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Abstract. The main objective of this paper is to construct and validate the General Equilibrium Modecl
(GEM) using linear programming algorithm. The results of the GEM solution are almost identical to the
buse year SAM 1980781 . This implics that the GEM has been correctly specified and it is ready for com-
parative static experiments. Reducing agricultural subsidies hus a significant impact on all commuodity and
factor prices. On the contrary, the rest of the world and investment sectors are not affected.

Introduction and Problem Statement

During the past 20 years, the Saudi Arabian economy faced various significant
changes in all the economic sectors, especially the agricultural sector. These changes
include, production and consumption activities as well as individual and regional
income distribution. Most of the analytical and empirical research, especially in the
agricultural sector, is limited to analysis of individual commodity markets. However,
this type of analysis in isolation is generally misleading because of the existence of
interdependencies among consumption, production, and government policies. The
General Equilibrium Model (GEM) framework for analyzing market interdepen-
dencies is a helpful tool that provides information to policy makers in formulating
and evaluating economic plans and government policies. This paper contains the fol-
lowing four sections:

the data sources for applying the GEM to Saudi Arabian economy,
2. the construction of the GEM for Saudi Arabia,
3. the validation of the GEM,

policy application on agricultural subsidies programs using the GEM.
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Objectives

The main purpose of this paper is to construct and validate the GEM for Saudi
Arabia, and then to evaluate agricultural subsidy policies and their impact on various
(activities} sectors in the Saudi economy. The GEM construction will be based on the
Social Accounting Matrix (SAM) of Saudi Arabia in 1980/1981.

Data source

A Sacial Accounting Matrix (SAM) is the main data source for applying the
GEM for Saudi Arabia. A SAM. used in this study, has been estimated by the Saudi
Central Department of Statistics for 1980/81 [1]. An aggregate SAM for 1980/81 is
presented in Table 1. The principle of a SAM is to close the linkage between input-
output accounts by double entry bookkeeping. A SAM has two major objectives,
The first one is to organize the economic and social structures of a country’s informa-
tion in a particular year. The second objective is to provide the information for
generating a plausible GE model [2, p. 17].

By convention, the receipts (incomes) are represented by the rows, while the
expenditures (outlays) are represented by the columns. The total receipts for cach
account must be equal to the correspending expenditures accounts. Therefore, the
number of rows has to be equal to the number of columns.

The structure for an aggregate SAM in Saudi Arabia is classified in six major
accounts:

=

tactors of production (labor and capital),

institutional accounts (oil-sector, non-oil-sector, government-scctor., and
household-sector),

3. consolidated capital accounts,

4. activities,

5. commodities, and

6. rest of the world.

The intermediate input-output Table is another data source used for this study.
Intermediate input-output coefficients were updated from 1976 to 1980/81. The esti-
mated intermediate input-output Table for 1976 contains 1{) economic sectors. The
updated intermediate input-output Table disaggregated oil-sector into two sub-sec-
tors (crude petroleum and natural gas and petrolcum refining) in order to be consis-
tent with the disaggregated SAM in 1980/81 for Saudi Arabia. The Updated inter-
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Table L. Aggrepale social accounting matrix in Saudi Arabia: 198001981
I 11 IH v v VI ¥il
Factors of Institutional sectors Consolid. ‘Activit. Comm.  The Total
praduction capital rest of
account world
Labor Capital il Sec. Non 0.5, Govt. Housch.
1 2 3 4 5 6 7 b 9 1} [
[ .abor 1 299057 [IEES M| DORI0.8
I3
Capital 2 4322227 24368100 50500
Oil sector 3 3518124 3515124
Non oil
seCtor | 36300 3 16366 4749659
11.
Gover-
nment Bl IUHOA 5 210511 4250 25040 PAT YOI A
Hous-
chaolds 6 86071.5 264146 10294 118015.2
111.
Consol-
idated
capital
AL 7 TLI2601 1HFTS.S 2HI7805 2673010 2040671
IV,
Acnsitios N KUK GUITS27 RIRERENT]
V.
Commaondi
tics Y S20084 114905 12803 3 112AG4 2 FO8I2S 0 TANRDA S
VI
The rest
of the
world W 7R3 3235404 U8HOLD YRG0 37R3T A DRI ISTRATR 157459 7 Q3RS
VII.
Total GOR46.R A365330.7 3515124 479659 3377026 11RU13.2 2640671 6O3KZE.0 TalS0n, 5 303025 2

Source: Ministry of Finance and National Economy (1
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mediate input-output coefficients for 1980/81 are presented in Table 2. A Ras
technique was used to update the intermediate input-output coelficients from 1976
to 1980/81 [3. p. 270].

