02
2.42a~01
l.iic-02
e.42e-W

X

I

I

I

(

1
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input dsU sennaгу
Figure 2 (cont'd)

* 2t*D ££/ii«Mw !k2/ri¿} ~
sliivude inetsrt* “ KC.CQ rent sens (asters) = .53
«iiltio* Ciwlituri (fifi») ” 10‘J»0

гл* лл ia t i i . r e  (dearws) * 25.0 
¿ v a lió le  s c il  M isture u s/ s)  =aOt. 0

scr.thly cata (sean)/

teceerature ?reci?:tation  tax» husidity hueidity daytiae wind nishtioe wind sunshine
(celsius) (ss) (Z) <Z) (s/sec) (a/sec) (hr/dsy)

15 .CO 30.00 65.00 50.00 2.00 1.00 3.0016.00 40.00 65.00 50.00 3.00 1.00 8.0017.00 50.00 65.00 50.00 4.00 1.00 3.0020.00 50.00 65.00 50.00 4.00 1.00 8.0025.00 40.00 65.00 50.00 3.00 1.00 3.0020.00 23.00 65.00 50.00 3.00 1.00 8.00oo.-,0 30.00 ¿5.00 50.00 2.00 1.00 8.0030.00 30.00 65.00 50.00 2,00 1.00 3.00
20.00 20.00 ¿5.00 50.00 2.00 1.00 S.0018.00 20.00 65.00 50.00 2.00 1.00 8,00
15.00 20.00 65.00 50,00 2.00 1.00 8.0015.00 20.00 65.00 50,00 2.00 1.00 8.00

cre? stases» by ccnth (duration of stase in days)

conth
stase 1 2 4 5 6 7 8 9 10 11 17

1 0. 0. 15.00 0. 0. 0. 0. 0. 0. 0. 0. 0.
2 0. 0. 0, 30.00 0, 0. 0. 0. 0. 0. 0. 0,
3 0, 0. 0. .0. 30.03 0, 0. 0. 0. 0. 0. 0.
4 0, 0. 0, c. 0. 30.00 0. 0, 0, 0. 0, 0,
5 0. 0, 0. 0. 0. 0. 15.00 0. 0. 0. 0. 0.
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Figure 2 (coat'd)

sesis-us sfidi (ki/hsi - 5CC.03
zsxizjz actual yield (ks/ia) - 79.13
£:.‘»irj5 actual siala Os/ha) - S.20

czxicus evapotrar.sfi ration

9.81ei01
1.33eW2
1.3CetC2
2.13ii02
2.22ei02
2.46er02
3.96et32
2.09e+C2
1.57fiiC2
1.31«-f02
1.03e+02
9.32e+Cl

actual evaectraneiration/

9.79e+01
8.98e*01
3.23?t01
S.OCeiCl
4.0Cetti
3.00E+01
3.CCei01
3.00d01
2.0Ce*Si
2,00ei0i
2.3CarSl
2.0Ce+01
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in te r re la te  results

D ca(k) raík)

!.7003iúatCl t.CCCiCCetO*
tJ

1.823SMatO: M 7 0 í:.ía fil
l»?42CGí¿fdi 1.32C:CCet01
2.24C00Cat01 1.525CC0aiCly
3.I7C'35Ca*01 l.é4GCCSet01
4»240C00ai0i l.éi50C0ei3Í

D 5.67GOOOaMI 1.4í6C:CerCl
4.2400CCa+01 1 .575С0СЭ+01
2.34CG3ía+Gi U44CÍ25e+Gi

J) 2.0£CC23a-rCl 1.242с::г*01
UOCCiCatOí l.OwCGiOetOl
1.7000úCerOi 9.530COCe«0

•4
V

■ >

)

«
J

)

Figure 2 (cont'd)
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aCK) ed a ) Гас'К

1.С70000еШ 8.SC0GCCe«0 2.И7191е-01
i.l30C30e«Í 9.1C0CSCe*C0 2.072£37e-01
1.20033СеШ 9»700Cd3et09 2.02?£2Se-31
1.27000Ce+01 1.17С000еШ 1.8949£8e-9i
1.3220С0гШ 1.58500Ce+01 1.6482£9e-0I
1.3?CC0C-atCl 2.12C030ei01 1.374C8Se-01
I.JcIOCOít OI 2.835000e+51 1.057232e-01
l.ZCCCCOetOl 2.120000e+0í 1.37403Se-01
1.230СаСеШ 1.170С90еШ 1.5949£Se-Cl
l.lé0GCCe+01 i . m m s m 1.987SS:a-01
1.09G00Ce4Ol B.SOOGOOetOO 2.117191e-Cl
l.OáGGOOe+31 8.50C000ei0Q 2.1171?le-Gl

Гагл

7.72í?72e-C: 
7.37!éS:a-û! 
7.0iccoos-o: 
6.¿¿?2íle-C; 
¿►413534e-Ci 
6.2S5475a-ô: 
6.323322е-г: 
¿.52£4¿ie-Cl 
¿,S53á5íe-0i 
7.20í3?7e-0: 
/*¿C5£C5e-01 
7.792423a-C1
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Figure 2 (cont'd)

tffcai kU) fu ik)

£.2500008-01 6.350000-8-01 6,072S41e-01
£.40j000e-01 6.5000008-01 7.229520e-01
6.5000008-01 ¿.¿000038-01 8.532201e-01
i./COOOOe-Cl 7,0000008-01 8.7261208-01
7,400-30Ce-01 7.3000008-01 7.6133218-01
7.soo:ooa-oi 7.9000208-01 7.¿960508-01
B.230000e-01 8.2500008-01 6.3450018-01
7.S000C38-C1 7.9000008-01 6.2964008-01
6.90CCOOc-Oi 7.0000008-01 6.2232608-01
¿,6035008-01 6.7000008-01 6.1603208-01
¿.2300008-01 6.3500008-01 6.0922818-01
0.2300008-01 l.CCCûOCe+02 6.0621208-01

rstk) rrillk ‘ Ì

6.2333188+00 2.233646e+00 2.442097.+:.'
7.066593¿+00 2.!C£523e+00 3.19141/8+00
3.0500008+00 1.989035-8+00 4#0424¿5r+00
8.672147e+C0 1.84S162a+00 4 • ¿w¿ ? .wc -
9.022331e+00 1.6542958+00 5.119351-8+00
9.023315e+00 1.4182698+00 5.7492+28+::
9.06B519e+00. 1.16841Se+00 5.63297.e+Ov
8.7S3654s+00 1.4324208+00 5.1023118+00
6.282927e+00 1.3961708+00 4.2160228+00
/.4056048+00 2.0342568+00 3.519347êtou
6.4782118+00 2.1979658+00 2>66С6?4г-0-
5.9599068+00 2.2519928+00 2.2179278+00

T
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Figure 2 (cont'd)

^ ií.ttriíwiíte results

rua.) г! к) etotk p(fc) vieífc) 851 ! к

2.СОООООг+ОС 9.513466г-01 4.0222478+00 4.72£439e-01 3.2119948+01 9.9i2!41e-e
г.;!;;сог+со 1.011257е+00 1.8243458+00 5.57270?e-01 -1.7702618+01 2.0V7843e-o
4.00000Сг+СС 1.094749е+00 2.3497208+00 4.49354S8-01 0. 8+00 -1.260S43e-0

4.000000г+00 1.121843г+С0 4.424324e+00 4.2004538-01 0. e+00 -3.753263a-i
З.ООССССгтОО 1.03-57138+00 5.6939228+00 4.0433478-01 0. e+00 -3.7963218-0
З.СОООООв+ОО 1.0305298*00 4.473517e+00 3.4S2S20e-01 0. e+00 -1.3372408-;
2.0000008+30 1.025S¿3e*CC 7.9947138+00 2.451354e-01 0. e+00 -1.1491208-0
2.ÛCCOOC8+CO 1.С19271ет00 4.9430948+00 4.2579748-01 0. 8+00 -1.2117043-0
2.0000008+00 l.C040iíe+00 5.2334728+00 4.3SÛ4448-01 0. e+00 -1.9S4314e-:

2.000000г+00 ?.827?30г-01 4.2755158+00 5.4244348-01 0. 8+00 -l.ó09704e-0

2.000000г+00 9.5S2193e-01 3.4301108+00 4.5493908-01 0. e+00 -1.3397618-0
г.сооооог+оо 9.4472408-01 3.1074458+00 4.3923558-01 0. e+00 - i  .1 s¿ jg68-.'
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After the user hss answered ell of the queries (the last 
• auera calls for the user to specify the number of days by month

that the crop spends in each of the five developmental stages- 
each row of the response corresponds to a month» and each entry 

( with a row to a stags)» the computer takes over and prints out
the results of the analysis. The numbers p rioted out immediate­
ly after the last Query are numbers printed out for diagnostic 

(' purposes and will be removed from the next version of the pro­
gram .

The first pads of modal output sumASrises the input data 
( supplied by the user. The next page of the output reports es­

timated yield and calculated maximum potential and actual evapc- 
transpiration. Two estimated actual yields are reported. The 

C first (labelled "maximum actual yield*) calculates actual yield
assuming that- the yield loss due to water stress is eaual to the 
maximum of the yield losses at any of the 5 stages of crop C . development. The second (labelled 'minimum actual yield*) cal­
culates actual yield assuming that the yield loss due to water 
stress is eaual tc the product of' the yield losses at the 5 

( stages of crop development. For example, if the yield loss dur­
ing the first stags is 20 percent and during the fifth stage is 
20 percent» then calculated minimum actual yield is 64 percent 

{ of maximum yield (i.e. .3 x .3 x 100).
The remaining pages of output print out intermediate 

results. These are included for diagnostic purposes and will fca 
( deleted from the ** nal version of the program. The names of

so;L of the column: correspond roughly to variable names in the 
publication by Dec - cubes and ¡-"ass am » 3 = с b rc.u corresponds to

' ths --a Due of the со*- responding for a month.»

3. Comments t.the  program
t

The source р г о у г у ;. for the model is available in the 
author's directors and is named *trs2. f* . This program involves 

( looking up data in tables and interpolatj ng as an element of ths
calculations. It nay happen that some of the data input into 
ths model falls out of ths range of the tables included. When 

i this happens? ths program terminates and prints out *0UT OF
BOUNDS AT NDCG = r.* ♦ The user may f ind the problem by examining 
the source listing in the appendix and finding the place at 
which the branching -occurred.

Due tc a computer mal f unc tier. • it .¡so not possible to con­
duct all of the tests of ths program that would be desirable and 
to '’clean it u p *. The program is therefore best viewed as ex­
perimental and results from its use should be subjected tc 
thorough inspection ond manual verification.

{
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APPENDIX ; INSTRUCTIONS FOR THE USE OF AS.MCD » 
SKGFT» AND SHDUT2

A » 1 INTRODUCTION

iGMOD prepares data in 3 fora suitable for ASZITA's Li
package» CPTIMIZ» For ease in merging the output files of 
programs» OPTIMIZ has been changed slightly to produce only 
output needed for subseauent analysis» The changed version oi
C-PTIhlZ is called :

AG MOD P r é I- i r 8 '
r roCiS.:; 3- fcrsted in
takes a concatenati
. - .‘•n ~ ^•à ; * W t w C . . S •«* V 5 rsi or»
tables fcr the re 5
cs1 in the region►

‘or the solution of the assignment 
3.0 of the bods of this paper. SH0UT2

r » « _* >v r & P *5 T & 3 5 ■ j 7>i ni c-"w
type of land par-

10 a s,«GD

, we SO

LINE FORMAT : .INTENT

1 20 A4 Aua idantifica tion desi red
« 415 Options i nopt( 1 \ = 1 i .* * a .* ■* a a > vechnclogy costs

; n d e p .3 ndent of h3i‘Cil ty?e » AV
other»; se» nep * / A \ — « d * v * a / •* a a » the r 3 ¿3 3,“i
upper bound on » * G> a» W A wll of region that

p, 1 n », i »■ Vf A ell w i ’w * T, 3 T; 0T 0r h) Ctra crop» 0
0 therwi se ? no? ». ' ■? V .. a ; tha » ’ <r £
lows r b0 u r, d 0 n O r. », . .  t : ...* » O ). y.k wM ^ * w « region that
a a b 2 planted in or 0 0r TiCre crop» 0

... th . rwi se » noe -i / .» \ — -f ■ e :ó i e1 . > à ‘w
w. #’i C r ¿* i»v sint is ;.;deeand sn t of r- arcs!
V p 5

*7w 213 *1 •- *• of Po > 0= in> No - * 0 t  »• r j s ?

N t- -  £ of tcoh nolodie s
> 4 t r, p 4:434; "•■areal charget eristics» i r» fields of 1

Ì

<+• 
f.
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¿ualo*soil t'jfs?
t CC6*ChiEiIiiCoi r ;'i

s^s-source of 
s» tsxt^ts -* * Cl

uste;

6»£ •t♦

n .0

V If technologies

'L* noptil)=l» -••cstec (k » i ) =eost of
technology for each crop l Rous
correspond to technologies» columns
correspond to crops 3 each record

r» uS 1 • iS CO? w o ror crops for
s given techno 7 fK »

If noPt(i}=l» p ran i k » i)=plasties 
reauiresent for technology end 
crop i. correspond to
technologies» columns to crops Jr 
eO C n rCCC Pd CG»”»t e i H '3 
r = a!jire»ents for ell 
diver; technology.

Pjl3 stlCS
crops for s

Arse £1000 hectares! of each plot

If nop t'25 =1 » msnimum fraction cf
total area e n each crop

If r;CPt(3) =1» minimum fraction of
w W u- O .k O f 17 0 in fi 2 C i*l Crop

F:r;n prices of crops

Kean yield of cross? tons/ha.

If nopt(4)=1» etec<k»i>=aield of 
ilh crop using fcth technology 
relative to mean yield of ith crop 
C Rows correspond to technologies» 
columns to crops 1> esch record 
contains yield factors for ell 
for s given technology

1C? ySMil «’•/» / ♦ v Nana of crop» relative yield factors
15+npr T" * for that crop

■.'.Rous correspond to parcels» columns
cor respond tc technologies!

REPEAT ABOVE RET :*> ?7 !IKES FOR EACH C R C P

1 D 10F7,C Aver age production cost for each crop

17» N a * a cf crop»rela'.. i V8 p roduct i on cost
17*;;Prnfc for that crop

CRows correspond to parcels» columns 
correspond to technologies 3

c
I
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IF LINES FOR EACH CRC-P

Cf
cost i' 3C 

*
the i 
tors
3

Puts* only
í>¡ ¿  *S ï" i? wl -j À  T S

specific crcpiyield fer 
specific type of

the
e;;f

'elstive yield f a c t c r y end relstivc 
L ¿.nation» These factors relate the 

"using 3 specific technology on a 
to the mean yield for the crop, 
the yield cf aaic on parcel 

i using plastic mulch technology is ¿0 percent higher than 
the mean yield» Then the relative yield factor for parcel type

r Or 9ìi 
l‘¿PIS

pie» let us s u p p ;
paresi.»
»  «  w r ¿ C- W-

1 with mulch technology would be *1.¿m*
on parcel type S with current technol
only 70 percent fi î fi V  £■ P  ci À» S yields» T
ter for parcel tape 3 with current te

Relative cG  G  t f o  C  t w  i1 5 are define
rABZipIs* that production cos
* ¿3 r  fi j O * :>i 3  X 2  w i * f ' c " C 3 * 3  O ! w

fiT; b w r vic r r  rCuwC<t , u

V G r
An

A  *? I I C A n rri * w  • • w H w L

Z i'i i G G POP ? 
&  li C  ¡T. * a 1 *  O  t

fin suppose that yield; 
are estimated to be 
ihe relative yield f3c-

Su p p o s s ? for 
v exclusive of land costs (per hec-

technolody were 
Then the relative ecsl 
areal type would bo 

KempIs input listing presented in 
ify the usage of

'S Lp
and

/ » /asse/am/itec/randers»
’ t- f•. . J . - Thu user com¿¡-ilcs

; ne
•SVai labia 
*ilename

e. ne s a facto

in the directory 
of the coda is

r  , •.■-.JC * Pt iuses w > i e rii; const rue te •-
s; instructed in Section A.2 above as input? and obtains an out, (■ s

user
ui table fer use as an input file for executing SHORT » 
then .concatenates the AGhGD input file and the SHORT

w *w v /“* •« *» * 4 a» C Oi• ü -* r#r' ‘w kz » t CÍ *• W » ; Wa tens ted file bo SKCU72. Source
< . » , , f /% »\ C !?.. w «i g > r V» i«p, v and SK0UT2 'named respectively shcpt»r anu

:s-. » w *J w *. » • .* il ¿ . 4 .. ̂ available in the aboi--s-.mentioned di rectory.

( 4 4 » *p v v» r«4 /■*; ; » % yi,:; ¿ N>; g AND e x a m p l e

1

Í

(

a: cell as tns input tils uc
in Thai'ter 5 if the report ar: 
tic ns given below a lain 
used, on ASZA's computer system-— ASZI7A-

i' c  p  A  3 h  0 D  ? S H  0  P T ? and SHDUT2?
te escruta the r e í u 11 s reported

p £>'3S P i  1 5  Í  J  ? I  C U  » The i r—, J— ̂ n  i 1 A  >
a  » i s- v  r  w  w

O F  G ‘fi '5 t fi P  f> C  W  t f» fi .models may be

The use cf the PiCdei is initiated bfi p rapari n r i

* ; 1 i,.ft J» W  « w » ri W  1 » W  *• ♦ A o fijiampls input f : » >:.* named i
Í : •* P C fi- fi n t fid belou. fili -F »i 11 4 :i / * Is corresponds * -n the resul t

ir. Settica C»1 > Tables i~6> of Chapter
session is initiated r> C + «  : ! f  i  Tí df *5*1ins the computer to

¡cess the input file into a form suitable for linear program- 
¡g analysis* This is done by invoking the AGrtOfi object pro- 
nr, (here named ' agmod.o) as follows;

C
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ic\ i 3 -w : f O.* O lw\.-r w .

