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A SUPPLEMENTARY SIMULATION:MDDEL#OF A NATIONAL

ECONOMY ‘Fon;"f GRICULTURAL SECTOR ANALYSIS

D.f .,Byerlee and A.N. Halter

The importance of agriculture in most dchloping economies -and the

special problems of: agricultural development have led to a number of models

f{sbfe" if
11970 and Halter, Hayenga and Manetsch 1969) However, any effort to
1mode1 the agricultural sector as a separate entity requires that some
.parameterssof“thernonagricultural economy be treated exogenously. It is

’the purpose of this. paper to discuss the importance of agricultural-

inonagricultural interactions in' agricultural sector planning and propose

ry model of. the total economy which can be used in conjunc-
ftion with a detailed agricultural sector model for a more complete analysis
;of the agricultural sector.

| There are several key interactions between the agricultural and
unonagricultural economies which are relevant to agricultural sector analysis.

f;In particular the flows of goods and services between agriculture and non-

agriculture-are7important in developing economies for several reasons,

Food ' often constitutes over half the consumption expenditure
of}the nonagricultural population, providing the most important
ma ket for agricultural output.

5 Since over half the total population is usually in. agriculture,._;tdm
ﬁthe1agricultural population is a vital market. for expanding the.
: p"duction of nonagricultural goods and services. N

f_industrialization often consist of industrietif
) als supplied by agriculturs (e”g;, the suppl
of cottwnpto textile manufacturing) - L

{pThv'initial stagesf;
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griculturaI:modernization requires dnputs: of nonagricultural ‘
oods and services again providing.a domesticvmarket for non-»'“

ﬁi and nonagriculture dependsﬁon the rate'of<rura1-urban migrations WhiCh in

turn is affected by the rural—urban income differential.‘~

C'L7Vf3fRecognition of these interactions between the agricultural and non-'

fﬁ;agricultural eccnomies is imp'(tant to agricultural sector analysis for two
?} reasons. Firstly variables of.the nonagricultural economy which are inputs
into the agricultural economy become endogenous to the system. In a dynamic
model this enables the full implications of agricultural policies for the
R

gricultura economy to be considered after taking account -of the various

‘interactions and feedbacks from the nonagricultural economy. Secondlz,

the,policy maker usually wishes to study the affect of agricultural policies

onfthe national economy;;’This requires knowledge of the impact of agricultural
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ﬁnagricultural income leads::oian increased demand for food by the nonagri-

This in turn leads to repetition of these feedbacks;”

Mand the”generation of second and third round effects. By this interaction

: ‘with the? onagricultural economy the original increase in, agricultural

income pcoduces a multiplier effect An the agricultural economy. The
fullfimv'ctnof the policy on the.agricultural economy ccannot be. realized.
lwithout making agriculture—nonagriculture interactions endogenous to the
system,;'Furthermore,;fromja.national viewpoint, increases in output and
employmentziﬁftﬁe‘#énagricﬁltural?economy must be considered in evaluation
"of such;agricultural‘policies;v Again the need arises for a model of the
nattonal econony. | |
ilhe‘present~paper describes a simple simulation model of a total
~ieconomy designed to" interact with more detailed sector models. An overview
of the model is given in Figure 1, It disaggregates the total economy
(in this case the Nigerian economy) into a number of sectors of interest
(e.gm, manufacturing, agriculture, services, etc.) linked by means of an
input-output table. At~the beginning of each period, consumption and invest-
ment -are’ generated endogenously in separate components of the model. 1In
_each case, only a few key variables are congidered. For example, consump-
ption is ass"med to depend only on population and personal income. Exports

:ﬂare supplied exogenously to the ‘model and aggregated with consumption and ‘

investment to give total final demands from .each sector. Using conventional R

f}input-output techniques these final demands are translated in the pr"

ffcomponent into inter-industry flows, intermediate imports and value‘added

fﬁfor each sector., These results are then used in the construct
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fnational accounts and the computation of consumption and investment“in

fisucceeding periods. There arejvariouSLIags and smoothing processes in the

'Qmodel“which reflect the decision making behavior of producers and consumers

.vand give stability to the system. _For- example, consumption is assumed to

£
4

ifincome in the current: period. A
: Ihe;above.modelzis.an elenfentary means of.describing the total economy.
,It;islstaticgin”the'sensejthatlmany parameters, particularly the input-
,outputgcoefticientsdare~exogenous‘to the system, although they may be varied
'¢893§ﬁ99§1Y*O?efétimﬁ‘to,réfiECt structural changes in the economy. However,
!theamodelﬁdoés go'much-further than static input-output analysis in making
fconsumption, investment, imports and employment endogenous in the system.

Because of its simplicity the model has little value in detailed
nationalLpOIicwaormulation, although it may help in making aggregate
economic projections and understanding the interactions between sectors.
An example will be given later to show the different linkage effects of
'comparable increases in~agricultural exports and oil exports. The essential
1point is that, although the model can show what the implications of a
'.given increase in agricultural output is for the total economy (after the
~lnteractions discussed above are considered) it does not show how &n
increase in agricultural output may - be achieved.

