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Abstract

Ragnhild Balsvik and Anne Brendemoen

A Computable General Equilibrium Model for Tanzania
Documentation of the Model, the 1990 - Social Accoounting Matrix and Calibration

Reports 94/20 • Statistisk sentralbyra 1994

This report documents a Computable General Equilibrium model for the economy of Tanzania, the Social Accounting
Matrix underlying the model, and the calibration of model parameters. The model is developed to account for effects
of land degradation processes; this report does, however, only deal with the pure economic part of the model, trea-
ting land degradation as an exogenous variable in the agricultural production functions. The model describing the
land degradation processes is developed at the Agricultural University of Norway.

The CGE model presented here is quite standard; producers maximise profits subject to Cobb-Douglas production
functions, households maximise utility and distribute expenditure according to a linear expenditure system. The model
exhibits two way trade assuming imperfect substitution between domestically produced and imported varieties of
each good, and between production for the domestic market and export. Prices are endogenous and adjust to obtain
market equilibria. Economic growth occurs through growth in the stock of capital, which is determined by savings,
exogenous technological progress, and declines in the land degradation processes.

The model is calibrated to produce the Social Accounting Matrix with all prices equal to unity. The Tanzanian Bureau
of Statistics provides a number of publications on economic data. Tanzania is however still in the process of develo-
ping National Accounting procedures, and the data available are often somewhat inconsistent as different sources
often give different figures for what should be the same issue. Much of the official data are based on information
from an input-output study from 1976. Furthermore, apart from the agricultural sectors, we have found no gross pro-
duction figures. The construction of the Social Accounting Matrix has accordingly been a stepwise procedure, based
on several somewhat arbitrary and rough assumptions.

Keywords: Development economics, Environmental economics, Computable general equilibrium models, Tanzania

Acknowledgement: The Research Council of Norway under the resarch programe "Economy and Ecology -
Management tools for Sustainable Development".

3





Rapporter 94/20 	 A Computable General Equilibrium Model for Tanzania

Contents
1. Introduction 	  7

2. Commodities and sectors 	  9

3. 	 Model structure 	  11
3.1 	 Production and factor demand 	  11
3.2 Import and export 	  12
3.3 Private income and consumption 	  13
3.4 The public sector 	  14
3.5 Investments 	  14
3.6 Equilibrium of domestic demand and supply 	  15

4. The 1990-Social Accounting Matrix for Tanzania 	  17
4.1 	 Domestic supply 	  17
4.1.1 Gross Domestic Product at factor cost by sector 	  17
4.1.2 Gross Domestic Product at market prices by sector 	  19
4.1.3 Gross production by model sector 	  19
4.1.4 Imports 	  20
4.1.5 Exports 	  21
4.1.6 Customs duties 	  21
4.2 	 Intermediate deliveries 	  22
4.3 	 Final deliveries 	  24
4.3.1 Change in stocks 	  24
4.3.2 Government consumption 	  25
4.3.3 Investment 	  25
4.3.4 Private consumption 	  25
4.3.5 Status of the SAM 	  26
4.4 Additional data 	  27
4.4.1 Distribution of income 	  27
4.4.2 Sectoral investments 	  28
4.4.3 Aggregate income and savings 	  29
4.4.4 The Linear Expenditure System 	  30
4.4.5 Trade 	  31
4.4.6 Government intermediate consumption 	  31

5. Conclusions 	  33

References 	  35

Appendix 1. Model equations, list of sectors and variables 	  37

Appendix 2. Tables 	  41

Issued in the series Reports 	  49

5





Rapporter 94/20 	 A Computable General Equilibrium Model for Tanzania

1 Introduction*

This report documents the structure and calibration
of a computable general equilibrium (CGE) model
for the economy of Tanzania. The purpose of the
model is to study the links between economic poli-
cy measures, agricultural technologies, soil quality
and productivity losses due to soil mining and soil
erosion, and the overall performance of the natio-
nal economy. The report is a follow up of the report
"Modelling structural adjustment policy and land
degradation in Tanzania" (Aune et al.,1994), which
gives details on the background for the present pro-
ject.

Tanzania ranges as one of the poorest countries of
the world; a country where agricultural production
provides employment, subsistence and income for
the majority of the population. Approximately 83
percent of Tanzania's economically active popula-
tion are participating as smallholders, agro-
pastoralists and pastoralists in the agricultural sec-
tor. Agriculture's contribution to GDP in Tanzania
in 1991 was 61 percent (of which 10 percent is due
to livestock breeding). Agricultural products serve
as major intermediate inputs in the food-, bevera-
ges- and textile industries. Furthermore, in 1990
more than half of Tanzania's export revenue was
from agricultural products. Exports is the basis for
imports of investment goods like machinery and
transport equipment, of which Tanzania is highly
dependent. The dominance of agricultural produc-
tion in Tanzania's national economy suggests that
sustainable development within this sector is a pre-
requisite for sustainable overall economic growth
in the long term.

A basic principle of sustainable land use is that in-
put of nutrients should be equal to or higher than
the output. One of the main nutrient inputs to an
agricultural system is from fertilisers. The main
loss of nutrients from the system occurs through
the harvested product and by soil erosion. Calcula-
tions indicate that nutrient depletion is taking pla-

ce in Tanzania (Stoorvogel and Smalling, 1990),
suggesting that agricultural productivity will decli-
ne in the long term. Aune et al., (1994) discusses
the present status and causes behind land degrada-
tion problems in Tanzania.

The speed and magnitude of decline in land produc-
tivity, or land degradation, depend on the cultiva-
ted crop, soil properties and whether any measures
are adopted to stop or modify the process. Changes
in cropping patterns and agricultural techniques
will for instance affect land degradation. The Econo-
mic Recovery Programme developed by the govern-
ment of Tanzania and the IMF/World Bank and car-
ried out from 1986 and onwards, offers a profound
change in the focus of agricultural and macroecono-
mic policies. The Programme includes measures
like deregulation of agricultural producer prices,
dissolving of marketing monopolies for food crops,
elimination of input subsidies, increased focus on
land tenure and credit market policies, and devalua-
tion of the overvalued Tanzanian Shilling. Experien-
ces with the Economic Recovery Programme so far
suggest that the policy changes indeed affect
farmer's economic decisions regarding the selection
of crops, and thus land degradation and produc-
tivity. Whether production techniques in general,
and the use of fertilisers in particular will change
as well, is too early to tell. It is however likely that
input of fertilisers, which at present is extremely
low in Tanzania, will increase as further rigidities
in the market are being removed (see Aune et al.
for a discussion of possible and actual outcomes of
the Economic Recovery Programme on this issue).

Surprisingly few studies can serve as guidelines for
political decisions on land management other than
specific actions at the farm level. These actions are
limited to technology changes by means of informa-
tion about potential gains within the existing econo-
mic framework. While land degradation is general-
ly regarded as costly, more precise estimates of

* The autors would like to thank Gina Spurkeland for research assistance and Soveig Glomsrod, Haakon Vennemo and
Kjell Arne Brekke for valuable comments and discussions.
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these costs have not been identified. The costs
facing the individual farmer, measured in losses in
yields, may be quite obvious. The true costs of land
degradation are however more subtle. Declining
yields will for instance normally cause prices to in-
crease in order to restore real income among the
producers. In an economy like Tanzania, where
agricultural production is a substantial part of GDP,
this may have severe effects on real incomes and by
that also on the demand for all goods and the stand-
ard of living in the rural population. Accounting for
effects like these, requires a model where land de-
gradation and the national economy is fully integra-
ted.

Within a CGE model framework, effects of a vide
range of policy measures may be analyzed. Applica-
tions of CGE models in economic and environmen-
tal analysis have several advantages compared to
more partial models. The full effect of any econo-
mic or environmental policy includes indirect,
input-output effects as well as the more obvious di-
rect ones. Analysis based on CGE models point out
indirect relations among economic variables, and
among economic and environmental issues. One
example is effects of price policies on agricultural
inputs like fertilisers. Subsidising fertilisers will inc-
rease the productivity in agricultural sectors and
modify land degradation processes, which will furt-
her increase the productivity in the sectors. Income
will rise among the rural population and demand
for consumer goods will increase, which in a gene-
ral equilibrium model will give rise to increased
production of all goods. Furthermore, subsidies on
fertilisers and increased productivity will most like-
ly cause agricultural prices to decline relative to ot-
her prices, and the demand for these products for
consumption, exports and intermediate inputs to
increase. Changes in relative prices will further af-
fect not only the level, but also the composition of
production and final demand, which again may cau-
se changes in for instance the rate of land degrada-
tion. What may seem like a marginal policy change
may in other words, through general equilibrium ef-
fects, cause profound changes in the overall perfor-
mance of the economy. Other examples are effects
of trade- and exchange rate policies, income policy,
and taxation policy in general. The overall effects
of such measures are most clearly established by
the means of a large scale macroeconomic model.

A model of impacts on land productivity from land
use patterns and farming techniques is developed
at the Agricultural University of Norway and is do-
cumented in Aune et al., (1994). In the present re-
port, the economic part of the CGE model is docu-
mented. In chapter 2, the list of model sectors and
commodities is presented; chapter 3 gives details
on the model equations; chapter 4 documents the
Social Accounting Matrix and additional calibra-
tions.

8
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2. Commodities and sectors

We will assume that each sector produces a single
commodity. Furthermore, each commodity is produ-
ced in one sector only. This implies that our list of
production sectors equals that of goods.

Commodity/Sector list
1. Cotton
2. Coffee
3. Tea
4. Tobacco
5. Cashew
6. Cassava
7. Maize
8. Rice
9. Sorghum

10. Beans
11. Other crops and cereals
12. Livestock
13. Forestry, Fishing and Hunting
14. Food and Beverages industries
15. Textiles
16. Other manufacturing sectors, Mining

and Quarrying
17. Constructions
18. Electricity
19. Transport and Communication
20. Other private services

Some level of aggregation is necessary in a macro-
economic model of this type, aiming at describing
the impact of land degradation on agricultural pro-
duction. The 11 agricultural sectors are suitable for
approaching the various technological and ecologi-
cal dimensions; the sector list is consistent with
the one used in the 1976 input-output matrix deve-
loped for Tanzania (Komba and Wagao, 1986). As
it stands, the commodity/sector list is an aggregate
of the sector defenition in the 1976 input-output
matrix, with the exception that we treat cassava
and sorghum separately in our model, whereas the-
se two crops are included in "other crops" in the
1976-matrix.

The sectors 13-Forestry, Fishing and Hunting, 17-
Constructions, 19-Transport and Communication

and 20-Other private services, are Tanzanian Natio-
nal Account sectors or aggregates of NA sectors (Bu-
reau of Statistics, 1993a). The industrial sectors 14-
16 are sub-sectors of the NA sector "Manufactur-
ing". We have chosen to disaggregate the manufac-
turing sector in order to compute general equilibri-
um effects of changes in the supply of agricultural
products which are important intermediate inputs
in the sectors 15-Textiles and 14-Food and Bevera-
ges. Furthermore, our sector 18-Electricity, is a sub-
sector of the NR sector "Electricity and Water". We
have treated electricity separately to facilitate futu-
re use of the model for fuel/energy analyses.

Only two of our model commodities will be classifi-
ed as investments goods. One is the good produ-
ced in sector 17-Constructions (buildings etc.). The
second is the good produced in sector 16-Other ma-
nufacturing industries, Mining and Quarrying, and
is an aggregate of capital goods like machinery and
vehicles, plus all capital classified in statistical pub-
lications as "other". In principal, all commodities
can be imported and exported, used as intermedia-
tes in production, or as public and private consump-
tion. All sectors are assumed to be private. A num-
ber of parastatal enterprises still exists in practical-
ly all sectors, but these are at present being privati-
sed.

9
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3. Model structure

The model is a fairly standard, static, computable
general equilibrium-model for an open economy.
The general model structure, refered to as an "elas-
ticity structuralist CGE-model", is discussed in
Robinson (1989). The core of the model is the Soci-
al Accounting Matrix (SAM) documented in the
next chapter. Around this core are the relations
describing the behaviour of the different sectors of
the economy. Our choices on how to model this be-
haviour are limited by the available data, discussed
below and in Aune et al. (1994). We make the as-
sumption that producers maximise profits and hou-
seholds maximise utility. Quantities are endogeno-
us, as are relative prices which adjust to obtain mar-
ket equilibria (except for in the labour market).
The exogenous exchange rate serves as the name-
rake.

As information regarding labour supply in Tanzania
is scarce, we do not intend to model the labour mar-
ket in any detail. One option is then to treat labour
supply as exogenous and nominal wages as endoge-
nous. In this framework, wages will adjust to secu-
re equilibrium in the labour market as well. Our
choice is however to treat nominal wages as exoge-
nous; the labour market will not necessarily be in
equilibrium. Furthermore, the model does not inclu-
de any assets. For a discussion of the choice of a
CGE modelling framework and its appropriateness
for the present and future Tanzanian economy, see
Aune et al., (1994).

In the equations below, the subscript j runs over
the complete list of commodities/sectors (j=1-20),
if nothing else is stated.

3.1 Production and factor demand
Agricultural gross production (Xj, j=1-11) is produ-
ced according to Cobb-Douglas, constant returns to
scale production functions, subject to exogenous,
factor neutral technological changes (By). All agric-
ultural sectors are assumed to use labour (Li), ferti-
lisers (Fi) and material inputs other than fertilisers
(Mi). Material inputs are applied in fixed propor-
tions to output. The sectors 2-Coffee, 3-Tea, 4-To-

bacco, 5-Cashew and 7-Maize use real capital (Ki)
as well. The production function for these sectors is
given by

(1)= B.; s; 	- 09 - ,

(2) Mj = 	 ,

where j= 2-5,7, ai is the cost share of labour andi3i
is the cost share of capital. aij is the fixed input-out-
put coefficient; the fixed inputs of good i per unit
output of good j.

Agricultural production is affected by land degrada-
tion processes. The variable Si accounts for changes
in productivity per unit arable land due to changes
in soil quality. In the complete model, Sj is a func-
tion of the use of fertilisers and volume of produc-
tion. The model describing the determination of the
S. - variables is described in Aune et al. (1994). In
this report, it will be treated as exogenous.

Investments in the agricultural sectors are assumed
to be in fixed proportions to total investments,
which we will return to in paragraph 3.5. To the in-
dividual farmer, the stock of capital is fixed, and
only inputs of labour and fertilisers are freely deter-
mined by the producers. We do however need to de-
fine the price of real capital which is a fixed coeffici-
ent aggregate of the price of the commodities 16-
Manufacturing and 17-Constructions, as these are
the only goods in our model delivered for invest-
ment purposes;

(3) PKi = y, PCs bsj

where s = 16,17. PCj is the composite price og com-
modity j, defined in equation (14) below. bsi is a fi-
xed coefficient measuring the share of commodity s
of sector j's investments.

11



(I) IIj = PiBi SiLai 1(43i Fej 	 - Wj Li - PKj (R + 8j) Kj - Fj (1 + TFJ)PCif, - Xj Eiaij PCi ,

where R is the rate of return and •Sj the rate of depreciation of capital. Maximising (I) with respect to Li and F) and
substituting Xj from (1) in the first order conditions give the demand for labour and fertilisers in (4) and (5)
respectively.