Tì'.vi file C (\j t P U t 1 'à i i*i .ri f C Plii ¿•UÌwSOaÀ' iwT liresr prosrsmmina
anal usis usir»£ the f resrS№ SHCF'T ► The appropriate command when
the fils 11 output" has bean c reated ba AGfiOD is

shcp-t. o<cutput> resu!t

When SHSPT has crested result? the 
¿.-¡nut file and the SHCPT output f 
.-«levant command is

user concatenates the AGMCD 
le to create a new file. The

cat lacuna results-test

This cCCTifiTOw M •_* o  *

an alas 
tables

ommand creates a 
to construct 

is. The relevant 
of results is

ile named * test1 whi 
tables reportins t 
com ir. and to cnvo/.e

ch is then 
he results 
SK0UT2 and

used ba 
of the 
p reduce

shout2 K .-n ►♦ W V •» ■-testout
Tha resul  ̂U » tha o r; a I¿sis are then contained in a file nameda .i. - . .t - .L »? whic i . u _ ‘ : m e> O L* ti p rin tec on a line printer usins the com-
monel

1ft tastout
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jo ü s î  к=:»ль
1600 reediôvlô Cl) ; lechík» J>) ? J = l»2)
1 ¿2.*. ícrost'2s4;

e * * > ;*c * * .*c ÿ :r * * :*r.?; ¥ C * * :J: Ж Æ -к * Ж Ж * * * * * * :t-
c.rssd tachr.clcây costs if cost independent of parcel ty?s and :rc
e ***s*******r*********r************** 

if (r.cpt(l) .r.e.i) so to 9Q0 
do 5 00C k=l;nt

9000 restii 3 ; 3) (costee i к ? i > » i = i jnc >
с ******** * t * * * ********************* * 
c resd plastics retroi resents psr hectare
c ************************************ 

do 9C01 k=i.»nt
9001 reed < 3 ; 3) (?reo(kii))i=l»nc)

c ************************************
90C continus

c * t ? * * * **♦ * «ас*****:****** ж ********** * * * * 
c resd oreas oin hectares- of each p s reel
c ****•*•***:' t ************i ***************;r.*

resi 13?104) ! ; ” ! s ¡ » о -1 n p '
forasti lcf3. C )
if iПОР tí 2), ;.s»ll 20 te 901
do г : ; :• i=: ; . ̂

ww—- — Г il# ¿ » 1 • w
- • i ,r*t  r* ? ' V *.***************•»:•:::*
c ros..; '-strictions en naninnn ores of asc h cren

■;•■> ■ V •• :. - Г! ГУ r'nctvr :?:*** :!:* * *  * Я к *
:-SôC '■ 0 :■ iü4 5 t S "2»3p > I " 1 ;ПС î

fil 0 .J È
. " in-p ti3) » ne * 1 ) 20 te 902 

о t******** r¿****r*****$*$*¿**St***$*«¿****S*
c reo d t --о lions or. ...ir;iso¡T. ¿creada of crop s 
о Ж * * ; : : * * * * * * * * * * * * * * * * - * * * * * * * * * * * * * * * * * * * * * *

; aо d ; S ; 1C 4) Í er:ain( i î >i®l»nc)
902 continue

о ******************************************* 
c 'da te rr ine cc-ef f icisn ts for s res restrictions 
c i**::****** r************:'<******************* 

son- ‘ . i
do i: * : j=i;n ■ 

l i ti son Í w ;
do 1 0 2  o-l .* Г: г 

1 0 •• I О rei . О ' -or i oí /S-П 
o *** :: :• "** it i*:;.**********************

’SCO fa г я» prices of crops 
r  S* : i l  ** r i t  i * * * * * *  f****** i;***-:-*********

.• o sd ; 3 :> 3 ) Í p ' i } ? i = 1 ; ne ’
Г о r о 1 i 10 f Г » 0 )

о **************************************
о .о ad ne an aioids
c *********•:<**********************•****** 

a s d 1 о ■ 3 ’• í y Í i)? i = i ? ne >
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•»COC csr.iiftu*

c a * * * * * * * * * * * * ^ : * * * * * * * * * * * * * * * * * * * * * * * *
w read relative yield factors

* ** * * t  * *****::<***************************
( .*v*s ril  ̂ •

ifincf-t- 4; . 3 3 . 1 )  ntl = l 
do A i = 1?:.c

( read £5»1 £C2 (cropi i »1; : 1 = 1 > 3) 
¿¿22 f o r m a t i 3 a 4 ' 

do 4 J=i»np
c 4 r e a d (5»30) (yr(J»k»i)» k=l»nti) 

30 foroati15f5*0)
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

c read average production costs
- a************:;*:***** ********* * * * * * * * * * * * * *

r e a d < 5 ? 3 ‘ ic(i)> i = i»r.c)
c w ************ ** *** * * * * * * * * * * * * * * * * * * * * * * *

L read rela:ive p reduction cost factors
J * * * * * * * * * t * * * “ :<*#*****r****r****************

o r.t l = r. t
S i • *"► O P T. . 1 r. V i ~
d a 3 i = *. .* . w

c • «£>%*. w ' * w . — * w * » .' » + ? ♦ . - *
.4.. e? * . ....•J W w “ - ■ •.

*_■ > ' £? 3 r J •. u 1 1 . W r 1 w .« •••. 7 :••. ■ - / liwi
c * * * Z  t  %  * %  %  % * *  * t  %  * %  t  ******** ? * * * * * * *

w W to r> r ‘a S .'. !- * V 1 a / > ti£ * » W a 1 W U V >
c ****** * * * *  ** ************** *** ** * * * *

c ttPO M “f: :■' 
r;COl-r;;='Sr:-: ; V,*;;: 
nset-nt*,..;

c wQ w 1 - i " i. r wW 
S-. t  i  \  r * *

dc 6 J-l>- col
c •: * « n. ~ ;*

;j w .-v C - . i : ; 0 v*
(. .. 1 ter*,-sat +1

: ;«”:d • -ibid - . - 3 t " 1
dc 7 j=r.L'C‘̂ »n*nc

( 7  a  i i .< j ~ 1 ,
”? ̂ • ♦ A  ** ♦  P £ •.«. /  *!

. . .  J. -n „ . «%
■ » *a V .i . *• V

c if (.-¡OPt'2> iio to 712 
; ¡be*=r. re w r 1
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( . l e r1=2
•Jo 700 i*rib#*»nenci 
3 te r=0

c nd« i i-nr-jw) + ' n t- 1 ) *i ts r 1
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n d l =  £i - n r c w ;
i f  (3?»axîn i* it  î » ecu 1 . 0 )  âc t c  702 
n c t 2 - r . c t 2 + I
i i= n ro w s + n c i2  •» t

fi a 7 ft ■") i —I». «4 - "? , a J*UO * v U >> w ' m w w A 5 .- • ̂ C w
J k = i  ter-f- l  
« > e n d = J + n t - i
u J / vi *=J f  C ì S r t d

701 si ii »k)=ersi ' Jk) 
lì % i  i  ) = 3 r  s e îî î n d 1 )

702 i t e r = i t e r + l  
i t e r i s i t e r i - r i

700 c o n t i n u e  
713 c o n t i n u e  

n c t 3 = 0
i f  înof>t<3)  . n e . i î  ¿o t c  7001 
i t e r i l o
n 5 e 3 - n r  o w i  r I c  t 2 v 1 
n e n d = n b a â + n c - i  
n;‘O w 2 - n r c w + r c t 2  
do 7000 i* n b s 3 * n e n d  
iter ■- 0

. nti-- i i - n  rc a2  )  + In t - 1  ) -iti ta r i  
n d l = i i - n r c w 2 ï
if '• r '  ~c i li *, _i _ ftìi3*vt j) e C  ̂>w / 0 ¿,

■ii» v e  i r w Wrwr

î  * i . î i*2TfiC ww

.j - . -  ; ±i-, «■ _  ■;.1* « i » W " *W » » » W i
do 7010 k =■ J ? :t; e n d 

701.: e< ii :> k ) = erel ( Jk >
Mil)sôpcinindl)

7020 itcr=iter>l
i teri = i terl-li 

7000 continue 
7CC1 continue
* :;•• * t % % % % * % % % t %%%%%!(. k
ccanute objective function taras 
■k t ■:< 11 kt% t %*%% % % % % % % * * % % % *%%■* * k 

de 
do 
de 
if

9030 a  i f  

.94?! c o n t i n u e
■ i  f <» » W ̂  W > * ' . s a e *.» J» /do to 9 03

a c
( J  » k » i  3 )#c r < J »,? A !> i »

f

do t e  ?
2 ¿ c ( J  » k » i  ) ■»c 1 i ) * c a / J s i i 1 i ) t e e s  tee : k » i ’

OCl Tl t i n u e

7 i  a 1 » n e 
? J ~ 1 » n r  
? k s i » H t
nu.'-'ti 4)  , eu > i  ) us to
J  > k » i  ) a a ( i  ) t  -d  r w ? k *
ta 9031
J  > k » i  î < i i -  f  1 ?



c

(

(■

(

c

c

illî iv> i  = *»r»c 

da 10 J=1 ?.->?■ 
de 10 k —1j nt

XC ri<J»k*i) = if-(i) : J t k » i y-3Z C J > k r i ) > *a r(J ;
C *;rr*S****************************
s.* «rite eut files
c ****.%*********************tt****t

;.endl=nrou+nct2+r‘.c: t3 *
r>£nd2=r.pcw+nct2
ndual=l
wi'ite(6»l) label
u ri te CA>100) ne cl ?nendl »nend2»r:ct2»nduai 11 

100 ferA3t(4i3*6x»3i3> 
de 11 i=l*nendl
unité(6*103) (a(i?J)» J-l*ncel) 
write(6*lC3) b < i 5c 1 * continue 
i ter = 0
de 12 J-ltr.pc de 12 i=l»r.c 
do 12 k = 1 * r. t 
Jl = itsr-Kc fiv(Jiî=-fi<J
i ta r~ i ter-flf n •tinuac ■4-'i Le '£f 103)

* f*. TJ •»’ w ?crna.t<lF8elC
:vJu; r. = 0

c l‘■.•3(6*105)i !+ 'T , 4- / T 1— w *• » v..- » -,J ® W » Jk * /
 ̂̂ r*

c ir.d

• K f i

( " 

( 

C 

e
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appendix: source listing f o r shop:

wh 1S r O u t  ir»3 I S  'JSCd wO w 3lC‘J a c ts »*»3 err3^ d » tensions and 
than allocste space in blank ca&aon for these 3rra=s.
using this routine doss not chan** 
previous!a used *

m e it tc optimize as

^t*tttttttt*tt*%*t*tt*t***tf*tt*****t*t**t*ii*t**tt**t**t****t**t

U w r,i;;0; \ / ¿/ ¿303*’» w U ) 5 n -V* - »I i ? .Ti :■' <i w I m 4 7 i ", L e r .* k a
i'wtiliiiri/ / i - i 0 Q 'i V V
integer do tout 
continue 
reedCS/u; u a b e.»
rosdt 5> 2 >n?m>ml> m2 » m3> w4 7 inte r> kkk > da tout

Job}dstout

»«i >n r*t 1* *1
; $ Q K r
nbi = mm % no + i 
no2 * not 4 mm 7 X 
nb2 = nb2 + mm + 1
nb4 - nb2 t no + i
nb5 = nb4 + n« + 1
ni?.6 vvb5 + mm + 1
nfc7*h&'6+»m + l 
lws=r»b74iTim+100
call meintd» d tnbi)* d(nfc-2)»d * nb3)»d (nb4 )» d C nb5)> d <nb6)»d < nb7)> mm)
if t Job.ns,0)do to 10
stop
format'. 20 a 4) 
formatt 9i3) 
end
subroutine mein t a> b» tz > z » y. > basis» ae » bb > mol)

*:mjm.m*:m*3U##:mrr4ti|tf!m*#*Jm*****************************
v .;
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t:-* »ft ii.is Hi i к 1Г.Vi ч** К 1 ••4. г V. 4-': 1 : t t ft 1 •“CT- 1 4tu-1 Ut 1'
"i < ft *—!■- КС *V ¥■■■■* *ta » IliЭ О гм ft ft M *•••и /.. itl'. П |4*Í4 о V*.•3-1 Crгм c**►-*ex0 •sfu Ф г 4 ST ta « ’Jо ft ft 1_ì CI "Í •¿ |t <*• i. i: Z. 1.»l.tU о D V. C :rЭГ ® ta Vi ID Oj l;о. 14tiю |!Л Ц № te H «*г1-к*с • у !•*Vi 1 ••1.1 «ft VI V* V* t:.C UX U.и -U n 10 IB№ о ta Si * ‘И ' ' С- *3 ♦ -•-J ft 7> Гм •il". r *г СГ * *с ► ■*í r: U л Ci Cf r>y о tv c*<r"Í t.: *4-(M =i ¥■*•и ta И*ex о 14 r.) tuа IÚ ij1 •O' KT0-КГO ut -J exH*Ci y ■jt» ta tx t•-Î rrD"П) Г. О •. Alо ï; с*-v; м *:•MÍ *1- Vi vi Vi I1**»r<fû ft **> о y № 0 ■» И* ID «т*c*-c> 0ift CXO •3 £1 V * ¿л1Д te ft о с ft 1* tjft Ifft *••ft ru ’J -1 exft ft «1 c*1Э r»-Э »-*•0 ft ft& с № ri Ceta с 3 tu •:**Mi ti*■•4e+-»*ч О ч*ft ('!• It ex-> e*Ai1-1► 4.H- •a S* *J taft -b*1 C**«¡ W гу< кго ft П’Г*“о и ft 1> S*V*- КН Vi G li exИ* y U И»V-'Pi eu« ЭГ '1 О « tùI-I м-о э*t: ft 5jrVaо -• *-ri 1 •fi « 0 "Tt»• •41 U n -vM*e: s w «A C*- 73 Cx.с** ID*- ф **■>п.G Г» ce ■V и с ГГ -J 1 -»ч *V * A** ~ъ -t» *■ *J t 0 :i 0J 0 N y •» tu lïlГГ M V. Cm-VЭГÎX 1>л «i Ci С !_1Cl I-*м: ft V ï. j ■;> ft.•v *ïM l** C<- ft rnrr 1»Ci V»-№ ft ч О о ft 'i Mi n О о. и с:»Vi 1 tì с-1 2:* í i 4 *i !> CM :> < ■0 DJ h <*•'1 № tu н- O ID Ь'-П *3 -з te э V T- Г *» ■« * H 1 *• n a IA ft Ü -J • v c.**; ftU 5? r.“ jii. ”br ÍX ft схсзгО 1► -»l. V- lu.CA. **г4гг M-:• И ~3 Ci c. it l>fft:И*(ki Ф Ce-Ф и* T Л * ft с и и К т 1_!< м. H- и*ft-V4. Ib ;i tat*< с «i A ¥'* :j rr— IIÌ■) » ■* ....*-• *lì r> »V‘ 'Ì ft о ft.г ti . 1- h c ** <k..» ;i re 0 ftft n *-4exIC 1 4 ra VT ‘ЪмГ «T> « - »-• О *> O' г4-« ;у ”3 Г7 ni k C-.1 f 4**•*4 *3’t Utft ft (1 Г.‘ O* + D ft • •И lu tc N 1) Г-4Ci Al £' * ■ f *1 4 ü.Ij C O M*I4-0 (i c*** ï: H*te *»rjrГГ,-v i — U <+* f ì и ¥*■ ft -I. г •»s V» Vi vi ft \ì zi -113A •it -J A V**i S)ni 0ji'.Ф O я И- <гГ/ w G 1 ч» <«• г»ft И* lv чГ С 1У ta0Г И** Г: CO-J*► “i CJ ri% iliо И- о с fi-rJ <V çv ft ft 0 г*tr."b V-*<*■ í* ta w M< MXи c»ta O ta”>г ;« Од £Р UT 1.1* :г :rC- •y ~ь -)ex* ЭГ ГГ • O •><+■0* Г/ м» ft <***ft> И*’bft М К-* Ц о*о 5:' lij ni № № Ш K • r;¡►ЛCl« <■ 10 э 1 3 b*-nrft 1*OJч» Ml¥***i < t-*-4 I-* С 10 <+ft * C**«j <*■U vrM » ri•il«♦* ft № ft t? O te г? 5 1) i> U tr v4Г1 cl*H № Ю О e.1«  ̂г* Ф Ш lì toь* кг » e; с c: c O 1 -• **•;r̂ :rft 440 orи* >.'~bГГ Ц *1КТC** 1) VJо to И-G •¡1 Э ’.!r* ft ft tu i# 44c*-с..«M 4̂»o г fXID '3 -1 D n ч* о *1 1.11.1 rr Ъ' o- orM* V* ft b*'0 *rO n Gft о M & ft-i *• о о Ц ••-Го ft Г* ft ft 13 t: r>-TX •3 О •î
к*»}'!-• fi *“ i-**Ч-; 1. -t m •; ft и*М» № 1) -Í ■ •« -4 • :. -•-* n M» la y*.■*r t* ft'■* о **•ft -4. Vа> -ъft сх 1 c:¡ : гr»- и»V D ft Í’*j ¿< - ■> *1 ж> <( t. о li O Ci t- и •i; М--Д »!■% :;i ti -5Г c ft ft-t*-‘ tXft !■•*• С о.V* ft -v -ъ i с eulii Ги *'о 1> O *•4itг.* Ч>1Mi О о tu и* '••1 ZI 0 * -••г;0 *•b**: » (“ u‘i M- Г г»* о ft li* Мл vy Z> Г.‘9 MJЦ te С -M h- СМ B ft « ft *«» ti Q ’) m ta <♦* v с№ o Г» *-• !*•**Г* tu а < Э с С lb ifl|4. IU c р M”=4 ft!O • t n illta *■•••n <+ э и* e ft ft «i M* z> ft IA 3 о M*
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<+с Ф 0»»-• ft- I* И exft ft ft f- М- 1 1 № <► %
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sF'^ropriste cede .n column if s» ¿n i ntsSsr. 
**f«xt*i:***-4r*iais*****:jc******$********#****iii*****‘-!t *****************

di ¡ran»ion 3 ' .'. ji » 1 )'» b v 1 ) * tZ < i ) .* Z ( 1 ) • : i  b> '% .k ■* * fi- » <i)*bb<l) -
cositcri/s/ Iscsi ( 20 5 .> r* * a> al * a2 * «¡3» a4 * in ta r » kkk » Job.» dstoui
inteser daiout
RQ2=rtial+»2
de 2 i=lt®Gl
b < i)=0.0
de 2 J=i*aa2
3Î1jJ)=0»0
continus
de 3 J"1f &o2
z(J)=C.O
:-î(J)=0*0
continus
nn=r.
do 5 i = l* a
resd <5*11) ; s < i * J '• •• J~ 1 » n)
pssd(5;il)b(i)
do 4 J=l>n
£ÎiïJ.:*3(*jJÎTw*
continue 
b<i) = bCiî+0. 
tz<i)=b< i) 
continue
resd < 3 .* 11 H  z < J ) * J-l s n 
de à J-l*n 
z< J')-z< J)t O, 
continue
r a 3 d <£*14/
i fi datout »ne 
writs < ¿*15’

* V  > ii» ̂ s/ •»- 750

writs <¿>24) 
write <6* 16)

Isbel

i f(h /Ib /IÛ/ do te 74
if(dstout.n s»3)âo te 75

continue 
do 7 i-1*ro 
writs <¿*17) < 3 ( i > J '<J fj=i>
writs <¿*18) b ï i )
writs < 6* 1?) < z ( J ) > J » J ® i * n )
do te 78 
continua 
nu o-n/10rl 
•de 97 Jaa*l»noG 
write :i > 23)
Ja*Ji..a*lû-9 
na=Ju+9
if(nao- le.Jaa)do to SO 
writs<¿>27)< J > j=Ja > no) 
de te 81



50 writs(6»27)( J »J=Ja»n> 
write<6»23)

51 continue
dc 77 i~i>z.
if<ftGa»ie.Jaa)dc to 76
write <6»26)i » i si i » J>,J=Ja»na)
do to 77

76 continue ■ .
writei6»26)i»Ceii»J >»J-Ja»n )

77 continue
if<naa»le.Jaa)do to 82 
write<6,29)<z(J>»jsjGi na) 
do to 97

82 write(6»29)<2<j)»J=Ja»n)
97 continue 

write(6»15) 
do 79 i = l»m 
write(6*23) bii)

79 continue 
73 continue 

write(6»15> 
ierrcr-0 

730 continue
cell simple ( s » b » m » n » ml.» m2 » m3 > »i4 » z » cost » >; » i n te r » ie r ror » mal > b asi s 
if !.isrri3%83.i) do to 7 
if(detout.ne.O) do to 751
wri te ió 120) 
write 6 ; 2 i ) cost 

751 continue 
do S J = 1 J n

3 write <6»22) J»íí(J5 
if ikkk.dt.O) dc to 9
1®(».1tí!»2
cel 1 ¿enee í 1, n > e > b > » z » nn » tz » mo i » es » bb )

? return

11 format (SflQ.O)
14 format iil)
15 fernet (Ibi)
16 format <3jo iOhinput dat3»/)
17 format i 2v. > 5 i3>;» f 10 ,2 « lb>; » i2 > 2>: ) )
IS f--»«t ■<!10>s»ih*»fi0.2»//3*f )
19 fo .sat <3w» .SbobJective function»//» < 3x»5<3;-: » f 10,2» ihw» i2»
20 format ( I n i n i 36h solution to tbs objective function»//)
21 format <3x» 20KobJective function = »f20»2)
22 format (15;-. » lhx» i3» lb*? f20.5)
22 formati/)
24 format <20>:»20a4)
25 far,T;3t(//)
26 f c r ¡s 31 í 5>í y L 3 > 2 y. »10'(fi0.2>2 a ) ;
27 formati lhl»10>;> 10<4>í» lb>:» i3 »4>:Ï /) 
23 formatine;-;» lb*» flO»2>
2? formeti//10;:, 10if 10,2»2x> >
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С
с
с

