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TERMS OF REFERENCE 

This report is compiled by the DPPC for the Research 
Institute for Standards and Norms, and UNIOO under the following 
terms of reference. 

Research report on UNIDO, World Bank and OECD approach to 
estimation of national parameters. 

"2. 1 UNIDO, World Bank and OECD approach to ria tional parameters 
for project evaluation. 

The Sub-contractor is supposed to carry out a comparative 
analysis of the UNIDO, Wo=ld Bank and OECD approach to a 
determination of the national and regional parameters for 
project evaluation. The analysis will deal with the above 
mentioned approaches to the estimation of: 

the social (economic) discount rate 
- the shadow foreign exchange rate, 

the shadow price of skilled urban and rural labour, 
the shadow price of unskilled urban and rural labour, 
the shadow price of land, 
the shadow price of capital, 

- the conversion factors for traded and non-traded goods 
making part of the project's output and inputs, 

- the cut-off financial and economic rates of return, 
- other relevant items. 

The analysis need to point out the advantages and 
shortcomings of each of the three approaches taking into 
account the general economic environment, the market 
imperfections, the international trade pattern, the data 
needed for computation of the national parameters, the need 
to establish regional parameters and others." 
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1. Introduction 

The modern methodology of cost benefit analysis for 
developing countries emerged i~ the late 1960's with the 
publication by the OECD Development Centre of Little and Mirrlees 
(1968). Since the C'ECD published this work the approach 
contained in it was initially described as the OECD approach, 
although it should not be seen as an official OECD publication. 
Similarly around the same time a group of economists - Sen, 
Marglin and Dasgupta wrote a book published by UNIDO, as UNIDO 
(1972). This work contained some differences of presentation and 
emphasis to that of Little and Mirrlees (1968) although it 
covered essentially similar ground. Again due to its publication 
by UNIDO this latter work is often still referred to as the UNIDO 
approach, although it has no formal sta'lding with the 
organization. 

These two works UNIDO (1972) and Little and Mirrlees (1968) 
can be seen as the seminal contributions to the cost benefit 
literature. Subsequent publications clarified and modified 
somewhat the original works, without altering their main focus. 
Little and Mirrlees restated and extended their arguments in 
Little and Mirrlees (1974), whilst two subsequent books were 
published by UNIDO-UNIDO (1978) by Hansen, and UNIDO (1980) by 
Weiss. 

In addition two economists at the World Bank, Squire and van 
der Tak, produ· ~d a book published in 1975, (Squire and van der 
Tak 1975), which showed how the approach of Little and Mirrlees 
could be systematically extended to incorporate income 
distribution issues, which were highly topical in aid donor 
circles in the mid-1970s. Squire and van der Tak (1975) 
introduced a distinction between economic analysis and appraisal 
- concerned with issues of allocative efficiency - and what they 
termed social analysis and appraisal - concerned with issues 
relating to the distribution of income and the level of savings. 
Since their book was published on behalf of the World Bank it is 
sometimes referred to as the World Bank approach, although it is 
not an official approach, since World Bank appraisals have not 
generally followed the detailed recommendations of Squire and van 
der Tak in the area of social analysis. 

Therefore although it is sometimes thought that there are 
three distinct approaches in the co3t benefit literature - OECD, 
UNIDO and World Bank - this is misleading for two reasons. 
First, these organizations do not accept that the books referred 
to have any official standing, and second in general the 
differences between the main works in the literature - Little and 
Mirrlees (1968), and (1974), UNIDO (1972) and Squire and van der 
Tak (1975) - are due largely to presentation rather than to major 
issues of substance. Ray (1984), also by an economist at the 
World Bank, is a relatively recent survey of this literature, 
which also stresses the basic similarity between these worka. 
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Because of their fundamental similarity it is really not 
appropriate to compare the strengths and weaknesses of these 
three approaches. They provide essentially the same type of 
information and therefore each has the same advantages and 
limitations. However it is necessary to draw attention to their 
presentational differences to clarify the discussion of how cost 
benefit parameters are defined. 

1.1 Numeraire or Unit of Account 

The key reason for presentational differences between the 
different works lies in the fact that all effect~ generated by 
projects must be expressed in a common unit, which has 
conventionally been termed a numeraire. In specifying a 
numerai~e one must decide two key dimensions - what prices to 
use, and what type of income in which to express all effects. 
The prices used can be either domestic or world prices, and 
income can be distinguished by its use for either savings or 
consumption. Table 1 shows four possible dimensions of the 
numeraire. Box A corresponds to that used in UNIDO (1972) -
average consumption at domestic prices - and box B to that in 
Little and Mirrlees (1968) - savings at world prices. 

Prices 

Domestic 

World 

Box A = 
Box B = 

Choice of Numeraire 

. 

A 

B 

Savings/Consumption 

Income 

UNIDO (1972) Numeraire 
Little-~irrlees (1968) Numerair.e. 

Use of alternative units - either consumption or savings -
as the numeraire, should not be interpreted as implying a 
difference over government objectives. When UNIDO (1972) uses 
private consumption as the numeraire, this does not mean that it 
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assumes consumption is the main development objective, but rather 
that if savings are more valuable than consumption they should be 
expressed in terms of units of consumption. Similarly use of 
savings as the numeraire by Little and Mirrlees (1968) implies 
that units of consumption should be expressed as equivalent to 
units of savings. Both works allow for the po3sibility of a 
savings constraint, which means that income that is saved is more 
valua~le than that which is consumed. Choice of units therefore 
relates to the measurement of effects, not a judgement over the 
importance of different objectives. 

Clearly use of such opposite numeraires means that in 
presentational terms analyses following the two works appear very 
different - just fc:;r example as distance appears different 
presentationally when it is given in kilometres or miles. 
However it can be shown that provided each approach makes 
identical assumptions they will given equivalent results. This 
is demonstrated formally in Appendix 1 of this report, where a 
case-study from UNIDO (1972) is reworked using the Little and 
Mirrlees numeraire. 

Since the key issue is the choice of numeraires this report 
prefers to distinguish between different numeraires on the basis 
of whether they use world or domestic prices to value projec~ 
effects. Therefore in the report the Little Mirrlees (or OECD 
approach) is referred to as a "world price system", and that of 
UNIDO as a "domestic price system". The other dimension of the 
numeraire - whether savings or consumption - is less critical, 
because in practice it is now fairly uncommon to see weights used 
to distinguish between income that is saved from that which is 
consumed. Both this and report 2 use the terminology of Squire 
and van der Tak to distinguish between economic and social 
analysis of projects. The majority of the discussion of this 
report is concerned with riational parameters required for 
economic appraisal; that is assessing the impact of projects from 
the viewpoint of efficient allocation of existing res0urces, 
without regard for savings and income distribation effe~ts. The 
focus on economic appraisal is because most practical 
applications of cost benefit techniques by governments and aid 
agencies have not gone as far as introducing the weights required 
for a social analysis. However the approach of social analysis, 
and its implications for the definition of national parameters, 
is discussed at the end of the report (section 9). 

To avoid confusion between a domestic and a world ~rice 
system, it should be stressed that similar government objectives 
can be incorporated in appraisals following the procedures set 
out in either literature. Table 1 compares the presentational 
differences between the alternative approaches. UNIOO (1972) 
divides the appraisal process into four separate stages each 
incorporating the ef feet of a project on a different set of 
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government objectives. Squire and van der Tak (1975) distinguish 
between only three forms of appraisal, so that what they term 
social appraisal involves a combination of what UNIDO (1972) 
covers under stages 3 and 4. This is only a minor difference of 
pres~ntation and involves no difference of substance. 

Domestic price systema} 
Presentation Government Cbjectives 

Stage 1 

Stage 2 

Stage 3 

Stage 4 

Financial effects 

Resource allocation 
effects 

Resource allocation 
plus Savings effects 

Resource allocation 
plus Savings plus 
Income Distribution 
effects. 

ftltes: a) foll0111s LIHDO (1972} 

llbrld price systemb} 
Presentation Govemnent Cbjectives 

Financial appraisal Financial effects 

Econanic appraisal Resource allocation 
effects 

Social appraisal Resource allocation 
plus Savings plus 
Incane Distribution 
effects. 

b} foll1J11s Squire and van der Tak (1975}. 

The chief characteristics of the UNIDO, Little and Mirrlees 
(or OECD) and Squire and van der Tak (or World Bank) approaches 
can be summarized as in table 2. 
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Table 2 Cbarccteristics of Alternative Approaches 

UNIDO Little and Mirrlees/ 
Squire and van der Tak 

Stage l All effects valued 
at market prices. 

Stage 2 - Traded goods valued 
at world prices at 
shadow exchang~ rate. 

- Non-traded goods 
valued either ~~ 
marginal costs of 
production at domestic 
prices, or at willing
ness to pay at 
domestic prices. 

- Liscount rate given 
by time preference 
for consumption. 

- Any external effects 
valued at domestic prices. 

Stage 3 - Additional savings 
revalued in terms of 
private consumption. 

Stage 4 - No formal consumption 
weighting system in 
UNIDO (1972), but 
suggested that weights 
for particular groups 
can be derived from 
observation of past 
government decisions. 

Financial 
appraisal 

Economic 
appraisal. 

Social 
Appraisal 

Social 
appraisal 

1.2 Shadow prices and conversion factors 

All effects valued at 
market prices. 

- Traded goods valued at 
world prices at official 
exchange rate. 

- Non-traded goods valued 
at marginal costs of 
production at world prices, 
or at willingness to pay 
converted to world prices. 

- Discount rate given by 
opportunity cost of capital 
at world prices. 

- Any external effects valued 
at world prices. 

- Additional private 
consumption revalued in 
terms of government income 
(assumed to be saved} 

- Set of consumption 
weights relate one unit 
of private consumption 
to a group to either 
one unit going to 
average consumers, or 
to one unit of government 
income. 

A shadow price can be defined as a measure of value to the 
economy for a commodity or resource. Shadow prices will 
therefore be the measure of value for planners to use in 
assessing the full econo'.llic contribution of new investment 
projects. 

For reasons discussed in report 2 it is conventional to give 
information on shadow prices as a set of ratios, termed 
conv~rsion factors (CFs). A CF is a ratio of the shadow price 
value to the market price of an item. Once a set of CFs are 
known data on a project at market prices can be converted to 
shadow prices by multiplication by the appropriate CFs. Much of 
th~ discussion in this report considers ways of defining and 
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estimating CFs, and the shadow prices on which they are based. 

1.3 Use of world or domestic price system 

As we have noted the numeraire or unit of account for an 
appraisal can be measured at either world or domestic prices. As 
appendix 1 demonstrates the choice of price unit will alter the 
NPV, but not the IRR of projects, and prov!.ding equivalent 
assumptions are made in both analyses, and a single approach is 
applied consistently the choice of world or domestic prices on 
its own is not an issue of significance. This can be illustrated 
with a simple numerical example. 

Let us assume a project producing an output A and using two 
purchased inputs B and C. A and B can be trad~d on the world 
market at US$10 and US$5 respectively, whilst input C is only 
used locally and costs SO Yuan. In this case the official 
exchange ~ate is 10 Yuan per US$. However due to various 
controls in the economy on average domes~ic prices are 50% above 
the price of comparable goods on the world market, after the US$ 
prices of these goods are converted at the official exchange rate 
(OER). 

If we evaluate this project using domestic prices to measure 
the numeraire, the position is as follows: 

Output A ($10 x 10) x 1.S 
Input B ($5 x 10) x 1.S 

c 

Net Benefit 

Value at Domestic 
Prices (Yuan) 

1SO 
75 
so 

25 

Both dollar values for A and B are converted at the official 
exchange rate of 10 Yuan/US$ , but since on average domestic 
prices of comparable goods are SO% above their world prices, 
their values in local currency are raised by 50%. Input C 
initially valued at domestic prices is unchanged. This form of 
adjustment is equivalent to using what is termed a shadow 
exchange rate (SER) that increases the value of foreign exchange 
relative to local resources. In this example the SER is Yuan 15 
per US$. 

O~ the other hand, for the same example the units used can 
be at world prices. Now output A and input B will be conv~rted 
at the OER, however input C will have its value reduced. This is 
because in Lhe economy on average domestic prices are 50% greater 
than world prices for comparable goods at the OER. C is valued 
at domestic prices initially, so that when all project effects 
are expressed at world prices the value of C must fall. The new 
net benefit is as follows: 



-------------- - --

Output A ($10 x 10) 
Input B ($5 x 10) 

c 50 x 1 
1 • 5 

Net Benefit 

Value at World 
Prices (Yuan) 

100 
50 
33.3 

16.7 

Now C is reduced to 33.3. This is because on average if 
domestic prices are 50% above world prices, then world prices 
must be 67% of domestic prices <~1- = 0.67). To allow for this 

1. 5 
average divergence C must be multiplied by 0.67 to lower its 
value to 33.3. Use of the ratio 0.67 is what is termed applying 
a standard or average CF, which gives the average ratio of world 
to domestic prices for the economy. It should be seen that this 
CF is derived directly from the ratio of the SER to the OER, so 
that OER = SCF, where SCF is the standard conversion factor. 

SER 

In the two examples the values of net benefits are Yuan 25 
and Yuan 16.7 respectively. Although these are different in 
absolute terms, they are directly comparable since the fr~mer is 
at domestic and the other at world prices. However domestic 
prices are on average 50% above wcrld prices, so the net benefit 
figure at world prices of 25 is 50% above the figure at domestic 
prices of 16.7. The parallel given earlier of the difference 
between measuring distance in miles and kilonetres should be 
recalled. Provided one is consistent either measure will give 
the right answer. 

The above examples have been simplified in that they use one 
single average relationship between world and domestic prices for 
an economy. In practice in any accurate appraisal use of an 
average in this way will be misleading. It is necessary to 
calculate a set of CFs which measure the divergence between 
values at domestic and world prices for a range of com modi ties, 
sectors ~nd ~esources. This is neces~ary in either a world or a 
domestic price system of appraisal, although most detailed 
studies of economic appraisal in recent years have tended to 
follow the world price system. In this report various important 
economic parameters are discussed in turn - starting with the 
E!.andard or average conversion factor. In each case tha 
discussion concentrates initially on the definition of parameters 
in a world price system; this is then followed by a briefer 
discussion of how the same parametar is treated in a domestic 
price system. 
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1.4 TerainolOCJY 

Before commencing a detailed discussion of specific 
parameters it is necessary to draw attention to various uses of 
terminology. What are here termed shadow prices, are also 
described in the literature as accounting prices, to convey the 
sense that they may not be pr ices that actually preva i 1 in 
markets. World prices have already been referred to, ~overing 
prices faced by a country on the world market. Another 
terminology for such prices is border prices, refering to the 
fact that these are prices for an item ~t the border of a 
country. Thus for a particula= country what matters is not the 
price in a foreign port or frontier, but the price in its own 
ports or at its own frontier. 

1.5 Advantages of Econoaic Analysis 

The use of shadow pricing through the application ~f a 
system of CFs is to adjust existing market prices towards a 
measure of economic costs and benefits. Through the application 
of CFs the aim is that key characteristics of economies can be 
incorporated systematically in the appraisal of new projects. 
These characteristics may include: 

scarcity of foreign exchange; 
underemployment of unskilled labour; 
scarcity of investment funds; 
domestic relative prices that are considerably out of 
line with p::ices on the world market. 

Either price system allows these features to be reflected in 
project calculations. A scarcity of foreign exchange, is 
manifested in a level of domestic pricss in excess of those for 
comparable goods on the world market converted at the official 
exchunge rate. This is covered in the domestic price system by 
placing a pr~mium weight on foreign exchange relative tc domestic 
resources (P = SER/OER), and in the world price system by giving 
a lower weight to domestic resources relative to foreign exchange 
(SCF = OER/SER). 

Underemployment of labour is covered in both systems by 
val~ing labour at its economic opportunity costs - that is its 
output foregone at either domestic or world prices. Where job 
opportunities are few, and there are various barriers to entry to 
labour markets, one would expect output foregone to be 
significantly below the wage paid on new projects. Use of a 
relatively low CF for labour of below 1.0 is the way this feature 
is incorporated in economic appraisals. There will also be 
indirect employment effects from an investment, since labour 
employed in non-traded activities will be affected by the demands 
for non-traded output generated by new projects. These effects 
will be incorporated in appraisals in either system whenever non
traded qoods are valued at their supply cost, and shadow prices 
are used to estimate this cost. Underemployed labour used in 
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non-traded production is likely to have a low CF and this will 
reduce the shadow price of the non-traded good. 

A scarcity of funds for investment means that at existing 
interest rates too many projects are competing for limited funds. 
Both systems deal with this si.tuation by specifying the economic 
discount rate as the return on a marginal project for which 
finance is not available. Hence fo~ a new project to be 
justified it must earn an IaR ailove that in a marginal project. 
As th~ financial situation changes the discount rate can be 
modified by lowering the rate if the budget expands, and raising 
it if the budget contracts. The important point is that by 
specifying the discount rate as the economic return that can be 
obtained on alternative investment the scarcity of funds is 
incorporated directly in an appraisal. 

In the past many developing countries allowed their internal 
set of prices to diverge very consid~rably from prices for 
similar goods on the world market. This made it difficult to 
plan how such countries should participate in foreign trade -
particularly where they should rely on domestic production and 
where they should meet internal demand by imports. Both systems 
discussed here meet this problem by valuing all goods that are 
internationally traded by an economy at their world market rather 
than their domestic prices. This removes the effects of tariffs 
and direct import controls, which will raise the domestic prices 
of traded goods above their world market levels. In a domesti<.; 
price system, world prices of traded goods are converted into 
local currency at the shadow not the official exchange rate, 
whenever there is premium placed on foreign exchange. The world 
price syetem converts these world prices at the official exchange 
rate. Again this is not a significant point of difference 
between the two Jpproaches. Both base the relative prices of 
traded goods on prices prevailing in the world not the domestic 
market, and where it is appropriate both give a higher weight to 
traded goods in general as cJmpared with non-traded goods. 

Use of world prices to value traded ~oods allows both 
systems to incorporate what is termed the 'trade efficiency" 
objective into planning. This involves assessing whether a 
particular investment is justified in terms of its domestic costs 
in comparison w!th the alternative of trading in the commodity 
concerned, In the case of an import-substitute project one must 
compare domestic costs with the value of output given by the 
world price of the importable good. Domestic costs must be at 
shadow prices and this will allow for factors like the use of 
otherwise underemployed workers either directly in the project 
itself, or indirectly in the production of non-traded inputs used 
by the project; similarly use of locally available non-traded 
inputs which may be cheap to produce by international standards 
will also be picked up by a low shadow price for these goods; 
also any external benefits and costs for others in economy 
generated by the project should be incorporated and deducted from 
domestic costs if they can be identified and quantified. The 
final calculation involves a comparison between discounted 
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benefits (the cif value of output) and these adjusted discounted 
costs. If the NPV is not positive this implies, that allowing 
for the various features of the project and the economy, there is 
no economic case for local production of the good concerned, and 
that in resource efficiency terms it would be better to continue 
to import the good. 

A similar exercise can be done for export-oriented projects 
to examine whether discounted costs are less than discounted 
benefits from selling on the world market. By defining benefits 
from production of traded goods in terms of values on the world 
market, and combining this with a detailed shadow pricing of 
project inputs, planners can incorporate the question of an 
economy's comparative advantage into the investment planning 
process. However insofar as it is possible to forecast costs 
over the life of a project allowing for learning and technical 
change, and to incorporate external gains to other producers in 
the calculations, cost benefit calculations should give an 
indication of dynamic or long-run comparative advantage, rather 
than simply a short--run measure. It is recognised that short
term comparative advantage is not necessarily the appropriate 
base for planning decisions, because it may lock a particular 
country into the production of goods with little long-run 
potential. 

The ability of cost-benefit appraisals - what we have termed 
economic analysis of projects - to pick up these various effects 
is a strong argument for their regular use in investment 
planning. The disadvantages associatP-d with economic analysis 
are not grounded in theory, but in the practical difficulty of 
quantifying precisely both key shadow prices, and all of the 
effects of individual projects. The following sections discuss 
the treatment of the main shadow prices used in appraisal. 

2. Average Conversion Factor 

2.1 Average Conversion Factor in a World Price Systea 

The average conversion factor in a world price system of 
shadow pricing may also be called the standard conversion factor 
(SCF). This is simply an average conversion factor which is used 
limitedly either in the case of minor cost or benefit items, 
mainly nontraded, or in the case of those items where appropriate 
specific conversion factors cannot be estimated owing to lack of 
data. The SCF is estimated at a macro level and is considered to 
be an important national economic parameter reflecting the 
average divergence of domestic prices from world prices of goods 
in the economy. 

There are several versions of the SCF. Some of these 
compare world and domestic prices for traded goods only, and 
others include bolh traded and non-traded goods in the 
comparison. Schydlowsky (1969) gives the SCF as the "ratio of 
the value of imports at border prices to tneir value at domestic 
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prices". Little and Mirrlees (1974) define it as the "average 
ratio of world market (border) prices to domestic market prices 
for a representative selection of commodities"; this ratio 
should cover both traded and non~raded goods with weights given 
by their respective shares in total supply. Squire and van der 
Tak's version of the SCF is the "ratio of the value at border 
prices of all imports and e~ports to their value at domestic 
prices". Powers (1981) suggests that the SCF may be defined as 
the "weighted average of all the sectoral conversion factors in 
the economy". 

Schydlowsky's short cut method for the esti- 3.tion of the SCF 
is called the "force of tariff" (Schydlo~sky 1969). The 
underlying assumptions of this method are: 

(i) only imports are affected by the availability of additional 
foreign exchange as a result of a project, and 

(ii) domestic prices diverge from border prices to the extent of 
the import tariff rate, where import tariffs are the only 
trade controlling policy measure. 

The imports only SCF may be expressed as follows: 

SCF = M ( 1 ) 
M + Tm 

where, M and Tm are the values of imports at cif prices converted 
at the official exchange rate, and total import tariffs, 
respectively. 

The force of tariff method tends to yield a lower value of 
SCF than alternative methods discussed later, since the import 
tariff rate is generally higher than the net export subsidy rate. 
Where non-tariff import control measures are in effect, they can 
be incorporated in the above equation by simply adding Tm 1 , the 
total value of import control premia, in the denominator. 
Nevertheless, inclusion of an export component is not possible 
without relaxing the fundamental assumption of the simple force 
of tariff method which covers the import sector only. 
Alternatively, this conversion factor may be called an average 
import conversion factor which may be used to shadow price minor 
import items or where specific conversion factors for imported 
goods are not readily available. 

Another simple expression for the SCF allows for the fact 
that available foreign exchange may be used to both increase 
imports and to divert goods from the export market. Now 
incorporating both imports and exports into the formula equation 
( 1) becomes 

SCF = M + X ( 2) 
(M + Tm) + (X - Tx) 
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where M and X are the total values of imports and exports at cif 
and fob prices, respectively converted at the 
official exchange rate, 

and Tm and Tx are total import tariffs and export taxes, 
respectively. 

This equation for the SCF is valid under the following 
conditions; 

(i) elasticity of supply of exports and elasticity of demand 
for imports are infinite, 

(ii) income elasticity of demand for all goods is equal to 
unity, 

(iii) there are no domestic price restrictions and domestic 
prices reflect economic values of goods, and 

(iv) there are no direct controls nor subsidies on trade. 

Under the circumstances where one or more of the above mentioned 
conditions do not hold, adj us tmen ts should be made to the 
estimate of the SCF from equation (2). 

For example, in developing countries domestic market prices 
may not reflect economic values of goods as a result of various 
government policy measures, of which price control is a major 
one. Likewise, various forms of trade control and promotion 
measures may influence domestic prices more effectively than the 
forces of the market; for example, quantitative restrictions on 
imports, which may be in the form of import licensing, or import 
quotas. Similarly a suusidy on exports, may prevail in the form 
of duty drawbacks, cash compensa~ion, cash incentives, or foreign 
exchange entitlements. Likewise there may be subsidy on the 
import of important goods. In developing countries where such 
trade controls and promotion policy measures prevail and 
influence significantly the domestic prices of imports and 
exports, they should be taken into account in the calculation of 
the SCF. In other words, equation (2) should be modified, by 
incorporating the impact of quantitative restrictions on imports 
and subsidies on imports and exports, as shown below in equation 
( 3) , 

SCF = (M + X) (3) 
(M + Tm + Tm1 - Sm) + (X - Tx + Sx) 

whe~e, Tm1 is the total value of the import control premia, 

Sm are total import subsidies, 

Sx are total export subsidies, and all other items are as 
in equation (2). 
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This method of estimating the SCF is called a "weighted 
average tariff and subsidy method". 

None of the above equations for the SCF take into account 
the price elasticities of imports and exports. Balassa (1974) 
suggests that if the level of the foreign exchange rate is likely 
to change as a result of the foreign exchange impact of a 
project, the relevant wejghts to use in comparing domestic and 
world market prices are the import demand and export supply 
elasticities of the major commodities traded by an economy. 

When the price elasticities of import demand and export 
supply elasticities are incorporated in the computation of the 
SCF, for example, in equation (3), the SCF expression becomes 

r m. M· + r ej .xj l. l. 
SCF = 

~ m. (M· + T· - Si) + ~ ej (Xj - T· + sj > l. l. l. l. J J ( 4) 

where, i and j ref er to imports and exports respectively, 

Mi, Ti and Si are the total value of import i, total taxes paid 
on i, and total subsidies received by users of i, 
respectively; 

Xj, Tj and Sj ere the total value of export j, total taxes paid 
on j, and total subsidies received by producers of 
j, respectively. 

mi is the price elasticity of demand for import i, 
and e_; . is the price elasticity of supply for 
export:" J; 

E M· equals total imports, and 
l. 

i 

r xj equals total exports. 
j 

This gives the elasticity - weighted average ratio of world 
to dome~tic prices of imports and exports by estimating the 
weighted average tariff and subsidy rate on imports and exports, 
where the weights are the respective price elasticities. This 
method of estimating SCF may be called an "elasticity-weighted 
average tariff and subsidy rate". 

Nonetheless, there are two main reasons why this method 
using equation (4) may not be preferable to the simpler 
expressions; 

(i) price elasticities for import demand and export supply are 
not readily available in developing countries. Estimation 
of price elasticities is usually beyond the scope of the 
estimation of national economic parameters studies and can 
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~e very demanding in terms of data, resources and time. 
Even though one can borrow from the estimates for other 
countries, there remains the problem of how reliable these 
are. Under such circumstances a simpler approach is to use 
equation ( 3). 

(ii) Balassa's expression, as adopted in our equation (4,) 
implicitly assumes that a marginal increase in foreign 
exchange resulting from a project leads to an adjustment of 
th~ foreign exchange rate, and tharefore, the use of price 
elasticities to weight imports and exports is necessary. 
Where either no adjustment to the exchange rate takes place, 
as a result of a m~rginal increase in foreign exchange, or 
alternatively assuming the values of all the price 
elasticities to be equal to 1.0 our equation (4) reduces to 
equation (3) (Bruce, 1976, 11). 

Owing to these reasons, most estimates for developing countries 
have tended to use the version of the SCF in equations (3) or 
(2). 

Equations (1) to (4) would normally be applied as part of a 
partial approach to national economic parameters (see report 2). 
In a semi-input-output analysis (SIOA), the SCF is expressed as 
the weighted average of all the conversion factors for productive 
sectors of the economy (Powers, 1981, 92). The sectoral 
conversion factors are derived from the SIOA and the weights are 
the respective shares of the sectors in value added in the 
economy. The SCF in a SIOA may, therefore, be expressed as 

SCF = I: ai.CFi (5) 
i 

where i refers to a productive sector, 

ai is the weight placed on the sector, and 

CFi is the CF for sector i. 

Where SIOA can be applied it allows a more accurate estimate 
of the SCF that covers both traded and non-traded sectors. This 
allows the SCF to be estimated as a genuine average of 
commodities in the economy. 

2.2 Shadow Price of F~reiqn Exchange in a Domestic Price System 

The shadow price of foreign exchange (PF) (UNIDO 1972, 215-
229) in a domestic price system is the ratio of the shadow to the 
official exchange rate and is therefore equivalent to a CF for 
foreign exchange. 

The shadow price of foreign exchange is normally defined as 
d ratio of domestic to world prices. This is on the assumption 
that foreign exchange is in fixed supply, and that domestic 
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market prices reflect the value to the economy of goods that can 
be purchased with or made available by additional foreign 
exchange. Simple estimates use the inverse of equations (1) to 
(4) for th~ SCF as a measure of pF (SERLOER). When one of these 
equations is used for both the SCF and pr the world and domestic 
price systems are directly comparable. 

More detailed approaches to pF use direct comparisons of 
world and iomestic prices for traded goods, provided the domestic 
prices used are free-market not controlled prices. This is the 
procedure suggested in UNIOO (1972), and illustrated in equatior.s 
(6) and (7) below. 

Assuming that foreign exchange :sin fixed supply and that 
imports only will be affected as a result of additional foreign 
exchange availability, 

pF = SER = r ai. op. (6) -l. 
OER i WP· 

l.. 

where, 

SER is the shadow exchange rate, 

OER is the official exchange rate, 

ai is the share of good in the marginal import bill, 

DP· l. is the domestic price c. - JOOd i and 

WP. is the cif import price of good l., converted at the l. 
official exchange rate. 

The domestic price system also recognises that in some 
circumstances both imports and exports can be affected by the 
availability of additional foreign exchange. This means that (6) 
becomes 

(7) 

where i and j refer to import and export goods respectively, 

DPi and 

WPi and 

DPj are their domestic prices, 

WPj are their world prices, cif and fob respectively, 
converted at the official exchange rate, 

ai and aj are the shares of i and j in additional demand for 
foreign exchange, so that 

E a 1 is total import demand, and 
i 
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r aj is total demand for exportables diverted from the 
j export market, and ~ ai + ~ aj = 1.0. 

l. J 

Use of equations (6) and (7) will give results which are not 
precisely comparable with equation (5) for the SCF. This is 
firstly because the SCF in principle co7ers all goods in thf 
economy, not just traded goods, which is what the formula for P 
relates to in UNIDO (1972). Second the weighting system in (6) 
and (7) will differ slightly from that in (5). 

In ( 5), SCF 

where CFi 

= 

= WP-l. 
DPi 

Therefore its inverse, 1/SCF = 1 

or 1 /SCF = r 1 
i ai 

• DP-l. 
WP· l. 

In equation (6) and (7) 

r a· .DP· 
l.
. l. -l. 

WPi 
SER = 

so that the weights are ~1- when the inverse of equation (5) is 
a. 

used, and ai when pF is es~imated ~irectly in equations (6) and 
( 7). 

Alternatively if foreign exchange is treated as being in 
variable supply its shadow price will be determined by the 
domestic resources required to generate additional foreign 
exchange through exports or import substitutes. Now pF becomes 

where 

pF 

a· l. 

= (8) 

is the share of sector i in additional foreign 
exchange earned or saved, 

is the total of domestic resources required per unit 
of foreign exchange earned or saved in i, 

DRCi can be expressed simply as 

DRCi a (Li + K; + Ni) 

(Fi x OER) 
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#here Li, Ki and Ni are the total labour, capital and non-traded 
resources required per unit of i, valued in 
shadow prices, 

Fi is the net foreign exchange generated per 
unit of i (output - traded inputs at world 
prices). 

Whenever r_ai.DR~i > 1.0 there will be positive premium on 
l. 

foreign exchange. This approach to pF has no direct equivalent 
in the world price system. 

As we have seen strict\¥ the equivalence between the shadow 
price of foreign exchange (P ) and the SCF, where 

pF = SER 
OER 

= 1 
SCF 

only holds were approximate formulae are used to estimate both 
the SCF and PF. Where more detailed approaches to both 
parameters are followed the results are not precisely comparable. 

2.3 Liaitations of the Shadow Price of Foreign Exchange 

Little and pirrlees (1974) argue that use of an aggregate 
parameter like P can be misleading. This is because it is very 
difficult to estimate what it costs the economy to use or supply 
additional foreign exchange, without specifying in detail how the 
foreign exchange will be used or from where it will be supplied. 
If foreign exchange is in fixed supply its cost will depend on 
what users foregoe foreign exchange to allow a new project to use 
it. Alternatively if foreign exchange is in variable supply, so 
that exports and import substitutes can be increased to allow a 
project to u5e foreign exchange, its cost will depend on the 
economic costs per unit of foreign exchange in the various 
supplying sectors. 

Little and Mirrlees argue that at a national level 
identifying these marginal costs is very difficult. Instead 
their approach focusses on the foreign exchange costs associated 
with individual projects, and expresses all project effects in 
terms of foreign exchange. If all costs and benefits are at 
world prices the choice of exchange rate will affect only their 
absolute size, not the comparison between costs and benefits. 
Therefor~ in a world price system any project with a positive NPV 
at the economic discount rate, in theory should have a positive 
impact on the foreign trade balance, by generating a net surplus 
of foreign exchange, and will be acceptable at whatever exchange 
rate is used; - whether a shacow or the official exchange rate. 

Little and Mirrlees suggest that for simplicity one can use 
the official exchange rate to convert world prices to local 
currency. However, since individual foreign exchange effects of 
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projects must be estiITTated, a set of specific CFs for project 
outputs and inputs will be required. These specific CFs, whose 
definition is discussed in sections 6 and 7 below, are used to 
estimate the full foreign exchange effects of projects. 

For non-traded inputs used by projects, or their non-traded 
outputs, these CFs must express values at domestic prices in 
terms of foreign exchange equivalents. Where CFs for such goods 
arc below 1.0, this has the effect of giving a higher weight to 
foreign exchange relative to domestic resources. This is the 
same relative adjustment implied by a shado~ exchange rate above 
the official rate, so that pF > 1.0, and e~plains why no SER is 
needed in a world price system, P.ven when it is felt that foreign 
exchange is undervalued by the official exchange rate. 

Since they ~eject the use of a single parameter for foreign 
exchange in general Little and Mirrlees also caution against the 
frequent use of their aggregate parameter, the SCF. They suggest 
that this should only be used to revalue minor items for which 
there is no detailed information that will allow a specific CF to 
be calculated. 

In terms of the logic of the argument the Little and 
Mirrlees position is now generally accepted. Where their 
approach is applied fully it gives a more rigorous analysis than 
any alternative treatment. Furthermore if a domestic price 
analysis follows the same level of detail as the world price 
analysis - by expressing all effects in terms of foreign exchange 
- there is no need for a SER. 

In practice approx~~ations are always required, and in some 
versions of the systems relatively small differences of treatment 
can emerge. Where a detailed world price analysis is employed 
its results can be converted to domestic price units by 
multiplication by 1/SCF. The SCF gives the average ratio of 
world to domestic prices for an economy, so that where it is 0.8, 
on average domestic prices are 25\ above world prices. In this 
case, all results in a world price system can be converted to 
domestic price units by applying this average r~c;o of 1.25. 

Although \JSCF will only be an approximate not a precise, 
indicator of P , the shadow price of foreign exchange, it is a 
useful summary measure of the degree of distortion in an economy. 
In a consistent SIO approach to the SCF using equation (5) the 
main features of an economy that create divergences between 
shadow and market prices will be captured. The SCF is influenced 
by labour underemployment, taxes and subsidies, surplus prof its, 
supply constraints on non-traded sectors, and controls on prices 
and foreign trade. The net effect of these features of an 
economy is to create a general divergence between world and 
domestic prices. Injractice this general divergence can be a 
reasonable guide to P , particularly since estimation of pF using 
a partial approach, auch as equations (6), (7) or (8), is often 
subject to considerable margins of error. 
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In report 3, where national economic parameter estimates for 
China are discussed, the approach used is to first estimate these 
parameters in a world price system. All estimates are then 
converted to domestic price units by multiplication by 1/SCF, 
which is taken as a proxy for PF. In report 3 the SCF is termed 
the average conversion factor, ACF. 

3. Economic Discount Rate 

3.1 Econoaic Discount Rate in a World Price System 

The discount rate used in the economic analysis of projects 
in a world price system "is the marginal productivity of capital 
in the public sector" (Squire and van der Tak, 1975, 110). It 
is, in other words, the rate of return earned by a marginal unit 
of public investment at world prices, usually termed q, the 
marginal productivity of capital. The parameter q serves two main 
functions in ex ante project analysis; 

(i) it allocates the supply of public investment funds among 
competing projects from which the minimum rate of return on 
capital emerges; 

(ii) it discounts the resource flows of projects to determine 
their present worth (Powers, 1981, 45-8). 

The economic or efficiency discount rate (EDR) thus reflects the 
opportunity cost of capital and also the rate of fall in the 
value of nume1aire over time; the numeraire in the world price 
system can be "uncommitted foreign exchange in the hands of the 
government" (Squire and van der Tak 1975, Little and Mirrlees 
1974), or savings (Little and Mirrlees 1968). 

There are several possible ways to estimate the value of q 
or EDR. In general, it is an estimate of what the economy loses 
or foregoes when a decision is made to use capital in a project. 
The calculation of this parameter is linked to the way projects 
are financed in the country's public capital budget. There are 
two possible cases: first, marginal budget outlays are financed 
with external or domestic borrowing; and second, the public 
capital budget is fixed, so public demand for investment funds 
faces a rigid supply, and additional expenditure can only be made 
by drawing funds away from other projects. In the first case, 
the marginal impact of a new project is the opportunity cost of 
the funds allocated to it, which depends in turn on the marginal 
cost of obtaining them in the external market or from domestic 
savers; the supply of such funds is elastic. In the second 
case, financing of a new project implies that another project 
must be foregone at the margin, since the supply of funds is 
fixed. This means that the opportunity cost will be equal to 
the loss of the net economic benefit produced by the displaced 
investment. 

Empirical estimation of the EDR is crucially important 
because the allocation of investment resources depends largely on 
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this parameter. When an artificially low discount rate is used a 
project may appear justifiable even with a lower rate of r-~urn 
than it should have in terms of the actual scarcity of resources. 
Likewise, if the discount rate is artificially high some projects 
may b.:: rejected even though they would be economically 
profitable. However, th~~e is not a universally accepted method 
which gives a precise estimate of the value of the EDR. The 
convention is to try a range of possibilities and select the most 
plausible value. 

The fellowing are the most commonly used methods for the 
approximation of the value of q and thereby the EDR. 

3.2 Macro Approach 

This approach assumes that the marginal productivity of 
capital in the economy indicates the value of the EDR. Marginal 
productivity of capital, q, by this approach is the incremental 
output-capital ratio net of labour's contribution (Squire and van 
der Tak, 1975, 110). 

The incremental output-capital ratio may be calculated with 
the help of national accounts as the ratio of the net increase in 
national output to capital. Gross domestic product (GDP} net of 
wages and consumption of fixed capital assets provides a value 
for the net na~ional output or nat surplus in the economy; 
whereas, the value of fixed capital stock after adding capital 
formation and deducting consumption of fixed assets gives the 
value of capital employed. The ratio of the former to the 
latter, measured at constant shadow prices, provides an 
indication of the value of the q in the economy. It may be 
expressed symbolically as 

q = A O/K (9) 
where, 

q is marginal productivity of capital in year t; 

AO is value of the net increase in national output at shadow 
prices; that is net national product after deduction of 
consumption of capital stock, and wages; 

K is the value of total capital employed at shadow prices; 
K covers buildings and machinery, land and inventories. 

In a world price system returns to capital must be expressed 
at world prices. This can be done by applying CFs to both sides 
of the ratio for q. Therefore AO at world prices can be 
approximated by 

AO = (GDPt x SCF} - (Wt.CFL + Dt.CFCAP) (10) 

and K by 

20 



( 1 1 ) 

where subscripts refer to years 

GDPt is gross domestic product in year t, 

wt is wage bill in year t, 

Dt is depreciation of capital assets in year t, 

Kt-1 is capital stock in year t minus one, 

It is investment in year t, 

SCF is the standard conversion factor, 

CFL is a labour conversion factor, and 

CFcAP is a conversion factor for capital. 

With these specifications of 60 and K, equation (9) becomes 
a return at world prices. 

This approach is rarely used in practice due to its 
approximate nature. 

3.3 Sectoral Approach 

This estimates the pre-tax rate of return on capital at 
constant shadow prices, that is the marginal productivity of 
capital at the sectoral level. The pre-tax rate of return on 
capital is the ratio of the gross prof it to the capital employed, 
which may be expressed as 

where, 

is marginal productivity or rate of return on capital 
in i sector, 

is the value of net increase in sectoral output at 
shadow prices, 

is the value of total capital employed in the sector at 
shadow prices. 

Care should be taken while interpreting this definition of 
q, since, if qi represents average capital productivity in a 
sector comprising both public and private industries this may be 
misleading as a guide to returns to public investment. Where 
private industries yield a higher rate of return on capital it 
will probably be safer to estimate qi for public sector industry 
only, assuming the alternative use of the public funds would be 
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in this sector. 

The above equations prov1ae an estimation of q on an ex post 
basis. Ex ante q is also useful in esti~ating the value of the 
EDR. The assumption here is that the government chooses 
investment projects on the basis of their economic internal rates 
of return (EIRR). If the government selects projects with the 
highest EIRR and continues in decreasing order until the EIRfi of 
the marginally accepted project is equal to the EDR, the highest 
EIRR of th~ rejected public investment projects may be taken to 
te the lower limit of the ex ante q. This method, however, 
requires a detailed study of a quite large number of investmerrt 
projects and presupposes the use of the EIRR in project 
selection. Further, it can also be argued that under the 
circumstances where public investment projects are actually 
decided on the basis of social and policial rather than strictly 
P.conomic criteria, this c~nroach is inappropriate. 

3.4 Cost of Foreign Investaent or Borrowing 

If, at the margin, a country is investing abroad the minimum 
marginal productivity of its capital should be eq~al to the real 
rate of return on additional foreign investment. Accordingly, 
the real rate of return on outward foreign inve:tment, should be 
considered as the cut-off rate, that is, the EDR. However, 
excepting the capital s~rplus oil producing countries, very few 
developing countries invest significantly abroad. 

If, at the margin, a country is borrowing from abroad to 
finance its investment projects, the marginal productivity of 
capital should be equal to the real cost of foreign borrowing 
(Squire and van der Tak, 1975, 113). The cost of Euro-dollar 
loans are normally based on the LIBOR (the London Inter Bank 
Offer Rate) plus spread, a variable component depending on the 
terms of the loan and the degree of borrower's risk, and extras, 
of commitment and administrative charges. 

The cost of foreign borrowing should be expressed in real 
terms, which is done with an international price deflator. Since 
international inflation reduces the real value of the debt 
repayments, the appropriate price def lator should, therefore, be 
based on the price movements of the debtor country's principal 
exports and imports that constitute its total foreign trade. 
This assumes that to pay the debt arising out of the marginal 
foreign borrowing, a proportion of foreign exchange will come 
from a decrease in the value of imports of goods and a proportion 
from an increase in the value of exports of goods. 

This approach of estimating the ~DR tends to yield a lower 
bound value. 
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3.5 Cost of Domestic Savings 

Where it is assumed that additional savings from domestic 
sources are forthcoming, normally domestic savers interest rates 
adjusted for inflation provide an approximate indicator of the 
cost to savers of postponing consumption. 

3.6 Economic Discount Rate in Domestic Price System 

The concept of the EDR in an economic analysis of projects 
is similar in both the world and domestic price systems. UNIDO 
(1972) works with a discount rate derived from the government's 
time preference for consumption, often termed the consumption 
rate of interest discount rate (CRI). However where there is no 
savings constraint, that is in economic analysis, and at stage 2 
of UNIDO (1972), q will equal the CRI discount rate. As is 
discussed further in section 9, the CRI discount rate is 
subjective, however in a domestic price system q can be 
approached in the same way as in a world price system except that 
if we use equation (9), both 60 and K must be estimated at 
dome~tic prices not world prices. Estimation of these two items 
at domestic prices requires a separation into their local and 
f~reign exchange components, and a revaluation of the latter by 
P the premium on foreign exchange (SER/OER). Therefore at 
domestic prices 

and 

where, 

60 = d60 + (1 - d)60. pF 

K = d K + (1 - d) K 

d is the domestic, and 

p F 

(1 - d) the foreign exchange component and 

pF is SER/OER. 

( 1 2) 

( 1 3) 

Equations (12) and (13) assume that for the domestic 
components (d60 and dK), domestic prices already reflect economic 
value, so that no further shadow pricing adjustment is required 
for these items. This treatment, is equivalent to applying CFs 
of 1.0 to d~O and dK. However, where appropriate there is no 
reason why these items could not be adjusted by CFs that differ 
from 1 .o. 

4.0 Shadow Price and Conversion Factor for Labour 

4.1 Introduction 

Labour is a major factor input to all the sectors of the 
economy. It enters into a project's accounts in two different 
ways - directly as an input to the project, and indirectly as an 
input to the nontraded goods used by the project. If the market 
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is reasonably competitive the market wage rate is the appropriate 
shadow price for labour, just as any market price is the 
appropriate shadow price for a good or service. Neoclassical 
theory posits that the wage is equal to the productivity of the 
marginal labourer where there is no involuntary unemfloyment, 
implying that market wage rate reflects the economic opportunity 
cost of labour. 

In most developing countries price distortions prevail in 
both factor and product markets as a consequence of structural 
disequilibria, wages legislation and union bargaining in the 
factor market, and as a result of various trade control and 
promotion policy measures in the product market. Market prices, 
therefore, do not reflect the real worth of factors and products. 
In order to adjust for such price distortions a set of shadow 
prices and conversion factors are required. 

In the economic analysis of projects the shadow price of 
labour is defined as the economic value of the loss of output 
elsewhere in the economy caused by the project owing to the 
withdrawal of labour from previous occupations. The shadow price 
of labour depends on the skills, availability, origin, and 
foregone output associated with the workers concerned. 

A conversion factor (CF) is the ratio of shadow to domestic 
market price values of goods and services, as defined earlier. 
Following this the CF for labour may be expressed as 

( 1 4) 

is the conversion factor for labour 

is the shadow price of labour, and 

is the domestic market price, or project wage, rate of 
labour. 

For the purpose of the present study, we shall consider only 
three types of labour, namely unskilled, skilled, and foreign 
labour. 

4.2 CF for Labour in World Price System 

The shadow price of labour in world price system is the 
economic value of the net foregone output resulting from 
committing labour to the project. It is also called the economic 
or shadow wage rate. To maintain the logical consistency of the 
shadow pricing system, the net foregone output should be 
expressed at its world price equivalent value. 

In theory the equation for the shadow price of labour should 
also incorporate a component reflecting the change in effort as a 
result of the change in employment, expressed at shadow prices. 
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If a labourer views a new job as more difficult or demanding than 
the present one, the economic cost of new employment should 
include an estimate of the labourer's disutility of effort. In 
practice reliable data on disutility of effort is hard to find; 
excepting in some special cases where a worker is very likely to 
be subjected to hazards and discomforts, it does not appear in 
the ~quation of the shadow price of labour (Squire and van der 
Tak, 1975, 80-1, Powers 1981, 36). 

4.3 CF for Rural Unskilled Labour 

Conventionally, unskilled labour absorbed in the modern non
agricultural sectc~ in rural areas is believed to be over
whelmingly rural people whose alternative employment would be in 
the rural sector, mainly in agricultural activities. The 
opportunity cost or the foregone output of such labour is the 
loss of income in the agriculture sector which can be taken as 
approximately equal to their marginal product. 

As long as the equality between (i) the foregone output and 
marginal product, and (ii) the marginal product and market wage 
rate prevails, the estimation of net foregone output is in 
principle straightforward, and with the help of a relevant CF to 
revalue output, the shadow wage rate can be estimated. However, 
considerable practical problems arise when the equality does not 
hold. In most developing countries, especially in the rural 
sector, underemployment is prevalent. This means that the sector 
experiences peak, and off-peak periods of employment, with rural 
wages varying over the year. Often in practice foregone output 
is estimated as a weighted average of rural wage rates over a 
full year, allowing for the possibility of low or zero employment 
at certain times of the year. 

Following equation ( 1 4), the CF for rural unskilled labour 
may be expressed as 

CFRUL = SPRUL/DPRUL 

where, the subscript RUL stands for rural unskilled labour, with 
DP being the market wage. SPRUL is the economic value of the net 
foregone output elsewhere in the economy as a result of the 
withdrawal of rural unskilled labour arising from the demands of 
the modern non-agricultural sector in the rural areas. SPRUL may 
be expressed as 

SPRUL = m.CFm ( 1 5) 

where, m represents marginal product or net foregone output at 
domestic prices, and CFm the conversion factor to express m at 
its world price equivalent value. 
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4.4 CF for Urban Unskilled Labour 

The demand for unskilled labour in urban areas is met by (5.) 
the pool of underemployed or unemployed unskilled labour already 
living in the urban areas; (ii) the pool of employed unskill~d 
labour already living in the urban areas; (iii) the pool of rural 
unskilled labour who may migrate to the city. 