The present macro—model ‘has been designed to interact with a detailed
_agriculture sector model. With only minor modifications it could also '-.“

v

finte ct with any other sector model such as a model of small scall‘industp
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This type of interaction enables detailed policy evaluation within:a

,w,ectorfasﬂrepresented in Figu"ef2 In’ the total model, agriculture is

\
4

'repr”lented by a’ single sector. However, merging it with the detailed

agricultural models enables all- the inputs and outputs of the sector to be

.:c'mputed endogenously taking account of the many ecological regions, c commodities

and - other complex interactions of the sector. Thus, agricultural consumption,
investment, erports, employment and the relevant input-output coefficients
become;functions of agricultural policy instruments. In turn, the non-
,agricultural sectors feed back to the agriculture sector models relevant
variables (such as nonagricultural income which is an element of the demand
for food), and these variables become endogenous to the agricultural system.
This whole process allows policy experiments to be evaluated in the context
of the total~economy.

The various components of the macro-model are described below and a

more detailed mathematical description of the model is given in the appendix.
Some test runs and sensitivity analysis will be presented to illustrate

the usefulness of the model.

Componernts of the Model

" 'Exports
X'Exports are regarded as exogenous variables in the model. In the
Nigerian*case-there are;two main;groups of exports: agricultural and

petroleum. Agricultural exports are either assumed to grow at a rate -

‘ reflecting recent historical trends or are computed endogenously'in}a’y

,v,

B



iﬁdetailed“agriculture:sector model and fed to’thpfmacro-mod“llifinﬁthetoase7;

f,o ;oil, future exports are, a;function of many uncertainties such as- the

hfsuccess of exploration and international oil poli“ic“' optimistic’_

:,and pessimistic time series projections were used to’ represent oil exports.

.?Consgmption B '

o The consumption component simulates the demands by various classes of

,;consumers for domestically produced goods and services and for imports

fof goods and. services. Presently only agricultural and nonagricultural

Vclasses of consumers are considered (approximating the rural and urban

'populations) although the model ‘has -the flexibility to account for different

consumption behavior by regions and income levels when data are available.
The~totalvconsumptionAof goods .and - services’of each sectorl/ is a

function of the population and personal income of each class of consumers.

(Equation (C4)) This function takes account -of the different consumption

,levels and behavior of rural and urban populations. The relative prices

:of goods and services are assumed constant, except where the model inter-

:acts with a detailed agriculture sector model Here the consumption of food

1by the agricultural and nonagricultural populations may be computed by the

;interaction of supply and demand and fed to the aggregative model. The

consumption of: nonagricul_t_al goods and services 18 then a function of

_personal income, population and the price of nonagricultural goods relative

»‘to food.'_v.~. - J ' . e

Finally, the demand for goods and servi’” ~is totaled over all ‘con=

;sumers and divided between domestic production nd;imports. The proportion

’imported is determined exogenously in the modelialthough this proportion Jfﬂ"f

l/ The term sector 1is used. to refer to production sectors such as JH’.
" agriculture and manufacturing. A fuller discussion of the sectoral -
: breakdown is given in the description of the production compopent.
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is trended downward over time to reflect import substitution. The demand

for domestically produced goods is then fed to the production component.

 Invesgment |
investment in_each_sector7is divided between public investment and
priyetelinvestment. Public investment is modeled as an exogenous variable
“dn tﬁeféyééém; this innestment tends to be concentrated in the transporta-
tion, utilities and service sectors. With the exceptions of agriculture
and oil, private investment is endogenously determined using incremental
capital-output ratios for each sector. Inventories and replacement
investment are.assumed to be a fixed proportion of total gross investment.
Agricultural investment is either an exogenous variable of the system
or is computed endogenously in an agricultural sector model. Some agri-
cultural investment such as land clearing and cattle breeding are considered
to require negligible intermediate.inputs such as machinery or construction.
Since this investment does not create any immediate demand for goods and
services, it is not added to the investment demands for domestic production,
but is included in the national accounts.

Inveétment in the oil industry consists of two types: exploration and

production. Since'exploration investment (the dominant form of current

investment in Nigeria) is a long run process with highly uncertain outcome,
it is imposeible to relate investment to output by a capital-output ratio.
Hence investment AIn the oil industry, though private, is assumed to be '

exogenously determined
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| the‘economy. For the case ‘of Nigeria,data collected by Carter for the year

Finally 7investmen'_by households in residential construction generates/r

'Gka substantial source of domestic investment demand.i This is computed ‘as
‘a’ function of personal income and population, with a relatively long delay

. attached to the effect of personal income changes.»

These investments demands _y.each sector must be translated into

demands for capital goods from each sector. For example, total invest- -

ment in the manufacturing sector must be disaggregated into demands for

construction, machinery, transport, etc., and imports. A matrix~of
exogenously specified coefficients, analogous to an. input-output table

is used to perform this disaggregation (Equation (14)). The' requirements

~forsdomestic,production-generated;by investment are then,fed to the pro-

duction component,

Production

Thn,basis of the production component is an input-output table of
1959, was used to construct an input-output table of the economy with 10
sectors divided into two groups, traditional and modern. Details of the
composition of each of these sectors is given in Table 1. There are four

small-scale sectors, agriculture, residual agriculture, small industry and

‘ small trade-services composed of firms employing 1ess than ten persons.- These

firms generally use family labor and traditional methods of production.

The remaining sectors all employ ten or morelpersons and use wage employment.