с
с

and
subroutine simple (a»b»m»n»ml»m2» m3»ь4♦ z;cosi>;;»inter»ierrcr»aai 

ibasis)

******************************************* * * г s ****** ************

debcSSinS instructions end print commands lac!. simple id 
end зге numbered beainnind with 1000» 
variable list*****
1» ж number of original actuations
2. r. = number of original variables
3. з = variable coefficient matrix. dimension for »t2 к novar 

elements»
4. b = constant column vector» diaension for a+2 eleaents»
5. at = number of less-than-or-eaual ineouslities.
6» m2 * number of areater-than-or-eaual ineauaiities.
?. m3 » number of eauaiity statements with positive b<i).
3. ¡»4 = number of eauaiity statements with negative b<i).
9. novar - total number of variables in revised standard

w-‘ cennoni c9 ? # ̂ « S- a » w )*1» *
c 1C » basis - array containing J indices of basis for any iteration
c d i a e i iS'ion fo Г и* S IciTî r̂ tS » elements sra inteser s »
c 11» г - pi s'3t row nijftbsr for c-i?.. . 4 ♦ a • j *> « -J. * VC > о .ion. ...cot be an intesa г.
L. а *. *■ S = Pi V ot col •J>Т*f*> r;Li£v».iO ¡' f О j any its ■~ o'•.»о. - - must be an inteder

in is i sidral» to -Iviet* .nteraedi ste* printouts. if inter
is zerot intermediate cycles will be printed, if inter is not
*: ь * c

i •. f.
sr. .sop le> punch 1' i ntermad L s h e cv.oles cill net os

p r i n t a c»
% % ** * * * * * * t % * % % % % %%%% % % ********************* *************** * * * * * * •

dimension a;»a i > 1J »bC i 5 r basis •: i. > z (1) * ;•. i. 
integer risrbasis 
»1234sal+.T.2 fm3+m4
• a / -  # n  ?  * . . .  * . _ I. „ * nat C* a 3 r » i *■ . ?»• / .¿£ w vU ^
novar=ntml v 2 
¡¡¡plus2=m-r2 
dc 1 i = l»!SGl
bas.Ls(i)-C 
continue 
i r i n t e r . n s ♦ v 3 
write (o j4 3 )' 
conversion of 
nplusl -nri
if \ml.ea * 0; ¿o' to 5
first» addition of slack variables tc mi sufemotri:
te W ^ * " A  ,• i.i a

X-~ i
ftplusk-nr*.
,ii i > nPlusu i = 1 .0 
do 3 j“Ti? * j » »»i! ov £ r 
i f ? J.ea.npiuski so tc 2 
atCi > J)-0 »C

so to :

. о t r i x а ‘¿t-STi w i r d  W ‘ » W »



\

I

<3 C O v a n U S
i f v bi i / rlttO^O) ¿o ^3 *40

4 ccrstinLci
f 3 3P>v6rt ® <i 5liiS31-T i

5 if (a2*ee.C> so to 3 
a Ip Iu ! =si + l 
»ls»2=ai +&2
dC .** i S w ¡1. u .
k=i
np 1 usk=ntk 
s C i inpiusk) “"■* *0 
dc 6 J=nplusl»novar 
if (J»ea.nplusk> so to 6
3 \ i ̂ j)*0 »0

6 continue
if (bvi).11»0.0) sc to 40

7 continue
subxatri:: m3 needs no conversion or artificial variables 

3 if .&4»ea,0* So to *- 
finally* convert a4 
m!23;-1 -»iti'«2+ii3f 1 
dc 10 i=»123pi .*» 
do 7 J = 1 1 n 

9 e< i * J1 --a 1L ? J)
if 'j;i*,St.0.0) 20 to 41 
b(i)=-b<i3

10 continue
p _ r. r  ̂- •.*v T ̂  ̂ ̂ _ a * p t i o n

11 n;ilui2-nr2 
■ i c .»w *-* *—._ > i' z v a r 
a i ¡'i p * u s *. y c ; “ 0 * 0
iic i xl * *™ 1 * ili
s(&?lu?2> J) «-»< IrU) ta i (Tiplu;2 * c 3

12 continue 
b ( ¡tip! us2) =0 »C 
do 1w I*1i&
b(»Plus23 =-fc( i )+b (,t;p 1u s 2)

13 continue
insertion of cost function coefficients into s»etri>: a 
fr.piusi=mM 
dc 14 J-l*n
s( f w *Z ( J/

14 continue 
dc * w J — i iH1 5 1 *nOVOr
si £ k. r* u> *.# ’> a 1 «J 7 ■“ v * V■ f CT-• «V l« WM V 1 I r '* ft

p?obIer,i should new be in the standard infeasibi 1 ity fora and read*, 
for -hasa one operations

do * & i * u * ii. 
b a s i s  < i )~ncvarkk
/*.55 k ?.»

i
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17

1S

19

20

16 CCntlTiUS
(i n t s r ^  tc 13 

ciò 17 i=l>»plus2 
urite (4»49) ( sC i > J> > J-l «nova r ) 
urite <6>50) b i >
beSin ssin iterstion procedura *** Phsse cns *** 
location cf aost negative re3ltive prics.
»p=a*-2
rinnovar
kount-l
if (inter.ne.G.) So io 20 
urite (¿>33) kcunt 
test=0»0 
de 21 J-l>n
if (3(o p > J) »3e.test) So to 21 
3bv3ls=3bs(3(ap?J) )
*f (BbvB13.1 e . ►  001 > ¿o to 21 
tr3P=3bs<3Ì»p*J))-sbs<test) 
obt rsp^abs ' t : si- > 
if (sbtr3P.le.0.00001) io tc 21
tèà t = ó i t"5P ? *ì /

s is thè pivot cclijftfi rruaber 
continue
if (tast.ea.0.0) so to 33 
daleminstion cf pivot row 
" is tbe Pivot rcu nu&bsr 
der.o»»lC »0eS

lUSil i r-

uc ;; ;-.)S
i ." ( s( i > s ) • 1 e . 0.0 ) do to 23
epsilo =abs(bii))
if ( b p s ì I o  .li 0.00001’ so to 22
lest-bi i )/s ( i > s)'
if (test»*e»denoa) so to 23
deno&=test
k-i
So to 23
if <3<ì>s).le.duo) So to 23 
dumosi i > s) 
kh = i

23 coni

24

if (du*.*a.0»0) so tc 24 
à i;>du a - eb s C duri ) 
epsilc -0.0001 
■i f * 3bdu»Ti » 11 . ep sà 1 c * co
»• - k k
,J . .  t „  -V ”«9 ue *■> W A.
if 'denoa.sa.11 ,OeS) so io 43

tc

r • ■ /.
2 c p » v c t “* a 'i r > s j

if (inter.ne.0) so to 2£ 
urite (¿>32) r>s



_ —

urite :ó ?54)
urite (4»55) (basisti>»i=l»»> 
io 27 J=l»ncv3r 
3; r » J) =S C r » J)/PÌ VC-t
tir)=b < r)/pivot
i^8SIS( r) =s
;!u 2? i = lf fflP
if <i. ea»r) < 5 ' + a  w v c 2?
do 2S ? _ « U = Am
if ÌJ. ea »s) dC t0 28
e(i »J) = 3 (i t J ) - e ■:i fs)*ai r *J)
oontin uè
i?( i )=b( i )“*3 ( i f ‘S /*fc(r)
continue
do 3< i = i»»p
i f < i . ea * r) 3c to 30
3<i»s>=0.0
continue
3 < r » s) = 1 *0
k =-■ 0

=0
( X Ti T » Tr3 .c; so t c 3 «ù

i te > w 9 wl < r.. *
31 

i te
1-1
(6»49) ( -

ite : 6 ? 5 0 ) b ;a

¿tsrt new c a d e
iV C  Li fi t — i*'. w w m Ì  7 1
•> W to 19* .*.* t \ i»> P‘ a 3 *:ì » RP i ̂  :• * .* do to T  *
-ic V '-*7V te/ w /

<b ' »p ) .de * 0 . 0  ) do to 7-Tw w
to 1 =0 .'J0 i
i.- ìt»p ) = sbs i b < ìrp .< ;
+ 'f ( 0 » iì’i p 5 . d t » 1 0 . ) do to 34
uedin posse tuo 
;rp = ì»+1
if <inter*ne.0) do to 20
* Pite <4>563
5 CJ to 20
¿P i ts Ì4>46)
50 tc 44. -» p*■-» wS e" v»(.TIP)
-c 33 J=i ; ri
C V OII*) ..0J.•«M  W 39 1 - A t Hi
J -bssi 3 ( i ). /• * *■ — % w / **• ita*< i )’ to 45.
f* .ito i 4 » 5 7 )
.m  e tc 44A•a tite <ó»53)
■i* «e to 44



\

- * ¿ -L

42 write (ó j 59 >
Se to 44

*Tf. wri te (¿ j 47;, .4 •■*♦ *1 ierror *
45 return

mÓ forsot CZ;;>42htftere is no feasi L: ¿ S t- ICii
47 forast í 3>í 13i»bobJecti ve f unetion is unbcund
43 f ormat ( lhi t 3;:»20¡vdebuS printou t*****,//>
49 fcrmst (3>:»10f 10.3)
.30 formal ( i i 0;: » ih= » f 10.3 >
b 1 f OPISSt <3>:»ióhend of cacle no.» i3»//)
52 formal (3>.»22hpivot location*** rou »i3.*lb>
53 forma* <3x»IShbesin cacle nc.»i 3)
54 fermat <3;;»lih***basÍS**S) *
55 form3t ( .* ¿. t*. Jí 9 Í3>
36 f 0 r ÍI» 3 ̂ C3:r>21h***start ¡*hsse twc***>
37 formal {3;; »39hiffi? rerer p robles. f 2 rn»ul & t í OH »

lsabive b cceff ieier.t)
33 f o r¡r.s t ; Zy. »39hic.p reper prcblem f ormulsiion.

3*7 £  ̂•»- t W i  f w> w i 3;. .* ¿Ohicip repe r f robles ícrmuiaticn.
1 £ i. w C ÍT¡ * )
,a r. .•■*
sub routiñe ic -iup í k » aa» -dfc»1 ow» uP.i if 1)

:£ wTte)

*#***:» :;::»:*♦**♦******:« :s '4c * * :S^ *№*%*<'%% t ktt*tX%*'****%;< :*:***

ibis subrojvinsi finés tb.s jpr'sr snd ii-ar v s ’.’j* • of set of riysoa^s

* * •«:? •* 4? * * * *:? * i * •••: :>:;. •): * * ¥ *11 i * * # 3 % * .s * * * * * * «'i!***********#****#*#******

.á >í

real lew 
i f i as=0 
i iflas =0 
anuir»-1 . e-i5 
low--i .Ce-f-30 
u p» 1 »0®t 3 0 
do ¿ J = Í7Í‘.
*b-53=sbs í ss'. J ) J 
absb-abs íbbí J))
i f < absa.11» srvas, ,iir. abs b * 1i»sr.usr.} ác to -i 
deic^-bbíJ;/3síJ)
¿ f ( ü 2 í J ,’ » * t í / » * ) 30 tO w' 
if ídelt.se.lew) so te 3
S O v C ó

3 lou=deU 
ifUá-l 
so te á

4 if >delt.ie.u p > So to 5 
So to i

5 up = de1t



.  ■s

f
C

XIfIad=Z
ó continua --- * "

• I 1* A I A0A I * • ' A i»a
return
end
subroutine sence (it»never » s»b» x » z>n> tz> sal » 33 • Ob 7 mi.’ 
reel low?lo

*:&$$«$£%$'£¿*4 ¿ Jeta** >*****

this subroutine determina» which variables end const r.ants era 
within a ten percent tolerance rende of changing the solution

#jc*ttx**t**-4:*t*t*t******-fj.it*x*Z*!i*********t****'******x*z*********

dimension s( mo ) rx<1)
dimension ae;i}>bb(l) • 
write (¿>22) 
write U*22>
1 ̂ v -r-t : 
r;Qv = f:TÌ»

■zia z
^  0- A W t» :rt

e> 3 w ) ■ 4 » j j 1.'
i f{i»Se►aki> 3 3 (J)=-ssiJ)
Z- o \ a j “• a *» a / 
continue
orili lowup v* >esjbb> 1 c.41 „:■•> i flai
i ~ ; v.

iflsa = if:«-d + i
:ow=t2<:)+iow‘
if'lew.1s» 0»0)low=0.0
UP = tc : 1 ; TUP
do to M»3>2>5)> if led
write
dO to i
write !c/2u) J>: 7 t o 1 ; » 10
do to 6

* write vó>27) Jx7tcC1 ) 7 3 (
do ic wITtaT write '1 S > ,‘m V ) tai  ̂V W ( 1 ) 9 Jk LÌ

Ó conti i 1 * i
write :i>22>
do 21 1 ~ i ; i >
11*0 • ». ,
if ( y.(15 ,na to g
bSTi = Zi i ) - s ■; flJi 7 i )
if (z ¡i) -3S.0») do to 7
z < i ) --2 < i )
bsn:S-ben



_  n  _

al Г i* J :ô .»2? ) a )Z\2))y¿
30 A

V V 21
wri le < 6 r 30) Í7Zíi)iЬг
30 tr y Л л

3 k=l
? if »пб*0»0.: âo te ¿0

k-k-rì
30 te ?

LO de il kk=l>novar
if (кк.ваЛ) ss to li 
if íaíkikk.).во.0.0) зо to.il 

‘11=11+1 
fefc(11)=» ( aa» kk)
33<II)=a(k»kk)

LI continue
cali ¿ ( 119 ss ? сЬ ̂ 1 cw ? up i if 1
Iow=z<i)-iew
UF = Z <i)-UF
if Í3¡á=if las-ri
if <z<ii.3t.C») se te li

lew ■ "** y#
UP--JP
if f * .%, * ¿a Л л > --« Г  » «  W м » а «? * W к V .! ь w *г

*Г* ^  п и  т , ¿ 4 ̂ Г1 Ì 1 { 4*rww k'W » / а »
С.О
. 32••л» write í ó ?3i ; i > z ( i )

30 to 21
■î • rite <6.-22.' i * z < L.' л _*

t :** *■» *
4 write i À ? WW / i f z L i )* î J Г-

3 c te 21с* write (6*2?) i » z ( i ?? lOW ;■ JP
.‘i,л * .-* aЛ» W U- W *r À

6 lo-IJ F
U r* ? “ i OW
low=lo
UPSUPP
if île wi mlS* OkO) 1OW = AW *
3o te (17*19* 1S»20) • * * *! 9  а р *ай

у write (6*32) i »z(i)
3c te 21оw ' 1 4 • ̂*P > A V « U  *26) i i z . )» low
£» U Ir w (Л « Ар *

? 1 г* Ч к . 4 #P » « V «i (6*34) i > z< i )* UP
3e гг •*> a *• *ЛJ write (6*33) if zi i) - ? Л . - .* A P* *wPч con tinus
reto rn

■ 2 format (//ìCxr 2 Insaniitivitv analysis .•//}
Ì2 format './/lQx, il h constraint^;: r Sfc rns ;10-;» 13 ft lower lis.it > 
i0>{# l2huFFer limit p Sx» 24h*hadow prioe/oparc» cost*

¿4 format Í/15и*i3»Sxrf10.2»3<10x>f10.2)5
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2 forasi C/13x» i 3 » 5 x
forasi (/lSx» i 3 » Sx

forasi \ Sx » X O » wX_ kC » 2 5 5>i ) à 4hnc r à à nï ̂ t«. 0*1 ’ j p p 8 r * a' ; t , <  ̂i ̂  *> \A • w / w A t 1 V > «b «
2B forasi -://10>if 3hvsrisbIfc».Sx» Shcost/rev#10«.* iOhvsr »oistus»l 

1 I3hiniiisl V3 lue»6x» llhlowsr liaitiSx» îiîwpper liait;
2V forasi i/îOx» 2hx( » i3 » lh'»iOx» 7hrever,ue ; 10;;.> 9hncn b3Sic»iC

1 > f iO. 2 11 óx » 3hn/s » 11;: » f 10 * 2 )■•
3C fcrast i/IOx» 2hxi • i 3 * 1 h )• i Cx ? 7h cosi jIOk ? 9hr.cr. bssic»10.

1 j ?10.2»10x»f 10.2-« iix» 3hr./s)
31 forasi (/IO»» 2hx< » i3> th) » IOx» 7hrevanua»12x» Shbssic» 12x» f l’i

l*2»10x» 14hnc lowsr linit»5x» lihr.o u???r liait)
32 forasi (/IOx» 2hxi»i3» lh>»10x» 7h cosi »12x» Shbssic»12x»fi<

i..2»îCx» 14hno louer liaitiSx» 14hno upper liait)
33 forasi (/10x» 2hx(»i3» ih'»lGx» 7hrever.üa» 12;;j 5hbssic»12x»fl(

à *2 »1 0 x » 14hno iouer xiaii/oxiflG»*;;
34 forasi i/10x» 2hx< »i3» thî »10x» 7h cost »12x» Shbssic»12x»fU

1 » 2 » IOx ; 14hr.c louer 1 iaii» ¿x » f 1 0 . 2  )
33 forasi i/iOx» 2hx(;i3» ih)»iOx» 7hrever,ue»I2x» Shbssic » 12x» f li

1 » 2 » 10;; .* f 10 » 2.» 3;; ? 14hfiC u??er liait)

TtT -*--, - -1 /-t i1!».w ' ' w i u) ft v  • / s v^«

n . 1 ,A W , * ■* A ^ *1‘ "  JL V  / • t : *  V  »  t e  ?  A  V  ■-’> ?  > x  v  > t e  t

, - ‘T- •.»». » \ y *•,* * * v*»» /* 10;; »
j 14hiiC '-JPpar 1 i in >. . / _• Ti 9 \ ih! f 1 Ox *W _ * «• A O \.* » ? • .b V * 4» S
2hx ( ; i 3 .• Ih) » ICx »

IX, J

O 
i



app en d ix; 'URGE LISTING FCF; SH0UT2

c

c

c

SHOUT Version 2
this program takes the asmod. input file and 
the output file of SHOPT and
constructs
dimension
dimension
dimension
dimension
dimension
dimension
dimension
dimension

summary output babies 
label<20) »e(20) »y(20'. » c ( 20) »yr (30»6 * 20) 
cr(30»c »20> »a(70»1200)»ay(30»£»2C> »ar(30) 
ac(30>6»20)»fi(30 r6»20)»fiv<3600),b (70) 
arsis:; ‘ 20 ) » arm in ( 20 ) ? srel (30 ) 
crcp(20»3>»tech(20*2:? costec(6»25).«ncpt(4) 
to tout i 20)»to tine < 20;;totarei 20)>a (2600) 
stec(c»20)*preo(6»2C'>totplaf. 20) 
suel a i 30 » 4) »ado a ( 30 .»•;) > f ass (30» 4) » r. ?>: t i 30 ?4)

data iff/c'l'! /
*•* * **** * * * ******* * ******* * * * * * * * * t

read label
*********$***********************«

read(5»i) label - - .
:L formatC20a4*

c *********************************** 
raad(5»20) (no; t (1)»1 = 1»4>

20 format(4i5)
c ************************************* 
c read np=r»o of parcels» nc=nc of crops»
c nt=no cf technologies
c * ***********************************

resd(3.»2) np»nc»nt 
2 format(3i5)

c * * * * * * * * * * * * * * * * * * ****** * * * * * * * * * * * 
c read parcel characteristics
c * * * * * * * * * * * * * * * * * * * >' * * * ************* 

do 677 J=l»np
¿77 readf.Zi &9) ( sua 1o C J»1);1-1> 4);(adus(J »1) » 

l(te«t{J»l)»l*l»4)
6? fursiat(4a4»4a4> 4a4»4a4) 

w *************** ** * *********** * * * **** 
c read technology names
c *************************************

ase



c

\' \

c
?s -

r

f

c

c

c

c

(

(

Í

*1

t

(

I

(

/

(

de 1 ¿00 k=11 n L
1600 rsedi3>160ii < tech(k ? u>•¿=1 » 2)4 » .• 4  ̂_ _ „ _ ̂ ̂ H - * VlwV¿ { v • /

c *r» *********************************
c rs3¿ techrsclcsu coste if cost independent of percel tstpe en3 c 
c ******************************:l(*»*** 

ifínoptí1)*ne*l) so to 900 
do 9000 k=l»nt

9000 reed(5>3) <costec(k» i > t i = l »nc) 
o *********************************** 
c reed plestics reauirenents
c *********************************** 

do 9001 k=l>r»t
9Q01 reed(5>3) (prea<k>i ) .* i-i »nc) 

c ************************************
900 continue

c ************************************** 
c peed erees Cin hecteres? of eech percel
c **************************************** 

reed(5»104) <er( J) > ¿-=1 »np)
104 forastelófS.0) 

do S000 i-l.»n,.: 
erroe:; ( i ' =1.0

8000 erssir; ( i ) =0,0 ■
if <r.oPt(2>.na.Ì> ¿io to ?01 

c ***************************************** 
c reed re-»tric’;icn* or. xs--;ixua erse et eech o p c p
c ***** * * * ** ******************************** 

c e e d 3 ? 104 > 1 erme;; í i ) ? i-1>nc)
Í3 r-i + - *- •.• v e  w W > > v * » * •.* %-

i f ( ner i 3 ) ,na >-1 ) So to 902 
***** * * * ** *** * * **** * * * * *** * ** ** ******** * * ** 
reed pesi rictiors on » iniqua aerasse of cpops 

c ****************************************** 
reed(5 »104) (erminí i)? i = l»nc)

902 continue
c *********************************** 
c peed farm p rices of cpops 
c **** * * * * * * >; ***************** * * ****** * * 

read(3>3) <p íi)»i=l>nc>
2 f o p >» e t < 10 f 7 » 0 >

c ******************* * * * ** % % * *********** 
e raed a* en siaidse **************************************

reed<3».3> i ) » i-1 >r.c) 
i f < nep t < 4)* ne. 1} So to 4000 
do 4001 k*l»nt

•>001 reed(3j305 ( 3íec(k*i>»i = i»nc>
4000 continue

c *************** ****** * * *% ***** ** * * * *** *
■c reed reletive aield fsete rs
c **************************************** 

nti=n t

r

f



7?