When a project in the urban areas draws unskilled labour 
from one or more of (i) to (iii) sources, the same principles 
discussed for rural unskilled labour are relevant. In other 
words, the shadow price of urban unskilled labour, is measured as 
the economic value of the foregone output fer different sources 
of labour. 

The estimation of the shadow price of urban unskilled labour 
becomes complicated only when there is multiple migration so that 
more than one worker leaves rural areas for every new urban job 
that is created. As urban employment expands it may attract 
rural workers in search of a higher paying job in the urban 
areas. A protected urban market for unskilled labour may pay 
higher wages than that prevalent in the unprotected rural and 
urban markets for unskilled labour. !n practice it is difficult 
to be certain about the source and magnitude of labour movements 
as migration patterns may be more complex in urban than in rural 
areas. The decision to migrate to urban areas is usually based 
on two economic considerations. First, the expectation of 
finding a higher paying job in the urban areas; second, the 
difference in long term earning potential of rural and urban 
employment. 

Where multiple migration takes place, the shadow price of 
urban unskilled labour should be adjusted for the number of 
migrant workers per job created by the project. Following this, 
the shadow price of urban unskilled labour, with a multiple 
migration effect, may be expressed as 

CFuUL = SPuuL/DPuuL 

where the subscript UUL denotes urban unskilled labour, and SPuuL 
= a.m.CFm 

where a is the number of workers assumed to migrate per urban 
job, m is output foregone per worker at domestic prices and CF m 
is the CF for m. 

4.5 CF for Skilled Labour 

The shadow price of skilled labour is also determined in the 
sa.ne way as in the unskilled labour case. In other words, it is 
the economic value of foregone output in alternative employment. 

It is usually assumed that the market wage rate is a 
reasonable reflection of the economic opportunity cost of skilled 
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and professional labour. This implies that the market wage rates 
determined by the labour markets have already considered the 
probable output foregone caused by the movement of skilled labour 
from one sector to another. The only adjustment required in this 
case, therefore, is the conversion of the domestic market wage 
rate into its world price equivalent value. For this purpose, 
the 0rigin of the skilled labour should first be known, and by 
applying the relevant sectoral CF, the shadow price of skilled 
labour is estimated. In the case where the origin of the skilled 
labour is unknown, or the relevant CF is not available, the SCF 
may be used. 

CF for skilled labour may be expressed as 

where, the subscript SL refers to skilled labour. 

If output foregone at domestic prices equals the market 
wage, then 

= DPsL x CFm 

where DPsL is the market wage for skilled workers, and CF m is the 
conversion factor for the sector from which they are assumed to 
come. In this case 

CFsL = DPsL x CFm = CFm ( 16) 

DPSL 

so that CF for skilled labour is the CF for the sector from which 
the workers are drawn. Alternatively where the SCF is used 
instead of a sectoral CF the CF for skilled labour equals the 
SCF. 
6.2 
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4.6 CF for Foreign Labour 

For foreign workers there are two possibilities 

(i) that a project generates an additional demand for foreign 
labour who like any other import are drawn into the economy 
with a direct foreign exchange cost; 

(ii) that the project uses foreign workers already resident in 
the country; here their economic cost is therefore output 
foregone and their treatment is identical in principle to 
that of any other type of worker. 

It is conventional, however, to assume that (i) is the more 
relevant approach since in the majority of cases foreign workers 
are drawn from abroad. The shadow price of foreign workers as 
per this approach is the sum of the repatriated amount of their 
wages plus the foreign exchange equivalent of their consumption 
domestically. 

Foreign labour usually repatriates some of its wages to its 
home country and spends the rest in the host country for daily 
consumption. The repatriated portion of the wages paid to 
foreign labour is a direct loss of foreign exchange to the 
economy and the rest spent locally on consumption, valued at 
shadow prices, is an indirect loss of foreign exchange to the 
economy. The relevant CF for the former, repatriated wages, is 
1.0 since it is already in terms of foreign exchange, and for the 
latter, foreign labour's consumption, is the specific CF for 
foreign labour's consumption. 

The CF for foreign labour may be expressed as follows: 

where, the subscript FL r•:?fers to foreign labour and 

SPFL = R + ( DPFL - R) CCFFL 1 ( 1 7) 

and R is the repatriated amount of wages, 

is the wage of foreign labour at the project site, 

so that, (DPFL - R) is the amount of wages spent locally on 
consumption, 

and CCFFL is the consumption conversion factor for foreign 
labour. 

Further distinctions between skilled and unskilled foreign 
labour will not be necessary as the same considerations are valid 
in both cases. 
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4.7 CF for Labour in Domestic Price System 

In the economic analysis of projects in the domestic price 
system, the shadow price of labour is equal to its economic 
opportunity cost measured in domestic prices. As the unit of 
accour:t is in domestic prices, no further adjustment is 
necessary. The economic principles involved in shadow pricing 
labour are similar in both domestic and world price systems. 

CF for labour in the domestic price system (CFL *} is, 
therefore, the ratio of shadow price of labour to its domestic 
price, where the shado~ price of labour is the domestic price 
value of its foregone output in alternative employment. The key 
difference with the world price approach is that any foreign 
exchange element in output foregone - jn terms of traded goods 
production - is increased in value by P (SER/OER) to account for 
any additional value placed on foreign exchange. The domestic or 
non-traded element in output foregone i~ valued at domestic 
prices which in theory should be shadow prices expressed in 
domestic price units. 

Therefore in a domestic price system labour's output 
foregone, which defines the shadow wage, can be expressed as 

SPLAB = dm + (l - d)m. pF 

where SPLAB is the shadow price of labour 

m is output foregone at domestic prices 

( 18) 

d is the proportion of m which is not a foreign exchange 
cost (non-traded output) 

(1 - d) is the proportion of m which is a foreign exchange cost 
(traded output) 

pF is the premium on foreign exchange 

In turn in a domestic price system there will be a new set 
of CFs for domestic workers, so that for example, for labour in 
general 

where CF*L is the conversion factor for labour in a domestic 
price system 

DPL is the market wage 

and SPL is as in (18) 

CF*L is therefore 
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= dm + (1 - d)m.PF 
DPL 

( 19) 

Equation (19) holds for all categories of domestic workers, 
whether unskilled, urban, rural or =~illed. 

For foreign workers equatio~ f17) must be modified, to 
become 

SP*FL = R.PF + (DPFL - R) 

so that CF*FL = R.PF + (DPFL - R) 
DPFL 

(20) 

where SP*FL and CFFL are the shaJow price and conversion factor 
of foreign labour, respectively, in a domestic price system. 

In (20\ the direct foreign exchange element in the cost of 
employing fJreign ~orkers - the repatriated element in wages R -
is adjusted by P , whilst the domestic element of local 
consumption (DPFL - R) remains unadjusted, since it is already at 
domestic prices. 

5.0 Shadow Price of Land 

5. 1 Introduction 

Land is a unique primary factor of production. It is 
essentially non-reproducible, non-substitutable, immobile, and 
with adequate farming practices it can have an infinite life 
unlike other primary factors. It may be rented or owned by 
individuals, the community, and the government. 

In a project's accounts land enters directly as an input to 
the project and indirectly as an input to the non-traded goods 
used by the project. The financial cost of purchased land 
appears as a capital investment and the financial expense of 
rented land appears as a current operating cost in the project 
cash flow. 

5.2 Shadow Price of Land in a World Price System 

The value of land varies as a function of expectations 
regarding its future use. Where there is a free market in land, 
the market price will reflect puchaser's assessment of the future 
net earnings from the land. Usually, urban land and land in the 
natural resource sense may be held as profitable speculative 
assets, with the current price determined on the basis of 
expected future returns. In most cases of urban land its market 
price is considered to be a reliable indicator of its real worth. 
Nevertheless, one should be careful in the case of government 
owned urban land where it may be subsidised for some special 
projects, and in some cases of urban land where the owners may 
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declare a low value for their land to reduce their tax burden. 

As development projects are not usually located on high 
value urban sites, a serious need for shadow pricing does not 
frequently arise for manufacturing projects. As we mentioned 
earlier, in many cases of urban land the market price may be 
considered to be equal to its shadow price, perhaps only 
adjusting for the average divergence in the economy between 
domestic and world prices by using the SCF. 

A serious need for shadow pricing of land arises in the case 
of projects located in rural areas; particularly those projects 
requiring extensive use of land, for example, agricultural, 
forestry, mining, irrigation, antl road projects. Manufacturing 
projects usually require only a small area of land for their 
buildings and plants, and the financial cost of such land in the 
project accounts will normally be a small item. In the case of 
such minor costs the SCF may be used. 

For most agricultural projects using existing agricultural 
land the best approach is to measure the annual benefits of the 
project as the difference between what the land would have 
produced without the project, and what it is expected to produce 
with the project. The annual benefits, thus, obtained should be 
expressed at their world price equivalent values with the help of 
relevant CFs. Here, the CFs will be specific for individual 
agricultural products. The implicit assumption in this approach 
is that the land in such agricultural projects is an annual 
recurrent cost which represents its alternative marginal net 
product each year, and that the land use is reversible. Unlike 
agriculture-related projects, in some projects, particularly like 
open-cast mining, and road construction, land use is changed 
irreversibly because the costs of reversal are prohibitive. In 
such cases the annual costs will need to be capitalised at the 
economic discount rate. 

For all projects incurring land costs, estimating the 
economic opportunity cost of land is usually an essential part of 
project design work; however forecasting the without project 
situation is very demanding in terms of data, resources and 
technical expertise. 

For all projects incurring minor land costs, such as most 
industrial projects, the convention is to assume equality between 
the market and domestic shadow price value of land, using the SCF 
to revalue the land cost to world prices. Clearly for more land
intensive projects more detailed estimates will be required 
derived from the with and without project case. 

5.3 Shadow Price of Land in a Domestic Price Systea 

The coverage of shadow pricing of land in the domestic price 
system follows the same analysis. The economic cost of land is 
the value of net output for~gone at domestic prices as a result 
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of using the land for the project. As in the case of labour, the 
foreign exchange component of land's opportunity cost - covering 
traded output foregone - must be adjusted by multiplication by pr· 
to allow for any premium on foreign exchange. 

6. Shadow Price and Conversion Factor for Traded Goods 

6.1 Introduction 

Traded goods ~re those goods which have direct international 
trading prices. Their consumption or production by a project has 
a direct effect on the balance of payments. The main economic 
opportunity costs of traded goods to the economy are their 
international trading prices, namely, cif import and fob export 
prices. A number of different types of traded goods may be 
associated with a project; the most likely types of traded goods 
are described below: 

(i) 
(ii) 
(iii) 

(iv) 

goods which are imported by a project; 
goods which are exported as a result of a pro~ect; 
goods whose production by a project saves foreign 
exchange through import substitution; 
goods which are diverted to domestic use by a project, 
and would otherwise would have been exported; 

Whilst categories (i) to (iv) are assumed to be at constant 
prices there is a final category. 

(v) goods imported or exported at variable international 
prices; here additional demand or supply by a project 
affects the world price of the good. 

6.2 C'P for Traded Goods in a World Price Systea 

To estimate the CF for traded goods requires a comparison 
between their world prices plus various domestic transport and 
distribution costs, and their price in the domestic market. It 
is necessary to be consistent so that domestic price at a 
particular price level, for example wholesale or retail, and at a 
specific location is compared with the equivalent world price. 
This involves adding the appropriate transport and distribution 
costs to the ~orld price to arrive at the appropriate shadow 
price for the price level chosen. To find the shadow price of a 
traded good in a world price system it is necessary to convert 
transport and distribution costs to world price terms by either 
using CFs for these sectors, or a single SCF. 

This can be illustrated in terms of the different categories 
of traded goods identified above; 

(i) imported goods at constant prices 

Here the shadow price at a prJject of an imported good i is 
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SPi = WPi + Ti.CFT + Di.CFO 

where SPi is the shadow price of import i 

( 21) 

WPi is the cif price of i converted at the official 
exchange rate, 

o. 
l. 

and CFT 

is the transport cost at domestic prices involved in 
moving i from the port to the consumption point 
selected for the analysis 

is the distribution co~ts (including port costs) at 
domestic prices involved in moving i from the port to 
the domestic consumption point selected for the 
analysis. 

and CF0 are conversion factors for transport and 
distribution respectively, which will convert their 
domestic price values to world prices. The relevant CF' 
for i is given by SPi 

op. 
where DPi is the dom~stic price at the selected point 
of consumption. 

(ii) export goods at constant prices 

Here the only difference of treatment is that domestic 
transport and distribution costs will have a negative sign, since 
by exporting the output these costs, associated with moving the 
goods from the project to the port or frontier, will reduce the 
benefit from the export sale. Therefore where x refers to an 
export good sold by a project 

(22) 

Here ~"Px is now an fob price converted at the official exchange 
rate. 

The CF for x is therefore SPX, where DPx is the domestic price of 
DPX 

x at the project. 

(iii) import substitutes at constant prices 

For projects that produce import substitutes the 
geographical point of comparison should be the main market for 
the good. Without the project, domestic buyers would pay the cif 
cost of the import plus the transport and distribution cost 
between the port and this main market. With the proj 9Ct buyers 
will pay the project - gate price plus the transport and 
distribution cost between the main market and the project site. 
To determine the economic value of the good, that is, the 
substitute for imports produced by the project, the tranfport a~d 
distribution costs between the project and the port (T and D ) 
should be added to the cif price and the tr~nsport and 
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distribution cost between the market and the project {T2 and o2), 
should be deducted from this total. This is because transport 
and distribution costs from the port to the market will now be 
saved as a result of the domestic production of the good. These 
savings must be added to the benefit in foreign exchange 
determined by the cif price of output. However costs incurred in 
moving the good from the project to the market lower the net 
benefit from the production of i. 

Denoting an import substitute commodity by ~he subscript 
"is" the shadow price is 

SPis = WPis + (T1is - T2is) CFT + (D1is - o2is) CFo (23) 

where WPis is the cif price at the official exchange rate 

and T1 and T2, and o 1 and o2 refer to the two set of transport 
and distribution costs respectively; 

The relevant CF is therefore CFis = SPis 
DP· 

where DPis is the price in the domes1t5ic market, at the chosen 
price level, either retail or wholesale. 

(iv) exportable goods at constant prices 

These are goods diverted from export to the domestic market. 
There are two effects to be considerad in the determination of 
their shadow price. These are the costs saved and revenue 
foregone by not exporting the goods and the transport and 
distribution costs incurred in using the goods in the domestic 
economy. The shadow price of the diverted exports will be the 
fob price plus the fiet economic value of the transport and 
distribution costs involved. These costs will comprise: 

- the saved cost of tra~sport 
1
and distribution from the 

producer to the port ( T and D ) ; and 
- the cost of transport and distribution from the producer 

to the main domestic market (T2 and o2). 

Using the subscript dx for diverted exports, their shadow 
price is as follows; 

SPdx = WPdx + (T2dx - Tldx).CFT + (D2dx - oldx).CFo (24) 

Now costs Tld and o1dx are saved as a result of the good not 
being efporte~, and are therefore shown with a negative sign. 
Costs T dx and o2 dx are incurred in moving the good to the market 
so they are incluaed with a positive sign. 

WPdx is the fob price converted at the official exchange rate. 

The CF is given as SPdx 
DPdx 
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where DPdx is the domestic price at the chosen price level. 

(v) traded goods with variable international prices 

A common assumption in shadow pricing traded goods is that 
an increase in production or consumption as a result of a project 
in a developing country will not be sufficient to influence world 
prices for the goods. A project's incremental addition to or 
deduction from the level of world trade is assumed to be absorbed 
without any significant effect on wcrld unit prices. If this 
assumption of infinite elasticity regarding the supply of imports 
and demand for exports appears unjustified, an estimation of 
marginal export revenue or import cost becomes necessary. 

If the cif or fob price of a traded good is expected to vary 
significantly with the amount of purchase or sale, it should be 
adjusted before using it to reflect an economic cost or benefit. 
An adjustment must be made for the fact that a higher or lower 
unit price, at the margin, will increase or decrease the average 
~rice of the traded good associated with the project. If a 
project will require a very large quantity of an imported input, 
whose price rises in response to the project's demand, estimation 
of its marginal import cost to the economy becomes relevant. 
Likewise, if a project exports a very large quantity of a certain 
good and this causes the average price of the good to fall, the 
marginal export revenue becomes the appropriate measure of the 
ur.it value of the export good. 

In these cases the average unit cif or fob price must be 
replaced as a measure of value for a traded good by the marginal 
import cost (MIC) and marginal export revenue (MER), 

where 

where MI Ci = WPi. (1 + 1 ) and 
ei 

MERX = WPX (1 + l ) 

ex 

i and x refer to imported and export goods respectively; 

WPi and WPx are cif and fob prices respectively converted 
at the official exchange rate, 

and e 1 and ex are the elasticities of foreign supply of 
imports, and of demand for exports, respectively. 

These specifications for marginal import costs and export 
revenues replace the average world prices (WP i and WP x) in 
equations (21) to (24). However situations wllere marginal 
esti111dtes of this type will be required will be limited, and will 
ref er chiefly to primary produ · ~ where an individual developing 
country is a key supplier on the world market. 
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6.3 CF for Traded Goods in a Domestic Price System 

The economic principles involved in shadow-pricing traded 
goods are similar in both systems. Both recognise that foreign 
exchange av a i 1 ab i 1 it y is affected by the cons ump t ion or 
production of traded goods by a project. However, the CFs used 
will vary because of the difference in unit of account used in 
the two systems. 

In the economic analysis of projects following the domestic 
price system the shadow price of the traded goods, directly 
associated as outputs or inputs and indirectly used as inputs to 
nontraded goods, is the border price converted to domestic 
currency at the official exchange rate and adjusted by the shadow 
price of foreign exchange (PF). Where relevant, the border price 
is adjusted fer the economic cost of domestic transport and 
distribution associated with the traded good. 

In the world price system, as described earlier, the foreign 
exchange component is kept unchanged as it is already in terms of 
foreign exchange; whilst, in the domesticJ!>rice system, the 
foreign exchange component is adjusted by P to allow for any 
implicit exchange rate over-valuation, illustrated by the fact 
that on average domestic prices exceed world prices for 
comparable goods. 

As is discussed in Appendix 1 in a domestic price sys tam the 
values of traded goods at domestic market prices at the project 
site are decomposed into four main components: F (foreign 
exchange), L (unskilled labour), W (skilled labour) and D 
(domestic materials). D may be further decomposed into F, L, w, 
and D, until D becomes zero or very small. All the decomposed 
items are then shadow-priced using the relevant CFs. 

Equations 
price system. 
domestic price 
follows: 

(21) to (21) can be re-expressed in a domestic 
For example, for an imported good (i) in a 

analysis the relevant shadow price for i is as 

SPi = WPi. pF + Ti +Di (25) 

where 

pF is the premium value placed on foreign exchange (SER/OER). 

and other items are as in (21). 

Equation (25) represents an approximate version of the 
domestic price system, since the domestic prices of transport and 
distribution costs are assume1 to reflect ~heir shadow price 
V<"llues. 1 ore detailed procedure would be to breakdown Ti and 
D1 into tneir different components (F, L, W and D) and to give 
sna<low pr~ce values to these different components. If this is 
done shadow prices for transport and distribution can also be 
estimated in a domestic price system, and CFs based on the ratios 
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of these to their domestic market prices can be derived. Then 
equation (25) can be rewritten as: 

(26) 

Now CFT1 and CF0
1 are conversion factors in a do~estic price 

system, and are used to convert transport and distribution costs 
associated with i to shadow prices in the domestic price system. 
Equation (26) rather than (25) is the version which is strictly 
comparable with equation (21) in the world price system. 

In the same way comparable equations in a domestic price 
system can be given for equations ( 2 2) to ( 24). 

7.0 Shadow Prices and Conversion Factors for Nontraded Goods 

7.1 Introduction 

The good~ and services which do not enter international 
trade are called nontraded goods (NTGs). They are nontraded or 
nontradeable because their trade is prohibited either by their 
inherent physical nature, such as immobility, and high transport 
cost (transport, distribution, construction, communication, 
banking, insurance); or because government policy restricts their 
trade. Consumption or production of NTGs has an impact on the 
availability of foreign exchange indirectly since they use traded 
goods in addition to factor inputs in their production. As NTGs 
contain substantial amounts of traded goods, any change in the 
demand for and supply of NTGs as a result of a project indirectly 
affects the availability of traded goods, foreign exchange and 
thereby the balance cf payments. Therefore, to incorporate such 
an impact in economic analysis of projects, shadow pricing of 
NTGs is necessary. In order to facilitate the analysis a set of 
specific CFs for major NTGs is desirable (Bruce 1976, 9-13; Irvin 
1978, 101-7; Little and Mirrlees 1974, 211-222). 

NTGs may enter into project accounts both as an output and 
input. However, except in the case where marginal cost equals 
price, the shadow price of NTGs as an output differs from the 
shadow price of NTG~ as an input. 

7.2 CF for Nontraded Goods as Inputs in a World Price Systea 

An increase in the demand for NTGs as a resu 1 t of a project 
is met either by an increase in their production or a decrease in 
consumption elsewhere in the economy. Stated otherwise, where 
NTr,s are in variable supply their additional demand is met by an 
increase in production; where NTGs are in fixed supply their 
additional demand is met by a decrease in their consumption 
elsewhere. In the case where the additional demand is met by 
increased production the shadow price of the NTGs will be the 
marginal cost of increased production expressed at equivalent 
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world prices. Likewise, in the case where additional demand is 
fulfilled by reduced consumption the shadow price of the NTGs 
will be the value of foregone consumption expressed at equivalent 
world prices. 

The first step in the estimation of the CFs for NTGs as 
inputs in variable supply is to identify their marginal supply 
cost at domestic prices; that is, the sum of inputs required to 
produce an additional unit at market prices. Second, the 
marginal supply cost thus identified is decomposed into its 
constituent inputs like traded goods, nontraded goods, labour 
capital and transfer payments (taxes, duties, excess profits). 
Further decomposition of nontraded goods and capital-related 
costs is carried out until they become a very small proportion in 
the total marginal supply cost. The final decomposed inputs arP. 
often termed primary inputs. Third, each primary input item is 
valued at equivalent world prices with the help of the relevant 
CFs. Finally, the ratio of the marginal supply cost at shadow 
prices to its value at domestic prices gives the CF for NTGs as 
inputs in variable supply. 

Algebraically therefore marginal supply cost for non-traded 
activity n (MSCn) can be expressed as 

where afn is the amount of primary input f per unit of 

additional output n, 

and Pf is the shadow price of each primary input. 

Therefore for activity n, 

and the relevant CF is 
CFn = SPn 

DPn 

(27) 

where SPn and DPn are the shadow and domestic market prices of n, 
respectively. 

When NTGs as inputs are in fixed supply their demand price 
rather than their supply cost is the basis for their shadow 
pricing. As mentioned earlier, the economic shadow price of such 
goods is the value of foregone consumption caused by the extra 
demand created by the project expressed at equivalent world 
prices. The market price which reflects consumers willingness to 
pay gives the value of foregone consumption. In the case where 
the market price is distorted, some adjustments for the 
distortion will be necessary. 

The market price is always the first approximation to the 
value of foregone consumption, when demand increases for NTGs in 
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fixed supply. The next task after the determination of the value 
of foregone consumption is to transform it into an equivalent 
world price value. This may be done with the help of average 
CFs, for example, a weighted average of the CFs for consumption 
goods, or by using simply the SCF. The idea here is that the 
shadow price of NTGs inf ixed supply depends on how the consumers 
who can now no longer purchase them will spend the money which 
was previously used on their purchase. 

Use of the market price as a measure of willingness to pay 
is correct as long as the additional demand from a project is 
small relative to the supply available, and therefore the market 
price remains virtually unchanged. In the case where the market 
price changes substantially, it is necessary to estimate an 
alternative price to use in valuing foregone consumption. When 
the additional demand for NTGs in fixed supply is great enough to 
change their market price, neither the price before, nor the 
price after the project is the correct value of foregone 
consumption; this will normally lie somewhere between the two. 
Therefore, in this case the average of the two prices provides a 
good approximation of the value of foregone consumption. Once 
the value of foregone consumptions is determined, its 
transformation into an equivalent world price can be done in 
exactly the same manner, as before, using the SCF or an aggregate 
CF for consumption in general. 

7.3 CP for Nontraded Goods and Outputs in a World Price System 

Generally, the shadow price of nontraded outputs is their 
value in consumption, that is, consumers' willingness to pay, 
expressed at equivalent world prices. Estimation of a CF for 
nontraded outputs can be done in the same way as in the case of 
nontraded inputs in fixed supply; the difference between the two 
cases is that nontraded outputs increase domestic supply, whereas 
use of nontraded inputs in fixed supply decreases it. 

When nontraded outputs are directly quantifiable and 
saleable in the market the above mentioned approach of estimating 
consumer willingness to pay is appropriate for their shadow 
pricing. However, if nontraded outputs are not directly marketed 
a different approach should be adopted. In such cases, the 
benefit is enumerated indirectly on the ba3is of gains to 
consumers and producers. For example, in the case of rural 
roads, the value of the nontraded output is the producers 
surplus. Benefits as a result of a rural road might be a 
decrease in transport cost for local agricultureal output with 
farmers selling more at the same farm-gate price and also gaining 
from a decrease in the transport cost of farm inputs. Both 
effects will increase agriculture production and their summation 
will be the producers surplus arising from the rural road 
project. Similar arguments apply in relation to consumers, since 
a decrease in cost can create a consumers surplus. This is the 
difference between what consumers are prepared to pay and what 
they actually pay for a good or service. For example, in the 
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case of an ~rban road project, the benefit will comprise savings 
in maintenance or recurring costs, savings in vehicle operating 
costs, savings in time for drivers, passengers and freight, 
reduction in accidents (which could result in death, injury and 
damages), and reduction in congestion and noise (see Appendix 2). 

Once an estimate of the shadow price of a non-traded output 
at domestic prices is available this must then be converted to a 
world price equivalent figure using the SCF or an aggregate CF 
for consumption (Ray 1984, 55-63). When the shadow price of 
nontraded outputs is determined, their CF can be estimated 
exactly as in the case of other goods. However estimation of the 
appropriate shadow prices for non-traded activities can be 
complex, and is acknowledged to be one of the most difficult 
areas for the practical application of cost-benefit analysis. 

7.4 CF for Nontraded Goods in a Doaestic Price Systea 

The economic principles which guide the derivation of CFs 
for nontraded goods are similar in both shadow pricing systems. 
The only difference is the unit of account. 

If the additional demand for nontraded inputs as a result of 
a project is met by an increase in their production, marginal 
supply cost is relevant. The marginal supply cost should be 
decomposed into F, L, W and D, as in the cases of other goods, 
and shadow priced with the help of the relevant CFs. This will 
give the value of marginal supply cost of nontraded inputs at 
domestic prices, that is, the shadow price of nontraded inputs in 
variable supply in a domestic price system. 

Some of the discussion in UNIDO (1972) implies that a full 
shadow pricing of non-traded inputs may not be necessary, so that 
for some items the domestic market price can be used as a proxy 
for their economic value, implying a CF of 1.0. However it is 
clear that theoretically a full deco1aposition of costs and a 
shadow pricing of the set of primary inputs into a non-traded 
activity is desirable. 

As noted above UNIDO identifies four main primary input 
categories (F, L, W and D). However, D domestic materials, is a 
residual and in theory it can be sub-divided further until 
ultimately all inputs are either foreign exchange (F) or labour 
(L,and W). The more approximate the estimation procedures the 
larger will be the residual D in relation to the other primary 
inputs (see Appendix 1). 

If the additional demand for nontraded inputs is met by a 
decrease in consumption elsewhere in the economy, or lf the only 
impact of additional production of nontraded goods is to increase 
consumption in the economy, consumers willingness to pay at 
domestic prices is the shadow price. However unlike the world 
price system this analysis does not require that consumer 
willingness to pay be converted into an equivalent figure at 
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world prices. Therefore the willingness to pay estimate at 
domestic prices is not adjusted further by another CF. 

8. Other Aggregate CFs 

8.1 Consuaption 

CFs for consumption are required to transform a marginal 
increase in consumer expenditure into its equivalent value at 
world prices. They are used in revaluing non-traded outputs, and 
in some more complex versions of the shadow wage rate. Stated 
otherwise, the basket of commodities making up the consumer's 
marginal consumption pattern must be valued at shadow prices. In 
a world price system the ratio of the world price value of the 
consumer's basket of commodities to its value at domestic prices 
provides the value for the CF for consumption (CCF). As 
consumption patterns vary in respect to geographical region and 
income levels, ideally CFs for consumption should be estimated 
for ea~h region and income level. 

In the way that the shadow exchange rate is derived in UNIDO 
(1972) ~he CCF is the inverse of the ratio of the shadow to the 
official rate, so that CCF = 1 This equivalence follows 

SER/OER 
becausE UNIDO (1972) defines the SER in relation to consumer 
goods o~ly, not all goods in the economy (UNIDO 1972, 213-231~ 
Scott 1S74). 

8.2 Capital 

The national stock of capital is made up of various assets 
such as machinery and equipment, land, buildings, roads and 
bridges, and inventories. Therefore, in a world price system the 
CF for capital or aggregate investment is the ratio of the world 
to domestic price values of the respective shares of the 
different capital-related items. It may be a useful aggregate 
parameter to use for example, in estimates of the opportunity 
cost of capital, or in converting the capital costs of non-traded 
inputs to world price equivalents. 

To illustrate the approach, if total capital in the economy 
is composed of 30% Land, 50% Buildings and 20% Equipment, then an 
aggregate capital CF can be calculated as a weighted average of 
the CFs relevant to these three types of assets. For example, if 
an Agricultural CF of 1.10 is used for Land, a Construction CF of 
0.80 is used for Buildings, and the Equipment CF is 0.75, then 
the aggregate capital CF will be 

(0.30 x 1.10) + (0.50 x 0.80) + (0.20 x0.75) = 0.88 

A similar approach can be followed in a domestic price system 
except that shadow prices are now in domestic not world price 
values. 
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9. Social Analysis 

9.1 Introduction 

The discussion up to this point has concentrated on the 
shadow prices necessary to test the efficiency with which a 
project utilises the existing resources of the economy, and in 
particular for traded goods the degree to which they meet the 
objective of trade efficiency. This approach, termed one of 
economic analysis, can be extended to what has been termed a 
social analysis of projects (Squire and van der Tak 1975). 
Although this report does not recommend that social analysis be 
tried in appraisals in China, it is necessary to axplain why this 
approach, which has been set out clearly in the theoretical 
literature, is largely inoperable in practice. 

The basic aim of social analysis adjustments is to allow for 
the fact that by changing real incomes projects alter the levels 
of saving~ and consumption in the economy, and also affect their 
distribution between groups and individuals. From an economic 
efficiency perspective, such issues are not considered, since the 
concern is only with the creation of income in total. However if 
governments fee~ (a) that the level of savings in the economy in 
inadequate and (b) that the current distribution of income is 
unjust and (c) that decisions on projects should be used to 
change both of their situations - then it is argued that 
theoretically it is appropriate to adjust shadow prices to allow 
for these considerations. 

When this type of social analysis is undertaken there will 
be a new set of shadow prices and thus CFs, which incorporate 
these savings and consumption effects. Squire and van der Tak 
(1975, 54, 62) express the net social benefit and therefore the 
shadow price of an item as 

S = E - C(B - W) 

where E is net economic benefit, defined as in the economic 
analysis; C is the net consumption change that arises from a 
project; B is the cost of this extra consumption (in terms of 
lower savings) and W is the social value placed on it by the 
government (in terms of meeting government poverty and income 
distribution objectives). The value of B is defined by the 
relevant CF for consumption for the recipients of the extra 
consumption, and that of W is determined by a set of social 
weights, discussed below. In principle all private sector 
recipients of consumption changes should be identified and shadow 
prices adjusted to take account of the effect of their additional 
consumption. 

In the discussion in Squire and van der Tak (1975) where 
these adjustments wer~ first set out in detail the main focus is 
on the treatment of unskilled labour, however it is clear that in 

42 



a social analysis the shadow prices of non-traded goods, and the 
discount rate will also alter in comparison with an economic 
analysis. Therefore, a full new set of CFs will be required if 
social analysis is to be applied. The discussion below focusses 
on social analysis in a world price system since this is the 
approach used by Squire and van der Tak. Equivalent procedures 
can be used in a domestic price system. 

9.2 Treataent of Unskilled Labour in Social Analysis 

The attention given to unskilled labour is on the grounds 
that the most important income changes generated by a new project 
will be felt by unskilled workers employed on the project. 

In economic analysis as we have seen the shadow wage or 
shadow price of labour (SPL) is 

= m.CFm 

where m is output foregone at domestic prices 

CFm is the relevant conversion factor to convert this 
output foregone to world price terms. 

In a social analysis the new shadow price of labour becomes 

(28) 

where~ 
C is the new level of consumption of the worker after he has 

entered employment on the project, 

c1 is his old level of 2 con~umption prior to obtaining 
employment, so that (C - C ) is his consumption gain, 

c2 and c1 are measured at domestic prices and CCF is the CF 
required to express this consumption at world prices, and 

d is the weight given to a unit of consumption at domestic 
prices going to the worker concerned, in relation to the 
numeraire. (d ~ill vary with either the consumption or 
income level of the worker). 

The new shadow wage ( 28) has three elements. The 
opportunity cost of labour (m.CFm)) is a cost in terms of the 
efficiency objective since it represents a loss of income 
elsewhere in the economy; the extra consumption of the worker 
(C2 - c1 ) CCF is a cost in terms of growth, since it diverts 
resources away from saving, and, by assumption, investment. 
However the extra consumption of the worker is also a benefit in 
terms of improving income distribution, so that th~ value of this 
benefit, d.(c 2 - c1 ) is subtracted from the other items, thus 
lowering the shadow wage. 
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Consideration of income distribution will lower SP1L, below 
what it would be if efficiency and growth were the only 
objectives, and the poorer are the workers employed on a project 
the higher will be the weight d and the benefit d(c2 - c 1), to be 
subtracted from the other terms in SP1L. In this analysis the 
inclusion of the equity objective affects project selection by 
lowering the cost of labour, and therefore biasing the choice of 
projects in favour of those which employ relatively large numbers 
of poor workers. 

9.3 Treataent of Hon-Traded Inputs in Social Analysis 

In the case of non-traded commodities used as inputs by a 
project, their shadow price in an economic analysis will normally 
be d~t~rmined by the resources used in their production valued at 
world prices, or equivalent world prices. For non-traded 
commodity n the shadow price can be defined as: 

= t a.sp. + Ea.SP. + aoSPL + W.r 
1. 1. J. J J ~ i 

(29) 

where, 

r are the traded inputs (i) used in the production of non
i traded good n, 

ai is the number of units of i per unit of n, 

SPi is the world price (c.i.f. or f.o.b.) for traded good i, 

r are the non-traded inputs (jl used in the production of n, 
j 

at 

r 

is the number units of j per unit of n, 

is the shadow price of j (calculated for j in the same way 
as for n), 

is the number of workers required per unit of n, 

is the shadow wage (calculated as in equation (14), 

is the value of capital scock at world prices required per 
unit of x, and 

is the percentage opportunity cost rate of return on 
capital. 

Equation (29) assumes that the production of an additional unit 
of n requires extra capital facilitiP.s, so that the shadow price 
of n is based on estimated long-run, rather than short-run 
marginal costs. Capital costs are shown separately from the 
input items i and j. 
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In the social analysis the shadow price of non-traded goods 
must include an allowance for the income changes created as a 
result of the increased production of these commodities. These 
income changes can take various forms. Workers employed as a 
result of the extra production of a non-traded good will find 
their income increased if they move from lower inco~e activities; 
owners of capital may find that they earn a higher rate of prof it 
in the production of the non-traded good than they could in other 
sectors; consumers may also be affected if extra production of 
the non-traded good leads to price changes in other sectors; the 
government may also gain extra tax revenue paid by producers or 
consumers. In principle all these income changes should be 
revalued by the weights for private savings and consumption 
relevant for the groups concerned. 

One simplifying assumption which can be adopted is that 
private savings is equal in value to government income. If this 
is so additional costs or benefits, as a result of income changes 
created by the production of a non-traded good, can arise only 
through changes in private consumption. This assumption is used 
here so that attention can be concentrated on consumption 
weights. Adopting thi~ assumption, in a social analysis, the new 
shadow price of n (SPn ) will be 

SPn1 = ~ aiSPi + ~ajSPj 1 
+ a 1 .sP1L + K·r1 

+ ! (CCFg - dg> cg (30) 

where, 

SP. l 
J 

spl 
L 

is the shadow price of j in a social analysis, 

is the new shadow wage (calculated from equation (28)), 

r 1 is the opportunity cost of capital in a social 
analysis, 

r are the private groups, excluding labour, whose income 
g is affected by production of n, 

is the value at domestic prices of the extra 
consumption of each group, 

is the CF required to express the cost of this extra 
consumption at world prices, and 

is the weight which expresses the value of a unit of 
consumption at domestic prices in units of the 
numeraire. (As in equation (28), d will vary between 
groups). 

In equation (30) whether the extra consumption generated by 
a project will lower or raise the shadow price of n in relation 
to its value in an economic analysis will depend upon the value 
of extra consumption in relation to the numeraire. If the 

45 



benefit of extra aggregate consumption exceeds its costs r (dg > 
g 

CCFQ) it will be subtracted from the other items in equation 
(30J, whilst if the cost exceeds the benefit r (CCFg > d ), the 

g g 

income changes created by the production of n will have a 
neyative social value and will raise the shadow price of n. 
Consumption gains for workers employed in the production of n do 
not need to be considered separately since they will have been 
revalued a!ready in the shadow wage SP1L. 

Poor groups wi\l have a relatively high value of d, so that 
their extra consumption should produce a benefit to be deducted 
from the cost items in the shadow price of n. In this way the 
us~ of adjusted shadow prices for non-traded goods is intended to 
have the effect of lowering the shadow price of goods, whose 
additional production leads to income and consumption gains for 
poor groups. As in the treatment of labour this is a way of 
biasing the selection of projects in a particular direction; in 
this case in favour of those which use such non-traded goods. 

9.4 The Discou.~t Rate in Social Analysis 

The discount rate for a social analysis will also vary from 
that for an economic. The discount rate can be specified as the 
opportunity cost of capital defined by the return on the marginal 
investment at shadow prices, so that 

r = q 

where 

r is the economic discount rate 

q is the marginal returns to investment at world prices. 

However in a social analysis marginal returns must be 
adjusted to take account of the distributional changes generated 
by a marginal investment. These distribution changes will be the 
creation of additional consumption and savings for workers and 
capitalists associated with the marginal investments. The new 
discounc rate can be specified generally as 

r1 = q + h ( 31) 

where h denotes the value placed on these distributional changes. 

As is discussed in report 2, h is normally negative, since where 
aa in the normal specification of the world price system savings 
afe the numeraire, consumption is given a lower value, lowering 
r below r. 
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Where th-: discount rate r is defined by the marginal cost of 
borrowing, in a social analysis the discount rate will be 
redefined to equal the governments' time preference rate for 
consumption - often termed the consumption rat.a of interest 
discount rate (CRI). This reflects the degree to which the 
government judges consumption to fall in value over time. In 
other words, it will be economically rational to raise borrowing 
from either foreign or domestic savers - up to the point at which 
the cost of this borrowing equals the consumption rate of 
interest discount rate. A formula, discussed below, exists for 
estimating CRI. However the formula is based on two subjective 
parameters, regarding government preferences for income 
redistribution and risk-taking, so that the CRI remains an 
intrinsically subjective parameter. 

9.5 Social Weights - Little and Mirrlees (1974) and 
Squire and van der Tak (1975) 

Application of social analysis requires the identification 
of weights for the valuation of additional consumption and 
savings. The weakness of the approach is that such weights are 
intrinsically subjective with no real objective basis for their 
valuation. This subjectivity is probably the ffiain reason why 
socially adjusted national economic parameter esti~ates have not 
been adopted systematically by either donor agencies or n3tional 
governments. 

Little and Mirrlees (1974) and Squire and van der Tak (1975) 
put forward two slightly different approaches to the derivation 
of these weights. Little and Mirrlees suggest they can be 
obtained by assuming first that there is certain level of annual 
per capita consumption, termed the base level of consumption, at 
which th~ government is indifferent between income consumed by 
people at the base level and the same income going to the 
government itself. Secondly they assume that the government's 
valuation of additional units of consumption falls at a constant 
percentage rate for a given percentage rise in the level of 
consumption of the recipient. In technical terms the latter 
assumption implies a government utility function with respect to 
increases in consumption of constant negative elasticity. The 
formula for consumption weights is 

di = ( b ,n (32) I 

( Ci ) 
where, 

di is the consumption weight of group i 

b is the base level of consumption, 

Ci is the average level of consumption for group i, and 

n is the assumed elasticity of the government utility 
function for consumption. 
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Groups on the base level have a weight of 1.0, since their 
consumption is equal in value to the numeraire, whilst those 
above the base level have a weight of <1.0, and those below it a 
weight > 1 .O. 

Average consumption levels of different groups can, in 
principle, be calculated from observable data, so that the 
weights, di, will be determined by the choice of values for b and 
n. It is acknowlecged that n is a subjective parameter which 
reflects the degree of government commitment to redistribute 
income. The higher the value of n the higher will be the weight 
given to the poorest groups, and the lower the weight given to 
the richest. A major obstacle to applying this approach is in 
identifying the value of b. It is suggested that it can be 
inferred from existing government policies on taxes and 
subsidies, and that it will lie between the income level at which 
income tax payments commence, where the government takes money 
from individuals, and the level at which individuals receive 
money from the government in the form of welfare subsidies. 
However in many countries such an income range cannot be defined 
clearly. 

Squire and van der Tak do not derive consumption weights in 
the same way as Little and Mirrlees. Instead of identifying a 
base level of consumption, they relate private consumption to 
government income in two stages. First the value of a unit of 
the numeraire is calculated in terms of units of consumption at 
domestic prices going to an individual with the national average 
level of consumption per capita. Secondly they use the same 
government utility function as Little and Mirrlees, but compare 
the consumption of a particular group with the national average 
rather than an estimated base level. 

The value of a unit of consumption at domestic prices going 
to group i, in relation to the numeraire, is given by di/v, where 
di is the value of a unit of consumption going to group i in 
relation to a unit going to the average consumer, and v is the 
value of a unit of government income in terms of uni ts of 
consumptio~ at domestic prices going to average consumers. 

The weight di is determined by the relationship 

(33) 

where c, the national average level of consumption, has replaced 
b, as the point o. comparison with ci. 

The use of this formula is illustrated in table 2, for 
values of n of 0.5, 1.0 and 1.5; Squire and van der Tak suggest 
that this is a reasonable range in which n might lie. It can be 
seen that use of n = 1.0, and 1.5 can lead to weights that are 
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w~ry low and very high for rich and poor groups respectively. 
On.: of th~ key problems in applying the formula however is that 
there is no agreed basis for selecting a single value for n. In 
som.: analysis n = 1.0 has tended to be used on the grounds that 
it gives an intuitively understandable set of weights; n = 1.0 
impl~ring that the weight placed by the government on an 
additional unit of consumption falls in direct proportion with 
the rise in the consumption level of the recipient. In other 
words a unit received by a person with an average consumption of 
600 units will be worth twice as much as a unit received by 
someone with an average consumption of 1200. 

Table 3 Illustrative Consuaption Weights for Different Groups 

Average National Consumption weights (di) 
consumption average Elasticity Qaramater 
of group CQnsumption n = 0.5 n = 1 .o n = 1.5 

( c. ) 
l. 

(c) (c/ci) 

10 100 1 0 .o 3 .1 6 10.00 31 .62 
50 100 2.0 1.41 2.00 2.83 
75 100 1 • 33 1.15 1 • 33 1 .53 

100 100 1.0 1.00 1 .00 1 .oo 
150 100 0.66 0.81 0.66 0.54 
300 100 0.33 0.57 0.33 0.19 
600 100 0.17 0.41 0.17 0.17 

Source: Squire and van der Tak (1975) teo.ble 1 I p.64. 

Use of equation (33) avoids the need to infer a base level 
of consumption from government policies. However problems in 
estimating b are replaced by problems in estimating the value of 
government income in relation to private consumption, v. Squire 
and van der Tak suggest that v can be calculated from a formula 
which relates the value of a ~nit of investment to the present 
value of the stream of consumption generated by the investment. 
This approach assumes that either all government income is 
invested or that, at the margin, the government allocates its 
resources optimally, so that all government expenditure whether 
investment, or current expenditure, is of equal value. A number 
of different formulae are given for v, but the main one is that 
for the shadow price of investment in UNIDO (1972); 

where 

v = g - s.g I CCF 
CRI - s.q. 

(34) 

q is the margir1l product of capital in the ?Ublic sector, at 
world prices, 

s is the marginal propensity to reinvest in the public 
sector, 
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CRI is the rate at which the government discounts future 
consumption, and 

CCF is the conversion factor which translat8s consumption 
expenditure at domestic prices into world prices. 

The value of investment {and by assumption government 
income) is determined by the annual returns on investment {q), 
th~ proportions of these which are saved {s), and consumed (1-s), 
and the extent to which the government places a lower value on 
consumption in the future {CRI). The expression 

g s.g 
CRI - s.q 

gives the present value of the stream of units of consumption 
generated by a unit of investment. However this consumption is 
measured at wcrld prices, because {q) the annual surplus of a 
project is at world prices. Since what is required is a 
comparison between the value of a unit of government income at 
world prices and units of private consumption at domestic prices, 
the stream of consumption generated by a unit of investment must 
be converted into domestic prices by dividing by CCF. 

Equation (34) ~s based on the simplifying assumptions, 

{i) that the value of all parameters in the formula {q, s, CRI) 
rem~in constant; and 

{ii) that all the consumption generated by an additional unit of 
investment accrues to those with a level of consumption 
equal to the national average. 

Despite these simplifications there are major problems in 
practice in estimating v. In principle q and s can be calculated 
from observable data. q will be the internal rate of return 
calculated at world prices on the marginal public sector project; 
rough estimates of q can be obtained from industrial census data 
or from examinations of past project appraisals. Estimates of 
th~ future savings propensity, s, can be taken from targets in 
national plans, possibly adj~sted downwards if these are judged 
to be unrealistically high. A conversion factor for consumption 
CCF, will be required in calculating other shadow prices. 
Despite difficulties in estimating q, sand CCF accurately, the 
major conceptual problem arises in the treatment of CRI, the 
government's discount rate for consumption. CRI is a subjective 
parameter which expresses the government's valuation of 
consumption at different points of time. However no government 
expresses its objectives in terms of a particular consumption 
discount rate. A fo~mula given for CRI is 

CRI = ng + p ( 3 5) 

where 
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n is the elasticity of the government's utility function for 
consumption (as in equations (32) and (33), 

g is the annual rate of growth of per capita consumption, 
and 

p is the government discount rate for pure time preference. 

The logic of this formula is that the rate at which a 
gov~rnment discounts future consumption will depend upon firstly 
the extent to which average levels of consumption are growing 
over time (g); secondly the rate at which the government's 
valuation of extra consumption falls as the consumers who receive 
it get better off (n); and thirdly the extent to which the 
government feels that future consumption is less valuable simply 
because it occurs in the future rather than the present (p). A 
value of g can be obtained from plan projections or from 
extrapolations of past trends, and a value of n will be required 
in order to derive a set of consumption weights from squations 
(32) and (33). The problem with the formula for CRI is that p, 
the government rate of pure time preference, is also a subjective 
parameter, and there is little evidence on its likely numerical 
value. 

Since governments do not specify their objectives in terms 
of particular rates of discount for future consumption, and the 
formula for CRI contains an unknown parameter, the value of CRI 
is highly uncertain. 

The problem of estimating v can be illustrated in table 4. 
Alternative values of q of 10 per cent and 12 per cent are used. 
The values taken for s are 23 per cent and 15 per cent. CCF is 
taken to be 0.85. 

Table 4 Alternative Values for Government Income in Relation 
to Average Consumption (v) 

Discount 
Rate for 
Future 

Consumption 
CRI 

3.0 
5.0 
7.5 

Conversion Factor Translating Consumption 
Expenditure at Domestic Prices into World 
Prices (CCF) = 0.85 
Marginal Propensity to Reinvest in Public 
Section (s) 

s = 15% 
Marginal Product of 
Capital in the 
Public Sector at 
World Prices (g) 
g = 1 0% g = 12% 

6.7 
2.8 
1.6 

10.0 
3.8 
2 .1 
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s = 23% 
Marginal Product 
Capital in the 
Public Sector at 
World Prices (g) 
g = 10% g = 12% 

12.9 
3.3 
1.8 

45.3 
4.8 
2.2 
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It can be seen that v can be highly sensitive to the choice 
of CR!, and when CR! is only slightly greater than s.q, v becomes 
very high. Using equation (34) and tne assumed values in table 3 
a unit of government income can be worth as much as 45.3 units 
of consumption going to average consumers or as little as 1.6 
units. This is much too wide a range of possible values to use 
in any practical context. 