Modern capital intensive methods of production are common in these sectors.

This oistinction on the basis of scale of:industryiis useful in simulating

investment, employment and consumption(,ince the small-scale sectors tend:;;ﬂj
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to be‘more labor intensive and produce commodities with different consumer«

tastesd - ‘i | ;-; -
‘ The input-output«table employed in the model is shown-in Table 2.
eThis table illustrates some typical aspects of a developing economy. The
traditional small scale sectors are characterized by limited intaraction
withcthe rest ofwthe'economy ‘relative to. the:large scale sectors.. Like-
wise the large scale sectors have higher import requirements. However,
in avrapidly growing economy such as Nigeria the structure of the economy
as represented by an aggregated input-output table isilikely to change
over time. For example, the period 1960-1966 in Nigeria was characterized
by the rapid growth of the oil industry, Whereas .in 1959 the mining sector
consisted mainly of coal and tin mining, by 1965 petroleum had become the
dominantboutputjof this 'sector resulting in possible changes in the input-
output'coefficients of this sector. Without further disaggregation it is
not possihle to reflect these changes endogenously, Another possible
change in input-output coefficients can come about through substitution
particularly import substitution where domestic sources of inputs are
substituted for.previously imported materials. Again making these changes
endogenOua-in the system would require making imports competitive with
domestic pfoduction (see for example Cheney 1963).

Thesewprocesses of building new industries, changing techniques and
import“substitution~are fundamental to the development process. Without
making them endogenous in the system the model can have little value in ‘

national policy formulation. However, by reflecting these processes

exogenously we. are able to describe the growth of the econofm‘&’mw

stand the implications.of these changes for development. N ‘g@‘“‘



”';1Composition of Sector

{hijain~cash crops, tood staples, and cattlei

‘?21_1 j‘fQResidual crops, residual 1ivestock3
e : ,'fishery and forestry ' 3 A
B ?Small Manufacturing - Carpentry, weaving, shoe making'and{t
A A . other crafts R

- 4:1"‘ﬂSma1> Scale Servicesg,. Petty trading and services
‘~’5uf ?JMining ' ,f "Ji " Metal and nonmetal mining and petroleum
ﬁp*é fv'~1Construction , ‘l;‘ ‘ Residential housing, private and public
B » 7 comstruction projects ‘

ST Transport R Rail, boat, road, air
g fUtilities 'j o Electricity and water

9 ‘3vLarge Manufacturing Processed food, drink, tobacco, chemicals,
- 1 S metal manufacturing, ete.

10 harge;Services " Large scale trading companies, banking,

insurance, etc.

‘Given this‘input-output'table the production-component firstly
aggregates the final demands of exports, investment and consumption and
then by input-output techniques computes value added, imports and total
output of each sector. Total output is fed to the investment component
and value added and imports to- the national accounts. Finally, personal

: income is computed., This consists of wage earnings»for the modern sectorshh

-~

and income of the self—employed in the traditional'sectors.. 7;'




| -Table 2 Input-Output Coefficients: of ‘the Nigerian Economy for 1959

1. Main Agriculture - .0, .0  .085 .0

fjffZQR?Residual Agr culture .0 .0 ,Qﬁgfi,oj’

:5?f3;755ma11 Manufauturing ~ .001 .001 0 .008 'u;'l0§6?1-021' §04575f05535;615525019'2
ﬁ>i4;? Small Trade-Services .001 .003 .040 .0 |l °Q1?‘j'Q67‘ ;01§ 1;6;91u!Q§?ii;é?§;;
'*ig;ffﬁiﬁiné?Oil ‘ .0 .0 .00 .0 0 051, 1008,»-979"405772957;
E :5-V1C6ﬁ§£r¢ction 0 .0 .0 .003 | .007 ;0 .0 ‘f.bDA,;;O02f5:6f??;
'=1°i;”-rransport .603 -063 .037 .018 | .018 .079 .0  .054 .027 §913“
Ziffé;f‘Utilities " 0 .005 .002 .0 020 .001 .0 .0 Lou 007
'uﬁ3§35~Large Manufacturing .0 .0, .02 .002 | .007 .029 .023 :023 .0  .011

ifiio;f%Large Services .004 .003 .037 .023 .012 .010 .028 .018 .037 .0

‘fﬂ;:aiﬁporgs, . .016 .014 .197 .009 .223 . 228 .113 .135 .232 .03l

;ch column shows the input requirements for production of one unit of output. For
ample, one unit of -agricultural output (column 1) requires the’ input of .001 units -
f Small Manufacturers -and .016 units of imports. “ : g




is relate to government alue added

;Earnings of:the self-employed are assumed to beiaiproportion~of‘value f'ff
added with the remaining proportion being invested or remitted abroad. ;ic
The proportion of value added accruing to the self-employed is very high
for the traditional sectors and lowest for the mining and petroleum sectors.

Wage earnings and self—employed earnings are summed to give personal
income which is fed to the consumption component. Clearly in these
computationsvof personal income many factors such as taxes :and wage rate ~

_Adetermination~have'been»ignored,, Again the_availability~ofua detailed

:1sectorsmodel:enables‘a,much moregsophisticated’modeling of these variahles

for ‘that sector.

National Accounts

At the end of each series "f’computations the model constructs a .