<

ifinoPt(A)*aa»1) ntl = l 
do 4 i-1» ne
read(5 » 1602 > < c p o p(i >1)» 1 = 1j 3 )

1602 for»at(3e4) 
do 4 J- 1 * up

4 read(5> 30) <ar<J»k»i)» k=l>ntl)
30 foraatC16f5*0)

c %%%%%%%%
c read average production costs
c *********t*******************************
_ read*5»3) (c(i)» i=l»nc)
c ■*t**t**t*t%***t******%***%*%****%%t%%*t* 
c read relative production cost factors
c ***********************r*****r************** 

ntl=nt
if(ncpt(1).S3.1) ntl = l 
do 5 i=l>ne
rt*ad<5»1602> (crop ( i * 1)»1 = 1 ?3) 
do 5 J=l»r>p

5 read(5*305 (cr(J»k»i)t k=l»ntl) 
c %%%%%%%%%%%%%%%%%%%%%%*.*%%%%%*%%%%%% 
c road in solution values fro® SHDFT
C %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%!!.%

ncol-np*n t*nc 
do 7 l=l»ncol 

7 reacti5» 100) k (1)
ICC forir.3t(20>: j f2C»5) 

c *** * % t * # * % % t X % X x * * * * * * * :* X * # * t * 
c compute objective function ter;ss 
c X ;jr * ft*** $ x*#»»***** * * % ;• * * *#»* X X 

do ? i=l>ne 
do 9
do 9 k - i m i
if{nopt(4)»eo»l) Sc to 9C3C 
ay(J»k>i)=fe£i)XyriJ»k>i)
So to 9031

9030 as < J >k ? i ! ~u < i >Xy r < J» 1 » i > Xateclk » i 5
9031 continue

if inoeti1).sa.1)so to 903 
a-c C J t k > i ) =c < i ) *c r < J > k * i ) 
do to 9

c

ac ( J » k * i ) -c < i ) #e r ( J » 1 » i '
cor?tinue
do 10 i=l>nc

;#c < k » i )

do 10 j*i>np 
•Jo 10 k=l»nt

10 f i ( J?k > i ) ~ (p (i ) * a a J » k > i :■ -ac < J » k » i ) ) Xar ; J ) 
X*:*****;*#***#***#******##**#:*:-***#

i tor-0
do 12 J=liT;P 
do 12 i «1> nc 
do 12 kslrnt
Jl=it»rtl

f

(
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\\
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f i V< J1 ) =<*i ( J.*k Í ) 
iler-itor+l

12 continuo
ÜO 13 i = l m e  
tetóle(i) = 0.0 
tctouiíi)=0.0
totereíi)=0.0 '

13 tofcinc<i)=0.0 
iter=l
do 14 J=l>np 

• do 14 i=ltnc 
do 14 k=l»nt

. t.otela(i)=totpla(i>+erea(k»i)#ar(j)*x(iter)...
iotout( i )=totout<i )+aa( J» k » i) »sr (J)*>;(1 ter) 
totinc(i)=totinc(i)+fi{J>k>i)#x(iter) 
totarefi )=tetare(i)+ar< J)*>¡( i ter)

14 iter=iter+1 
sume13=0.0 
suroine=0»0 
sumsre=0 >0 
do 15 i=l»nc 
sumpls^suaele-í-totelsí i) 
sumsre^sumare+totareíi)

15 suraioe=64jminc+totine(i) 
write<6»499) ifr»l3bel

499 ?or!tt3t<3l»//l>s»2034) 
wri te (6»600)

600 forBi3t(//l>i»7hcultivo»5>;» lShcosto proroedio*>5x» 13hrendimiento**» 
15>í» 12herecio rurel »5x»llb3re3 msííim3>5>;»libares mínima/17x»
26h< t/ha)»13>:»6h( t/hs)»12x»5h($/t)»13xr3h(Z)»13x»3h<Z>//) 
do 160 i = l»nc
3rm3>;( i )=100.*3rmax( i )
armin(i)-i00»*3rmin(i)

160 write(6»601) í crop< i » J)»J=1 »3)-»c< i ) »ü( i > »p < i )»sriasxí i )» srminí i)
601 fcrmsi(l>!»334»2>:»fl0»2»6>í»fl0»2»lO>í»fl0»2»5x»fl0.2»ó>;»flC»23 

write(6»602)
602 format(//lx»30h*no incluye costo de ls tierr3//lx> 1 Oh**?romedio) 

write(é»499) iff»l3bel
write<6»500)

500 forsist(//l>í»22hresult3dos sum3riz3dos//lx»
126bproduccion (mil toneladas)//)
' do 16 i = l m e

16 write(6>501) <crop(i»J)> J®1»3)»totoutíi)
501 forrost(1x »3s4»5x»f20»2) 

writ.e(6»'49?) ifftlabel 
«rite(ó » 502)

502 Po rmat í//lx »25h.; osí-r-eso tot*l <»► i 1 pesos)//) 
do 17..i*l m e  _

17 wr i le'( 6 > COI ) <ercp<i»J)» J*1» 3) > totinc (.i ) 
wr.ite<6»5010) surninc

5010 fo«>3t<l«>//5x>láhindreso total = >f20.2) 
write(6»4^95 iffilsbel 
write(6»503)

'f,



в:

503 format <//.Ii:»32hsuperf i cié total (mil hectáreas)//) 
do 18 i=i»nc

IB write(¿»501) (с г о р (i»J)»J=1»3)»tetareíi) 
write<¿»5C11) sumare

5011 fermat(l>í»//5>{» 19hsuperfici¿ total = >f20.2) 
write<¿»499) iff»label 
write(6»701)

701 format(//lx»40hconsumo de los Plásticos (mil toneladas)//) 
do 702 i=l»ne

702 write (ó» 501) (cí*o p(í»J) »J=1»3) ».totpla (i) 
write<6»703) sumpla

703 fcrmat(//5x» lóhconsumo total = »f20."2) 
iter=l
do 19 J=l»r>p
write<¿»504) iff»label»J»(sueloCJ»1)»1=1»4)»(sSuaCJ»1> »1 = 1»4)?
1(fase(J»1)»1 = 1»4)»(text< J»1)»1=1»4)

504 for№8t<al»//lx»20a4//lx»32hresultadQs para parcelas de tiPo»2x» 
li3//lx»lóhtipo de suelo = »4a4»4x»7haáua = »4a4/lx»
215hfase auimica = »4a4>4x»lOhtextura = »4a4//) 
write<¿»505)

505 formatC lx»7hcultivo»5x» 10htecnoloáia»3x» 19hcosto de produccion»3 
16hmar£en»3>¡» lOhsupe rf i cié» 3x»
21lbrendimiento»3x»10hproduccion»2x»7hinSreso» :»
31¿huso de plásticos/
432x»óh(*/ha)»10*»ih(*/ha)»4x»3h<mil ha)»7x»
5¿h (t/he) >5>; »9h( mi 1 ton)»4x»7h(mil $)»7x»9b(mii ton)//) 
do 19 i=l»nc 
do 19 k=l»nt 
se=ar(J)*x(iter) 
pp=aa*pree(k»i)

' yy=ay(J»k»i) 
cc=ac<J»k»i)
t!ffi=ay (i» к» i) fp< i )-ec (J» k» i ) 
c=aa*yy
f=fi<J»k»i)*x(iter)
write(¿»50¿) (crop(i»l)»l=l»3)»(tech<к »] )»l=l»2)»cc»ym»aa»yy»0»f
lpp

50¿ format(1x»3a4»2x»2a4»6x»f10.2»¿x»f10.2» 
lf 10.2»3x»f 10.2»4x»f 10.2» lx»fl2'*2» 3x»flQ*2)

19 iter=iter+l 
stop 
end



- 8?

t

APPENDIX: EXAMPLE INPUT DATA FOR AGM9B

ls laguna? tecnología presente 
l i l i

y scoi *25000/hs » rendimiento=l.5x

26 16 2
xe»*osol heplico riego ausente media
>íi , csol hsplico riego salina media
xerosol heplico riego sodica media
x?resol hsplieo riego salins-sodica media
xercsol hapiieo riego ausente fine
xerosol hsplieo rieáo salina-scdica fine
xerosol calcico riego salina medi s
yemcsol hspliecriegc ausente media
yermcsol haplicorieSo salina media
yermosol hapiieorieso sodica media
yermosol hapliccriegc ausenté fine
yermóse! bsplicoriedo salina fine
yerisosol calcicoriego ausente Ttedi a
litosol riego ausentí. media
regóse! calcaricriego salina media
redosol eutricc riego ausente gruese
vertisol crómicoriego ausenta media
solonchak orticoriego ausente »pdi a
solonchak orticoriego sodica media
solonchsk tskiririege ausénte media
xerosul heplico temporal ausente media
xerosol hsrlico temporal salina media
«eresol lávico temporal sal ina-sodica 1 4 II w
yermosol hsnl icotemporsi ausente fins
rugoso1 oslesrictemporol salina medi a
solorichak orticotempcral sodica media
P I'Oy •- ~Í ttf
acolchad

25000 « 
25000,

25000.
23000.

25000.
25000,

25000.
25000.

25000.
25000.

25000.
25000,

25000, 25000. ’5000. 25000.



- ss -

0.400 0.400 0.400 0.400 0.400 0.400 0.400 0.400 0.400 0.400
0.400 
37.S

0.400 0.400 
S.A 12.6 1.1

0.400
1.1

0.400 0.400 
1.7 2.9 1.1 1.1 1.1 3 0.6 1.1 0.

4 . ó 2.4 1.1 1.1 1.1 1.1 l.'l 0.6 1.1 2.3
4.a-4*0530.0600. 0380 *1140* 0600 .0330.0210.0400.0190.0110.4210.0230.1320. 
2.e-4.0320.Q4C0.01S0.0940.0400.Q130.0010.0200.0090.0010.4010.0Q30.1 Г.;..

7300 350 5450 17000 5500 330 3000 2900 3650 450
7500 15800 3750 400 60000 3550

27.790 3.558 31.0 33.011 1.874 1.745 2.734 37.153 24 .326 n .596
24.250 2.500 2.561 68.226 1.083 10.708
1.00 1.00 1.C0 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1
1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1
slpjste
1.1501.450
1.0001.300 
0.5000.300
1.0001.300
1.1501.450
1.0001.300
1.0001.300
1.1501.450 
1.0001.200 
0.5000.800
1.1501.450
1.0001.300
1.1501.450 
0.7001.000
1.0001.300
1.0001.300
1.1501.450 
0.9001.200 
0.9001.200 
0.9001.200 
0.9CC1.loo 
0.8001.100 
0.6001.100 
C.8001.100 
0.7501.050 
0.7001.000 
even?(forr)
1.1501.450 
0.9001.200 
0.. 5000.300 
0.900 Г. 200
1.1501.450 
0.9001.200 
0.9001.200
1.1501.450 
0,9001.200 
0.5000.800 
1,1501. ,450 
0.9001.200
1.1501.450

f  •



о о о  п г>О  Г)

о »-*о о к'о о к* о о О  *-*■-ъ о о о о с С- С: о о о 1 ̂ С-( ‘• « ■* « <» ♦ « % » * ♦ * V * * « ♦ * ♦ ■* •» * » * ♦ »Ю -i.'■)га "а г>м Í» ivi М *-•Siсососо соCÚ-с ■0 ib•0 о » 'W-bк-сло о спо СПСПо СПО  СП о с.СПо о о о о СПСПСПо СИо -.•>N.JNIо о о о о о о о о О О О О о о о о о о о о О О Г..)о о о оо I-*о о •-Íо о и о О О  к-*W и к-*>к«>и к-* *и к'»-ь*о к - к-*-о » "*и

СП СПN1СПСПСПIHсаСПNi сч ut о и к-Ь»-«•и к»(ГОга 0 ю Ы 4*i>С1о О 1.1О СПСП о СПО СП о СПо о о о О СП СПСПо СП о о SI NJ
о о о о о о о о о О О О о о о о о О О О о о о о о о о

к* о и и* к- к* о ia»V к-» о о  о  о о о о о о о »•«* ► •V о о* * ♦ % ■* * * 1 « Я * U V ♦ * ♦ * • ♦ * * • « я «
b ’ СП к«к к-» И* м СП ¥Л 1 sj sj sj О4о* SI СО 0) со к* о ч> со
'■J о N J •ч| 4 4 '1 s j NJ о SI SI г*- О СП сл слСП СП о о о сл о о оо о о о О О о О о о о «J о о о  о  о о о о о о о о о
» * о г** |.Ъ к-ь Ь* и* о к* 9 •"*!-* I-* О Ои и к** к ‘ к»‘ !•* ►-* к*-

4* to л> с» 4» 4» л . л * со4» 4» О О О Ч ) 4) о к* ь* ь* 4» ы га к-*
SJ С/' NJ N J ы NJ SI SI о SI SI О СП сл слсл сл о о о сло о о
о о о о о о о о о о  о О  О  о  о о о  о  о  о  о  о о  о

I
СО,*»
I

'
I у

IÌ

4



o ►-* •-! о Ь-Ьи 2? о о о о о о о о о >-*■о о о ¥ *г*и -о и *-*J..4к**►-1 М О 1-* г»5 о 0.0. о ОООо о о о с- о
hi ЫЫto« то « и> и**-ЬЪ-ЬЬ-ь *-*■ ь*та 05соы •г.NT:СП ТО ыУ1то ыТО ТОЫ ТО СП то ыК-о о тоо о то тото то '•V-ото ы

o O ÍA О СДo o сдо 1До t; о СЛСПОТ(Л СПСП >_пСПо t •:■; : WСПо о СПО СП СПо « о и о h о О СПо О СП о о о сло сло оo o o o o o о о о о •> о о о о о о о О о о Оо О v!>о о о о о о о о о о о о о о о о ОООо о о о о о о
o *■*и *-*n о V- и о о о о о о и ►-*ь*О МV-*мо И*иь*И о И h> о о о о ОООо о « ио о м

сь со en O'M(bIbt.nсоспO'п 4»**4ь 4»4» 4»ИV-** о-то то(ЬСПO'СО СПо СПСПò' СП ТО СП о- о О СПо О СП СПСП СПто и СПJ»сл
O G U I O OIo o сно СН о С1 СН спСЛ СН СПСПСПСПо о СПо о СПо о СПо СПСПО СП О СП о о о сло О СП о о о СПо сло о
o o o o o o o о о о ?"s•— о о о Оо о о о о о о О О о о о о о о о о О  О  о о о о о о о ОООо о й о О о о

wСЛ

i



\

с
- OA

C
1.2501.550 

C. 1.3001.600
0.é0C0.9CC 
0.95C1.25C 

C  0.9001.200
1.3001.600 
0.8501.150

C 0.8501.150
0.8501.150 
0.2000.500 

C 0.2000.500
0.2000.500 
0.2000.500 

C 0.2000.500
0.1500.450 
melon

C 1.3001.600
0.2500.550 
0.5000.300 

f 0.2500.550
1.3001.600 
0.2500.550

C 0.2500.550
1.3001.600 
0.2500.550

Г 0.5000.S00
1.3001.600 
0.2500.550

( 1.2501.550
0.0000.000 
0.2500.550 

C 1.3001,600
1.0001,300 
0.1000.400 

< 0.1000,400
0.1000,400 
0,0000.000

(. 0.0000.000
0,0000,000 
0.0000,000

( 0.0000.000
0.0000.000 
ssndie

( 1,3001.600
0.7501,050
0.5000.eco

». 0.7 501,050
1.3001.600 
0,7501,050

1 0.7501.050
1.3001.600 
0.7501.050

( 0,5000.800

Г
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С

О*9001.200 
( 1.3001.000

0.9001.200
3.5000.300 

С 1.3001.¿00
0.9001.203 
1.3001.600

Г 0.0000.000
0.9001.200 
0.9501.250 

( 1.0001.300
0.7001.000 
0.7001.000 

С 0.7001.000
0 .0000.000 
О.0000.000с 0.0000.000
0 .0000.000 
0 .0000.000

( 0.0000.000
9199.0017128.910131.917653.213336.114696.219S10.3 
26716.026667.517171.747167.025S83.441353.2 

( slpistg
1.0002.468
1.0002.468 

С 1.0002.468
1.0002.468
1.0002.468 

( 1-0002.468
1.0002.468 
1.0002.465

Г 1.0002,468
1.0002.468
1.0002.468 

С 1,0002.468
1.0002.468
1.0002.468 

( 1.0002,468
1.0002.468
1.0002.463 

С 1.0002.468
1.0002.463
1.0002.468 

' 0,5732.055
0.5732.055
V  » U  /  V  4  » V  W w

•' 0,5732.055
0,5732.055
л л *5 71 *7 Л Ч ri4 w / ¿>4 f t' J  J

svenai for г)
1.0001.788 
1.0001.733
1.0001.788

1
с

1S503.115333.31532

í



\
\

c
\

\
c

c
c

c

c

c

c

<

{

(

t

<

I

l

1*0001,738 
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:.occ:,?ss
1 » 0001.78S
1.0001.788 
1.0001.73S
1.0001.788 
1.0001.783
1.0001.788
1.0001.788
1.0001.788
1.0001.788
1.0001.788
1.0001.788
1.0001.788 
1.0001.7S3 
0.5311.369 
0.58111
C .5311.369 
0.5311.369 
0.5811.369 
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JiîrtSJIO
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1.0002.332 
1-0002-332 
:-0002.332
4.0002.332
1.0002.332
1.0002.332 
r. 0002.332

1.0002.332 
;.0002.232
1.0002.332 
1>0002.332
1.0002.332 
1-0002.332
1.0002.332
1.0002.332
1.0002.332 
■,0002,332
1.0002.332 
. ,0002-332 
0-7042.036 
' ■7042,036 
0,7042,036 
■ -7042.036 
1.7042.036 
0,7042.036 
friJal
1.0001.765
1.0001.765
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с
1.0001 * 765

Г i .0001.7ó5
1.0001.765
1.0001.765

( 1.0001.765 
i .0001 .765
1.0001.765

с 1.0001.765
1.0001.765
1.0001.765

( 1.0001.765 
~ 1.0001.765

1.0001.765
г 1 .0001.765

1.0001.765
1.0001.765

с 1.0001.765
1.0001.765 
0.5591.324

( 0.5591.324 
0.5591.324 
0.5591.324¡; 0.5591.324
0.5591.324
3S3Í2

f 1.0002.102
t.0002.102
1.0002.102( 1.0002.102
4 A Л/V! * Л,« » «/ i. V I. > *
1.0002.102
1.0002.102
1.0002,102
•» Л  Л Л O 4 A -i.» P V V V te * А V 4mг 4 A A A A  .t A. A -» P J Xm »  Á »>i.