Income, direct, and cross price elasticities are essential information for applying
the GEM. These elasticities were estimated by Al-Kahtani [4].

Methodology of Constructing the GEM.

The GEM construction depends upon the availability of a Social Accounting
Matrix (including an input-output Table) and of elasticitics (dircet, cross, and
income). Three steps are required for building a GEM:

1. exogenous and endogenous variables have to be identified,

2. constraints (or equations) have to be specified for the model, and

3. adecision about how to close the model must be made.

Most of the entries in the SAM arc endogenous variables, such as, quantitics of
goods purchased by househeld. In general, the total row and column of a SAM are
treated as endogenous variables, such as, total income for household, total inflow and
outflow to the rest of the world, and aggregate saving and investment. The exogenous
variables in the SAM are the entries in the rest of the world column appearing in col-
umn (10} and row (10) and the transfer payments among institutions (oil sector, non-
0il sector. government sector, and houschold scctor). The demand functions for the
cconomic sectors have been segmented using Norton and Scandizzo procedurcs [5).
The demand of segmented variables is associated with constraints defining a convex
combination constraints that will control the interpolation choices [5].

The structure of the General Equilibrium Model for Saudi Arabia is based on
the Social Accounting Matrix of 1980/81. A number of equation (constraints) were
set up the GEM as follows:

1. The objective function {1}"

In general, the objective function of the GEM is to maximize the sum of the
value of final consumption plus export sales value minus factor costs. This concept is
known as a net social surplus. The objective function was constructed to derive the
optimal solution to a competitive general equilibrium. Competition in all markets is
characterized by being marginal cost greater than or equal to market prices. There-
fore, market clearing is assured under competition rather than monopolistic condi-
tions.

* The symbol in braces is the number of constraints in each set.
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In algebraic form, the objective function is set up as follows**:
Maximize Z =% X # W -2 X b, p + Z P'E,

where Z = gross revenue from sales to household consumption
— factor costs + gross revenue from sales to exports.

A grid linearization technique was used to transform the objective function from
a nonlinear to a linear specification. The interpolation variables (W, ; X, =X 7

W. ) are now the expression of the quantity demanded and the value of expenditure
on a convex combination of the relevant constraints [5].

In this study. linearized demand functions have been segmented into ten seg-
ments. Hazell and Norton [6] explains in detail the steps that are required for cal-
culating cach of the segment’s value in a demand function. According to these
authors, there are three starting parameter values (without taking into account cross
price ¢tfcets) which are needed for calculating the segment’s values for each demand
function [6. p. 176]:

1. the own price clasticity of demand (nj),
2. the initial price (Pjo), and
3. theinitial quantity (Qio).
The steps required for caleulating the segment’s value for cach demand function are:
_('1 ). (Talcu]ating the intercept (@} and the slope (8.) from the prior information
that is mentioned above. The formula for calculating thes step is:
(1) B, =- de/in = PJ.O/n] Qjo >0
(i) @ = PiU + ,BjQ]” >0
(2).The second step is to measure the relevant range of the demand function.

The adequate range for most applications has been found to be (P, PY) = (5P,
2Pj“). The procedure for translating the price range to the quantity axis [6.p. 176] is?

- | U
(1) Qj = (U]‘ -1 J!) / ﬁi
(i) Qf = (o= P/ B
Q. value has (o be positive, otherwise, the range of P must be changed. For this

study the adequate price range was found to be ( PJ!, PE') = (.SPJ-U, IP; ) to obtain non-
negative (Q; valucs.

**  The definitions of variables and paramecters are introduced in pages 16, 17, and 18.
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(3).  The third step is to calculate the length of the segment between points in
the demand function. Therefore, quantity axis ( OJI. Q7) and the number of the seg-
ments will affect the length of the segments in the demand function. The length of the
segments can be calculated using the formula:

K= (O} -Q)/n-t

where n is the number of segments. The fotlowing procedure illustrates how to
calculate the quantity at cach point on a linearized demand function:

6,-0
8;, = Qj+ K,
0, = Q)+ 2k,

a I . - u
O = Q; + 9K; = Q;

{4). The last step requires to calculate the value of the revenue () correspond-
ing to each point on the linearized demand function. The formula is as follows:

R o=m =0 -0

The results of calculating the quantities and revenues at each point in the demand
function using the segment approach are shown in Tabie 3.