' set of accounts.v The nationa' accounts include estimates of gross ;“ﬁ

and the trade defi



E»suchxpolicy parameters’as?taxirstes. These accounts form the basis of
‘ , evaluating agricultural policies at the

o nacroléédnﬁml‘ci 'l_eve‘l;‘ S

Data Requirements of the Model

% Corresponding to each component of the model 1s a key set of a

parameters, the input-output coefficients of the production component,

capita.-output ratios of the investment component and income elasticities

of demand of the consumption component. In each case the degree of dis-

aggregation by sectors determines the amount of data required.
| Incressingly input-output tables are becoming available in developing

countries.. In most cases these tables do not exceed twenty sectors but

' ca,‘be”collapsed to ten sectors as we have done in the Nigerian case.
Similarly, data for estimating consumption elasticities will not usually

be a limiting factor in model building although disaggregation by rural

andqurban populations may ‘not always be possible. Data on capital—output'

ratios:and the determinants of investment probably involves the highest

degree of uncertainty.. This’is so because often many factors affect the

relationshipibetween investment and output. In the case of Nigeria we
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1'p1ant and’equipment} hile Mﬁlleiner,for;ﬁxample includes the value of

nlﬂny event the total investment’in agriculture 8

,qland‘devel ment

lyfg ossly underestimated and this 1imits the'estimated contribution

Jfof agriculturelto gross domestic product..l |
While aggregation of the economy into few sectors will reduce the
data requirements—/ it has disadvantages in the model's ability to describe
the economy. A high degree ‘of aggregation necessarily entails lumping
j together in ‘one . sector a number of diverse industries. In a dynamic
economy each of these industries will be growing at different rates, changing
the'composition of the sector and hence the parameters associated with that
~sector.» We*have already discussed ‘the case of the oil industry in Nigeria
bias‘an;examole of:agrapidlyhgrowing industry which is likely to change the
,parameters“ofjthetmineralsisector. In the short run such changes may be
}qusigd;ﬁxagéﬁougiy;;pgg;;cuig:1y if parameters such as input-output
- coefficientsucanvbeﬁestimated‘at»tWO'or~moreipoints in time. Thusvwe used
the work of Clark (1967) as a guide to the changes in the parameters of the

model for Nigeria between the years 1959 ‘and 1965. In the longer run such

changes can only be modeled with a great deal of. uncertainty,

Testing and Running;of the Model

I‘asis of a comparison of output

The model;wasrtested and tuned on th'

ofvthefmodekland the official Nigerianunationalfaccounts. Since the initia15

‘fuonditions were' estimated from the input—output‘study‘of Carter, the output

‘l/ Since there are several matrixes' of parametersgparticflarly the input- fi;h
- output . table, disaggregation will tend to: increase“ hie data requirements s
- exponentially rather than linearly. . R TR - 4R ,
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of’the model was not strictly oomparable with the official accounts. Thus

"tuningjof the model was based on causal comparison of growth rates and

- trends rather than formal statistical procedures. Because of the disruption

of the economy after 1966 due ‘to civil war, the period 1959-1966 was used

as a basis for tuning.
‘:Asﬁwe;noted%above*thé?gréatest“source*of'uncertainty*wa3‘1n~the~

investment parameterSWand the change of all parameters over time. For

example,;large.scale manufacturing has been growing at the rate of 10-157%

per annum over the period., This growth rate can only be explained in

terms of import substitution prooesses. Although we used the work of

Clark (1969) as a guide to the changes in the import coefficients associatec

with this sector, considerable uncertainty still remained for further

adjusting these parameters in the tuning-up process.

There are two serious shortcomings of the validation of the model.
Firstly, the period of 7 years used for validation was not sufficiently
long enough to enable'confident use of the model in long term planning.
Secondly, many of the variables such as investment used in comparing the
simulated results:with the real world are subject to a good deal of error
in real world estimation. This can only be corrected by better collection

~of national statistics. .

A series.of~runs is presented to illustrate the capability of the
model.'UIn~tab1ew2’ Run 1 is a base run for the period»l959-1966 with
exports held constant at a level approximating the actual export figures |

for those years.; In Run 2 the 1eve1 of agricultural exportsghas been f




5;tiplie eﬁfec is highest on 'he nonagricultural economyf:}Figurei3atraces
fﬁthese,results over time for both the agricultural and nonagricultural -

gjeconomies.‘ This shows that it takes from three to four years for the full

'7ﬁu leier effect to' be achieved. The value of the model in evaluating

"the effect of agricultural policy on" the total economy is obvious. from

vgthese results. Runv3 of Table~2 shows similar results for the case of
an exogenous increase in oil exports. “As expected, because of profits

fremitted aboard and higher import requirements, the multiplier effects

:are considerably smaller.