1.0002.102
1,0002.102( 1.0002.102 
1.0002,102 
'1,0002.102 
1.0002.102 
1,0002,102 
1.0002.102 
1.0002>102 
1.0002,102 
0,5011,513 
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i
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APPENDIX: SOURCE LISTING OF AGRQ-CLI“ *TIC «GDEL

Si 31 Г» 
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*ti6903(5 
*tì660i<5 
*t22¿7<¿?
♦ I-iOi ‘ fi ••
cesta art ■" 

»ed(Ì2;- »f 
t-rr.U 12' •

агзЗгза cf trs2.
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test* ( 12 ) » e а ( 12 ) » г з ■
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•f «• e? лte W P to' »,/ ̂ ;_i f •’.k .*► V can r. ■ l e  aerea

i 1 '  A  Qte t, , k* w а vT:arrêts 13 Af J à: ra •'i ’* к
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■■за d*» ¿It 
■ rint* » ' esv 
read*»err
» ^  / л  л

*

* л A .* ’«> A

correct? enter '1 r

io to 1 
altitude of site».7.'

correct? enter * 1 г

1

Й:

a turn 0 return* if not'

еэ »0) go to 2 •
'enter latitude 
x 1 a t

of site? degrees' ** *>• -  . .

'entry correct? 
err
ea.0) go tc 3

enter '1 return’ if so» “0 return* »* ■■'ot'

г л»*» '
print*»'enter mean eonthls ts:.?sretures» degress Celsius' 
read*» temp
print*» 'entry correct? enter *1 return’ it so» *0 return’ it no! 
read*» err
if(3rr»ea»G) 3o to 4. 
print*»'enter naan daati 
read*? udis
print*»'entry correct? enter

wi.vdspaed» в,- see» с у month
*4 »» О  ̂ ’ n Г' *о»  ̂c ww » Г» 0 return*

rssdi? w г г
i f i 9 Г Г ♦ i J ► V £ 0  v w 5
p r i n t # > ' t t f i t s r  ; T ; S S n  f i i S h t t i f o P  ^ X i : 6 S P S ^ ^ 7  *i / i 9 C i  b y

rssd*» unoche
г r I n t * »'entry correct? . м ц . . a e ivtf» * return it so»
read*» err
i f (e r r .eO»0> aw о 6
? rint*» is? 1 » v £? »' ‘>n •— t\ j, г»* sJ »:> ; ’ a -» f this cron -on th
read*» У»»»
print*» 'entry correct? enter ’1 return* if so»
read*» e r r
if(srr. eq »0 » so to *

Л this sits» кй ‘

<> - 4 *l i U v

if not'

the following statements are to be replaced to read 
an effective precipitation data set generated 
by a random variable generator when data from 
probability investigation» of precipitation 
become available»

reed*» re 
print*? 'on! 
read*? err

read*» d 
print*» '«fll 
read*» err

monthly ef feci iV £ p г в? c i p iteti С Г ;  7 ,7. ,7l

correct? eП ̂i? " 11 return 4 if Ь  w f *0
io to S

■ depth of i* C* w t J *T>
correct? a»■» Is Г •1 return* ; r

J .  1 у w ; ■o

f not
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IB

*1 (srr »cj»0) dG to ?
' s?r»t3r £V^ilci^«d 5C-i ¡Tt3iiiijr8 

read*/ -¿a 
• •rint* > ' a: 
read*» err

is »

1

^ .  * f\ . . u. . , T1 -■* ; *  ^ -  4 »
; •Q  7  «.■ : C  w V t 1 r 4  I u U  w

if{ar - »eo.0) do to 10 
print*»‘enter initial depth of -atar.* .i.n
read*» winit
print*/ 'entr. correct? enter ** n . 1, . - *4 • ̂  w 1 J P » i i ♦* i G 5 V
read*? err
if{err*ee»»0) do to 11
print*»'enter monthly relative !- i . 1 .-< » L # . ,»*\J»h ▲ « w » .* area n t'

- C V ^  » r ‘ 4  » ) l w  V

read** rh
print*»'entry correct? enter *1 return’ if so» *0 return* if not' 
read*» err
if(err.eo.O) do to 12
print*» 'enter monthly relative humidity naiiir.a? percent' 
read*/ rhma>:
print*»'entry correct? enter *1 return* if so» *0 return’ if not' 
read*» err
Lf(err.ecj»0) so to 13
print*» 'enter monthly actual hours of sunshine' 
r e a d*» a n
print*» 'entry correct? ante •' *1 return* if so» '0 return4 if not'

ad*? si-r
j.. (err .ea .0) do to 1 
;• rint*»'enter 2 
■sad*? kc

per- f ec *• ». e w > >* T G r iT> r- -• '» a. »1*. ■ •»* :v e/u w > ,. roti cr» (kc>

¡•act? ante: • 1 return’ 1 «* S w .* ” V if nut t*.r i n t * ? ant r — *- c ' 
read*? err
5 ( e r f1 v eu ► 0 .* Sw to * o

lii print*» 'enter 5 crop factors, for yield iky) ' 
read*? ka
rir.t*» ' entry correct? enter *1 return’ if so» *0 return* if not' 

read*» err
if < ar r .eci *0 » do to 16

17 print*» 'enter matrix of days in 5 crop stades by month' 
read*»stade
p rint*»'entry correct? enter *1 return* if so» *0 return* if not 
read*» err
ifiarr>da.0> do to 17
ndod~C
call evapp

L -~C-

■ I t . ,

■m

- f<ndod.ne.O) do to
call evapa
1 f < Tided - ns »0) do to
caul aouust
- f •: ndod*ne »0) do tc
call yielda
if(ndoa»ne»G» ) do tc ¿99 
call output 
do to 700 

¿ 9 7  call dod

-if'
'4
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700 continue 
end
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0 л К * s o i. и » г 
; latitude»
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e
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data t10/7.4.9,4.12* 1.14*7»16* 
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Row 13 is latitude.
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data 118/1,1* :• - 45» 0.775» 1.03 
k 1 * 1 * l , 0 7 5 * 1 * -j 7 5 * »S?ì .ì *»35». 
'SI .123» » 7» .273 > ,075» 2. » .45» .7/  » » ^  /  O  > • V  1 O  » .

.*.75,1.15».85».675».S5»S.».45 
•SI » C23 ? . S » . 5721.775 » 7.1 » ► 4 » » S 
*7.2» .4, .775» 1.125» ..875» .575» 
*8 » 2 » » 5 »»675 »1.»1.»1.»>725 » 9. 
*10.».35».673»!.025».925».85? 
*12.»1.175»!.7»!,2»1.» 1. >1.12 
7*14 ► ». 35» ,725»! .075» .775» .525 
*16.».45*.3»1.125f.95».65».85 
*18.»,35».75»1.125».75».4*.8? 
*20.».45».75»!.15».875*.625» . 
*27.».35*.75*1.125*.7».225» .8 
*23.» 0.95»C .95 » 0.95 » 0.95» 0.95 
end
•subroutine svi»?

* r* * * * ********:* ***********
this subroutine calco 
for s reference crop based 

** * *S% *************% % **** **

>0.95>0.30?0.73.1-2?>375*.85»
7♦1 » ».925».9’.375*2.2».35».75? 
7»! .025? .95* .375* . 3 » 4» » .45» 

.625*.6^• is » » •■ » * »**J> » / O »

.825*8.1».5?.75*1.023».875».8».85»
».45».775»1.125*1.075*1 .025» .375, 
.73,11,?.45?.75,1.125».9,.775».325, 
5»13.».35*.75*1,125?.675*.225*.675* 
,.8,15.».35,.75*1.125».75,.45*,825* 
? 17►».45* »85»i*15».775* .55». 9 o »
19.*,35».75»1.1*1.».3».9*
325*21> ».45».75,1» ».85» .7».8»
J

*0,95/

s potential avapotranspi ration
-on tna netned of PeiiMian.

comber; / s .•if r- 1 i 7 -r / er , cr >,
T- «* •  W w* -v' V » w 7  W ✓

19(40*2) ? tl0<13 
,.16604(3*5) ? 11 6 ? \

• 11),til<13*5)» 12(19*2)» tl5(21»6;> 
04(5,5)* 116303(5?5)? 116603(5*5)* 

16902(3*5)» 116302(5? 5),tl6602(5,5)»tl6902(5?3)? 116301(5?5>?
4)? t20(10,5)» 12263(6»6)*

,6*6)?*  O  "  n  !  L  ,  i  ’
V  -è» W  V » O  ’  ■' 1 V  ^  ^  fc

'/  V  -  w  w  • -

i02267(6»6) 
iti 3(7?27)
C O ili -Ti C / d

¿ad <!2) »f ar»n( 12 ) » an ( 12) » tf ta( 
Orni(12)?rn(12: . r u(12 ;»udia(l 
Sete(12 ; » c(12)* -h(12)* uini t * e 
ytata(12)»ata(12)>?s<12> »stac 
••■•.ratio (5) »ks ' 5 • » ya»*a<?»ax » sa»i 
real n(12)»kc; 2)*ky(5) 
dloansion sten(12)

* * % % % % % % * % % % % % % % % % 11 % * « * * * % 
do 1000 k = 1 » :i 2

• 6 ) » 12 .2 v

» e a ( 12 ) ? • s ( 12 ) » ; i ( 17' ;• » f t c ( 12 » » f a d ( 12 ) ?
10 ; » w ( 4 2 ) » w 3 ( 13 » » f u ( 12 ) » r s ( 12 ) »
2 > » u n o c n 3 ( 1 » r >*i mi 3 »•, >, _ ? » t a o ( o ? u » ?
4 it. /
(3)?a!
n * kc ( 3 ) > c r op ? >: 1 a t > a 11 * d ? sa * ndoa

) *p ’■ ■? ̂ » .2 *2) j pt - ,  ;V w w ’<;s) »st

e
c

calculate Silurati- vapor ■fessure

Jo 1 J-2 ? 40
i ? ( ta«;p (k) »1 *19 ( J > 1 ) i
i f (nrou , ea. 0) ndos-1
i. i v n r c -a , e w • 0 j ;• £ to rn
;>rowi = nrow-l
(iii t- 18 < n row * .1; -t?(.v'o
i f < test ,ea.0.) ndoa*l 1
i f < test.eo.0.) retu rn
«a<k ) - ( tsfr.p ( k ;- 19 ( n r c e

•i *.

/. / , s i ♦ t9 » ■•’• ■“ . » (. » / ■ t J

,9(nrow>1)-1?(nrow-1 » 1 ) )*

IÌ
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calco Lete extreierr

(. s_
• noci-0
r do 2 J=1p1C
•

2 if(xlet.lt.tlO<13»J) 
if (ned .sa. 0) ndcd=2

( if(ucci.ea.0) return
test=tiO(13»ncoltl)-tie'13,ncoI) 
i f ( test, » é*q » 0 . ) ndo3=21 
if(test.eo.O.> return
rs ( k ) = ( ;:1 et- tl 0 (13 » n e d  > ,' / ( 1 10 < 13.. ncoi t1 ) - tl C ' i3 * ncc2 ) ) * 

1 ( tl 0 ( k 3 n e d  ti ) - tlO (k j neo I ) > tt 1 C ( k • ncoi )

' £  1 C 'J  1 w  t  é  -Tt 5  X  1 ¡Ti ’-i P C S  S X

ncc J
1  ■: P  '  1 - i- i l -  i- i  -t < «  T  ,  : \ . 1  ^  a
%.* »  l ' » / ' » « &  V » A  V  » V  i  A  . ^  W 1 'J  .* ♦  W P f -.J '  • - A  W V *  .

jiours of redisticn

+ i -w 1 ncol=J
i f i i*icc x ► ̂lì * 0 > n d o e—3 
if<ncoì rSa.C) return 
test=tl 
v ■ w z. S -■ i ?;.t t 0 . ) f : i i O — 3 .. 
if i te<st .scuC . ) return
n' !0-( Miat-tl 1 ' 13» n e d  ; >/ ' ti 1 ' 13> noci 
i(tli(k.neoitl)-til<k*ncd>Ittll(k.necl

’ w A * i * W ̂ ti W OCC« . / 'i-

cu le.-Iste actuaI vspcr i>r#ssu!

e d ( k ) = e s ( k > * r h < k ) /10 0 ►

calcolate temperature attenuatici* -?f feci

n rcw=v
de 4 J-2 3 1 7

4 ifcte»p(k *.dt.t!2:J-1j1)*snd» temp:k).1 e „tl2 ;w ? 1>) nrew*J-l 
if(nrcw.eo.O) ndosi=4 
i f (nro w .ea.0) retur n 
teet= 1 1 2 'n rowt1 ;l)-tl2 inroa»Il 
1 f C t e e w * e e * C ♦ / n d c d 41 
if(teeL.oc..O#) re torri
ftc ( k;- ( te:»p<k >-t!2(nrow» 1) 5/M12 in ruoti 31)-112<nrow»1 ) ìt 

iitl2<nrowti»2)-t.l2<nrow»2))ttl2i nrow» 2 )
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creali il eia vspor pressure sti i Lijs tu 3j i to ;

0  '  I,  » _  «1 C %» V rs > -V ► 4-0.044*sartiedik))

osi sul sta sdJustxent for se tasi rad isti c-r; 

f snn ' k ) =0.1+0.9*eri ' k )/r. HO

evslustion of tetripe rsture/sl ti tude sdJusti&snt f

nrow=0
do 53 i;=3 .< 21
i ? ( teisp ( k ) -St.ti5(i-1i 15 » sad *+■ -2 . . 1 V- \ 1 - VCliU* W\ / • s c* t i 5 < i » 1 ) ) n
if (r.row.ec .0; ndoss=5
¿fi > 0 ) rs.-* Ai f >. ws e

A . < r. r-. w •_! » » 1

A* « O S W r 3 V b V S w > 4 .* r — 4 \W X 7 » C.- » ' •. -• i *•r w k V *t | 4 c? m  . ■X »•? «- w X t_> « A .' } nroi =J-1
i  f ' Tt 3 '■* I r - * '“i ) r  <*■ •— .iW Xi *~ w
ifincoi*aa>0) reture
Z- ■ -t* 1 = t-1 f” • * ■* C «4 ~ <» 1 > -1!3 ;r- r 3 W ?41 ,

1 t2 = -t 1 ̂ 1 ;nccl •ri ) -tis :1 ? fi 3 c1 )
- » '* vC v x *• v- P *.» » »: '■ ; *> .j ». ■*:- « a j, i » w* iZ S W ... s: *.» • v * ■' H C; O ̂ - 6 1
A ; • T.- W .* l* W U r j W ) J* o > ->» L- C ̂ W li » W-1 A \b.4 t w » / return

eels-ulate ta.upe rstu r a/sl t i tu de fector

tfte(k) = < teffiP< k > -115 C 
1 (tlSCnrc-i + l incoi)-ti 5 
wik) = <slt-tl5i lM-.eol) 
1 < ti5i nrewjnccl + 1>-tl5

rtrow» 1 ) )/<tlSinrew+l >l)-tl5(nr 
(nrowmecl > )+tl5(r»row.*ncol ) 
)/<t!3<l .M-iCol + D-tlSi 1 incoi>># 
( n row) n e d  5 ) f tf ts ' k )

J 3

u -<"•>< k , ZXltusìia ik) + < 2 4  » -n ( k ) ) *60.Misturicene < k > )
fuik)*C.27*<l » +u/lOC , )

;• e m ora . = t i o n f s c t c r s

•s<k>=»ÌC*23 + 0.50*sn(k) . ) ) Wr ,

ss ter

rcw=i-i

O W l 1 ) ) *

/1000*
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: nI< к > =fte í К > tf зг.г, í к > *f ad í к ? 
: :;sk)=0.75*rsík)-; C.Ukí

calcúlete e factor 
r u С к >*ud i a í к )/anoche t к 5 
do 6 i=2»3 
Je 6 J=2»5
if í rhaian ' к ) .se.30. and. rhrrs;; ' к > . i t » ¿ 0 . ; âc tu zZ- 
Ac to 69

60 i f < ru(к).le.4.and* ru(к )» £ t..3 .)
1 tabi i» J)=-< ru<k>-4.0>*< < rhaa>s<k)-3C .>/30.*
2 ч ti6603( iíJ)-tl6303(i»J) ) + t!6303 rhas;:-:.;-20, >/30.* 
3í ti6604 < i » J>-tl6304(i » J ) )ft16304 ( i » J ))>
4-K rhmax < к ) -30 .1/ЗЗ.ЖС ti 6604 í i » J ) -116304 < i » o >;1116304(i,J > 
i ? ( гu < к ) . 1 s ► 3. and » гu í к ) , л t * 2. )

1 tac í i » J Î =-'ru < к )-3 * 0)Ж í <rh»axík>-20.J/30.Ж
2 ( ti 6602í i» j;-tíó302<ií J; }itl6302<ifJ)-<< rhas>. < к > -3C. ) /30. * 
3<tÍéó03U> J)-tl£303<i» J>)t IÍ6303í í * J> ) )
4+ ( rhnax < к > -30-. > /30 . * < 116603 < 1 » J ) -116303Í ¿.. J > ; ft26303í¿ • J)
¿ f < ru < к >.1 *.2 » and.ru(к >►áa♦1. >

1 teb ; i .« J ) = - ‘ ruík) - 2 . 0 > * ( ( г h rs 3 я <k) -30 » 5/30 » Ж
2< ticsOKi» J>-tl630i(i» J> >*tl6331< i » J>-< ( rh,T. a . ; к 5 -3.0 .>/30.* 
2ít!óá02íi> J)-tl6302<i» JmtÍ63C2-:i» J>) )

rhma;: < к } -30 » ) /30 * Ж < 116602 < i » J > -116302 < i i J > ; rtl¿3C’2-:i > J) 
io to 79 

¿9 í.or;tirvje
л-Г ' ru'.k) .la.4.and. ruík) >¿t*3» )