The Squire and van der Tak weighting approach runs into 
difficulties therefore both because of the need to assume a 
single value for n, and because of the difficulty of making 
operational the formula for the weight on government income (v}. 

9.6 An Alternative Approach to Social Weights 

The alternative approach to subjective weights of this type 
is that recommended in UNIDO (1972), which is to treat them as 
unknowns to be revealed by the preferences of decision-takers. 
For example, two projects A and B may be considered with A having 
a higher NPV in the economic appraisal. However B may create 
more consumption gains to unskilled workers. In these 
circumstances there will be a certain weight on these consumption 
changes which will be sufficiently high for B to have the higher 
NPV; this is termed the "switching value" weight, since at this 
weight the project decision switches from A to B. If B were to 
be chosen by decision-takers in preference to A one could 
conclude that implicitly the weight they placed on consumption 
changes to unskilled labour was at least this switching value. 
If a set of data on similar decisions were available it would 
allow planners to build up a picture of the implicit weights used 
by decision takers. 

However in practice this approach to weights is virtually 
impossible to make operational. If requires data on a wide range 
of recent competing projects, so that the relevant switching 
values can be calculated, and in addition it assumes that 
decision-takers act consistently. If their preferences change 
over time so will the switching value weights, and the approach 
breaks down. This attempt, therefore, to avoid the weaknesses of 
the Little and Mirrlees and Squire and van der Tak weighting 
system offers no real alternative solution. 

9.7 Problems in the use of Social Analysis 

Several important difficulties arise in the use of social 
analysis. Apart from the practical difficulty of tracing through 
the full distributional effects of projects, there are two 
serious objections of a conceptual nature. First, key aspects of 
the weighting system are subjective. These relate to the 
consumption rate of interest discount rate (CRI) and via this the 
valuation of government income (or savings) in relation to 
averag~ consumption (v); in addition the elastic! ty parameter n 
which determines the set of consumption weights (di) is also 
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subjective. Whenever subjective parameters are involved there is 
a danger of inconsistency between decision-takers both in 
different Ministries and in the same group of decision-takers 
over time. Second, there is the problem that use of very high of 
low con5umption weights could mean that projects are accepted 
which perform very poorly in efficiency terms: that is although 
they have a strong positive distributional effect they make 
little net contribution to national income. Alternatively with 
an extreme set of weights projects with a strong contribution to 
national income could be rejected if they have a regressive 
impact in terms of income distribution. The argument is that in 
thesa circumstances efficiency considerations are being 
sacrificed at the expense of distribution objectives, and that it 
would be more sensible to select projects on the basis of their 
basic economic efficiency, and then use tax or other direct 
measures to redistribute income and meet broader objectives such 
as poverty alleviation. If this latter route is chosen income 
losses arising from the choice of economically inefficient 
projects can be avoided. 

Further it should be noted that social analysis should be 
less relevant in socialist than in capitalist economies since in 
the f crmer the government will have more di~ect means to control 
the level of savings, and the distribution of income and 
~onsumption in the economy. In other words, socialist 
governments can use measures like land reform and property 
transfers to redistribute assets, price controls to redistribute 
consumption, and taxation and monetary policy to control the 
level of savings. The impact of projects on these variable is 
likely to be much less certain than will be that of such direct 
measures. 

In summary, therefore, there are strong reasons why social 
analysis need not be considered as an appropriate planning tool 
in an economy such as China. Further as report 2 brings out no 
developing country government as yet has applied this analysis in 
its project appraisal procedures. It may be very useful to 
identify the main income distribution effects of projects. for 
example identifying the main gaining and losing groups. However 
this is not the same as applying a set of subjective weights to 
these income changes and recalculating the measure of the 
project's worth. This procedure of identifying but not valuing 
the income changes created by projects is probably the most that 
can be done to allow for distributional issu~s in project 
appraisal. 
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APPENDIX 1 

THE SARABIA PULP AND PAPER MILL: 
A UNIOO Guidelines (UNIOO 1972) case-study 

e%pressed in a Little-Mirrlees (1974) framework 

Introduction 

This paper expresses the Sarania Pulp and Paper Mill case
study of the UNIDO Guidelines in what may be termed a Little
Mirrlees (LM) framework of analysis. The aim of the paper is to 
show how, when a number of assumptions are adopted, the Net 
Present Values obtained using either method are directly 
comparable, and the Internal Rates of Return identical. 

The Sarania project was for the production of 40,000 tons of 
rayon grade pulp and 20,000 tons of corrugated medium, when 
operating at 100% capacity utilisation. Data on the national 
economy of Sarania is given in Table 19.20 of UNIDO (1972); the 
national data used in this analysis are reproduced here in Table 
A.1 • 

The essential difference between a LM analysis and that of 
the UNIDO Guidelines lies in the choice of numeraire. LM uses 
income in the hands of the government and UNIDO uses present 
consumption. The choice of numeraire determines: 

a) the discount rate; 

b) the means by which diverse resource flows are converted 
into comparable units, that is the common numeraire. 

Where the UNIDO shadow price of foreign exchange pF is 
directly analogous to the Standard Conversion Factor (SCF) in LM, 
and the accounting price of investment pinv is identical to the 
LM parameters S, the number of units of private consumption equal 
to one unit of government income, the NPV obtained under both 
systems will be identical once an allowance has been made for a 
difference in the numeraire. 

The fact that in LM prices are expressed in terms of world 
market values, and in UNIDO in terms of domestic values, does not 
alter the equivalence of the two approaches. A single exchange 
rate, either the official (OER) or a shadow exchange rate (SER), 
can be used to make values in both systems identical. 
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I UNIDO System 

UNIDO conducts its analyses of projects in stages. 

Stage I. Benefits and costs are identified from the point 
of view of the economy as a whole. Market prices are used to 
value them. Net Benefit flows at market prices are identified 
and a NPV figure MC is calculated. 

The UNIDO system divides the resource flows associated with 
a project into four categories. 

i) Foreign Exchange F 

ii) Skilled Labour W 

iii) Unskilled Labour L 

iv) Domestic Materials D 

MC= F + W + L + D ( at market prices). 

Stage II. Various premia on the factors foreign exchange, 
skilled labour and unskilled labour are introduced. These premia 
reflect the divergence between the market and the economic value 
of these factors. MC is amended to give a new NPV figure of SC. 

SC = MC + aF + bL + cW 

where F, L and W are the NPV of net benefit flows of foreign 
exchange, unskilled labour and skilled labour in domestic market 
prices: 

a, b, c are the premia placed on these respective costs 

D are not given in a premium. 

Stage III. The gainers and losers from a project are 
identified. The NPV figure SC is distributed between the 
different beneficiaries, and the total effect of the project upon 
the level of savings (and hence investment) in the economy is 
estimated. The savings b.enef its created by a project are 
revalued by the parameter pinv. 

At a further stage, stage IV, income distribution issues are 
introduced and differential weights can be given to the 
consumption benefits accruing to different groups. This aspect 
of the distributional impact of projects is not dealt with in the 
Sarania case study. 
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Table A.1. UNIDO National Parameters: Sarania 

1 • Foreign Exchange Premium a = 0.5 
2. Unskilled Labour premium b = -1.0 
3. Domestic skilled labo!lr premium c = +1.0 
4. Marginal rate of return on investment q = 0.2 
5. Marginal rate of savings in the 

economy as a whole s = 0.3 
6. Social rate of discount i = 0.08, 0.10, 
7. Shadow price of investment pinv = 7, 3.5, 2.33 
8. Marginal propensities to save 

(a) Government SG = 1 .o 
(b) Private Sector Sp = 0.6 
(c) Unskilled and semi-skilled SL = o.o 

labour 

II UNIDO II in LM Analysis 

Stage II of the UNIDO system introduces adjustments to the 
domestic market prices of goods and factors to value them in 
terms of economic opportunity costs. The national parameters 
used for Sarania are set out in Table A.1. Domestic Materials D 
are a residual category. They are the costs remaining after F, W 
and L have been identified. Their domestic market prices are 
assumed to reflect their opportunity costs. 

The four resource categories used in the UNIDO case studies 
have a parallel in LM. Foreign Exchange F corresponds to LM 
traded goods, and Domestic Materials D to LM non-traded goods. 
UNIDO values all resource flows in terms of domestic prices. 
Foreign Exchange (F) values are converted into domestic terms by 
the Shadow Price of Foreign Exchange (PF). The values of L, W 
and Dare all expressed in domestic prices. In the LM system all 
values are expressed in terms of world market prices. Traded 
goods are valued at their border prices, cif or fob, whichever is 
relevant. Non-traded goods have no actual border-price; however 
a world price equivalent value is calculated. This is done by 
disaggregating the inputs into non-traded goods between traded 
goods and domestic factors; all inputs are valued at their 
actual or equivalent world market prices. Domestic factors, in 
this case, skilled and unskilled labour, are also valued at their 
equivalent world market costs. 

~he conversion of domestic values for non-traded goods and 
factors into world price terms is a complicated exercise which 
requires a large number of conversion factors for particular 
commodities and incomes. A short-cut is to use a single Standard 
Conversion Factor (SCF) representing the average relationship 
between border and d~mestic prices. The UNIDO Shadow Price of 
Foreign Exchange (P ) gives an average relationship between 
domestic and border prices for the same commodity. 
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pF = 
OER 

where 

DPi is the domestic selling price of good i, 

WPi is the cif price of i 

OER is the official exchange rate 

a· l. is the share of i in marginal imports. 

In this form pF is the premium on foreign exchange or 

pF = SER 
OER 

SCF will be a weighted average ratio of border to domestic prices 
for identical goods; that is, where the same commodities are 
included in both comparisons 

SCF = 1 
pF 

In Sarania pF = 1.5, and it has been assumed that this reflects 
the average divergence of domestic from border prices, so that 

SCF = 1 = 0 • 6 6 • 
1 • 5 

This SCF can be applied to all domestic values for goods and 
factors in order to obtain a roughly equivalent world market 
value. 

Table A.2 sets out stages I and II within the UNIDO 
analysis. The NPV figures given there differ from those in Table 
19.22, p.288, UNIDO (1972), due to computational errors in the 
original. D, Domestic Materials, are not shown in Table 19.22; 
they are the residual after the net benefit flows (F + L + W) 
have been subtracted from MC. 

Table A.3 sets out the equivalent stages within a LM 
framework. All values are expressed in world price terms. 
Foreign exchange net benefits F are valued at the official 
exchange rate, and the domestic values for L, W and D are reduced 
to world price equivalent terms by the SCF. The domestic goods 
and factors are first valued at their domestic economic 
opportunity costs, that is their market prices plus their premia; 
these domestic values are then translated into world price terms. 
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Table A.2. KPY of Net Benefit Flovs, UNIDO 
(Thousand creons) 

Discount rates 8% 10% 12% 

F 274,462 216,172 168,441 
L - 29,979 - 27,810 - 25,984 
w 4,608 4,520 4,437 
D -332,117 -297,974 -269,105 
MC - 92,242 -114,132 -131,085 
aF 137,231 108,086 84,220 
bL 29,979 27,810 25,984 
cw 4,608 4,520 4,437 

SC 70,360 17,243 - 25,317 

where MC = F + L + W + D 
SC = MC + aF + bL +cw 

In both systems the domestic economic opportunity cost of L, 
W and D is estimated to be 

L + bL 

w + cw 

D + zero premium 

Table A3 NPV of Net Benefit Flows, LM 

(Thousand creons) 
Conversion 

Discount rates Factor 8\ 10\ 12\ 

F 1 .o 274,462 216,172 168,441 
L 1.0/1.5 - 29,979 - 27,810 - 25,964 
bL i.0/1.5 29,979 27,810 25,984 
w i.0/1.5 4,608 4,520 4,437 
cW 1.0/1.5 4,608 4,520 4,437 
D 1.0/1.5 -332,117 -297,974 -269,105 

sc1 46,907 11,496 - 16,878 

SC 1 = F + 1 • ( ( L + bL ) + ( W + cW) + D l 

sc1 = sc 
1. 5 

1.5 
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Within the UNIDO framework the exchange rate over-valuation 
is covered by raising all foreign exchange net benefits F, by the 
premium on foreign exchange. In the LM system the over-valuation 
of domestic as opposed to foreign resources is treated by 
reducing all domestic values by the SCF. 

Table A.4. Net Benefit Treataents in Both Systeas 

World Market Values 
Domestic values 

Net Benefits 

SC x SCF = sc1 

wher.' SC x sc1 x pF 

pF = 1 
SCF 

lTNIDO 

F + aF 
L + bL 
w + cw 
D 
SC 

LM 

F 
(L + bL) x SCF 
(W + cW) x SCF 
D f SCF 
SC 

The NPV figures in Tables A.2 and A.3 are directly 
comparable; SC is sc1 x 1 ·~· SC (the UNIDO figures) are in terms 
of domestic prices and SC (the LM figures) are in terms of world 
prices. The ratio of domestic to wortd prices for identical 
goods was assumed to be 1.5 to 1.0 (P = 1.5), so that world 
prices must be translated into domestic equivalents by applying a 
premium of 0.5. 

III UNIDO Stage III in LM Analysis 

Stage I I I in the UN ID o an a 1 y sis id en t l fies the 
distributional effect of a project upon different groups in the 
economy. Three groups are identified in the Sarania case-study; 
tha Government G, the Private Sector P, and unskilled labour L. 
Ur.skilled labour gains the housing benefits of the project and 
the additional income above what it would have been earning in 
the absence of the project. This additional income equals the 
premium on unskilled labour L. The private sector loses t~e 
premium on skilled labour W, which is the excess of its 
opportunity cost above its market wage. The government gains the 
remainder of SC resulting from the project. The net benefit of 
the project is therefore distributed so that: 

sc = scG + scP + scL 

where SCG is the gaint to the government, SCP the gains to the 
private sector, and SC is the gains to unskilled labour. 

A final figure for net consumption benefits C from the 
project is obtained by allowing for the additional investment 
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from the income gains to the different groups. All additional 
savi~as are assumed to be invested. These savings are revalued 
by P1 v. which expresses the value of an extra unit of investment 
in terms of present consumption, the UNIDO numeraire. 

The net consumption gains to the different groups are 
therefore 

where sG, Sp and sL are the marginal propensities to save of the 
different groups respectively. If distributional considerations 
per se are to be taken into account this could be done by 
applying di~erential weights to the gains in present consumption 
(1 - Sp) SC etc., accruing to the different groups. This has 
not been done in the Sarania case study. 

Final net consumption benefits are 

c = cG + cP + cL 

Table A.5 sets out the income and net consumption gains 
accruing to the three different groups; again the figures differ 
from those in Table 19.22 p 288, due to computational errors in 
the original. 

An equivalent analysis in the LM system revalues all 
additional consumption benefits from a project in terms of the LM 
numeraire, which is income in the hands of the government. 

In the Sarania case-study the UNIDO analys;i.s does not 
distinguish between public and private investment; pinv refers to 
an average unit of investment. In the Sarania case also the 
government is assumed to have a marginal propensity to save of 
one (sG = 1.0). Units of public investment are therefore the 
same as income in the hands of the government. If a unit of 
private investment is assumed to be equal to a unit of public 
investment, any unit of investment, public or private, will equal 
a unit of inc?me in the hands of the government. Where this hold 
the UNIDO P nv will be equal to the LM parameter S which 
expresses the number of units of consumption equal to one unit of 
government income. 
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Table A.5 Net Income and Consuaption Effect, UHIDO 
(Thousand creons) 

Discount rate 8% 10% 12% 

(1) Net Social Benefits 

SC 70,360 17,243 -25,317 
scG 43,315 -7 ,541 -48,209 
scP -4,608 -4,520 -4,437 
scL 31,652 29,305 27,329 

(2) Savings 

s scG 43,315 -7,541 -48,209 
sGscP -2,764 -2,712 -2,662 p -
sLSC.._ 0 0 0 

(3) Consumption 

(1 - sG) .SC~ 0 0 0 
( 1 - Sp) .SC -1,843 -1,808 -1,774 
{'I - SL) .scL 31,652 29,305 27,329 

(4) Revalued Savings ( (2) x pinv) 

(5) Final Net Consumption 

cG 
cP 
cL 

c 

= 

= 

IRR = 

303,205 
-19,348 

0 

Benefits 

303,205 
-21,191 

31,652 

313,666 

-26,393 
-9,492 

0 

(3) + (4) 

-26,393 
-11,300 

29,305 

-8,388 

-112,326 
-6,202 

0 

) 

-112,326 
-8,864 
27,329 

-93,861 

1 • 0 I = 0.6, = o.o 

7.0 at 8% discount rate 

3.5 at 10% discount rate 

2.33 at 12% discount rate 

9.9% 
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Whilst the UNIDO ~nalysis multiplies the value of all 
additional savings by pinv, so they can be valued in terms of 
consumption units, LM reduces the value of all consumption 
benefits to express them in terms of government income. The net 
social benefit B of income accruing to different groups, in 
Little-Mirrlees terms is 

( 1 - Sp) + Sp 
• scP 

s 

• scL 

s 

where BG is the social value of income accruinq to the 
government, BP that of income to the private sector, BL that of 
income to unskilled labour. S equals the number of units of 
consumption equal to one unit of government income, and one unit 
of private savings, and therefore investment, is treated as being 
equal to one unit of government income. As in the UNIDO 
analysis, the equity aspect of the question of income 
distribution could be dealt with at this stage by giving 
different weightings to the consumption gains of different 
groups. This would mean the use of a set of values for S, rather 
than a single value. 

sc1 = sc1G + sc1P + sc1L 

B 

Table A.6 gives the LM analysis of the net income and 
consumption effects of the Sarania project. Total net social 
income SC1 ~~ divided between the different benef ic1aries, and 
final net con:mmption benefits B are deriv~d. 



Table A.6 

Discount rate 

Net Income and Consumption Effect, Lil 
(Thousand creons) 

8% 10% 12% 

(1) Net Social Benefits 

sc1 
sclG 
sclP 
sclL 

(2) Savings 

s sc1G 
sGsc1P 
spsc1L 

L 

(3) Consumption 

( 1 - sG) • SC 1 G 
( 1 - s ) SC 1 p p • 1L 
( 1 - Sp) • SC 

46,907 
2B,977 
-3,072 
21,101 

28,877 
-1 ,843 

0 

0 
-1,228 
21,101 

11,496 
-~,027 
-3,013 
19,536 

-5,027 
-1,807 

0 

0 
-1,205 
19,536 

-16,878 
-32,139 

-2,958 
18,219 

-32,139 
-1,774 

0 

0 
-1,183 
18,219 

(4) Consumption revalued in terms of government income ((3) S) 

( 1 - Sp) .SC l p 
s 

( 1 - sL) • SC l L 
s 

-175 

3,014 

-344 -507 

5,581 7,819 

(5) Final Net Consumption Benefits (3) + (4) ) 

B 

28,877 
-2,018 

3,014 

29,873 

-5,027 
-2'1 51 
-5,581 

-1,597 

S = 7.0 dt 8% discount rate 

3.5 at 10% discount rate 

-32,139 
-2,281 

- 7,819 

-26,601 

2.33 at 12% discount rate 

IRR = 9.9% 
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The NPV figures for B in Table A.6 are directly comparable 
with those for C in Table A.5, the UNIDO analysis. The 
differences are: 

(i) the UNIOO values are in domestic price terms. They are 
greater than the LM values which are in terms of world 
prices by the premium 0.5. pF the shadow price of foreign 
exchange (1.5) mu~t be used to convert B into equivalent 
price terms to C; 

(ii) the UNIDO values C are in units of present consumption, 
whilst the LM values B are in units of government income. 
The UNIDO figures .are the LM figures multiplied by the 
relevant value of pinv or s. 

Therefore C = B x pF x pinv 

The first conversion, multiplication by PF, translates B 
into.domestic price terms; the second conversion, multiplication 
by pinv or S, translates B from units of goverriment income into 
units of consumption. 

IV Differences in the Application of the Two Methods 

It should be noted that certain differences exist in the 
application of both methods which have been assumed away in this 
analysis. Firstly, there is the treatment of non-traded goods; D 
in the UNIDO case-s~udies. Normally in the case studies they are 
valued at domestic market prices with no premium introduced to 
cover their economic opportunity costs. The equivalent treatment 
in the LM analysis is to revalue these domestic market prices by 
the SCF. However, this is a major simplification of the full LM 
procedure, which suggests valuing non-traded goods at their costs 
of production in terms of world prices. The full LM treatment 
would therefore derive different CFs for different non
tradeables, which should be applied to convert their domestic 
mar.ket prices into their shadow prices in world price terms. The 
treatment of D in the UNIDO case-studies is a simplification, and 
any comprehensive treatment requires a set of CFs for different 
non-traded activities. 

Secondly, there is the way in which pF and SCF are 
calculated. ~ome confusion exists as to whether the price ratios 
upon which P and SCF are based should relate to goods at the 
border, or internally at domestic selling points. Also there is 
the problem of ~e weights to be used in the formulae. The UNIDO 
expression for P is based on the distribution of marginal import 
expenditure as between commodities, whilst the LM SCF is ~ased on 
the share of different commodities in total domestic production. 
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the average ratio of domestic to world prices inherent in pF, has 
been used to determine the value of the SCF ( 1 ) 

(pF ) 

However provided identical assumptions are made in the 
application of both approaches they will give equivalent results, 
since the only real difference between them is in the choice of 
numeraire and this is a matter of presentation and not of 
substance. 
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APPENDIX 2 

An Introduction to the Valuation of Non-Traded Outputs 
(Benefits) in Project Analysis 

When non-traded goods and services are used as inputs in a 
project, their valuation is usually on the basis that more will 
be produced to meet the additional needs created by the project, 
and their marginal cost of production is considered to reflect 
their value in monetary terms. As necessary, their monetary 
values are adjusted, using relevant conversion factors, for the 
divergence between their market and shadow prices. 

When a non-traded good or service is the output of a 
project, there can be problems of valuation. Non-traded outputs, 
particularly in the case of social services, utilities, and 
subsistence agriculture projects, are very important in relation 
to economic development of a country. In fact, about half of the 
GDP of many developing countries is non-traded. 

In principle non-traded outputs can be placed on the same 
footing as traded outputs, by valuing them first at market 
prices and then at shadow prices. But in ~any cases of non
traded outputs, the primary problem is to quantify their impact, 
for instance, the value of a road or a bridge or a hospital. The 
convention is that non-traded outputs are valued on the basis of 
their marginal benefit to consumers. 

If non-traded outputs, which are quantifiable and saleable 
in the local market, are sold in a free market situation, then 
actual prices at which the transaction takes place may reflect 
consumers' willingness to pay. If the situation is otherwise, 
that is in a controlled market, the market prices will not 
reflect consumers willingness to pay. In such cases, the first 
step is to determine consumers willingness to pay and thereby the 
value of non-traded outputs at market prices. To convert the 
values of the non-traded outputs to their shadow prices, relevant 
CFs will have to be applied. 

Consumers surplus, which is the difference between what 
consumers are prepared to pay and what they actually pay for a 
good or service, is particularly relevant in the case of some 
non-traded outputs where the incidence of subsidy or free 
provision is significant. Electricity, water and some public 
services are common examples where consumer's willingness to pay 
may be higher than what they actually pay. 

Consumer surplus is treated as cost-saving in projects like 
roads, and bridges. The direct value of their output is always 
difficult to measure. The convention is that the benefits 
arising from having these projects are estimated with one major 
benefit in these projects being cost-saving. Cost-saving may be 
distributed between road users (transport sector) and producers 
(transport service users). 
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Producers surplus is a benefit item particularly in the case 
of a penetration or feeder road project. As a result of the 
project there will be a decrease in the transport cost of local 
output {say, agriculture) and the producers {farmers) will sell 
more at the same farm gate price; likewise, there will be a 
decrease in the transport cost of farm inputs and this will 
result in a decrease in production cost. Both will increase 
agricultural production. The summation of these two effects will 
be the producers surplus arising from the road project. However 
if the transport sector is not competitive, the transport cost 
saving may not all be passed on to the producers. In some cases, 
to increase local agriculture production some complementary 
investments may be necessary; also there may be some negative 
effects like substitution of local products by imported goods 
from other regions; and perhaps migration. Where significant, 
these ~spects need to be considered for example by including 
additional complementary investment as part of the original road 
project. 

Some Examples of Non-traded Outputs and their Valuation 

1. Subsistence Agriculture 

This type of non-traded output may include the following -
low quality subsistence food, vegetables, unprocessed milk, 
livestock and draught animals - that are usually sold on 
unregulated markets. Their monetary values are measurable in 
most cases. In some cases, subsidy or free provision may be in 
practice. The valuation of these subsistence agriculture related 
non-traded products may be d~ne using the consumer willingness
to-pay approach. 

2. Cash Crops 

Sugar cane is an example of a non-traded cash crop. It is 
usually not traded internationally because of transport cost and 
chances of loss of sucrose in transit. Sugar cane, in many 
cases, is grown with prior arrangement of sale to sugar mills. 
In some cases, governments not market forces control the price of 
sugar cane. Therefore, consumers {mills) willingness-to-pay may 
be at variance with the actual price paid by the consumer~ 
{mills). The consumers surplus approach may be applied. There 
may also be a possibility of a producers surplus if the consumers 
{mills) are operating at a less than tha optimal capacity 
utilisation level owing to the shortage of s~gar cane. 

3. Water Supply 

The price of water is often not only less than its cost but 
also less than willingness-to-pay by many users. One ap~roach 
may be to estimate a price that would cover costs, and then to 
estimate the cost of water usad at this price as a proportion of 
a typical wage {income) of the users. The basis of this approach 
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is that clean water, which is seldom purchased in specific 
quantities, is demanded by users so long as the charge is no more 
than a certain proportion of wage income. The World Bank sets 
this proportion at less than 5 percent. This means that consumer 
surplus on all water used can be estimated as the difference 
between whatever is paid for water and 5 percent of income. 

Water supply in rural area£ is usually free, partly because 
many rural inhabitants are unable to pay. Hence the willingness 
to pay approach is of little use for rural water projects. The 
only valuation possible in such projects is to assign economic 
values to improved health and the benefits to the economy that 
may arise from it. One may estimate the benefit of improved 
rural health and other indirect benefits as a result of a 
project. 

4. Electricity Generation and Supply 

Electricity is usually a non-traded output. It can actually 
be traded across international borders under some bilateral 
arrangements. It is both a consumer good and an input into 
productive activities. The cost of alternative current sources 
of light or energy may be taken as a proxy for the minimum 
con3umers would be willing to pay for electricity. Electricity 
service is often charged less than the amount many users are 
willing to pay. The consumer surplus approach is relevant in 
this case. 

5. Postal, Telegraphic and Telephone Services 

The consumer surplus approach may be applied. But in many 
cases it is substituted by cost-effectiveness analysis as the 
benefits arising from such communication-related projects are 
difficult to measure. 

6. Health Services 

Public health services in many cases are free or heavily 
subsidised. The benefits arising from health-related projects, 
although difficult to quantify, are enormous. The consumer 
willingness-to-pay approach may not be practical since many poor 
people will not be able to pay even small amounts. Monetary 
values are irrelevant here. A cost-effectiveness method is 
widely used in the analysis of such projects. 

7. Irrigation Services 

Irrigation projects are similar to rural development or 
agricultural development projects. Costs and ben_f its with and 
without project are measured. The output of an irrigation 
project is water, an input to agricultural production. The 
benefits arising from such a project are measured on the basis of 
incremental agricultural production and other associated 
benefits. A detailed base line study, particularly of farming 
practices, yield, and costs should be carried out; where relevant 
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complimentary investments in agriculture should be included in 
investment cost. On this basis with and without project 
scenarios can be predicted; and the incremental net benefit of 
the irrigation pr~ject estimated. 

8. Roads 

It is always difficult to measure the benefits of road 
projects as their output value is not directly identifiable nor 
quantifiable. In such cases, the value of benefits is estimated 
on the basis of road users' saving, which include cost, time, 
accident costs and so on, with and without the proposed project. 

The with and without project situation is different from 
that after and before the project. In the without case it is 
necessary to consider what costs would have been incurred by the 
road users and roads authorities. 

Road traffic can be divided into three kinds: 

Normal traffic - existing traffic without the project 

Di7erted traffic - existing traffic using alternative roads 

Generated traffic - new traffic or induced traffic. 

Benefit items in the case of Road Improvement Project can be 
identified as: 

(i) 

(ii) 

(iii) 

(iv) 

(v) 

(vi) 

Savings in maintenance or recurring costs. 

Savings in vehicle operating costs. 
This is a most important cost saving. It includes the 
cost saving of fuel consumption, lubricants, replacement 
(eg. tyres), vehicle maintenance and depreciation. 

Value of time of travel, comfort and convenience; 
Time savings of drivers, passengers and freight. 

Savings in costs of accidents 

Savings in costs of noise 

Net value of any incremental output generated as a 
result of the road improvement 
This may be particularly significant for rural roads 

A Simple Example of Consumers' Surplus Estillation in Transport 

Consumer willingness-to-pay means simply that people value 
something in proportion to what they are willing to pay or give 
up for it. This is illustrated through a demand curve which 
shows the quantity of a given product people are willing to buy 
at a given unit of price for that product. 
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In the case of roads, the product offered is trips of a 
given type, whilst the unit price for the trips is composed of 
such cost items as vehicles, fuel, lubricants, maintenance, 
insurance and taxes, and of course the time of the driver. 
Suppose, a road of 5 km length is built to connect towns A and B. 
It is also expected that, as the unit price gets higher, fewer 
trips will be made over the road. 

If the unit price of travel is Rs. 14.00, 180 trips per day 
are made at this price. Some people would be willing to pay more 
than Rs. 14.00 for the trip, but would not be required to do so. 
Say for instance, 140 trips would be made even if the cost were 
higher at Rs. 17.50, per trip. As a consequence of the 
difference between ~illingness-to-pay and the money actually paid 
there is a surplu$. This kind of surplus is called consumers 
surplus and can be considered as a benefit arising from the 
trips, which are the prodact of the road project. The summation 
of these benefits for all trips made gives the total benefit on 
daily trips made by users. 

If a new road improvement project had the effect 
average costs per trip from Rs. 17.50 to Rs. 
stimulating on extra 40 vehicles daily to use the 
would be two separate benefits. 

Unit 
cost 
trip 
(Rs) 

per 

A B 
17.50 

14.0 ----------------------
D c 

Vehicle trips per day 

Figure A.t. 

E 

of lowering 
1 4.0 thus 
road there 

a) a cost saving of Rs. 3.50 per trip for existing traffic; in 
total this is Rs. 3.50 x 140 =Rs. 490. This is shown as 
the area ABCD in figure A1. 
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b) a gain to new or diverted traffic given by the area under 
the demand curve - BEFG in figure A1. New users will 
actually pay Rs. 14.0 per trip for an extra 40 trips. 
However they are willing to pay more than this given by the 
triangle BCE, which is their consumer surplus. 

Total consumer surplus is therefore Rs <l (17.50 + 14.0) x 40) 
2 

plus R490; this gives Rs.560 at domestic prices. 

In a world price system this value would 
converted to world prices; strictly it would be 
convert benefit a) - the cost saving for existing 
for road transport, and benefit b) - willingness 
users-by a CF for consumption. 

Esti..llation of a dewand curve 

have to 
necessary 

users-by a 
to pay of 

be 
to 
CF 

new 

Use of consumar willingness to pay as a criteria of value 
for a non-traded good requires information on the shape of the 
d~mand curve for the good. For example, if supply is fixed in 
the short-run to OS in figure A.2 at price P there is an excess 
d~mand of D S. What is necessary is to estimate the price at 
which demanA equals the amount available. This market-clearing 
price of P 2 is a measure of willingness to pay for ouput from 
projects that provide small additions to total supply in the 
economy; that is for projects whose output does not affect the 
level of the market-clearing price. 

price 
D 

-----------

0 

s 

s 

FiCJUre A.2 

-...... 
D 

o, 
Quantity 

Estimation of price P2 requires the shape of the den.and 
curve DD to be known. A simple appropach to estimation of demand 
curves uses an estimate of price elasticity of demand and the 
assumption that the curve is linear. 

This follows since by definition price elasticity of demand 
(e) at a particular point on a demand curve equals 60 -r 6P 

D1 P1 
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where o1 and P1 are the original points on the curve and 

60 and 6P are changes in demand and price respectively. 

Therefore rearranging 

e = 60 ~, 
0, 6P 

or e = ~, 60 o, 6P 

If the original points P1 and o1 are known, and e is 
estimated from other data, then when the curve is a straightline 
its slope 6P will be constant at all points on the curve. The 

60 
slope for a linear curve is 

6P 
60 

= 1 
e 

Therefore when P1 and o1 are known, and e is estimated or 
assumed, the slope 6P/60 can be found. 

This procedure for identifying a demand curve can be 
illustrated where Pl is 10 units, and demand at that price Ol is 
1,000. If price e asticity of demand (e) is 2.0, then the s ope 
of the curve 6P is 5 , 

since .lP = 
60 

60 1000 

1 0 
1000 

1 = 
2 

With a slope of 5/1000, the position of this demand curve 
can be found by extrapolating to the vertical and horizontal 
axes. Figure A.3 shows the curve meets the vertical axis at a 
price of 15, and the horizontal axis at a quantity of 3,000. 
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e 2.0 
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4= • llD2 

1000 

Figure A.3 

llP1 = 
llD1 

Quantity 

This procedure is a simplification, since not all demand 
curves will be linear. Further it requires that, if as in figure 
A.2, the original price is not a market clearing price that the 
siz~ of the excess demand be known, so that the original price 
and demand points can be identified. Price elasticities for 
different products will rarely be known with accuracy, but 
approximations or estimate.s for the same goods ..... 1 other countries 
may be used. 

Demand price, such as P2 in figure A.2 gives a measure of 
willingness to pay for projecf output that is marginal, since the 
additional project output does not lead to a change in price. 
However where the addition to supply is non-marginal, so that the 
new project's output is sufficient to cause a fall in price, 
willingness to pay is given by the area under the demand curve 
for the relevant output. In figure A.4 a new project raises 
total supply from s1 to s2 causing a fall in price from P1 to P2• 
Total willingness to pay for additional output s 1 s 2 is now tne 
area OLS 2s1• In addition there is 3 gain to existing users of P1 
QMP2 due to the fall in price from P1 to P2 • In a world price 
system consumer willingness to pay must be converted to world 
price equivalents using a consumption CF for the group of 
consumers concerned. 
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terms of reference. 

Research report on the application of UNIDO, World Bank and 
OECD approach to national parameters in developing and developed 
countries. 

"2.2 Application of UNIDO. World Bank and OECD approach to 
national parameters. 

To carry out a research related to the si tua ti on and 
effectiveness of application of UNIDO, World Bank and OECD 
approach to national and regional parameters specified under 
item 2.1 in both developing and developed countries. 

In particular, the research will focus on: 

- the relationship between the pattern of a country's 
development and the choice of the approach, 

- the availability of data needed to estimate the national 
and regional parameters, 

- the attitude of decision makers toward the application of 
national and regional parameters, 

- the monitoring of national and regional parameters, 
- others. 

The choice of countries constituting the sample for this 
research is to be decided upon by the Sub-contractor." 
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1. INTRODUCTION 

1.1 National Economic Larameters (NEPs) 

NEPs can be defined as those shadow prices relevant to 
appraisal of projects drawn from a range of different sectors. 
They are termed nctional in that they are not specific to a 
particular project. The economic discount rate, for example, is 
a parameter applicable to all projects that compete for limited 
funds. However the value of a commodity like fertilizer is a 
project-specific parameter relevant in the appraisal of projects 
that either produce fertilizer as an outp1 t, or use it as input. 
The justification for focussing research efforts of a national 
planning agency on the estimation of NEPs is first that it is 
highly undesirable for such parameters to be estimated by 
analysts working independently on i~dividual projects. This 
would lead to the danger of inaccuracy since such analysts ~iven 
the constraints involved with project work, would be highly 
unlikely to have access to the data and resources needed to 
estimate a set of NEPs accurately. Secondly there is a dang~r of 
inconsistency in the treatm~nt of different projects if separate 
estimates of NEPs are applied in their appraisal. For ex~mple in 
the case of the discount rate, it is clearly undesirable for this 
NEP to be estimated separately every time a new project is 
appraised. 

Most studies of NEPs identify at least parameters rel a ting 
to the following:-

unskilled labour, perhars differentiated by region; 
- skilled labour; 
- the main non-traded sectors, such as electricity 

construction, road and rail transport, and trade and 
distribution; 

- a single parameter reflecting the relative value of 
foreign exchange and domestic resources; (the shadow 
exchange rate in the domestic price system and the 
standard conversion factor in the world ~·rice system) 

- the discount rate. 

Other parameters are also included in more detailed studies. 

1.2 Conversion Factors 

It has become common to present the results of NEP studies 
as a series of conversion factors (CFs}. Those are simply ratios 
of the value of an item at shadow prices to its market price 
value, so that 

= 
SPi 

MPi 

where CFi is the conversion factor to item i, 



and 
SPi is the shadow price of i, 
MPi is its market price. 

CFs can be given at different levels; 

- for a particular commodi~y (for example, rice) 
- for a particular sector (for example, construction) 
- for a particular factor (for example, unskilled labour) 
- for a particular category of expenditure (for example, 

investment) 
- for the economy as a whole (the shadow exchange rate or 

the standard conversion factor). 

Further they can be applied in either a world or a domestic 
price system of shadow pricing. The only difference will be that 
SPi will be in terms of domestic prices in the latter and in 
world prices in the former. However it is important to note that 
CFs should be consistent in the price level to which they relate. 
Market prices, can be prices paid by consumers (retail prices}, 
or prices received by producers (ex-factory prices plus indirect 
taxes on inputs used, and on outputs sold}. Therefore it must be 
made clear which type of market price is included in the CF, and 
the shadow price of the item should be estimated at the same 
price l~vel. For consistency it is desirable that all CFs be 
estimated at the same price level - normally eit'ner at consumer 
or producer prices. 

It should be noted that one use of terminology is to apply 
the term CF to only aggregate relationships, referring to 
categories of expenditure - like consumption and investment - and 
to the average ratio of domestic to world prices for the economy 
- the standard conversion factor. Following this convention 
ratios of shadow to market prices for either individual 
commodities or sectors are referred to as accounting price ratios 
(APRs}, since the term accounting price is used instead of shadow 
price, to ref er to an economic value. This terminology is used 
in the major study Powers (1981 }, for example. Here, for 
simplicity, we prefer to use one single term - a conversion 
factor - to refer to any ratio of a shadow to a market price. It 
should be remembered, however, that when we refer to a CF, for 
example for rice or construction, in other discussions in the 
literature these might be referred to as APRs. 

The rationale for providing information on NEPs as a set of 
CFs is twofold. First, ratios can be applied easily to project 
data at market prices to convert these directly to economi~ 
values. For example, in appraising a project with a market wage 
cost of 1,000, if the appropriate CF for the labour concerned is 
estimated to be 0.60 the project analyst appraising the project 
will only be required to multiply the wage cost of 1,000 from the 
financial appraisal by the CF of 0.60 to give an economic value 
of 600. Thus the analyst will not need to estimate the relevant 
shadow wage per day to apply to the categories of workers 
concerned, since this shadow wage is already implicit in the 
labour CF. 
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Secondly, there is the problem of changes in both market and 
shadow prices over time due both to inf lat ion and more 
fundamental policy and structural changes in the economy. As is 
discussed in a later section CF estimates require to be up-dated 
periodically (probably at least every two or three years), but 
normally unless there are major changes in the economy they 
should be valid for the short-run (up to two years). This is 
because due to inflation whilst shadow prices will change in 
absolute terms, if market prices rise by the same percentage over 
the same period, the CF which is the ratio of the two will not 
change. For example, if over two years due to inflation the 
shadow wage rises from 100 Yuan to 120 Yuan, if the market wage, 
initially 167 Yuan also rises by 20% to 200, the CF for labour 
will remain unchanged at 0.60. Obviously, due to circumstances 
to be discussed, below, there will be cases where shadow and 
market prices do not rise at the same rate. However in the 
short-run one can often assume some stability in CFs even whilst 
absolute values of shadow prices change. 

1.3 Different Approaches to Estimation of NEPs 

In considering different approaches to the estimation of 
NEPs two distinct approaches can be identified. The simpler is 
what we will term a "partial" approach, and the more complex, but 
more rigorous we shall call a "co!lsistent" approach. The former 
partial approach is characterised by valuing each individual 
parameter independently of all others. For example, in partial 
calculations the shadow wage rate (and the CF for labour) would 
be estimated independently of the value of CFs for major non
traded activities. This is despite the fact that some of 
labour's output foregone might be from non-traded activities, and 
thus its value determined by the CFs for non-traded goods. 
Similarly, however, labour will be an input into non-traded 
activities, so that its value will in turn be one of the 
influences on the CFs for non-traded sectors. Another example of 
such interdependence will be in relation to the standard 
conversion factor (SCF). In a partial exercise the SCF would be 
estimated independently of any other CF. However strictly the 
SCF should be an average of all the CFs for the main productive 
sectors, so that the SCF cannot be calcnlated accurately 
independently of the value of other sectors. 

This type of interdependence is resolved in what we have 
termed the consistent approach. One version of this approach is 
to solve the valuation problem by setting out NEPs as a set of 
linear simultaneous equations. Here the value of any particular 
CF is determined by other CFs in the system. 

The logic of the system can be set out algebraically in 
general terms as follows: 
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where 

there are n conversion factors (CF) that there are unknowns in 
the system 

CFn are the conversion factors for equation 1 to n, 

• an are the constants which can vary b~tween 
equations, and which may be zero. 

b11 • • • • bnn are the weights placed on conversion factors 
in the equations, so that bln is the weight of 
CF1 in equation n to solve for CFn. The weights 
bin •••• bnn can also be zero. 

The value of each conversion factor therefore is given by a 
constant plus the values of all conversion factors in the system 
with a non-zero weight. 

To give a specific example; if CF 1 refers to unskilled 
labour this conversion factor will be determined by the 
conversion factors of the sectors which produce the workers' 
output foregone. If only two such sectors are involved, and 
these are termed sectors 2 and 3, CF1 will be determined by a 
constant a 1 , and Dy the conversion factors CF 2 and CF 3 , and the 
weights placed on these. On the other hand, since labour is an 
input into all domestic productive activity CF 2 and CF 3 will be 
determined in part by the value placed en unskilled labour, cF1 , 
so that CF1 , CF 2 and CF 3 cannot be estimated accurately in 
isolation from one another. 

This simultaneous equation approach was used, for example, 
in a study on Jamaica, which is discussed as one of the country 
cases in Appendix 2. Although it allows for consistency in 
calculating CFs its major drawback as applied in the Jamaican 
study is that it treats the main non-traded sectors in the 
economy only crudely. Theoretically the economic value of a non
traded activity approached from the supply-side is given by the 
sum of the economic value of all inputs into its production. 

The Jamaican study, because of data non-availability 
discussed further in the Appendix, could identify only a few 
aggregate categories of inputs into the main non-traded sectors. 
The final results are therefore consistent, but nevertheless 
approximate, because of the level of aggregation involved in the 
valuation of non-traded sectors. 
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It is recognised that a superior form of the consistent 
approach is to identify as many direct inputs into a no~-traded 
sector as possible, and then decompose these direct inputs into a 
set of 'primary inputs'. This is the technique of 'serr1i input
output analysis' (SIOA), so called because it involves the 
construction of a form of input-output table, tracing the 
production relation between different sectors of the economy. 

For each individual sector the shadow price will be given by 
the sum of the value of total, direct plus indirect, primary 
inputs into the sector. Algebraically therefore for sector i 

f 
SPi = Eafi•MPi x CFf 

where 

sp. 
l. 

is the shadow price of i 

MP· l. is the market price of i 

af i is the input of primary input f per unit of i 

CFf is the conversion factor for primary input f. 

In terms of conversion factors, CFi for sector i becomes a 
weighted average of the conversion factors for the primary inputs 
into i, 

f 
so that CFi = Eafi x CFf 

Set up in this way the problem becomes one of tracing 
through the full set of primary inputs into each sector, and 
valuing these primary inputs at their appropriate shadow prices. 
However, since the shadow price and therefore conversion factor 
of some primary inputs will depend on the conversion factors for 
several productive sectors, the interdependence problem remains. 

The solution again involves use of a simultaneous equation 
system, but now, unlike the simpler consistent approach, the 
conversion factor for productive sectors is determined by the 
valu~ of their total primary input components. The system of 
simultaneous equations is significantly more complex 
computationally in the semi-input-output approach since two 
stag~s are involved. 

First the input categories into each productive sector are 
decomposed into a set of primary inputs. Since total primary 
inputs are required this necessitates the process of matrix 
inver~ion of the direct coefficients of the input-output table. 
s~condly once total primary inputs are known a system of 
simultaneous equations can be used to solve for the inter
d~pendence between the values of prim~ry inputs and conversion 
factors. 
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SIOA has become the main technique for detailed NEP studies. 
One of its first applications was in Kenya in Scott and others 
(1976), and it has been applied in a number of other countries, 
particularly in Latin America (fer exar.tple Powers 1981 ). A 
fuller explanation of the technique of SIOA is given in Appendix 
1, and some of the results of NEP studies using this approach are 
given in table 1 below. 

In terms of the relevance of different approaches to NEP 
estimation for different developing countries it must be stressed 
that the key choice is between partial and consistent studies. 
The issue of whethe:;:- such studies use a world or a domestic price 
numeraire is not of major concern. As report 1 has stressed use 
of either numeraire will give equivalent results provided 
equivalent assumptions are made, and a similar level of detail is 
used in the calculations. However it must be pointed out that in 
recent years the detailed studies using SIOA to estimate NEPs 
have generally used a worl~ price system of analysis. 

Although, theoretically, because of the interdependence of 
different parameters it is clear that the consistent approach is 
preferable, there will be some developing countries where the 
errors generated by estimation using a simpler partial approach 
may not be very great. These will be economies where the level of 
interdependence between parameters is not high, because most 
productive sectors of the economy can be treated as inter
nationally traded. This means that additional demands from, or 
outputs generated by new projects will have their main impact on 
the foreign trade balance - in terms of imports and exports -
rather than on the level of acti~ity in the domestic economy. 
The key form of interdependence in a system of NEPs is between 
the valuation of non-traded sectors and other parameters - for 
example labour or the SCF - and between different non-traded 
activities themselves - for example the valuation of electricity 
influencing that of construction and vice-versa. Therefore a 
consistent SIOA will be most important in developing economies, 
where a high proportion of domestic production is most 
appropriately classed as non-traded. 

It should be remembered that activities can be non-traded 
for a number of different reasons; high transport costs in 
relation to output value may be one factor (power supply is an 
obvious example of this category); the characteristics of the 
product which mean it has to be produced and sold domestically 
(for example, domestic retailing) will be another; however goods 
can also be non-traded because of significant quality differences 
between locally and foreign made goods (for example, simple 
textile products which are sufficiently cheap not to compete 
directly with imports, but for which there is no export potential 
because of their low quality); finally government restrictions 
on foreign trade that limit competition from imports ~an make 
some activities non-traded. 
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One can generalize that the level of non-traded to traded 
production is likely to be higher in developing economies with 
two particular characteristics: 

(1) a fairly restrictive policy towards foreign trade that keeps 
down the share of imports in total economic activity; 

(2) a large dom~stic market, in terms of geographical size. 

The link between foreign trade policy and non-traded 
activity has already been noted. The influence of the domestic 
market arises since the larger the geographical size of an 
economy the greater will be transport costs in moving imports to 
consumers at inland locations. High transport costs of this type 
provide local producers with a "natural" form of protection, 
which may restrain the extent to which they face competition from 
imports of similar goods. 

Given China's large size, and the past orientation of its 
trade policy, one would expect that a significant proportion of 
its economic activity will be non-traded. Future trade policy 
changes may alter the balance between traded and non-tradej 
activity, but nonetheless one would not expect the balance 
between these activities to alter significantly in the short-run. 
With a relatively high proportion of activity classed as non
traded, Chi~a is precisely the type of economy where inter
dependence between NEPs is likely to be important. It is thus 
the type of economy where a consistent approach based on a SIOA 
is likely to be most effective, and where simpler partial 
approaches could be misleading. 

2. SOME ILLUSTRATIONS OF NEP STUDIES 

Tabl~ 1 summarizes the results of a range of published 
studies on NEPs conducted in the last 15 years or so. Although 
these studies were carried out at different times for economies 
that are often quite different, some general points linking the 
results can be noted. 