The objective function defined above is maximized subject to the following scts of
constraints:

2. The factors of production {2}

The Saudi Arabia SAM contains two types of resources: labor and capital. The
constraints on the available resources are treated as factor supply relationships,
which mcans that the total resource employed in the economy will not exceed its
available supply. The Saudi Arabia SAM (1980/1981) [1] shows that:

1. the total wage bill for labor supply is 90846.8 million riyals.

2. factor use for government employment is 299057 million riyals while labor

requircments in production are 60941.1 million riyals.

3. total available supply of capital is 456590.7 million riyals.

4. resource usc of capital requirements in production are 4322227 million

riyals, while capital used in the rest of the world is 24368 million riyals.
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The total factor supply is regarded as an exogenous variable which must be fully
employed. The production function is assumed to be Leonticf and, therefore, no
substitution between labor and capital is allowed.

(i) Labor constraint™:

%1, X, £§, - GEMP

(ii) Capital constraint:
3oy X <5, CROWI

3. Institutional accounts {8}
The Saudi Arabia SAM d specifies four institutional accounts:
1- oil sector,
2- non-oil scctor,
3- government sector, and
4- houschold sector.

Using the information from Saudi SAM. two constraints are generated for each
account in the economic system, One constraint contains the revenue and the other
contains expenditure.

A. Qil accounts

The oil sector revenue is the result of the value of returns to factor endowments.
The value of the returns to factor endowments in the oil sector entry can be seen in
row 3. column 2 in the aggregate SAM. The income of the oil sector is treated as an
exogenous variable while the valucs of the return to factor endowments are regarded
as cndogenous variables. In contrast, oil expenditures are found by transferring the
oil sector income to revenuc paid to the government, to the oil sector savings, and to
the rest of the world. Column 3 and rows 4,7, and 10 represent the oil sector expen-
diture for the aggregate SAM 1980/81 presented in Table 1.

(i) Oil sector revenue constraint:
2 b, P, =OILR
(ii) Oil sector expenditures constraint:

GOILR + OILSAV + OILROWO = OILR

Terms with overline arc considered exogenous.
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where

OILSAV = §, OILR

B. Non-oil sector accounts

The non-oil sector generates its revenuce from the value of returns to factor
endowments plus government transfer to non-oil sector {row 4 and columns 2 and 5},
while its expenditures are transfered to government. to saving, and to the rest of the
world. Non-oil savings is a function of the non-oil sector income so that as the non-oil
sector revenue goes up, savings will increase too.

(i} Non-oil sector revenue constraint:

;b Py + GTRNO = NOILR
(ii) Non-oil sector expenditures constraint:

GNOILR + NOILSAV + NOILROWO = NOILR

where

NOILSAV = S, NOILR

C. Government accounts

The government accounts have two constraints, receipts and expenditure con-
straints. The government receipts are transferred from the oil sector. non-oil sector.
household sector, indirect taxes, and the rest of the world. All the vanables that
enter the solution are regarded as endogenous variables, except for the rest of the
world’s payments to the government which is regarded as an exogenous variable.
Row 5 and columns 3, 4, 6, 9, and 10 represent the government revenue in the aggre-
gate SAM (Table 1). On the other hand, government expenditures are divided into
government transfers to the labor sector (row 1, column 5). to the non-oil sector (row
4, column 5), to the household sector (row 6, column 5), government savings {row 7,
column 5), government subsidies (row 8, column 5}, government final consumption
(row 9, column 5), and the rest of the world {row 10, column 5).

Government savings and government subsidies are treated as endogenous vari-
ables, while the rest of the payments are regarded as exogenous in the government
expenditures constraint. Government savings and subsidies are functions of govern-
ment revenue and total output respectively.

Government constraints:
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{1) Revenue o
GOILR + GNOILR + GHHR + 2, T, + GROW = GREV

(1i) Expendltures

where
GSAV =5, GREV
GSUBi = Xj

D. Household accounts

The household sector derives its income from the value of returns to factor
endowments, plus government’s transfers to the households. The household sector
receives 86671.5, 26414.6 and 492911 million riyals from the labor, capital, and gov-
ernment sectors respectively (Table 1 row 6. columns 1,2, and 3).