3alahleT2'-Illﬁstrativexguns”of the National Model

S jﬁung . Agricultural - Nonagricultural , TOtal~GDPk/
S Contribution to GDP Contribution to GDP at Market Prices

YearQl966/67fFHillionsrNigerian Pounds

7 e300 - 1,461
R 7Y B et g AR 1,497
1,473

ETE

| ﬁiﬂ?!Run 1--Base Run . ; ! : .
;.Run 2--Exogenous increase of;LlO;million gricultura :exports, 1959-1966
‘}fRun 3-—Exogenous increase of 510 million in'oil exports "1966 “

Rl Tantdadnan >..-..-...V.‘...._..‘ -_3 .n._.i.a'



Figure 3 Time Path of Illustrative Runs of the Model

Ru@flngase Run
‘Run '2--560 million increase in agricultural exports
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: 3'iscussion and Conclusions

The model simulates behavior in the real worldvbver,‘he period 1959-66

jfTwith reasonable aCcuracy. Ideally, however, a longer period than 7 years o
ahtwould be required for confident validation, hecause only key variables |
f;rwere used in each component of the model it is not\generally able to simulate
' minor year to year fluctuations in the economy, although longer term trends
| will usually be reflected by the model. | | |
. The essential usefulness of ‘the model lies in its ability ‘to interact
"wwith detailed sectoral models ‘to enable modeling of intersectoral multiplier
-a'effects and policy evaluation with respect ro the ‘total economy. The model
s also has value in making macro-economic projections taking into account
interactions between sectors. This promises improvement over conventional
:economic projections for planning where such interactions are not formalized.
dFurthermore the model does enable a more complete understanding of the growth
Aprocesses since it disaggregates the: economy by production sectors (e.g.,
‘agriculture, manufacttring, oil, transport, etc.) and allocates the output
’,of each sector by end use (i e., consumption, investment, exports, and inter-
‘"{mediate products) This matrix of interacting sectors and uses pinpoints

*the growing points of the economy. _ mféf.iu

There are many directions in which the model could be- extended

~m.

Firstly, more variables could be introduced into the determinants of con-

: umption and investment. For example, Ho land (1963) in a simulation model

f‘ he‘Venezuelan economy incorporated the notion of expectations in invest-*

ent;behavior by including oil exports‘as'angelement of an aggregate invest-,

argu:ent may hold fo‘ investme

nt in Nigeria
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‘fﬁé*f%lt~that fot;tﬁa,?réaant pnrpoaea thia would detract-fton the generality
~7ofitné;nodcl. Hdﬁéﬁet;;in any-‘application to planning a specific country
| such<adduatmenta:ma§‘be‘necessary to acconnt;for the uniqueness of that
economy, What we have proposed in the present model is a skeletal framework
of a few kéy variables upon which further refinements can be made in any
specific application,

Secondly, the model needs to be further developed to include prices
as endogcnous varlables of the system. In Holland's model of Venezuela
prices are a function of capacity utilization where capacity is defined in
terms of the capital stock. Again the generality of this approach is
questionable since many factors additional to capital are likely to be
important in determining the supply function of an industry. Indeed, in
the case of Nigeria, Kilby (1969) has.argued that entrepreneural ability
is a critical determinant ‘of supply response in Nigeria manufacturing.
Furthermore, for Nigeria where price movements both absolute and relative
were not substantial for the period of interest, the model's results are
not greatly affected by the assumption of constant prices. However, a great
deal of génerality could be gained by including an additional component
incorporating money supply, exchange rates and price determination. This
“18 necessary for the model to be applied to countries with significant price
instability.

Finally, further attention to the agricultural sector should enable
the model to be directlyused:h1agricu1tura1 planning, independently of a

detailed agricultural sector model. For our purposes we' have contracted

the agricultural economy into one. sector with a total out ‘,Jgreater than



Within the existing Hramework the agr#tulturalg o

3ffsectoricou1d:be divide 2int.‘a“£ood sector and export crop sectors to

'ffevaluate the impact of various production campaigns. Alternatively where ‘

I

g5competition between crops for 1and and capital or prices determination;are

'4eof interest, further model building would be required



| ’ APPENDIX

This appendix gives aﬂmathematical description of the model, The
‘overall picture of the model ‘has been given by Figure 1 in the body of the
chapter, There 15 8 switch*in the program which is set to enable the
model to.run as a seperate entity or in conjunction with a detailed agricultural
seétor%qb@elg In the: following description- it is assumed that a detailed
agriculturaljsector model is available to provide estimates of agricultural
investment and exports, food consumption and agricultural disposable income
on avregional basis. The alternative method of computing these estimates
for independent runs is shown in footnotes.

orts

All exports are computed exogenously to the model. Exports of
agricuifural commodities are provided by the agricultural sector model and
summed by equation (El).l/ Exports of residual crops, mainly timber, are
assumed to grow at a fixed rate. Associated with agricultural exports are
exports of transport and distribution services which are obtained in Equation
(E2) b& ailocating & proportion of themarketing margins computed by the

agricultural models to these sectors.

(E1) EXTD, (t) = EVALXPP, (t)
i
vhere:
EXTQi = total agricultural exports--thousand &/year
'VALXPP = value of agricultural exports at producer or processor

prices in the ith region--thousand &/year (computed
in the agricultural model).