(i) The average parameter the SCF in a world price and the 
SER in a domestic price system - tends to fall within a 
fairly narrow range, if one excludes extreme cases. In 
all the studies covered in table 1, for example, the SCF 
is in the range of 0 .59 (Turkey) to 0. 9 6 (Egypt). However 
both of these countries had peculiar features at the time 
of the studies. Turkey was heavily protected through an 
import licensing system, which raised the domestic prices 
of import competing goods, by an estir:iated 60% above the 
tariff-inclusive world prices. Incorporation of this 
large premium is the main reason for the low SCF. Egypt 
in the 1970's, on the other hand, used a policy of 
subsidizing key traded goods which kept their prices below 
world levels. The impact of these subsidies is to raise 
the SCF. 
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Excluding these two cases, the range of SCF estimates is 
some~hat narrower from O. 73 (Paraguay) to 0.92 (Colombia), 
with a tendency for the avarage value from these studies 
to be around 0.80. The range of values found in the 
studies has an intuitive logic in that the more protected 
economies at the time of the studies (such as Turkey, 
Paraguay and Mexico) tend to have lower SCFs than the more 
open economies where trade restrictions are less 
significant (such as Barbados and Botswana). However even 
fairly open economies with no or low trade taxes can still 
have an SCF of below 1.0, because of the presence of non
traded goods in the calculation of the SCF, and the fact 
that wherever labour is underemployed or there is surplus 
production capacity, this brings the CF for a non-traded 
activity below 1.0. 

(ii) Most S!O studies estimate CFs for consumption in addition 
to the average SCF. In addition different types of 
consumption expenditure may be distinguished; - for 
example urban and rural, and high and low-income. In 
general, whilst there may be differences between 
consumption CFs defined in various ways - there is a 
tendency in many countries for the average CF for 
consumption in general to be fairly close to the SCF. 
This is not surprising given that the SCF is normally a 
weighted average of CFs with total production in different 
activities as the weights used in the calculation. The 
average consumption CF is another weighted average but now 
with consumption expenditure as the weights. However one 
would not expect these weighting systems to be markedly 
different, so that the SCF and the average CF for 
consumption can be c lo s e • In so m e count r i es 
distinguishing between consumption CFs for different 
categories of consumer does not produce very different 
results - for example the detailed analysis for El 
Salvador (Londero 1981) gives six CFs in the fairly narrow 
range of 0.82 to 0.86. Here distinctions by rural-urban 
location and by income levels do not appear signif icar.t. 
In the g~ographically larger economy of Kenya however 
there are more significant differences, with an average 
urban consumption CF of 0.82, and a rural one of 0.94. 
One would expect that other things being equal, the 
geographical size of an economy would tend to create 
differences in price between consumer goods in different 
parts of the country. 

(iii) In most economies, for most types of non-traded activity 
studied, CFs are below 1.0, so that their economic value 
is below their market price. There is a tendency for 
construction - normally a labour-intensive activity - to 
have a low CF, generally below the SCF. Electricity, on 
the other hand, which is intensive in the use of traded 
energy inputs, tends to have a CF above the SCF. There 
are some exceptions to this generalization; for example in 
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Paraguay under-utilization of existing capacity creates a 
very low CF for electricity where only variable costs a~~ 
included in the estimate of its shadow price. Also in 
Botswana due to power imports from Sou th Africa 
electricity is treated as a partial!~ traded good, and 
this may contribute to keeping down its CF. Where its CF 
is estimated local trade and distribution, like 
construction a fairly labour-intensive activity, also 
tends to have a relatively low CF. Egypt is a major 
exception in its CFs for non-traded sectors since due to 
the heavy subsidies noted above, on average non-traded 
activities have market prices below their economic costs, 
implying CFs of more than 1.0. 

(iv) One would expect significant variations in CFs for 
unskilled labour both between countries, and between 
r~gions of the same country. Of the countries studied, 
tor urban unskilled labour the economic CF is in the range 
f!"'om 0.29 (Botswana) to 0.66 (Pakistan). rr:'here is a 
tendency for estimates of the urban labour CF for 
unskilled workers to fall around the mid-point of this 
range at about 0.50. In some countries CFs for rural 
unskilled labour are estimated to be above those for urban 
workers - for example for Ja1.1aica there is a rural labour 
CF of 1.15. Higher CFs for rural unskilled labour tend to 
be the result of three factors: first rural labour markets 
are often treated as reasonably competitive so that on a 
daily basis market wage rates are a good proxy for 
productivity; secondly agricultural output may be worth 
more at world pr:i ces than at the prices received by 
farmers, which r~sults in a CF for output foregone in 
rural areas that is greater th~n 1.0; and thirdly the fact 
that it may be more appropriate to calculate CFs for rural 
labour on a daily not an annual basis, thus removing the 
effect of seasonal underemployment from the estimates. 
For skilled labour many of the studies use the SCF as the 
CF for skilled workers. However a distinction is drawn 
between skilled local and foreign workers, with the latter 
having a different CF. 

(v) The discount rate is perhaps the parameter which shows the 
greatest similarity between the studies. This reflects 
partly the crude treatment of this parameter, which is 
estimated in a similar way in many of the studies. If one 
excludes socially weighted discount rates, the range is 
from 5 % (Botswana) to 1 2 % (many countries). However 
Botswana is in a peculiar position, being a net external 
investor, and the returns lost from withdrawing from 
invectment overseas form the basis for this low estimate. 
If the country is excluded because of its unusual 
position, the range of estimates for the discount rate 
narrows considerably from S% to 12%, with a tendency for 
most estimates to be between 10% and 12%. 
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(vi) Many of the studies estimates social values - to give the 
NEPs required for a social analysis. Socially weighted 
estimates for unskilled labour and the discount rate - are 
shown in table 1. As is discussed in report 1 despite 
considerable theoretical interest in the 1970's the 
methodology of social analysis has largely remained unused 
both by national governments and by international 
agencies. It is worth noting in relation to the estimates 
that in all cases the social discount rate is below the 
economic, generally in the range of 5% to 8%. In most 
cases the CFs for unskilled labour are lower in the 
economic than in the social analysis since the adjustment 
to the economic cost of labour to allow for consumption 
and saving effects generally raises rather than lower its 
value. The exceptions are the studies on Egypt and 
Colombia, where the social shadow wage is below the 
economic. The explanation in these cases is that the 
social weight placed on the consumption gains of workers 
is sufficiently high (because of their low income) to 
offset the consumption costs of their employment. Other 
studies have not employed such high weights. 

(vii) Finally, regarding approach, a majority of the studies 
covered in table 1 are 'consistent' in that they employ 
SIOA. The number of columns in the semi input-output 
tables determines the size of the matrix th~t has to be 
inverted, and therefore: the computational complexity 
involved. The size runs from 31 columns (Colombia) to 130 
(Egypt) and 138 (Kenya). Naturally the larger and more 
economically complex is an economy the more detailed 
should be the analysis, and the more columns it is 
desirable to include in the calculations. The majority of 
studies use a world price system. 

This brief survey of the results of a range of published 
studies has identified some common features of their NEP 
estimates. For economic appraisal the main findings can be 
summarized as follows: 

- there is a tendency for the SCF to be around 0.80 with the 
average consumption conversion factor close to this; 

- for non-traded activities the CF for construction is 
generally below the SCF, and that for electricity is often 
above the SCF; 

- the CF for urban unskilled labour tends to be around 0.50, 
although regional variations for labour can be important, 
and for rural labour some studies find a CF above that for 
urban workers; 

- the discount rate tends to fall in a narrow range of 10% 
to 12%. 
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Tllble 1 Ex9'1l as of IEP 5tud1as 

Author Year of ~try lllain parueters Cf's Coments 
estimates 

1. Weiss (198a) 1r::rnn8 Pakistan SER 1.20 Partial approach. 
l.J'lSkillad labour a.33--0.66 Domestic price system. 
ron-skilled sectors Sane social analysis 

in individual case-
studies. 

Contru:tion a.68-0.74 Some tEPs given as 
Electricity a.99-1.aa a range. 
Local Trade a.31-0.45 
Road Trsisport a.57-0.62 
Rail Tr~rt a.83-0.84 

discrunt rate 1[Jj-12% 

2. Adlikari (1988) 1980-82 Nepal s:F a.83 Partial approach. 
SER 1.2a ldorld price system. 
AUE.rage Con~tion CF 1 .oo 
unskilled labwr a.45 
l'tln-traded sectors 

Electricity a.9a 
Transport p!.blic a.ea 

private a.73 
discCXJ"lt rate 9j 

3. Lim (1r::rn) 1975 Ivory Coast SCF a.83 Partial approach. 
Average Con~tion CF a.84 llklrld price system. 
unskilled labour Social analysis 

urban econanic a.31 used to estimate 
social a.so both econanic and 

non-traded sectors social l'EPs. 
Construction a.77 

disc:CXJ"lt rate 
economic 1 CJj 
social 7%-8% 

4. l'lrashayekhi 1979 Turkey &:F a.59 Partial approach 
(19Ba) Average ~tion CF 0.79 ldorld price systen 

lklskilled labour Social analysis used 
urban econmic 0.43 to estimate both 

!llcial 0.57-0.6a economic and s!:'Cial 
rural econanic 0.39 NEPs. 

!llcial 0.56-0.6a Some l\EPs given 
discount rate within a range. 

economic 12% 
social 5~ 
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Tmle 1 aintd. ••• 

Author Year of Co.ntry !'lain parameters CFs Conn alts 
estimates 

5. Scott and others 1970-73 KB"lya s:F a.ea ConsistB"lt SID 
(1976) Average ~iai CF approach using SIDA. 

urban D.82 Social analysis used. 
rural D.94 SID table 1 38 

lhskilled labour collml!i. 
urban social D.70 World price system. 
rural social 1.00 

Skilled labour a.ea 
Non-traded sectors 

agriculture a.es 
(urban retail level) 

disa:unt rate 
social 1()j 

6. Lal (198a) 1973-74 India Average Con5""Uon Consistent approach. 
CF D.82-0.86 llbrld price systan. 

lhskilled labour Sia table for non-
urban a.56-0. 73 traded activities 

f«>rl-traded sectors with 57 col....ns. 
Constructicn D.53 Labour CFs for 15 
Electricity a.69 states. Social 
Rail trSlsport D.64 analysis used. 
Road transport a.B2 

Discount rate 
social 11% 

7. Schohl (1979) 1978-79 Colanbia s:F D.92 Consistent approach 
Average ~tiai CF D.94 using SIDA world 
Lhskilled labour price system. 

rural econanic a.SB Social analysis 
scx:ial a.46 applied as well as 

urban eca'lOlllic D.59 economic. SID 
social D.55 table with 31 

Non-traded sectors collJlll"ls. Some NEPs 
Construction a.84-0.87 given within a 
Electricity a.96-1.1a r51ge. 
Transport D.96-1.a9 

Discount rate 
ecaiomic 11% 
social 6% 
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Table 1 c:arftd •••• 

Author Year of Co.ritry "bin parameters Cf's Camisits 
estimates 

e. Page (1982) 1979-8a Egypt s:F a.96 Consistent approach 
ltlskilled labour using S!OA. llk>rld 

urban econOPic a.47 price system. Social 
social a.4a analysis used as 

rural economic a.56 well as economic 
social a.22 llllalysis. SIO 

Skilled labour table with 13a 
eccnanic 1.ae colums. 
social 1.12 

l't>n-tradecl sectors 
mediesl 1 .21 

discount rate 
economic 1 Ill 
social 6% 

9. IEiss (1935) 1983-84 Jamaica S::F D.79 Consistent approach 
ltlskilled labour using simult<Tierus 

rural 1 .15 equations. lltlrld 
urban a.57 price system. 

Skilled labour D.79 No social weighting. 
Non-traded sectors 

Construction a.73 
Treslsp;:irt a.73 
Electricity D.74 
Oistributicn D.63 

Discount rate 1a% 

1a. Saerbeck 1987 BotS111ana SCF a.es Consistent approach 
(1989) Average Con~tion CF a.BS using SIDA. World 

Rural Cons1.111Ption CF 0.92 price syst9'11 SIO 
ltlskilled labour table with 49 colunns. 

Urban 0.29 No social weighting. 
Rural O.B3 

Skilled lahrur 
Local a.BS 
Foreign 0.92 

Non traded sectors 
Constru:tion 0.12 
Electricity O.BO 
Transport Road 0.61 

Rail a.ea 
Discount rate 5% 
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Tmble 1 aintd ••• 

Author Year of Ccultry lllaln par-tm s CFs ec..nts 
esti.lllates 

11 • Castm;inlno 1979 Paraguay s:F' D.73 Consistent epprmch 
(1981) Cansulption CF using SIDA. llbrld 

Urban lClll incme D.?6 price system. SID 
lliddle inc:olle D. 7J table 71 col.uslS. 

lhskilled lebcur DiscCUlt rate gill9l 
urban a.so within a range. 
rural D.43 No social wei~ing. 

Skilled labour D.73 
fbi-traded sectors 

Electricity D.29 
Constru:tion D.65 
TrS1Sp0rt road D.70 

DiscBJnt rate Sj-12j 

12. Landero (1981) 1979 El Salvador s:F' D.86-0.88 Corbistsit approach 
Can91.11Ption CF using SIDA. llbrld 

urban lClll incalle o.es-o.89 price systeni. SID 
rural 1C111 incane D.84-0.87 table 109 colums. 

lh!lkilled labo.lr Sane l'£Ps given 
urban fmmal D.29-0.45 within range. No 
rural lnfomal D.50-0.78 social weighting. 

fbl-traded ~tors 
Electricity D.83-0.84 
Canstru:tion D.79-0.83 

DiSCOJnt rate 1~ 

13. Donoso (1981) 1979 Ecuador s:F' D.82 ConsistSlt approach 
Average r...-~tion CF D.84 using SIDA. llbrld 
lhskilled lebuur D.26 price systan. SID 
Non-traded sectors table 41 colunns. 

Electricity, Gas, No social weighting. 
water 1.02 

Constru:tion D.72 
Transport D.89 

Discount rate 12j 

14. l'lorales ( 1981 ) 1979 Barbados SCF 0.91 Consistsit approad'l 
lhsldlled labour D.59 using SIDA. World 
Skilled labour D.87 price systan. SID 
Non-traded sectors table 49 col1.11ns. 

Electricity, Gas, No social 111eighting. 
Water D.89 

Construction 
ptblic 0.81 
private a.es 

Trsisport road a.so 
Discount rate 1n 
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Tibia 1 caltd ••• 

Author 

15. Bid Nafinsa 
(1987) 

Year of 
estiAates 

1986 

Country 

Ille xi co 

lllain parlllEters 

s::F' 
Average Private 

CanSUl(ltion CF 
lhskilled labour 
Skilled labour 
Ncn-traded sectors 

Electricity 
Constn.:tim 
Tr.-.sport 

Cf's 

D.75 

D.74 
D.52 
D.72 

D.97 
D.77 
o.eo 

Caiaents 

Consist8"1t approach 
using SIDA. "arld 
price systen. SID 
table 85 coll.llllS. 
No social wic.;titing. 

This is not to imply that there is a "typical" set of NEPs 
which can be applied as approximations in all countries. It is 
clear that circumstances of a particular country will alter its 
NEPs in relation to the values just discussed. For example, 
other things being equal, the more protected an economy is from 
foreign trade competition, the lower will be its SCF. The 
greater the degree of surplus labour and the gap between urban 
and rural wages, the lower will be the CF for urban unskilled 
labou~. Similarly the greater is the scarcity of funds for 
domestic investment the higher will be the economic discount 
rate. NEPs for an individual country must be estimated allowing 
for its national situation. However the summary results just 
discussed may be useful as a starting-point in the process, since 
one can assess whether national circumstances are sufficiently 
different to generate NBPs that differ markedly from those found 
for other countries. 

3. DATA SOURCES FOR HEP ESTIMATION 

3.1 SCF/SER 

As report 1 has made clear the SCF and the SER can be made 
compatible, with on2 being the reciprocal of the other, so that 

SCF = OER/SER 

where OER is the official exchange rate, so that SER/OER -1 is 
the premium on foreign exchange. 

Partial approaches to the estimation of the SCF and the SER 
generally work with sim~le formulae that compare domestic and 
world prices for goods produced and consumed in the economy. The 
simplest approach to the SCF uses a weighted tariff-subsidy 
formula (equation 1) 
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SCF = X + M ( 1 ) 
(X-Tx + Sx) + (M + Tm - Sm) 

where X and M are total values of exports and imports at fob and 
cif prices respectively, couve~ted to world prices 
at the OER. 

Tx and Tm are total taxes paid on exports and imports 
respectively, and Sx and Sm are total subsidies 
on exports and imports respectively. 

Equation (1) gives only a crude approximation of the 
divergence between world and domestic prices in the economy, 
since it asr.umes that all price differences are determined solely 
by taxes and subsidies on foreign trade. Inclusion of additional 
premia due to the impact of import licensing and other 
quantitative controls on trade will be required wherever non
tariff barriers are impoLtant. Equation (1) must then be 
modified to 

SCF = X + M (2) 
(X - TX + Sx) + (M + Tm + Pm - Sm) 

where Pm is the value of the premia on imports caused by 
quantitative c~ntrols. 

Equation (1) has been used to estimate the SCF (or the SER) 
in several of the studies discussed earlier. It has the 
advantage in that data requirements are not great. Total import 
and export values will be known from the trade statistics. Also 
total taxes on both exports and imports will generally be 
published by the Ministry of Finance in a statement of sources of 
government revenue. The most difficult area in relatjon to data 
requirements of equation (1) lies in subsidy statistics. Often, 
whilst total government financial subsidies can be found from the 
financial accounts of the government the information will be in 
aggregate terms. It will be necessary therefore to make 
estimates of how the subsidy total can be split into different 
components, and how much of the total should go to imports and 
how much to exports. 

Equation (2) is clearly preferable to (1) where quantitative 
trade controls are important in influencing domestic prices. 
However estimating the size of Pm in (2) will require a survey of 
prices for a sample of traded goods. Clearly the sample should 
be reasondbly representative of the goods a country trades in. 
However mounting a large accurate survey will be time-consuming, 
and will req~ire care in matching domestic and foreign goods of 
similar quality and specifications. 

The SER pre~ium can be estimated as the inverse of equations 
(1) or (2) minus 1.0, however some studies have used a mor~ 
sophisticated weighting system than is implicit in these 
equations. In (l) and (2) the weights on different commodities 
are implicitly their current average ohare in trade. If one 
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assumes that a new project will have a small impact on the 
exchang~ rate it is appropriate to use a weighting scheme based 
on the price elasticity of demand for imports, and price 
elasticity of supply for exports. Here the SER is given by an 
elasticity-weighted formula so that 

r mi• (Mi + Ti - s.) + t ej. (Xj - T· + sj > 
SER/OER i 1. ) J (3) = 

r mi.Mi + r ej .xj 
i j 

where i and j ref er to imports and exports respectively, 

Mi, Ti and Si are the total value of import i, total taxes paid 
on i, and total subsidies received by users of i, 
respectively; 

x., T. ands. are the total value of export j, total taxes paid 
J ) J on j, and total subsidies received by producers of 

j, respectively. 

mi is the price elasticity of demand for import i, 
and e_; . is the price elasticity of supply for 
exporr J; 

l: Mi equals total imports, and 
i 

r xj equals total exports. 
j 

The only difference between (3) and (1) is in the weighting 
system used; in (1) all goods are weighted ~n the basis of their 
current share in trade whilst in (3), because it is assumed that 
there will be a small change in the exchange rate, trade shares 
are allowed to alter depending upon the relevant deffiand and 
supply elasticities. For example, by definition with a fall in 
the exchange rate, and a rise in the local currency price of an 
import, those goods with a high price elasticity of demand will 
have a lower sh~re in total imports. Similarly those exports 
where domestic supply is more responsive to the price change 
created by the fall in the exchange rate will experience an 
increase in their share in exports. 

Equation (3) is considerably more demanding than (1) in its 
data requirements, since estimates of trade elasticities are 
needed. These will rarely be known for a pai:ticular developing 
country with any great accuracy. One short·-cut in applying (3) 
is to use elasticity estimates taken from studies on othe~, 
pe~haps developed economies. Another is to split exports and 
imports into broad categories such as: 

- traditional exports (primary products) 
- non-traditional exports (manufactures) 
- consumer goods imports 
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- raw material imports 
- capital and intermediate goods imports. 

One can then make approximate estimates of the export and 
import elasticities for these broad categories varying with the 
characteristics of the categories; for example non-traditional 
exports would normally have a higher price elasticity of supply 
than traditional exports and consumer goods imports often a 
higher price elasticity of demand than capital and intermediate 
goods. However due to the crude nature of the aggregation this 
procedure is subject to potentially significant margins of error, 
and normally would be unlikely to give very much more accurate 
estimates than the application of equation (1). 

Equations (1) to (3) would normally be applied as part of a 
partial approach to NEPs. In a consistent SIOA the SCF is 
defined as the average - normally a weighted average - of the CFs 
for the main productive sectors of an economt given from a SIO 
table. Here the SCF is 

SCF = l: a· .CF. (4) 
. l. l. 
l. 

where CFi is the CF for sector i 

ai js the weight placed on sector i 

(current share of value-added in i in GNP would be a common 
weight). 

This specification of the SCF is more rigorous than that of 
the earlier equations. It takes account of the interdependence 
between CFs, and it also incorporates the effect of non-tariff 
contrc·ls on trade, since import premia will be allowed for in the 
calculation of individual sector CFs. However, the weights 
involved will be average not marginal weights as in (3), and thus 
changes in production and expenditure shares may reduce the 
accuracy of (4). Data to calculate (4) will be that required 
initially to set up a semi-input-output system, so that (4) 
requires no additional information. 

3.2 Other Common Aggregate CFs - Consumption Conversion 
Factor, (CCF) and Investment Conversion Factor (ICF) 

It is often useful to have aggregate CFs to adjust broad 
categories of expenditure - such as consumption or investment -
from market to shadow price values. The CCF, for example, is 
required in the treatment of foreign labour and the ICF in some 
of the approaches to the estimation of the discount rate. The 
CCF can be defined as a ratio of world to domestic prices for a 
particular basket of consumer goods. 
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CCF = r ai.WPi + TDi 
i DPi 

(5) 

where DPi the domestic reta~l price (inclusive of indirect taxes) 
of good i 

WPi is the world price of i (fob or cif) 

is the transport and distribution (including port) 
costs involved in moving i from the border to 
consumers, and strictly in a world price system TDi 
should also be at world prices. (Where i is an 
exportable TDi will be negative, since diversion to 
domestic sales will save these costs). 

is the share of good i in consumption expenditure. 

Estimation of (5) requires information on world and domestic 
prices for commodities, estimates of the transport and 
distribution margins involved, from the border to consumers, and 
data on the distribution of additional consumer exp~nditure 
between goods. This latter distribution will normally be 
available from Household Expenditure Survey data, and would bP. 
expected to differ significantly for different income levels. 
Several studies therefore allow for this by estimating different 
CCFs for different groups, for example urban high income CCF, or 
rural low income CCF. 

As part of a SIOA one can use the CF results for consumer 
goods sectors to derive a value for the CCF. Here 

(6) 

where j refers to a consu~.•er goods sector, 

and b. is the share of consumer expenditure on output from 
J sector j in marginal consumption expenditure. 

In (6) the CCF is therefore a weighted average of the CFs 
for consumer goods sectors in the SIO table. This approach again 
has the advantage of consistency. The weights b· can be 
determined from Household Expenditure Survey data aiid often 
average expenditure shares are used as an approximation for 
margin~! shares. However in the absence 0f t~is information 
source, a rougher approach is to take the share of each consumer 
goods sector in total production of consumer goods ?.s an 
approximate weight. 

In principle, the treatment of ICF is si~ilar. It is a 
weighted average of worl~ to domestic prices for investment 
g~od~, so that (5) and (6) apply, with the wejghts now changed to 
relate to the share of different goods in investment expenditure. 
Normally these weights will be estimated rather more crudely than 
for consumer expenditure. A common procedure is to breakdown 
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estimates of the current capital investment of the economy into 
broad categories such as - land, plant and equipment and 
buileings. It is then assumed that current shares in investment 
expenditure for these categories can represent marginal shares. 
In deriving the ICF from (6) it will be necessary to value the 
different categories of investment by CFs for appropriate 
produc;tive sectors of the SIO table. For example, land could be 
valued ~y an average of the agricultural CFs, plant and equipment 
by a CF for machinery producing sectors, and buildings by a CF 
for construction. Data on the distribution of current investment 
between different categories of fixed asset will normally be 
available from the national statistical off ice since it will be 
required for the compilation of the national accounts. Sectoral 
CFs will be derived from the SIO table. 

3.3 Traded commodities and Traded Sectors 

Traded commodities are the output of traded sectors and as 
such the main part of their shadow price value will be their 
world price. However traded commodities also have various 
domestic and non-traded components such as transport and 
distribution costs, and taxes, which enter into their final 
selling price on the domestic market. For example, the domestic 
retail price of good i, an import, may be expressed as 

domestic retail import 
price of i = 

import 
price plus tariff plus 

import 
premia due 

to licensing 
controls 

transport costs 
plus border to 

consumer 

distribution 
plus costs border 

to consumer. 

The shadow price value of i is not simply its cif world 
price, but this plus the economic value of the non-traded inputs 
of local transport and distribution that go into supplying i to 
consumers. As report 1 brings out the situation is m-Jrc 
complicated for tradeable goods that are actually supplied 
locally (import-substitutes) or consumed locally (exportables), 
since here it is the incremental transport and distribution costs 
in comparison with the trading alternatives, that are relevant. 

Use of the above expression for i will be relevant, for 
example, in calculating the CCF as defined in equation (5). 
However it is also relevant in the treatment of traded sectors in 
SIOA. As is discussed in more detail in Appendix 1 it is 
necessary to disaggregate the output value of a traded sPctor. 
If the domestic price of output i is set at 100, and its cif 
price at 60, the different components of i price can be 
illustrated as follows: 
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Entry in SIO table Absolute Value Unit value 

Transport 5 0.05 
Distribution 15 0.15 
Foreign Exchange 60 0.60 
Taxes 10 0.10 
Surplus Prof its 10 0.10 

Output price 100 1.00 

Local transport and distribution have a value of 20, with 
taxes and import premia (surplus profits) 10 each. In a SIO 
table the costs of transport and distributic~ will be entered in 
the sector rows corresponding to those non-traded activities. 
The cif import price will be entered under the foreign exchange 
row, with taxes and import premia shown either separately or as 
one aggregate transfer category. Normally import premia due to 
licensing would be treated as surplus prof its, on the grounds 
that traders' normal profits would be included already under 
distribution costs. 

This treatment of traded sector activity requires data on 
the different components of the divergence between domestic and 
world prices. Information on tariffs will normally be available 
from Customs Tariff schedules, although even this source may 
still not give unambiguous information, since some goods may 
enter free of tariffs due to various exemptions, or from illegal 
trade. Furthermore in many countries tariff rates are not always 
clearly specified with commodities of slightly different 
characteristics eligible for different rates. One way around 
this is instead of using published tariffs applicable, to 
calculate tariffs actually collected as a percentage of import 
value of different import categories. These average actual 
tariff rates would then be used in the calculation of the tariff 
element in output at domestic prices for traded sectors. This 
latter approach is probably preferable, wherever tariffs 
collected are published in sufficient detail. 

Disaggregating the divergence between domestic and world 
prices for traded goods into the other components will normally 
be even more difficult. In a SIO table one will be working at a 
national level, so that precise location points for con~rnmption 
and production cannot be identified. Inevitably one will have to 
specify the national average share of distribution and transport 
costs in the domestic selling price of traded goods. This can 
only be done very approximately, allowing for the location of the 
main consumption centres viz-a-viz the main ports of entry and 
exit for traded goods, with perhaps some allowance for the 
characteristics of the goods produced by different sectors. Data 
on project studies, showing the transport and distribution costs 
of different traded goods, are one source that may be useful 
here. In some instances it may not be possible to do more than 
use a rough standard per~entage, such as 10%, for the share of 
these costs in output value across all traded sectors. Finally 
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unless one has specific evidence to lead to more precise 
estimates, the import premia arising from import controls can be 
taken as the residual element in the difference between domestic 
and world prices, after transport and distribution costs and 
tariffs have been identified. 

3.4 Non-~raded Commodities and Non-Traded Sectors 

The economic value of a non-traded commodity can be viewed 
from either the de~and or the supply side. In NEP studies it is 
generally assumed that for most non-traded sectors supply can be 
increased, either i .1 the short or the medium term, so that 
economic value can be defined in terms of the unit cost of 
incremental supply.Following this approach requires that each 
commodity to be valued must be disaggregated into its various 
cost components with each given its own shadow price value. 
Therefore for non-traded good n its shadow price is 

SPn = r ain•SPi. (7) 
i 

where SP refers to shadow price, 

i is an input into the production of n 

and ain is the number of inputs of i required per unit of n. 

Data on the cost of supplying a non-traded activity will 
normally distinguish between raw materials, labour, components, 
capital costs and taxes. As Appendix I discusses in more detail, 
SIOA disaggregates these various categories still further by 
breaking them down into a series of primary inputs into a non
traded sector. Here one can think of i in equation (7) as 
referring to primary inputs. The CF for n is derived as a 
weighted average of the CFs for the primary inputs into n; so 
that 

( 8} 

where f now refers to primary inputs into n and the weight mfn is 
the share of f in output value of n at domestic market prices. 

The procedure can be illustrated using a simplified example. 
Assume that the costs of a non-traded activity construction can 
be bro'~.en down into the following categories. 

Raw Materials 

- Cement 
- Bricks 
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Electricity 20 

Imports 

- Cif Value 30 

Labour 

- Tariffs 5 
- Transport and Distribution 8 

- Skilled 
- Unskilled 

20 
40 

Operating Surplus 60 

Taxes 40 

Total 303 

Entries in a SIO table would be as set out in table 2. The 
procedure is to distinguish between inputs from productive 
sectors and direct primary inputs. In this case there are inputs 
from three productive sectors. These themselves must be broken 
down into primary inputs, so that to value _onstruction using 
equation (8), the three productive sectors must be decomposed 
into the five primary inputs. The total value of construction is 
then given by the sum of all primary inputs into construction -
both the direct primary inputs shown in column (2) of table 1, 
plus the indirect primary inputs that go into the three 
productive sectors which are included in column (3) of the table. 

The conversion factor for construction is given as a 
weighted average of the CFs for the primary inputs, using their 
share in output (from column 3)as weights. Therefore 

CFC = (0.22 x CFFE) + (0.24 x CFUL) + (0.12 x CFSKL) 

+ (0.15 x CFTAx> + (0.27 x CFop> 

where CFC is the CF for construction 

and CFFE' CFUL' CFSKL' CFTAX and CFOP' are the CFs for the 
primary inputs. 

This treatment of non-traded activities requires detailed 
information on their cost structure. Several possible sources of 
these data may be available. 

(a) National Input-Output (NIO) tables are an obvious starting 
point where they exist. These will identify a number of 
non-traded activities although the classification of a NIO 
table may be too aggregate for the purposes of an SIO study. 
For ~xample, in a NIO table Electricity, Water and Gas is 
sometime:.. shown as a sing le sector, whi 1st for project 
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Toble 2 Illustrative Treataent of Construction in a SIO Table 

Direct Ineuts Total ineutsf> 
Absolute Unit Unit 

Rows Value.:; Values Values 
(1) (2) (3) 

Productive ( Non-Metallic Mir.eralsa> 100 0.33 
sector~ ( Electricity 20 0.06 

( Transport and 
{ Distributionb) 8 0.03 

Primary ( Foreign Exchangec> 30 0 .10 0.22 
Inputs ( Unskilled Labour 40 0., 3 0.24 

( Skilled Labour 20 0.07 0 .12 
( Taxes and Transfer~d) 25 0.08 0 .15 
( Operating Surpluse 60 0.20 0.27 ---

303 1.00 1.00 

a) Covers Ce~ent and Bricks. 
b) For simplicity only Transport and Distribution costs relating 

to direct imports are included. 
c) Covers direct imports at cif prices. 
d) Covers taxes on domestic inputs, plus tariffs on imports. 
e) Profits are assumed to equal capital costs of the ~~ctor. 
f) Including the primary inputs into three productive sectors. 

appraisal purposes it will oftan be desirable to have 
separate CFs for these three activities. Similarly in some 
NIO tables Transport is shown as a single sector, and not 
disaggregated into road and rail components. Again separate 
CFs for these will generally be essential for project work. 
Therefore NIO data w i 11 of ten have to be broken down further 
when building a SIO table. 

(b) Surveys of particular sectors - such as Censuses of 
Production - provide another useful data source. Such 
surveys are typically carried out for Manufacturing, and in 
some count r i es i t may be a ppr op r i ate to c 1 a s s i f y a 
significant proportion of Manufacturing as non-traded. 
Often sector surveys are carried out regularly as part of 
the process of estimating production and incomAs in 
different sectors for the national accounts. Although the 
sample sizes involved are of ten much less than those for 
full Censuses of Production their regular nature means they 
will be a useful source. 

(c) For some activities it may be that cost data can only be 
obtained from project feasibi 1 i ty studies. Whi 1st proj cct 
documents normally refer to only a particular part of a 
sector, so that there is a danger that they may be 
unrepresentative, they can have the advantage of containing 
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reasonably up-to-date information on costs, particularly 
capital costs. Further, where a single project is large 
relative to a sector in the table, use of that projects' 
feasibility study ma} provide a reasonable guide to the 
whole sector's cost structure. 

It 3hould be noted that in the treatment of non-traded 
activities a distinction should be drawn between those with 
surplus capacity in the short to medium term, and those without 
it. t'or the former, only variable costs of production, excluding 
any capital charge, will be relevant in calculating tne sector's 
shadow price. Where there is no such surplus capacity, however, 
full costs must be included. In this latter case additional 
supply from the sector will require new investment, which itself 
has an opportunity cost, so a capital charge must be allowed for. 

In our construction example in table 2, if there is surplus 
capacity in the sector, the capital charge - represented by the 
primary factor Operating Surplus - must be set at zero. This 
will have a major effect in lowering the shadow price and the CF. 

However data on capital costs for non-traded sectors is 
particularly difficult to obtain. Theoretically what is required 
is the replacement cost of fixed assets, converted to shadow 
prices. This must then be expressed as an annual capital charge 
using a capital recovery factor, determined by the economic 
discount rate and the assumed life of the assets. However dat~ 
on assets at replacement costs is generally difficult to obtain -
so that often only approximations will be possible. One short
cut, used in the example in table 2, is to assume that actual 
prof its earned approximate this annual capital charge. 

3.5 Unskilled and Skilled Labo.!:!.!:. 

Labour's economic value will vary between projects depending 
upon the region of a projects' location, and the job 
opportunities open to workers in that area. Most NEP studies 
include some national average estimate for labour - often 
distinguishing between unskilled labour employed in rural and 
urban areas. This national value is necessary for certain 
national level calculations; for example, it is normally the 
case that national average values for labour will be used in a 
SIO table. Similarly calculations to estimate the return to 
marginal investment& required for the discount rate (see the 
following section) will also normally use a national average 
value for labour. 

However for appraisal of individual projects it is important 
to bear in mine the possi0ility cf major regional differences in 
the valuation of labour. To meet this point it is generally 
desirable - particularly in large economies - to calculate 
regional average shadow prices and CFs for unskilled labour, both 
rural and urban, and if necessary supplement these with estimates 
by individual project analysts that take account of peculiarities 

25 



in the labour market situation affecting individual projects. 

The simple expression for the shadow price of labour for an 
economic appraisal is defined as 

(9) 

where m is output foregone at domestic market prices 

and CF m is the CF to revalue m at shadow prices. 

The principle behind (9) holds for both unskilled and skilled 
workers, although the value of output will differ between these 
categories. 

Output foregone can be a bundle of commodities rather than a 
single good, and in principle more than one worker may migrate 
looking for work in response to one new job created, so that m 
can refer to lost output of more than one person. This will not 
be the case however if, when more than one worker migrates, those 
not obtaining work return to their original jobs. Migration in 
China appears to follow this latter pattern so that there is no 
case for including output foregone of more than one worker in 
equation ( 9). 

Estimation of output foregone can draw on a range of 
possible data sources. 

(i) At the crudest level one approach is to use aggregate 
average income estimates as a proxy for output foregone. 
For example, in terms of workers leaving rural areas for 
~rban work a rough estimate of output foregone can be 
obtained by dividing net agricultural income by the number 
of total agricultural workers. These income and labour 
figures could be either national or regional, where such 
estimates exist. 

(il) Another possibility is to use wage rate data, particularly 
in rural labour markets, ets a proxy for daily labour 
productivity. Then to find output foregone annually one 
needs an estimate of days worked per year, which when 
multiplied by the average daily wage gives an estimate of 
m. Dailt wage rates are likely to vary between seasons. 
In some countries data on prevailing wages are published 
regularly whilst in others it may be necessary to conduct a 
field survey to ascertain current rates. 

(iii) Agricultural hou s eho 1 d surveys can provide further 
information on earnings by type of activity, and on days 
worked per year. Data from such surveys can be used to 
estimate m either in conjunction with, or as an alternative 
to daily wage rates. 

(iv) Probably the most satisfactory approach to estimating 
output foregone is to conduct field surveys in both rural 
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and urban areas to collect direct information on production 
activities, migration patterns, and days worked. Such 
surveys can be time-consuming, but may well be essential if 
existing information does not answer the precise questions 
required to estimate output foregone. Such direct surveys 
will also shed light on regional and local divergences in 
labour market conditions. 

In terms of skilled labour equation (9) also holds. However 
is some countries it can be assumed that labour market conditions 
for such labour are sufficiently competitive for wages actually 
paid to broadly reflect output foregone in alternative activities 
(at domestic prices). Under such circumstances the only 
adjustment required is to use a ~F to express this market wage at 
shadow prices. Many studies use the SCF for this purpose rather 
than applying equation (9). 

However there may be circumstances where wages for skilled 
workers are controlled by the government and are clearly held 
below workers' marginal productivity. Here one needs to esticate 
the degree to which marginal productivity (which will determine 
output foregone) exceeds market wages. One approach is to 
examine wage and productivity trends over time, taking as a 
starting point a year in which wage controls were not in force. 
If productivity can be shown to rise by an annual percentage rate 
in excess of the rise in market wages one can calculate by how 
much this divergence has grown by a particular year. In some 
countries time series data on wages and productivity movements 
are either published, or can be estimated from published data. 

3.6 Discount Rate 

As report 1 has discussed the economic discount rate can be 
approached from two perspectives; the first assuming that the 
investment budget is fixed, and the second that savings can be 
increased, so the budget becomes flexible. 

In the first approach, the discount rate is specified as the 
opportunity cost of investment funds, which is the return on 
marginal investment. 

( 1 0) 

where r is the discount rate, 
and q is the marginal return on investment at market prices. 

CF1 is the conversion factor required to convert marginal 
returns to shadow prices. 

Estimation of this marginal return can draw on a number of 
sources, of which three are likely to be the most important; 
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(1) a survey of past project feasibility studies and the rates 
of return estimated in these gives an indication of returns 
expected of new investments. However this source has the 
drawback that returns are projected, not actual, and that 
not all appraisals are necessarily carried out to the same 
level of sophistication. Theoretically what is required is 
estimated marginal returns at shadow, not market prices. 

(2) a more satisfactory source would be ex-post appraisals of 
projects currently in operation, since this would allow an 
assessment of returns actually achieved .ather than simply 
projected in ex-ante studies. However tew governments have 
gone as far as conducting regular and comprehensive ex-post 
appraisals, although some of the international donors do 
so. Therefore there is a limit to the extent one can 
expect information of this type. 

(3) alternatively one can try to adjust the published operating 
rGsults of enterprises to identify their economic returns. 
For example for manufacturing, Census of Production data 
can be revalued to approximate economic returns to capital. 
This involves adjusting the values of output and inputs, 
including labour, to bring them to shadow price terms. CFs 
will be required for this exercise. However a particular 
problem is that even if a detailed set of CFs are 
available, for example from a SIO table, the categories 
used in census data may be very aggregate - for example 
grouping most inputs into production as 'Raw Materials' 
without specifying a more detailed breakdown. Hence it may 
be necessary to apply only aggregate CFs - for example the 
SCF - to revalue Raw Materials. In addition the valuation 
of capital assets is always a problem in this type of 
exercise, since census data will normally be at historical 
book values, not at the replacement cost of the assets. 
Hence if assets are not brought up to replacement values 
there is a danger that they are given an artificially low 
valuation, which will mean that the return to capital will 
be overestimated. However identifying accurately an 
adjustment to asset values will be difficult. Ideally what 
one needs is information on their age, so that an inflation 
adjustment can be made which escalates their value to allow 
for price changes from the year of their purchase tc the 
year to which the production data relates. Similar 
problems arise if one tries to use published financial 
accounts of enterprises as a basis for calculating returns 
to capital. 
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Strictly what is required is that marginal returns to 
capital be specified as 

where 

and 

q = ( 11 ) 

p. 
l. 

a .. 
J l. 

pj 

a.ti 

Wt 

Ki 

Ki 

is the domestic value of output i 

is the number of units of purchased input j required 
per unit of i 

is the domestic price of j 

is the number of units of labour input 1 required 
per unit of i 

is the market wage per worker of category 1 

is the value of capital required per unit of i 
measured in domestic prices at replacement costs. 

Theoretically different CFs will be required for each separate 
component of (11) to express q at world prices. In practice only 
very rough adjustments, for example using the SCF for the 
numerator of (11) and the ICF for the denominator may be all that 
is possible, so that 

r = q x SCF ( 12) 
ICF 

where r is the discount rate 

q is the marginal return on investment at domestic 
prices, 

SCF is the standard conversion factor, and 

ICF is the investment conversion factor. 

If the supply of savings is treated as flexible some of 
these data problems in estimating the discount rate are overcome, 
but others still remain. For countries that have access to 
international capital markets, several studies have used the 
commercial international interest rate - the Lor.don Inter-Bank 
Offer Rate (LIBOR) - as a measure of the cost of capital. This 
rate must be adjusted for the country's own credit rating, which 
will add perhaps an extra 1% to 2% to the basic rate. However 
what is required is a real, not a nominal rate, so that this 
nominal interest rate must be def lated by a price index. 

The most appropriate index theoretically is one for the 
goods which the borrowing country trades internationally, both as 
exports and imports. Although the index can be specified in 
different ways the simplest approach is to define it as a 
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weighted average of projected price movements for all goods which 
the country trades, with the weights determined by the shares of 
the different goods in total exports plus imports. Accurate 
estimation of such an index is very demandi~g, since it requires 
a~curate projections of price tr~nds on the world market for all 
the country's exports and imports. In practice only crude 
approximate projections for broad categories of goods will be all 
that is possible. Hence although the approach of using LIBOR as 
the basis for the discount rate may appear to offer a simple 
solution for those economies which are credit-worthy, it is also 
not free from data difficulties. 

Finally it is possible that additional savings may be 
forthcoming from domestic sources. Here the approach is normally 
to use domestic interest rates to savers as an approximate 
measure of the compensation required by savers to forego 
immediate consumption, and thus as a measure of the cost of their 
saving. This domestic interest rate must also be in real terms, 
and the domestic consumer price index is the obvious def lator to 
use. 

Where it is judged that additional savings will come from a 
combination of foreign and domestic sources, the discount rate 
will be a weighted average of the cost of foreign and domestic 
savings, so that 

where 

r = ( 1 3) 

r is the discount rate 

iooM is the real interest rate on domestic savings 

iINT is the real international interest rate on foreign 
borrowing 

a 1 and a 2 are the shares of domestic and foreign savings, 
respectively, in additional savings. 

Estimates of the share of domestic and foreign sources in 
new savings will be best made by the national planning agency as 
part of the exercise to construct the national plan. 

3.7 Land 

Like labour it is difficult to treat land as a national 
parameter, since its productivity will vary with alternative uses 
and by region. Estimates of the opportunity cost of land, that 
reflect the returns that are obtainable from alternative land 
uses, will be most relevant for agricultural projects. A simple 
approach is to estimate net returns per hectare of land, at 
shadow prices, for different crops in different regions of the 
country. This involves estimating output per hectare, and 
subtracting all inputs including farmers' time. The residual net 
income can be interpreted as returns to land. Data for this 
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exercise have to be obtained from surveys of agricultural 
practices, that identify farm budget data under different crops. 
Where such surveys are available ~or different regions they 
should allow this calculation at the regional level. 

-ry of Data Sources for llai.D llBPa 

SCF/S'Elt 

CCF 

ICF 

Non-traded goods 

Labour 

Discount rate 

F.guations 

(1),(2),(3),(4) 

(5),(6) 

(6) 

(7),(8) 

(9) 

(10), (11) 

(12),(13) 

4. CHANGES IN NEPs OVER TIME 

Conce~ 

Relative prices 
domestic and 
world 

as above 

as above 

Input costs 

Output foregone 

Opportunity cost 
of investment 
funds, or cost 
of borrowing. 

Sources 

Trade Statistics. Customs 
Tariffs. Direct price 
surveys. 

As above, plus Household 
Expenditure Surveys. 

As above, plus capital 
stock estimate f ran 
national accounts. 

Sector surveys 
National accounts 
National input-output 
tables. 

Daily market wage rates 
Family income estimates 
from Household Expenditure 
or Income Surveys. Income 
and employment estimates 
from national accounts. 

Project Documents. 
Ex-post project appraisals. 
Published financial 
performance. Domestic and 
foreign interest rates 
Price indices. 

NEP estimates require periodic adjustment to allow for 
changes in government policy and underlying economic conditions. 
There is no general agreement as to how frequently NEPs need 
revision, since much will depend on how rapidly policy and 
economic conditions change in a country. The experience of the 
international organization that has conducted the most work in 
this area - the Inter-American Development Bank - leads its chief 
researcher to comment that "Average 'shelf' life of a study is 
about two years, after which sufficient changes accumulate to 
justify producing a revised set of accounting prices" (Powers 
1989, p.68). 
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To illustrate the type of changes that can take place in 
NEPsr one can note that two studies for Mexico in 1984 and 1986 
found significantly different results. For example the average 
CF fell from 1.01 in 1984 to 0.82 in 1986. These changes were 
due partly to a different specification of the SIO modelr but 
also to changes in the economy. The treatment of the petroleum 
sectorr through reducti~ns in pe~roleum subsidies for users had a 
big impact in lowering the CF for petroleum from 5.0 to 2.2r 
which was importa~t in lowering the CFs for sectors for which 
petroleum is a major input (BID-NAFINSA 1987). 

Not all NEP studies show major shifts in vi!lues over timer 
the Jamaican study (Weiss 1985) descr~bea in Appendix 2 revealed 
some stability between estimates for ':he late 1970' and those for 
the early 1980's. However it is important to remember that NEP 
estimates based on SIO tables can be revised relatively easilyr 
once the basic SIO model is available. All that is required is 
to alter periodically some of the basic data of the model to 
account for policy or other changesr and a new set of CFs will 
result. 

In considering changes likely to alter NEP estimatesr four 
main types of change can be identified. These can be classed as 

changes in trade taxes and controls 
changes in domestic price controls and subsidies 
changes in the level of domestic demand in the economy 
changes in the exchange r~Le. 

4.1 Trade Taxes and Controls 

A key change will be in taxes and subsidies on international 
trade. We have seen that valuation of traded goods is based on a 
comparison between world and domestic prices, with taxes and 
subsidies on trade being one of the key factors creating a 
divergence between these prices. Therefore other things being 
equal, the higher an import tariff the greater will be the 
divergence between domestic and world prices. This will be 
reflected in aggregate formulae such as equations (1) and (2), as 
well as more detailed sectoral CFs for traded activities in an 
510 table. Therefore any shift in trade policy that has a 
significant effect on the level of import tariffs will alter CFs 
for traded activities. Introduction of tariff reform programmes 
is likely to be one of the most important influences changing NEP 
results. 

Similarly policy on import controls will also create 
divergences between world and domestic prices for traded 
activities. Import quotas, by restricting imports push up their 
domestic prices creating a further divergence in addition to the 
tariff imposed on the commodity. This additional price rise is 
often termed the 'implicit tariff' created by the import 
contro~s. Therefore any change in trade policy towards controls 
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over imports will also affect relative domestic and world prices. 
Other things being equal, therefore, an increase in controls, by 
lowering quotas or making more goods subject to an import 
licence, will push up domestic in comparison wit~ world prices; 
similarly a relaxation of controls will have the reverse effect. 