1 Profits (II) is given by
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The farmers apply labour and fertilisers to maximi-
se profits. The first order conditions to the maximi-
sation problem is given by

(4) Wj Li = Xi aj - Eiaij PCi)

(5) PC16(1 + TF:i) Fi = Xj(1 - ai - 13i) (Pj - Eiaii PCi)

where j=2-5,7, Wj is the exogenous wage rate, Pj is
the producer price on gross production defined in
equation (17) and PC16 is the price of the composi-
te commodity 16-Manufacturing, which is fertilisers
when delivered to the agricultural sectors. The sa-
les tax rate M is included to allow the model user
to differentiate subsidies or taxes on fertilisers be-
tween the sectors. PCi is the composite price of
other intermediate inputs.

In the agricultural sectors 1-Cotton, 6-Cassava, 8-
Rice, 9-Sorghum, 10-Beans and 11-Other crops and
cereals, the use of real capital is very low, or non-
existent. We assume there is no capital in these sec-
tors, which gives the production function

( 6) X.
1  Bi Si 49 	ai ,

where j=1,6,8-11. The use of intermediate inputs
other than fertilisers is as given by (2), and the first
order conditions determining demand for labour
and fertilisers by (4) and (5) (with j = 0).

The non-agricultural sectors (j=12-20) use labour,
real capital and intermediates as inputs. Gross pro-
duction is a constant returns to scale Cobb-Douglas
function of labour and real capital, given that in-
puts of materials is applied in fixed proportions to
output;

(7) Xj = Bi 

(8) Mi = Xi lei aii ,

where j=12-20, i=1-20.

Input of labour and real capital are determined by
profit maximisation, giving the first order condi-
tions

(9) Wj Lj = Xj aj (Pj - Eiau PCi) .

(10) PKi (R + Ey) Kj = Xj (1 - aj) (Pi — Eiaii PCi) .

We define the left hand side of (10) as the user cost
of capital, where PKj is the price of real capital, R is
the rate of return to capital and Sj is the deprecia-
tion rate of real capital. The price of real capital is
given by (3).

3.2 Import and export
Tanzania may be classified as a small open econo-
my, where several goods are subject to internatio-
nal trade. Although trade may be extensive, the
small economy assumption implies that the country
still is without influence upon the international
markets, and that world market prices are unaffec-
ted by Tanzanian actions. Accordingly, Tanzanian
traders are assumed to be price takers at the world
market; commodities can be bought and sold at
constant world prices;

(11) PIj = PINj ER (1 + TIj) ,

where Plj is the price of imports in the domestic
market, PWi is the world market price, 77j is the im-
port tax and ER the exchange rate. The price on ex-
ports is determined slinilarly;

(12) PAi (1 + TAi) = PWJ ER ,

where PAj is the export price that faces the produ-
cer and TAj denotes the export tariff that adds to
the producer price when the good faces the mar-
kets abroad.

To mirror observed phenomena and at the same
time avoid that the price-taking-assumption will
lead to extreme specialization whenever the price
ratio between the world price and domestic price
changes, product differentiation is assumed (see
for instance de Melo and Robinson (1989)). This

12
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treatment of trade is widely used in CGE modelling.
It implies that imports and domestically consumed
goods are assumed to be imperfect substitutes (the
Armington assumption), as are exports and goods
sold at the domestic market. Product differentiation
may occur due to differences in quality or costs as-
sociated with entering foreign markets, and is parti-
culary suitable in models with large commodity ag-
gregates.

On the import side, product differentiation leads to
the introduction of composite goods (XCj), which
are aggregates of domestic and imported varieties
of each good (denoted by XDi and Ij respectively).
The price ratio between the two varieties determi-
nes the ratio between imported and domestically
produced goods. Following the Armington assump-
tion, the aggregation function is a CES formulation;

(13) XCj = Qi [qj Iiti + (1 - qj)	 ,

where Qi is a shift variable, qj is the share parame-
ter and ti indicates the elasticity of substitution, cj;

1
Ei 1 + t• •

The smaller the elasticity of substitution, the "less
tradable" is the good.

Given the prices on the two varieties, the value of
the composite good is defined by

(14) PCi XCi = PDj XDi + PIi /i

The buyers of the goods seek to minimise the cost
of purchasing a given quantity, given by (14). Mini-
mising (14), subject to the aggregation function
(13) gives the first order conditions determining
the ratio of imports to domestic production;

Ij	 -Ej

(15)
[PD.i qj

xiri- ply

On the export side, output of each good is supplied
to the domestic or foreign market. Goods are alloca-
ted to exports (Aj) and domestic markets according
to a constant elasticity of transformation (CET)
function;

(16) Xi = Hi 	 + (1 - hi) XDP] ,

where Hi is a shift variable and hi is the share para-
meter. pi indicates the elasticity of transformation;

1
S2; = 	
- pi -1 •

The elasticity S2j measures the responsiveness of
the ratio between exports and domestic sales to
changes in the marginal rate of transformation.

The net value of sale is

(17) Pi Xi = PDi(1 - TSi) XDi + PAi

The producers choose the ratio of exports to domes-
tic supply that maximises the total value of sale in
the two markets, given by (17). Maximising (17)
subject to (16) gives the first order condition deter-
mining the ratio of exports to domestic sales;

Aj	 PAj	 (1-
(18) = 	

Ppi (1 TS j)

The smaller the elasticity of transformation, the
more imperfect substitutes are the exported and do-
mestically produced goods. The parameters are cali-
brated to produce the initial quantities as they ap-
pear in the SAM. This is documented in paragraph
4.4.5.

3.3 Private income and consumption
Private income consists of wages and returns to ca-
pital, plus possible profits in the agricultural sec-
tors 2-5,7 that use real capital; as gross invest-
ments in these sectors are assumed to be in fixed
proportions to total investments, the use of capital
is not necessarily optimal and the zero-profit condi-
tion does not necessarily hold. Furthermore, as we
have assumed that all sectors of production are pri-
vate, possible returns to capital within the public
enterprises is included in these private sectors. We
do, however, allow the public sector to employ labo-
ur for public administration etc. Total private inco-
me thus consists of wages and returns to capital in
all sectors of production plus wages in the public
sector plus profits in the agricultural sectors that
use real capital. Disposable private income (Y) is gi-
ven by

Y= (1 - TY) EmWmLm + WGLG + ERKiR • Ki
(19) + Elc (Xk (Pk - 

1
42.ikPCj) - PC16Fk - 804)1 	 '

13
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where m=1,6,8-20; i= 12-20; k= 2-5,7; j = 1-20.
WGLG is income earned by public employees and TY
is the income tax rate.

Total private expenditure (E) is assumed to be a
constant part of disposable income;

(20) E = cY ,

where c is the marginal propensity to consume.
Private expenditure is allocated between the com-
modities according to a linear expenditure system
(LES)

(21) PCi Ci = PCj yi +19 (E - Ei PCi yi) .

Calibration of the parameters in (21) is documen-
ted in paragraph 4.4.4. We follow the tradition of
interpreting the 7-parameters as minimum, or sub-
sistence, quantities; PCiyi is the minimum expendi-
ture on commodity j and IRCiyi the total minimum
expenditure of which no substitution is possible.
The x-parameters add to unity, and may thus be in-
terpreted as constant budget shares, applied on
non-subsistence expenditure. Expenditure on each
good accordingly consists of a subsistence part and
a non-subsistance part.

3.4 The public sector
Government revenue is determined by revenues
from taxes on income and sales, and tariffs on im-
port and export;

GR = Ej (TSJPDADi + TApAiAj + TIRWAER)

+TY [EmWmLm + WGLG

(22) ± (xk _ -rikPCj) PC16Fk — 44)1

Es7FsPC16Fs

where j=1-20; m=1,6,8-20; i=12-20 k=2-5,7; s = 1-
11. The revenue is divided between exogenous no-
minal government consumption (CG) and the resi-
dual, endogenous government savings (SG);

(23) GR = CG + SG -

The exogenous government consumption consists
of purchases of labour (WGLG) and material inputs
from sector j (MO;

(24) gCG WG LG

(25) PC:i	 = aGj (1 --g) cG

where g is the cost share of labour in government
consumption and aGj the share of total government
demand for intermediates directed at sector j.

3.5 Investments
Total nominal net investments (J), are determined
by the requirement that savings equal net invest-
ments;

(26) J = (1 - c) Y + SG + Z • ER - EICSj ,

where Z is exogenous transfers from abroad, which
equals the balance of trade deficit. Government sa-
vings may in this framework be interpreted as an in-
vestment specific, lump sum transfer from the pu-
blic to the private sector. CSj is change in stocks.

A fixed part (mi) of total net investments is alloca-
ted to each agricultural sector that uses capital;

(27) miJ = (DKi - 8iKi,t)PKi

where i = 2-5,7, DKi is gross investments in real
terms and SiKo is this years depreciation. The right
hand side of (27) is thus net investments in sector i.

The stock of capital at the end of the year, (Ki, t+ i) in
the agricultural sectors will equal the stock at the
beginning of the year (Ki,t), less depreciation, plus
net investments;

(28) Ki,t+1 = DKi + -	 -

2 The LES (see for instance Deaton and Muellbauer (1987)) is derived from the assumption that households maximize
utility, given a Stone-Geary specification;

(I) = Epciln(q -

and a budget constraint;

(II) EiPCjCi = E

Maximising (I) subject to (II) gives the LES.

14
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Demand for real capital in the non-agricultural sec-
tors is determined by profit maximisation and is gi-
ven by (10). Gross investments in real terms is thus
the required stock of capital at the end of the year
less the stock at the beginning of the year, plus re-
placement demand due to depreciation;

(29) DKj = Kj,t+i - (1 - 8j) Kj,t

where j= 12-20. In this framework, the rate of re-
turn to capital will adjust to secure equilibrium of
savings and non-agricultural net investments, given
by

(30) J (1 - Eimi) = (DICi - 81(j,t) PKj •

where i=2-5,7 and j=12-20.

3.6 Equilibrium of domestic demand and
supply

Finally, for each composite commodity, supply has
to equal total demand, which will also secure that
the balance of trade deficit equals the exogenous
foreign transfers. For commodity 16-Manufactu-
ring, which is defined as fertilisers when used in
the agricultural sectors, and which is used as invest-
ments, consumption and intermediates other than
fertilisers as well, the equilibrium condition is

XC16 = /jai& + Fk MG16
(31)

+ C

where i=12- 20, j=2- 5,7,12 - 20 and k=1 -11.

For commodity 17-Constructions, which is used for
investments, intermediates and consumption, equi-
librium is given by

(32) XCi7	 MG17 + C17 + Eibi7pKi + CS17

where i=1-20, j=2-5,7,12-20.

For the other commodities, that are not used as eit-
her investment goods or fertilisers, the equilibrium
condition is

(33) XCi = liaiiXj + MGi + Ci + CSi

where i=1-15, 18-20, j=1-20.

Within this modelling framework, the long term
growth potential of the economy will largely be de-
termined by the growth in the capital stock determi-
ned by savings, exogenous technological progress,
exogenous wage rates and the magnitude of land
degradation processes (which is exogenous in this
model, but largely determined by the price of fertili-
sers in the complete model).

The model includes 340 independent equations to
determine the 340 endogenous variables below:

Ai Export
	

(20)
Cj Private consumption 	 (20)
DKj Demand for real investments,

j=2-5,7,12-20
	

(14)
GR Government revenue 	 (1)
E
	

Total private expenditure 	 (1)
Fj
	 Use of fertilisers, j= 1-11

	
(11)

Ij	 Imports 	 (20)
J
	 Total nominal investments 	 (1)

Kj,t+i Demand for real capital, j=2-5,7,12-20
	

(14)
LG Government demand for labour 	 (1)
Li Demand for labour 	 (20)
111:1 Demand for intermediate inputs 	 (20)
MGj Government demand for intermediate

inputs 	 (20)
Pi Composite gross production price 	 (20)
PAi Producer's export price 	 (20)
PCj Composite price of domestic and

imported commodities 	 (20)
PDi Domestic market price 	 (20)
Pli Import price 	 (20)
PKj Price of real capital, j=2-5,7,12-20

	
(14)

R	 Rate of return to real capital
	

(1)
SG Government savings 	 (1)
Xj Gross production 	 (20)
XCj Composite good
	

(20)
XDj Gross production sold at the

domestic market
	 (20)

Y Private disposable income 	 (1)
=340

Exogenous
Bj Factor neutral technological change
CG Nominal government consumption
CSj Change in stocks
ER Exchange rate
Hi Shift variable in the export transformation

function
ICht Stock of capital, beginning of the year,

j=2-5,7,12-20
PWj World market price
Qj Shift variable in the import substitution

function
Sj Land degradation variable

Foreign transfers
TAj Export tax rate
TFj Fertiliser tax rate, j= 1-11
Tlj Import tax rate
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TSB Sales tax rate
TY Income tax rate
Wj Wage rate
WG Wage rate public sector

Parameters
aGj Government intermediate consumption

coefficient
ay Input-output coefficient
by Investment by origin-investment by destination

coefficient, i=16,17, j=2-5,7,12-20
c	 Marginal propensity to consume
g Cost share of labour in government

consumption
hi Export share
mj Agricultural sector j's share of

investments, j=2-5,7
qj Import share
a..1 Cost share of labour
13j	 Cost share of real capital, j=2-5,7
19 Budget shares, non-subsistence private

consumption
Pyi	 Subsistence quantities, private consumption

j	 Depreciation rate of real capital, j=2-5,7,12-20
tj Constant elasticity of substitution parameter
Ej	 Elasticity of import substitution
pj Constant elasticity of transformation parameter
S2j Elasticity of export transformation

Appendix 1 lists the model equations, variables and
parameters. The model calibrated to produce the
Social Accounting Matrix outlined in the next chap-
ter, with all prices equal to unity. Base year values
for the exogenous variables and the default vales
for the parameters are also listed in Appendix 1 .
As a compromise between our intentions of captu-
ring the relevant structure of the economy as it ap-
pears after recent economic reforms and the availa-
ble data, we choose 1990 as the model base year.
In doing so, we will be able to utilize data for the
agricultural sectors that are as recent as possible,
while at the same time accepting that the treatment
of the other sectors of the economy must be based
on somewhat outdated assumptions. As previously
noted, the agricultural sector is by far the largest
sector in Tanzania and accounts for roughly 60 per-
cent of Gross Domestic Product. For our purpose of
incorporating land degradation into a general equi-
librium framework, it is important to capture the la-
test developments in the agricultural sectors.

3 The model will be programmed in GAMS. For this purpose, some simplifications in the above model structure and
alterations in the forthcoming base year values may be required.
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4. The 1990-Social Accounting Matrix
for Tanzania

In this chapter, we provide a rough outline of the
data background, the assumptions and the short-
cuts we have used in order to arrive at our 1990-
Social Accounting Matrix (SAM) for Tanzania. The
SAM that will serve as the core of the model discus-
sed in the previous chapter is basically a disag-
gregation of total gross production (output) in the
economy; a disaggregation into gross production of
different sectors, and an overview of the use of
gross production from each sector (final deliveries).

In Tanzania, like in most other developing count-
ries, a significant part of output is devoted to non-
marketed, rural consumption. Furthermore, exten-
sive interventions by the government during the
70's and 80's gave rise to market failures and sup-
ply shortfalls, and the development of a parallel, in-
formal economy. Informal markets include agricul-
tural and small scale production, transport and dis-
tribution activities, as well as illegal operations by-
passing trading, finance and other exchange restric-
tions. The World Bank (1991) estimates the infor-
mal economy to be around 30 percent of formal
GDP at factor costs. Agrawal et a. (1993) suggests
that of exports, only half of actual export volumes
are recorded. Recent economic reforms has decrea-
sed the importance of the informal economy, altho-
ugh it may still be substantial. We do however re-
strict our efforts to develop a SAM to the formal
part of the Tanzanian economy, and base our SAM
on official Tanzanian statistics, which we believe
has not been adjusted to take account for the infor-
mal economy.