1/ Fo“‘independent runs, agricultural exports arevassumed.ﬁo‘grék et'e rate .
>*1‘ reflecting past historical trends. oo T S



e

(Ea) MDﬁ(t) = 0 B*XTVAMEXi(t) it ‘

o EXTD, =stransport exports--thousand Liyear
.EXETEOJ = seriice and'trade exports--thoukahd';/year
TVAMEXi = maﬁketing margin of export crops in the
region--thousand L/year (computed in the
agricultural model).
Oilrexpoits are included simply as an exogenous time series, EXTDs(t).
‘Thigwtimg sefies,may»reflect pessimisonr‘optimism concerning the outlook
for dillexp;oration.
Consunption |
| ;Tﬁéféghauhptipnﬁcbmpgnent first computes the per capita disposable income-
of each-class of consumérs. The disposable income of the agricultural
popnlation‘is the sum of the disposable incomes provided by the agricultural
mbdel.(Equation (c1)).
Profits ;;tained, purchased*inputs and cash food consumption have been
vsubtragted from cash incoﬁé,tpiiié;diichme.available for nonagricultural
-*,;c??,géu'xgptionéy "

(L.

(a) pnsiﬁéi(t> = (ETAcpxéi(#)f+é;ﬁca(y)J/PoPl(t),

 _/ .An alternative computation of agriculturu* disposable income is given by .
equation (Cl.1)

- (c.1) epsine, (t) = (PINC (t) + Pmc (t)}/PoP (t)

. where PINCl personal 1income. ?enerated by the: main agricultural sector-- o
. thousand &/year (computed in the production component in
Equation (P8)) , S



‘PDSINCI = total per: capita disposable income in agriculture
‘-“-L/year ?’»4

TAGDiRi»- total agricultural disposable income in the ¥ h

region--thousand L/year (computed in the
agricultural ‘model)

POP1 = total agricultural population--thousands/year (computed
: in'the population model)

éINCaw? personal. income generated by the residual agricultural
sector--thousand b/year (computed in the production
component in equation (P8))
The disposable income of the nonagricultural population is computed in
Equation (C2) as the total of personal income from each nonagricultural
sector less expenditure on food. Personal income is computed in the production

component as wages and salaries for those employed in modern sectofs and

average earnings for those self-employed in traditional sectors.
(c2) PDSINC,(t) =(PINCNA - EZTFCNAG, (t) J'/-Popa(t)
o i

where:

PDSINC2 = total per capita disposable income of the nonagricultural

population--L/year
PINCNA = total personal income earned by the nonagricultural
population-~-thousand k/year (computed in the production
component by equation (P9))
TFCNAGi = total food consumed by the nonagricultural population
in the itP region--thousand &/year (computed in the
' , agricultural model)
POPé = total nonagricultural population-~thousands.
COnSumptiOn’demand for nonagricultural goods and services is determined
by the elasticity of demand with respect to per capita income (Equation (03));_5

That is the relative prices of nonagricultural goods are assumed constant.”:‘}fef



: he per‘capita consumption of the J commodity by

class of consumers-—L/year
aniempirically determined constant

v PDSIND;[ the exponentially laseed velue of per capita
e disposable income, PDSINCi--thousand L/year

ELAST& J ‘= the income elasticity of demand of the 1th class
‘ Q‘;’_j' of constmers fbr,the J h commodity.

Consumption of food staples is computed by Equation (Ch), using estimateS'
of(food consumption computed in the marketing mechanism of the agricultural |
model -/

(ch) PCON (t) 2 Z'I'FCAG (t)/POP (+)
L

| ppco;yg;l(.tt) = LIRCUA, (t)/ROF(t) -

where: a.“

I’CJON:l l per capital consumption of food by the i th class
. v ]consumers valued at producer- prices--L/year

,otal food consumed by the agricultural population in
he i%h region--thousand L/year (computed in the
agricultural model) :

'é,total fo%d consumed by the’ nonagricultural population O
-in the i®" region--thousand. L/;ear (computed in CL
_ .the agricultural model) s Ry 2

‘population of the 1%h class of consumers--thousands.5;*%f7i

'_j Alternatively food consumption is computed in Equation (C3 l) by extendin
' Equation (c3) to cover. the main agricultural sector.

ELAST

(c3 1) Pcov (t) --Acmv *PDSIND (t) ,.,i,di;'

i ",




;;Totalfconsumption of each commodity is then simply the sum of the consumptionf'

j%@f@ gzclass of conaumers?(Equati°n (°5))

:3°”tﬂj-5d'"d 5 (4) = ;‘T:}ﬁ R ‘7:;_5':.g?1‘5“ffxﬂd. o -
le3) mooisy(e) = pROPLCewPOON, y(e)

TCONS (t) = total. national consumption of the J commodity--
: thousand Efyear,,.

Equations (06) and (C ) dividecthis consumption into domestically
' produced goods and imported goods. Imports are assumed to be a proportion'of‘
vtotal.consnnption»although it iS'possible for this proportion to vary

exoéenouaix;to represent import substitution.
(c6) Cl}ll@?jl(t)n = CIMPP f (t)*TCONS 3 (¢)

where:

CIM? = imports of the Jth commodity-~thousand b/year

, 3
'pIMPfj = proportion of the total consumption of the jth
: - commodity imported.