1 i ; j; = ■ i ruík ) -u .o) ж ( ; гь,7rs>¡ <k> - 6 0 » >/зо *.;<
2 < ti 6903 i i? j)-tl»é03< i »J> > tt 16603 < i .. J) - í í rínca.- •;,-60.> /33..* 
3U16904(i» J)-tl6604(A» Jí)+ti6604'.ií J> ) )
4+4 гпдаам í к >-60.)/30.* í tl¿?04 < i t o ) - i16604 ( i » J) ' 6C4Í i • J> 
i f í ru < к). 1 a . 3.and_ ru < к ) . á t. 2. ) 

itafcíi*J)*-íru<k)-3.0>*<( ;■ hr>¡ ar; \ к >--¿0* >/30.* 
2ítl6?02ii»J)-tl6602<i*J) } rtlóé02 ( i ? J ) - ( < rír. . 5 -60 . ) /30 » Ж
3< t!6903< i j J)-ti 6603 C i» J) > í-t 16603' i »J)> )
4 + í rfctftax < к ) -60 »)/30»#<tl6?03íi*j)-tl6603(i»JJ>rtl66C3íi>J) 
if < ru(к ).1e »2.end.ги(к ) » de . 1.> 

itab<i»J)=-<ru<k>-2.0>*<{rh&ax(k)-40.>/30.%
2 í ti £901 íi» J>-tléó01(i?J>) * ti 6601 í i .» J ) - t C rh*a>-. ' к ; -60 .)/30»*
3 í 11 ¿902 ( i » J > -1 i 66 0 2 ; i » J ; ) +116 60 2 •• i » J ) ) )
4+ í rimax < к >-60 . > /ЗС .Ж (116902 < i • j > - 11 ¿602 ( i »- ,■ : - г 1 o*02 ( i > J >

79 continua
6 continua 

necl=0
i. row = 0 
do 7 i=2«4
i Г < ud i г ( к ) . a t . 116 3 C 4 >: 1. i > , ond .ud ■; k> » la. tl ¿30 4 í 1 > i + 1 > > nco

7 if<rsik).St,tl6304<i11>.and.rs(k>.ta.t!6304; i-1, 1 ;> nrow=i 
i f ■: ncol .sa.O.or.nrow.ao» ; ndoa-S
i f < ncol .эа.О.сг.пг cw.ea.C > return 
;;»raw®nrow
■incoi-ncol - ■
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c(k) = < udi a (k >-< xneol $ 3 
i(tab<nruwf lincc-ifl 5-ts! 
2 (<rs<k>-<ünrcwî3.-3.)’ 
3+t*b(rsrcw»nco: : 3 )
4-K rs < k * - < xriP3>»*3 ■ - 3 * > >
¡¿Ttsbi.-iTOW jnCOl '

.-A.)5/3**<i rs<k)-(>:nfOtt*3.-3.)i/3.* 
b C nro-i ncol + l ) ' ft 3b ( r.rcivi ! ncol + 1 ) -
.* U * t < b t ( n rO(*f 1 1 r>C 0 1 te b i Pi "GW .* TlCO A 3 j

/3 . * ( tab C tirouf 1 . ncol ) - ‘¿sb ( nrow» ncol 3 )

calculate reference evapctransp r*

eto < k ; =c < k ) * ( u < k ) * rn < k ) + < 1. w(k))*fu(k)*(s3<k) ed<k) ) )

1000 continue

c
c

calc.:l3te nonthla na.iiraura evapatranspi ration

do 101
101 eterni k.;=0 » 0 

do 100 k=l,12 
do ICO i*l»5
« f I s 13 3 s f i j k / * e u ♦ u 0 * ; ^
if ( Sto^£ i * ?k ) » 3t- » 0 » 3P-1 r 

-istsâe ( i .•> k ) #e to ' k ) f < 30 - 
it < s133e "i i ? k . * ec * 0 ► 7 G*T-

100 continue

tarait- • -etera 1 k - f ko ( i ) *stase < i ? k. ) detrai k ) 
stase < i » k ) » 11 » 30 » ) e tera C k )-etex ( k ) f kc ( i ) # 
stsâe• i  -k ) )*e t o C k) 
a,T.<k>=eto<k)#30.

<- i ̂  ~> U 4 V j , = i ? i:
' et*(k?*eta»<k s 
return 
end
s u c p c u k u n e e v a e a 
ccramcn / s / t9(40 f 2)j f 
Jcti£3C4 15»5) î tié604<5»5) 
*tl6903<5»5)jtlà302(5»5) 
*tl6601<5»3)»tl6901(5»5) 
*t2267< â>6) > t2250<6»6> 1-1 
* 118 < 7 » 2 7 )
eommcn / i / tin?(12>.e 

*ed(i2)* fsnn1î 2 3 ? an < i 2 >» 
*rnl ( 12 ) . rn< 12) > u(12) . u 
*eto< 12).*c ( 12) ? rh<12)»wi 
fteta <12)> e ta <12‘>?#<12) 
•S', ratio < S ) »kï!w ) • a ra » asroa>: 
real n<12)»kc<5)>ks(5) 
dimension tetra-: 12)

.3:11) i) » 112 < 19 j M  ? ' O 1? 21>4)
»tl6?C4(5»5)»tl63C3(5»5)»tl6603<5»5)» 
j tl6602<5f5)»tî6902<5>3)»tl6301{5.5)»
> 119 <10 »4 ) »t20<10. 5)»t22S3< 6*&), 
2233(4.à) » L2217 ( 6 » 4 ) .t2200<4,.4) ?

a < 12 ) > ra<12) »r.< 12) » f te ( 12) » faci 12) > 
tf ta < 12 ) » w ( 12 > . «3 < 13 ) . f u < i 2 ) .. r 5 < 12 ) 
dia < 12) >unoche ( 12 ? 7 rbiv-s;; ' 12) . tab 13.5) » 
ni t > etra ( 12) » r- < 12) » rsa ; d < 12 ) « ssi ( 12 ) ? 
jetac(3)»etoc<3)>*tase:5»12)'i 
» aarain ;kc(3)»c pop » % 1 a t> alt*d » sa » ndos

c
c

find crop S roup



do : i ~i » 4 
do 1 w = l? IO

1 i f ( t i ‘? ( J » i )  . e a . c r o i » )  n é r o u p -i

ws(C) = .i»s>c(0*0 >uinit) 
de 1001 k=l* 12 •

find exhsL.stion frsction

tetra k ) =ets. ( k > /30. 
nccl=rì3rouP-H 
do 2 i =3 » 10

2 if (tetm(k) ,a't . t-20 Ci-ltlì ,and.t*t»<k>.le.t20<i» 1> ) nrow=i 
i f (nrew » ea. 0 ; r»rcw-3 
test-120 ( nrou»l)-t20( n rou-1 * 1 ) 
if(test.ea,0.) ndos=69 
if i tsst >83 »0 * .■ return
p ( k ) = ( ie tm ( k .) -t-20(nrcw-l » 1 > ) / : t20 i n row » 1 ; - t20 < nrow-i . 1 > ) * 
1 ( t2C ( r<rowincol )-t20(nrow-l» n e d  > >+t20<nrcu-i »nccl ) 
resid ( 1,0-p (k) )*diss

calcolate ssi and sta

if (stiri\ K f 50 - J„ ) r »d o s " 7 9
i f ( e t ¡t-* K)r fi -ir » .» rG 1- U r m
ss i(k >= (pe i  k 1 *V-3 :k - 1 5  - T'fisid ( k )
if(ssi (k ) 1 4 » s w.0 i*1!» eJ s:s(kì=>e k -t u a ( k -1 )
ifissi (k),ss * 1* '*>) 'il(k /
if(ssi ( k*, S 5 .0 , er * 3 s i ( k > ►I•t.0.0) So tc
do 3 »— f6
de 3 J— n— A$és
if(ssi ( k),u > .0 . an d » 3 s i ( k ) 939 ,0.83) tsb

1( 1.0-0,33)*( tetfB(k)-t2283(i f J) >+t2283(i»J)

;2267 ( i, J )-12250 < i » J ) )+t225<
). 5 0 . s n d » 3 s i ( k ) * £ e » 0.3 3 ) ¡.si

4 eA »( s s i ( k 7 ♦
1(0 ► 3 - -0. 67
if ( SS j. ( k ) .

1(0 » £• 7 '■0.w C
4 f a »( 5 5 i i ) ♦

1(0 .50--0, 33
if(ss:. (k ) .

1(0 ► "* 0 #■4 -r
i f(ss:. (k } t

i j

;) = (
J > =
J)
J ; -= : ̂

w» / 4. ^  * -s t j  J  J  T  w ̂  s> • > » a  .

SOii»
i l

.¡) =
1(0* 3.3-0,17; * < t2233< ; » J ) -1221 7 ( i » J > ) +1221 7 ( i > J ) 

,t » v ♦ 17 » *nd • «si (k ,da .0,00) tab ' : ; 2 i 
1<0.17-0. OC)*(t2217(i»J)-t220C(:.*J))+t2200<i>

3 coni;inus 
n row-'-'0 
r,eol=-0

s s i ( k ) - 

( ssi <k)

issi<k) 

issi (IO 

(ssi(k) 
(ssi(k)

0,33)/ 

-0*6?)/ 

-0.50)/ 

-0,33)/ 

-0.17)/ 

- 0 , D 0 ) /
w j

«io ; 2 j 6
if ( ,l.j*t22S3(i .* 1 ) »*nd» tfliiftlk )^t, 12283(1-1 * 1 ) > r>row-i
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if(rssid(k). le.t2233(1> i).snd.iet. 
i f i nrok »ea >0 »cr. neoi . ea.0 ) nrow=4 
i f < r. rou.ea.O.ur.ncol.ea.C) nccl=4

> . s ! i-l)) .-¡col = :

jfinro-.ssrO.ortncsl»Sfl.C) ndc2~10 
if inrow .SQ.O.cr.ivcal.sa.O) return 

tsstl=t2283inroup1 •-t2283<nrcu-t*1 > 
test2=t2283(1»nccl'-t2283< i•ncol-1) 
if(tastl.ea.0►) ndos=100 
if<test2.ea►0») nucs=101 
if(testl*ea.0.or.test2.ea.Q.) return 
lets < k) = < tetf& < k) -t22S3< n rou-1p1 > ), (t2283 i n row • 

l<tsc(nroM»nccl)-t£bCnrou-i>ncol))tt3binrow-linco!.!
sts(k)=( C resi d (k)-t 2283(1» ncol-1); / (t2233( l»ncol)-t22S: 

l*i tsbinrowpncol)-tab(nrow jncol-1)5 + tets(k))*30»
¿00 continue

)

investisste the sbove interpolsticn

1001
us<k>*P6<kj+ws<k-l)-sts(k ) 
c s r> t x n ’J s

end

c ****************** * * *************** * .K
this sub rout. calculates
e V3eitr3fiSP i 'gtior;

1 >Ti P u . c? ; v 13 i
e v s i- cir sns r-- x r s t x o r

for each sts-Sa of the crop csveJ oPiaent c u d s ’, 
ecv.ncn / s / t? C 40 > 2 ) p 110 < 13 p 11) - : i 1 £ 13 • 5 5 p 112 £ 19 > 2 ) st 13( 21 p < 

*t 16304<5pS )» il6604£3pw)? &16904 (3 j 3 ) p 116 3 03 i 5 p 3 > ? t!6603£5p5) p 
*tl6903(5p5> pti6302£5p5) j tl6602< 5;5) ptl69C2<5 p5 > ptl63Cl<5p5) p 
*il660K3pS) > 116901 : 5 p 5) p tl9 ( 1 0 p 4; ? t20£ 10 »5) »t22S3(6p6)p 
*t2267 < 6 p 6 ) pt22S0(6p6)pt2233<6p6)pt22l7<6p6>pt2200(6»6)p 

*t!3<7»27)cannon / d / tea?<12)pea<12)prsi11J pn(12)pftc<12)pf*dil2)» 
*eci< 12) pfsnn< 12) pan<12)ptfts<12)pw<12)»ua<13)pfui12)prs<12)p 
*rnl<12)p rn<12)p ru<12)pudi«<12)punoche<12)prh»e«<12)pt3b<5»5>
*e to C12) p c <12).* rh(12) p wini t p etm£ 12) p p < 12) t resid(12) p ssx £ 12) p 
*tsta< 12) >et3< 12) > p«( 12) > etsc £ 5 > petocCS) pstsSe ;5»12) p 
* retioiS 5 p ku < 5) > un * usmsx p usminp kc i 5) p c  rap ?>:l£t > si t p d j ss > ndos 
real n £ 12)p kc < 5 > p k« < 5)

* * * * * **** * * **** * * * * * * *  * * * * * * * * % * * * * * * * 
da J i -1 ;> 5 
stsc<i)=0,0 

i stoe(i)-0.0
do X = X P 3
do 2 k*i p12 
J. f {stsse £ x p k ).at 0 .)
if£ stsse £ i pk)»st.G .) etsc < i)*etsc < i)+stsse < i * k ) *ets'k )/30.

etoc< i ) =e toe < i ) -i-stsse < i pk ) *sta< /30.

2 £ ■: ■ . xnue, ( O ̂ ¡.I .i’•M Is ^ A - i f w
22 write£6p5000) etoc'.i)p stsc(i)

l .1
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500C format :3;{»lp2e20»2 5 
return
v? i » О
subroutine bieldé

с *ж********£*********Ж**************
о this subrout i пэ calculates actual alale
c actual and potential evapotransp1 rati;
c of crop development
c ЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖЖ*

coaaon / s / t9(40»2)»tl0(13»llî»tîl(13 » 55?tl2<1?-2'-115<21?6>» 
*tl6304<5*5> » tl6604i3.*3) *t!6904<5»5) • 11¿303 < 5> 5) »tl6603<5»5) » 
•*tl6903<5»5>»tló3Q2<5»3>»tl6602<5»5>»tl6902<S»5btló30l(5»5í»
*t16601(5»5)»t16901<5rS)>ti9<10»45»t20<10» 5)»t22S3íó»6) »
*t2267< 6.» 6 ) » t2250 (6 ? ó f t2233( 6 » 6 ) » t2217<6» 6) » t2200 < 6» á> » 
*tl8C7f27>
coaaon / d / temp < 12 ; .• за < 12 ) > га ( 12 ) . г. <12 )> f te < 12) ? f ed С12 ) > 

*ed<1 2 )*fann(1 2 )»sn<1 2 )> t f t e U 2 >•w í12 ; » us<13)* fu(1 2 )*rs<1 2 ) 7  
I m i  ( 12) » rn( 12) » ru< 12) »udie( 12) » unochs<12) » rh»ex(12) » tab<5>3) ; 
#etc<125 »c(12)» rh<12)»winitastai 12)»p < 12) > resid< 1 2 b  asi < 12)» 
i’teta i 12 5 >eta( 125 j p s ! 12? *etac<5) »etoc < 5) »staàe<5>12> »
*retic(S5 ? к a < 5 ) ? am » asme*: » a a mi n > к c < 3 ) ? с r cp j >•. 1 a t » al t • d.« sa • ndes 
rea! n<12>>ke<5)-ks'3) 

c Ж Ж Ж Ж * Ж Ж Ж ж * ж Ж ж*#*** Ж Ж Ж Ж Ж Ж Ж * Ж Ж Ж Ж Ж Ж Ж Ж Ж Ж
i

d w ..
; f i  f  - , t  л  .. л * « t  -v
., •» Ж 4 .•* :

U *■> J> «■'»,* j
T ■. £5 .'i С \ X * ♦ S Д а 0 ► í

ci i)»es»0) ret:;rn 
i ) = < 1»0-atac< i>/stoc<i))*);• 
i 0 í i ) * 31.1 <• 0 ) г a t i o « i ) - i » C 
-1 1 5

i te : 1 5 0 0 0 ) rat iu( i)*k«<i ) >e ta. 
f arma t < 3>í » lP4e20 * 2 ) 
ar; i - 1 » 'j

. Л - ■*
1 Л

i 3 lí . Ô
J u 2 --1j5
У.*ЙХГ;-Чг1пЖ<1.0-ret
У í'\ ¿i * ' ■" ’■»a.>; <ac»s>;> rati
wri te •' 50005 aiftin
writs'. 6-5000) ama:.;
continue
ae,T>.ir,=ymin*am
У 3 ¡T» 3 “<1.0-атак)Жа
¡ ' ff u w Г t
£ П rj

common 
‘*tl¿304 
*tló902 
Ж116 6 01 
*t2267< 
Ж Ы  S < 7 .* 
со ¡ti mor, 

Ж e d < 12 i 
Ж r n 1 ( i 2

tine output
s / t9< 40?2) 7 tlC 113? 11 . , t i 1 :U- 5) » tl2 : 1 V ; 2 , t!5.'21 »6) - 

•3-55 * tl6604 < 5 ; 3 ) »tl6904<5»55 » tl6303<5»Si * 414603(5*5)1  
< 5 > 5 5 ; ti 6302 ( 5 - 3 5 » 116602 5 5*5) * 1 1 ¿9 02 5 5 > 5 ’• » 1 1 £301'5 * 5) * 
.'5*5)* tl6901v£*5>*tl9<lC*4) - t20< 10-5) * t22£3 i 6 * 6 i »
6» 6> » t2250( 6 >65,t2233<6»65
7 *7 •

1 * ¿ .* .♦ a- '
d / , s m p <. : e г -. 1 :; fedii?)»

•fermi 12)»ап<12)*tft»(12)*w<12)*we(13)»fu<125 »rs(12)»
).» ud i e < 12) >unoehe( 125 > rhme- ( 125 t i sb 5 15 5 ?



\
. \

•Cl3>y rhili) y-inity*t*U2)ynCi2)y residiiSl »3SÌU2: 
*teteC12>yeteCi2>ypeil2)y etsciò)-e toc(5)•sts4e Í 5 • 12 >»
^ ' 5 w 4 O ( ¿ ) < к i í о ) ? ‘¿Si * i í м Зл ? э 33 i¿ Ч  kc ( j Î í С Г i3 i■■ í £3?ridc
г e а x n ( 2 ̂ ) у к с с" 5 > ? к у \ С- .*■ 
dits iff/о 'li-'/
«г its(6.4??) iff 

499 f о г ее t ( a i . / /// 3 >í у 18h i г put 
writs(i?501) с гоя•«a » . lat
f с г Д1 ô t i - i í 7h-_* í‘ c? ~ f > a f t ox ? 24híR3xÍMiiiT)

*f 10.2.* 4m »21hlstituda Cdeárees) = yf4.i/
#3>;»20haltituda (neters» = > f¿.2»ó>:»23 hrcot готе '.aetsrs:
♦ f3.2» 14>cy32havaiiable soil moisture (am/m) = yfS.i/

d a f a = *
. al t y d y sa .» w i m  t.