Our main sources of information are statistics from
the Bureau of Statistics (BS) and the Planning Com-
mission in Tanzania. The National Accounts (BS,
1993a), the Foreign Trade Statistics (BS, 1993b),
the Survey of Industries (BS, 1988) and the 1976
input-output table (Komba and Wagao, 1986) are

the most important documents for our use. More-
over, for the agricultural sectors we have produc-
tion figures for years until 1993 and information
about input use for a period ending in 1990/91.
The National Accounts are available also for more
recent years than 1990, while the most recent indu-
strial survey, which provides us with information
about the structure of the industrial sectors, is from
1988. When it comes to information about inter-
mediate deliveries between sectors of the economy,
our only source is the input-coefficients from the
1976 input-output table.

There are several problems in constructing a SAM
suitable for our model. One is that we do not know
total gross production of the economy. Gross pro-
duction figures are available only from production
statistics for the agricultural sectors. Second, our le-
vel of aggregation differ in most cases from the
ones in the official Tanzanian statistics. This is hard-
ly a problem when the information available is
more detailed than what is required by the model.
In our case however, this is rarely the case, as the
official statistics often operate with very large ag-
gregates (the 1976 input-output table not inclu-
ded) . Our construction of the SAM has accordingly
been a stepwise procedure, based on several rough
assumptions. In the following outline of our gradu-
al steps towards filling out the SAM, we start with
the supply side of the economy.

4.1 Domestic supply
4.1.1 Gross Domestic Product at factor cost

by sector
The National Accounts distributes Gross Domestic
Product at factor costs3 at a sectoral level. Gross Do-
mestic Product (GDP) is divided between 9 sectors,
while our model. has 20. Sector 9 in the National Ac-
counts, Public administration and services, is not
treated as a production sector at all in over model,

4 Gross Domestic Product at factor costs is equal to gross production, less taxes, less the cost of material inputs. In our
model, sectoral GDP at factor costs corresponds to the term term PA — EiaiiPCiXi — (1 + TFi)FiPC16 for the agricultural
sectors and PiXj—EiaiiPCiXi for the non-agricultural sectors. GDP at factor costs is often referred to as value added. The
term GDP at market prices equals GDP at factors costs plus indirect taxes.
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Factor cost GDP

1-12. Agriculture and Livestock
	

218 671
13. Forestry, Fishing and Hunting

	 15 133
14. Food and Beverages
	 5 490

15. Textiles
	 2 928

16. Manufacturing
	 14 698

17. Constructions
	 23 053

18. Electricity 	 4 760
19. Transport and Communication

	 36 242
20. Other private services
	 82 616

Total
	

403 592
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National Account sector 	 Factor 	 Corresponding

	

cost GDP. 	 model sector
Mill. Tsh.

1. Agriculture, Forestry, Fishing
and Hunting 	 233 804

	
1-13

2. Mining and Quarrying 	 4 815
	

16
3. Manufacturing 	 18 301

	
14, 15, 16

4. Electricity and Water 	 7 438
	

18, 20
5. Construction 	 23 053

	
17

6. Wholesale and Retail trade,
Hotels and Restaurants 	 55 815

	
20

7. Finance, Insurance, Real estate and
Business services 	 24 124

	
20

8. Transport and Communication 	 36 248
	

19
9. Public administration and services 	 32 456

Imputed bank service charges 	 -25 117

Total
	

410 930

essentially we treat this as a consumption sector
only, to which we vill return later. As can be seen
from Tabel 1, only sectors 17-Constructions, 19-
Transport and Communication and 20-Other pri-
vate services correspond directly with the sectoral
division in the National Accounts. For the rest of
the sectors we have to use some additional informa-
tion in order to split GDP into 20 sectors.

The primary sectors 1 - 13:
The thirteen primary sectors in our model are ag-
gregated into sector 1 of the National Accounts. In
table 10.1 of the National Accounts the primary sec-
tor is however divided so that we are able to find
GDP in our model sector 13-Forestry, Fishing and
Hunting. Since the National Accounts does not dis-
aggregate agriculture and livestock, we are unable
to find GDP in the agricultural sectors 1-11 and 12-
Livestock at this stage.

It should be noted that the industrial survey states
all numbers at market prices while the GDP figures
for the industrial sectors in the National Accounts
are at factor prices. Our estimation method implies
that we assume that each sector's share of GDP in
the industries is the same whether measured at
market prices or at factor cost. In other words, we
assume that indirect taxes accounts for the same
share of factor cost-GDP in each of the industrial
sectors.

The total GDP figure for industries in the industrial
survey is only 74 percent of the corresponding fig-
ure in the NA for 1988. This is probably due to the
fact that the industrial survey only counts enterpri-
ses with more than 10 persons employed. The
assumptions we have used to derive the 1990 figu-
res for the three industrial sectors imply that we
also assume that the relative under-counting of in-
dustries is the same for all industrial sectors. The
NA estimates of GDP in the industrial sectors are ba-
sed on the industrial surveys with adjustments for
establishments with less than 10 persons employ-
ed, which again is based on the 1976 input-output
studiets and a survey of small scale enterprises in
1978. These adjustments are, however, not neces-
sarily the same in all parts of industry.

Sector 18-Electricity
Water and electricity in sector 4 of the National Ac-
counts is allocated to different sectors in our mo-
del. We separate electricity into sector 18, while wa-
ter is allocated to sector 20-Other private services.
From the industrial survey we find that GDP in elec-
tricity is 2 956 mill. Tanzanian Shilling (Tsh.) (mar-
ket prices, 1988). In the National Accounts, water
and electricity contributed 4 628 mill. Tsh. to GDP
at factor cost in 1988. We first assume no indirect
taxes on electricity and water, which implies that
GDP at factor costs equals GDP at market prices.
Second, we assume there is no under-counting of

Industries:
In order to divide the National Accounts (NA) sec-
tors 2 and 3 into the three industrial sectors of our
model, we have made use of The Survey of Indus-
trial Production 1988 (BS, 1988). We assume that
the relative GDP-shares are the same in 1988 and
1990. By using Table 4 of the industrial survey we
find that sector 14-Food and Beverages and sector
15-Textiles accounts for 30 percent and 16 percent,
respectively, of GDP in "manufacturing". The remai-
ning 54 percent of "manufacturing"- GDP, together
with the industrial survey figure for GDP in the mi-
ning sector, is allocated to the model sector 16-Ma-
nufacturing.

5 Tanzania Economic Trends: A Quarterly Review of the Economy, vol.4, no.1, 1991,p.79 (Economic Research Bureau,
1991). A major drawback with the NA in Tanzania is that many estimates are based on the (outdated) 1976
input-output table which is the latest input-output study of the Tanzanian economy.
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the electricity sector (this is not unreasonable be-
cause all electricity is provided by public enterpri-
ses and thus the figures are probably based on the
accounts of these public utilities). We may now use
the industrial survey figure for GDP in electricity
production to calculate this sector's share of the wa-
ter and electricity aggregate in the NA, which was
64 percent in 1988. The same ratio between water
and electricity is assumed for 1990 and we get GDP
in electricity of 4 760 mill. Tsh. and in water supply
of 2 678 mill. Tsh.

To conclude, we have GDP at factor cost by model
sector as displayed in Table 2. The discrepancy of
our total GDP at factor cost figure and the National
Accounts total, comprises of GDP in Public admini-
stration and services and Imputed bank service
charges.

4.1.2 Gross Domestic Product at market
prices by sector

In order to arrive at market price GDP we have to
add indirect taxes to the factor cost figures. Our
first task is then to calculate indirect taxes for each
sector. Table 5 in the National Accounts states that
total indirect taxes were 94 280 mill. Tsh. in 1990.
There is no indication in the National Accounts of
how indirect taxes are distributed among sectors,
or of what the sources of indirect tax revenue are.
From The Economic Survey 1991 (Planning Com-
mission, 1992) Table 18: Trends in Government Fi-
nance, we find that for the fiscal year 90/91, tax
revenue was 101 065 mill. Tsh. in current prices.
With income taxes and other taxes (which we assu-
me to be direct taxes of some kind) summing to
41 765 mill. Tsh., the remaining tax revenue of
59 300 mill. Tsh. is due to indirect taxes. This does
not correspond very well with the NA's net figure
for indirect taxes of 94 280 mill. Tsh. We stick to
the NA's level of indirect taxes and assume that the
allocation of the indirect taxes in the Economic Sur-
vey between customs duties (37 percent) and do-
mestic sales taxes (63 percent) is representative for
the sources of indirect tax revenue in the NA 1990.
This implies that net indirect taxes of 94 280 mill.

	GDP at
	

Sales
	

GDP at

	

factor	 tax 	 market

	

cost 	 price

14. Food and Beverages 	 5 490
	

14 106
	

19 596
15. Textiles 	 2 928

	
7 524
	

10 452
16. Manufacturing 	 14 698

	
37 766
	

52 464

Tsh. are comprised of 34 884 mill. Tsh. in customs
duties and 59 396 mill. Tsh. in domestic sales
taxes. To get the GDP at market prices, the sales
taxes has to be allocated to the correct model
commodities.

From our scant information about the structure of
sales taxes, it seems that such taxes are mainly levi-
ed on commodity sales. Agricultural products seem
largely to escape sales taxes in Tanzania. Sugar pro-
ducts are the most important exception, but as su-
gar accounts for a very small share of agricultural
production we can ignore this indirect tax. Thus it
seems reasonable to distribute the sales taxes to
sectors 14-Foog and Beverages, 15-Textiles and 16-
Manufacturing . Sales tax revenue is allocated be-
tween these sectors in proportion to their GDP at
factor cost.

With our distribution of sales taxes, sectors 14-
Food and Beverages, 15-Textiles, and 16-
Manufacturing have market price GDP that differ
from GDP at factor costs. GDP at factor costs, sales
taxes and GDP at market prices are as displayed in
Table 3. For the other sectors of our model we assu-
me there is no difference between the two GDP va-
lues.

4.1.3 Gross production by model sector
For the agricultural sectors 1-11 we have produc-
tion statistics which provide us with gross produc-
tion for each sector. For the rest of the sectors we
have to make assumptions about the share of gross
production which is accounted for by GDP at mar-
ket prices.

From the industrial survey; Table 4, we can calcula-
te value added as share of gross output in each of
our three industrial sectors and the electricity sec-
tor for 1988. We assume these shares are the same
in 1990.

For the remaining sectors we have to use value ad-
ded shares from the 1976 input-output table. Most
of the remaining sectors in our model correspond
to several sectors in the input-output table, each
with different value added shares. When it comes
to sector 12-Livestock, we still do not have a GDP
figure for this sector. Based on the value added sha-
res in the 1976 input-output table, we assume both
for sector 12-Livestock and 13-Forestry, Fishing and
Hunting that value added accounts for 90 percent
of gross output.

From the National Accounts, Tables 3, 11 and 12,
we are able to disaggregate sector 20-Other private

6 This assumption is based on a table listing sales tax by input-output sector for the period 1976-1985, in: Revised
National Accounts of Tanzania: Results of the National Accounts Project, implemented on behalf of the Statistical
Office of the European Communities, (Staglin and Kumba, 1992).
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GDP as share of
	

Gross
gross production 	 production

1. Cotton 	 7 114
2. Coffee
	 5 873

3. Tea
	 1 232

4. Tobacco
	 995

5. Cashew
	 1 308

6. Cassava
	 9 396

7. Maize
	 26 895

8. Rice
	 9 139

9. Sorghum
	 10 579

11. Other crops and cereals 	 129 970
12. Livestock
	

0.9
13. Forestry, Fishing and Hunting 	 0.9

	
16 814

14. Food and Beverages 	 0.25
	

78 384
15. Textiles
	 0.17

	
66 817

16. Other Manufacturing, Mining
and Quarrying 	 0.23

	
228 104

17. Constructions 	 0.4
	

57 118
18. Electricity 	 0.62

	
7 677

19. Transport and Communication 	 0.75
	

48 323
20. Other private services 	 0.44

	
185 902

services into the sub-sectors found in the input-out-
put table. We have not succeded in finding any indi-
cation regarding the composition of sector 19-
Transport and Communication. It seems reasonable
that transport is the larger part of the aggregate;
we simply assume that transport accounts for 75
percent of GDP in that sector. By combining GDP of
each sub-sector with their respective value added
shares from the input-output table we arrive at
gross output in sectors 17-Constructions, 19-Trans-
port and Communication and 20-Other private ser-
vices. Our gross production estimates are stuTunari-
sed in Table 4.

Total GDP less GDP in sector 12-Other crops and ce-
reals in 1990 accounts for 56 percent of estimated
total gross production in Table 4 below (where
GDP in sector 12-Other crops and cereals is not yet
found). Since we do not have a total gross output
figure from other sources, it is difficult to know
whether our estimate is reasonable or not. From a
document of revised GDP figurr we have gross out-
put figures from 1976 to 1985. If we compare the
1985 gross output figure with GDP that year, gross
output is about 40 percent larger than GDP. This in-
dicates that we may have overestimated gross out-
put. However, as our estimates are based on official
statistics as well (with the exception of the GDP sha-
re in 13-Forestry, fishing and hunting), we will not
attempt to adjust our gross production figures.
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4.1.4 Imports
Data on imports are found in the Foreign Trade Sta-
tistics, 1990 (FT'S) (BS, 1993b). The FTS commodity
import figure of 199 260 mill. Tsh. is much lower
than the National Account's figure for total imports
of 280 840 mill. Tsh. The National Account only
splits imports into merchandise (262 544 mill.
Tsh.) and other (18 296 mill. Tsh.). We assume that
"other" is imports of services and allocate this to
sector 20-Other private services. There is still a lar-
ge discrepancy between the FTS total commodity
import-figure and total merchandise imports in the
National Accounts. We adjust the commodity fin-
port figures from the FTS proportionally upwards
so that the sum of total imports equals the figure in
the National Accounts. In addition, we disregard
the 10 mill. Tsh imports of maize and add this to
imports of 11-Other crops and cereals. By combi-
ning information from FTS: Table 20 (Direct im-
ports by commodity), and Table 26 (Importation of
selected commodities), we have arrived at the dis-
tribution of imports exhibited in Table 5 (2-numbe-
red codes refer to FTS Table 20 and other codes re-
fer to FTS Table 26).