""(Qf{): DCDJ(t) =ve1f‘CO.I"i‘S:31(t) - cIMPJ(t)

- vhere:

: DCDJ = demand for domestically produced consumption goods-
SRR thousand L/year._ , :

4 @consumption demand, DCDJ, becomes part of final demand for '

'jdomesti_vproduction while total consumption, TCONSJ, and imports, CIMJ?.1

;Q  e ueed in.the construction of the national accounts. j“]ufa'“'"'
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Tnvestment

g also included asﬂen,exogenous time series proJectionhkince investment in thisifﬁf

;Qsectouiis largely determined‘by fnctors outside of the economy.; Although

4 _investment in the agricultural sector is exogenous to the model it is cOmputedf
A::endogenously in the agricultural model and summed by Equation (Il) to give f::.
total investment -/ ' - o

_',“(11) EXOG (t) - ECAPDE (t) + CAPDPP(t)
i

" where: .
i ?,gsxnci total investment in the - agricultural sector
s (excluding land development)--thousand b/year

’GAPDPi investment in agricultural production in the
ith pegion--thousand &k/year (computed in. the
. agricultural model)

o ~-5Q\CAPDPP = investment in agricultural processing-- S
' ' ‘thousand: L/year (computed in the agricultural
model). : e o _

Endogenous investmen‘?isgcomputed by Equation (12)

"Qor data no effbrt was_mad to’ separately compute replacv ent investment‘and

.linventories. Rather thezassumption vas made that these investments,fbrm

frixed proportion of total investment and a.re included iﬁ'the capitaa-‘

A

foutput ratios. *”*




»;,iiifENDOGd\= total endogenously derived investment in the Jth
L sector--thousand b/year

A’w:f;f‘;PENDOGJ proportion of output privately produced in the
R R J sector

cmm.1 = ma.rginal capiltal-output ratio in the J*B sector

'f-,-.‘-BOUTD'j Y smoothed rate of change of output of Jth sectore==
. thousand k/year (from Equation (Pl) of the production
: component)

f Total demands for investment goods: by all sectors excluding households is

vgiven in equation (13) as the sum-of exogenous and endogenous investment.
(13)" ‘;gnﬁqi‘rﬁjm = TEXOGI;(t) + ENDOG, (t)

RINV& = total demand for investment goods by the Jth sector-—
' thousand BE/year

TEXDGiJ total exogenous investment in the Jth sector
(private and government )--thousand b/year.

' (These investment requirements of each sector for capital goods are
[;translated into demands for capital goods from each sector by Equation
2f(1h) A'matrix, B, of endogenously specified coefficients measures the deman
;ffbr investment goods from the Jth sector generated by one unit of investment
gexpenditure in the kth sector. An analagous set of coefficients determines‘

i b
;]the demands for imports of investment goods.




“‘:??EDIND =gthe demand gbr domestically produced investmen goods
o ﬁjfrom the J sector-thousand L/year ' ERRT

7k = the demand for the th good generated by one L
Js 1nvestment in the k sector »fﬁ’\ ;

ffRImP :

= the demand by the Jth sector for imports of investmentj
goods--thousand L/year ‘ : o

47":BIMPJ B the demand for imports of investmentegoo‘ enerated -
- " by one unit of investment in the kth sector.Vl' '

" 1B +BIMP =1,
: \J J,k k
Investment by households in residential construction is generated in
Equation (IS) ‘This;investment,is part of domestic investment'demand for
construction (sector 6) and is added in Equation (I6) to that generated by

Equation (1%4). Domestic investment demand then becomes an element of final

demand.,

(I5) RESIN(t) = ARESIN*TPOP(t)*PCINCD(t)TFY

‘vwhere:

"ifRESIN =‘investment in residential construction-—thousand L/year

'*virically determined constant

otal,population—-thousands

~f§PCINCD = exponentially lagged value of average per capita
T :*income-thousand L/year

,,demand elasticity fbr residential construction. :

= ong(e) + ReECe)




- 9 .=

o Finally, some investment such as investment in land clearing is considered

;nonﬁintermediate investment in the aense that intermediate inputs are negligible.w

iﬁThis‘investment does not enter final demand but fbr national accounting

jpurposes 1is- included in total investment by Equation (IT).

(17) iIHV(t)v=;zﬁIﬁv3(t)'+ RESIN(t) + ONIINV(t)

where:

Production

y

RINV(t) = total national gross investment--thousand L/year

leNVJ = investment of all production sectors--thousand &/year
5 R

RESlNe= investment of households in construction--thousand bL/year

ONIINV = other non-intermediate investment--thousand L/year

Total final demand is the sum of the various demands for domestic

production given by Equation (N17).

(N17) FDYJ(t)'= DCDJ(t) + DINDJ(t) + EXTDJ(t)

P

where: »

‘~EXTDJ(t) = export demand for the Jth commodity--thoueandf

DCDJ(t) domestic consumption demand for the jth
' commodity--thousand L/year (computed in the
-consumption component by equation (CT))

”DINDJ(t) = domestic investment demand for the Jth

commodity--thousand &L/year (computed in the investment
component by equation (J6)) P :

L/year (computed in the export component)

..‘V EO



Given the vector of final demands ktotal output,including intermediate -

J"‘, in Eq‘ tion.(Pl)

i ’OUT = oW vector (OUTJ, J = 1, 10) of outputs of each sector--
thousand L/year _
I = the identity matrix

zAIO input-output matrix (AIO , .1 =1, 10 k=1, 10)

- Wvhere each element,. AIO k’ represents the input '
of the jth sector requiréd in the production of one unit
of the k" good

FDY = column vector (FDY k = 1, 10) of final demands ' from
the kth sector-—thousand L/year.r .