In addition as has been pointed out above some sectors of 
the economy may be non-traded because trade policy restricts 
competition from imports. This means that additional production 
or use of such goods affects the domestic economy - through price 
or output changes - rat~er than the balance of trade. However 
major shifts in policy towards import controls - for example a 
progralilllle of trade liberalization that makes it easier to obtain 
access to foreign exchange and to import goods w i tnout 
restrictions - may have significant consequences for how some 
sectors of the economy are classified. If competition from 
imports becomes possible, goods previously treated as non-traded 
may become traded, which means that their economic value will be 
defined differently, and a new CF will result. 

4.2 Price Controls and Subsidies 

Controls on the domestic prices yaid by consumers or 
received by producers clearly affect CFs, since they determine 
the domestic price that must be compared with the shadow price. 
For example, domestic prices paid to farmers for foodstuffs may 
be below world levels to keep food prices low for urban 
consumers. Similarly where use of petroleum-based products is 
subsidized domestic retail prices will be below the price of 
imports. Any change in policy that alters a controlled price 
will affect the CFs for the goods or sectors concerned. For 
example, a decision to lower the level of subsidy that results in 
controlled prices rising towards comparable world levels, will 
raise the CF for the goods involved. 

4.3 Level of Domestic Demand 

Government influences internal demand through fiscal and 
monetary policy, as well as through its own expenditure 
programmes. A change in the level of demand will influence CFs 
fo~ labour and non-traded goods. For labour, for example, a fall 
in demand will influence job prospects and the level of 
unemployment. Where the change in demand is large this may 
reduce the estimated output foregone per worker - since if it is 
more difficult to find alternative employment a worker's 
opportunity cost will be lower. However given the approximate 
assumptions that often have to be adopted in shadow wage 
estimates it may be that it will be difficult to identify the 
influence of short-run demand shifts on the economic valuation of 
labour. 

For non-traded activities the impact of demand can be 
important in terms of the distinction between activities with and 
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without excess production capacity. For those with excess or 
surplus capacity shadow price valuation is based on variable 
costs of production only, with no cllowance for a capital charge. 
A downturn in demand may mean that an activity moves to a 
situation of excess capacity. This will lower its shadow price -
now based on short-run costs of production - and in turn lower 
its CF. Similarly with an increase in demand that leads to the 
removal of any excess capacity, the shadow price will rise, since 
capital costs must be included in additional to variable cost, 
and the CF will now be higher. Identifying which non-traded 
activities will move between excess and full capacity working as 
a result of demand shifts can be difficult, and often judgement 
will be involved in deciding how to treat particular activities. 
There is also an important question as to how long an activity 
will remain in either surplus or full capacity working. This 
involves forecasting the length of time short-run demand shifts 
last for. 

4.4 The Exchange Rate 

Changes in exchange rates have become common in recent 
years. A nominal devaluation where the rise in prices of traded 
goods domestically, is matched by a rise in prices of non-traded 
goods, will have no impact on CFs and can be ignored. However a 
real devaluation where as a result of the devaluation domestic 
prices of traded goods rise by more than do those of non-traded 
goods, will have an impact on the way resources are allocated, 
and will alter CFs. A real devaluation lowers the value of non
traded relative to traded activities, and over time these 
relative price effect~ will have some impact on the way in which 
production takes place - so that input coefficients for non
traded sectors change, with less traded inputs used in comparison 
with non-traded inputs and labour. It will also lead to a shift 
in use of labour and investment funds between sectors, which 
might be sufficiently large to influence the shadow wage and 
discount rate estimates. Predicting exactly how resources will 
move and how this will affect NEPs will be extremely difficult. 
The appropriate procedure is therefore to revise NEP estimates 
perhaps a year after a major real devaluation to see how the 
picture has changed. 

The need to adjust NEPs in this type of situation i~ 
strengthened by the fact that many of the policy shifts, 
discussed above, may occur simultaneously, with changes in policy 
towards foreign trade, often accompanied by devaluation and 
contraction in internal demand. It is clear that in economies 
going through this type of reform package the need for frequent 
revisions of NEPs will be particularly important. 

It is sometimes suggested that the type of Structural 
Adjustment reform packages introduced in many countries in recent 
years remove the need for shadow pricing and NEP estimates. This 
is not a valid argument however. Even though trade 
liberalization programmes by lowering tariffs and import 
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controls, may remove much of the divergence between domestic and 
world prices, other ga~s between market prices and economic 
values will remain. Any domestic tax and subsidy measures will 
have this effect. Further unless labour markets become self
equalibrating, so that full employment is achieved, there will be 
a gap between permanent wage rates and opportunity costs. As 
long as shadow a~d market wages differ, and some domestic taxes 
and subsidies are imposed, shadow and market prices for non
traded activities will diverge. Therefore even in economies with 
foreign trade policies of free trade - with zero tariffs and 
controls - some form of shadow pricir.g adjustment and NEP 
estimation will be required. 

5. GOVERNMEN'l' AT'l'ITODES TOWARDS USE OF NEPs 

The idea that the financial profitability of an invEstment 
may differ from its full impact on the economy has a history in 
economics going back well over SO years. Most govern~ents, 
therefore, through the technical advice of their economic 
advisers, accept that in some circumstances financial criteria 
are insufficient for assessing the desirability of an investment. 
However the degree to which detailed econ~mic calculations, 
involving sets of NEPs, are accepted varies considerably between 
countries. 

5.1 Developed Economies 

Most developed economy governments do not use NEPs in 
appraising returns to ~ublic sector productive investments. One 
ot the reasons is that it is often argued that in developed 
economies prevailing market prices are not sufficiently 
"distorted" to require their replacement by an alternative set of 
detailed shadow prices. This is on the grounds that generally in 
comparison with developing economies, exchange rates will be less 
over-valued, taxes and controls over foreign trade will be less 
significant, and unemployment will be a less serious problem. 
Where some shadow pricing calculations are car~ied out for public 
sector investments is in relation to projects for which output is 
not marketed, or is only marketed at a price which does not 
reflect its economi~ value. Studies of transport projects that 
attempt to value benefits of time savings or vehicle operating 
costs are one example; studies on water resource schemes that 
put an economic value on water that i.s not sold directly to users 
would be another. The discussion of the UK case in Appendix 2 
considers in more detail UK practice. It is of interest to note 
that the Northern Ireland Off ice oi the UK government has 
recently started to consider whether it would be appropriate to 
use a shadow wage instead of the market wage in assessing new 
investments in Northern Ireland. This is because of the 
persistently high level of unemployment in that region. 
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5.2 Aid 

In their role as Aid Donors, however, most developed economy 
governments have stressed the desirability of applying economic 
criteria in the assessment of aid-financed projects. The world 
price methodology discussed in report 1 is the approach that is 
most generally applied by donors in their appraisals. In 
particular, the British ODA, the Netherlands and German Aid 
agencies, and most of the major international lending agencies 
such as the World Bank, the Inter-American Development Bank, and 
the Asian Development Bank, apply at least a simplified version 
of the world price approach. Generally the practice of 
individual donor agencies is not as rigorous as that of the 
international agencies. Often only larger projects are appraised 
using economic calculations, and the NEPs used for individual 
recipient countries may be only approximate. Although the 
significance of the economic impact of projects is generally 
accepted, social analysis involving weights for consumption and 
savings changes has not been adopted by either individual donor 
agencies or by the international lending institutions. Most 
agencies insist on some assessment of the income effects and 
broader social and environmental consequences of projects, but 
this has not gone as far as applying a set of social weights to 
revalue income changes, in the manner discussed in report 1. 
Some of the national donor agencies have their own manuals or 
handbooks giving guidelines for appraisals. Two of these have 
been published in recent years and give an indication of donor 
thinking; these are ODA (1988) for the British Aid agency and 
Kuyvenhoven and Mennes (1985) for the Netherlands Aid agency. 
Both of these manuals are restatements of the world price 
approach. 

International agencies, particularly the Inter-American 
Development Bank and the World Bank have gone furthest in 
deriving NEP estimates for recipient countries. The Inter
American Development Bank pioneered the use of SIOA by 
international aid agencies in the mid-1970's, and since then has 
estimated sets of NEPs for ma~y of the countries for which it 
provides funds. At present NEP estimates are available for the 
countries listed in table 4. Most of these estimates are based 
on input-output models. The World Bank despite extending the 
theoretical approach to NEPs in the 1970's, has gone less far 
than the Inter-American Development Bank in deriving detailed and 
comprehensive NEP estimates. Individual SIO studies by staff 
members have been published - for example Schohl (1979) for 
Colombia, and Page (1982) for Egypt - but generally at present it 
appears that Bank estimdles of NEPs tend to be based on a partial 
approach, and it does not seem that there is a clear policy of 
developing comprehensive NEPs for member countries in the same 
way as the Inter-American Development Bank. 
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Table 4 Countries Covered by Inter-Aaerican Developaent 
Danit vith NEP Esti11ates 1987 

Country 

Barbados 
Bolivia 
Chile 
Columbia 
Costa Rica 
Dominican Republic 
Equador 
El Salvador 
Jamaica 
Mexico 
Nicaragua 
Paraguay 
Uruguay 

Year of Study 

1981 
1980 
1977 
1984 
1980 
1979 
1981 
1981 
1985 
1987 
1978 
1980 
1987 

Type of Studya> 

SIO 
Partial 

NIO 
SIO 
SIO 

Partial 
NIO 
SIO 

Partial 
SIO 
NIO 
SIO 
SIO 

Notes: a) Partial involves use of trade and production data, but 
no input-output relations. 
For NIO, national input output table used instead of 
constructing a new SIO table. 

Source: Powers (1989) table 3.3. 

5.3 Developing Economies 

Governments of developing countries also vary markedly in 
their acceptance of the use of NEPs in project selection. Few 
governments use NEPs estimates in a systematic and regular way. 
This is no doubt partly because accurate estimates are not 
available, but also because the decision-taking process is 
inevitably complex with various interests influencing the final 
decision. At one extreme one can identify countries like India, 
Chile and Ethiopia, where economic calculations are a normal 
feature of project selection for all public sector projects. On 
the other hand, there are a significant number of countries where 
economic calculations are carried out only for aid-financed 
projects, largely with a view to meeting the criteria for receipt 
of aid. For example, in the case of Mexico the NEP estimates 
made under the supervision of the Inter-American Development Bank 
are not applied to projects financed domestically by NAFINSA the 
country's major development bank, but only to projects with 
external aid financing. 

Appendix 2 has a discussion of country studies for Jamaic~ 
and Tanzania plus the UK. In the former two cases their use is 
selective, despite the fact that NEPs are available from a fairly 
recent study for Jamaica. In Tanzania there is relatively little 
information on NEPs and their use has been in a form of 
sensitivity testing. No developing country government, t0 ou~ 
knowledge has employed a social weighting system, on a f0rmal and 
regular basis in appraisals. 
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The question of the impact of the application of NEP 
estimates in developing countries is difficult to answer. One 
would expect that, where applied systematically, they would 
ensure that major errors in project decision-taking are not made, 
so that high cost inefficient projects are rejected. So far, 
however, no detailed research has been done on the actual effect 
of the use of these estimates on the type of projects selected. 
Furthermore where projects are selected on the basis of a mixture 
of political and economic ~riteria even the existence of a set c.f 
NEP estimates does not guarantee that only projects that are 
acceptable using these estimates will be chosen. 

CONCLUSIONS 

NEPs require a considerable amount of data to estimate 
accurately, and often existing data will allow only approximate 
results. However there exists a well developed methodology -
SIOA - that allows for a consistent and comprehensive approach to 
their estimation. The technique of SIOA is clearly the 
preferable approach to NEP estimation, particularly in large 
complex economies, such as China. 

The most desirable approach to NEPs is that they be 
estimated by a central planning body, then made available to 
ministries or banks responsible for appraisals. Revisions to the 
NEPs should be made regularly, and are far easier computationally 
where the estimates are carried out in a SIO system. Major 
revisions are likely to be required every two to three years, but 
perhaps sooner where major policy changes occur. The success of 
the Inter-American Development Bank in this field shows what can 
be achieved in terms of estimation. The fact that at present few 
developing countries governments apply NEPs, unless external 
funding is involved, should be seen as a weakness in t:heir 
planning procedures, not an argument against applying NEPs. In 
socialist economies where public sector decision-taking is 
critical, NEPs become an important planning tool in guiding 
resource allocation. However there are both theoretical and 
practical arguments for limiting estimates to basic economic 
efficiency NEPs, rather than moving into the area of social 
weighting. 
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APPENDIX 1 

Introduction 

AN INTRODUCTION TO SHADOW PRICING IR A 
SEMI-INPUT-OUTPUT APPROACH 

In recent years it has become increasingly common for 
estimates of national parameters to be derived from an input
output framework. This approach, conventionally described as 
semi-input-output (SIO) analysis, has a number of advantages over 
partial procedures that estimate key parameters independently of 
each other. This appendix sets out the logic of the SIO approach 
in what ~re intended to be relatively simple introductory terms. 
It also d~aws attention to both the advantages and some of the 
problems encountered in the application of SIO analysis. 
Although the approach is now part of the toolkit of tech~iques 
available to economists for the appraisal of projects in 
developing countries, much of the literature on its application 
is highly technical, and thus relatively inaccessible to the non
speciali3t. 

Traded and Non-Traded Sectors 

Although several authors have contributed tc the development 
of this approach the original theoretical i~sight owes mu~h to 
Tinbergen. Tinbergen's key step in in~e~r~ting an input-output 
system and shadow p~icing was to distinguish between what he 
termed international and national sectors; see for example 
Tinbergen (1967) chapter 7. For the former when additional 
domestic expenditure occurs this has its predominant impact on 
the balance of payments. In other words, commodities produced by 
an international sector can be bought and sold on the world 
market, and if additional expenditure is allocated to them this 
will either create more imports or divert these commodities from 
the export market. National sectors on the other hand, are those 
where additional expenditure has its main direct impact on the 
domestic economy, leading either to additional production or 
price rises for the commodities concerned. More recent 
terminology now refers to these two categories as traded and non
traded sectors, since their categorization is based on 
international trading possibilities. The important point about 
this distinction is that sectors will be valued differently in 
economic terms depending upon whether they are classified as 
producing traded or non-traded commodities. Traded commodities 
have an economic value determined by prices on the world market, 
whilst those that are non-traded must be valued either by the 
resources that go into their production, where their supply is 
variable, or by some indication of consumer willingness to pay, 
where their supply is fixed and additional demand causes so~e 
users to forego consumption. 

A SIO table can be constructed without formal partitioning 
that places all traded sectors in one portion of the table and 
all non-traded sectors in another. However at the outset it is 
necessary to ~istinguish clearly be~ween th~ two categories of 
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sector because of the different approaches to economic valuation 
noted above. In terms of its coverage a SIO table can be 
comprehensive, in the sense o~ covering all production sectors in 
an economy. Alternatively it can be more limited focusing on 
sectors which are linked closely with new investment projects. 
The aim is to establish the main economic effects of new 
investment, so that there is less need to incorporate sectors 
that are affected in only a minor way. Outputs from sectors 
covered in the table that are used as inputs into other economic 
activities can be termed "produced inputs", in the sense that 
they come from sectors covered by the SIO system. This is in 
contrast with inputs supplied exogeneously, either from abroad, 
or from domestic activities not shown as productive sectors in 
the table. 

Primary Factors 

The logic of the SIO approach is that the economic value of 
sectors can be found by decomposing their output, valued at 
domestic market prices, into a number of input categories, termed 
primary factors. These are exogeneous inputs supplied from 
outside the SIO system. The specific primary factors used can 
vary with the level of detail and assumptions adopted in an 
analysis. As a minimum requirement, however, there need to be 
primary factors for foreign exch~nge, transfer payments -
including taxes, subsidies and any surplus profits, labour -
perhaps distinguishing between skilled and unskilled workers, and 
capital inputs. T~e tr~atment of the latter poses a particular 
proble11t that is commented on below. 

The analysis consists of a series of steps for breaking down 
sector output into primary factors, so that for sector i 
producing commodity i 

( 1) 

where Pi is the market price value of a unit of output i; 

cf i is the number of units of primary factor f per unit 
of i, at market prices; 

Pf is the value of a unit of f, at market prices. 

Once total - including both direct plus indirect - primary 
factor inputs have been found the economic value of a sector is 
given as the sum of the primary factors that go into the sector, 
with each primary factor itself valued in economic terms. For 
sector i, economic value (Vi) is given as 

= ( 2) 

where Vf is the economic value of primary factor f, and 

cfi is as in (1) 
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Conversion Factor 

It is conventional to give information on economic values in 
the form of ratios, termed either conversion factors (CFs) or 
accounting price ratios (APRs), These are simply the ratio of 
economic value to market price for a particular item, so that 

= v. 
-1. 
pi 

(3) 

These ratios can be calculated at diffe~ent levels; 

- for an individual primary factor, such as unskilled 
labour; 

- for an individual commodity, such as rice; 
- for an individual sector, such as construction; 
- for an aggregate category of expenditure, for example 

investment; 
- for the economy as a whole, as an average of the CFs for 

all sectors. 

One use of the terminology is to describe the first three 
levels, relating to factors, commodities and sectors, as APRs, 
using the term accounting price to ref er to economic value. CF 
is then reserved for the latter two more agg1egate levels. Here 
however for simplicity the term CF is used generally for all five 
levels noted above. 

To derive a CF for a particular sector requires an economic 
valuation of the primary inputs into that sector. It can be 
shown easily from equations (1 ), (2) and (3) that CFi can be 
derived as a weighted average of the conversion factors of each 
of the primary inputs that go into i, so that 

( 4) 

where CFf is the conversion factor for primary factor input f. 

mfi is the share of input f in output value of i at 
market prices so that 

= cfi•Pf 

pi 

The results of a SIO analysis are given typically as a set 
of conversion factors; 

- for all sectors in the table; 
for all primary factor inputs into these sectors; 

- for all aggregate categories fer which an aggregate CF is 
Rpecified. 

The rationale for setting out the information as CFs rether 
than absolute values is that ratios can be applied directly to 
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project data at market prices to adjust these to economic terms, 
and that ratios will become dated less rapidly than absolute 
values, which must always be adjusted for price changes. An 
exception is where external project effects are not estimated 
initially at market prices, so that there is no market price flow 
to be revalued by a CF. In this case it will be necessary to 
estimate the external effect directly at shadow prices, and a CF 
will not be required. 

Structure of the SIO Table 

The table can be described as a "columns only" input-output 
table in that only the input side of sectors is identified. The 
row totals of a full input-output table, which show the 
destination of output to intermediate or final demand, are not 
given. The table can be seen as composed of two distinct 
matrices. What is conventionally termed the A matrix shows the 
produced inputs into sectors; what is termed the F matrix gives 
inputs of primary factors, that are exogeneous to the system, 
into the different sectors. To solve the system direct 
coefficient matrices are required which show inputs per unit of 
sector output. The structure of the direct coefficient matrix of 
a SIO table can be illustrated in figure 1. 

In figure 1 the table has n columns, covering sectors and 
aggregate CFs, so that the A matrix is n x n in size. There are 
g primary factor inputs so that the F matrix is g x n. Since all 
entries are direct coefficients, each column in the table must 
total 1.0; aln' for example, is the value of inputs from sector 1 
into one unit of sector n; a

9
n is the value of primary factor 

input g per unit of sector n. 

Total primary factor requirements are both the direct 
primary inputs shown in F, plus the primary ~actors that go into 
the produced inputs in A. Their calculation requires first total 
produced inputs per unit of sectoral output; total produced 
inputs are direct inputs from the A matrix plus inputs from 
further back in the productive structure, for example inputs that 
go into direct inputs and so on. Once total produced input 
requirements per sector are known, the primary factors that go 
into these can be calculated. 

Formally in matrix terms the calculation req1Jires the 
Leontief inverse of the A matrix - to give total produced inputs 
per unit of sector output. One must then post-multiply the 
direct primary factor matrix F by the Leontief inverse to give 
total primary factor inputs per u11it of output, so that 

M = F [1-AJ-1 ( 5) 

where M is the matrix of total primary factor requirements 

F is the direct coefficient matrix of primary factors 
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A is the direct coefficient matrix of produced inputs 

[1-A]-1 is the Leontief inverse. 

1 
all ••••••••••••••• aln 

[A] = 

• 
anl · · · · · • · · · · · • • • • ann 

n 

1 

f11 • • • • • • • • • • • • • • • fln 

[F] = 

• 

g 
fgl • • • • • • • • • • • • • • • fgn 

1 .o ) 1 .o 

Figure 1. SIO table - direct coefficients 

The model is solved finally for the set of CFs by applying 
the values of CFs for different primary factors to the total 
primary requirements for each sector. Formally in matrix terms M 
must be multiplied by the vector of CFs for primary factors, so 
that 

pn = Pf. M (6) 

where Pn i~ the vector of final CF results 

and Pf is the vector of CFs for primary factors. 

In the solution iteration is required since Pn and Pf will 
not be independent of each other. Initial seed values of P-f have 
to be used until a unique converged solution for Pn and-Pf is 
obtained. A computer programme is required for the solution. 
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Simple Illustration of a SIO Table 

To illustrate the logic of the approach it may be helpful to 
work at a simple level with a small table of only four productive 
sectors, one aggregate CF, and four primary factors. Although 
all actual calculations will involve a far larger table this is 
sufficient for illustrative purposes. In this example the A 
matrix is composed of four sectors 

Industry 
Agriculture 
Services 
Transport 

plus an aggregate average conversion factor (ACF), that is a 
weighted average of the CFs for the four productive sectors. 

The F matrix is composed of four primary factors 

Transfers 
Foreign Exchange 
Labour 
Operating Surplus 

All Labour is assumed to be unskilled, and all Operating 
Surplus to represent real economic costs associated with the use 
of capital, so that no surplus profits are involved. Transfers 
cover taxes and subsidies. Of the four sectors it is assumed 
that Industry and Agriculture are traded, with significant 
imports of the former and exports of the latter. Services and 
Transport are taken to be non-traded. 

As we have seen a direct coefficient matrix is constructed 
by expressing all entries in the rows as a proportion of the 
market value of output in each sector. An important practical 
issue is what level of market prices are used to value output. 
The chief alternatives are producer's or purchaser's prices. In 
practice most SIO analyses work with the latter and this example 
also uses purchasers prices as the reference price level. This 
means that, for each sector, market prices include distributors 
margins, transport costs in moving goods from producers to 
purchasers, and retail and producer-level indirect taxes. 

In a SIO analysis the aim is to assess the consequences of 
additional expenditure on each of the sectors in the table. For 
traded sectors the main effect will be in terms of foreign 
exchange - with more imports if the goods consumed are 
imported at the margin, and less exports it they are exported. 
The foreign exchange effects as a proportion of the market price 
will be shown in the foreign exchange row of the F matrix. In 
addition for all traded commodities there will be some costs 
incurred in non-traded sectors, since tradeables have to be 
transported and distributed to users. The costs are shown in the 
relevant rows for non-traded sectors - such as Transport and 
Distribution. 
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For non-traded activities in a SIO table a distinction must 
be drawn between those whose supply can be expanded in the medium 
term, and those where supply is taken to be fixed. For the 
former, where supply is variable, addltional expenditure will 
induce additional production, whose economic value is given by 
the resources that go into this production. The row entries in 
the table for such sectors wil-1 show, as a proportion of the 
value of output at market prices, produced inputs from other 
sectors, as well as primary factors that enter directly into the 
sector. Non-traded goods in fixed supply are found less commonly 
and are not shown in the example. They are normally treated as 
an additional row in the F matrix, since like primary factors 
their supply is not determined within the SIO system. In the 
solution the value of this type of non-traded input will be 
revalued by one of the aggregate conversion factors - normally 
one for consumption. 

Table A.1 gives the direct coefficients for this example. 
All row entries are proportions of the domestic market price 
value of output. As expected for the traded sectors - Industry 
and Agriculture - output value is predominantly foreign exchange. 
For Industry - an importable - the cif value of output is 60\ of 
the market price, with an import tariff of 50\ of the cif price; 
the Foreign Exchange entry is therefore 0.60 and Transfers 0.30. 
There are small domestic costs of distribution and transport both 
of which are 5\ of output value involved in moving the imported 
industrial goods to users and consumers. These are shown in the 
Services and Transport rows respectively. For Agriculture - an 
exportable - the fob export price is 90\ of the domestic market 
price, whilst there is an export subsidy of 10\ of the fob price. 
Entries in the Foreign Exchange and Transfer rows are 0.90 and 
0.09 respectively. The only relevant transport and distribution 
costs will be any additional costs associated with the domestic 
consumption of agr icul tura 1 output as compared with export. 
There is a small additional domestic transport cost of 1\ of the 
domestic marke~ price, so that the Transport entry is 0.01. 

The non-traded sectors Services and Transport use both 
produced inputs from other sectors, and primary factors. For 
Services produced inputs from Industry, Services itself and 
Transport are 10\, 20\ and 10\, of output at market prices 
respectively. Primary factors Foreign Exchange, Labour, and 
Operating Sur pl us are 20\, 30\ and 20\ of output at market 
prices, respectively. Similarly for Transport produced inputs 
from Industry and Services are 15\ and 5\ output respectively, 
whilst primary factors Transfers, Foreign Exchange, Labour and 
Operating Surplus are 10\, 30%, 30\ and 10\ of output, 
respectively. 
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INDUSTRY AGRICULTURE SERVICES TRANSPORT ACF 

INDUSTRY 0.10 0.15 0.20 

AGRICULTURE 0.45 

SERVICES 0.05 0.20 0.05 0.25 

TRANSPORT 0.05 0.01 0.10 0 .10 

ACF 

TRANSFERS 0.30 0.09 0.10 

FOREIGN EXCHANGE 0.60 0.90 0.20 0.30 

LABOUR 0.30 0.30 

OPERATING SURPLUS 0.10 0 .10 

1 .o 1 .o 1.0 1 .o 1.0 

Table A.1 SIO table - direct coefficients illustration 

Any aggregate CF will be an average of CFs for particular 
sectors. In this example the ACF is a weighted average of the 
CFs for the four productive sectors. The weights used are 0.20, 
0.45, 0.25 and 0.10, for Industry, Agriculture, Services and 
Transport, respectively, and can be taken to reflect the relative 
value of output in the different sectors. 

Solution of the SIO system proceeds by finding total primary 
factor input requirements per unit of output in each sector 
through inversion of the A matrix and the multiplication of this 
by the direct coefficients matrix of primary inputs. These are 
shown in table A.2. In all cases total primary inputs are 
greater than the direct inputs shown in table A.1, because of the 
primary factors that go into the produced inputs used in all 
sectors. This is most obviously the case for the Labour and 
Foreign Exchange inputs into Services and Transport. For 
Services, for example, whilst the direct labour input per unit of 
output is 0.30, the total labour input rises to 0.42. Even the 
traded sectors with no direct labour input, have a small indirect 
input through their use of non-traded Transport and Services. 
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INDUSTRY AGRICULTURE SERVICES TRANSPORT 

TRANSFERS 0.310 0.091 0.057 0.149 

FOREIGN EXCHANGE 0.639 0.904 0.381 0.415 

LABOUR 0.037 0.003 0.420 0.326 

OPERATING SURPLUS 0.012 0.001 0.140 0.108 

Table A.2 Total pri..llary factors per unit of output in productive 
sectors 

Once total primary factor requirements are known they must 
be revalued with appropriate CFs for each primary factor. It 
will be recalled from equation (4) that 

CF i = l: mf i • CF f 

The weight mfi placed on the conversion factor for primary 
factor f is the sfiare of total requirements of that factor in 
output value in i at market prices. In this example, therefore, 
table A.2 gives the weights for the different primary factors. 

As far as CFs for primary factors are concerned the example 
uses the following: 

Transfers 
Foreign Exchange 
Labour 

Operating Surplus 

CF 

0 
1.0 
0.5 x Agriculture conversion 

factor (CFAG) 
1 .O x ACF 

Transfers have no economic value, so that their CF is zero. 
Foreign Exchange has a CF of 1.0, since in this type of analysis 
it has become conventional to use world prices as the numeraire 
or unit of account in which economic effects are expressed. 
Since all Foreign Exchange effects will be measured at world 
prices already there is no need for any further adjustment, hence 
the CF of 1.0. For Labour in this example is it ~ssumed that a 
worker's output foregone at domestic prices is 50% of the actual 
market wage. However a further step is required since the shadow 
wage must be conv~rted to world prices by a CF that is 
appropriate to the output a worker would have produced. The 
shadow wage rate (SWR) can be expressed as 

SWR = m x CFm ( 7) 
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where m is output foregone from a worker's alternative 
employment at domestic prices; 

and CFm is the conversion factor required to convert this 
output to world prices. 

The conversion factor for labour (CFLAB) is the ratio of the 
shadow to the market wage 

SWR 
MWR 

where MWR is the market wage 

or substituting (7) into (8) 

CF LAB 
__!!!__ x CFm 

= MWR 

(8) 

In this example _!!_ is taken to be 0.50, whilst workers for 
MWR 

new projects are assumed to be drawn from Agriculture, so that 
the Agriculture conversion factor (CFAG) is used for CFm 

CFLAB is thus __!!__ x CFAG' or 0.50 x CFAG• 
MWR 

The use of CFAG in the valuation of a primary factor is a 
clear illustration of the interdependence of values in a SIO 
system, since CFAG depends among other things on the value of 
Labour, whilst in turn it is one of the influences on Labour's 
value. 

Finally Operating Surplus is taken to reflect real economic 
costs reflecting the opportunity cost return on the capital 
committed to each sector, at domestic prices. Therefore no 
surplus prof its in excess of these resource costs are involved. 
However Operating Surplus, despite reflecting the opportunity 
costs of capital, must still be converted to world prices. It is 
assumed that capital is mobile within the economy and can thus be 
employed in any sector. It is therefore appropriate to use the 
average conversion factor (ACF) to revalue Operating Surplus, 
since the ACF is an average ratio of world to domestic prices for 
the whole economy. Interdependence also arises in the treatment 
of Operating Surplus since it is revalued by the ACF, whilst 
Operating Surplus itself is one of the influences on the CF for 
each sector, and the ACF is a weighted average of sectoral CFs. 

Using this set of CFs for primary factors and the weights 
from table A.2 gives the results reported in table A.3. 
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Sectors 

Primary factors 

Industry 
Agriculture 
Services 
Transport 
ACF 

Transfers 
Foreign Exchange 
Labour 
Operating Surplus 

Table A.3 CF Results 

CF 

0.67 
0.91 
0.68 
0.65 
0.78 

0 
1 .o 
0.46 
0.78 

The ACF is an average of the four sectoral CFs with the 
weights given in the fifth column of table A.1. Therefore 

Sector CF Weight Average 

Industry 0.67 0.20 0. 1 3 
Agriculture 0.91 0.45 0.41 
Servl.ces 0.68 0.25 0. 17 
Transport 0.65 0.10 0.07 

ACF 1.00 0.78 

ACF = 0.78 

The treatment of the sector CFs can be illustrated with the 
industry CF, which is an average of the CFs for the primary 
inputs into industry with the weights given in table A.2 column 
1 • 

Primary factor 

Transfers 
Foreign Exchange 
Labour 
Operating Surplus 

Industry 

Industry CF 

Advantage of the SIO Approach 

CF 

0 
1.0 
0.46 
0.78 

= 

Weight Average 

0.310 0 
0.639 0.639 
0.037 0.017 
0.012 0.009 

0.665 

0.67 

Two major advantages can be claimed for this approach over 
simpler partial estimates. First, there is the advantage of 
consistency, since SIO analysis is equivalent to the solution of 
the economic valuation problem through a series of simultaneous 
equations. There is interdependence in this analysis with values 
for certain primary factors being some of the determinants of 
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values for productive sectors, but in turn being influenced by 
the value of those sectors. In this illustration we have seen 
this for the primary factors Labour and Operating Surplus. In 
addition there will be interdependence between the values of 
productive sectors, since most will be inputs into each other. 
Using this example Services are an input into Industry and will 
thus help determine the value of the latter, but in turn Industry 
is an input into Services. Only a simultaneous solution can 
resolve this interdependence and achieve consistent results. 

The second advantage of the SIO approach is that it allows 
the linkage effects of additional expenditure to be captured in a 
manner that is not possible outside an input-output framework. 
Expenditure on traded sectors by definition falls largely on the 
trade balance, however for non-traded sectors in variable supply 
domestic resources will be mobilized to meet additional demand. 
The two most important linkage effects are likely to be the 
generation of jobs, where labour was previously underutilized, 
and the direction of demand to sectors where there is surplus 
capital capacity. The total employment effect of expenditure on 
non-traded sectors wi 11 be captured, since as we have seen direct 
and indirect employment in non-traded activities is estimated. 
Where labour is under-employed, so that output foregone from a 
previous activity is below the market wage, this is likely to 
result in a CF for Labour of below 1.0. Non-traded sectors, 
which generate employment effects, thus have the economic value 
of their output reduced relative to its market price value. The 
consequence is therefore that use of such non-traded inputs is 
encouraged in comparison with activities where such employment 
effects are not forthcoming. A similar analysis applies where 
demand is directed to non-traded activities with surplus 
capacity. Here their economic valuation will be based only on 
variable costs of production, so that no charge for capital is 
relevant. Opera ting Surplus, the primary factor reflecting 
capital charges will thus have a CF of zero in these situations. 
This adjustment will again have the effect of lowering the 
economic valuation of the output from such sectors, thus 
encouraging its use. 

The overall significance of adjustments for such linkage 
effects depends on the importance of non-traded sectors in an 
economy. Where the economy is relatively closed in terms of 
trade policy any realistic cost-benefit appraisal of new 
investments will require use of an input-output framework to 
capture the inter-relations between a project and its suppliers 
and users. 

Some Difficulties in the use of SIO Analysis 

Despite its rigour and consistency SIO analysis is not free 
from problems of both a practical and conceptual nature. 
Probably the most significant are as follows. 
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(i) Classification of sectors. 

The issue of how a productive sector is classified is 
critical, but not always straightforward. One has to establish 
if additional demand has its main impact on the foreign trade 
balance, or on domestic production or consumption. For specific 
commodities where trade currently takes places, the answer may be 
quite clear. Howev~r the existence of current imports and 
exports does not mean that the sectors from which they come 
should be classed automatically as traded, since it is the future 
position of sectors that is relevant. Import policy, for 
example, may change either in the form of looser or tighter 
import controls. On the export side the emergence of market 
constraints may mean that current levels of exports cannot be 
expanded significantly in the short to medium term, or 
alternatively changed incentives offered to exporters may 
stimulate export sales where previously no sigrificant exports 
took place. Such circumstances, particularly changes in trade 
policy, mean that judgement must be applied in classifying 
productive sectors. 

There may also be situations where output of a sector is 
insufficiently homogeneous to be wholly traded or non-traded, so 
that it is necessary to distinguish between the traded and non
traded components. Here there are two possible approaches that 
yield identical results. One can either split the sector and 
show its traded and non-traded elements as separate columns in 
the SIO table; alternatively one car. class the sector as 
"partially traded" and keep one single column, whose direct 
coefficients are weighted averages of the traded and non-traded 
components of the sector. 

(ii) Reference price level and distribution and transport costs. 

As stated above it is essential to use a single reference 
price level for domestic market prices. This is necessary for 
consistency so that for all activities domestic prices at one 
price level can be compared with economic values at the same 
price level. Whatever price level is adopted requires data on 
distribution and transport costs, and indirect taxes, as a 
proportion of the market price. This is obviously the case where 
purchasers' prices are the reference level, but even where 
producers' prices are used much of the original data from which 
the table is constructed will be at purchasers' prices, so that 
these cost and tax elements must be deducted to arrive at prices 
at the producer level. 

The major point here is that in a SIO table used to estimate 
national parameters one will be working with very aggregate data, 
so that there will normally be only a very vague indication of 
where the production and consumption activities covered in the 
table will be located geographically. In these circumstances it 
will be difficult to estimate the importance of transport and 
distribution costs for particular sectors. Mo.;t tables will 
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normally use an approximate average proportion of the market 
price for these costs. How far this is misleading will vary 
between economies, and within economies between sectors. If the 
economy concerned is geographically small internal transport 
costs are likely to be low as a proportion of most domestic 
prices with relatively little regional variations. However in 
larger economies the transport cost element could be more 
significant, with region~l variations. ~istribution costs can be 
related to type of commodity, length of storage, and market 
conditions. Scarcities, whether or not they arise from policy
imposed constraints, will work to raise distribution margins, so 
that the proportion of the market price accounted for by 
distribution costs including surplus profits, will vary between 
commodities. Again in larger countries there can be regional 
variations. 

Where SlO analysis is used to derive national parameters 
some national average approximations for these costs are 
inevitable. The chief difficulty lies when national CFs derived 
from the analysis are applied inappropriately at the project 
level when more detailed regional or project-specific values are 
required. For example, the CF for a commodity like wheat derived 
from a national table, could be very different from the CF 
relevant to a local agricultural project because of the 
differences between local and national transport and distribution 
costs and margins. However particularly in large economies, 
there is also the possibility of misleading CF estimates for 
particular sectors, where it is difficult to estimate transport 
and distribution costs. This is an argument for omitting 
transport and distribution costs in the Chinese case, and 
conducting SIO analysis at producers' prices. 

(iii} National shadow wage 

A similar problem arises in the treatment of labour. It is 
generally acknowledged that in relation to unskilled labour in 
all but geographically small economies labour is best treated as 
a regional not national parameter, in the sense that there is 
insufficient mobility for the opportunity cost of employing an 
unskilled worker to be the same in all regions. In some analyses 
this is also extended to skilled labour, although it is more 
common to find the assumption that workers in this broad category 
have sufficient mobility for them to be treated at a national 
level. 

The implication of this view of unskilled labour is the need 
for regional, and in some circ11mstances project-specific, 
estimates of the shadow wage. However in a SIO table used to 
der:ve national parameters it is common to find a single entry 
for unskilled labour in each ~nlumn, and thus a single CF used to 
revalue this labour input. ~» other words, unskilled labour is 
treated as a nationally homogeneous input and revalued by a 
national level CF, despite the recognition of region31 
variations. In principle one can be more rigorous and 
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factor, with its own CF. In this approach one would estirna te the 
proportion of workers corning from each region into each 
productive sector. This level of sophistication requires 
considerable information however, not only on local labour market 
conditions by region to estimate regional output foregone and the 
extent of regional migration, but also on the geographical 
location of additional production from each sector. If one is to 
value labour input into each sector on a regional basis one needs 
to know where production in that sector is going to take place. 
Given the complexity of this information it is not surprising 
that the national-level treatment of unskilled labour is used 
commonly. 

However this qualification does mean that whilst the SIO 
approach is consistent in its treatment of labour, matching the 
value of labour with that of the productive sectors, into which 
it is an input, it is nonetheless crude in its neglect of the 
regional dimension. This means that there is a need to caution 
against an uncritical use of a CF for unskilled labour deri~ed at 
a national level in the analysis of a particular project. 
Inevitably there will be a need to check how far national and 
regional conditions are similar, to discover whether a specific 
CF for labour is required. Furthermore for labour-intensive non
traded activities, where local labour market conditions differ 
significantly from the national average, sectoral CFs derived 
from SIO analysis can also be misleading; here more detailed 
non-traded CFs allowing for regional labour estimates will be 
required. 

(iv) Average and marginal cost 

In principle it is clear that SIO tables should provide 
information on the opportunity costs of additional output from 
productive sectors; the relevant concept here is marginal not 
average costs. However often the data on which tables are 
constructed come from full input-output tables or sector surveys, 
which relate to average conditions. Insofar as possible efforts 
should be made to revise these to incorporate marg ina 1 or 
incremental estimates. This is particularly the case where non
traded sectors are working at below ful 1 capacity, so that 
additional output requires only variable inputs not new capital 
investment. Where additional investment is required data on 
costs should come from recent project documents since .:ew 
projects will provide the additional output. 

(v) Primary factor capital 

Confusion over the treatment of capital reflects profound 
debatec ~n the theoretical economics literature on the meaning of 
capit~ ~nd profit. For example is profit the return to the 
productjve factor capital, or a residual transfer to the owners 
of capical after labour costs are deducted from value-added? The 
answer in the cost-benefit literature is that the economic cost 
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of committing resources in the form of capital assets is the 
opportunity cost rate of return that could have been earned if 
the resources had been invested elsewhere. This can be expressed 
as an annuity charge by applying a capital recovery factor -
based on the assumed economic discount rate and length of life of 
the assets - to the value of the assets. This gives the economic 
charge for the use of the resources involved and any profit in 
excess of this charge will be surplus profit, uot an economic 
opportunity cost. 

Some discussions treat all of profit income as an economic 
cost on the grvynds that surplus profits, as defined above, are 
not a transfer but returns to the factor enterpreneurial skill, 
which is taken to be an additional factor of production distinct 
from and in addition to capital itself. The theoretical basis 
for this introduction of an extra factor of production seems weak 
however, and the distinction between a part of profits that are 
an economic cost, reflecting the opportunity cost of resources, 
and another part that as surplus prof it are a form of transfer 
payment, seems more appropriate. 

Following this latter approach necessitates a division of 
profit income in each non-traded sector into each of these two 
categories. In principle this division requjres data on value of 
capital assets, at replacement not historical cost, length of 
working life of the different assets, and the economic discount 
rate. Each of these pieces of information will be subject to 
varying degrees of uncertainty, particularly the value of capital 
assets, since historical book values will rarely be a useful 
guide to current values. Division of prof it income into these 
two categories often tends to be approximate, weakening the 
accuracy of the estimates, most particularly for non-traded 
sectors that are highly capital-intensive. 

Conclusion 

SIO analysis provides a relatively sophisticated means of 
deriving a consistent set of national shadow prices for use in 
investment appraisals. However the rigour of the technique 
should not divert attention from the weak data that often goes 
into SIO tables and the problems that remain with the application 
of the technique. Shadow pricing studies have come a long way, 
but this is an area in which one will always be dealing with 
approximations rather than precise estimates. 
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APPENDIX 2 COUNTRY STUDIES 

A.2.1. Jamaica: NEP Estimates 

Jamaica was one of the countries selected by the Inter
American Development Bank for ~ pilot study on shadow prices for 
social analysis. This work was published in 1977 (Lal 1977). 
Although based on a fairly short fieldwork visit it contained 
fairly detailed estimates of parameters required to carry out 
both an economic and a social appraisal. At this time the 
Jamaican government had developed a fairly well organized system 
of project appraisal with a government team scrutinizing new 
projects and calculation their financial returns. The importance 
of moving into economic appraisal in a systematic way was 
recognised, however it is significant that the NEP estimates in 
Lal ( 1977) were not adopted by the government. From discussion 
with one of the team of government project planners it seems tha~ 
the difficulty of comprehending the approach used in Lal (1977) 
was a major deterrent to the application of the results, even 
though it would not have been necessary to apply all of the NEPs 
contained in Lal (1977). Furthermore since the results were 
given separately for the economic efficiency and social analysis, 
use of these NEPs would not have involved a move into the more 
complex and controversial area of social weighting. 

No bystematic form of economic calculation was applied 
despite the existence of this NEP study. In 1983 in recognition 
of the potential importance of economic calculations the Project 
Planning Centre, University of Bradford, UK, was approached by 
the Administrative Staff College, Ministry of the Public Service, 
Government of Jamaica, to carry out a new NEP study. It was 
stressed that the earlier work had not been helpful because of 
what was perceived as its inaccessibility to the non-specialist. 

The new study was conducted in 1983-84, and published 
separately in both Jamaica and the UK in 1985 (Weiss 1985 ). The 
approach adopted has been described in the main text of this 
report as a simplified consistent approach. As with Lal (1977) a 
world price system was used. To gain precision in the estimates 
all the main CFs were set out as a series of simultaneous 
equations, and their values estimated simultaneously through the 
solution of this set of equations. The full system of equations 
is given in table A.4, with the results given in table A.5. 

The data base in Jamaica was not strong in relation to the 
information needed for NEPs. The main problem related to non
traded activities like construction, power and transport. There 
was no NIO table, nor regular published surveys of the cost 
structure of those sectors. Furthermore there were not 
sufficient up-to-date project documents to allow a picture of the 
cost structure of these activities to be developed from project 
sources. In the absence of further data, information on these 
sectors from the national accounts had to be used. The 
Statistical Institute of Jamaica regularly surveys producers in 

55 



various sectors as part of its work in estimating national 
income. Information from this source allowed a very crude break
down of costs in non-traded activities into labour, raw 
materials, depreciation, taxes and operating surplus. Although 
the very aggregate nature of the category 'raw materials' did not 
allow a detailed cost breakdown showing the precise intermediate 
and material inputs into sectors, this approximate information 
had to be used in the NEP study in the absence of other data. It 
was due to the poor data base for non-traded sectors that the 
more detailed SIO approach was not used in Jamaica. 

Data on labour's opportunity cost in both rural and urban 
areas was based on estimates of daily wage rates and earning 
opportunities. For unskilled labour in urban areas it was 
assumed that new jobs would be filled partly by migrants from 
rural areas and partly from work~cs already in urban areas. The 
proportions for these two sources of labour were taken to be 
given by the existing distribution of employment between rural 
and urban areas. Output foregone for each new urban job created 
was therefore estimated as a weighted average of rural and urban 
marginal products. Data on wage rates in different activities, 
both rural and urban were collected, partly through interviewing 
employers. These wage figures were then combined with estimates 
of days worked per year to give annual earnings. Annual earnings 
estimates per worke~ were converted to shadow price values using 
CFs appropriate to the type of work involvedf to give a proxy 
measure of output foregone per worker at shadow prices. This 
output foregone estimate divided by the annual wage for urban 
labour gave the CF for urban unskilled workers. 

For rural workers a high CF of 1.15 is shown in table A.5. 
This needs some interpretation. It refers to rural workers 
employed on a daily basis, and drawn from export agriculture -
principally bananas and sugar cultivation. The argument used is 
that rural labour markets are seasonal with periods of high and 
low demand. However on a daily basis the market wage can be used 
as an approximate measure of output foregone per day at market 
prices. This output foregone must be converted to shadow prices. 
For Jamaica for agricultural export products world prices net of 
appropriate transport, distribution and processing margins, were 
found to be well above prices paid to farmers. An agricultural 
export CF of 1.15 was estimated (see Appendix 2 of Weiss 1985). 
If the daily wage rate is used to represent output foregone at 
domestic market prices, and this output has a CF of 1.15, the CF 
of 1.15 will be that relevant for rural unskilled labour. 

It should be noted that skilled labour is valued using the 
SCF (termed the average CF in Weiss 1985). Finally a discount 
rate of 10%, based on the real cost of foreign borrowing to 
Jamaica, is used. 
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Table A.4 Equations for CFs fro• Ja•aica Study 

CF0 = 0.18 + 0 .16 CFINV. + 0.30 CFUL + 0.20 CFSL 

CFT = 0.60 + 0.11 CFINV + 0.04 CFUL + 0.03 CFsL 

CFc = 0.52 + 0.06 CFINV + 0.19 CFUL + 0.07 CFSL 

CFE = 0.57 + 0.15 CFINV + 0.04 CFUL + 0.04 CFsL 

CF INV = 0.38 + o.so CFc 

CFUL = 0 .41 + 0.12 CFo + 0.12 CFc 

CFSL = 1.0 ACF 

ACF = 0.46 + 0.26 CF0 + 0.11 CFT + 0.10 CFc + 0.02 CFE 

where CF0 = CF for Distribution 
CFT = CF for Transport 
CFC = CF for Construction 
CFE = CF for Electricity 
CF INV = CF for Investment 
CFUL = CF for Unskilled Labour 

i~L = CF for Skilled labour 
= Average CF 

Source: Weiss {1985). See Appendix 1 of source for explanation 
of the derivation of these equations. 

Table A.5 Results of Jamaican Study 

CFo = 0.63 
CFT = 0.73 
CFc = 0.73 
CFE = 0.74 
CF INV = 0.74 
CFuL urban = 0.57 

rural = 0 .15 
CFrL = 0.79 
AC = 0.79 
Discount Rate = 10% 
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It is worth noting that in comparison with the results of 
the earlier study (Lal 1977), those of Weiss (1985), show both 
differences and similarities. Weiss (1985) focusses on economic 
not social parameters, so that only the economic NEP estimates 
of the earlier study are comparable. The CF for urban unskilled 
labour for example, shows little change between the two 
estimates; it is 0.53 in the earlier study and 0.57 in the more 
recent. This stability should not be surprising given the 
approximate nature of the estimates, and the fact that labour 
market conditions that determine this NEP are generally long-run 
and structural rather than subject to short-run changes. The SCF 
shows a rise from O. 72 in the earlier study to O. 79 in the later. 
Although such estimates cannot be interpreted as precise some 
relaxation of trade controls occurred in the early 1980's, which 
would be expected to lower the gap between domestic and world 
prices, and thus raise the SCF. Finally there is a major 
difference in the economic discount rate which appears 
implausibly high at 22% in Lal (1977). There the discount rate 
is defined as the opportunity cost of capital at shadow prices. 
Using a different definition - based on t~e cost of foreign 
borr~wing-the later study suggests a much lower rate of 10%. 