Commodity 	 FTS codes 	 Imports 	 Imports

	

FTS
	

NA

4. Tobacco 	 12 	 31
	

41

7. Maize 	 044 	 10

8. Rice 	 042 	 418
	

551

11. Other 	 (04-044-042)
crops 	 +05+06+07+(08-

081.4)+(09-
099.061-099.092

	

-112.309)+22 	 4 337 	 5 728

12. Livestock 	 00+01+02+21 	 851 	 1 121

13. Forestry,
fishing, hunting 	 03+24 	 282 	 372

14. Food and 	 11+29+41+42+43+
beverages 	 081.4+099.061+

	

099.092+112.309 	 2 851 	 3 756

15. Textiles 	 26+65+84 	 5 420 	 7 141

16. Other 	 The rest of
industries and
	

Table 20
	

185 060 	 243 834
mining

20. Other private
services 	 18 296

Total 	 199 260 	 280 840

7 See footnote 5.
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Commodity 	 FTS codes Export 	 Export Export in

	

FTS 	 NA domestic
prices

1. Cotton 	 81.30+263.10 14 824 13 886 	 1 250

2. Coffee 	 Table 12 15 093 14 121 	 5 783

3. Tea 	 Table 12 	 7 326 	 6 854 	 341

4. Tobacco 	 Table 12 	 2 511 	 2 349 	 664

5. Cashew 	 Table 12 	 770 	 720 	 336

11. Other 	 04+(05-cashew)+
crops 	 (06-61.50)÷(07-coffee

-tea)+(08-81.30)+
09+22+(26-263.10) 19 960 18 675 18 675

12. Livestock 	 00+01+02+21 	 914 	 855 	 855

13. Forestry, 	 03+24+291.13+
fishing, 	 292.20+292.40+
hunting 	 292.92 	 3 651 	 3 416 	 3 416

14. Food and 	 61.50+11+(121-121.0)
beverages 	 +(29-291.13-292.20-

	

292.40-292.92)+41+42+43 	 1 247 	 1 168 	 1 168

15. Textiles 	 65+84 	 4 745 	 4 439 	 4 439

16. Other 	 The rest of
industries and
	

Table 4 10 103 	 9 452 	 9 452
mining

19. Transport and
communication 	 14 000 14 000

20. Other private
services 	 13 522 	 13 522

Total
	

81 162 103 457 73 891

"Export taxes"
	

29 566

Total
	

103 457

4.1.5 Exports
Data on commodity exports are found in the FTS,
Table 4 (Domestic exports by commodity), Table 12
(Selected major exports by area of destination) and
Table 17 (Exports of selected commodities: value).
Total exports of 81 162 mill. Tsh. are distributed to
their respective sectors in more or less the same
way as imports.

As with imports, we have a discrepancy between
the export figures in the FTS and the NA, but the fi-
gures are indeed more similar. According to the
NA, the total exports of goods and services from
Tanzania were 103 457 mill. Tsh., this is further di-

vided in merchandise exports (75 935 mill. Tsh.)
and other (27 522 mill. Tsh.). The "other" category
is assumed to be services. Commodity exports as
distributed according to the FTS are adjusted
proportionally downwards until the sum equals the
corresponding sum in the NA (75 935 mill. Tsh.).
These adjustments are shown in the second last co-
lumn of Table 6. With regard to exports of services,
this accounts for 27 percent of exports, which is a
rather high share for a developing country. Accor-
ding to Tanzanian Economic Trends, vo1.4, no.1,
1991 (Economic Research Bureau, 1991); the pro-
vision of commodity transit services to neighbou-
ring landlocked countries is the second largest for-
eign exchange earner after coffee. Since coffee
earns 14 121 mill. Tsh. in foreign exchange, while
cotton as the second largest export commodity
earns 13 886 mill. Tsh., we allocate 14 000 mill.
Tsh. of the NA figure for "other", which we assumed
to be export of services, to sector 19-Transport and
Communication. The remaining 13 522 mill. Tsh. is
then of commodity 20-Other private services.

The FTS export figures for the four main export
crops: cotton, coffee, tea and tobacco, are far larger
than the values of gross output in these sectors.
This is probably caused by a difference between
world prices and domestic producer prices. For the
model, we need exports and gross output measured
in the same prices.

For the five major cash crops (cotton, coffee, tea, to-
bacco and cashew) we have data for the volume of
exports (FT'S, Table 10) and the unit values of ex-
ports (FTS, Table 13). Instead of using the "world
prices" of exports from FTS, Table 13, we have cal-
culated the shares of the production volumes that
are exported. These export shares multiplied by
gross output at market prices give us the value of
the five major agricultural exports in domestic pro-
ducer prices. By using this procedure we get much
lower export figures and total exports sum to
73 891 mill. Tsh. instead of the NA figure of
103 457 mill. Tsh. Our low export figure will, cet.
par., enlargen total domestic supply, compared to
the NA data. The adjusted export figures used in
the SAM are listed in the last column of Table 6.

4.1.6 Customs duties
When deriving GDP at market prices, we made
some assumption about the distribution of indirect
taxes between sales taxes and customs duties, ba-
sed on the Economic Survey (Planning Commission,
1992). We still have to distribute the customs duti-
es revenue of 34 884 mill. Tsh. between import-
and export taxes, and between goods.

Our adjustments of FTS export figures for the ma-
jor export crops, which we did in order to arrive at
exports measured in domestic market prices, resul-
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Imports at
domestic

prices

Imports at
world
prices

Import tax
revenue

Export at
domestic

prices

Export at
world
prices

Export tax
revenue

11. Other crops and cereals
14. Food and Beverages
15. Textiles
16. Manufacturing
20. Other private services

Sum import tax revenue

5 728
3 756
7 141

243 834
18 296

5 162
3 385
6 435

219 728
16 487

566
371
706

24 106
1 809

27 558

1. Cotton
2. Coffee
3. Tea
4. Tobacco
5. Cashew

Sum export tax revenue

1 250
5 783

341
664
336

2 344
10 842

639
1 245

630

1 094
5 059

298
581
294

7 326

ted in a difference of 29 566 mill. Tsh., between
our estimated total exports and total exports accor-
ding to the NA. Initially we tried to treat this as a
kind of tax revenue for the public sector. It is well
known that the government through its producer
pricing policies have taxed the agricultural sector
through the marketing boards, in the form of low
producer prices relative to export prices. According
to the World Bank's economic report on Tanzania,
this rxation have at times been as high as 60 per-
cent . Our data for 1990 however, suggests rather
extreme tax rates. From Table 6, we see that the ex-
port tax for cotton, which we take to be the diffe-
rence between the figures in the last two columns,
amounts to close to one thousand percent. The im-
plicit tax rates on the other crops are in the same
range. One reason for the extreme tax rates we get
compared to the World Bank estimate is that we
have made no adjustments for transportation costs.

Our assumption so far, regarding export taxes
(which sum to 29 566 mill. Tsh.), together with our
estimate of total customs duties (34 884 mill Tsh.),
leave total import taxes to be determined residually
(5 318 mill. Tsh.). As imports is 280 840 mill. Tsh.,
the import tax rate would have to be less than two
percent on average. Figures from the Economic Sur-
vey however suggests that the average customs le-
vel in Tanzania is about 30 percent. To conclude,
our low import taxes and high export taxes sug-
gests either errors in our assumptions or large col-
lection errors; most likely both. Instead, we choose
to distribute the revenue from customs duties of
34 884 mill. Tsh. proportionally between total im-
ports and our own estimate of total export, at do-
mestic market prices. This leaves 27 558 mill. Tsh.
(79 percent) to be allocated between the imported
goods and the remaining 7 326 mill. Tsh. (21 per-
cent) to be allocated between the exported goods.
The average customs level is then approximately 10
percent.

Table 5 reveals five main imported commodities;
Commodity 11-Other crops, the three industrial
commodities; 14-Food and Beverages, 15-Textiles
and 16-Manufacturing, and 20- Other private servi-
ces. We assume customs duties are levied only on
these imports. By assuming that import taxes and
collection shortfalls are the same for these five com-
modities, we arrive at imports valued at domestic
market prices and at world market prices shown in
Table 7. As not all imports are assumed to be sub-
ject to taxes, the tax level is somewhat higher than
the average customs level of 10 percent; the import
tax level on the five commodities is 11 percent.

Our new estimate of export taxes is shown in Table
8. We have assumed tax rates and errors to be the
same for the five main export crops where we
made adjustments for differences between export
prices and domestic producer prices. Accordingly
we assume that this difference is neglectable for ot-
her sectors; that is, we assume no export taxes. The
export tax rate on the five commodities is 87 per-
cent, which is still high, but far more reasonable
than our previous estimate.

4.2 Intermediate deliveries
Our assumptions regarding how much GDP acco-
unts for of gross production in the non-agricultural
sectors 12-20, gives us the amount of input use we
should expect in each sector. We take these esti-
mated gross output and input use figures to be "cor-
rect" for the remaining efforts to arrive at a comple-
te SAM.

Our only source of information about cross-sectoral
links in the economy is the input-output table from
1976 which lists domestic input-output coefficients
for 72 sectors; domestic deliveries from sector i per
unit output from sector j. The table also lists im-
port-coefficients for each sector; inputs of imports
(aggregate) per unit output from sector j.

8 Tanzania Economic Report: Towards Sustainable Development in the 1990s.Vol 1, p.61. (World Bank, 1991).
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First, with the help of the industrial survey and the
disaggregation in the National Accounts, Tables 10,
11 and 12, we are able to estimate 1976-gross out-
put in most of the 72 sectors in the input-output ta-
ble. This is needed in order to make aggregates of
the 72 sectors that fits with the sectors of our mo-
del, and by that suitable aggregates of the input-
output coefficients. We apply our aggregated coeffi-
cients and arrive at an estimates of the use of do-
mestically produced inputs in each of the 20 model
sectors. However, the structure of our model requi-
res input coefficients measuring inputs of each com-
posite good per unit gross production. We apply the
aggregate import coefficients from the 1976 input-
output table, and arrive at an estimate for the use
of imported inputs in each of the 20 sectors. We
use our estimated domestic input figures as
weights and distribute the figure for imported in-
puts proportionally among the domestic inputs.

For the agricultural sectors we have additional in-
formation about production technology and input
use from the annual reviews of the different crops
conducted by the Marketing Development Bureau.
These studies indicate the use of fertilisers, agro-
chemicals, bags, transport, tools, seeds and other;
on a per hectare basis for the main crops in the
1990/91 season. It should be noted that these input
figures are assessed by the Marketing Development
Bureau for the purpose of calculating for instance
potential agricultural incomes and yields. The figu-
res are thus probably much higher than the "true"
values; when these input figures are multiplied by
their appropriate production areas we get a total in-
put figure of 34 367 mill. Tsh. for sector 1-11, while
the input use we get by using the 1976 input-out-
put table is only 9 924 mill. Tsh. In the National Ac-
counts it is assumed that intermediate consumption
in the agricultural sectors is 10 percent of gross out-
put. This assumption is based on the 1976 input-

output table, but due to changini technology and
crop mix it may require revision. The assumption
of 90 percent value added in all the agricultural sec-
tors would give a total input figure of 20 669 mill.
Tsh. in sectors 1-11; also much larger than the fig-
ure we arrive at by using the input-output coeffici-
ents from 1976. Thus, by applying three alternative
ways of estimating input use in the agricultural sec-
tors we turn out with three alternative figures.

As our estimates of sectoral, agricultural gross pro-
duction are based on the Marketing Development
Bureau-studies, we choose to use the input figures
from the same sources, with a few adjustments; we
have adjusted downwards the marketing board in-
put figures where these seem unreasonably high.
For 1-Cotton, 2-Coffee, 4-Tobacco, 5-Cashew and 7-
Maize, the marketing board input use figures were
larger than gross output of these crops. Our adjust-
ments of inputs are such that we end up with a posi-
tive value added in these sectors. We made the fol-
lowing adjustments of the Marketing Development
Bureau-figures:

First, we have ignored the figures for tools as input
since they account for less than 3 percent of the to-
tal estimated input use.

Second, the figure for input of bags are adjusted
downwards to become roughly equal to the availa-
bility of bags in the economy, as it appears in the
FTS commodity import table and production figu-
res from the industrial survey. We classify bags as
part of commodity 15-Textiles. Subtracting the ex-
ports of sisal ropes and adding the imports of jute
bags gives a maximum availability of bags of about
3 000 mill. Tsh., yet the use of bags in agriculture
was according to the marketing board estimates
7 839 mill. Tsh. We have adjusted the bag input fi-

Fertil. 	 Transp. 	 Bags 	 Seeds 	 Total
	

Gross
	 GDP

production

1. Cotton 	 3 557
	

632
	

420
	

687
	

5 296
	

7 114
	

1 818
2. Coffee 	 2 918

	
175
	

32
	

90
	

3 214
	

5 873
	

2 659
3. Tea 	 11

	
7
	

185
	

203
	

1 232
	

1 029
4. Tobacco 	 497

	
90
	

90
	

140
	

817
	

995
	

178
5. Cashew 	 690

	
20
	

390
	

1 100
	

1 380
	

280
6. Cassava 	 120

	
120
	

9 396
	

9 276
7. Maize 	 1 794

	
2 271
	

1 170
	

2 600
	

7 835
	

26 895
	

19 060
8. Rice 	 166

	
450
	

612
	

1 228
	

9 239
	

7 911
9. Sorghum 	 54

	
180
	

334
	

568
	

4 118
	

3 550
10. Beans 	 120

	
158
	

90
	

1 425
	

1 793
	

10 579
	

8 786
11. Other 	 1 000

	
1 000
	

90
	

2 059
	

4 149
	

129 970
	

125 821

Total
	

10 587
	

4 573
	

3 032
	

8 132
	

26 324
	

206 691
	

180 367

9 Tanzania Economic Trends: A Quarterly Review of the Economy, vol.4, no.1, p.76 (Economic Research Bureau, 1991).
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Sales tax
rate,

percent

14. Food and Beverages
	 77 216
	

14 106
	

18
15. Textiles
	 57 043
	

7 524
	

13
16. Manufacturing 	 218 652

	
37 766
	

17
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gores downwards so that they sum to 3 000 mill.
Tsh.

Our third adjustment is to lower the figure for in-
put of seeds antra sectoral input) to 7-Maize from
8 007 mill. Tsh. to 2 600 mill. Tsh. For most of the
other crops, roughly 10 percent of gross production
seems to go as input to own sector, the same as-
sumption for maize gives seed inputs of 2 600 mill.
Tsh.

Fourth, the transport input of more than 50 percent
of output in 4-Tobacco is set more in line with
transport use in other sectors; 10 percent of gross
production.

Fifth, 1-Cotton, 4-Tobacco and 5-Cashew have esti-
mated fertiliser and agro-chemical inputs of 74, 71
and 80 percent of their gross output respectively.
These input figures seem rather high when compa-
red to the use of fertilisers and agro-chemicals in
the fertiliser-intensive coffee production. We assu-
me that use of fertilizers and agro-chemicals in the
production of tobacco, cotton and cashew are ro-
ughly the same as for coffee and set these inputs to
50 percent of gross output in each of the three sec-
tors.

In addition to the adjustments made of the Marke-
ting Development Bureau-figures, we have made
use of the input figures arrived at by using the
1976 input-output coefficients in the sectors where
marketing board surveys are missing. We end up
with input u in the agricultural sectors as display-
ed in table 9 .

The remaining task is to make sure that for each
non-agricultural sector, the use of inputs estimated
on the basis of the 1976 input-output table, must
equal our estimate of total input use which follows
from the difference between estimated gross output
and GDP at market prices. It comes as no surprise
that for many sectors there is a somewhat large di-
screpancy between the two values. We take the dif-
ference between gross production and gross pro-
duct to be the "correct" estimate of total intermedia-
te input in each sector, and leave the necessary ad-
justments of inter-sectoral deliveries until we have
made our estimates of the components of final deli-
veries.

The estimated total input figures for each sector
enables us to fill in the missing elements of the sup-
ply side of the SAM. Applying the agricultural input
figures and the gross production estimates display-

ed in Table 4, paragraph 4.1.3, we get GDP in the
agricultural sectors 1-11. Total value added for sec-
tors 1-11 is 180 367 mill. Tsh. From Table 1 we
have that GDP in the primary sectors 1-13 is
233 804 mill Tsh. As we by now have GDP in sec-
tors 1- 11 and 13-Forestry, Fishing and Hunting we
are able to calculate value added of sector 12-Live-
stock as a residual. We get GDP in sector 12-Live-
stock of 38 304 mill. Tsh. and with our assumption
of 90 percent value added this gives us gross pro-
duction in sector 12-Livestock of 42 560 mill. Tsh.