The houschold sector’s budget is divided into transfer payments to the govern-
ment, household savings, the rest of the world, and final consumption. Household
savings is a constant share of the total income. Transfers from the household sector
to the government sector, to household savings, and to tinal consumption are treated
as endogenous variables, while transfers to the rest of the world are considered as an
exogenous variable.

Heousehold constraints:

(i} Revenue

Xb,p,+GTRAA = Y
(il) Budget constraints:

GHHE + HHSAV + HHROWO + HH 22 T W Y

|
1
Y
Dr

where
HHSAV =5,Y
4. Commodity balances
Market-clearing behavior is the result of the commodity balance equations in

the product markets. The disaggregate SAM of 1980/81 for Saudi Arabia has eleven
commodity balance restrictions.
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In order to be consistent with general equilibrium theory, aggregate commodity
supplics (which are the domestic productions), imports, trade and transport margins,
and indirect taxes, must be equal to aggregate demand, which includes household
final demand. government final consumption, purchases for capital formation,
exports, and intermediate input-output demand. Heace. the GEM solution should
not contain excess supply. This event is possible in the presence of inequality con-
straints. Each equation is expressed in real {constant-price) terms, although it holds
in current price as well. To simplify the model solution, commodity balance accounts
arc divided into three different equation groups. The first group, with eleven con-
straints, comprises the commodity demand equations. The second group, with ele-
ven constraints, includes the commodity supply equations. The last group of equa-
tions represents the accounting constraints that link the demand to the supply equa-
tions.

(i) Demand constraints {11}:

2,0, W, + GCON+INV, + E, + ¥ a; X, = Q¢
(ii) Supply constraints:
a. All scctors except trade and transport {9}
(- X; + T, + T,+M =Q
b. Trade sector {1}:
X, —Zty Q)= Q)

¢. Transport scctor {1}:

(T—-n) X, “Ej tt; Qi+ M, = Q

where
w; = GSUB/X,
Tr, =tr,
T =1, Q
T =ty
M, = m;

a; = xij/Xj
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(iii) Commodity balance constraints:
1<y
Q=0

The variables W,_are called choice variables and identify the demand segments
in the solution, while the parameters Q, are the quantity demanded at cach segment
in the demand function. The sum of the variables W arc adjacent to unity in the basc
solution. The Leontief matrix (I - A) is expressed by a; coefficients which can be cal-
culated dircetly from the base period SAM by subtracting the intermediate coeffi-
cients from the identity matrix. Trade, transport margins, and imports are a lincar
function of aggregate commadity supplics. Indirect taxes arc a lincai function of
imports. Government subsidies for each sector, divided by the total output, produce
the subsidy per unit of output activity.

5. Rest of the world

The rest of the world is divided into three equations:
1. outflow constraimts.
2. inflow constraints, and

3. balance of payments constraints.

Outflows are represented in row 10 while inflows are in column 10 in Table 1. Bal-
ance of payment constraints enter the base period solution in order to assure that
total inflow minus total outflow must be less or equal to the nct available [oreign cap-
ital. Imports are assumed to be a lincar function of the aggregate commadity supply
and non-competitive products. While exports are assumed to be fixed in the base
period solution.

The outflows go to rcturns to factor endowments. to value of commodity
imports, and to capital payments to the rest of the world, while inflows come from the
value of exports, and remittances from abroad. Capital payments to forcign sectors
and remittances from abroad are exogenously determined for (comparative statics)
purposes of sensitivity analysis.

(i) Outflow constraints {1}:
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Then
¥, b, ROW P, + £ P"M. - ROWOF = - BOF
{ii) Inflow constraints {1}:

Let
Then
3 P'E - ROWIF = - BIF
(iii) Balance of payments constraints:
ROWIF - ROWOF = B

where
B = BOF - BIF is the net available foreign capital.
6. Import constraints {11}

M,-m Q=0
where

m, =M/ Q
7. Export constraints {11}

E-E =0
8. Household demand {11}
d 3 —
(/W )2 0 W + Ej (ni]./P].O) +elYo(1-8)Y=-1

The houschold demand functions are linearized and segmented as mentioned
earlier. These equations serve the purpose of defining an explicit price variable Pj
from the demand side [6, p. 176].
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The parametcrs W,_and Y  represent the commodities demanded and disposa-
ble income m the base penod respectlvely The parameter n_ is the direct and cross
elasticity for commodity i with respect to the price of commo 1ty }- The coefficient ¢,
is the expenditures elasticity of ith demand. The parameter &_is the houschold tax
plus the propensity to save. For simplicity, all prices are set equal to unity in the base
year so that the model is expressed in terms of price indexes.