Despite the existence of the newer NEP study shadow pricing 
on a regular basis has still not been adopted by the Government 
of J.1!"3.ica. The results of Weiss (1985) were disseminated in 
Jamalca through distribution of the study, through training 
programmes for government officials and by a public lecture given 
by the author that was reported in the local press. However the 
Goveri:ment has remained reluctant to apply the NEPs. The exact 
reason~ for this reluctance are not known, but it was argued that 
the pol! cy reforms that took place post-1985 rendered the 
estimates ~ut of date, and therefore no longer appropriate for 
current appraisals. An attempt was made to organize a follow-up 
study to revise the estimates, but as yet this has not been 
arranged. 

It appears that at present within the government sector when 
new public sector projects are appraised they are examined 
largely in financial terms. Some of their economic effects -
such as foreign exchange earning or saving, and employment - are 
highlighted, but no attempt is made to quantify these effects in 
an economic NPV or IRR calculation using NEPs. However it is 
understood that use of the NEP estimates has been made in Jamaica 
by some of the Development banks, particularly where the projects 
concerned require external funding by international agencies. 
Further the NEP study was sent to the Inter-American Development 
Bank and the World Bank, and it is understood may have been used 
in the appraisal of projects that require their funding. 
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A.2.2. Tanzania: Agricultural Project Appraisal 

The basis of Tanzanian economic and social policy is defined 
in the Arusha Declaration of 1967. The policy is broadly 
socialist in outlook although there have been significant changes 
in the last six years during the period of negotiation and 
eventual agreement vi th the IMF. The Tanzanian economy 
experienced a severe decline in the late 1970's and the first 
half of the 1980's for which various explanations have been given 
relating both to external and internal factors. Undoubtedly a 
major cause of the acceleration of the decline after 1979 was the 
cost of the war with Uganda. This was followed by a period of 
generally unfavourable commodity prices for major export crops 
accompanied by declining or stagnant production and resulting in 
a chronic foreign exchange shortage. From 1979 onwards annual 
domestic inflation ranged from 20-40\ partly due to government 
attempts to maintain the level of services with a rapidly 
diminishing real tax base. Although minor devaluations occurred 
in 1982, 1983 and 1984 they were not enough to compensate for the 
substantial divergence between domestic and international 
inflation. 

More than 80\ of Tanzania's export earnings are derived from 
the agricultural sector, particularly from coffee, cotton, tea, 
sisal, tobacco and cashewnuts. Nearly all the cotton and 
cashewnuts and over 80\ of the coffee and tob&cco are grown by 
small farmers whose crops were marketed through parastatal crop 
authorities in the period 1976-83 and afterwards by cooperative 
unions. All the sisal and about 75\ of the tea are produced on 
public and private sector estates. For part of the period from 
the mid-1970's to the late 1980's Tanzania faced a severe 
shortage of officially marketed basic foods, most of which were 
grown by small farmers. As a result the government was forced to 
rely on imported food to feed the urban areas. It was clear that 
the agricultural sector had a major role to play in economic 
recovery. It was also clear that the official prices for major 
crops, which were set according to prevailing financial and 
institutional constraints, were not good indicators of their 
economic value. 

Government proposals to resolve the economic problems were 
set out in the National Economic Survival Programme (NESP) and 
the Structural Adjustment Programme (SAP). In each case the 
critical role of the agricultural sector was emphasised in 
relation to the dual objectives of food self sufficiency and 
increased export earnings. It was therefore important to obtain a 
clear idea of the economic value of agricultural projects in a 
situation where market prices were not very good indicators of 
opportunity cost. 

Unfortunately, the most up to date estimate of shadow prices 
for Tanzania was contained in a mimeographed paper (Hughes 1977) 
relating to 1976, and this paper was not readily available. No 
guidance could be ohtained from the Ministry of Economic Affairs 
and Planning on NEPs to be used in appraising projects. 
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Approach to Shadow Pricing 

Under the circumstances described above, economists working 
in the Ministry of Agriculture were faced with a dilemma. The 
problems facing the agricultural sector were partly a consequence 
of the overvalued exchange rate and analysis of export crop 
projects at market prices would seriously understate their 
economic value. An approach was therefore devised in which the 
critical parameters of the shadow exchange rate (SER) and the 
discount rate were treated as unknowns and results were given 
within what was thought to be the likely range of values. Break
even values were also calculated. 

The methodology used was a variant of the domestic price 
system of the UNIDO Guidelines, but in this case all costs and 
benefits were broken down into basic resource categories before 
discounting to allow the effect of the project on the 
availability of resources from year to year to be shown. All 
costs and benefits were broken down into three basic categories. 
These were Foreign Exchange (F), Domestic ~esources (D) and 
Transfers (T). No attempt was made to separate out unskilled 
labour as a seperate category because there was no evidence of 
surplus labour in the rural areas. In fact many of the large 
scale farms faced labo~r shortages and in some project appraisals 
labour costs were inflated to cover the incentive payments 
thought necessary to attract labour to the project. In the case 
of smallholder projects the normal approach was to use the casual 
wage rate in the area concerned as a measure of the opportunity 
cost of labour. Sometimes this involved imputing a value to 
payments made in kind. From 1983 onwards there was no case when 
the casual wage rate was found to be less than the rural minimum 
wage. 

For all projects for which an economic analysis was under
taken the results were set out in a matrix (see Table A.6) in 
which the project NPV was given for three different discount 
rates (5%, 10\ and 15\) and two different shadow exchange rates 
(50% and 100\ above the official rate). At each discount rate the 
domestic resource cost of foreign exchange (DRC of FE) was 
calculated to show the break even shadow exchange rate, and the 
internal rate of return (IRR) was calculated for each shadow 
exchange rate value. Shadow pricing was therefore used as il form 
of sensitivity analysis, in the absence of accurate NEPs. 

Sources of Data 

In almost all cases the composition of the value of the 
major output was estimated on a project-specific basis using 
World Bank commodity price projections as the basis for the 
estimation of border prices of traded goods. These prices were 
then adjusted for freight costs and quality differences and 
internal transport and handling costs. 

In 1983 an attempt was made to estimate cost breakdowns for 
major cost items used in agricultural projects. The most 
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prominent items were transport, fuels, construction, fertilizers 
and farm vehicles and equipment. Attempts were also made to 
gather information on agricultural chemicals, hand tools, various 
packing materials and polythene sheeting. Estimation of the cost 
composition of transport costs also involved gathering 
information on tyres and batteries. No attempt was made to 
undertake a systematic analysis of cost composition for all 
sectors or to use semi input output methods. It is extremely 
unlikely that such information would have been available in an up 
to date form and the scope of the work lay outside the 
responsibility of the Ministry of Agriculture. All information 
was collected by questionnaire and follow up visits to the 
relevant institutions. The National Price Commission was also 
used as a source, and the Finance Act of 1980 with its various 
amendments gave rates of import duty and sales tax. 

Table A.6 Sn-ary of Incre11e11tal Costs and Benefits and 
Results of BcoDOllic Analysis for a Speciaen Project 

Discount Rate 

NPV (OER) 
NPV (SER/OER = 1.5) 
NPV (SER/OER = 2.0) 

DRC of FE 

5% 

329974 
1139450 
1948927 

0.80 

10% 

-52531 
239993 
535518 

1.09 

15% 

-160726 
-58369 

43988 

1.79 

IRR 

8.8% 
13.5% 
15 .8 

The 1983 estimates were never completed in the comprehensive 
way originally intended and updating of the estimates was done o.'. 
an ad hoc basis whenever changes in the Finance Act were noted. 
It was very difficult to obtain information of this nature in a 
consolidated form. Satisfactory estimates for two important 
sectors were never really obtained. These were railway tr;~nsport 
and ele~tricity. This was because of the special problems of 
relating rail freight and electricity tariffs to long run 
marginal cost estimates. 

It is likely that the 1983 estimates were reasonably 
accurate for major items and were usable for the next two years 
with ad hoc updating. From 1996 onwards major devaluations 
occurred and it is likely that some of the estimates became 
progres~ively inaccurate. When work of this nature is undertaken 
by an organ i sat ion which does not n c rm a 11 y have such 
responsibilities, it is extremely difficult to allocate time for 
regular updating. 
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Attitudes of Users of the Analysis 

The reports prepared using this approach were all pre
feasibility studies intended for submission for funding through 
the government development budget or through donor agencies. Many 
were prepared at a time when it was believed that significant 
donor support would be forthcoming for SAP. This was not the 
case, and the funds available under the government development 
budget were insufficient to get many projects off the ground. 
There is no evidence to suggest tr:t the approach used was not 
acceptable to decision makers, but there was no feedback 
mechanism to those preparing the projects and so any judgement on 
the attitudes of decision makers is difficult to make. 

The approach was discussed at two workshops held at the 
Institute of Development Management and a set of draft guidelines 
was produced in 1 983 following these workshops. The draft 
guidelines were discussed at a workshop held by the Ministry of 
Agriculture in 1985 and recommendations for revision were made 
without altering the basic approach. Representatives from the 
Ministry of Economic Affairs and Planning were invited to each 
workshop. 

A major problem for a government taking decisions on the 
basis of economic analysis in conditions of gross exchange rate 
overvaluation is the issue of the difference between economic and 
financial profitability. Many of the projects prepared for export 
crops showed very high economic rates of return but marginal to 
low financial rates of return. This presents major pr~blems for 
financing when the institution supposed to implement the project 
is heavily in debt and subject to stringent government financial 
controls intended to reduce the deficit. Under such circumstances 
the government is forced to give subsidies. 

Changes in Cost Composition 

The resource composition of crop outputs varied quite 
considerably from project to project because of differences in 
transport costs and from year to year because of changes in 
producer prices. This did not present problems because the 
estimates were project specific. Other items sJch as vehicles 
tended to be fairly stable because they were largely imported 
with standard rates of duty and sales tax and a small local 
as;embly component in the case of semi-knocked-down (SKD) kits 
and locally fabricated truck bodies. The only significant changes 
that occurred were when tax rates changed and these were 
infrequent and easy to cater for. 

The most difficult items to deal with from the point of view 
of cost composition were fertilizers and fuels. Variations in the 
cost composition of fuels also fed through to transport costs 
which are always important for agricultural projects with outputs 
that are bulky, physically scattered and with relatively low 
value to weight/bulk. 
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In the case of fertilizers there were two problems. Firstly 
policy on fertilizer subsidies changed significantly in the mid 
1980's when they were removed. Later on, when exchange rate 
changes became very rapid, attempts were made to delay the impact 
on increasing fertilizer prices and it was not clear which 
exchange rate the fertilizer p~ice related to. Secondly there was 
a policy of charging the same price fer fertilizer throughout the 
country despite substantial differences in transport costs. The 
degree of subsidy therefore varied from region to region. In 
order to have reliable estimates it would have been necessary to 
have updated values for each region in each year. 

In the case of fuels the major problem was that taxes were 
based on a volume basis rather on a value basis. Furthermore, as 
the process of exchange rate adjustment developed, the government 
tried to delay increases in fuel prices in order to keep 
transport costs down. As with fertilizer it was not clear what 
exchange rate any particular fuel price related to because the 
refined products would have used crude oil purchased some months 
previously at a different exchange rate. 

Undoubtedly the most important source of uncertainty was the 
exchange rate. Table A.7 shows that the conversion factor for the 
shadow exchange rate implied by changes in relative prices and 
exchange rates increased steadily from 1979 to reach a maximum of 
2. 76 in 1985. Following the IMF agreement in 1986 this ratio fell 
rapidly, and by 1988 the simple method of calculation by 
comparing changes in internal consumer prices with changes in 
world prices for manufactured goods indicates a shadow exchange 
rate below the official rate. This is both a reflection of the 
inadequacies of such a crude m·:!asurement during periods of rapid 
exchange rate changes and the existence of a substantial lag in 
the adjustment of domestic prices to increased local prices for 
imports. The series is not intended to give an accurate estimate 
of the movement of the Tanzanian shadow exchange rate, but it 
does give an idea of the size and direction of movements. 

The problem of rapid exchange rate changes for the project 
analyst is that the analysis has to be undertaken at a particular 
exchange rate. Some prices adjust immediately to the exchange 
rate, but other prices (eg. producer prices, fertilizers etc.) 
are set for a peiiod of one year. Whi~h exchange rate do these 
prices relate to ? It is very difficult to be consistent in 
appraising projects in these circumstances and equally difficult 
to make comparisons between projects. The world price numeraire 
approach with conversion factors for different cost categories 
assumes that a very high proportion of costs can be reduced to 
border prices and that the ratio of the world price to the 
domestic price is stable. Neither of these conditions held very 
well for Tanzanian agricultural projects in the 1980's. 
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Table A.? Esti•ation of Tanzanian Shadow Exchange Rate by Relative Price Chang•• 

Year 1 9 7 §....____19 77 1978 

Exchange Rate (TSh. per US$) 8.38 8.27 7.69 
(Annual Average) (1) 
National Con9umer Price Index u .8 16 .s 1 a .4 
( 1985 • 100) 
World Bank ~UV Index (2) 66.4 73.0 83.9 
(1985 • 100) 

-
Implied Shadow Exchange Rate 1 0 .89 11 .as 1 o.n 
(1976 • 1.30 x OER) 
Shadow Exchange Rate 1.30 , .34 , • 39 
Conversion Factor (SER/OER) 

(1) Selling rate based on rortnlghtly average. 
(2) ~UV ls ~anufacturlng Unit Value. 

1979 1980 

8.25 8.20 

20.9 27.2 

95 .1 104. 3 

10.75 12. 77 

, • 30 1 • 56 

1981 1982 1983 1984 1985 1986 

8.29 9.28 11 .1 4 15.29 17 .72 31 .87 

34.2 45.S 54.2 78.0 1 oo .a 133 .3 

1 04 .8 103 .3 100.7 99.0 100.0 118. 3 

15 .97 21.so 28.32 38 .s1 48.86 55.07 

1.93 2.32 2.36 2.52 2.75 1.73 

1987 1988 

63.60 99.95 

171 • 8 220.3 

1 30 .8 140.7 

64.19 78.51 

1 • 01 0.77 



A.2.3. UK: Economic Appraisal of Investaents in the United 
Kingdom Public Sector 

The Basic Framework for Economic Analysis 

Specific advice on investment appraisal in the public sector 
is given by H M Treasury in a series of guides and papers, some 
of which are published. These are revised and updated from time 
to time. The most recent versions of these documents reflect the 
thinking of the present administration. These point to economic 
analysis through the discounting of a statement of all identified 
costs and benefits that can be quantified and valued. Both 
internal and external effects should be incorporated, includng 
not only those that impinge on the private sector but also those 
affecting government departments of any kind and public sector 
bodies. All values are to be expressed in pounds of constant 
value. Relative price changes over the investment period will be 
allowed for where they are important and can be predicted with 
realistic confidence. 

No numeraire is defined explicitly. In effect, the basis of 
value is consumption at domestic market prices in a base period. 
However, with no general barriers to trade and market-determined 
exchange rates for all convertible currencies, domestic prices 
and world prices should correspond closely for tradeable go<"lds. 

Shadow Pricing 

Shadow pricing in market economies covers three main areas: 

- adjustments that allow for 'normal' market imperfections 
and other market phenomena whereby project price is not 
equal to economic value; 

- assessing the value of non-market effects; and 

- adjustments to allow for price interventions by government 
that cause deviations between market price and economic 
value. 

( i) The first of the three ma in pr icing areas - value 
distortions stemming from normal market operations - is not 
the subject of much specific Treasury advice. Professional 
economists working on the appraisal of government projects 
are expected to recognise and allow for these effects 
independently. 

Two other '--1pes of effect may be conside=:e<l to fall in this 
category. The first is monopoly effects, either when 
project inputs are supplied by producers at higher than 
production cost because of the the control of supply by one 
or a few firms, or when only one or a few buyers take a 
project output, often at a price less than the parity value 
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of consumers' or exporters' valuations. In both cases 
excess profits may arise that should be adjusted for if 
they are significant. 

The second type of situation arises where the markets are 
so arranged that all suppliers obtain goods at the same 
price or on the same tariff. Investment appraisal looks at 
each project as a marginal activity to the economy as a 
whole, but this marginal situation may not be reflected in 
the project price. Thus, where a project input (say power) 
is met from existing surplus capacity, the average price 
tariff charged may overstate the actual resource cost of 
meeting this additional demand. Both spare capacity and 
economies of scale arguments may be relevant. Conversely, 
average price charging may understate the resource costs of 
supplying a particular additional user, especially where 
the ~ixed costs (power connections for example) associated 
with a particular project may be higher than the average on 
which standard tariffs and charges are based. 

Both the 'monopoly' and the 'non-marginal' reasons for 
price r~valuation are likely to be more important for 
medium and small projects than for big ones. Large 
entities may either negotiate, or be charged, special 
prices that reflect either the specific situation of the 
project, or its own degree of monopoly strength. 

(ii) Amongst the non-market effects that are most consistently 
and thoroughly valued are those associated with roads. 
Very detailed standardised and computerised programmes for 
trunk road appraisal are used by the Department of 
Transport (the COBA system). Other types of investment 
(for example land reclamation) are also to be valued as 
fully as possible in this approach. However, it is 
recognised that not everything can be valued for 
incorporation in an ap~raisal. Well established procedures 
are used for the cost-effectiveness analysis of aspects of 
some services (fer example hospital construction) bu~ net 
everything is covered in detail. Imputed values for time, 
noise and pollution for example may be brought into an 
appraisal. However, it is recognised that many things 
cannot be handled in value terms. It is conventional to 
argue that non-valued effects should always be mentioned 
and listej in appraisals, and quantified wherever possible. 
Some specialist guides and manuals for particular types of 
non-market appraisal are published by the technical 
department responsible, chiefly the Department of Health 
and Social Security, and the Department of Transport. 

(iii) Price interventions by governments may occur on both the 
output and the cost sides of a project. Where product 
prices are controlled effectively, a project parity value 
can be calculated on the basis either of border prices or 
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of domestic market-clearing prices. These reference point 
values are adjusted for the relevant costs either from the 
project to the port or to the market. Sometimes this 
adjustment is simply allowing for actual or disguised taxes 
and subsidies, but often more is involved. 

The main interventions normally allowed for in shadow 
pricing for developing countries on the cost and resource 
side are; 

- foreign exchange; 

- labour; and 

- taxes/subsidies. 

In the UK, no adjustment to foreign exchange values is 
recommended or made. All convertible currencies are freely 
traded. (The problem is of forecasting the relative 
exchange rate movements with particular partners, not of 
allowing fer any suppressed demand at a given rate). Nor 
is there any case for a general adjustment between external 
and internal prices caused by specific taxes and subsidies 
on trade. These are relatively small, being used mainly as 
a means of protection for individual commodities, rather 
than a general instrument used to raise revenue, or to 
suppress the demand for imports. 

Labour is not shadow-priced under Treasury procedures. The 
full market wage is used, even in areas of high 
unemployment. Al though transfer payments are made to 
unemployed workers through the various social security 
schemes which could influence the supply price of labour, 
keeping it above its opportunity r,st in terms of other 
work or leisure foregone, no revalu~tion away from actual 
employment costs is made. 

Taxes of two kinds are distinguished. Firstly, indirect 
taxes on inputs; especially Value Added Tax but also 
special taxes and excises (for example on petrol), are 
recognise~ to be transfer payments, not resource costs, so 
th~y are excluded from an appraisal. However, secondly, it 
is recognised that some taxes (and subsidies) are designed 
to correct for external effects; normally external costs 
associated with use of the inputs concerned. Taxes and 
subsidies of these kinds, where they are recognised, should 
not be adj '1Sted for. Of course, in this case the 
associated external effects should not also be counted 
separately in the cost-benefit calculation. Situations of 
the second kind may not be common. The normal presumption 
will be that all taxes are of the first kind, and are 
therefore excluded as transfer payments. 
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The Discount Rate 

A central feature of the Treasury guidance on economic 
appraisal is its stipulation of a Required Rate of Return (RRR) 
that should be earned by nationalised industries on total assets. 
This rate, which was first set in 1967, is changed from time to 
time. In 1978, it was set at 5 percent, and this rate was 
confirmed in 1984 (H.M. Treasury 1984). Recently in 1989 it was 
increased to 8 percent for public sector trading organisations. 
Individual nationalised industrial and trading bodies are left to 
decide what Test Discount Rate (TDR) they should use for new 
investments and no single TDR is set for them by the government. 
Clearly, as the Treasury guide (H.M. Treasury 1984) on the 
discount rate implies, the basic TDR should be set with the need 
to meet the RRR on total assets borne in mind. In particular 
sectors with low returns on existing assets, a higher TOR may be 
needed for new investments. 

The underlying approach is that of opportunity cost. To 
prevent excessive investment in the public sector, returns there 
should be as high as pre-tax rates of return on private 
investment by firms carrying normal risk. These returns are 
monitored continually by the Treasury from reported accounts, and 
projections for a few years are made. (HMSO 1978). These are 
real rates of return, estimated on a constant value basis, which 
may at times exceed the real cost of borrowing to either the 
private or the public sectors. 

In April 1989, the government announced (Hansard, 1989) new 
RRRs. They estimated that the rate of return in the private 
sector had risen to around 11 percent. Accordingly, the RRR for 
nationalised industries and trading public bodies was raised from 
5 to 8 percent. This target rate is for investment programmes as 
a whole. Discount rates for individual projects co'.Jld be 
different. Proper attention would need to be paid to risk, and 
full allowance for it may (the Financial Secretary said) "be 
equivalent to requiring a higher rate of return on riskier 
projects." At the same time, the discount rate for the non
trading sector was set at not less than 6 percent, "based on the 
cost of capital for low risk purposes in the private sector''. 
Risk w i 11 be analysed separately, with more risky projects 
required to demonstrate correspondingly higher benefits. 

Illustrations of Economic Appraisal in Britain 

The Treasury guides contain a number of numerical examples, 
which demonstrate procedures on the basis of hypothetical 
situations. Unlike the ODA guide for project a ppr a i sa 1 (ODA 
1988) no government publication contains illustrations of or is 
based on actual investment appraisals undertaken internally by 
departments, nationalised industries and other public bodies. 
For an outline of underlying principles, H.M. Treasury (1984) 
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refers to amongst others, the text books by Mishan (1982) and 
Sugden and Williams (1978). Implicitly, these sources are taken 
to reflect underlying ideas and good practice that is consistent 
with the Treasury's approach to investment appraisal in the UK 
public sector. 

A volume edited by Pearce (1978) is concerned with the idea 
and the practical problems of placing a money value on non
marketed effects, drawing largely on studies undertaken in 
Britain. Specific illustrations refer to the valuation of noise 
nuisance, air pollution, recreational land use, water pollu~ion, 
human life and suffering. 
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Introduction 

This study should be seen as a set of preliminary national 
economic parameter (NEP) estimates for China. It is based on 
data supplied by the staff of the Research Institute for 
Standards and Norms (henceforth RI) to a team from the DPPC. The 
study utilises the semi-input-output (SIO) methodology for NEP 
estimates. It develops a SIO model for China and indicates how 
this model can be modified and improved when more data become 
available. The results should be seen as preliminary and 
illustrative of the SIO approach rather than as definitive. This 
is because of difficulty in assembling the data required for this 
work. The national input-output data utilized in the SIO model 
has several limitations noted in the text. Also given the 
complexity of the price structure in China, and wide ranging 
controls over prices it is difficult to obtain a set of prices 
that reflect scarcity values in the economy. Given the limited 
time available the study could do little on the important 
parameters of labour and the discount rate, although these are 
discussed briefly. 
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CBAPTBR 1 METHODOLOGY EMPLOYED 

This study estimates a set of National Economic Parameters 
(NEPs) for China. Given the gradual opening of the economy to 
foreign trade and investment in recent years, the question of 
planning the future participation of China in foreign trade is of 
relevance. The methodology of cost-benefit analysis surveyed in 
general terms in reports 1 and 2 allows projects to be assessed 
in terms of the efficiency with which they generate foreign 
exchange. Even projects producing non-traded marketed outputs 
can be valued indirectly in terms of foreign exchange benefits 
and costs. 

However as a geographically large, and still partially 
protected economy a significant portion of economic activity in 
China remains non-traded. Therefore any approach to NEPs must 
allow for the interdependence between different non-traded 
sectors of the economy. This interdependence can only be 
captured adequately utilizing input-output data. Therefore the 
approach to NEP estimation employed here is one of semi-input
output analysis, following the procedures outlined in general 
terms in report 2. The basis for the SIO table is the national 
input-output data compiled regularly for China. This data has 
some limitations that are commented on below, but in general 
provides a useful starting point both for this exercise and for 
future work. 

1.1 Nuaeraire, price level and year of study 

The analysis of NEPs employing a SIO approach takes 1987 as 
a reference year, and uses domestic prices as the price units or 
the numeraire. The reference price level for the SIO table is 
producer prices. All CFs therefore give the ratios CFi = SPi 

OP. 
wher~ SP is the shadow price of i at domestic prices, and DPi i~ 
the domestic producer price of i. 

The choice of reference year, price units and price level 
was carried out in consultation with RI staff. The main data 
base for the analysis is the national input-output table for 
1987. Since the table is at producer's pr ices for 1987 this 
determines the year and price level. The use of a domestic price 
numerair~ is at the request of the RI staff who argued that this 
was more widely understandable in China, as it involves a shadow 
exchange rate, and also would be consistent with the earlier 
estimates by the RI. 

1.2 National Input-Output table 

The 1987 table covers 72 productive sectors. The table had 
to be modified however to match the requirements of SIO analysis. 
A critical adjustment is division of the productive sectors into 
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traded and non-traded. This classification was done by RI staff. 
As a working criteria a sector was treated as traded if total 
trade imports plus exports is more than S\ of total output value. 

It should be noted that an examination of the trade data 
from the national input-output table reveals that this working 
criterion was not in fact followed consistently, so that some 
sectors that would be traded on this criterion have not been 
classed as traded. In SIO methodology there is no agreed formal 
definition of what constitutes a traded sector, but any 
recalculation of the SIO model could include more sectors in the 
traded category. RI staff are revising their classification of 
sectors to examine how this will affect the results. 

In some cases it was felt necessary to split the original 
sectors of the national input-output table, since they covered 
too wide a range of goods, some of which were judged sufficiently 
i~portant to be shown as a separate sector. 

- Maize is separated from 3 - other grain crops to become 
3A 

- Tea is separated from 6 - Other cash crops to become 6A 
- 16 is split into separate parts distinguishing between 

crude oil, which become 16A, and natural gas which become 
16 B. 

- Sugar is separated from sugar, cigarettes and wine, to 
become SS A, whilst the latter two remain grouped together 
as SS B. 

In addition two sectors are treated as partially traded in 
that some domestic production is of a sufficiently different 
quality and specification to that of imports to be non-competing 
with imports. This problem is handled by splitting the sectors 
into non-traded and traded elements, with the traded part 
covering only import - competing goods. This approach is 
followed for 

31 Steel shapes 
31A import - competing 
31B non-traded 

39 Transportation Equipment 
39A import - competing 
39B non-traded 

40 Power Equipment 
40A import - competing 
40B non-traded 

In addit.ion to splitting some of the original sectors from 
the national input-output table, other sectors are aggregated. 
This is primarily for purposes of computation to bring the total 
A matrix to no more than 65 x 65. As far as possible relatively 
homog~neous sectors are grouped together. The groups and their 
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new titles and coding are given in table 1. 

Table 2 gives the original and new classification of all 
productive sectors, distinguishing between traded and non-traded. 
There are 62 productive sectors in the table, and three columns 
covering aggregate conversion factors. These are the average of 
all conversion factors (ACF), a conversion factor for Agriculture 
(AGCF), and for average consumption (CCF). It should be noted 
that Lwo sectors from the original table are not shown. These 
ar~ Electricity (original code 18) and Rail Transport (original 
code 59). The3e two are included as primary inputs in the F 
matrix, since they are treated as non-traded activities in fixed 
Sllpply (see be low). 

Original 
Code 

8 
9 

10 
11 

20 
21 
22 
23 

24 
25 

38 
39B 
40B 
41 

43 
44 

68 
69 
70 
71 
72 

Table 1 Aggregation of Sectors 

Sectors New Code New Title 

Meat ) Other Non-
Vegetables ) 10 Traded 
Fish ) Agricult'.Jre 
Fruit ) 

Non-Metallic Metals ) Non-Metallic 
Cement ) 19 Minerals and 
Glass ) others 
Other Building Materials) 

Chemical Mine!' a ls ) 20 Chemicals 
Chemical Materials ) 

Industrial Equipment ) 
Transport Equipment ) 34 Equipment 
Power Equipment ) 
Other Machine Products) 

Electronic Components ) 
38 Electronics Electronic Products ) 

Various Distribution 
activities 

62 Distribution 
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Table 2 Classification for Productive Sectors 

Original So::ctor Category New Code 
Code 

1 Rice T 1 
2 Wheat T 2 
3A Maize T 3 
3B Other Grains NT 4 
4 Food Oil NT 5 
5 Cotton T 6 
6A Tea T 7 
6B Other Cash Crops NT 8 
7 Hidt::s and Skins T 9 
8 Meat NT ) 
9 Vegetables NT ) 10 10 Fish NT ) 

11 Fruit NT ) 
12 Rubber T 11 
13 Forest Products T 12 
14 Medicinal Materials NT 13 
15 Coal NT 14 
16A Crude Oil T 15 
16B Natural Gas NT 16 
17 Oil Products NT 17 
19 Processed Wood NT 16 
20 Non-Metallic Minerals NT ) 
21 Cement NT ) 19 
22 Glass NT ) 
23 Other Building ) 

Materials NT ) 
24 Chemical Minerals NT) 20 25 Chemicals Materials NT) 
26 Fertilizer T 21 
27 Organic Chemicals NT 22 
28 Toiletries NT 23 
29 Iron Ore T 24 
30 Pig Iron NT 25 
31A Steel Shapes T 26 
31B Steel Shapes NT 27 
32 Refractory Materials NT 28 
33 Coking and Gas NT 29 
34 Iron Alloy NT 30 
35 Non-Ferrous Minerals T 31 
36 Non-Ferrous Metals T 32 
37 Agricultural Machinery NT 33 
38 Industrial Equipment NT 
39B Transport Equipment NT 34 
40B Power Equipment NT 
41 Other Machine Products NT 
39A Transport Equipment T 35 
40A Power Equipment T 36 
42 Telecommunications NT 37 
43 Electrical Components NT 38 
44 Electrical Products NT 
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Table 2 c:ontd •••• 

Original So=ctcr Category New Code 
Code 

4S Railway Equipment NT 39 
·~6 Shipbuilding NT 40 
47 T-=xtile Fabrics T 41 
48 Cotton Textiles T 42 
49 Woollen Textiles NT 43 
50 J\.:te Textiles T 44 
51 Knitwear T 45 
52 Silk Products T 46 
53 Household Electricals NT 47 
54 Light Industrial 

Products NT 48 
SSA Sugar T 49 
SSB Cjgarettes and Alcohol NT 50 
56 Other Food Products NT 51 
57 Paper Making T 52 
58 Medical Products NT 53 
60 Water transport NT 54 
61 R.:iad Transport NT 55 
62 A~r Transport NT 56 
53 Public Service NT 57 
64 Housing NT 58 
65 PL,blic Transport NT 59 
66 Construction NT 60 
67 Restaurants NT 61 
68 ( NT ) 
69 ( NT ) 62 70 ( Various NT ) 
71 ( Distribution NT ) 
72 ( NT ) 

ACF 63 
AGCF 64 

CCF 65 

T = Traded 
NT = Traded 

A major limitation of th~ national input-output table for 
this analysis is that it does not have a direct import row, so 
that all direct coefficients show total purchases by one sector 
from another regardless of whether supplies are produced 
dumesticallt or are imported. This is a major limitation for SIO 
dnalysis, since it means that if the coefficients arR used 
without ~djustment th~ direct foreign exchange content of non
traded sectors will not be estimated. The approximate approach 
that was sugg-=sted by DPPC staff to overcome this difficulty was 
to assum~ that for each transaction in th~ table the share of 
imports in demdnd was equal to the share of total imports in 
total output ~or the good concerned. For exampl~ for raw cotton 
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if total raw cotton imports are 10% of total domestic output of 
raw cotton, this approach assumes that for each purchase of raw 
cotton, shown in the national table, 10% of this will go on 
imports and 90% on domestic supplies. This approach is only 
approximate since it implies a constant import share in all 
purchases. Further it fails to distinguish between expenditure 
on imports at cif prices, and expenditure imports due to tariffs. 

Unfortur.ately this adjustment was not made, so that the 
unadjusted coefficients from the national table are used in the 
SIO model. This is equivalent to the assumption that there are 
not direct imports, and that the foreign exchange content of 
production arises only through the purchase of domestically 
produced import-competing or exportable goods. Without seeing 
the adjusted coefficients it is difficult to assess how great is 
th~ inaccuracy caused by this assumption. 

1.3 Non-Traded Goods Sectors 

The majority of production is treated as coming from non
traded sectors, with the assumption that in the medium term for 
most sectors domestic supply can increase to meet additional 
demano from new projects. For non-traded sectors in variable 
supply the shadow price is defined as the full cost (variable 
plus fixed) per unit of production. In principle this should be 
a marginal cost, but in practice in this type of analysis 
constant costs are normally assurued so that marginal and average 
costs are treated as being equal. The cost structure for these 
non-traded activities comes frow the coefficents of the national 
input-output table. Some non-traded sectors are treated 
differently however. 

After discussion with RI staff it was decided that currently 
five sectors have sufficient surplus capacity to expand without 
additional investment. This decision was taken on the basis of 
the judgement of the RI staff since no capacity utilisation data 
wer~ available. The sectors concerned and their codes are 

Original 
Code 

38 
41 
44 
S3 
SSE 

Industrial Equipment 
Other Machine Products 
Electronic Products 
Household Electricals 
Cigarettes and Alcohol 

New 
Code 

34 
34 
38 
47 
so 

The analysis is complicated by the fact that the equipment 
sectors (38 and 41 in original code) and electronic prnducts (44 
in original code) are now part of the aggregated sectors 34 and 
38 ~espectively. Furt~0rmore since precise data on capacity 
utilization are not available it is difficult to check the 
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accuracy of t~e assumption of excess capacity. However as part 
of the sensitivity analysis of NEP estimates in one of the =ases 
examined, these sectors are valued only on their variable costs. 
This means, in this case, that the primary input capital charge 
is zero for these sectors, and any actual profits become surplus 
profits and are shown as transfers. 

Also at the suggestion of the RI staff it was agreed to 
treat two non-traded sectors as being in fixed supply. This 
implies that in the medium term capacity will not be expanded 
sufficiently to meet demand, and any additional expenditure on 
those sectors will divert their services from other users rather 
than lead to an expansion of capacity. The two sectors treated 
in this way are 18 Electricity and 59 Rail Transport. As sectors 
in fixed supply they are taken out of the part of the table 
relating to productive sectors, the A matrix, and placed in the F 
matrix as one of the primary inputs. 

1.4 Traded Good Sectors 

In entering values for traded sectors in the SIO table the 
standard procedure for this analysis at producer's prices is 
employed. 

For direct imports the CF is 

CIF 
DP 

where CIF is the import price, and DP is the landed cost domestic 
price inclusive of tariffs and indirect taxes on imports. 

For import-competing domestic goods the CF is 

where OPP is the domestic producer price. 

T1 and o1 are the costs at shadow prices of transport and 
distribution in moving imports of a good from the 
port of entry to the main consumption centre. 

T2 and o2 are the costs at shadow prices of moving local 
supplies of the same good from its domestic 
production point to the main consumption centre. 

If for simplicity it is assumed that (T1 + o1 ) = (T2 + o2 > 
the CF ior an import-competing domestic good reduces to 

CF = CIF 
OPP 
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This is the approach used here since in an SIO model it is 
generally very difficult to distinguish transport and 
distribution costs for imports and import-substitutes. 

For exports and exportables the CF is 

FOB - ( T]-.! .... !hl 
OPP 

where FOB is the export price, and T 3 and o3 are domestic 
transport and distribution costs involved in moving the export 
good from the production site to the port. T3 and o3 should be 
valued at shadow prices. 

To arrive at these price ratios for China direct price 
comparisons had to be made, since differences between domestic 
and world prices for China cannot be inferred from tax rates. 
This is because of the existence of both import controls and 
producer and consumer subsidies, all of which affect domestic 
prices for tradeable goods. 

To derive the relevant CFs for traded sectors it is 
necessary to estimate the price ratios noted above. This was 
done by identifying what were judged to be representative 
commodities for each of the traded goods sectors and by taking 
the price ratio for the sector as a whole as a weighted average 
of the ratios for these representative commodities. Selection of 
the commodities and the calculation of the price ratios was done 
by RI staff. 

The treatment can be illustrated as follows: 

TRADED SECTOR - IMPORT COMPETING 

PRICE RATIO = a 1 CIF1 + a 2 CIF2 
DPP1 DPP2 

( 1 ) 

where 1 and 2 are representative commodities 

and a 1 and a 2 are the weights placed on these 

DPP1 and DPP 2 are average domestic producer prices for 1 

and 2, and CIF1 and CIF2 are import prices. 

TRADED SECTOR - EXPORTS 

PRICE RATIO = a 1 FOB1 + a 2 FOB2 
DPP1 DPP2 

(2) 

wher~ FOB1 and FOB2 are export prices. 

9 



TRADED SECTOR - MIXED 

PRICE RATIO = a 1 FOB1 + a 2 CIF2 
DPP1 OPP2 

( 3) 

where 1 is an export and 2 is an import competing product. 

Where possible the weights used in the formulae refer to 
quantity of imports and exports, but whgre ~on-homogeneous goods 
are involved import and export values for the items are used as 
weishts. 

Some sectors are mixed in that they contain both import
competing and export goods. In this case equation (3), which 
gives an average price ratio for both types of traded good is 
used. Where the representative commodities are both exported and 
imported, they are treated as either one or the other on the 
basis of which total value is greater. 

Strictly to estimate price ratio (2) above the transport and 
distribution costs of export sectors, as a percentage of the 
export price, should be known. This information was requested 
but as it was not supplied by RI staff all calculations for 
export sectors omit transport and distribution components. For 
most sectors the errors involved in this omission are not likely 
to be great but it could be corrected in a later calculation when 
these estimates become available. 

A complication arises in the case of domestic producer 
prices given the complex price system in China and the 
coexistence of both state-controlled and market determined 
prices. The 1987 national input-output table is based on average 
prices - which are averages of these two types of prices. For 
consistency therefore as far as possible average OPP prices -
average of both free market and controlled prices - a=e 
identified and used in the price ratios. Price data were 
collected and analysed by RI staff and the results of their 
calculations are given in table 3. The column headed ratio gives 
the price ratios, and the final column gives the number of 
representative commodities used for each sector. Unfortunately 
for only 5 traded sectors was it possible to identify free market 
prices, so that for most of the sectors OPP is a controlled not 
an average price. 

1.5 Aggregate Conversion Factors 

The last three columns of the SIO table are aggregate CFs 
that are defined as weighted averages of the CFs for groups of 
productive sectors in the table. The average r~nversion factor 
(ACF) is a weighted average of all CFs, with weights given by 
total output val~e for each sector at 1987 a~mestic prices taken 
from the national input-output table. 
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Table 3 Price Ratios for Traded Sectors 

Table Sectors Unit T.IM.V T.IM.Q T.EX.V T.EX.Q Ratio No. 
No. m$ m$ Rep 

1 Rice* !Nt9 81.859 553.902 187.121 1021.6 1.6927 2 .. Wheat* mk9 1448.26 13873.41 0.8369 3 ... 
3A Maize* mk9 150.532 1541.8Sl 323.189 3916.185 1.009 1 
5 Cotton mk9 12.788 S.976 777.033 818.154 1.0901 3 
6A Tea mk9 13.987 12.052 362.493 174.279 1.6843 1 
7 Hides, Skins 

Leather* mn 48.976 2.371 73.232 11.87S 1.S015 3 
12 Natural Rubber mkg 391.645 413.6S9 O.S793 2 
13 Forest 

Products* man 559.934 8.237 33.518 7.0S8 0.9721 4 
16A Cr~de Oil mk.g 29.1 128.7 3141 27225.4 3.81S2 1 
26 Chemical 

Fertilizer mkg 1399.22 10895.26 1.1652 4 
29 Ferrous 

Metal Mine mkg 332.184 11393.29 12.246 100.012 l.4S73 4 
31A Steel Shapes mkg 4567.737 12838.91 1.8907 17 
35 Nonferrous 

Metal Mine mkg 544.79 8S9.23 180.789 134.691 1.0458 s 
36 Nonferrous 

Metal mkg 113.5Sl 98.633 148.211 66.039 0.8132 6 
39A Transportation 

Fquipment n 1219.0S4 99371 0.5205 8 
40A Power 

Fquipment mn 211.488 29.94S8 0.77S2 5 
47 Textile 

Fabrics illkg 946.992 488.745 S65.988 187.878 1.4224 10 
48 Cotton Textile mm 261.429 188.45 2071.484 2341.484 1.3866 3 
50 Jute Textile mm 33.234 13.916 134.256 99.7 0.9971 2 
Sl Knitwear 

Textile mm 273.478 163.921 924.0S4 1S91.475 1.0151 6 
S2 Silk Products mkg 426.76 28.184 1.2642 3 
SSA Sugar mkg 297.43S 1826.693 90.S65 4S2.466 0.4523 2 
57 Paper Making mkg 1105.658 2515.037 186.S76 321 0.7083 14 

Notes: T.IM.V; T.EX.V - Total value of imports and exports. 
T.IM.Q; T.EX.Q - Total quantity of imports and exports. 
Ratio - Weighted average ratio of traded price and domestic 

producer price as explained in text equations 
(1) I ( 2) and (3). 

No.Rep. - The number of each sector's weighted representative 
conunodities. 

mkg - million kilograms 
mn - million number of items. 
n - number of item. 
mcm - million cubic meters. 
mm - million meters. 
Official exchange rate: 1US$ = 3.72 RMB. 
* - sectors for which free market prices available. 
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The agriculture conversion factor (AGCF) is a weighted 
average of the CFs for agricultural sectors, with the share of 
each sector in total agricultural output used as w~ight. For 
this cal cu la ti on the fol lowing sectors were classed as 
Agr ic11l ture. 

Original Sectors New Weight 
Code Code 

1 Rice 1 0.1337 
2 Wheat 2 0.0785 
3A Maize 3 0.0543 
3B Other grains 4 O.OG04 
4 Food oil 5 0.0344 
5 Cotton 6 0.0285 
GA Tea 7 0.0028 
GB Other cash crops 8 0.3157 
7 Hides and skins 9 0.0151 
8 Meat ) 
9 Vegetables ) 

10 0.258G 10 Fish ) 
11 Fruit ) 
12 Rubber 11 0.0073 
13 Forest products 12 0.0107 

1.0000 

For consumption the procedure is first to find the total of 
final demand going to each sector. This is done by applying the 
final demand coefficient for each sector to the total output 
value for the sector. Where sectors have negative coefficients 
they are e.xcluded from the analysis. The national input-output 
data does not distinguish between consumption and investment as 
sources of final demand. Therefore 23 consumption sectors are 
identified on th~ basis of judgement. The consumption weights 
for the CCF are given as the final demand going to each of the 
consumption sectors as a proportion of final demand for the total 
of the 23 consumption sectors. The sectors selected and their 
weights are given below. 
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Original Consumption New 
Code Sector Code Weight 

1 Rice 1 C.0935 
2 Wheat 2 0.0382 
3A Maize 3 0.0174 
3B Other grains 4 0.0203 
4 Food oil 5 0.02803 
6A Tea 7 0.00309 
6B Other cash crops 8 0.0074 

8-11 Other non-traded agriculture 10 0.1865 
28 Toiletries 23 0 .0115 
48 Cotton textiles 42 0.0648 
49 Woollen textiles 43 0.0222 
50 Jute textiles 44 0.0019 
51 Knitwear 45 0.0457 
52 Silk products 46 0.0313 
43 Household electricals 47 0.0397 
54 Light industrial products 48 0.1472 
SSA Sugar 49 0 .0116 
SSB Cigarettes and Alcohol 50 0.0770 
56 Other food products 51 0.1018 
58 Medical products 53 0.0252 
64 Housing 58 0.0076 
67 Restaurants 61 0.0175 

1.0000 

1.6 Structure of the Model 

The model is based around three matrices. the A matrix (65 
x 65) covers the transactions between the 62 productive sectors 
and three aggregate conversion factors. The F matrix (7 x 65) 
gives the inputs of primary factors into each productive sector. 
The T matrix (7 x 65) gives the values of the primary inputs, and 
covers the interdependence between CFs for primary inputsand 
productive sectors. 

In principle any primary input CF may be determined by any 
productiv~ sector or aggregate CF. This is allowed for in the T 
matrix. Where a primary input CF is determined by the CF for one 
of the 65 columns this is shown as a non-zero entry in the T 
matrix. 

For example if the Labour CF is given as 

the CFs for columns 25 and 
entered in the Labour row 

All other entries in the 

it is a function of a constant "a" and 
42. The coefficients b 25 and b 42 are 
in columns 25 and 42 of the T matrix. 
Labour row of the T matrix will be zero. 
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Primary inputs can have constant terms, like "a" in the 
expression for Labour given above. All constants are given in 
the vector Q (7 x 1),. Therefore for the Labour row in the Q 
vector, in this example the entry will be a. 

1 , 

65 

1 
1 

7 

1 
1 

7 

A MATRIX 

F MATRIX 

T MATRIX Q 
7 

A full print out of the model for cases 1b and 1c is given in the 
Appendix. 

1.7 SIO entries for traded sectors 

Estimation of the direct price ratios provided the data for 
each traded sector in the A matrix of the SIO table. The OPP is 
set at 1.0, as the reference point for the table. The price 
ratio for the representative commodity sample gives the world 
price of the output of the sector. This is the foreign exchange 
value for the sector. In the cases of import competing 
production the difference between OPP and CIF is treated as a 
subsidy to produ~ers where it is positive and a tax where it is 
negative. 

For example, where the price ratio is 1.25 the CIF price is 
25% above the OPP, and this 25% margin is a tax on domestic 
producers, who receive negative protection from the trade control 
system. In this case the SIO entries will as follo~s 

Foreign Exchange 
Transfers 
OPP 

1.25 
-0.25 
1.0 

Where the price ratio is 0.8, the CIF price is below the 
OPP, and domestic producers receive a subsidy. The SIO entry 
will be 
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Foreign Exchange 0.8 
Transfer 0.2 
DPP 1.0 

For import-competing goods no transport and distribution 
costs need be considered, since the ~omparison is at the producer 
price level, and the economic value of output is simply the cif 
price, without including any local costs associated with moving 
tht:! good to local consumption points. For exports and 
exportables however these local costs are relevant since the 
economic value of output is the fob price net of local transport 
and distribution costs involved in moving the good to the border 
for export. For example, if these latter costs are 5% of the 
DPP, and the price ratio is 1.20, the SIO entries will be 

Transport and Distribution 
Foreign Exchange 
Transfers 
DPP 

-0.05 
1 .20 

-0.15 
1.00 

Date on estimated coefficients for transport and 
distribution costs for major exports were requested from RI staff 
but were not available for the study. 

1.8 SIO Entr:~s for Non-Traded Sectors 

The coefficients for these sectors in the SIO table are 
taken directly from the national input-output table. Inputs from 
non-traded sectors are shown in the A matrix, and inputs from 
traded sectors in the F matrix. 

Indirect taxes on output of each sector are shown under 
Transfers, and wage costs are shown under the primary input 
Labour. Interest, Profits and Depreciation ~e grouped together 
under Capital charge in one case, and partly treated as surplus 
profits and entered under Transfer in another. Inputs from 
Electricity and Rail Transport sectors are shown as primary 
outputs in the F matrix as these are treated as non-traded items 
in fixed supply. Finally the residual Others is shown as a 
separate primary iriput. (see 1.9 below). 

1.9 Primary Inputs in SIO table 

Following the standard SIO procedure all productive sectors 
are decomposed into a set of primary inputs. The inputs used in 
th..:: table are determint·d by data availability and particular 
features of th~ economy. In this analysis seven primary inputs 
are used. 
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Foreign Exchange (F1) 

This is the direct input content of n0n-traded sectors, and 
the foreign exchange value ~f all traded sectors. In a world 
price system it is valued at 1.0. In a domestic price system it 
is valued at 1.0 plus the premium placed on foreign exchange, and 
given by the ratio of the shadow to the official exchange rate. 