Our estimates so far, of GDP at factor costs and
market prices, gross production, imports and ex-
ports in domestic prices are summarized in Table 1
in Appendix 2. Gross production (Xi) less exports
(Ai) equals the term "Production for the domestic
market" (XDj) in the model. XDi plus imports add to
total supply of each of the composite goods (XCi) in
the model.

To finish our discussion of the supply side of the
SAM, we are now able to calculate the sales tax ra-
tes (TSB) which enters our model as an element of
the domestic market price (PD). The sales taxes
were introduced in paragraph 4.1.2 where we calcu-
lated GDP at market prices. The gross production at
market price values for the sectors 14-Food and Be-
verages, 15-Textiles and 16-Manufacturing (which
we assumed where the only commodities subject to
sales tax), less exports yield production for the
domsetic market (XDj). Applying the corresponding
tax revenues estimated in paragraph 4.1.2, we get
the tax rates displayed in Table 10.

4.3 Final deliveries
4.3.1 Change in stocks
From the National Account, total change in stocks
is 18 022 mill. Tsh. We make no attempt to allocate
this figure to different sectors. We leave change in
stocks to be determined as a residual so that the

10Note that the sectors 6,8 and 9 there are no inputs of fertilisers according to our sources. We do however want the
option of applying fertilisers in all agricultural sectors, and have included this input in all agricultural production
functions. The use of fertilisers in the model, in the sectors that does not in fact use any in the model base year, is set
to be greater than zero but not large enough to disturb the elements in our forthcoming input-output table.
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size of change in stock in each sector is set in order
to make total use of each composite equal to total
availability.

4.3.2 Government consumption
Government consumption is given in the NA as
52 637 mill. Tsh. GDP in the NA sector "Public Admi-
nistration and other Services" is 35 134 mill. Tsh.
We assume that the difference is consumption of in-
termediates. Inputs of each model composite is fo-
und from the coefficients in the 1976 input-output
table, assuming gross production in the public sec-
tor to be 52 637 mill. Tsh., and distributing impor-
ted inputs proportionally to domestically produced
inputs.

4.3.3 Investment
We classify two composites only as investment go-
ods; 16-Manufacturing and 17-Constructions. Table
13 of the National Accounts divides total invest-
ment of 217 404 mill. Tsh. by type of capital good.
Initially, we assumed that all "Buildings" and "Other
works" (Land improvements, Roads and Bridges,
and Water supply) consisted of the construction-
commodity. According to this procedure however,
the deliveries for investment purposes exceeded
the domestic supply of this good. Instead we take
our estimates of demand for constructions as inter-
mediates and government consumption for given,
calculate private consumption by applying the bud-
get share fori"Rents" from the national Consumer
Price Index , and let the rest of domestic supply of
the construction-commodity be deliveries for invest-
ment purposes in the production sectors. Invest-
ment demand for the commodity 16-Manufacturing
follows as the residual of the NA value for total in-
vestments.

4.3.4 Private consumption
The figure of total private consumption, 394 530
mill. Tsh., is found in the NA; Table 5. If we leave
out the change in stocks, our estimates of interme-
diate input demand, investments and government
consumption, private consumption of each composi-
te should in principal be given as the residual of
the total supply. Our aggregate residual private con-
sumption is however greater than the NA figure.
Furthermore, the allocation between goods is quite
different from the one given by the weights of the
various consumption items in the national Con-
sumer Price Index (CPI), which we will use as a gui-
de in our further attempts to derive at private con-
sumption figures. The CPI weights are shown in Ta-
ble 11.

The last column of the table shows the budget sha-
res first applied to derive the consumption figures
in the SAM. The figures in parenthesis refers to "re-

Consumption 	 CPI
	

Corresponding
	 Budget

category 	 weights 	 model goods 	 shares
in the SAM

Food 	 64.2
	

1-14
Drinks and
Tobacco 	 2.5

	
1-14
	

64.3

Rents 	 4.9
	

17
	

4.9

Fuel, Light
	

18
	

0.2
and Water 	 7.6

	
16
	

(7.4)

Clothing, 	 15
	

8.0
Footwear 	 9.9

	
16
	

(1.9)

Furniture,
Utensils 	 1.4

	
16
	

(1.4)

Household
Operations 	 3.4

	
16 	 (3.4)

Personal care
and Health 	 1.3

	
20

Recreation,
Entertainment 	 0.7

	
20 	 2.0

Transport
	

4.1
	

19 	 2.5

Total
	

100

Model commodity 16
	

18.0

Total
	

100

sidual" budget shares which added up should give
our budget share for commodity 16-Manufacturing.

Private consumption of commodities 1-13 is calcula-
ted residually. Given our earlier estimates of inter-
mediate and final deliveries from these sectors, con-
sumption of each good is the amount which makes
the corresponding lines in the SAM sum to sectoral
gross production. Then consumption of commodity
14-Food and Beverages is calculated so that the
budget share of commodities 1-14 added up is clo-
se to the CPI weight for Food, Drinks and Tobacco.
The budget share of commodities 1-14 in the SAM
is now 64.3 while the weight in the CPI is 66.7.

Somewhat arbitrary, we assume that of the CPI
weight of 9.9 percent for Clothing and Footwear, 8
percent is commodity 15-Textiles and the remai-
ning 1.9 percent enters commodity 16-Manufactu-
ring. Consumption of commodity 17-Constructions
was already calculated by applying the CPI weigh
of 4.9. Private consumption of 18-Electricity is cal-
culated residually, giving a budget share of 0.2,

llEconomic Bulletin, Vol. 21, no 1, p.9 (Bank of Tanzania, 1991).
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which is low compared to the CPI weight of Fuel,
Light and Water of 7.6. Applying the CPI weight for
transport to calculate consumption of commodity
19-Transport and Communication yield consump-
tion greater than domestic supply. We calculate
consumption of this good residually so that total do-
mestic supply equals total demand. For commodity
20-Other private services, consumption is calcu-
lated by applying the CPI weights of Personal care
and Health, Recreation and Entertainment (2.0). Fi-
nally, our estimates so far leaves consumption of
commodity 16-Manufacturing to be determined as
residual private consumption. This gives a budget
share of 18, which is somewhat too high if one
adds the so far unused CPI weights of Furniture
and Utensils (1.4), Households operations (3.4) Fo-
otwear (assumed to be 1.9) and the remaining Fuel
light and water weight (7.6 -0.2), which sum to
14.1. The reason why our budget share for commo-
dity 16-Manufacturing is high is our low budget sha-
res of 18-Electricity and 19-Transport and Commu-
nication.

4.3.5 Status of the SAM
The status of the SAM is by now the following: For
most sectors we have that total use equals total sup-
ply, as we for several sectors calculated private con-
sumption residually to secure equality. Thus these
lines will not be adjusted. Our problem setors/com-
modifies are 14-Food and Beverages, 15-Textiles,
16-Manufacturing and 20-Other private services. In
sector 14-Food and Beverages, total domestic
availability is less than our estimate of total de-
mand. In the sectors 15-Textiles, 16-Manufacturing
and 20-Other private services the problem is that to-
tal availability is much larger than our estimates of
use of each commodity.

First, we take our estimated final deliveries as gi-
ven. Before we turn to adjusting the figures for in-
termediate inputs we have to check weather the
use of material inputs in each non-agricultural sec-
tor, as calculated on the basis of the 1976 input-
output table, corresponds to our estimate on the
basis of GDP and gross production. For the agricul-
tural sectors there is no discrepancy as GDP is cal-
culated as gross production less material input-
figures, both based on the Marketing Development
Bureau-data. For the remaining sectors our esti-
mates of input use from the 1976 input-output
table does not equal the input figures which follow
from the difference between our estimated gross
production and GDP at market prices.

For sectors 12-Livestock, 13-Forestry, Fishing and
Hunting and 18-Electricity the differences between
the two estimates are small and we adjust the input
figures proportionally until the sum to the differen-
ce between gross production and GDP at market pri-
ces. In sectors 14-Food and Beverages, 15 -Textiles,

16-Manufacturing, 17-Constructions, 19-Transport
and Communication and 20-Other private services,
the input estimates from the 1976-input coeffici-
ents are lower than the input use figures which fol-
low from the difference between our estimated
gross production and GDP at market prices. Thus,
in order to make columns sum up right we have to
increase input use. The only intermediate deliveries
we can increase without disturbing the balance of
the lines of the SAM, are inputs from sectors 15-Tex-
tiles, 16-Manufacturing and 20-Other private servi-
ces, as these are the only commodities where do-
mestic supply exceeds domestic demand. Accordin-
gly, we increase inputs of these goods proportional-
ly to the previous input estimates, until we end up
with total input use in all sectors equal to the diffe-
rence between our estimated gross production and
GDP at market prices.

The resulting input-output table is displayed in Ta-
ble 2 in Appendix 2. The input-output coefficients
(au) needed for the model follows directly by divi-
ding each element by the corresponding gross pro-
duction values (Xj) from Table 1. The input-output
coefficients are displayed in Table 3 in Appendix 2.
Note that the coefficient measuring inputs of com-
modity 16-Manufacturing in the agricultural sectors
does not enter the model as such. We have defined
this commodity as fertilisers, which is applied by
the agricultural sectors on the basis of profit maxi-
misation.

The SAM we end up with after adjusting intermedia-
te inputs still reveal discrepancies between the use
and availability of output for commodities 14-Food
and Beverages, 15-Textiles, 16-Manufacturing and
20-Other private services. The estimated supply of
15-Textiles, 16-Manufacturing and 20-Other private
services is larger than estimated demand. Supply of
commodity 14-Food and Beverages is still unadjus-
ted and thus to low. If we assume that some of the
private consumption of food and beverages takes
place at hotels and restaurants, private consump-
tion of commodity 20-Other private services may be
increased on the behalf of consumption of commo-
dity 14-Food and Beverages. We allow the budget
share of commodity 20-Other private services to
double from 2.0 to 4.0 to account for this, and ad-
justs consumption of commodity 14-Food and Beve-
rages downwards correspondingly.

The remaining discrepancies of the commodities 14-
Food and Beverages, 15-Textiles, 16-Manufacturing
and 20-Other private services, enters the SAM as
changes in stock. Relative to total domestic supply
(XCi), the change in stock of commodity 14-Food
and Beverages is 21 percent, commodity 15-Texti-
les is 42 percent, 16-Manufacturing is 7 per cent
and 20-Other private services is 4 per cent. The
change in stock of 15-Textiles is thus quite high,
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while that of the other commodities are more ac-
ceptable. The large value for change in stocks of 15-
Textiles may of course reflect serious errors in out
estimation methods, but may on the other hand re-
flect actual change in stocks, due to the substantial
uncertainties facing the producers during economic
reforms. As the industrial surveys do not report
data on changes in stocks and the NA only displays
aggregate change in stocks, it is impossible to
check the realism of our figures. Our aggregate
change in stocks, of 40 492 mill Tsh. is however not
too far from the NA figure of 18 022 mill Tsh., and
corresponds to less than four percent of total do-
mestic supply. One reason why our discrepancy be-
tween demand and supply is larger than in the NA
is that while the components of total final demand
(private and public consumption plus investments)
corresponds to the NA values, the components of
domestic supply are largely estimated. For instance
is our figure for total exports adjusted downwards
compared to the NA value. Cet par., this increases
domestic supply. On the other hand, we made no
adjustments to account for bank service charges,
which cet par. decreases domestic demand.

The demand side of the SAM is displayed in Table 4
in Appendix 2. The table shows the use of each com-
posite good for intermediate inputs (denoted EiaiiXi
in the model), Private consumption (9, Govern-
ment consumption (aGjCG) and Gross investments
(D19. The last column displays total domestic de-
mand, which equals total domestic supply of each
composite good.

4.4 Additional data
Some additional data are needed as input in the
CGE model outlined in chapter 3, in order to deter-
mine the distribution of income, investments, the
LES, foreign trade and government consumption.
The data discussed below are included in order to
give base year values to the model's exogenous va-
riables and default values to the parameters.

4.4.1 Distribution of income
For each sector of production and for the public sec-
tor, value added at factor cost (GDP) has to be divi-
ded between wages, returns to capital and profits
in the agricultural sectors in which the use of capi-
tal is fixed, and depreciation; in order to find the
cost share parametes of the production function,
the rate of depreciation of capital-parameter, and
the stock of capital.

Table 5 of the National Accounts displays aggregate
values of GDP at factor cost. Of the total GDP value
of 410 930 mill. Tsh. (the discrepancy between this
figure and our is GDP in the public sector and impu-
ted bank service charges), 57 071 mill. Tsh. is wa-
ges, 339 506 mill. Tsh. is operating surplus (returns
to capital) and 14 364 mill. Tsh. is depreciation. We

have not been able to find any estimates of the rate
of depreciation or the rate of return to capital in
Tanzania. Neither do we know the stock of real ca-
pital, either at a sectoral level or as an aggregate.
The NA figures does however imply either an extre-
mely high nominal rate of return to capital, or an
extremely low depreciation rate; if the NA figures
are correct, the nominal rate of return has to be al-
most 24 times as high as the rate of depredation. A
very high rate of inflation could explain a high no-
minal rate of return. However, according to the Tan-
zanian Economic Trends, Table 3 (Economic Re-
search Bureau, 1993), the increase in the Retail Pri-
ce Index from 1989 to 1990 was less than 20 per-
cent. Furthermore, the rate of return is dependent
on the interest rate; in a perfect market economy
the two should be the same (when the interest rate
is adjusted for expectations of devaluation). The in-
terest rates in 1990 ranged between 9 and 31 per-
cent (Table 8b, Tanzanian Economic Trends). If the
rate of return was equal to an interest rate of 24
percent, the NA figures of depreciation and profits
imply a rate of depreciation of only 1 percent. This
is highly unlikely, and in contrast to the values in
the industrial survey. According to the value added
figures for the industries, the depreciation rate is al-
most three times as high as the rate of return. The
discrepancy between the NA and industrial survey
figures could be due to very high profits in the non-
industrial sectors, but the magnitude of the diffe-
rences is too large for this to be a reasonable
explanation. As our only sources of information on
these matters are rather inconsistent, we simply as-
sume the that the rate of returns to capital in 1990
was 25 percent, which is between the interest rate
on long term savings of 26 percent and the interest
rates on Treasury Bills of 23 percent (Tanzanian
Economic Trends, Table 8b). Together with additio-
nal assumptions outlined below, this enables us to
come up with figures for sectoral depreciation rates
and real capital stocks,which we take to be at the
beginning of the year.

The basis of information about the distribution of
income in the agricultural sectors are the annual re-
views of the different crops by the Marketing Deve-
loping Bureau. The use of real capital is very low in
most of the agricultural sectors. In the sectors 1, 6,
8, 9, 10 and 11, real capital costs accounts for less
than 5 percent of factor costs. In these sectors we
assume there is no capital, thus GDP at factor costs
is all due to returns to labour. In the other sectors,
distribution of value added between labour and ca-
pital is found in the reviews. We first make the as-
sumption that the use of capital is optimal and that
the zero-profit condition holds. We do however not
know the distribution between depreciation and re-
turns to capital, or the stock of capital. Thus we
have to make additional assumptions either about
the stock of capital or about the rate of deprecia-
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tion. Quite arbitrary, we assume the latter to be 10
percent. Together with our assumption on the over-
all rate of return to capital, we are able to split the
part of value added that is due to real capital into
returns to capital and depreciation, and to estimate
the stock of capital.