501 i ’ fi íká/ha) =

*7>, ♦ w/»y 34hin itisi ÔV ¿1 labi a noi
wr itei d 9502)

502 fo m a t (3ï.f 20hnonth i y uaia (
wr i f л /4 VC «6 9303)

503 fc г (r. at ! ~t> tafУ t 11 h tenne rato re ? Ay
ЯЗмЖзх » nütbiui 13 ̂ 2/í ̂ 3>í ? &Ptíiu3Í d » * 12<з^зз í í m S w x n d у 3 j? ?
*13hnighti«e wi - -i, 5x> 8hsunshine/4xy9h : Celsius) > iC>: y 4h< ®») j 
*iix»3h(Z) • 2 2>; • 3h i % ) » ió>í?h ( »/sec ) » 8« » 7h C 6/sec ) >
В̂л í Sr» í П Г / d3 3 ) / / *
■J - 1 i, = ■» . »V»W -Ь К  -  * • • é.

i w n  te ¿ » w u •* r1 e -~i я С к / у я ¿* ( л ) ? г л з з х t к ) » г л í х 
504 f с г mat ( Z:: » 7 \ f 1 0 ► 2 ? 5‘; ' ' 

writeC¿y305>

3 ( к j ? u n o c ri e (k ) j зл í к )

. r¡ dSiiforms 4*w/ / / / / 7 ./ w • ¿tasas ? ОУ f>» О Г; t- ;"ï f J .4 ü»>ГЗtien of stase
4e* > • Иг./• 2 ... - Se » 4>; ?4 •U? 3x5 lh2* c 7tai r » :••• 3» 5;; » Ih 4 » 5y j

$ 1 i"i O J W » • t ̂ <-• _ • * ? , «>* • , Г 4 * « . •ж. Л 4 к tal , • - ••* *'•>■»’* w ■ ■ ? j.» ?- -r -> ̂ W'< r ..<4 K Лт* ’ л 4 f ̂  ê i ? 4ш X ¿ /■ -f.w О •-J tai ^ X— ■* c* *
W Г X ti* • w 7 w* Vó / .1 * X C- c-á ¿* * ж > : y k~ 1 у 1 tL ’
f С m a 1 ( 5>; .» i 1 r 3.:; • 12 f ¿ , 2 )
w r i te i ¿ » 507 > i ff
formatisi?////3.:; »23h results of the 
wri te С6у5<

'  . ••■ ГЛ Fel г
;оз) У ы f У 3I)»¿)
» 2 4hи £ i j> *>i U m
i nun actual
• i»lU »»¡ actual
;o9)
12óh f »l w* /*. X M (J »7i

yield (kg/ha) 
yield (kg/he) 
yield (kâ/ha)

>a! as is////

y f 10.2/
»f10.2/
yfflû .2////)

evspotrsnspi ration .* 5 я.»
*25hactuai evspctranpi r ation//) 
do 3 k=l>12

3 u n  te:¿»310) ft»Ck)y s t a i к )л •.* A W f ortaa t ( ¿- • ls :3 20.2 y 1 C>'. y i я e20 » 2 ;
w r i t a : ó » 511 ; «f r

311 ferastCal/// / -y - 20hir»ta medi ate results/ / f - ..> Shea >- ) y 15 ;í у 3h г a ( к ) .»
■* i5;: > 5h n ( к )у 13>: • Shed ( к ; у 15>; у Shf ad( к ? 15x » 5h fsnn//) 
do 4 ::. = !> 12

» w г i t e ó j 3 * 2 a a { )  » r* ; ; у n ( к ).» ed ( к > » fedi к. ) .* f a n n i к )
312 f ornât ( l>i > in és20. ,i ) 

w r i t a ( ó * 513 ; iff
313 fornati s 1////3-; .* 2 Oh; л te medi ate resul t ■»//11 » 3htf t s ( .15; 

*1 £;;.» 5hf u С к ; .» 15j; y 3hrs< к ) y 1 5>î y 5hrnl (к y 15>: y 5hrn < к >'// )
de 5 k-i » 12

j 2 л w ( к ) 7
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CHAPTER 6: OPPORTUNITY STUDY

INTRODUCCION

Cada vez más y más la evidencia demuestra que el uso agrícola 
de Plásticos especiales puede conducir a incrementos substan­
ciales en la productividad por área. Experiencias previas de 
ésta y otras instituciones han demostrado que el uso de agro- 
plásticos puede aumentar el rendimiento de las cosechas» dis­
minuir los cestos de producción» al mismo tiempo que permite 
obtener cosechas fuera de las temporadas usuales. Tomando en 
cuenta los objetivos de desarrollo nacional» los plásticos 
agrícolas podrían contribuir substancialmente a lograr las me 
tas de producción alimentaria que se han fijado y coadyuvar 
a reducir las marcadas diferencias de desarrollo que actualmen 
te existen entre las áreas urbanas y rurales. El empleo de 
plásticos podría también ayudar a fortalecer los nexos entre 
los sectores petroquímico y agrícola.

1,- Este reporte presenta el potencial que podría tener el 
empleo de plásticos especiales en la agricultura nacional 
para lograr los objetivos de desarrollo económico y social 
basados en esta actividad económica. Un reporte adicional» 
en etapa de preparación, examina la posible relación que es­
te desarrollo podría tener con la industria petroquímica na­
cional y la posible contribución adicional que esta interre­
lación podría tener para ayudar al logro de los objetivos na­
cionales de desarrollo económico y social.
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Este trabajo se basa en información incompleta, su propósito 
es solamente el demostrar que existen oportunidades que de­
ben de ser evaluadas más a fondo. Ofrece un plan tentativo 
para llevar a cabo una mejor evaluación de las posibilidades 
de empleo de plásticos en la agricultura nacional y regional 
de tal suerte que permita tomar decisiones >ra implementar 
proyectos y definir políticas que promuevan empleo de tec­
nologías de agroplasticultura en las regiones agrícolas de 
México, en particular aquellas de las zonas áridas.

Este trabajo incluye los siguientes puntos:

2.- Tecnología de Plasticultura.

Diversos productos plásticos han sido utilizados en di­
ferentes aplicaciones agrícolas. Entre éstos cabe mencionar 
al acolchado o arropado de suelos, agriculturas en sistemas 
controlados (como en invernaderos, macro y microtúneles), y 
en irrigación y drenaje. En todas estas aplicaciones se ha 
demostrado que el uso de plásticos permite reducir costos 
y/o aumentar la producción y ganancias. Los siguientes pá­
rrafos describen brevemente las técnicas más importantes e 
ilustran los resultados que se pueden obtener al hacer uso 
de ellas.

a.- Acolchado.

El acolchado.- colocar una película plástica sobre el 
terreno cultivado y desarrollar las plantas a través de pe­
queños orificios hechos a la película, permite conservar mayor

iI
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volumen de agua al evitar su evaporación, aumentar la tempe 
ratura del suelo, modificar la estructura del mismo evitan­
do su compactación, disminuir problemas de salinidad, con—  

tro lar el crecimiento de maleza si se emplean películas - - 
opacas, disminuir el uso de fertilizantes, reducir los tiem 
pos de las cosechas y en genera.- a aumentar substancialmen­
te la productividad y obtener productos de mejor calidad.
El acolchado ha sido empleado con éxito en el cultivo de —  

granos, hortalizas, forrajes y frutales.

La técnica de acolchado es muy simple, requiere la pre 
paración usual del terreno, la colocación de la película ya 
sea manual o mecánicamente, horadación de ésta respetando - 
el marco de plantación, transplante y (si se utilizan mate­
riales no degradablesjt, la remoción de la película al tezmi 
nar el ciclo del cultivo. Diferentes tipos de películas —  

pueden ser usadas, con diversas pigmentaciones, grosores y- 
anchos dependiendo de la aplicación y el resultado deseado.

El ancho de la película está dado por la altura del surco a 
cubrir (si tan solo se cubre un solo surco) o por la distan 
cia entre surcos o hileras. En algunos casos, sobre todo - 
si se cuenta con métodos de irrigación como goteo, chorreo- 
o aspersión, se pueden desarrollar los cultivos en terrenos 
profundos sin neceáidad de preparar surcos, lo que disminu­
ye la cantidad de plástico requerido. Usualmente se pueden

T
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utilizar anches de 60 á 70 cms hasta 1.20 m. Películas- - 
más anchas se pueden utilizar para cubrir 3 o más surcos.

Las películas pueden ser transparentes o pigmentadas en - 
diversos colores. El negro opaco es generalmente la pig­
mentación más común. Las película- transparentes, porque 
permiten el paso de la luz solar, calientan más el suelo- 
y promueven la obtención de cosechas tempranas; tienen la 
desventaja de no impedir el crecimiento de muchas hierbas 
bajo de ellas lo que disminuye, comparativamente, los ren 
dimientos. Las películas negras evitan lo anterior permi^
tiendo mejores rendimientos aunque no se obtienen cosechas

«

tan precoces como en el caso de los materiales transparen 
tes.

El grosor de las películas puede variar desde 15 micrones
2(o.ol5 mm, con un peso aproximado de 15 g/m ) hasta 100 6 

más micrones. El mayor grosor permite su uso en más de - 
un ciclo agrícola o su empleo en la protección de arbus­
tos o árboles por tres o más años.

La película se vende por kilos, siendo su precio actual - 
de aproximadamente $ 60.00/kg, para película transparente 
y de un 10 a un 15% más para películas pigmentadas. Esto 
significa que el transformador vende la resina hecha pelí 
cula con un 100 a un 120% mínimo de aumento de precio so-
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bre el valor de la resina empleada. El costo del material, 
de cubrir completamente de plástico una hectárea es aproxi­
madamente $ 9,000.00 para una película de 15 micrones (150 
Kg/Ha) í de $ 24,000.00 de usarse una película de 40 micro­
nes (400 Kg/Ha), etc. Esto no incluye costos de colocación 
ni remoción, mismos que deberán de tomarse en cuenta al lle­
var a cabo un análisis económico. Es posible sin embargo 
que estos costos adicionales sean menores o no incidan total­
mente si se toma en cuenta el ahorro de agua, fertilizantes 
y mano de obra para remover hierbas.

Como se mencionó antes existe gran cantidad de información 
que documenta las ventajas de usar acolchados en la agricul­
tura. Generalizando se puede decir que permite obtener in­
crementos en el rendimiento (un aumento desde un 20% hasta 
más del 100%), dependiendo del cultivo, tipo de irrigación 
y otras técnicas agrícolas utilizadas. Permite también ob 
tener cosechas precoces de dos hasta seis semanas y el pro­
teger las plántulas recién trasplantadas contra bajas de 
temperatura, lo que en ocasiones puede significar hasta me­
ses en el adelanto de la cosecha.

Además de las anteriores observaciones generales, experimentos 
realizados en México confirman el hecho de que hay excelentes po 
sibilidades de incrementarlos rendimientos de las cosechas en las
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condiciones climáticas y de suelo generalmente encontradas 
en nuestro país. El CIQA ha experimentado acolchado en —  

granos y hortalizas desde 1979, concentrando esfuerzo en - 
hortalizas ya que se consideró que éstas podrían pagar más 
fácilmente el costo adicional del plástico. No obstante - 
se han realizado experimentos para determinar las varieda­
des de maíz y frijol que dieran mejores resultados. Los - 
primeros experimentos compararon 22 variedades de maíz y 4 
de frijol. En el caso de maíz dos de ellas respondieron - 
substancialmente mejor que el resto; el frijol no dió re—  

sultados sobresalientes y no ha sido investigado en deta—  

lie después de esta primera experiencia.

La siguiente tabla presenta los resultados obtenidos con - 
las dos variedades de híbridos seleccionadas como las mejo 
res. Estas se investigaron bajo irrigación con tres dife­
rentes densidades de siembra.

TABLA 1

Rendimientos 
50 micrones.

de Maíz (Kg/Ha) utilizando acolchado de PVC de

Plantas/Ha. Híbrido Acolchado Sin acolchar

60,000 AN-460
AN-466

7925
7779 • 5356

5459
70,000 AN-460

AN-466
7938
6329

6256
5877

80,000 AN-460
AN-466

7798
7306

5866
6575
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En el caso del maíz, a pesar de que se pueden obtener incre 
mentos substanciales en el rendimiento, el costo de la pelí 
cula es mayor que el valor del producto que se obtiene. Por 
el bajo precio relativo de los granos, el uso de plásticos- 
para acolcharlos puede resultar incosteable a menos que pe­
lículas más delgadas y consecuentemente más baratas puedan- 
ser utilizadas.

Experimentos realizados recientemente en las cercanías de - 
la ciudad de ¿léxico ponen de manifiesto los problemas aso—  

ciados con la producción de granos con esta técnica. La —  

producción de maíz bajo acolchado fué de 1500 Kg/Ha, compa­
rado con un rendimiento de solo 300 Kg/Ha. en las mismas - 
condiciones, .sin utilizar plásticos para acolchar. Este —  

aumento de productividad es típico de los resultados que se 
pueden obtener utilizando acolchado en áreas de secano de - 
alto riesgo. Aún cuando se quintuplicó el rendimiento, el- 
costo del plástico es superior a los beneficios adicionales 
que se obtienen al utilizarlo.

Los cultivos hortícolas dan también buenos resultados bajo- 
,estas condiciones. Se ha llevado a cabo experimentación pa 
ra determinar los incrementos que Se pueden obtener al cul­
tivar pimientos, tomates y otras hortalizas empleando esta- 
técnlca. La tabla 2 presenta los resultados obtenidos por-
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investigadores del CIQA en el cultivo de tomates acolchados 
con películas de polietileno (PE), durante dos ciclos agrí­
colas.

T A B L A  2

RENDIMIENTOS DE TOMATE BAJO ACOLCHADO (TON/HA)

Tipo de Película Rendimiento Promedio % de Incremento 
(Micrones) 1980 1981 combinado 1980 1981 combinado

FE negro (175) 55.5 56.3 55.9 79 107 92
PE negro (40) 50.4 43.7 47.1 62 61 62
PE acol- (40) 48.6 41.7 45.1 57 54 55
chado.Sin Acolchar 31 27.1 29.1 — — —

Como se puede observar, se pueden obtener importantes in—  
crementos en la producción utilizando este tipo de técni—  
cas. Otro importante resultado que se obtiene es el de la 
precocidad de las cosechas, como se mencionó con anteriori^ 
dad. Por ejemplo, el uso de películas transparentes permi^ 
tió en este caso obtener cosechas 30 días antes que el te£ 
tigo, las películas negras hicieron posible una precocidad 
de 15 a 20 días comparada con el testigo.

Resultados igualmente favorables se han obtenido en el cul^ 
tivc de pimientos con esta técnica. La tabla 3 presenta - 
los resultados obtenidos durante dos ciclos agrícolas en - 
el caso del cultivo de pimientos. Como con los tomates, - 
cosechas de 23 a 27 días de precocidad se pueden obtener - 
de esta manera.
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RENDIMIENTO DE PIMIENTO CON ACOLCHADO (TON/HA)

T A B L A  3

Tipo de Película Rendimiento Promedio % de Incremento
(Micrones) 1980 1981 combinado 1980 1981 combinado

PE negro (175) 42.2 50.6 46.4 95.4 101.6 100
PE negro (40) 36 47.5 41.7 66.7 89.2 79.7
P? qc°].- (40) CilciuO • 32.9 52.8 42.9 52.3 110.3 84.9
Sin acolchar 21.6 25.1 23.2 — — — — —

En el caso de pimientos tipo Anaheim también se han obteni^ 
do incrementos substanciales en el rendimiento obtenido.
La tabla 4 presenta los resultados de un experimento. En­
este caso la primera recolección se logró 74 días después- 
de llevado a cabo el transplante en el campo; por compara­
ción el testigo sin acolchar dió los primeros cortes 88 —  

días después de transplantado.

T A B L A 4
RENDIMIENTO DE PIMIENTO ANAHEIM BAJO ACOLCHADO (PVC 

NEGRO, 50 MICRONES)

Densidad de siembra/Ha Rendimiento (Ton/ha.)
Testigo Acolchado

27 174 
36 232

28.3
29.9

40.1
49.1
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Buscando disminuir los costos de empleo de agroplásticos 
en acolchado se ha experimentado con películas potencial­
mente más económicas como el "Asfaleno". Este material 
se produce para fines de investigación en el In_ -ituto 
Mexicano del Petróleo. Ya que a la resina de PE con la 
que se produce se le incorporan residuos de asfalto, su 
precio es menor que el de películas de grosores compara­
tivos fabricados con PE exclusivamente. Cuando es sufi­
cientemente gruesa, la película es prácticamente opaca 
funcionando como una película pigmentada con negro de 
humo. Se probó en dos grosores y cubriendo uno o tres 
surcos, en el último caso se hicieron orificios a inter­
valos regulares en las regaderas, de tal suerte que el 
agua de irrigación pudiese penetrar por los mismos. A 
esta última alternativa se le denomina recubrimiento to­
tal en la siguiente tabla 5, la que presenta los resul­
tados obtenidos al acolchar pimientos con este tipo de 

materiales.

TABLA 5

RENDIMIENTOS DE ASFALENO EN ACOLCHADO DE PIMIENTO 
(CALIFORNIA WONDER)

Tipo de película Rendimiento Promedio 
(Tons/Ha).

Sin acolchar 10.6
Asfaleno CA-2 (20) 11.7
PE negro (20) 22.7
Asfaleno (137.5) 19.5
Asfaleno total (137.5) 25.3
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b).- Agricultura en sistemas controlados.
Otro uso de plásticos que tiene gran importancia es 

su empleo en la construcción de invernaderos y túneles. 
Los invernaderos se cubren por lo general de películas - 
d e ’"larga duración" (duración mínima deseable de 18 me - 
ses) de 4 a 6 milésimas de pulgada de espesor hechas de- 
polietileno o cloruro de polivinilo. Se emplean también 
otros materiales como plásticos reforzados con fibra de­
vidrio y, en menor cantidad, películas de poliéster, co­
po limeros y polifluoruro de vinilo.

Su menor costo, facilidad de manejo, resistencia y faci-
k

lidad de producción de películas de varios anchos, han - 
hecho que el polietileno se emplee extensamente para es­
te propósito aunque su vida media es comparativamente 
corta. Los materiales reforzados tienen mayor resisten­
cia al intemperismo y ofrecen mayor protección en casos- 
de tormentas y vientos fuertes pero su costo es substan­
cialmente mayor que el de polietileno.

Los plásticos pueden ser también importantes elementos en 
la conservación de energía. Por ejemplo, una doble cu - 
bierta plástica con un espacio libre entre las películas 
puede ayudar a conservar el calor por efecto de esta capa 
de aire aislante al mismo tiempo que disminuye la conden­
sación. Este efecto aislante puede incrementarse si se -
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inyecta espuma de jabón entre las cubiertas.

Los materiales plásticos pueden servir para recolectar 
energía solar y para distribuir agua caliente con ayu 
da de goteos, sobre intercambiadores de calor. Otros- 
usos incluyen la ventilación de invernaderos y la dis­
tribución de calor a través de tubería, en irrigación,- 
sombras, ensilaje y otras. Una innovación que se uti­
liza cada vez más es la hidroponia por medio de la - - 
cual los cultivos se desarrollan con las raíces dentro 
de tubos de plástico a través de los cuales se circula 
una solución de nutrientes; en estas condiciones las - 
plantas no requieren del suelo para obtener sus alimen 
tos.

El emplear agriculturas en medios controlados disminu­
ye el uso de insumos (agua y fertilizantes) y auménta­
los rendimientos. En la tabla 6 se ejemplifica el uso 
de estas técnicas para ahorrar agua; los datos son de­
experimentos realizados en regiones del suroeste de ~  

Estados Unidos. Como se observa, en estas condiciones 
pueden lograrse ahorros notables de agua si se compara- 
■con las necesidades de agua de agriculturas convencio­
nales.
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T A B L A  6

USO DE AGUA: COMPARACION. ENTRE AGRICULTURA DE 
AMBIENTE CONTROLADO Y A CIELO ABIERTO.

Cultivo

Litros de agua para 
producción

irrigación /Kg de

Ambiente
Controlado

cielo
abierto

Pepino : 10 205
Lechuga 3 96
Tomate 13 123

Los rendimientos que se obtienen pueden ser impresionan
ff

tes; la tabla 7 reporta rendimientos promedio de culti­
vos obtenidos en invernaderos en Abu Dhabi. Estos rendi^ 
mientos son muy superiores a los obtenidos a cielo abier 
to.

T A B L A ?

RENDIMIENTO DE COSECHAS DESARROLLADAS EN INVERNADEROS EN
ABU DHABI (TON/HA)

Hortaliza Variedad Rendimiento/Ha. Cosechas/año Rendimiento/ 
Ha/año.