To make analyses in the two systems directly equivalent the 
premium on foreign exchange can be set as 1/ACF, where ACF (the 
average conversion factor) is the average ratio of world to 
doraestic prices for the economy. 

Transfers (F2) 

These transfer payments cover all taxes, subsidies, and 
excess prof its, where the latter can be identified. 

Labour (F3) 

Chinese input-output statistics do not distinguish between 
skilled and unskilled workers, so only an aggregate labour 
category could be used. Given the uncertainty surrounding the 
value of labour three alternatives are used in the calculations, 
termed cases a, b and c. 

Capital Charge (F4) 

This i tern covers the charge for the use of capital assets in 
non-traded activities. Given the uncertainty surrounding the 
real capital charge two alternative approaches are used. T~e 
first (case 1) will give an estimate that is likely to have a 
downward bias, and the other (case 2) is likely to have an upward 
bias. They can be seen as alternatively 'low' and 'high' 
estimates of the capital charge. 

The national input-output table gives capital related 
entries of Prof its before tax, Interest, Depreciation and Major 
Repairs. The total of these will be termed Operating Surplus. 

The first approach to the capital charge (case 1) estimates 
it by applying a capital recovery factor (at 10% discount rate 
for 20 years) to the capital stock data for fixed plus working 
capital ~rom the national input-output table. For all but the 
agricultural sectors any Operating Surplus above this estimate of 
th~ capital charge is treated as surplus profits and entered 
under Transfers. For the agriculture sectors capital stock 
figures are low relative to output, and the excess of Operating 
Surplu~ over th~ estimated capital charge is treated as returns 
to fa~ily labour, and included under the primary factor Labour. 
Also in case 1 zero capital charge is shown for the four sectors 
where surplus cnpacity is assumed. This approach whilst 
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theoretically more rigorous than the second has the limitation 
that capital stock figures from the national input-output table 
are at historical not replacement cost. This will almost 
certainly give a downward bias to this capital charge estimate. 

The other approach used (case 2) assumes that all of 
Operating Surplus reflects the charge for the use of capital. In 
one of the cases examined this is the assumption for all sectors 
except 58 Housing. There Operating Surplus is negative. On the 
grounds that it is difficult to interpret returns to capital in 
this sector it is valued on the basis of variable costs only. 
Since all of Operating Surplus is unlikely to be a real capital 
cost there is an overestimation in this approach. 

Electricity (FS) 

This sector is treated as subject to excess demand in the 
medium term, so that any additional project expenditure will 
divert supply from other users rather than creating an expansion 
of supply. For this reason it is not treated as a productive 
sector in the A matrix. 

Rail Transport (F6) 

This is treated in the same way as Electricity. 

Others (F7) 

This is a minor residual category in the national input
output table, which is used to maintain the balance of the table. 
It can be interpreted as minor costs that cannot be attributed to 
particular sectors. 

1.10 Valuation ~f Primary Inputs 

In an SI system the CF for each sector is a weighted 
averag~ of the CFs for the total - direct plus indirect - primary 
inputs that go into the sector. Solution of the system requires 
a vector of CFs for the set of primary inputs. Some of these CFs 
for primary inputs are ~pecified exogenously, whilst others are 
determined within the SIO model. 

The logic of the approach used is to express all sectors in 
terms of the value of primary inputs into those sectors. So for 
sector i 

where CFf is the CF for primary input f 
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and afi is the share of input f in output value in sector i. 

The SIO model used here was developed originally for 
calculation in a world price system. Here all estimates are 
initially derived in a world price system, they are then 
converted to domestic price units by multiplication by the 
inverse of the ACF (1/ACF). All results are directly comparable 
in both price units. The treatment of the seven primary inputs 
in both price systems is summarized in table 4. 

Table 4 CFs for Primary Inputs 

Domestic Price System World Price System 

Foreign Exchange 1/ACF 

0 

1 .o 

Transfers 0 

a) 0.75 AGCF~+0.25 CCF1 
b) 0.50 AGCF 
c) 0.25 AGCF1 

Labour a) 0.75 AGCF+0.25 CCF 
b) 0.50 AGCF 
c) 0.25 AGCF 

Capital charge 1 .o ACF 

Electricity e x CCF1 

t x CCF1 

e x CCF 

Rail Transport t x CCF 

Others 1 .o ACF 

where ACF is the average conversion factor in a world price 
system, 

AGCF is the agriculture conversion factor in a world 
price s~stem, 

CCF is the consumption conversion factor in a world 
price system, 

AGCF1 and CCF1 are the agriculture and consumption 
conversion factors, respectively, in a domestic 
price system, 
where AGCF1 = AGCF x 1 , and CCF1 = CCF x 1 

ACF ACF 
e is the ratio of willingness to pay for electricity 

at domestic prices to the market tariff, and 
t is the ratio of willingness to pay for rail 

transport at domestic prices to the market tariff. 

Three alternative treatments of the labour input a), b) and 
c) are used. The willingness to pay estimates at domestic prices 
e and t are taken from estimates by RI staff. All the aggregate 
conversion factors ACF, AGCF and CCF are calculated within the 
mod1::: 1. 
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The valuation of each of the primary inputs in a domestic 
price analysis is discussed in turn. 

Foreign Exchange 

The premium is estimated as the inverse of the average 
conversion factor, (_1 _). 

ACF 

This approach assumes that the economy wide-divergence 
between domestic producer prices and world prices for both traded 
and non-traded sectors determines the premium. This is a 
precisely equivalent treatment to that in a world price system, 
where foreign exchange as the numeraire has a value of 1.0. 

Transfers 

These all have an economic value of zero. 

Labour 

As an important parameter subject to considerable 
uncertainty, labour is valued in three different ways. In a) a 
"high" value is used. Here labour is valued by a weighted 
averag~ of CFs for Agriculture and Consumption. This is on the 
grounds that the earlier estimate by the RI had identified two 
components of th~ shadow wage - output foregon~ in agriculture 
and the additional consumption cost associated with employing new 
workers. This latter component arising from medical and 
infrastructure expenditures was put at 25% of the market wage. 

Estimates of output foregone in agriculture are difficult to 
obtain. As a first approximation to en upper-estimate the 
assumption was more that the average annual wage in agriculture 
can be used as a proxy for output foregone. In 1987 this average 
wage was ¥1171. This is approximately 75% of the average market 
wage in state owned enterprises in 1987. Output foregone 
comprises output from both traded and non-traded sectors and must 
be revalued by a CF for Agriculture. The model calculates a 
weighted average for agricultural goods which is applied in the 
Labour calculations. Similarly the consumption cost component 
must be revalued, and the average CF for consumption is used for 
this purpose. 

On these assumptions the expression for the shadow wage is 

SWR = m. AGCF + c. CCF 

where m is output foregone in agriculture 

and c is additional consumption cost of employment. 
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By assumption m = 0.75 MWR 

and c = 0.25 MWR 

where MWR is the market - -~ rate on new projects. 

Therefore SWR = 0.75 MWR~ ~GCF + 0.25 MWR. CCF 

The CF for Labour is thus 

SWR = 0.75 AGCF + 0.25 CCF 
MWR 

This estimate of labour's cost is likely to have an upward 
bias chiefly because it equates average wages in agriculture with 
output foregone which relates to marginal products. Treatment 
b}, which can be seen as an "intermediate" estimate of labour's 
cost assumes that output foregone in agriculture is 50% of the 
market wage (m = 0.50 MWR}, and that for marginal workers the 
extra consumption cost of employment is zero, since they will use 
existing housing, medical or other facilities. Here 

SWR = 0.50. MWR· AGCF 

and the CF for labour is 0.50. AGCF. 

As an alternative treatment c} assumes a "low" estimate for 
labour's cost, where output foregone in agriculture is 25% of the 
wage paid on new projects, so that 

SWR = 0.25. MWR AGCF 

and the CF for labour is 0.25 AGCF. 

Capital Charge 

This represents the capital charge for use of assets in a 
sector. It represents foregone surplus elsewhere in the economy. 
Assuming the resources are mobile this foregone surplus could 
come from any sector, so that one can use the economy-wide ACF to 
express this capital charge at world prices. In a domestic price 
analysis where the foreign exchange premium is applied to world 
prices these two adjustments cancel out (ACF x ~1- = i.O}, so 

ACF 
that the final conversion factor for capital assets is 1.0. 

Electricity and Rail Transport 

As sectors in fixed supply some estimate is required of 
their scarcity value to users. At existing tariffs there is a 
lar3e excess demand for these sectors. The RI staff estimated 
approximately th~ market-clearing price at domestic prices, and 
this gives an approximation for the premium above current 
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tariffs. This estiIT.ated premium-inclusive price can be 
interpreted as an app· imate estimate of willingness to pay for 
these services at don tic prices. For electricity the ratio of 
the premium-inclusive to the current price is 3.0, whilst for 
rail transport it is 2.50. In a world price system consumer 
willingness to pay must be converted to world price equivalents 
by a consumption conversion factor. In a domestic price system 
this world price value must be converted back to domestic price 
units by the premium on foreign exchange. Where ACF = CCF the 
conversion factor for these non-traded items will be 1.0, but 
here whilst in some cases the ACF and the CCF are close, the CCF 
is always below ACF so that the conversion factor applied to e 
and t is al ways below 1 .O. 

Others 

This residual item has a CF of 1.0 in a domestic price 
system. It is already at domestic prices and is not adjusced in 
the calculations. In a world price system it is valued at the 
ACF, but as with the capital charge use of the foreign exchange 
premium of 1/ACF reduces its CF to 1.0. 

Values for primary input CFs are entered in the T 'latrix (7 
x 65) and in the vector Q (7 x 1). For example for labour the 
relevant entry is row 3 in the T matrix. In a) where Labour's CF 
is 0.75 AGCF + 0.25 CCF all columns will be zero except column 64 
for Agriculture where the entry is 0.75, and column 65 for 
Consumption, where it is 0.25. In b) where Labour's CF is 0.50 
AGCF the entry in the T matrix for labour row 3 is zero except 
for column 64 Agriculture where it is 0.50. Inc) the entry in 
column 64 is 0.25. 

The Q vector is used only for constant terms. Electricity 
and Railways have entries of 3.0 and 2.50 respectively in column 
65 Consumption; their primary inputs are 3.0 x CCF for 
Electricity and 2.50 x CCF for Railways. For Foreign Exchange, 
Capital charge and Others, there is an entry of 1 .O in vector Q. 

1.11 Sensitivity Analysis 

To cov1;r uncertainty in the basic ciata six :cuns of the model 
wer~ carried out changing values relating to the capital charge 
coefficients in the F matrix and the vclue of the primary input 
labour in the T matrix. 

Case 1 refers to the low capital chargP. estimate derived by 
applying a capital recovery factor to the historical capital 
stock data. Case 2 refers to the high capital charge estimate 
using total Operating Surplus as the capital charge. These two 
alternative treatments of capital are combined with the three 
treatments of l~bour - the ~igh shadow wage (a), the intermediate 
shadow wage (b), and the low shadow wage (c). 

The sensitivity analysis is summarized in tabl( 
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Capital 

Case 1 

Case 2 

Table 5 Sensitivity Analysis 

1a 1b 1c 

2a 2b 2c 

Labour 

a) SWR = 0.75.AGCF b) SWR = 0.50.AGCF c) SWR = 0.25.AGCF 
+ 0.25.CCF 
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CHAPTER 2 THE RESULTS 

2.1 Sensitivity Analysis 

The results for the aggregate CFs and labour for the six 
alternative cases are summarized in table 6. 

Table 6 Results of Sensitivity Analysis - Aggregate Parameters 

Parameters 

Foreign Exchange CF 
Labour CF 
AGCF 
CCF 

Parameters 

Foreign Exchange CF 
Labour CF 
AGCF 
CCF 

la 

0.86 
1 .oo 
1.02 
0.93 

2a 

0.69 
0.92 
0.93 
0.91 

Case 

lb 

1 .1 4 
0.44 
0.88 
0.93 

Case 

2b 

0.83 
0.46 
0.91 
0.98 

1c 

1 .26 
0.20 
0.82 
0.93 

2c 

0.89 
0.23 
0.90 
1 .02 

The foreign exchange CF is the average ratio of domestic to world 
prices for the economy (1/ACF). The premium on foreign exchange 
is the foreign exchange CF - 1.0, so that a value of below 1.0, 
implies a negative premium and an overvaluation of foreign 
exchange. The fall in the labour CF between the different cases 
reflects tht! assumption used iu the treatment of labour, as (a) 
refers to a high valuation, (b) to a intermediate and (c) to a 
low. 

A negative premium on foreign exchange appears a counter
intuitive results given the apparent scarcity of foreign 
exchange, and the existence of a black market. Therefore all 
cases except 1 b and 1 c ar9 not given further consideration 
because they imply a negative premium on foreign exchange; that 
is a shadow exchange rate below the official rate. 

2.2 Detailed Results for Cases lb and le 

The f u 11 re s u 1 t s f or these ca s e s are g i v en in the 
accompanying computer print-out as a set of CFs. The code 5 
refers to column numbers. 51 to 562 covers the 62 productive 
sectors. S63 is the ACF, S64 is the AGCF and S65 the CCF. The 
primary inputs have codes F1 to F7, and their conversion factors 
are also given. 
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Case lb 

fil ~ SJ 54 s S6 ~ ~ ~ m ru m m ~ 

1.932100 0.955263 1.151703 0.599014 0.607416 1.244273 1.922512 0.558972 1.71J8S8 0.644092 0.661230 1.109585 0.725870 0.894123 

515 516 517 518 519 ~ ~1 S22 m ~4 525 526 ~7 S28 

4.354787 0.685812 1.653437 1.26821\4 0.814039 0.891435 1.329995 0.847528 0.685359 1.663407 1.271227 2.158103 0.874637 0.676727 

S29 530 SJl SJ2 S33 SJ4 SJ5 536 S37 SJ8 S39 S40 541 542 

0.866816 t.250678 1.193708 o.928211 o.846967 o.6t28n o.594114 o.884837 o.672625 o.522882 o.846360 o.941249 1.623571 t.582708 

543 545 546 547 548 549 $0 $1 552 $3 554 SSS $6 

1.055176 1.138120 1.158666 1.442997 0.464404 0.814636 0.516269 0.488621 0.797066 0.808475 0.674399 0.886208 0.860066 1.013169 

$7 558 559 S60 561 562 563 564 565 

1.091941 1.199813 0.988733 0.838367 0.652146 0.823321 1.000000 0.879376 0.931803 

fl 

1.141431 

f2 fl 

0 0.4.39688 

F• rs f6 

1 2.795409 2.329507 

f7 
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Case le 

fil ~ ~ ~ ss ~ ~ 9 ~ m m m m ~ 

2.130787 1.053498 l.270139 0.444645 0.425882 1.372228 2.120213 0.375318 1.890103 0.500472 0.7292211.1l3689 0.618527 0.801513 

m m w m ~ ~ ~ m m ~ ~ ~ ~ m 

4.802611 o.674699 l.~ t.247455 o.783129 o.869383 u66765 o.asm4 o.6311'7 1.834463 t.263976 2.380032 o.864108 o.644m 

~ ~ ~ m m ~ m ~ m ~ ~ ~ ~ ~ 

D.822024 1.277357 1.316463 1.023664 0.823797 0.588361 0.655210 0.975829 0.669049 0.515556 0.S1S708 0.901167 1.790531 1.745465 

543 ~5 ~1 ~9 ~ 551 552 553 554 SSS 556 

1.122960 1.255159 1.277818 l.S91387 0.452497 0.822326 0.569359 0.447319 0.778022 0.891615 0.650296 0.8SS444 0.836248 l.019213 

557 558 559 S60 561 562 563 S64 565 

1.043949 1.080606 0.937348 0.780431 0.514266 0.7590311.000000 0.817974 0.934392 

fl 

1.2S881 

f2 f3 

0 0.204493 

F4 rs F6 

1 2.803177 ,.335981 

n 

1 



TOTAL ?RI~RY I~PUTS 

Sl S2 53 S4 55 56 

Fl 1.6927 8.8369 1.119 1.166142 1.857177 l.0901 
F2 -0.6927 1.1631 -1.009 1.027454 1.028860 -l.0911 
F3 I • I I. 739589 1.811795 0 
F4 8 0 I 1.048854 1.847115 I 
F5 0 8 t 0.007916 0.141719 0 
F6 0 0 I 0.002376 1.001311 0 
F7 0 8 • 0.008465 0.022920 0 

514 SIS 516 S17 SIS Sl9 

0.092441 
0.013319 
G.442593 
0.344300 
0.060435 
0.025463 
0.021447 

3.8152 0.129271 1.242133 0.563773 0.174889 8.217681 
-2.8152 1.418389 -0.43548 -0.30122 0.261179 0.228182 

0 G.114586 0.045146 8.371642 0.222054 1.206198 
o 0.230411 o.1189284 o.247994 o.~4 0.214400 
0 0.06j424 0.0232'.U 0.033119 0.1166213 1.0%346 
8 0.019164 0.019515 0.027129 0.042138 0.023550 
0 0.018751 0.016087 0.057561 0.024299 0.013807 

528 S29 530 

O.lt2328 0.102090 0.417238 
0.363450 0.218419 0.094504 
0.193919 0.245515 0.101227 
0.193117 0.249966 0.148248 
o. 049578 o. 046498 0.162136 
0.033044 0.093928 0.038954 
0.054560 0.043581 9.037688 

542 543 

1. 3866 o. 755833 
-0.3866 0.031132 

0 0.089577 
0 0.097627 
0 0.010923 
0 0.007513 
0 0.007391 

0.9971 
U029 

0 
0 
0 
0 
0 

558 

531 

1.0458 
-0.0458 

0 
0 
0 
0 
0 

545 

1.0151 
-0.0151 

0 
0 
0 
0 
0 

559 

S32 S33 S34 

0.8132 0.191105 0.210449 
0.1868 0.230896 0.409427 

0 0.196993 0.211406 
8 0.252066 0.073993 
0 o. 056775 0.038189 
0 0.044586 0.031913 
0 0.027575 0.024620 

S46 547 S48 

1.2642 0.167407 0.408242 
-0.2642 0.562995 0.208135 

0 0.135697 0.172220 
o o.OOJm o.154m 
0 0.031132 0.024003 
0 0.017947 0.013865 
0 0.020899 0.018755 

560 561 S62 

57 58 59 Sll SU Sl2 SlJ 

1.6843 1.083277 1.5015 0.185407 0.5793 0.9721 8.023361 
-1.6843 1.812728 -0.5015 0.012845 8.4207 8.0279 0.025554 

0 1.822889 0 t.703641 • 0 0.468256 
0 0.03"43 D 0.068470 8 0 0.436049 
0 1.018635 Ii 0.111814 • 0 0.004890 
0 0.001396 0 0.012828 0 8 8.001407 
• 0.830109 0 8.014993 0 0 0.040570 

521 S22 S23 

1.1652 0.358848 8.199683 
-8.1652 8.263060 0.250423 

o o.~;3097 o.331016 
0 8.133917 0.146377 
8 8.065470 8.031692 
8 8.014793 0.027171 
0 8.025812 0.013715 

S35 537 

524 S2S 

1.4573 0.321143 
-0.4573 -8.06001 

0 8.196644 
0 0.316902 
0 0.041245 
0 0.151874 
0 0.032209 

S38 S39 

S26 527 

1.8907 0.213158 
-0.8907 0.252784 

0 0.154639 
0 0.241451 
0 0.076399 
0 0.035165 
0 0.026400 

540 541 

0.5205 
0.4795 

0 
0 
0 
0 
0 

o. 7752 0.248048 0.220136 0.190611 0.166406 
0.2248 0.368417 0.517583 0.200324 0.064089 

0 0.140626 0.142687 0.228302 0.255885 
0 0.143538 0.047090 0.268087 0.401987 
0 0.031092 0.042667 0.051271 0.041915 
0 0.021762 0.009534 0.041815 0.037550 
0 0.046514 0.020300 0.019586 0.032164 

1.4224 
-0.4224 

0 
0 
0 
0 
0 

549 551 

0.4523 0.210571 0.433997 
0.5477 0.422588 0.133091 

0 0.281464 0.298253 
o 0.046880 o.o~ 
0 0.011243 0.013082 
0 0.014253 0.009329 
0 0.012997 0.013896 

S63 S64 

552 SS4 

0.7083 0.212753 0.152106 0.3358SS 
0.2917 0.311476 0.057941 0.089782 

0 0.210075 0.207471 0.269910 
0 0.200012 0.540469 0.252058 
0 0.026037 0.012032 0.020027 
0 0.020117 6.012998 0.013256 
0 0.019526 O.Ol6j79 0.019107 

0.385144 0.162135 0.293363 0.323580 0.180520 0.094883 0.147276 0.476870 0.506125 0.591792 
-0.01455 0.018280 -0.33714 -0.05471 0.133735 0.030997 0.062460 0.058143 -0.07902 0.023936 
C.161233 0.289595 0.656860 0.381876 0.339064 0.6340')3 0.348052 0.240401 0.513975 0.284940 
0.410366 0.370420 0.225983 0.263961 0.223136 0.211934 0.366978 0.127851 0.034552 0.068675 
o.~15823 0.130356 0.075312 o.oso241 o.043299 0.013079 0.009352 o.045653 0.008326 0.012658 
0.007094 0.011666 0.040620 0.009042 0.041535 0.001135 0.032477 0.032667 0.001361 0.006747 
0.028896 o.~175i4 o.045ao5 0.026012 0.036608 0.013917 0.033401 o.01e-410 0.014682 0.011248 



A print-out is also given for the matrix of total (direct 
plus indirect) primary inputs into each sector. This set of 
coefficients shows how each sector is decomposed into different 
inputs, and these coefficients are the weights af i in the 
equation for CFi, where 

CFi = tafi•CFf 

For traded sectors only primary inputs of Foreign Exchange 
and Transfers are shown. This is because no non-traded costs are 
involved for these sectors due to the omission of local transport 
and distribution costs. For non-traded sectors all seven primary 
inputs are involved. These sectors have no direct Foreign 
Exchange input because the table does not include direct imports, 
but they use Foreign Exchange through their use of domestically 
produced traded goods. 

The derivation of the results can be explained using two 
illustrations from case 1 b - the non-traded sector Rail way 
Equipment (S39) and the traded sector Transport Equipment (S35). 

The primary input coefficients are as follows 

F1 
F2 
F3 
F4 
FS 
F6 
F7 

S39 

0.190611 
0.200324 
0.228302 
0.268087 
0.051271 
0.041815 
0.019586 

S35 

0.5205 
0.4795 

In the case 1b the primary input CFs are 

F1 1.141431 
F2 0 
F3 0.439688 
F4 1.0 
FS 2.795409 
F6 2.329507 
F7 1.0 

The CF for the two sectors is given by the expres$ion 

where af i is the primary input coefficient and 

CFf is the primary input CF. 

Therefore for S39 
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F1 
F2 
F3 
F4 
F5 
F6 
F7 

For S35 

F1 
F2 

0. 190611 
IJ.200324 
0.228302 
0.268087 
0.051271 
0.041815 
0.019586 

\).5205 
0.4795 

x 
x 
x 
x 
x 
x 
x 

x 
x 

1.141431 
0 
0.439688 
1.0 
2.795409 
2.329507 
1 .o 

S39 

1.141431 
0 

S35 

= 
= 
= 
= 
= 
= 
= 

= 
= 

0.2176 
0 
O.i004 
0.2681 
0.1433 
0.0974 
0.0196 

0.8464 

0.5941 
0 

0.5941 

Tables 7 and 8 set cut the CFs for sectors separated into 
non-traded and traded, Table 9 gives the CFs for the primary 
inputs in both cases. 

In case 1b (with a low capital charge and an intermediate 
shadow wage) in general CFs for non-traded sectors tend to be 
below those for traded sectors and have less varizbility around 
the mean. A similar pattern holds for case 1c (with a low 
capital charge and a low shadow wage). In comparing the two 
cases 1c has more extreme values with on average lower CFs for 
non traded sectors (as a result of the use of a lower shadow 
wage) and higher CFs for traded sectors (because of the higher 
foreign exchange premium in this case). 

In the results for the primary factors the main differences 
between the two cases are in labour and foreign exchange. Case 
1c hab both a higher foreign exchange premium (26% as compared 
with 14%) and a lower shadow wage (20% of the market wage as 
compared with 4 4%). The differences in the other aggregate 
parameters between the two cases are small. 
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Table 7 CF results Productive Sectors (Case 1b) 

Code Non Traded 

4 Other Grains 
5 Food oil 
8 Other Cash Crops 

10 Other Non-Traded 
Agriculture 

13 Medicinal materials 
14 Coal 
16 Natural Gas 
17 Oil Products 
18 Processed wood 
19 Non-metallic 

Minerals and others 
20 Chemicals 
22 Organic Chemicals 
23 •roiletries 
25 Pl.g Iron 
27 Steel Shapes 

CF 

0.60 
0.61 
0.56 

0.64 
0.73 
0.89 
0.69 
1.65 
1.27 

28 Refractory Materials 
29 Coking and Gas 

0.81 
0.89 
0.85 
0.69 
1.27 
0.87 
0.68 
0.87 
1.25 30 Iron Alloy 

33 Agricultural 
Machinery 

34 Equipment 
37 Telecommunications 
38 Electronics 
39 Railway Equipment 
40 Shipbuildings 
43 Woollen Textiles 
47 Household 

Electricals 
48 Light Industrial 

Products 
50 Cigarettes and 

Alcohol 
51 Other Food Products 
53 Medical Products 
54 Water Transport. 
55 Road Transport 
56 Air Transport 
57 Public s~rvice 
58 Housing 
~9 Public Transport 
60 Construction 
61 Restaurants 
62 Distribution 

Standdrd Deviation 
Mean 
Standard Deviation/Mean 

0.85 
0.61 
0.67 
0.52 
0.85 
0.94 
1 .06 

0.46 

0.81 

0.49 
0.80 
0.67 
0.89 
0.86 
1 • 01 
1.09 
1 • 20 
0.99 
0.84 
0.65 
0.82 

= 0.25 
= 0.84 
= 0.29 
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Code Traded 

1 Rice 
2 Whe:.t 
3 Maize 
6 Cotton 
7 Tea 
9 Hides and Skins 

11 Rubber 
12 Forest Products 
15 Crude oil 
21 Fertilizer 
24 Iron Ore 
26 Steel Shapes 
31 Non Ferrous 

Minerals 
32 Non-Ferrous 

Metals 
35 Transport 

Equipment 
36 Power Equipment 
41 Textile Fabrics 
42 Cotton Textiles 
44 Jute Textiles 
45 Knitwear 
46 Silk Products 
49 Sugar 
52 Paper-Making 

CF 

1.93 
0.96 
1 .15 
1.24 
1.92 
1. 71 
0.66 
1.11 
4.35 
1.33 
1.66 
2.16 

1.19 

0.93 

0.59 
0.88 
1 .62 
1.58 
1.14 
1.16 
1 • 44 
0.52 
0. 81 

Standard Deviation ~ 0.78 
Mean = 1 .39 
Standard Deviation/Mean = 0.56 



Table 8 CF Results Productive Sectors (Case le) 

Cod~ Non Traded 

4 Other Grains 
5 Food 0il 
8 Other Cash Crops 

10 Other Non-Traded 
Agriculture 

13 Medicinal materials 
14 Coal 
16 Natural Gas 
17 Oil Products 
18 Processed wood 
19 Non-metallic 

Minerals and others 
20 Chemicals 
22 Organic Chemicals 
23 Toiletries 
25 Pig Iron 
27 Steel Shapes 
28 Refractory Materials 
29 Coking and Gas 
30 Iron Alloy 
33 Agricultural 

Machinery 
34 Equipment 
37 Telecommunications 
38 Electronics 
39 Railway Equipment 
40 Shipbuildings 
43 Woollen Textiles 
47 Household 

Electricals 
48 Light Industrial 

Products 
50 Cigarettes and 

Alcohol 
51 Other Food Products 
53 Medical Products 
54 Water Transport 
55 Road Transport 
56 Air Transport 
57 Public Service 
58 Housing 
59 Public Transport 
60 Construction 
61 Restaurants 
62 Distribution 

CF 

0.44 
0.43 
0.38 

0.50 
0.62 
0.80 
0.67 
1.79 
1.25 

0.78 
0.87 
0.86 
0.63 
1 .26 
0.86 
0.64 
0.82 
1.28 

0.82 
0.59 
0.67 
0.52 
0.82 
0.90 
1 .12 

0.45 

0.82 

0.45 
0.78 
0.65 
0.86 
0.84 
1.02 
1.04 
1.08 
0.94 
0.78 
0. 51 
0.76 

Standard Deviation = 0.28 
Mean = 0.80 
Standard Deviation/Mean = 0.36 
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Code Traded 

1 Rice 
2 Wheat 
3 Maize 
6 Cotton 
7 Tea 
9 Hides and Skins 

11 Rubber 
12 Forest Products 
15 Crude oil 
21 Fertilizer 
24 Iron Ore 
26 Steel Shapes 
31 Non Ferrous 

Minerals 
32 Non-Ferrous 

Metals 
35 Transport 

Equipment 
36 Power Equipment 
41 Textile Fabrics 
42 Cotton Textiles 
44 Jute Textiles 
45 Knitwear 
46 Silk Products 
49 Sugar 
52 Paper-Making 

CF 

2.13 
1.05 
1.27 
1.37 
2.12 
1.89 
0.73 
1.22 
4.80 
1.47 
1.83 
2.38 

1.32 

1.02 

0.66 
0.98 
1 • 79 
1. 75 
1 • 26 
1.28 
1.59 
0.57 
0.89 

Standard Deviation = 0.86 
Mean = 1 .54 
Standard D~viation/Mean = 0.56 



Table 9 CFs Primary Factors and Aggregate CFs 

Primary Factor Case 1b Case 1c 

Foreign Exchange 1.14 1.26 
Labour 0.44 0.20 
Capital charge 1.00 1.00 
Electricity 2.79 2.80 
Rail 2.33 2.34 
Others 1.00 1.00 

AGCF 0.88 0.82 
CCF 0.93 0.93 

2.3 ~nterpretation of the Results 

The results in tables 7 to 9 give a series of CFs for the 
ratio of th~ shadow price of an item in domestic price units to 
its domestic producer price. Any CF not equal to 1.0 implies a 
divergence between the shadow price and the domestic producer 
price. In general for traded goods CFs tend to be above 1.0, 
implying that domestic producer prices are controlled below world 
levels. This is particularly the case for Crude Oil which has 
the highest of any of the CFs. For non-traded activities, where 
shadow prices are based on costs of production in domestic price 
units, in general CFs tend to be below 1.0, implying that costs 
in economic terms are below the price received by producers. 
This is due to taxes, surplus profits and underemployment. The 
exceptions are electricity and rail transport where capacity 
constraints are assumed, and shadow prices are significantly 
above the actual prices received by producers. 

The results suggest a shadow exchange for foreign exchange 
of somewhere between 14% to 26% above the official exchange rate 
in 1987. Given the data available at this point it is difficult 
to do more than indicate this as the likely magnitude of the 
premium on foreign exchange. 

The general recommendation for results of this type of study 
is that they are general background information fer analysts 
examining particular projects. Rather than having to estimate 
their own discount rate, p-remium on foreign exchange or CFs for 
major non-trad~d activities analysts can use those fr")rn a 
national study. However important outputs ar.d inputs, and 
labour, should normally be valued on a project-by-project basis. 

If mor~ detailed project information is not available the 
CFs from this study can be used for traded sectors to revalue 
both outputs and inputs, since traded activities are valued 
solely at their world prices. For non-traded sectors, however, 
CFs can be used only for inputs, since these activities are 
Vdlu~d at their costs of production. Non-traded outputs produced 
by projects must be valued by the project analyst based on the 
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demand price-willingness to pay approach. The CFs estimated here 
will not be relevant. The exceptions to this are Electricity and 
Rail Transport, since their CFs are based on willingness to pay, 
and can therefore be applied to value output from projects in 
thesP sectors. 

2.4 Discount Rate 

As an approximate indicator of the returns to capital data 
on th~ financial operating performance of state owned enterprises 
were examined. These data give 

output value 
wages 
material inputs 
working capital 
capital assets 

for enterprises in Agriculture, Industry, Construction, and 
Transport. In addition more disaggregated figures by industrial 
branch are available for more recent years. The data are at 
current prices, and capital assets are at historical book values 
rather than at replacement costs. Since no information is 
available on the age of capital assets it was not possible to 
convert assets from historical to replacement values. However 
all data were adjusted to constant price using 1987 as the b3se 
year. The all-Chinese retail price index was the only general 
series available, so that it was not possible to allow for 
differential rates of inflation for different costs, or outputs. 
Table 10 gives the constant 1987 price figures for the financial 
data on state-owned enterprises in industry. 

From an examination of the data it appears that capital 
assets in Agriculture and Construction are seriously under
estimated relative to output value, giving extremely high 
financial returns on assets (often well over 100%). Also since 
Transport enterprises are subject to severe price controls that 
should cause a further serious distortion of their financial 
profitability only the position of industrial enterprises is 
examined in detail. 

Table 10 gives net surplus to total assets at market prices. 
The results show a clear trend towards falling retu~ns on assets 
at market prices, reaching around 14% by the mid-1980's. Figures 
are also given for incremental returns, defined as the change in 
net surplus over the change in capital assets for the same year. 
No systematic trend emerges from these incremental figures on an 
annual basis. 
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Table 10 Financial Position of Industrial State-Owned 
Enterprises. 1978-87 (1987 prices, ¥100 million) 

Fixed Working Net Net Surplus/ 
Capital Capital Surplus Total Capitala) 

1978 5169.4 1525.8 1151.9 0.172 
197::1 5502.8 1584.3 1234 .9 0.174 
1980 5586.5 1530.8 1222.7 0.172 
1981 5913.9 1 536 .1 1 218. 7 0.163 
1982 6278.6 1 591 • 1 1255.4 0.159 
1983 6741.2 1643.4 1314.2 0.157 
1984 7145.8 1682.5 1426.6 0.162 
1985 7525.9 1846.0 1517.i 0.162 
1986 8040.6 2094.7 1439.3 0.142 
1987 8531.0 2215.0 1514.1 0. 1 41 

Average 0.160 

a) Net surplus = Prof it before tax 
Total Capital = Fixed and Work•ng 

Source: Data supplied by RI 

Incremental Net 
Surplus/Incremental 

Total Capital 

0.212 
-OA04 
-0.012 
0.087 
0 .11 4 
0.253 
0.166 

-0.102 
0.122 

Table 11 Economic Returns on Capital Industrial State-owned 
Enterprises (1987 Shadow Prices V 100 million) 

Incremental Net 
Fixed Working Net Net Surplus/ Surplus/Incremental 

Capital Capital Surplus Total Capital Total Capital 

1978 3877.1 1480.0 1117.3 0.208 
1979 4127.1 1536.8 1197.9 0.211 0.263 
1980 4189.9 1484.9 1186.0 0.208 -1 .092 
1981 4435.4 1490.0 11 82. 1 0.199 -0.016 
1982 4708.9 1543.4 1217.7 0.195 0.109 
1983 5055.9 1594.1 1 274 .8 0r1 92 0 .1 44 
1984 5359.4 1632.0 1383.8 0.198 0.319 
1985 5644.4 1790.6 1471.6 0.1913 0.198 
1986 6030.5 2030.5 1396.1 0.1i3 -0.120 
1987 6398.3 2148.6 1468.7 0.172 0.149 

Average 0.195 
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The results in table 10 are averages. However, evidence on 
marginal returns in industry are given in the China Statistical 
Yearbook, which shows return on capital for different indust~ial 
branches. Whilst the average is around 20\ in 1986 the least 
profitable branches are coal with negative profits, non-ferrous 
metal mining at 9\ and coking gas at 8\. If we exclude 
unprofitable activities returns in the latter two branches give 
an indication of marginal returns at market prices of 8\ to 10\. 

The data from table 10 are adjusted by CFs from the main 
analysis to give returns at shadow prices. 

Case 1b is used as the most likely case, and the following 
CFs are taken from the analysis of case 1b. 

Manufacturing CF 
Construction CF 
Equipment CF. 

The Manufacturing CF is calculated from the data generated 
by the SIO model. It is defined as the weighted average of the 
CFs for Manufacturing sectors in the table (sectors 13 to 53), 
~ith th~ir output value used as a weight. The resulting CF for 
Manufacturing is 0.97. 

In adjusting the data from table 10 the following procedures 
are applied. 

- Net Surp:us is adjusted by the Manufacturing CF 
- Working Capital is adjusted by the Manufacturing CF. 
- Fixed Assets is adjusted by a Capital CF. 

The Capital CF is e~t- ~ :nated as a weighted average of the CFs 
for Construction and Equipment. Detailed information on fixed 
assets are not available, however data on total government fixed 
investment for 1987 by the RI suggest that Construction is 
approximately 60%. If one assumes that for Manufacturing 
equipment makes up the remaining 40%, this gives weights of 0.60 
and 0.40 for Construction and Equipment respectively. The 
Capital CF is therefore 0.75. 

Applying these CFs to the data from table 10 gives new 
estimates of net surplus/capital, in table 11. 

The figures in table 11 show higher returns at shadow than 
at market prices, because capital assets are reduced by more than 
net surplus. However the adjustments to shadow prices are crude, 
particularly the use of the average CF for Manufacturing, since 
s'rictly where Non-traded sectors are part of Manufacturing this 
CF should be applied only to inputs not to outputs. Furthermore 
the initial valuation of fixed capital assets at historical 
prices will create an upward bias in the estimates of returns to 
capital. 
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As a partial means of overcoming this latter problem one can 
look at total changes in net surplus and capital over the period. 
Changes in capital - that is net investment - will be valued at 
current replacement costs, so that historical valuation will not 
be a problem. Table 12 shows changes in, or incremental values 
for,net surplus and total capital at both market and shadow 
prices. On an annual basis there is no clear relationship, but a 
simple approach is to compare total incremental net surplus over 
the period with total incremental capital. At market prices this 
gives an average return on new capital of 9% and at shadow prices 
of 11%. These results suggest that the earlier estimate by the 
RI of a 10% economic discount rate still remains valid. 

As an alternative approach one can also look at the cost of 
borrowing on the assumption that the investment budget can be 
expanded by drawing on additional savings. For the purpose of 
this calculation foreign borrowing is taken as the source of 
additional savinqs. Normally commercial bcrrowing is tak~n as 
th~ marginal source of foreign funds, since lower cost forms of 
borrowing will be used first before use is made of loans on 
commercial terms. Data supplied by the RI staff suggest that 
commercial loans to China are currently at interest rates of 
around 1 3% - 14\. For a discount rate estimate using this 
approach it is future commercial interest rates for foreign 
borrowing that will be relevant, but the calculation here assumes 
that the current rates will prevail in the future. 

Table 12 Increaental Bet Surplus and Incremental Total 
Capital (V 100 aillion) 

Market Prices Shadow Prices 
Incremental Incremental Incremental Incremental 

Capital Net Surplus Capital Net Surplus 
Fixed Working Fixed Working 

1979 333.4 58.5 83.0 250.0 56.8 80.6 
1980 83.7 -53.5 -12 .2 62.8 -51 .9 -11.9 
1981 327.4 5.3 -4.0 245.5 5 .1 -3.9 
1982 364.7 5.3 36.7 273.5 53.4 35.6 
1983 462.6 52.3 58.8 347.0 50. I 57 .1 
1984 404.6 39 .1 112 .4 303.5 37.9 109.0 
1985 380.1 163.5 90.5 285.0 158.6 87.8 
1986 514.7 248.7 -77.8 386.1 241 .3 -75.5 
1987 490.4 120.3 74.8 367.8 116. 7 72.6 

Total 3361.6 639.5 362.2 2521.2 668.6 351 • 4 

362.2 = 0.09 351 • 4 = 0. 11 
(3361.4 + 639.5) (2521.2 + 668.6) 

Also nominal interest rates must be def lated for inflation. 
For foreign loans to be repaid in foreign exchange the relevant 
price def lators will be for international prices - strictly the 
prices of the borrowing country's imports and exports. This is 
because higher export and import prices mean that a given foreign 
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exchange loan repayment is worth less in terms of goods that must 
be sacrificed to make the repayment. For this calculation it is 
assumed that for any additional foreign borrowing China repays 
the loans by importing less than it would otherwise; therefore 
the cost of repaying the foreign loans is imports that are 
foregone. If this is the case the relevant price def lator will 
be a price index for Chinese imports. 

This is estimated by identifying the main trading partners 
and taking the import price index as a weighted average of the 
price increases for exports of these countries with their share 
in Chinese trade as weights. China's four main trading partners 
are Hong Kong, Japan, U.S.A. and West Germany. The ~ise in their 
il"port prices and their relative share in trade is shown in table 
13. On average the rise in import prices over 1980-87 is around 
2% per year. If this is assumed to hold for the future it can be 
used as the price deflator. 

A nominal interest rate on commercial borrowing of 13% - 14% 
is deflated by a price def lator of 2% following the formula 

(1 + i - 1 )%, • 
( 1 + p ) 

where i is the nominal interest rate 

and P is the deflator. 

This gives a real interest charge of 1O.7% to 11 .8%, or 
approximately 11% to 12%. 

This alternative approach to 
crude since it projects current 
inflation rates into the future. 
estimate of the discount rate which 

the discount rate 
interest charges 

However it also 
is close to 10%. 

is again 
and past 
gives an 

Table 13 Export Price Indices Trading Partners 

Price Index 1957a) Wei;htb> 
( 1980 = 100) 

Hong Kong 107.2 0.44 
Japan 124.9 0.32 
U.S.A. 115 .3 0.15 
West Germany 115.1 0.09 

Weighted Average 1 .147 1.00 

a} For Japan, USA and West Germany indices are Export Unit Value 
indices from IMF International Financial Statistics. For 
Hong Kong export price index is calculated using the consumer 
price index adjusted for devaluation of the Hong Kong dollar 
in relation to the U.S. dollar. 

b) Weights dre the share of each country in the total trade of 
China with these four countries. 
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2.5 Further Modifications 

The present exercise should be seen as a first attempt to 
derive NEP estimates using a SIO model. The data clearly need 
further refinement to develop more accurate results. Several 
areas for improvement can be noted. 

(1) Th~ accuracy of the classification of sectors into traded 
and non-traded needs to be checked. 

(2) The direct import content of sectors, which is not available 
from the national input-output table, needs to be estimated. 

(3) The accuracy of the capital charge figures needs to be 
checked by obtaining realistic current price capital stock 
figures for productive sectors. 

(4) The labour situation needs to be examined in detail to 
distinguish both between different categories of labour and 
to derive more accurate shadow wages figures. 

(5) The domestic producer price figures for different sectors 
are averages of controlled and free-market prices. If these 
figures are not accurate, or if the relative size of sales 
at controlled and free market prices shifts, this can have 
important implications for CFs, particularly for traded 
sectors. The questions of the aggregate weighted average 
producer price for each sector should be looked into. 

It is important to note that SIO methodology whilst rigorous 
and consistent will produce results that are no better than the 
data on which they are based. Poor or inaccurate data will 
clearly give inaccurate CF estimates. 

2.6 Use of Dollestic Resource Cost Ratio to Estimate Shadow 
~rice of Foreign Exchange 

As explained in report 1 one approach to the Shadow Price of 
Foreign Exchange is to define this as a weighted average of the 
Domestic Resource Cost (DRC} ratio for sectors that supply 
foreign exchange through exports or save foreign exchange through 
import substitutes. 

The ref ore 

pF (SER/OER} = La . • DJ\C. 
i l. l. 

where pF is the shadow price of foreign exchange 

SER and OER are the shadow and official exchange rates, 
respectively, 
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DRCi is the Domestic Resource Cost ratio of activity i 

ai is the share of i in the expansion of foreign 
exchange. 

Further, DRCi can be defined as 

= (L· + K· + N ·) 
-tFi x

1
0ER)

1
-

where L1 , Ki and Ni are the labour, capital and non-traded 
inputs required per unit of i, valued at shadow 
prices, 

Fi is the net foreign exchange value per unit of i 
(foreign exchange value of output minus foreign 
exchange value of traded inputs per unit of i). 

This estimate is partial whenever the shadow pr:~ces for the 
L, K and N inputs into i are estimated independently of the 
shadow price of foreign exchange. 

For this exercise as an alternative treatment for the 
premium on foreign exchange an attempt was made to estimaLe DRC 
ratios for all traded sectors in the economy. This involves 
specifying the data on traded sectors in a different way from 
that used in the SIO analysis. Now instead of treating traded 
sectors as being composed of only transfers and foreign exchange, 
these sectors are decomposed in the same way as non-traded 
sectors in the SIO model. 

Since the DRC estimate is based on domestic costs of 
production the total inputs into traded activities must be 
estimated. For the DRC calculations new A and F matrices are 
required with all inputs from other productive sectors into 
traded sectors shown in the A matrix ~nd primary inputs shown in 
the F matrix. For example, for sector 1 Rice, instead of showing 
only Foreign Exchange and Transfers, inputs into Rice from all 62 
productive sectors are shown, as well as direct primary inputs. 
These productive inputs come from the national input output data 
with amendments as discussed in this report. A print out of the 
new A and F matrices for the DRC estimates is given in the 
Appendix. 

To ~stimate DRC ratios requires estimation of the total -
direc~ plus indirect - primary inputs into each tradeu sector. 
This is found by inversion of the Leontief inverse of the 
extended A matrix that has this new treatment of traded sector~ 
and its multiplication by the new F matrix, so that 

M = F 1 .(1 - A1 )-1 

where M is the total primary input matrix (7 - 65) 
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F1 is the new F matrix (7 - 65) 

A
1 is the new A matrix (65 x 65) for the ORC exercise. 

A printout of total primary inputs for tradfd sectors using the 
assumption of Case 2 of the main model relating to the capital 
charge is shown for illustration. 

Each sector's domestic producer price (OPP) is decomposed 
into primary inputs. Foreign exchange is always shown as zero, 
since no direct imports are identified in the model. To 
calculate the ORC ratio as defined above requires that the net 
foreign exchange generated by each sector (Fi x OER) be 
estimated. Since there are no direct foreign exchange costs by 
assumption, Fi can be found simply by applying th~ appropriate 
price ratio for the traded sector given in table 3 above. This 
will convert the producer p1:'ice to an equivale11t value in foreign 
exchange. 

Items Li, Ki and Ni in the formula are represented here by 
Labour costs, Capital charge and the three non-traded inputs 
Electricity, Railways and Others. To find the ORC each of these 
inputs must be converted to shadow prices by the appropriate CF. 

Table 14 Illustration of DRC Calculation (Rice Sector 1) 

Foreign Exchange 
Transfers 
Labour 
Capital Charge 
Elec~ri..::ity 
Railways 
Others 
OPP 

L· ]. = 
Ki = 
N· = 

Fi x oEJ\ = 

ORCi = 

0.1543 
0.5785 
(0.0732 
1.6900 

(0.1543 

Market Prices CF 

0.0000 
0.0684 
0.3086 
0.5785 
0.0244 
0.0052 
0.0149 
1.0000 

+ 0.0130 

+ 0.5785 

0 
0.50 
1.00 
3.00 
2.50 
1 .oo 
1 .69 

+ 0.0149) 

+ 0.1011) -
1.6900 

Shadow Prices 

0.49 

0.1543 
0.5785 
0.0732 
0.0130 
0.0149 
1.6900 

The p=ocedu~e is illustrated for sector 1 Rice, in table 14. 
Tht-: pric~ ratio for Rice from table 3 is 1.69, implying that its 
foreign exchange value is r.9\ above the domestic producer price. 
For illustration a CF of 0.50 is used for Labour, 1.00 for 
Capital charge and Others, and 3.00 and 2.50 for Electricity and 
Railways, respectively. As noted earlier, theoretically a 11 
parameters should be estimated simultaneously, however these CFs 
for primary inputs are applied without adjusting for any premium 
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Case 2 

Domestic Resource Cost - Total Primary Inputs 
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on foreign exchange. In this approach therefore the final 
result for pF, based on a weighted average of DRC ratios, will be 
an approximation. In this case the result for Rice of 0.49 
implies that the Rice sector is an efficient generator of foreign 
exchange. The final weighted average DRC ratio for all sectors 
gives the shadow price of foreign exchange. 

Although this approach was tested in this study it was not 
found to give meaningful results, since the premium on foreign 
exchange was found to be negative, that is a weighted average DRC 
ratio of below 1.0; there are two major problems with the data 
used in this calculation which may explain this result. First, 
no direct imports are identified in the national input output 
table. This means that Fi x OER is simply DPP multi plied by the 
relevant price ratio from table 3. Direct imports will reduce 
the foreign exchange value of any sector, and thus lower the 
denominator of the DRC ratio. Second, are the problems with the 
price ratios in table 3. For most sectors they are based on 
controlled prices for OPP. How~ver the national input-output 
data is based on average prices, so that the total output of a 
sector is valued at an average of free market and controlled 
prices. Unit costs in the input-output table must total to the 
average price per sector. If the controlled price is 
significantly below the average a sector which appears efficient 
in relation to world prices, on the basis of price ratios in 
table 3, may not be efficient if world prices are compared with 
average prices. 