Labour costs, the value of depredation and value
added in the sectors 14-Food and Beverages, 15-
Textiles, 16-Manufacturing and 18-Electricity are fo-
und in the industrial survey. The cost shares of labo-
ur and depredation in 1988 are used to find the dis-
tribution of income in these sectors in 1990. Accor-
ding to the industrial survey, depreciation in the
textile industry was larger than value added in
1988. We have used the average ratio of deprecia-
tion to value added for "Total Industry' from the in-
dustrial survey to calculate the depredation in the
sectors 14-Food and Beverages, 15-Textiles and 16-
Manufacturing. Thus we ignore the negative net va-
lue added in the textile industry. The returns to ca-
pital follows as a residual, and this enables us to es-
timate the stock of real capital, given that the rate
of return is 25 percent. Our estimate for the stock
of capital enables us to calculate the rate of depre-
ciation.

In the sectors 12-Livestock and 13-Forestry, Fishing
and Hunting, it seem reasonable to assume that la-
bour is the most important factor of production
and that the stock of real capital is low. We assume
that wages are 95 percent of GDP, the rate of re-
turn to capital is 25 percent and the rate of depre-
ciation is 10 percent. For the remaining sectors; 17-
Constructions, 19-Transport and Communication
and 20-Other private services, we use the 1976
input-output table to find rough shares of labour,
depreciation and returns to capital in GDP.

We have already assumed all production to take pla-
ce in private sectors, and that the public sector uses
labour and materials only. The NA figure for value
added in the public sector (35 134 mill Tsh.) is thus
assumed to be returns to labour.

Table 5 in Appendix 2 summarises our estimates.
Compared to total gross investments, which accor-
ding to the NA (and applied in our SAM) is 217 404
mill. Tsh., our estimated stock of capital is quite
low at 230 354 mill. Tsh. As total depreciation is 29
553 mill Tsh, net investments is 187 849 mill. Tsh.,
implying that the stock of real capital almost dubles
during this one year. Most likely, either our stock of
capital estimate is too low or the investment figure
from the NA is too high. Our stock of capital estima-
te is dependent on the assumptions regarding re-
turns to labour versus returns to capital and depre-
ciation. High shares of returns to labour reduces
the estimate of the stock of capital, given the rate
of return and depreciation-assumptions. Given the

share of returns to labour in value added, high ra-
tes of depreciation and returns to capital-assump-
tions also reduces the resulting estimate for the
stock of capital. Accordingly, either our figure for
returns to labour, the rate of return, or the rate of
depreciation, or all these factors, may be to high.
Leaving out real capital in the public sector also
contributes to a low stock of capital-estimate. On
the other hand, the NA figure for investments may
include goods like tools and plants, that in our tra-
dition of work is defined as materials and not as
real capital. As we have based our figures on offici-
al statistics, apart from for the sectors 12-Livestock
and 13-Forestry, Fishing and Hunting (which in any
case is unlikely to contribute a lot when in comes
to the stock of capital), we leave our estimates as
they are.

Our shares of returns to labour, returns to capital
and depreciation in GDP is 80, 13 and 7 percent re-
spectively. The corresponding figures according to
the NA is 14, 83 and 3 percent. Thus, the largest dif-
ference between the NA figures and ours is when it
comes to the distribution of income between re-
turns to capital and labour. Our estimate of private
income, which is returns to labour and capital, is
409 173 mill Tsh. and the NA figure for National In-
come at factor cost is 355 585 mill. Tsh. As we have
allocated all incomes from real capital to the priva-
te sectors, the two income terms should be equal.
The discrepancy occurs because the NA figure sub-
tracts net factor incomes from abroad and imputed
bank service charges.

In the non-agricultural sectors 12-20, the cost share
of labour-parameters (ai) required for the model's
production functions, are found as the ratio be-
tween returns to labour and value added. In the
agricultural sectors 1-11, the costs share of labour-
parameters are calculated as the ratio between re-
turns to labour, and GDP plus inputs of fertilisers.
In these sectors, the cost share of capital (j) are
calculated as the ratio between returns to capital
and GDP plus inputs of fertilisers. In the sectors 6,8
and 9, there is no inputs of fertilisers according to
our sources of data on input use in the agricultural
sectors. We do however want our model to be able
to handle future inputs of fertilisers in these sectors
as well, and have included this input in the produc-
tion function; we want the parameter that measu-
res the cost share of fertilisers (1 — ( v.; when
included)) to be greater than zero. Accordingly, we
have adjusted our estimates of the cost shares of la-
bour (and capital when included) somewhat down-
wards in order for the 1— aj ( — Pj)-parameter to be
greater than zero, and at the same time not large
enough to obscure the lines and columns of our
base year input-output matrix. Table 6 in Appendix
2 displays our cost share parameters.
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4.4.2 Sectoral investments
In the SAM we have so far only made assumptions
about deliveries of investment goods. In the pre-
vious paragraph we calculated sectoral capital
stocks at the beginning of 1990 and replacement in-
vestments at the end of 1990 (depreciation). For
the model, we also need to know in which sectors
investments are taking place, and how these secto-
ral investments are distributed between the two in-
vestment goods in the model.

Table 16 of the National Accounts provides informa-
tion about gross fixed capital formation by sector.
According to these figures the primary sectors 1-13
accounted for 54 percent of investments in 1990,
while the corresponding figure for 1988 was less
than 3 percent. During the 1980's the investments
in the primary sectors have been around 10 percent
of total investments, with declining shares since
1986. We have not been able to find any comments
on the large increase in agricultural investments
from 1988 to 1990. Furthermore, the growth does
not correspond to capital stock figures from the an-
nual crop-reviews. Until we have more information
about the subject, we are sceptical to the enormous
increase in agricultural investments. As a result, we
distribute investments between the sectors of desti-
nation and origin on the basis of a few more reaso-
nable assumptions.

Total gross investments, which are all private, are
allocated between the sectors in accordance with
the share of real capital found in the previous sec-
tion. Table 7 in Appendix 2 displays the results.

Future demand for investment goods in the non-
agricultural sectors will be determined by the first
order condition for profit maximisation by the mo-
del. A constant share of net investments will how-
ever be allocated to each agricultural sector (mj in
the model). We apply the same shares as we just
used to allocate gross investments between sectors.
According to our estimates, agricultural capital ad-
ded up was less than two percent of total capital in
1990. The agricultural investment shares are dis-
played in Table 7, Appendix 2.

Only the industrial survey provides any information
on the allocation of investment demand. To distri-
bute gross investments between our two sectors of
origin, we first make the assumption that invest-
ments in the agricultural sectors are all of the com-
modity 16-Manufacturing. Second, the industrial
survey distributes gross investments between diffe-
rent types of investment goods for the sectors 14-
Food and Beverages, 15-Textiles, 16-Manufacturing
and 18-Electricity. We apply the share of 'buildings"
in each sector's gross investments to calculate these
sector's demand for commodity 17-Constructions.
Furthermore, we assume that demand for construc-

dons amounts to 5 percent of gross investments in
the sectors 17-Constructions and 19-Transport and
Communication. What is left of the supply of
constructions is allocated to sector 20-Other private
services. The sectoral demand for commodity 16-
Manufacturing follow as residuals. Table 8 in Ap-
pendix 2 summarises our findings. The investment
by destination-investment by origin- coefficients
(bid) are now given as the ratio between demand
for each good in each sector and total gross invest-
ment in that sector. The coefficients are displayed
in the last two columns of Table 8, Appendix 2.

4.4.3 Aggregate income and savings
To assign numbers to the marginal propensity to
consume parameter and the income tax rate, and to
check that savings in fact equals net investment, we
have to make estimates of the various components
of income and savings. Applying our estimates of re-
turns to labour and real capital, subtracting the Eco-
nomic Survey 1991 value of 41 765 mill. Tsh.,
which is "Income taxes and other taxes" (indirect ta-
xes not include, Table 18 in the survey), which we
assume to be income taxes only, we get private dis-
posable income (Y in the model) of 367 408 mill.
Tsh. The implicit income tax rate is 10 percent.
With private consumption being 394 530 mill. Tsh.,
the marginal propensity to consume (c) is 1.07. The
savings rate (1-c) is -0.07, and private savings is
thus negative and equal to - 27 122 mill. Tsh. in the
base year. In the model (as in accordance with the
NA), excess private consumption over private inco-
me is covered by foreign transfers.

In our model framework, where we have assumed
all sectors of production to be private, government
income is due to tax revenues only. In paragraph
4.1.2, we distributed the NA value of indirect taxes
of 94 280 mill. Tsh. between sales taxes and cus-

Private income 	 409 173
-Income tax 	 41 765
=Private disposable income 	 367 408
-Private consumption 	 394 530
=Private saving	 -27 122

Government revenue 	 136 045
Sales tax 	 59 396
Export tax 	 7 326
Import tax 	 27 558
Income tax 	 41 765

-Government consumption 	 52 637
=Government savings 	 83 408

Foreign transfers 	 172 055

Total saving 	 187 849
Net Investments 	 187 849
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toms duties, and the revenue from customs duties
between import and export taxes (paragraph
4.1.6). Adding the revenue from income taxes of
41 765 mill. Tsh., we get total government income
of 136 045 mill. Tsh. With government consump-
tion being 52 637 mill. Tsh., government savings is
83 408 mill. Tsh.

Foreign transfers equals the trade defecit net of cus-
toms duties, which is 172 055 mill. Tsh. in the mo-
del base year. Adding foreign transfers (often refe-
red to as foreign savings), and private and public
savings and subtracting changes in stocks of 40 492
mill. Tsh. yields total savings of 187 849 mill. Tsh.,
which eauals the net investment figure calculated
in the preceeding paragraph. To summarise, we
have the values displayed in Table 12.

4.4.4 The Linear Expenditure System
To our knowledge, up to date information on priva-
te consumption in Tanzania is largely restricted to
unpublished expenditure data on 423 households
from december 1991. This material is part of the
Household Budget Survey 1991/1992 conducted by
the Bureau of Statistics, Dar es Salaam. The full sur-
vey is however not yet available. The december sur-
vey supplies information on the household size and
geographical location (Dar es Salaam, other towns,
urban municipalities or rural areas), as well as one
months consumption of more than 30 commodities.

Intentionally, private consumption was to be alloca-
ted between the model goods on the basis of the
consumption pattern that follows from the House-
hold Budget Survey (HBS). That is, 1990 average
budget shares where assumed to equal the budget
shares calculated for the sample. However, when
applying the sample budget shares on the value of
total private consumption from the 1990 National
Accounts (394 530 mill. Tsh), consumption of seve-
ral goods turned out to be higher than output. Furt-
hermore, the derived budget shares did not corre-
spond very well with the weights in the Consumer
Price Index. As discussed in section 4.3.4, a diffe-
rent approach was applied to calculate private con-
sumption. The two first columns of Table 9 in Ap-
pendix 2 displays private consumption as calcu-
lated for the SAM and the corresponding budget
shares.

We make no further attempts to utilize the 1991/92
HBS. Instead, we base our estimates of the parame-
ters of the LES on information found in a study by
Sarris and van der Brink (1993) on household wel-
fare in Tanzania. This work is largely based on the
1976/77 HBS.

One result in Sarris and van der Brink is that per ca-
pita subsistence expenditure in rural households
amounts to 52 per cent of total expenditure. The
corresponding figure in urban households is aro-
und 9 per cent. In 199142 per cent of the popula-
tion lived in rural areas . Applying these shares,
we assume that 45 per cent of total consumption in
1990, or 177 539 mill. Tsh, may be classified as sub-
sistence expenditure.

According to Sarris and van der Brink (Table 33),
subsistence expenditure in low income, rural house-
holds amounts to approximately 97 percent of their
total expenditure. This finding gives some support
to our next and somewhat basic assumption. We as-
sume that the average Tanzanian household alloca-
tes their minimum expenditure between goods in
the same way as the poor rural households alloca-
tes total expenditure. Accordingly, the estimated to-
tal minimum expenditure of 177 539 mill. Tsh. is al-
located between the model commodities on the ba-
sis of budget shares in the low income rural house-
holds in the study by Sarris and van der Brink (Ta-
ble 33).

Sarris and van der Brink applies the same classifica-
tion of goods as the one used in the CPI, displayed
in Table 11, paragraph 4.3.4. As the study reports
one budget share for total food consumption, addi-
tional information and assumptions are needed in
order to distribute subsistence expenditure on food
between our model commodities 1-14. Table 41 in
Sarris and van der Brink shows daily calorie intake
of various foods in rural households, divided be-
tween subsistence and monetary quantities. This
enables us to calculate the share of total calorie in-
take derived from subsistence consumption for
each food item. These shares are then assumed to
equal the share of subsistence consumption to total
consumption of a similar model food item. We may
then calculate the value of the subsistence con-
sumption of each food, and derive the subsistence
budget shares. Finally, these subsistence budget
shares are scaled down proportionally to add to
0.85, which is the approximate share of foods in to-
tal subsistence expenditure in the low income rural
households. The resulting subsistence budget sha-
res correspond to the yi-parameter of the LES.

Our estimates of subsistence quantities, together
with our figures for total consumption of each good
determines the non-subsistence consumption of
each good, and by that also the non-subsistence
budget shares

Table 9 in Appendix 2 displays consumption figu-
res, budget shares and LES-parameters. The last co-
lumn of the table displays the elasticities of income

12The Economic Survey 1991, p.92, (the Planning Commission, 1991).
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that derive from our calculated parameters and fi-
gures. According to these estimates, all food crops
are normal goods with elasticities between 0 and 1.
Livestock, (which delivers meat and milk for con-
sumption), Forestry, fishing and hunting (fish for
consumption), all manufactured foods and other go-
ods, and services are all luxury goods with elasticiti-
es greater than 1. Construction (housing) has the
highest elasticity of income (1.8), Transport and
Communication and Other private services has the
second largest (1.7). All in all, our elasticities seem
quite reasonable.

4.4.5 Trade
Next, we have to make assumptions regarding the
elasticities between imports (Ii) and domestically
produced goods (XDi), and between export (As) and
deliveries for the domestic market (XDj). Common-
ly, commodities that are considered the most trada-
ble are given higher elasticities than the ones that
are considered less tradable. The middle column of
Table 10 in Appendix 2 displays our base case as-
sumptions regarding substitution between imports
and domestic goods, and the middle column of Ta-
ble 11 displays the assumptions regarding the sub-
stitution between export and domestic goods.
Whenever a commodity is both imported and expor-
ted the elasticities are assumed to be equal. All
crops are given high elasticities (0.9), services and
transport and communications are given low elasti-
cities (0.3) and the elasticities for industrial pro-
ducts are given elasticities between the high and
low ones (0.6). The elasticities may be altered in
sensitivity analysis, and the ones displayed here are
merely our default values.

Given the assumptions regarding the elasticities of
trade, the share parameter in the export supply and
import demand equations are calculated. The share
parameters and the elasticities then determine the
values of the shift variables in the CES and CET
equations. Note that all parameters are calibrated
with base year domestic market prices set to unity.
Share parameters and shift variables are also
shown in Tables 10 and 11 in Appendix 2, together
with the base year values of total production (Xi),
deliveries for the domestic market (XDi), export
(Ai), imports (Ii) and the value of the composite
good (XCi).