Broooli Hybrid #5 32.5 3 97.5
Ejote Green crop 11.5 4 46.0
Col Exp. Cross 60 57.5 3 172.0
Col china Tropicana 50.0 4 200.0
Pepino Femfrance 175.0 3 525.0
Berenjena Jersey King 28.0 2 56.0
Pimiento New Ace 32.5 2 97.5
Tomate N-65 150.0 2 300.0
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Los mayores rendimientos se deben en parte a las condicio­
nes ideales de crecimiento lo que permite tiempos de culti 
vo mayores que los usuales. Además, cultivos trepadores - 
como los pepinos y tomates usan-más eficientemente el volu 
men de los invernaderos lo que permite optimizar los rendí 
mientos. Ya que las condiciones climáticas internas pue—  

den ser controladas, es posible el producir cosechas en —  

cualquier época del año aún bajo condiciones externas ad—  

versas. De esta manera se pueden obtener productos fres—  

eos de gran calidad durante todo el año, mientras que de­
sarrollados fuera de invernaderos el desarrollo depende de 
la época del año.

c).- Irrigación y Drenaje.
Los plásticos pueden también ser usados en irrigación 

y drenaje ya sea en tuberías de irrigación, hidráulicas, - 
sistemas de drenaje, recubrimiento de canales y embalses y 
en la cosecha de agua donde puede usarse substituyendo fa­
vorablemente otros materiales. Por ejemplo, en la tabla 8 
se presentan los costos y eficiencias de varios sistemas - 
para cosechar agua. Como se puede observar los métodos —  

que usan plásticos, aunque de mayor precio, resultan más - 
eficientes en la colección de agua, una ventaja muy impor­
tante en el contexto de zonas áridas.

1

d
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COSTO Y EFICIENCIA DE VARIOS METODOS DE COSECHA DE AGUA
T A B L A  8 '

Método Ccsto/Acre 
(1)

Vida Media 
(2)
(Años)

Costo/año
(3)

Eficiencia
(4)

(3)/(4)

Tierra compac­
tada 110 3-5 33.50 15-20 1.91
Tierra conpac­
tada y tratada 
con sodio 300 10-15 47.39 40-60 0.95
Plástico cubier­
to de grava 2200 30-40 295.13 60-80 4.13
Tratamiento caí 
cera 2650 5-10 523.23 80-90 6.26

Fibra de vidrio 
cubierta de as­
falto y grava 4925 15-20 703.34 85-95 7.81

Asfalto cubier­
to de hule y 
grava 5460 20-25 744.24 85-95 8.27
Plástico cubier 
to ccn mortero 
reforzado con 
polipropileno 11400 50-60 1487.64 90-95 16.08
NOTA: La computación del costo anual amaortiza los costos a 
una tasa de interés del 15% en un número de años igual a - 
la media del intervalo mostrado. El costo en relación a - 
la eficiencia se calcula en ía media del intervalo de efi­
ciencia reportado.

3.- Contribución potencial de la plasticultura en la pro —  
ducción y beneficios agrícolas.
Lo reportado anteriormente ilustra el efecto potencial- 

de la plasticultura sobre los rendimientos. La perspecti -
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va económica puede desarrollarse si se examinan los efectos 
que puede tener sobre los beneficios obtenidos. Una idea 
aproximada de los efectos que puede tener la plasticultura 
sobre los objetivos de desarrollo social y económico rela­
cionados con la productividad agrícola y sus beneficios, - 
puede obtenerse calculando los efectos potenciales de estas 
técnicas de aceptarse su uso en la agricultura mexicana.

Se escogió el acolchado, ya que es la más simple y fácil de 
adaptarse de las tecnolpgías, la que requiere menor inver­
sión y la que posiblemente tendrá mayor efecto y relación 
sobre y con la industria de transformación de plásticos.

Se sugiere al lector ejerza cautela al estudiar los cálcu­
los aquí presentados ya que se han hecho simplificaciones 
en el tratamiento de los datos. El propósito de este ejer­
cicio es el de enfatizar el potencial que percibimos, por lo 
que se recomienda no se saquen conclusiones finales sin llevar 
a cabo un análisis más a fondo. Sin embargo los resultados dan 
indicaciones de lo que se puede esperar.

a).- Efectos sobre ganancias agrícolas.

En la Tabla 9 se presenta un análisis de los efectos - 
que la plasticultura puede tener sobre las ganancias agríco­
las. En ella se reportan incrementos estimados de las ga­
nancias para varios cultivos (condicionados a los incremen­
tos sobre la producción). Aunque rendimientos mucho mayo-
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res han sido obtenidos experimentalmente, como se reportó 
antes, el análisis considera incrementos de tan sólo 10, - 

20 y 30% respectivamente.

T A B L A  9

EFECTO DEL ACOLCHADO SOBRE LAS GANANCIAS AGRICOLAS POR Ha.

(1) (2) (3) (4)
Rendimiento Incremento en un Precio Incremento de las
pranedio ac 
tual Kg/Ha.

10% 20% 30% 
Kg/Ha.

Rural ganancias. 
10% 20% 30%

Ajo 4956 496 991 1487 15.2 5967 1566 9099
Cebolla 11450 1145 2290 3435 29.5 20278 54055 87833
Pimiento 6876 688 1375 2063 11.4 5661 2177 10016
Frijol 600 60 120 180 15.0 12600 11700 10800

- Tanate 16050 1605 3210 4815 8.5 143 13785 27428
Maíz 1207 121 241 362 5.8 12800 12100 11400
Fresa 16020 1602 3204 4806 12.2 6044 25589 45133
Café 611 61 122 183 97.4 7549 1598 4353
¡Pepino 20712 2071 4142 6214 8.1 3277 20053 36830
Berenjena 18978 1880 3760 5639 9.7 4734 22960 41202

La columna (1) de la tabla reporta rendimientos promedio - 
usando técnicas agrícolas comunes. Estos rendimientos son 
el promedio del reportado para los años 1970-74 en todos - 
los casos con excepción del de pepino. En este último ca­
so el pepino mostró grandes incrementos en productividad - 
durante 1970-78; per esta razón se tomó el dato del año —  

1978 por considerarlo el más apegado a la realidad actual- 
y es el reportado en la tabla.
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Los incrementos se calcularon suponiendo que las cantidades 
de insumos agrícolas usados con o sin plástiso permanecen - 
constantes. Esto es tan solo una aproximación ya que es —  

probable que el empleo de estos insumos, tales como el.agua 
y fertilizantes, se disminuiría al utilizar los plásticos 
consecuentemente la reducción de uso de estos otros insumos 
aumentaría la ganancia obtenida y debe de ser considerada - 
en los análisis futuros. Por lo tanto los incrementos re—  

portados en la columna (4) son posiblemente menores a los - 
que se puede esperar una vez tomando en cuenta lo anterior.

b).- Efecto sobre el Consumo de Plásticos.

La tabla 3r reporta estimaciones del efecto que ten---
drán sobre el consumo de plásticos, de aceptarse, las técni^ 
cas de acolchado. La columna (1) reporta el total de Has. 
cultivadas a nivel nacional en cada uno de los cultivos, —  

éstas se tomaron como un promedio de las áreas cultivadas - 
durante los años 1970-74. , .
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La columna (2) representa la cantidad de incremento en Kg/Ha 
suponiendo diferentes aumentos en el rendimiento, tabulando- 
incrementos del 10, 20 y 30%. Los resultados experimentales 
del CIQA y otras instituciones muestran que mayores incremen 
tos, del orden del 50 al 100%, pueden ser obtenidos; sin em­
bargo en este primer análisis solamente se considera un au—  

mentó de hasta el 30%.

En la columna (3) se reporta un precio rural promedio estima 
do para cada cultivo. Los valores de esta columna se calcu­
laron duplicando el valor de los precios rurales promedio re 
portados en 1972. Se supuso este incremento del 100% en el- 
valor para ajustar los precios después de la devaluación.

La columna (4) reporta la ganancia adicional que se puede ob 
tener, calculando el valor de la producción adicional y res­
tándole el precio del plástico utilizado. En todos los ca—  

sos se supuso un costo de $ 13,500/Ha. como el valor proba-- 
ble de la película, considerando que ésta cubriría totalmen­
te el área de cultivo y que se utilizaría una película con - 
un grosor de 25 micrones (i.e., 250 kg. de plástico por Ha.
X $ 54.00/Kg. de plástico). La cifra negativa significa que 
el incremento estimado en la ganancia sería negativo (i.e.,- 
que el costo de plástico sería superior al valor del incre—  

mentó en la producción). Como puede observarse para maís y- 
frijol, en todos los casos se obtiene un incremento negativo.



T A B L A  10
CONSUMO POTENCIAL DE PLASTICOS EN EL CULTIVO EN LA AGRICULTURA 
NACIONAL. (Ton. Métricas).

Consuno de Plásticos
Area Area Cultivos rentables con incrementos de

Cultivo Cultivada Total________________ m ___ 10%m 20%(4) №
Ajo 6678 1670 —O— 1670 1670
Cebolla 22871 5718 5718 5718 5718
Pimiento 50934 12734 -0- 12734 12734
Frijol 1764076 441019 -0- -0- -0-
Tomate 65761 16440 16440 16440 16440
Maíz 7349419 1837355 -0- -0- -0-
Fresa 6575 1644 1644 1644 1644
Café 367019 91755 -0- -0- 91755
Pepino 9316 2329 2329 2329 2329
Berenjena ..... 1058 . . 265 . 265 . ... 265 265

T O T A L ' 2410929 26396 40800 132555

La columna (2) indica la cantidad de plásticos que se requerirían 
utilizarse 250 Kg/Ha. para acolchado (i.e., utilizando películas 
de 25 micrones) en el área total bajo cultivo para las cosechas 
consideradas. Como puede verse, aproximadamente 2.4 millones de 
tons. se utilizarían anualmente si el plástico fuera utilizado 
para cubrir el total de las áreas agrícolas del país.

La columna (3) reporta el consumo esperado de plásticos si éste 
se utilizara en el total del área cultivada de aquellas cosechas 
que muestran una ganancia positiva, al incrementar su rendimien-

1

á
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to en un 10% usando acolchados. Las columnas (4) y (5) - - 
reportan las cifras de ganancia considerando un 20 y un 30% 
de aumento en el rendimiento, respectivamente. Como puede- 
observarse el usar plásticos en acolchado exclusivamente en 
las cosechas en las cuales su uso arroja un incremento posi 
tivo en las ganancias, reduce considerablemente el consumo- 
estimado de plásticos en la agricultura.

c).- Incrementos Mínimos Rentables.
El porcentaje de incremento en productividad que se ne 

cesita para hacer que el acolchado resulte rentable, depen­
de del costo del acolchado y del aumento adicional de ganan 
cia percibida por el aumento en el rendimiento. En la ta - 
bla 11 se reportan los incrementos mínimos rentables, supo­
niendo el costo de utilización de acolchados es de $ 13,500- 
.Ou/Ha.

T A B L A 11

INCREMENTOS MINIMOS RENTABLES PARA EL USO DE ACOLCHADO

Cultivo
Rendimiento
Promedio
(Kg/Ha)

Precio
Rural
($/Kg)

Incrementos Mínimos 
Rentables (%)

Ajo 4956 15.2 18
Cebolla 11450 29.5 4
Pimiento 6876 11.4 17
Frijol 600 15.0 150
Tomate 16050 8.5 10
Maíz 1207 5.8 193
Fresa 16020 12.2 7
Cafó 611 97.4 23
Pepino 20712 8.1 8
Berenjeno 18798 9.7 7
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Como puede verse, varios cultivos, principalmente las hor­
talizas, pueden resultar rentables al utilizar acolchado.
El mercado potencial que puede generar este uso es lo su­
ficientemente grande para resultar un negocio interesante 
para la Industria de Transformación. Las posibilidades de 
empleo podrían también aumentar considerablemente si se im- 
plementaran políticas nacionales que canalizaran las resi­
nas sintéticas, con precios preferenceales, a la agricul­
tura. Por ejemplo, aún cuando el cultivo de granos dé so­
lamente beneficios económicos marginales (en el mejor de 
los casos), una política bien definida podría incrementar 
estos márgenes hasta hacerlos atractivos. Se puede supo- 
.ner que el maíz y frijol, cultivados en áreas de irriga­
ción, podrían utilizar plásticos siempre y cuando el aumen­
to de precio que el transformador cargue por el proceso no 
fuera muy grande. Actualmente la Industria de Transforma­
ción aumenta el valor de la resina en más del 100% al - 
transformarlo; si este aumento no fuese tan grande ésto - 
permitiría que aún el cultivo de granos bajo acolchado pu­
diera ser rentable y de esta manera facilitaría su empleo.
Si se considera que más de 300,000 Has. se utilizan para estos 
cultivos, un mercado adicional de un mínimo de 75,000 ton/año 
podría ser generado.

Las posibilidades son bastante claras, deberá de tomarse la 
decisión de explotarlas.
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OBJETIVOS Y TAREAS.

Como se explicitó anteriormente, se perciben oportunidades 
para implementar el uso de plásticos en la agricultura re­
gional y nacional. Sin embargo se contemplan también un 
número considerable de problemas, tanto de planteamiento 
como conceptuales y operativos para hacer que esta oportu­
nidad se transforme en realidad. El taller de trabajo 
tiene como objetivo estructurar una primera definición de 
la problemática que habrá de resolverse. El propósito de 
éste es el discutir y definir los principales factores que 
contribuirán al desarrollo de la plasticultura; se pretende 
también el presentar la metodología que se seguirá durante 
el año de trabajo que se estima' durará el estudio de evalua­
ción tecnológica.

Entre los aspectos relevantes que habrá que contemplar y es­
tudiar, para incorporar en las actuales fronteras agrícolas 
el uso de plásticos, se encuentran:
- Prospectiva de desarrollo petroquímico del país.
- Capacidad agrícola de regiones semiáridas.
- Impacto de innovaciones tecnológicas en las regiones semi­

áridas.
- Planes y programas de desarrollo regional.
- Flujo de materiales y energía de la región.
- Infraestructura de la región.
- Desertificación.

fi
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En este primer taller de trabajo se habrá de considerar si ' 
estos aspectos son efectivamente los más relevantes o si ha­
brán de incrementarse oíros más. A  un nivel de mayor defini­
ción, habrán de considerarse los factores que a continuación 
se enlistan, tratando de definir para cada uno de ellos 
cuáles son las preguntas críticas que habrán de plantearse 
en cada una de estas áreas y, posiblemente, tratar de darles 
respuesta.

1.- Factores que influirán en la definición de empleo de 
plásticos en la agricultura mexicana.

1) .- Factores Técnicos.

a.- Experimentación.
Habrán de llevarse a cabo experimentos en diver­

sas regiones agroclimáticas para determinar las mejores prác­
ticas agrícolas y los incrementos de producción posibles.

b.- Utilidad.
Relacionado con lo anterior, habrán de determi­

narse los requisitos tanto de materiales plásticos como de 
técnicas agrícolas y climáticos, para ubicar el desempeño de 
las técnicas y materiales según su uso y localidad geográfi­
ca.

2,- Factores Administrativos.

a.- Administración de desarrollos agrícolas.
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Habrá de determinarse la capacidad del medio rural 
para aceptar, un grado cualitativo mayor de complejidad en 
las labores agrícolas. Tendrán que considerarse aspectos 
de eficiencia técnica requerida, aumento en la complejidad 
del manejo, etc.

b.-Transferencia de Tecnología.

Tendrán que determinarse los factores que facilitarán 
o dificultarán la transferencia de la tecnología. Entre 
otros, la capacidad regional y nacional de extensionismo in­
corporando estas técnicas. La dificultad de que las técnicas 
se acepten, etc.

3.- Factores Organizativos.

a. - Tipo de Organización Actual.

Habrá que determinar cuales organizaciones ejidales, 
cooperativas agrícolas, pequeños propietarios, etc., están 
en capacidad de aceptar o promover el uso de plásticos y 
cuales serán las principales restricciones organizativas in­
ternas que dificultarían la aceptación y empleo de ellos.

b. - Programas Existentes.

Habrá que determinar qué planes y proyectos, actualmen­
te en marcha, pueden incorporar, para el logro de sus objetivos
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los desarrollos de plasticultura propuestos.

Habrán de determinarse las restricciones para lograrlo, los 
métodos de carácter político que habrán de incorporarse o 
utilizarse para lograr difundir el empleo de las técnicas.

4.- Mercado.

a. - Agroplásticos Agrícolas.

Será necesario determinar que dificultades y restric­
ciones pueden tenerse para el abastecimiento de agroplásticos 
teniendo en cuenta factores de precio, localización, transpor 
te al lugar de empleo, calidad de los materiales, etc.

b. - Distribución de la Producción. •

No es suficiente el aumentar la producción de horta­
lizas y granos para asegurar el mejoramiento económico de los 
productores, es de gran relevancia el determinar los factores 
que influyen en la venta, distribución, almacenamiento, etc., 
de los mismos. Se tratará de determinar cuáles son los más 
importantes problemas a resolver de darse un desarrollo de 
esta índole.
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5,- Aspectos Financieros¿

a. - Agricultura.

Habrá de determinarse la capacidad de los agricultores 
y comunidades runles para incurrir a los gastos adicionales 
que significa la compra de materiales plásticos. Determinar 
sus restricciones crediticias, capacidad de pago, etc. Así 
como los factores de políticas de apoyo financiero y/o subsi­
dios que tendrían que ser conseguidos para lograr ...yudar a 
compra de los materiales.

b. - Gobierno.

Relacionado con lo anterior, habrán de determinarse 
las políticas y necesidades de ellas para ayudar a resolver 
las restricciones económicas de los usuarios agrícolas de 
plásticos. ¿Qué incentivo se puede ofrecer? ¿Cuál sería el 
riesgo económico para el gobierno? ¿Qué mecanismos de crédito 
financieros pueden asegurarse para lograrlo?.

6.- Factores Económicos.

a.- Precio de Materiales.

Usualmente el transformador carga más del 100% al 
transformar una resina plástica y un producto; el caso de 
películas plásticas agrícolas no es diferente. Habrá de
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determinarse la posibilidad de incidir sobre el mecanismo de 
precios, de tal suerte que el usuario asegure el mejor precio 
posible y la mejor calidad de película que satisfaga sus ne­
cesidades.

b.- Distribución del Ingreso.

Habrá que determinar en qué medida influirá el uso 
de plásticos en aumentar las ganancias netas y de qué manera 
se puede asegurar una distribución más justa que facilite 
ésto.

Tendrpa que darse especial consideración á esta área, sobre 
todo relacionando los factores comerciales y financieros antes 
mencionados.

7,- Factores Ambientales. 

a.- Suelo.

Si bien el uso de plásticos en acolchado redunda en 
beneficios temporales a la estructura del suelo y su composi­
ción, su uso no restringido puede conllevar problemas de con­
taminación de suelo y de posible erosión. Habrá que determi­
nar qué resultados diversos pueden esperarse al utilizarlos 
y de qué manera contribuir a minimizar esta problemática.
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b.- Agua.

El uso de plásticos permite el ahorro de agua en dife­
rentes proporciones, sin embargo puede tener problemas asocia­
dos con el de modificar los escurrimientos, cambiar las carac­
terísticas de aprovechamiento del agua y de recuperación de 
mantos férticos. Se tiene que definir el grado de impacto que 
puede tener y determinar los mecanismos necesarios para evitar 
impactos negativos en esta área.

8.- Factores Sociales.

a. - Emigración.

Es bien sabido el proceso de emigración del campo a los 
centros urbanos. Se tendrá que definir en que manera el uso 
de plásticos puede influir favorablemente en este proceso, dis­
minuyéndolo o incluso haciéndolo rentable. Se tendrá que deter­
minar también si el proceso de emigración no riñe con el posible 
aumento en mano de obra que se requerirá a través del uso de 
plásticos.

b. - Bienestar Social.

Relacionado con lo anterior, se tendrá que analizar el 
grado de incidencia qué puede tener la plasticultura sobre la 
necesidad de aumentar los mínimos de bienestar rurales y, de 
esta manera, modificar el proceso de emigración que se observa.

á
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9.- Políticas.

a.- Políticas Relevantes.

Habrá que definir y estudiar las políticas federales 
y estatales que puedan ayudar en el proceso de aceptación y 
difusión de las técnicas de plasticultura. Cuáles son sus 
alcances, cuáles son los resultados obtenidos anteriormente, 
etc.

b.- Nuevas Políticas.

De carecer de políticas directamente relacionadas 
con el uso de nuevos materiales en la agricultura, habrá de 
determinarse la conveniencia de recomendar modificaciones a 
las actuales políticas, o a otras que se generen para ayudar 
en el proceso del uso e implementación de la plasticultura.