For example, if the controlled price is 100, the free market 
prices is 150, and the weighted average price is 120, total 
inputs per unit of output in the national table will equal 120. 
However if the world price at the OER is 11C, the price ratio 
comparing this with the controlled price will be 1.10, when \:hat 
is actually required is a price ratio of 0.92 (110/120). 
Conversion of DPP by 1.10 to estimate the foreign exchange value 
of output will be misleading since a conversion factor of 0.92 
should be used. Foreign exchange value will be overestimated, 
and the DRC ratio therefore will be underestimated, by this use 
of a higher conversion factor. 

Further work using revised price data could check the DRC 
rat~.os for traded sectors, and thus derive an alternative 
estimate of the shadow price of foreign exchange. 
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OISill2 DP 

SSl SS4 SSS SS6 SS7 S58 S59 560 S61 $2 563 SW 565 
a 11'£1 a:J 

0.006J87 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.024166 0.011584 0.036248 0.133700 0.093483 
0.01245~ 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.023940 0.012328 0.021276 0.078500 0.038160 
0.011196 0.000000 0.000000 0.000000 o.cooooo 0.000000 0.000000 0.000000 o.oonu 0.002163 0.014733 0.054300 0.017399 
0.0124'0 0.000000 0.000009 0.000000 0.000000 0.000000 0.000000 0.000000 0.008567 0.002403 0.016370 0.060400 0.020359 
0.000190 0.000000 0.000000 0.000000 0.000000 0.000000 o.ooouuu 0.000000 0.007852 0.001814 0.0093lll 0.034400 0.028032 
0.000812 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000720 0.000776 0.01.8500 0.000000 
0.001188 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000366 o.ooons 0.002800 0.00308fi 
0.013074 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.0040D O.ll08527 0.315700 0.007Jn 
0.000000' 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000927 0.004099 t'.015100 0.000000 
0.012145 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 O.li43231 0.0311164 0.070121 0.25&600 0.186535 
0.000000 0.010767 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 o. 001993 0.007300 0.000000 
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.014624 0.000000 0.000000 0.002913 0.010700 0.000000 
0.036666 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.004714 0.000000 0.'100000 
0.005272 0.000787 0.003591 0.002059 0.013431 0.010608 0.001999 0.000822 0.008074 0.001649 0.013167 0.000000 0.000000 
0.000727 0.000000 0.000000 0.000000 0.016138 0.000000 0.000000 0.000000 0.000000 0.000000 0.011946 0.000000 0.000000 
UOIJ181 0.000000 0.000000 0.000000 0.004034 0.000000 0.000000 0.000000 0.000000 O.OOD56 0.002987 0.000000 0.000000 
0.003998 0.088061 0.212259 0.242976 0.027872 0.046792 0.231307 0.003570 0.000000 0.001180 0.017541 0.000000 0.000000 
0.000394 0.000000 0.000000 0.001614 0.005167 0.096997 0.000000 0.027951 0.000000 0.000799 0.008176 0.000000 0.000000 
0.000983 0.002441 0.058272 0.003306 0.007037 0. 760721 0.005680 0.174043 0.000000 0.003049 0.035226 0.000000 0 000000 
0.026647 0.000000 0.000000 0.000000 0.024887 0 000000 0.000000 0.002515 0.000000 0.001119 0.007698 0.000000 0.000000 
0.001344 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.012546 o.o089n 0.000000 0.000000 
0.039420 0.000000 0.051604 ~.001466 0.007829 0.058809 0.027190 0.008376 0.000000 0.002643 0.02251? 0.000000 0.000000 
0.003702 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.002081 0.000000 0.003955 0.005126 0.000000 0.011505 
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.001183 0.000000 0.000000 
0.000008 0.003837 0.000000 0.GOOOOO 0.002188 0.000000 0.000000 0.001769 0.000000 0.000117 0.009728 0.000000 0.000000 
0.000042 0.000000 0.000042 0.000126 0.000067 0.001087 0.0000.2 0.001485 0.000000 0.000030 0.000361 0.000000 O.:JOOOOO 
0.0~256 0.000000 0.004183 0.012506 0.006730 0.107648 0.004256 0.147100 0.000000 0.002934 0.035743 0.000000 0.000000 
0.000063 0.000000 0.000000 0.000000 0.000064 0.000000 0.000000 0.000000 0.000000 0.000000 0.001025 0.000000 0.000000 
0.000051 0.000000 0.000000 0.000000 0.000280 0.000000 0.000000 0.000000 0.000000 0.000000 0.002025 0.000000 0.000000 
0.000143 o.ooooco 0.000000 0.000000 0.000010 0.000000 0.000000 0.000000 0.000000 0.000000 0.002128 0.000000 0.000000 
O.OGOl82 0.000000 11.000000 0.000000 0.008237 0.000000 0.000000 0.000000 O.OOOO<iO 0.002471 0.002970 0.000000 0.000000 
0.000698 0.000000 0.000394 0.000000 0.007581 0.000000 0.000000 0.000000 0.000000 0.000419 0.014259 0.000000 0.000000 
o.oooooc 0.000000 o.ocoooo 0.000000 0.000!h.I 0.000000 0.000000 0.000000 0.000000 0.000000 0.009819 0.000000 0.000000 
0.000014 0.000000 0.144203 0.000000 0.001289 0.000000 0.101579 0.095766 0.000000 0.000061 0.085897 0.000000 0.000000 
0.000000 0.000000 0.002126 0.000000 0.000000 0.000000 o.0015n 0.000278 0.000000 0.000064 0.000254 0.000000 o.oooooc 
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000978 0.000000 0.000026 0.001523 0.000000 0.000000 
0.000000 0.000000 0.000000 0.002847 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000675 0.000000 0.000000 
0.000000 0.000000 0.000000 Q.000000 0.000000 0.000000 0.000000 0.000000 o.ooooco 0.003275 0.017683 11.000000 0.000000 
0.000000 0.015748 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.002117 0.000000 0.000000 
o.cooooo 0.178715 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0 001924 0.000000 0.000000 
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.006652 0.000000 0.000000 
0.012624 0.000000 0.000000 0.000000 0.006749 0.000000 0.000000 0.009578 0.000000 0.006162 0.038661 0.000000 0.064808 
0.000000 0.000000 0.000000 o.oooece 0.000000 0.000000 0.000000 0.000000 0.000000 0.001309 0.008452 0.000000 0.022202 
0.000020 0.000000 0.000000 0.000000 0.000004 0.000000 0.000000 0.002140 0.000000 0.000000 0.001761 0.000000 0.001941 
0.007312 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.005411 0.000000 0.0054l8 0.014739 0.000000 0.045706 
0.000061 0.000000 0.000000 0.000000 0.000000 q_oooooo 0.000000 0.000000 0.000000 0.001973 0.008668 0.000000 0.031351 
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.019027 0.014713 0.000000 0.039753 
0.114893 0.000000 0.017269 0.000000 0.022755 0.000000 0.000000 0.023632 0.000000 0.086173 0.056517 o.ooocoo 0 147251 
0.005995 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.002139 0.004374 0.000000 0.011655 
0.035973 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.012837 0.026242 0.000000 0.077046 
0.000000 0.000000 0.000000 0.150201 0.000000 0.000000 0.000000 0.023324 0.019118 0.010424 0.045003 0.000000 0.101875 
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OISIJl2 IF 

0.000000 0.000000 0.000097 0.006052 0.000161 0.000005 0.000000 0.000000 0.000524 0.000000 0.000000 0.000000 0.000460 0.039302 0.000000 0.013073 0.008521 0.000000 
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 11.000000 o.onoooo 0.000000 0.015960 0.000000 
0.000000 0.000000 0.000000 0.000032 0.000000 0.005159 0.000000 0.000000 0.000033 0.000000 0.000000 0.000000 0.000570 0.001018 0.000000 o.ooma 0.000307 0.000000 
O.IOOOOO 0.000000 0.00lll8 0.000189 0.002296 0.001145 0.000000 0.000000 0.000605 0.000000 0.000000 0.000000 0.002821 0.003196 0.000000 0.00086 0.002237 0.000000 
0.000000 0.000000 0.015037 0.000687 0.001731 0.001785 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000186 0.000000 0.000000 0.000000 0.000000 
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.005057 0.000000 U.000000 0.000000 0.000000 0.000000 0.000000 o.ooom 0.003625 0.000000 
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 I 
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 I 

0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 
0.000000 0.000000 0.000000 0.012496 0.000000 0.026490 0.000000 0.000000 0.031387 0.000000 0.000000 0.000000 0.006673 U.035821 0.000000 0.041055 -0.001694 0.000000 
0.000000 0.000000 0.000000 o.ooooou 0.000000 0.000000 O.OOOOOCi 0.000000 O.llOOOOO 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 o.oocooo 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 

0.520500 0.77S200 0.000000 0.000000 0.000000 0.000000 1.422400 1.386600 O.OOOUilO 0.997100 1.015100 1.264200 0.000000 0.000000 0.452300 0.000000 0.000000 0. 708300 
0.479SOO 0.224800 o.:08400 0.286500 0.068900 -0.117000 -0.422400 -0.386600 0.237900 0.002900 -0.015100 -0.264200 0. 357700 0.165700 0.547700 0.378200 0.125100 0.291700 
0.000000 0.000000 0.042700 0.056700 0.117000 0.100700 0.000000 0.000000 0.063300 0.000000 0.000000 0.000000 0.048000 0.096100 0.000000 0.106400 0.068100 0.000000 
0.000000 0.000000 0.093500 0.000000 0.156700 0.247100 0.000000 0.000000 0.074300 0.000000 0.000000 0.000000 0.000000 0.083300 0.000000 0.000000 0.048900 0.000000 
0.000000 0.000000 0.005.200 0.019400 0.019700 0.009800 0.000000 0.000000 0.006500 0.000000 0.000000 0.000000 0.010100 O.OU6800 0.000000 0.004900 0.004200 0.000000 
0.000000 0.000000 0.011400 0.001700 0.023400 0.013600 0.000000 0.000000 0.004800 0.000000 0.000000 0.000000 0.006000 0.005300 0.000000 0.009200 0.004900 0.000000 
0.000000 0.000000 0.033152 0.008817 0.003443 0.012368 0.000000 0.000000 0.004594 0.000000 0.000000 0.000000 0.008679 0.009185 0.000000 0.004620 0.006236 0.000000 

1.000000 1.000000 1.000000 1.000000 1.000000 1.000000 1.000000 1.000000 1.000000 1.000000 1.000000 1.000000 l.000000 1.000000 1.000000 1.000000 1.000000 1.000000 

0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 O.OflOOOO 0.000000 0.000000 0.000000 6.000000 0.000000 
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.006000 0.000000 0.000000 0.000000 
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 



Om1l2 DP 

0.000958 0.000000 0.000000 0.000000 0.005366 0.000000 0.000000 0.000000 0.000000 0.002511 0.011990 0.000000 0.000000 
0.202152 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000911 0.017399 0.010836 0.000000 0.025278 
0.000293 0.003S08 0.000000 0.000000 0.000341 0.000000 0.000000 0.006629 0.000000 0.016610 0.003938 0.000000 0.000000 
0.001603 0.000485 0.002109 0.000000 0.013106 0.000000 0.000000 0.000000 0.009456 0.028lll 0.007136 0.000000 0.000000 
0.001120 0.000000 0.000000 0.008457 0.000140 0.000000 0.000000 0.000000 0.000000 0.000000 0.002187 0.000000 0.000000 
O.OOS429 0.001546 0.004084 0.000000 0.009224 0.000000 0.000000 0.001256 0.016464 0.000000 0.004191 0.000000 0.000000 
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.002050 0.000000 0.007697 
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.001867 0.000000 0.000000 0.003689 0.(IOOOOO 0.000000 
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.06308l 0.000000 0.000000 .>.mm 0.009000 0.000000 
0.000000 0.000000 0.000000 0.094475 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.004868 0.0000011 0.017501 
0.06'667 o.oony, 0.013545 0.000769 0.040762 0.002916 0.011715 0.013309 0.008090 0.000061 0.051838 0.000000 0.000000 
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 

0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 
0.193100 0.076000 0.017500 0.063500 0.055200 -0.528278 -0.007600 O.OOS..00 0.038300 0.021600 0.000000 0.000000 0.000000 
0.048600 0.148700 0.lMlOO 0.045100 0.246000 0.419300 0.338900 0.204300 0.57141/0 0.275100 0.000000 0.000000 0.000000 
0.077500 0.449300 0.191400 0.344700 0.325300 0.000000 0.224800 0.104700 0.191900 0.324200 0.000000 0.000000 0.000000 
0.009500 0.001000 0.000700 0.005300 0.122000 0.007900 0.038200 0.012700 0.009000 0.003300 0.019004 0.000000 0.000000 
0.009700 0.002900 0.000300 0.000000 0.007000 0.000000 0.000000 0.020900 0.000000 0.029000 0.013430 0.000000 0.000000 
0.006418 0.008969 0.008319 0.0205M 0.013212 0.015500 0.018355 0.020413 0.011820 0.028719 0.000000 0.000000 0.000000 

1.000000 1.000000 l.000000 1.000000 1.000000 1.000000 1.000000 1.000000 1.000000 1.000000 1.000000 1.000000 1.000 00 

0.000000 0.000000 0.000000 C.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 1.141431 
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.0000'10 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.500000 0.000000 0.000000 
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 O.llOOOOO 1.000000 
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 l.000000 0.000000 
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 2.500000 0.000000 
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 1.000000 
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SSJ SS. SSS S56 557 S5I 559 SliO Sil Si2 Sil S6' S&S Q 
ID llD ca 

U06ll7 l.000000 0.IOIOOO UOOON ··- ·-- D.800000 1.100000 0.024166 0.011514 O.Ol6261 O. lll711D 0.09WJ 
0.012459 uooooo uooooo UOOOOI 0.000000 1.000000 uooooo 0.000000 O.OllN O.OllDI 0.02121' G.a78500 0.038160 
um• UOOOOI uooooo l.OOOOll l.IDOllO o.aooo. 0.000000 1.000000 uom1 0.002163 D.0147ll O.OS4JOO 0.017399 
0.012'61 ··- ··- 1.100000 1.000000 UOOOOO 0.000000 l.MJOO O.a.567 O.DOMJ 0.016370 0.060400 0.020359 
O.OOOlto 1.000000 0.000000 1.100011 1.000000 O.OOOOOI 1.100000 11.000000 0.007152 I.DOW• o.oomo 0.0JWIO 0.02'0l2 
l.OOOlll ·-- 0.000000 0.000000 UOOOIO 0.000000 D.000000 0.000000 0.000000 0.000720 o.ooom. 0.028500 0.000000 
1.111111 I .... 0 .... I .... l.OIDOIO 0.000000 l.OIOOOO O.OODOIO UMOO 0.000366 0.000715 0.IJ02800 0.003086 
l.Oll074 O.OIOOOO o.ooooao 1.100000 0.- 0.000000 1.000000 0.000000 0.000000 0.006033 O.OGIS27 D.315700 o oonn 
1.000000 uoooao 0.000000 l.000000 0.000000 0.000000 1.100000 0.000000 0.000000 0.000927 O.ON99 0.015100 0 000000 
0.012145 0.000000 1.000000 1.000000 l.OOOGOI 0.000000 0.000000 0.000000 0.00131 0.031164 0.070121 0.258600 0.186535 
0.IGOOOO 1.110767 0.000000 1.000000 1.000000 0.000000 0.000000 1.000000 1.000000 0.000000 0.001993 0.007300 0.000000 
o.oaoooa 1.oaoooo 1.000000 1.000000 1.000000 0.000000 o.oaoooo 0.016624 0.000000 0.000000 0.0029ll 0.010700 0.000000 
0.031666 o.oaoooa 0.000000 0.000000 1.000000 0.000000 o.aoaoao 0.000000 0.000000 0.000000 0.004714 0.000000 0.000000 
0.00527' 1.000717 0.003591 0.002059 l.Oll4ll 0.01050I 0.001999 0.000822 0.008074 0.001649 0.013167 0.000000 0.000000 
1.000727 0.000000 0.000000 l.DOOOIO l.016lll 0.000000 0.000000 0.000000 0.000000 0.000000 o.ouw 0.000000 0.000000 
0.000111 0.000000 0.000000 0.000000 0.004034 0.000000 0.000000 0.000000 0.000000 0.003JS6 0.002987 0.000000 0.000000 
1.001"1 1 .... 1 0.212259 l.24291'i 0.027172 0.0"6792 0.23ll07 0.003570 0.000000 0.001180 0.017541 0.000000 0.000000 
0.000396 0.000000 0.000000 0.001614 0.005167 0.0CJ6997 0.000000 0. 021951 0.000000 0.000799 0.00811' 0.000000 0.000000 
o.oaom 0.002441 O.ostl72 l.00ll06 0.007037 0.1'0721 0.005680 0.174043 e.000000 0.003&49 0.0JS226 0.000000 0 000000 
0.026647 0.000000 0.000000 0.000000 0.1124117 0.000000 0.000000 0.002515 0.000000 0.001119 0.007698 0.000000 0.000000 
0.0013'4 0.000000 0.000000 UOOOOO 0.000000 0.000Gi10 0.000000 0.000000 0.00ChiOO O.Olis..6 o.0089n 0.000000 0.000000 
0.039420 0.000000 0.051604 l.OOU66 0.007129 l.OSll09 0.027190 0.00831'i 0.000000 0.002643 0.022517 0.000000 0.000000 
O.OOJ1V2 0.000000 0.000000 0.000000 1.000000 0.000000 0.000000 0.0020l1 0.000000 0.0039SS 0.005126 0.000000 0.011505 
O.OC!OOOO 0.000000 C.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.001183 0.000000 0.000000 
0.000008 0.00lll7 0.000000 0.000000 0.0021• 0.000000 0.000000 0.001769 0.000000 0.000117 0.0097ll! o.oooooa ~.000000 

0.000042 0.000000 0.000042 0.000126 0.000067 0.001087 0.000042 0.001415 0.000000 0.000030 0.000361 0.000000 0.000000 
0.004256 1.000000 0.004113 0.012506 0.0067311 0.107'411 0.004256 0.147100 0.000000 0.002934 0.035743 0.000000 0.000000 
0.00006l 0.000000 o.oeoaoo 0.000000 0.000064 0.000000 0.000000 0.000000 0.000000 0.000000 0.001025 0.000000 0.000000 
O.OOOOSl 1.000000 0.000000 1.000000 0.000280 0.000000 0.000000 0.000000 0.000000 O.llOOOOO 0.002025 0.000006 0.000000 
0.0001'3 0.000000 0.000000 0.000000 0.000010 0.000000 0.000000 0.000000 0.000000 0.000000 0.002128 0.000000 C.000000 
0.000312 0.000000 0.000000 0.000000 O.OOl237 0.000000 0.000000 0.000000 0.000000 0.002471 0.002970 0.000000 0.000000 
0.000698 0.000000 0.000396 0.000000 0.007511 0.000000 0.000000 0.000000 0.000000 G.000419 0.014259 0.000000 0.000000 
0.000000 0.000000 0.000000 1.000000 0.000000 0.000000 0.000ilaG 0.000000 V.000000 0.000000 0.009819 0.000000 0.000000 
0.000014 0.000000 0.144203 0.000000 0.001289 0.000000 0.103579 0.0951'i6 0.000000 0.000061 0 085891 0.000000 0.000000 
0.000000 1.000000 0.002116 1.000000 0.000000 0.000000 0 001577 0.000278 0.000000 0.000064 0.000254 0.000000 0.000000 
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 !1.000000 0.000978 0.000000 0.000026 0.001<2.J 0.000000 0.000000 
0.000000 1.000000 0.000000 0.002847 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000675 0.000000 O.GOOOOO 
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.003275 0.017683 0.000000 0.000000 
0.000000 0.015741 0.000000 0.000000 0.000000 0.000000 0.000000 0.MOOOO 0.000000 0.000000 0.002117 0.000000 0.000000 
0.000000 G.l7871S 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.001924 0.000000 0.000000 
0.000000 0.000000 0.000000 0.000000 0.000000 C.000000 0.000000 0.000000 0.000000 0.000000 0.006652 0.000000 0.000000 
0.012624 0.000000 0.000000 0.000000 0.006749 0.000000 0.000000 0.009578 0.000000 0 006162 0.038661 0.000000 o.owoe 
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.00ll09 0.008452 0.000000 0.022202 
0.000020 0.000000 0.000000 0.000000 0.000004 0.000000 0.000000 o.oomo 0.000000 0 000000 0.001761 0.000000 0.00194i 
0.007312 0.000000 0.000000 0.000000 0.000000 0.000000 O.OOOGOO 0.005411 0.000000 0.005428 0.014739 0.000000 0 045706 
0.000061 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.8'0000 0.000000 0.001973 0.008668 0.000000 0.0lll5l 
0.000000 0.000000 0.000000 1.000000 J.000000 0.000000 0 000000 0.000000 0.000000 0.019027 0.01471l 0.0000~0 0. 039753 
0.114193 0.000000 0.017269 0.000000 0.022755 0.000000 o.ooooao 0.023632 0.000000 0.086173 0.056517 0. 00()0(0 0.147251 
0.005995 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0 002139 0.004374 O.OOOOOJ O.OllOSS 
0.035973 0.000000 0 000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0. 012837 0 0262-2 o.oooocu 0.077046 
0.000000 0.000000 0.000000 0.150201 0.000000 0.000000 0.000000 0.023324 0.019118 0.010424 0.045003 0.000000 0 101875 
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60 SS4 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000201 
61 SSS 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.001729 0.000000 O.Ol4SIS 
62 S56 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0. 000000 0.000000 0.000000 0.000000 0.000000 l'.000000 0.000000 0.000000 0.000000 O.l\00000 
63 SS7 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 o.oom1 o.ooooou 11.005804 
~ ssa 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0 000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 
65 SS9 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0. O:>OOllO 0.000000 
66 560 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.011726 0.61lMOO 0.000000 
67 5&1 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 11.000000 0.000000 0.000000 0.000000 D.OC•>OOO 0.000000 

68-72 S&2 0.000000 n.000000 0.000000 0.045034 0.022843 0.000000 0.000000 0.024090 0.000000 0.032540 0.000000 0.000000 0.027983 0.012407 0.000000 o.022m 
llt.f S&l 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 
ll'D S&4 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 O.OOl>OOO 
a:r S&S 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 

f MTIIX 

fOll DOli fl 1.692700 0.836900 l.OOoJOOO 0.000000 0.000000 1.090100 1.684300 0.000000 1. SOlSOO 0.000000 0.579300 o. 972100 0.000000 0.000000 3.815200 0.000000 
TIAEJDS f2 -0.692100 0.163100 -0.009000 0.030300 0.025000 ·0.090100 -0.684300 0.017700 -0.SOlSOO 0.00i700 0.420700 o.o::'<IOO 0.019100 -o.omoo ·2.115200 0. 361300 

LADll fl 0.000000 0.000000 0.000000 0.678800 0.688900 0.000000 0.000000 0.751300 0.000000 0.473100 0.000000 0.000000 0.363\00 0.365300 0. 000000 0.050400 
cu awe f4 0.000000 0.000000 C.000000 0.023100 0.029600 0.000000 0.000000 0.024300 0.000000 0.028300 0.000000 0.000000 0.337200 0.281700 0.000000 0.179700 

n1cmcm fS 0.000000 0.000000 0.000000 O.OOS100 0.035800 0.000000 0.000000 0.008800 O.OOOGOO 0.007000 0.000000 0.000000 0.003200 0.044800 0.000000 O.OS4SOO 
IAJUIAYS f6 0.000000 C.000000 0.000000 0.000000 0 000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0. 016900 0.000000 0.009700 
onus 11 0.000000 0.000000 0.000000 O.OOS841 :i.019007 0.000000 0.000000 0.027020 0.000000 0.0091M 0.000000 0.000000 0.031368 O.Olll29 0.000000 0.010715 

TOTAL l.OOOOOil 1.000000 1.000000 1.000000 1.000000 1.000000 1.000000 1.000000 1.000000 1.000000 1.000000 1.000000 1.000000 1.000000 1.000000 1.000000 

r MTIII 

fOU Dae Tl 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 
TIAISFt.IS T2 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.060000 0.000000 0.000000 

W(U Tl 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 
cu au; T4 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 

ILICTIJCJTY T5 0.000000 C.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.006000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 
IAJUIAYS T6 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 
onms T7 0.000000 D.000000 0.000000 D.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 
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0.0004ll 0.015913 0.066299 0.002204 0.000000 0.005002 0.01040ll 0.000000 0.000337 0.000000 0.000000 0.000000 0.000061 0.000000 0.000000 0.000000 0.000041 0.002491 
0.000000 0.000000 0.000000 0.000236 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 
0.001992 0.00206& 0.004219 0.004711 0.000000 0.001628 0.000619 0.000000 0.003S76 0.000000 O.OOOS14 0.000000 0.003112 0.000280 0.000000 0.000000 0.000579 o.ooom 
0.001198 0.02?037 0.017158 O.OOS651 0.000000 0.002878 0.003479 0.000000 0.002439 0.000000 0.002504 0.006488 0.000003 0.018861 0.000000 0.000000 0.003082 0.009021 
0.001648 0.000000 0.000000 0.000000 0.000000 0.000111 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 li.000000 0.000000 0.000000 O.OOOS82 
0.000000 0.000956 0.001743 0.003071 0.000000 0.004971 0.002222 0.000000 0.02S5l4 0.000000 0.003158 0.000000 0.003388 0.000000 0.000000 0.000000 0.000000 0.0015!14 
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 
0.018996 0.053264 O.OJ7148 0.000!02 0.000000 0.017352 0.023S32 0.000000 0.065964 0.000000 0.023782 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.008112 
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 
0.000000 0.000000 0.000000 0.000000 0.0000~ 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 
0.000000 0.000000 0.000000 0.000000 O.OOOI.~ 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 

0.000000 0.000000 0.000000 0.000000 1.165200 0.000000 0.000000 1.457300 0.000000 1.890700 0.000000 0.000000 0.000000 0.000000 1.045800 0.813200 0.000000 0.000000 
0.374700 -O.l08S01 0.192000 0.176500 -0.165200 0.230500 0.169200 -0.457300 -0.053200 -0.890700 0.192900 0.289500 0.160200 O.llo3900 -0.045800 0.186800 0.057800 0.270500 
O.OlllOO 0.247000 0.132700 0.081900 0.000000 0.04S400 0.046400 0.000000 0.115100 0.000000 0.066100 0.123500 0.052200 0.060800 0.000000 0.000000 o.omoo 0.120400 
O.OS0700 0.149700 O.U7400 0.133800 0.000000 0.069400 0.055700 0.000000 0.242100 0.000000 0.139700 0.130400 0.10S200 0.101900 0.000000 0.000000 0.124100 0.000000 
0.013000 0. 016300 0.048300 0.07S400 0.000000 0.044500 0.006200 0.000000 0.026200 0.000000 0.050400 0.032300 0.016100 0.149600 0.000000 0.000000 0.019500 0.012900 
0.014700 0.0lS.00 0.031400 0.014300 0.000000 0.007400 0.016200 0.000000 0.138100 0.000000 0.008000 0.020900 0.079000 0.027000 0.000000 0.000000 0.019900 o.omoo 
0.011622 o.omoo 0.015603 0.004904 0.000000 0.015890 0.002003 0.000000 0.022376 0.000000 0.013204 0.042512 0. 031510 0.031910 0.000000 0.000000 0.010331 0 .012305 

l.OflOOOO 1.000000 1. 000000 1.000000 1.000000 1.000000 1.000000 1.000000 1.000000 1.000000 1.000000 1.000000 1.000000 1.000000 1.000000 1.000000 1.000000 1.000000 

0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 D.000000 0.000000 0.000000 D.000000 D.000000 0.000000 0.000000 
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 O.~ilOOOO O.O\JOOOO 
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.0001300 0.00001)0 0.000000 0.000000 0.000000 0.000000 0.000000 
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0. 000000 0.000000 0.000000 0.000000 0.000000 
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0.000958 C.000000 0.000000 0.000000 0.00Sl66 0.000000 0.000000 0.000000 0.000000 0.002511 0.011990 0.000000 0.000000 
0.2021~ 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000911 0. 017399 0.010836 0.000000 o.02m8 
1.000293 0.003508 0.000000 !1.000000 0.000341 0.000000 0.000000 0.006629 0.000000 0.016610 0.003938 0.000000 0.000000 
0.00160] 0.000485 0.002109 0.000000 0.013106 0.000000 0.000000 0.000000 0.009456 0.028133 0.007136 0.000000 0.000000 
0.001120 0.000000 0.000ilOO 0.008457 0.000140 0.000000 0.000000 0.000000 0.000000 0.000000 0.002187 0.000000 0.000000 
0.005429 0.111>1546 0.004084 0.000000 0.009224 0.000000 0.000000 0.001256 0.016464 0.000000 0.004191 0.000000 0.000000 
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 o.oomo 0.000000 0.007697 
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.001867 0.000000 0.000000 0.003689 0.000000 0.000000 
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.063083 0.000000 0.000000 0.124Sll 0.000000 0.000000 
0.000000 0.000000 0.000000 0.09447S 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.004868 0.000000 0.017501 
0.069867 0.007236 0.013545 0.000769 0.040762 0.002916 0.011715 0.013309 0.008090 0.000061 0.051838 0.000000 0.000000 
0.000000 0.000000 0.000000 0.000900 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 o.°'°°°° 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 

0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 o.ooooc~ 0.000000 0.000000 o.~ 0.000000 
0.193100 0.076000 0.017500 0.063SOO 0.05~ -0.528278 -0.007600 0.005400 0.038300 0.021600 0.000000 0.000000 0.000000 
0.048600 0.141700 0.198100 0.04Sl00 0.246000 0.4J9300 0.338900 0.204300 O.S71400 0.27Sl00 0.000000 0.000000 0.000000 
D.017SOO 0.449300 0.191400 0.344700 0.325300 0.000000 0.224800 0.104700 0.191900 0.3242011 0.000000 0.000000 0.000000 
0.009SOO 0.001000 0.000700 O.OOSJOO 0.122000 0.007900 0.038200 0.012700 0.009000 0.003300 0.019004 0.000000 0.000000 
1.009100 0.002900 0.000300 0.000000 0.007000 0.000000 0.000000 0.020900 0.000000 0.020000 0.013430 0.000000 0.000000 
0.00Wll 0.008969 0.008319 0.020598 0.013212 O.OlSSOO 0.011355 0.020413 0.011820 0.028719 Cl.000000 0.000000 0.000000 

1.000000 1.000000 1.000000 1.000000 1.000000 1.000000 1.000000 1.000000 1.~"0000 1.000000 1.000000 1.000000 1.000000 

0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 1.2Sll810 
0.000000 D.000000 0.000CIOO 0.000000 O.OOOCl'lll 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 
D.000000 D.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.250000 0.000000 0.000000 
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 l.000000 
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 3.000000 0.000000 
0.000000 D.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 2.500000 tl.000000 
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 l.000000 



Case la 

31 SJ SS S6 57 SS S9 SID Sil 512 SIJ 514 

t.4~.S074 o.~W97 o.~9142 o.%noo 1.040511 o.r-.mo1 1.4som &.111124 1.irJJn o.986731 o.4mOJ o.SJ73S7 o.·m%J 1.1151168 

.315 516 517 SIB 519 520 521 S22 S23 524 S25 526 S~7 

3.28637'5 0. 71ZJ24 t.~10189 1.31787'5 0.88778"J 0.944044 1.003691 0.823082 0.814193 1.~03 1.2'~22 1.K-'8630 0.899~ o. ~~652 

S-29 S30 SJl 532 SJ3 S34 535 S36 S37 S38 S39 s-40 541 542 

o.9736751.187026 o.900841 0.100452 o.902245 o.671365 o.448353 o.66n4~ 0.681157 o.540361o.9194891.036873 t.225241 1.194403 

543 544 545 S46 547 548 549 SSO S51 SS2 SS3 554 555 S~ 

0.893456 0.858891 0.874396 1.088%9 0.492811 0.796288 0.389606 0.587158 0.342497 0.610122 O.T.H903 o.·15%04 0.916008 0.59'0747 

5'57 S58 S"!i9 560 561 562 563 564 565 

t.206436 1.484210 1.111323 o.976587 o.9'31093 o.976700 o.mm 1.oic...365 o.m622 

Fl 

o.&6rn 

F2 

0 1.000804 

F4 F5 F6 F7 

1 2.776868 2.314056 
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58 SJ 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 o.oon.2 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 
60 54 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 o.oouooo 0.000000 0.000000 0.000000 0.000000 0.000201 0.000201 
61 SS 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0 002967 0.000000 0.001729 0.014515 0.014515 
62 56 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000'''.lO 0.000000 
6J 57 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.0027SI :1.005804 0.005804 
64 58 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 
65 59 0.000000 0.000000 0.000000 0.000000 ~.000000 0.000000 0.000000 0.000000 li.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 
66 60 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.011726 0.000000 0.000000 
67 61 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 

61-n 62 0.032825 0.0~0 0.045034 0.045034 0.022843 0.027669 0.024090 0.024090 0.028409 0.03~0 0.030706 0.013004 0.027983 0.012401 0.022215 0.022215 

"' 63 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 
llD 64 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 
a:r 65 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 

F lllTIIX 

nm mlii i 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 U.000000 0.000000 0.000000 0.000000 0.000000 
TIMISFilS 2 O.il32500 0.033300 0.030400 0.030300 0.02SOOO 0.046800 0.017700 0.011700 0.012800 0.007700 -0.231 .. 9 -1. 937000 0.019JOU -0.031400 0.133600 O . .AilJOO 

LdU 3 0.236900 0.242600 0.250000 0.678100 0.688900 0.330400 0.247300 0. 751300 D.128600 0.473100 0.309400 1.232400 0.363100 0.365300 0.050400 0.050400 
CAP alAIG 4 0.669600 0.357800 0.451900 0.023100 0.029600 0.407800 0.528300 0.024300 0.567C'IO 0.028300 0.667100 1.089500 0. 337200 0.281700 0.407400 0.119700 

ILICTIJCUY 5 0.010900 o.omoo 0.005700 O.OOS700 0.035800 0.008800 0.008800 0.008800 o.cooooo 0.007000 0.000700 0 1100000 0.003200 0.044800 O.OS4SOO O.OS4SOO 
IAil.lllYS 6 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.016900 0.009700 0.009700 
OllDS 7 0.008990 O.OU701 0.005741 0.005841 0.01~7 0.025681 0.027020 0.027020 0.008923 0.0091M 0.000000 0.02ll94 0.031361 0.013329 o.01om o.01om 

1.000000 J 000000 1.000000 1.000000 1.000000 1.000000 1.000000 1.000000 1.000000 1.000000 1.000000 1.000000 1.000000 1.000000 1.000000 1.000000 



17 18 19 20 21 22 23 24 2S 26 27 21 29 30 31 32 33 34 

0.000000 0.000000 0.000000 0.000000 0.000000 0. 022742 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 
0 'l)()OOO ~ 000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 O.OOOCIOO 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 
0.000000 0. OO(lllOO 0.000000 0.000000 0.000000 0.000082 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 
0 000000 0.000000 0.000000 0.000000 0.000000 0.000091 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 
0.000040 0.000008 0.000038 0.000041 0.004073 0.027514 0.088887 0.000021 0.000000 0.000010 0.000010 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 
0 000000 0.000000 0.000240 0.000000 0.000000 0.00040 0.000000 0.000000 0.000000 0.000000 0.000000 o.nooooo 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 
0 000000 0.000000 0.000000 0.000000 0 000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 O.OOOO!IO 0.000000 0.000000 0.000000 0.000000 
0.000000 0. 000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0. 000000 0.000000 0.000000 0.000000 
0 900000 0.000000 0.000000 0.000000 0.000000 0.000000 0.128272 0.000000 0.000000 0.000000 o.oooooc 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 
0.000000 0.000000 0.000000 0.000000 0.000000 0.070063 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 O.OOS396 
0.000000 0.362710 0.010734 0.0003!>4 0.000000 0.000000 0.000000 o.ooms 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 
0.000028 0.021))1 O.OS7907 0. 027SS4 0.039486 0.0087SJ o.oossao 0.010612 0.0098S3 0.007387 0.007387 0.018490 0.3Sl331 0.0102'.M 0.013S96 0.004333 0.00!1461 0.006790 
0. )1)7821 O.OOOS28 o.ooom 0.003185 0.074208 0.003189 0.000665 0.004009 0.000035 0.000730 0.000730 0.002841 0.000000 0.003129 0.0016S8 o.ooom 0.000221 O.O<I0860 
0.0;"6955 0.000132 0.000194 0.000796 0.018552 0.000797 0.000166 0.001002 0.000008 0.000182 0.000182 0.000710 0.000000 0.000782 o.ooom 0.000131 o.ooooss 0.000210 
0.003936 O.Ol2Jn 0.027259 0.023049 '-063251 0.023822 0.029616 0.044616 0.0064S5 0.018938 0. 018931 0.026286 0.017021 0.008314 0' 013801 0.005965 0.008325 o.01m1 
0. 000441 0.15806l 0.001666 0. i)l4100 0.001870 0.022509 0.006108 0.007318 0.001746 0.001726 O.lm1726 0.0024911 0.000391 0.001763 0.004523 0.001448 0.001210 0.003699 
0. 0018111 o.oo56n 0.070621 0.013532 0.007814 0.002221 0.000377 0.008522 0.004327 0.009203 0.009203 0.051230 0. 000671 0. 015072 0.012895 0.003113 0.001770 0.003977 
0.003459 0.0031411 0.012835 0.102524 0.1025118 0.029781 0.094876 0.005785 0.013081 0.005576 0.005576 0.001025 0.017908 0.018711 0.018569 0. DOll6lll 0.0016711 0.002195 
0.000000 0.001809 0.000011 0.001433 0.018989 0.001829 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.001449 0.000523 0.000000 0.000000 0.0001/00 
0.013220 0.052336 0.026674 0.0280!>4 0.042311 0.179117 0.031253 0.030420 0.010093 o.omo3 0.007403 0. 0071116 0.002222 0.002S73 0.010700 0.002342 0.058695 0.048997 
0 000000 0.000172 ~.003857 0.003055 0.009621 0.007355 0 184911 0.000000 0.000000 0.000045 0.000045 0.000099 0,0f)IOOO 0.000000 0.000038 0.000119 O.OOOIJ7 0.000397 
0.000000 0.000000 0.000721 0.002457 0.000009 0.000129 0.000001 0.070205 0.139076 0.033698 0.033698 0.003479 0.000000 0.122060 0.000065 0.000343 0.000036 0.000231 
0.000037 0.000431 0.003085 0.000134 0.000156 0.000017 0.000005 0.000845 0.003233 0.096180 0.096180 0.000332 0.001712 0.033707 0.000637 0.000131 o.ou.,. 0.013604 
0.000148 0.000146 0.000369 0.000110 0.000177 0.000075 0.000022 0.000288 0.000129 0.001559 0.001559 o.ooom 0.000157 0.002540 0.000192 0.000123 0.001623 o.ooms 
0 014746 0.014548 0.0~0 0.010910 0.017588 0.007488 0.002190 0.028S40 0 012848 O.IS4432 0.1!14432 0.029238 0.015632 0.025216 0.019067 0.012203 0.160752 0.132192 
0.000179 0.000062 0. 004(,(,9 0.000)56 0.0013)8 0.000017 0.000020 0.001750 0. 002731 0.011802 0.011802 0.114460 0.000194 0.005375 G.!102619 0.000694 0.001064 0.001992 
0.000198 0.000280 0.000713 0.012794 0.014137 0.007563 0.001826 0.000000 0.064887 0.011308 0.011308 0.018922 0.002905 0.033171 0.004609 0.005679 0.002487 0.000954 
0.000000 0.000000 0.000376 0.000016 0.000164 0.000038 0.000004 0.000000 0.000000 0.013338 0.013338 0.000000 0.000038 0.018848 0.000790 0.000237 0.002901 0.003667 
0 OOOlll 0.0014)5 0.002355 0. 007410 0.002413 0.007287 0.004457 0.002061 0.004232 0.0176S4 0.0176!>4 0.007990 0.001421 0.150176 0.2637"6 O.SIJ937 0.013111 0.024000 
0.000316 0.000312 0.002117 0. 000741 0. 001114 0.001935 0.004891 o.oon436 0.000380 0.003800 0.003800 0.0002S4 0.001156 0.009724 0.002837 0.0119113 0.012466 0.027780 
0.000000 0 005228 0.0020i2 0.000019 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.22!1426 0.004287 
0 0493)4 0.061298 O.OJOIE9 0. 0022611 0.010892 0.004614 0.000010 0.042501 0.088147 0.095022 0.095022 0.061492 0.127506 0.002115 0.0569117 0.064331 0.152451 0.211423 
0.000000 o.ooom 0.000179 0.000012 0.000009 0.000000 0.000000 0.000318 o.oouooo 0.000000 0.000000 0.000000 0.000000 0.000000 0.000253 O.OOOOS4 0.000049 0.000940 
0 000182 0.000083 0.000982 0.000034 0.000031 0.000018 0.000000 0.000088 0.000040 0.002531 0.002531 0.000000 0.000000 0.000000 0.000000 0.000000 0.006923 0.006189 
0.000000 0.001297 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.010728 0.001658 0.001658 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000661 
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.010548 
0 000000 0 000322 0.000000 O.OOMO 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000622 0.000000 0.000000 
0 000000 0.000000 0.000000 0.000264 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 
0.000000 0.000000 0.000049 0.000008 0.000000 0.000000 0.000000 0.000000 0. 000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000014 
0 014482 0. 000290 0.001094 0.001892 0.000440 0.07S766 0.000075 0.000114 0.02SS96 0.003S16 0.003516 0.000326 0.004952 0. 000790 0.001714 0. 004586 0.000108 0.008736 
0.000662 0.000154 0.00lll8 0.004558 0.000005 0.000247 0.007562 0.00001(1 0.000000 o.ooooos 0.000005 0.000000 0.000000 0.000000 0.008405 0.000001 0.000001 0.000330 
0 002466 0.000007 0.00063S 0.000000 0 000978 0.000060 0.000001 0.003244 0. 000000 0.000024 0.000024 0.000000 0.000006 0.000000 0.000304 0.000073 O.OOOSJl 0.000001 
0 001827 0.000312 0. 000932 0.000000 0.000000 o. aoo843 0.000000 0.007673 0 012629 0.001972 0.001972 0.000000 0.000019 0.000000 0.002156 0.000357 0.000000 0. 0071311 
0 000000 0 000073 0.000006 0.000000 0.000129 0.000000 0.000000 0.000000 0. 000000 0.000003 0.000003 0.000000 0.000000 0.000000 0.000000 0.000000 0. 00000! 0.000111 
0.000000 0 000000 0. 000000 0.000000 o.ocoooo 0.000000 0.000000 0.000000 0. 000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 
0 ()(1()965 0.013292 o.o09m 0.023261 0.055265 0.029774 0.008330 0.001968 0. 001220 0.000000 0.000000 0.007247 0.004946 0.000000 0.004192 0.000983 0.017977 0. 003382 
0 000001 0.000079 0 0016)1 0 000015 0.000000 0.000001 0.000130 0.000000 0.000000 0.000005 0.000005 0.000000 0. 000005 0.000000 0.000009 0.000000 0. 000003 0.000007 
0 OQl'Qll 0.00047fl 0.009"'.'90 0.000093 0.000000 0 000011 0.000781 0.000000 0.000000 0.000031 0.000031 0.000000 0.000033 0.000000 0.000058 0.000000 0.000022 0.0000~ 
0 ('OOl.)00 0.000000 0 000000 0 212082 0.000000 0. 018717 0.063021 0. 000000 0.000000 0.000000 0. 000000 0. 000000 0.000000 0. 000000 0.000000 0.000000 0.000000 0.000000 
0 0(1(14)8 O.OmlJ 0.066299 0.002204 0.000791 0.005002 0.010408 0.000000 0.000337 0.000000 0.000000 0.000000 O.Ou0061 0. 000000 0.000000 0.000917 0.000041 0.002'91 



0.000000 0.000000 0.000000 0.000236 0.000210 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 
0.001992 0.002066 0.004WJ 0.004771 0.007606 0.001628 0.000619 0.000000 0.003576 0.000514 0.000514 0.000000 0.00)112 0.000280 o.ooom 0.001681 0.000579 0.000512 
0.001198 0.021031 o.omse o.°'5651 0.013354 0.002878 0.003479 0.060743 0.002439 0.002504 0.002504 0.006488 0.000003 0.018861 0.003545 0.000176 0.003082 0.009021 
0.001648 0.000000 0.000000 0.000000 0.000510 0.000111 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000500 0.000000 O.OOOSI~ 

- - - - - 0.000000 0.0009S6 0.001743 0.003071 0.000000 0.004971 0.002222 0.006146 0.025534 0.003158 0.003158 0.000000 0.003388 0.000000 0.000000 O.OOJl71 0.000000 O.Ollm• 
t.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 o.~oo 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 
1.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 o.ooo~ao 0.000000 0.00\1000 
1.000090 0.000000 0.000000 O.llOOOOO 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 
1.018996 0.053264 0.037148 O.UCNll02 0.000211 0.017352 0.023532 0.000000 0.065964 0.023782 0.023782 0.000000 0.000000 0.000000 0.000699 0.000000 0.000000 O.O<lell2 
t.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 o.uooooo 0.000000 0.000000 0.000000 0.000000 0.000000 
1.000000 0.000000 0.000000 0.000000 0.000000 o.onoooo 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 
0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 D.000000 0.000000 0.000000 

l.OOOOIO 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 
0.)74100 -0.lOISOl 0.192000 0.176500 0.095600 0.230500 0.169200 0.048200 -0.053200 0.1110:10 0.192900 0.289500 0.160200 0.10900 0.064300 0.09MOO 0.057800 o.msoo 
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o.mm 0.000000 O.OOOGOO 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.012137 0.026242 0.000000 0.077046 
0.000000 0.000000 0.000000 0.150201 0.000000 0.000000 0.000000 u:m• 0.019111 0.010424 0.045003 0.000000 0.101175 
o.ooma 0.00lSOB 0.000000 0.000000 0.005366 0.000000 0.000000 0.000000 0.000000 0.002511 0.011990 0.000000 0.000000 
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Mathematical Statement of SIO Model 

The matrix A relates the intermediate inputs (D) to the 
intermediate outputs (X), thus: 

D = A X 

The matrix P relates the primary inputs (P) to intermediate 
outputs (X), thus 

P = F X 

We want, initially, the relationship between Final Use (D) 
and primary inputs (P). The intermediate outputs are divided 
into two uses - intermediate inputs, and final use, thus: 

x = u + D = A.X + D 

Therefore D = x - A.X = (I - A) .X 

x = (I - A)• 
_, 

D 

But p ::: F.X 

Therefore p = F. (I - A)• 
_, 

D 

or P = M.D where M = P. (I - A)-1 

The relationship between the conversion factors for sectors 
(SP) and primary factors (PP) is given by 

SF = PF.M . . . . (I) 

To find SP, we need values for PF. Some are known or 
defined as constants. In general, we can define the primary 
~onversion factors in terms of a linear combination of sectoral 
conversion factors, and constants, thus: 

PF' = T • SF' + 0 • • • (II) 

where T defines the linear relationship between the PF and the 
SF, and Q is a vector of constants. 

Solution of SF depends on the simultaneous solution of I and 
II. This can be achieved by iteration, thus: 

Initial values for PF are guessed (as PF0 ) 

= PF0 M 

thus PF ' 1 = T .SF' 1 + Q 



thus SF2 
converges. 
convergence. 

= PF1 M and so on, until a solution for SF ~nd PF 
An analytical solution can be derived from this 

Gener3lly from the above 

PF' N = T SF' N + Q 

SFN = PFN-1 M 

Therefore SFN = (T SF' N-1 + Q)'.M 

SFN = SFN-1 T'M 

Eventually SFN ~ SFN_1 

so, SFN = SFN T' M + Q'M 

so, SFN (I - T'M) = Q'M 

+ Q'M 

= (T SF' ) I N-1 M + Q'M 

SFN = Q'M (I - T'M)-1 and PFN I = T SFN I + Q 

Which can be simplified to 

SFN = Q'F (I - A - T'F)-1 

PFN = SFN T' + Q' 

Knowledge of A, F, and Q therefore gives SF and PF. 