4.4.6 Government intermediate consumption
Finally, we have to calculate the parameters measu-
ring the government's demand for labour (g) and
intermediate inputs of each composite (a0. The
demand for labour parameter is the ratio between
public labour costs (or returns to labour) of
35 134 mill. Tsh., and total government consump-
tion of 52 637 mill. Tsh. This gives a value of the
cost share of labour of 0.67.

The government demand for intermediate input-
parameters are simply the share of total govern-
ment consumption, directed at each good. Accord-
ingly, the values are found as the ratio between go-
vernment consumption of each good, and total go-
vermnent intermediate consumption, found in Ta-
ble 4, Appendix 2. Table 12 in the appendix dis-
plays the coefficients.
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5. Conclusions

In this report, we document a Computable General 	 the model parameters as new information becomes
Equilibrium model for the economy of Tanzania, 	 available.
the Social Accounting Matrix underlying the model,
and the calibration of model parameters. The mo-
del is developed to account for effects of land degra-
dation processes; this report does, however, only
deal with the pure economic part of the model, trea-
ting land degradation as an exogenous variable in
the agricultural production functions. The model
presented here is quite standard; producers maxi-
mises profits subject to Cobb Douglas production
functions, households maximise utility and distribu-
te expenditure according to a linear expenditure
system. The model exhibits two way trade assu-
ming imperfect substitution between domestically
produced and imported varieties of each good, and
between production for the domestic market and
export. Prices are endogenous and adjust to obtain
market equilibria. Economic growth occurs through
growth in the stock of capital, which is determined
by savings (which again are largely exogenous, as a
major part consists of foreign transfers), exogenous
technological progress, and declines in the land de-
gradation processes (which are treated as exogeno-
us in this report, but are endogenous and depend-
ent on the application of fertilisers in the complete
model).

The SAM underlying the model is mostly based on
official Tanzanian statistics. The Tanzanian Bureau
of Statistics provides a number of publications on
economic data. Tanzania is however still in the pro-
cess of developing National Accounting procedures,
and the data available are often somewhat inconsis-
tent as different sources often give different figures
for what should be the same issue. Much of the offi-
cial data are based on outdated information from
the 1976 input-output table. Furthermore, apart
from the agricultural sectors, we have found no
gross production figures. To develop the SAM pre-
sented above, several somewhat arbitrary and ro-
ugh assumptions were made. Other assumptions
would of course give a different SAM, which may
be just as reasonable as the one presented here.
Accordingly, it is important to adjust the SAM and
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Appendix 1. Model equations, list of
sectors and variables

Model equations. The figure in parenthesis refers to
the equation numbers in chapter 3. The last column
shows the number of equations.

1 (1)
Agricultural
production Xi -43/S1.51.151111-" j E AG1 5

2 (6)
Agricultural
production 1;431SJIII9*Fil-lii J E AG2 6

3 (7)
Industrial
production ‘111(94C1-19 j E IND 9

4 (2,8)
Intermediate
inputs 14C'Etaii

j E J
i E J 20

5 (4,9)
Demand for
labour Wil741071-EitifPC)

j E J
i E J 20

6 (5)
Demand for
fertilisers PC16(1+TFi)-F1=11-ar 19- (Pi - E iatiPC)

j E AG1+AG2
i E J 11

7 (10)
Demand for
capital PI9M+81)-1C4C.(1'9111-EPUT1)

j E IND
i E J 9

8 (3)
Price on.
capital HC=Exibli

j c AG1 +IND
i E 16,17 14

9 (11) Import price P=PWJER-(1+7i) 20

10 (14)
Composite
price PYC-43DIXDi+Piiii j E J 20

11 (13) aggregation
Composite

_%frliC141 -111).XDA 'i
j E J

12 (15)
Demand for
imports k.[Lli).____%__p

XDi 	Hi (1-0
j E J 20

13 (12) Export price PA1a+TAI)=PWJER • E J 20

14 (17)
Value of sale

pl -131)I (1- V XDi+PAl j E J 20
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15 (16)
Allocation of
goods

1
-

JC=%UliAi"+(1-11i}XEIJP1 "

16 (18)
Supply of
export ki 	 PAJ 	 .2.__"-Yri 20

Xi pDp-Ts? 1

17 (19)
Private
income Y= (1-7Y)- [E..1... G-LG +E ll:ICA-ICW + W

+ E kOrk- (Pk - Eajk-PC) -PC16-4 - h. KO
i

m E AG2+ IND
i E IND
k E AG2
JE J

1

18 (20)
Private ex-
penditure E=cY

19 (21)
Private con-
sumption PC.C=PC/YificiiE-EtPC111)

j E J
i c J 20

20 (22)
Public revenue

GR=EPfilpiXEsi+5. "PkAi+71inirdiM
+ 1112mWrt** dlic+EentRA + Ekg‘ti krk - EafliP9

i
- PCie Fk - I i k- Ks)] +E ITFITC16•Fi

j E J
m c AG2+IND
i c IND
k E AG2
s E AG1+AG2

1

21 (23)
Public revenue
application GR=CG+SG

1

22 (24)

Public demand
for labour gCG=WGG

1

23 (25)
Public demand
for inter-
mediates

PC•Grac•a-g}CG
jEJ 20

24 (26)
Total net
investments J=(1-0-Y+SG+ZER-Epj • 1

25 (27)
Agricultural
net invest-
ments 154=01C-61KJA>PIC j E AG1 5

26 (28)
Agricultural
capital +1+(1-a i} j E AG1 5

27 (29)
Non-agricul-
tural invest-
ments

j= .1-(1-8i)-C,

j e IND 9

28 (30)
Equilibrium
savings-net
investments

,L(1-Eirni)=EALIC-6/19P19 • E IND
i E AG1 1

29 (31)
Equilibrium,
composite 16 i6=Eiivi/C+2A+G/61-C16+EibmiDIC+CSI6

j E J
k E AG1 +AG2
i E AG1 +IND 1

30 (32)
Equilibrium,
composite 17 Atifliavf1C+MG17+CI7+2/bvPIC+(,S17 j E J

i c AG1 +IND 1

31 (33)
Equilibrium,
other com-
posites

)C=liaii4C+Mq+C+CSi j E J-16-17
i c J 18

=340 eq.

38



Rapporter 94/20	 A Computable General Equilibrium Model for Tanzania

Commodity/Sector list (J) AG1	 AG2	 IND

1. Cotton
2. Coffee
3. Tea
4. Tobacco
5. Cashew
6. Cassava
7. Maize
8. Rice
9. Sorghum
10. Beans
11. Other crops and cereals
12. Livestock
13. Forestry, Fishing and Hunting
14. Food and Beverages industries
15. Textiles
16. Other manufacturing sectors, Mining and Quarrying
17. Construction
18. Electricity 	 *
19. Transport and Communication

List of variables
Endogenous:

Ai Export	 (20)
Ci Private consumption 	 (20)
DKj Demand for real investments, j=2-5,7,12-20 	 (14)
GR Government revenue 	 (1)
E Total private expenditure 	 (1)
Fi	 Use of fertilisers, j=1-11 	 (11)
ii	 Imports 	 (20)
J Total nominal investments 	 (1)
Ki, t+ i Demand for real capital, j=2-5,7,12-20 	 (14)
LG Government demand for labour 	 (1)
Lj Demand for labour 	 (20)
Mi Demand for intermediate inputs 	 (20)
MGi Government demand for intermediate inputs 	 (20)
Pj Composite gross production price 	 (20)
PAi Producers export price 	 (20)
PCj Composite price of domestic and imported commodities 	 (20)
PDi Domestic market price 	 (20)
Pli Import price 	 (20)
PKj Price of real capital, j =2-5,7,12-20 	 (14)
R	 Rate of return to real capital 	 (1)
SG Government savings 	 (1)
Xj Gross production 	 (20)
XCj Composite good 	 (20)
XDi Gross production sold at the domestic market 	 (20)
Y Private disposable income 	 (1)

=340
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Exogenous:	 Base year value:

Bj	 Factor neutral technological change 	 1 V j
CG Nominal government consumption 	 52362
CSj Change in stocks 	 Table 4
ER Exchange rate 	 1
Hj	 Shift variable in the export transformation function 	 Table 11
Kj,t Stock of capital, beginning of the year, j =2-5,7,12-20 	 Table 7
PWj World market price 	 1 V j
Qj 	 Shift variable in the import substitution function 	 Table 10
Si 	 Land degradation variable, j=1-11 	 1 V j
Z	 Foreign transfers 	 172055
TAi Export tax rate 	 0.87 for j =1-5, 0.00 for j # 1-5.
TFj Fertiliser tax rate, j=1-11 	 0.00 V j
Tii Import tax rate 	 0.11 for j=11,14,15,16,20,

0.00 for j #11,14,15,16,20.
TS..1 Sales tax rate TS14=0.18, TS15=0.13, TS16=0.17,

TSj=0.00 for j # 14, 15, 16.
TY Income tax rate 	 0.10
Wj Wage rate 	 1 V j
WG Wage rate public sector 	 1

Parameters:	 Base year value:

ao
aij
by
c
g
hi
mi

qi
a-1
PI
lc-i
ii
Si
t'.1
E-./

P j
Of

Table 12
Table 3
Table 8
1.07
0.67
Table 11
Table 7
Table 10
Table 6
Table 6
Table 9
Table 9
Table 5
Table 10
Table 10
Table 11
Table 11

Government intermediate consumption coefficient
Input-output coefficient
Investment by origin-investment by destination coefficient, i=16,17, j=2-5,7,12-20
Marginal propensity to consume
Cost share of labour in government consumption
Export share
Agricultural sector j's share of investments, j=2-5,7
Import share
Cost share of labour
Cost share of real capital, j=2-5,7
Budget shares, non-subsistence private consumption
Subsistence quantities, private consumption
Depreciation rate of real capital, j=2-5,7,12-20
Constant elasticity of substitution parameter
Elasticity of import substitution
Constant elasticity of transformation parameter
Elasticity of export transformation
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Appendix 2. Tables

	Gross	 Gross 	 Gross 	 Total

	

product at 	 product at 	 production at 	 domestic

	

factor costs 	 Sales tax market prices 	 market prices 	 Imports 	 Export 	 supply

	

(Xi) 	 (Ii) 	 (A i) 	 (XC i)

1 Cotton 	 1818 	 1818 	 7114 	 1250 	 5864
2 Coffee 	 2659 	 2659 	 5873 	 5783 	 90
3 Tea 	 1029 	 1029 	 1232 	 341 	 891
4 Tobacco 	 178 	 178	 995 	 41 	 664 	 372
5 Cashew 	 280 	 280 	 1380 	 336 	 1044
6 Cassava 	 9276 	 9276 	 9396 	 9396
7 Maize 	 19060 	 19060 	 26895 	 26895
8 Rice 	 7911 	 7911 	 9139 	 551 	 9690
9 Sorghum 	 3550 	 3550 	 4118 	 4118
10 Beans 	 8786 	 8786 	 10579 	 10579
11 Other Crops 	 125821 	 125821 	 129970 	 5728 	 18675 	 117023
12 Livestock 	 38304 	 38304 	 42560 	 1121 	 855 	 42826
13 Forestry, fishing, hunting 	 15133 	 15133 	 16814 	 372	 3416 	 13770
14 Food and Beverages 	 5490 	 14106 	 19596 	 78384 	 3756 	 1168 	 80972
15 Textiles 	 2928 	 7524 	 10452 	 61482 	 7141 	 4439 	 64184
16 Other Manufacturing 	 14698 	 37766 	 52464 	 228104 	 243834 	 9452 	 462486
17 Construction 	 23053 	 23053 	 57118 	 57118
18 Electricity 	 4760 	 4760 	 7677 	 7677
19 Transport and Communication 	 36242 	 36242 	 48323 	 14000 	 34323
20 Other private Services 	 82616 	 82616 	 188580 	 18296 	 13522 	 193354

Sum 	 403592 	 59396 	 462988 	 935734 	 280840 	 73901 	 1142673
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Input: 	 1
	

2
	

3
	

4
	

5 	 6 	 7 	 8 	 9 	 10 	 11
Output

1 Cotton
2 Coffee 	 90
3 Tea 	 185
4 Tobacco 	 140
5 Cashew
6 Cassava
7 Maize
8 Rice
9 Sorghum
10 Beans
11 Other Crops
12 Livestock
13 Forestry, fishing, hunting
14 Food and Beverages
15 Textiles 	 420 	 32 	 90 	 390 	 120 	 1170 	 450 	 180 	 90 	 90
16 Other Manufacturing 	 3557 	 2917 	 11 	 497 	 690 	 1794 	 120 	 1000
17 Construction
18 Electricity
19 Transport and Communication 	 632 	 175 	 7 	 90 	 20 	 2271 	 166	 54 	 158 	 1000
20 Other private Services

Sum Material inputs 	 5296 	 3214 	 203 	 817 	 1100 	 120 	 7835 	 1228 	 568 	 1793 	 4149

Gross Product at market prices 	 1818 	 2659 	 1029 	 178 	 280 	 9276 19060 	 7911 	 3550 	 8786 125821
Gross Production at market prices 	 7114 	 5873 	 1232 	 995 	 1380 	 9396 26895 	 9139 	 4118 10579 129970

12 	 13 	 14 	 15 	 16 	 17 	 18 	 19 	 20 	 Sum Material
input

1 Cotton 	 5177 	 5864
2 Coffee 	 90
3 Tea 	 706 	 891
4 Tobacco 	 232 	 372
5 Cashew 	 564 	 564
6 Cassava 	 0
7 Maize 	 2516 	 5116
8 Rice 	 2221 	 2833
9 Sorghum 	 356 	 690
10 Beans 	 380 	 1805
11 Other Crops 	 11091 	 7586 	 166 	 7313 	 28215
12 Livestock 	 516 	 1461 	 4585 	 6562
13 Forestry, fishing, hunting 	 125 	 108 	 1001 	 1174 	 7767 	 10175
14 Food and Beverages 	 1537 	 5372 	 826 	 22695 	 30430
15 Textiles 	 321 	 684 	 1464 	 4155 	 3033 	 451 	 13140
16 Other Manufacturing 	 751 	 393 	 7890 17122 	 83511 	 21270 	 1998 	 5314 18916 	 167750
17 Construction 	 68 	 23 	 1776 	 86 	 124 	 1287 	 5214 	 8578
18 Electricity 	 344 	 363 	 1774 	 40 	 60 	 111 	 1346 	 4038
19 Transport and Communication 	 96 	 1155 	 274	 5689 	 1328 	 160 	 741 	 8383 	 22399
20 Other private Services 	 1647	 383 24185 16330 	 76403 10168 	 575 	 4628 28913 	 163232

Sum Material inputs 	 4256 	 1681 	 58788 51030 175640 34065 	 2917 	 12081 105964 	 472745

Gross Product at market prices 	 38304 15133 	 19596 10452 52464 	 23053 	 4760 36242 82616
Gross Production at market prices 	 42560 16814 78384 61482 228104 57118 	 7677 48323 188580

687

2600
612

334
1425

2059
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Output:
Input: 1 2 3 4 5 6 7 10

1 Cotton
2 Coffee
3 Tea
4 Tobacco
5 Cashew
6 Cassava
7 Maize
8 Rice
9 Sorghum
10 Beans
11 Other Crops
12 Livestock

0.0966
0.0153

0.1502
0.1407

0.0967
0.0670

0.0811
0.1347

13 Forestry, fishing, hunting
14 Food and Beverages
15 Textiles 	 0.0590 0.0054 	 0.0905 0.2826 0.0128 0.0435 0.0492 0.0437 0.0085
16 Other Manufacturing -
17 Construction
18 Electricity
19 Transport and
Communication 	 0.0888 0.0298 0.0057 0.0905 0.0145 	 0.0844 0.0182 0.0131 0.0149
20 Other private Services