;gi““'~tﬁe_£bta1 output of each sector, imports for intermediate use are

computeﬂyby Equation (P2) It‘is'assumed‘that these imports are not competitive
,’;with local production.,
(P2) EINP,(t). = RINIO,*OUT;(t)

where._

“ @3:f; RIMPJ = imports required for the production of the J
RIS A,{ly commodity--thousand L/year o v .

RIMIO

J = imports required for: the production of one unit of

the Jth commodity.«




-1

‘jValue added also shows the contribution of each sector to. gross national

el
',-:’;rd’l(
ST

Seda

aproduet in the national accounts. ~‘.

I:(PB) RINID (t) = z:;\Io.1 k QUT (t) o

‘where:

RINIDJ = total of domestically produced inputs in the Jth
sector--thousand B/year.

(P4) VALAD,(t)'= ouT,(t). - (RINID,(t) + RIMP,(t))

where:

W\LAD;j = value added in the Jth sector~~-thousand b/year.
Finally, personal income of each sector is the total of wages of the

wage .earners and income of the:.self-employed. Earnings of the self-employed are

given by Equation (PS5) as a proportion of total value added.

This proportion .

,,!f.

is very low for the modern sectors where wage earnings predominate and very

high for the traditional sectors.
(p5) SINCJ(t) = (1 - PJ)*VALADJ(t)

vhere:
SINCJ = value of earnings of self-employed in the J
gsector--thousand &/year

PJ = proportion of value added re%gined as returns to capital ~

or remitted abroad in the J sector

V’ALADJ value added in the J ; sector--thousand L/year.

Earnings from wege employment are. given by Equation (P6) Changes'i‘

.wage labor productivity are accounted ‘or in Equation (PT)



1ector--thousand L/year

'9fffﬁﬂABJ = the number of labor units of gage employment required
s to produce one unit of the j output (See Equation (P7))

’1fl%OUTJ = total output of the Jth sector-—thousand L/year &rom
; Equation (Pl)) s

vWAGEJ = the average wage rate in the Jth sector--thousand
S L/man-unit. »

(1) BEAB;(4) = (2 - REROD, J4RLAB, (t-1)

where:
RLABJ,=fas defined in Equation (P6) above

RPRODJ = rate oﬁnincrease in labor productivity in the J
seetor.

Pe?%Oualdincome iS?then=theteum'of4wage earnings and earnings of the self-

empioved{as 1u§Equat;on[(P8).

(8) PIN () = ST, (8).+ WM, (&)

-

T where.f’

PI u
‘ NCJ%

= personal income arising in the Jth sector--
thousand L/year o

NvPersonal‘income of the agricultural population may be computed by
',tEquation (P9) or determined separately in an agricultural sector model.

fiéEquation (PlO) sums personal 1ncome in the nonagricultural sectors includin*q

".v80vernment.; Government value added is exogen0u81¥ determined- i;'ﬁ:



(89). BNGAG(s) = PING,(4) + PTNG,(4)

(P10) PINCNA(t) = . IPINC;(t) + GOVALD(t)
B L A
where:

ePfNCAG personal income of the agricultural population--
o thousand &/ycar

PINCNA,= personal income. of the nonagricultural population--

S

GOVALD(t) = government payments of wages and salarieg--
thousand b/year.

The National Accounts

The national_acoounts component computes gross domestic product and
the trade balance. Gross domestic product at factor cost is computed in Equation
(N1). Both non-intermediate investment and government value added are exogenous

in- the- model.

(N1) GDPF(t) = ZVALADJ(t) + ONIINV(t) + GOVALD(t)
J
where:
GDPF = gross domestic product at factor cost--thousand b/yeer

VALADJ = value added in the Jth sector--thousand b/year
(computed in the production component by Equation (pk))

ONIINV = other non-intermediate investment--thousand b/year

GOVALD = value added by all govermments and marketing boards--
‘ thousand L/year. f

In order to compute gross domestic product at market prices, total

exports and imports must first be calculated at f °'b°'2r19e§t Total impprg_ S

-are computed by Equation (N2)



d‘i -wimports for intermediate use in the Jth sector
.. at market prices--thousand L/year (computed in the
:j production component by Equation. (P2)) A

iiRINIMPJ = 1mports for investment use in the J sector at
E Y market prices-~thousand L/year (computed in the investment
component by Equation (Ik)) :

= imports of the Jtn commodity for consumption at market
prices--thousand k/year (computed in the consumption
- component in Equation (C6))

‘ MP
one,
DUTIMR =.average rate of import duties.
, Similarly total exports are computed by Equetion (N3).

(N3) TEXTD(t) = !:EX‘I'DJ(t) + VALDMB(t) + DUTEX(t)
: 5
vhere:
TEXTD = total exports at £,0.b. prices--thousand &/year
E}CEI'D‘1 =.value of exports of the Jth comnodity at producer
prices--thousand L/year (computed in the export

component )

VALDMB = value added by marketing boards--thousand L/year
Eomputed in the agricultural model)

DUTEX = duties on exports--thousand blyear (computed in ‘the
agricultural mode1.~

i{The trade deficit on current account is then the difference between exports,

ffand imports as in Equationv(Nh)

() percn )mmmm
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