11 	 12 	 13 	 14 	 15 	 16 	 17 	 18 	 19 	 20

1 Cotton 	 0.0842
2 Coffee
3 Tea 	 0.0090
4 Tobacco 	 0.0030
5 Cashew 	 0.0072
6 Cassava
7 Maize 	 0.0321
8 Rice 	 0.0283
9 Sorghum 	 0.0045
10 Beans 	 0.0020
11 Other Crops 	 0.0158 	 0.1415 0.1234 0.0007 	 0.0388
12 Livestock 	 0.0066 	 0.0064 	 0.0243
13 Forestry, fishing, hunting 	 0.0074 0.0014 	 0.0044 0.0205 	 0.0412
14 Food and Beverages 	 0.0361 	 0.0685 	 0.0036 	 0.1203
15 Textiles 	 0.0007 0.0075 0.0407 0.0187 0.0676 0.0133 	 0.0024
16 Other Manufacturing 	 0.0176 0.0234 0.1007 0.2785 0.3661 0.3724 0.2603 0.1100 0.1003
17 Construction 	 0.0009 0.0004 0.0078 0.0015 0.0162 0.0266 0.0276
18 Electricity 	 0.0044 0.0059 0.0078 0.0007 0.0078 0.0023 0.0071
19 Transport and
Communication 	 0.0077 	 0.0057 0.0147 0.0045 0.0249 0.0233 0.0208 0.0153 0.0445
20 Other private Services 	 0.0387 0.0228 0.3085 0.2656 0.3349 0.1780 0.0749 0.0958 0.1533
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	Material	 Private 	 Government

	

inputs 	 consumption 	 consumption 	 Investments

	

(EiaiiXi) 	 (Ci) 	 (CGi) 	 (ENDKi)

	

Change in 	 Total domestic

	

stock 	 demand
(C Si) 	 (XCj)

1 Cotton 	 5864 	 5864
2 Coffee 	 90 	 90
3 Tea 	 891 	 891
4 Tobacco 	 372	 372
5 Cashew 	 564 	 480 	 1044
6 Cassava 	 9396 	 9396
7 Maize 	 5116 	 21779 	 26895
8 Rice 	 2833 	 6857 	 9690
9 Sorghum 	 690 	 3428 	 4118
10 Beans 	 1805 	 8774 	 10579
11 Other Crops 	 28215 	 88808 	 117023
12 Livestock 	 6562 	 35974 	 290 	 42826
13 Forestry, fishing, hunting 	 10175 	 2737 	 858 	 13770
14 Food and Beverages 	 30430 	 67711 	 214 	 -17383 	 80972
15 Textiles 	 13140 	 31562 	 295 	 19187 	 64184
16 Other Manufacturing 	 167750 	 71015 	 5004 	 188619 	 30098 	 462486
17 Construction 	 8578 	 19331 	 424 	 28785 	 57118
18 Electricity 	 4038 	 887 	 2752	 7677
19 Transport and Communication 	 22399 	 10009 	 1915 	 34323
20 Other private Services 	 163232 	 15781 	 5751 	 8590 	 193354

Sum 	 472745 	 394530 	 17503 	 217404 	 40492 	 1142673

Gross product 	 Returns to 	 Returns to 	 Rate of
	

Stock of
at factor costs 	 labour 	 capital 	 Depreciation 	 depreciation 	 real capital

	

(Wi*Lj) 	 (R*Kj*PI(j) 	 (6j *Kj*PKi) 	 (6j)
	

(Ki)

1 Cotton 	 1818	 1818
2 Coffee 	 2659 	 2526 	 95 	 38 	 0,1 0 	 380
3 Tea 	 1029 	 864 	 118 	 47 	 0,10 	 470
4 Tobacco 	 178 	 164 	 10 	 4 	 0,10 	 41
5 Cashew 	 280 	 263 	 12 	 5 	 0,10 	 48
6 Cassava 	 9276 	 9276
7 Maize 	 19060 	 18107 	 681 	 272 	 0,10 	 2723
8 Rice 	 7911 	 7911
9 Sorghum 	 3550 	 3550
10 Beans 	 8786 	 8786
11 Other Crops 	 125821 	 125821
12 Livestock 	 38304 	 36389 	 1368 	 547 	 0,10 	 5472
13 Forestry, fishing, hunting 	 15133 	 14376 	 540 	 216 	 0,10 	 2162
14 Food and Beverages 	 5490	 1559 	 1022 	 2910 	 0,71 	 4086
15 Textiles 	 2928 	 831 	 545 	 1552 	 0,71 	 2179
16 Other Manufacturing 	 14698 	 4173 	 2735 	 7790 	 0,71 	 10939
17 Construction 	 23053 	 17733 	 4729 	 591 	 0,03 	 18915
18 Electricity 	 4760 	 512 	 1728 	 2521 	 0,36	 6912
19 Transport and Communication 	 36242 	 7060 	 25416 	 3765 	 0,04 	 101666
20 Other private Services 	 82616 	 54731 	 18590 	 9295 	 0,13 	 74361

The Government 	 35134 	 35134

Sum 	 438726 	 351584 	 57589 	 29553 	 230354
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Ri 1 -ar rij

1 Cotton 	 0.3382
	

0.6618
2 Coffee 	 0.4530

	
0.0238
	

0.5231
3 Tea 	 0.8311

	
0.1583
	

0.0106
4 Tobacco 	 0.2426

	
0.0211
	

0.7363
5 Cashew 	 0.2713

	
0.0173
	

0.7113
6 Cassava 	 0.9999

	
0.0001

7 Maize 	 0.8683
	

0.0457
	

0.0860
8 Rice 	 0.9999

	
0.0001

9 Sorghum 	 0.9999
	

0.0001
10 Beans 	 0.9864

	
0.0135

11 Other Crops 	 0.9921
	

0.0079
12 Livestock
	

0.9500
13 Forestry, fishing, hunting 	 0.9500
14 Food and Beverages 	 0.2839
15 Textiles 	 0.2839
16 Other Manufacturing 	 0.2839
17 Construction 	 0.7692
18 Electricity 	 0.1075
19 Transport and Communication 	 0.1948
20 Other private Services 	 0.6625

	

Stock of
	

Gross 	 Agricultures's

	

real capital
	

investments 	 share of

	

(KJ)
	

(DK)
	

investments
(mi)

1 Cotton
2 Coffee
3 Tea
4 Tobacco
5 Cashew
6 Cassava

380 	 359 	 0.0017
470 	 444 	 0.0021

41 	 38 	 0.0002
48 	 45 	 0.0002

7 Maize 	 2723 	 2570 	 0.0122
8 Rice
9 Sorghum
10 Beans
11 Other crops
12 Livestock 	 5472 	 5164
1 3 Forestry, fishing, hunting 	 2162 	 2040
14 Foods and beverages 	 4086 	 3856
15 Textiles 	 2179 	 2057
16 Other manufacturing 	 10939 	 10324
17 Construction 	 18915 	 17852
18 Electricity 	 6912 	 6523
19 Transport and communication 	 101666 	 95950
20 Other private services 	 74361 	 70180

Sum 	 230354 	 217404
	

0.0164
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	Gross	 Manu- 	 Investments 	 Investments

	

investments 	 facturing 	 Constructions 	 by destination 	 by destiantion

	

(DKi) 	 (16) 	 (17) 	 b16 	 b17i

1 Cotton
2 Coffee 	 359 	 359

	
1.0000

3 Tea 	 444 	 444
	

1.0000
4 Tobacco 	 38 	 38

	 1.0000
5 Cashew 	 45 	 45

	 1.0000
6 Cassava
7 Maize 	 2570 	 2570

	
1.0000

8 Rice
9 Sorghum
10 Beans
11 Other Crops
12 Livestock 	 5164 	 5164 	 1.0000
13 Forestry, fishing, hunting 	 2040 	 2040 	 1.0000
14 Food and Beverages 	 3856 	 2708 	 1149 	 0.7022 	 0.2978
15 Textiles 	 2057 	 1642 	 415 	 0.7982 	 0.2018
16 Other Manufacturing 	 10324 	 8075 	 2250 	 0.7821 	 0.2179
17 Construction 	 17852 	 16959 	 893 	 0.9500 	 0.0500
18 Electricity 	 6523 	 2915 	 3608 	 0.4469 	 0.5531
19 Transport and Communication 	 95950 	 91153 	 4798 	 0.9500 	 0.0500
20 Other private Services 	 70180	 54506 	 15674 	 0.7767 	 0.2233

Sum
	 217404 	 188619 	 28785 	 0.8676 	 0.1324

	

Private 	 Budget 	 Subsistance 	 Subsistance 	 Non-substiance Non- subsistance 	 Income

	

consumption 	 shares, 	 budget shares, 	 quantities 	 budget shares 	 consumption 	 elasticities

	

(Ci) 	 percent 	 percent 	 (ti) 	 (xi) percent

1 Cotton
2 Coffee
3 Tea
4 Tobacco
5 Cashew 	 480 	 0.12 	 0.15 	 267 	 0.10 	 213 	 0.81
6 Cassava 	 9396 	 2.38 	 4.80 	 8525 	 0.40 	 871 	 0.17
7 Maize 	 21779 	 5.52 	 10.22 	 18149 	 1.67 	 3630 	 0.30
8 Rice 	 6857 	 1.74 	 3.22 	 5715 	 0.53 	 1143 	 0.30
9 Sorghum 	 3428 	 0.87 	 1.60 	 2841 	 0.27 	 587 	 0.31
10 Beans 	 8774 	 2.22 	 4.25 	 7537 	 0.57 	 1237 	 0.26
11 Other Crops 	 88808 	 22.51 	 45.55 	 80862 	 3.66 	 7947 	 0.16
12 Livestock 	 35974	 9.12 	 5.82 	 10339 	 11.81 	 25634 	 1.30
13 Forestry, fishing, hunting 	 2737 	 0.69 	 0.13 	 238 	 1.15 	 2499 	 1.66
14 Food and Beverages 	 67711 	 17.16 	 9.26 	 16439 	 23.63 	 51272 	 1.38
15 Textiles 	 31562 	 8.00 	 5.0 	 8877 	 10.45 	 22685 	 1.31
16 Other Manufacturing 	 71015 	 18.00 	 9.0 	 15978 	 25.36 	 55037 	 1.41
17 Construction 	 19331 	 4.90 	 0.1 	 178 	 8.83 	 19153 	 1.80
18 Electricity 	 887 	 0.22 	 0.1 	 178 	 0.33 	 709 	 1.45
19 Transport and Communication 10009 	 2.54 	 0.3 	 533 	 4.37 	 9476 	 1.72
20 Other private Services 	 15781 	 4.00 	 0.5 	 888 	 6.86 	 14894 	 1.72

Sum 	 394530 	 100.00 	 100.00 	 177542 	 100 	 216988 	 1.00
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	Composite	 Production for 	 Elasticity of 	 CES 	 Share 	 Shift

	

good 	 the domestic 	 Imports 	 substitution 	 parameter 	 parameter 	 parameter

	

(XCi) 	 market (XDi) 	 (1i) 	 (Ei) 	 (ci) 	 (q) 	 (Q)

1 Cotton 	 5864 	 5864
2 Coffee 	 90 	 90
3 Tea 	 891 	 891
4 Tobacco 	 372 	 331 	 41	 0.9 	 0.1111 	 0.0894 	 1.38
5 Cashew 	 1044 	 1044
6 Cassava 	 9396 	 9396
7 Maize 	 26895 	 26895
8 Rice 	 9690 	 9139 	 551 	 0.9 	 0.1111 	 0.0423 	 1,22
9 Sorghum 	 4118 	 4118
10 Beans 	 10579 	 10579
11 Other Crops 	 117023 	 111295 	 5728 	 0.9 	 0.1111 	 0.0357 	 1.19
12 Livestock 	 42826 	 41705 	 1121 	 0.6 	 0.6667 	 0.0024 	 0.06
13 Forestry, fishing, hunting 	 13770 	 13398 	 372 	 0.6 	 0.6667 	 0.0025 	 1.07
14 Food and Beverages 	 80972 	 77216 	 3756 	 0.6 	 0.6667 	 0.0064 	 1.12
15 Textiles 	 64184 	 57043 	 7141 	 0.6 	 0.6667 	 0.0304 	 1.28
16 Other Manufacturing 	 462486 	 218652 	 243834 	 0.6 	 0.6667 	 0.5453 	 2.00
17 Construction 	 57118 	 57118
18 Electricity 	 7677 	 7677
19 Transport and Communication 34323 	 34323
20 Other private Services 	 193354 	 175058 	 18296 	 0.3 	 2.3333 	 0.0006 	 1.15

motors

	

Gross 	 Production for 	 Elasticity of
	

CET 	 Share 	 Shift

	

production at 	 the domestic 	 transformation 	 parameter 	 parameter 	 parameter

	

market prices 	 Export 	 market 	 (4)
	

(PI) 	 (hi) 	 (Hi)

	

(Xi) 	 (Ai) 	 (XD)

1 Cotton 	 7114 	 1250 	 5864 	 0.9 	 2.1111 	 0.8478 	 2.70
2 Coffee 	 5873 	 5783 	 90 	 0.9 	 2.1111 	 0.0097 	 9.06
3 Tea 	 1232 	 341 	 891 	 0.9 	 2.1111 	 0.7441 	 2.26
4 Tobacco 	 995 	 664 	 331 	 0.9 	 2.1111 	 0.3157 	 2.14
5 Cashew 	 1380 	 336 	 1044	 0,9 	 2.1111 	 0.7790 	 2.37
6 Cassava 	 9396 	 9396
7 Maize 	 26895 	 26895
8 Rice 	 9139 	 9139
9 Sorghum 	 4118 	 4118
10 Beans 	 10579 	 10579
11 Other Crops 	 129970 	 18675 	 111295 	 0.9 	 2.1111 	 0.8790 	 2.95
12 Livestock 	 42560 	 855 	 41705 	 0.6 	 2.6667 	 0.9985 	 11.51
13 Forestry, fishing, hunting 	 16814 	 3416 	 13398 	 0.6 	 2.6667 	 0.9070 	 2.81
14 Food and Beverages 	 78384 	 1168 	 77216 	 0.6 	 2.6667 	 0.9991 	 13.86
15 Textiles 	 61482 	 4439 	 57043 	 0.6 	 2.6667 	 0.9860 	 5.20
16 Other Manufacturing 	 228104 	 9452 	 218652 	 0.6 	 2.6667 	 0.9947 	 7.33
17 Construction 	 57118 	 57118
18 Electricity 	 7677 	 7677
19 Transport and Communication 	 48323 	 14000 	 34323 	 0.3 	 4.3333 	 0.9521 	 2.62
20 Other private Services 	 188580 	 13522 	 175058 	 0.3 	 4.3333 	 0.9998 	 7.51
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aGj

1 Cotton
2 Coffee
3 Tea
4 Tobacco
5 Cashew
6 Cassava
7 Maize
8 Rice
9 Sorghum
10 Beans
11 Other Crops
12 Livestock
	

0.0166
13 Forestry, fishing, hunting 	 0.0490
14 Food and Beverages 	 0.0122
15 Textiles 	 0.0169
16 Other Manufacturing 	 0.2859
17 Construction 	 0.0242
18 Electricity 	 0.1572
19 Transport and Communication 	 0.1094
20 Other private Services 	 0.3286
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