Household Demand Convexity Constraints:
d 3 <
IW —(e/Y )(1-3}Y -2 (ni].f'PjO) P = I +n,

These constraints are called technical constraints. Their main function is to force
the model’s solution to lie on the demand functions and, therefore, these constraints
can control the choice of demand segment variables [5].

9. Marginal cost pricing {11}
P-Xa P-Z1 P=0
e e T A A (|

Marginal cost princing is a fundamental attribute of a competitive market. This
model comprises the unit value of output, cost intermediate goods per unit of output,
and factor costs per unit of output. P, is equal to unity. a/. is the transpose of the inter-
mediate input-output coefficient. Therefore, the Leontief cost functions are the
result of subtracting the a/; coefficient from the identity matrix for each correspond-
ing production activity. The sum of the marginal cost pricing constraints should be
less than or equal to zero. Factor costs per unit of output is the supply price. Hence,
the module guarantees that marginal cost pricing is equal to price which is the com-
petition market characteristic. The exchange rate is assumed to be fixed. The valida-
tion of assuming fixed exchange rates will be terminated with very large changes in
the balance of payments [7].

10. Capital accounts {3}

Capital accounts are divided into three groups of constraints:
(i) Savings constraints {1}:
OILSAY + NOILSAV + GSAV + HHSAV = AGGSAV
(ii) Investment constraints {1}:
= INV, + INVROWO = AGGINV
(1ii) Equilibrium constraints {1}:
AGGINV = AGGSAV

Savings and investment identitics are represented in row 7, column 7 in Table 1.
Aggregate savings costraints comprise oil savings, non-oil savings, government sav-
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ings. and household savings. Aggregate investment constraints comprise purchases
for capital formation plus investment transfers to the rest of the world. Aggregate
investment must be less than aggregate savings. Savings constraints, agpregate sav-
ings, and aggregate investment are treated as endogenous variables, while invest-
ment constraints arc regarded as exogenous variables,

Definition of endogenous variables

W = segment choice variables on domestic demand functions
P, = normalized factor price

P. = normalized commodity price

X]i = production level of activily

Xk = trade production

X, = transport production

OILR = oll sector income

NOIL.R = non-oil sector income

T = indirect taxes

Tlr = trade sector

GREV = aggregate government revenuc

Y = houschold income

GOILR = government revenue from oil sector
GNOILR = government revenue from non-oil sector
GHHR = government revenue from household sector

OILSAY = cilsectorsavings
NOILSAYV = non-oil scetor savings

GSAV = government savings

HHSAV = houschold savings

GSUBI = government subsidy by activity
o = aggregate commodity supply
O‘fi = aggregate commodity demand
Q, = aggregate of trade supply

0, = aggregate of transport supply
M. = commodity imports

E = commodity cxports

ROWOF = outflow to rest of the world (ROW)
ROWIF = inflow from rest of the world (ROW)
AGGSAY = aggregate savings

AGGINY = aggregate investment

Definition of exogenous variables

(Y Noncontrolled
P = CXPOTLprice
CROWI = capital inuse in rest of the world (ROW)

GROWR = government revenue from rest of the world (ROW)
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— oil sector transfers to rest of the world (ROW)

— non-oil sector transfers to rest of the world (ROW)

= government transfers to rest of the world (ROW)

= houschold transfer to rest of the world (ROW)

= dircet purchascs by households fromrest ot the world (ROW)

= resources from rest of the world (ROW)

= import price

= dircct purchases by nonresidents in domestic market
= purchases for capital formation

1l

labor supply

capital supply

= CXports

= government employment

= government transfers to non-oil sector

= government transfers to houschold sector

= savings ratio for oil sector

= government final consumption

= government direct purchases from rest of the world
= savings ratio by government

subsidy per unit of activity output

= indircct tax (import duty) rate

= investment transfer to rest of the world (ROW)
= net available for¢ign capital

Definition of parameters

=

o=

e

[ TRl
é:,f“ R
Q

= o

= g.om

H
s

—t
L+

= gorss revenue (price times quantity) from sales to consuiners
= intial endowment of resource T held by institution b

= resource requirements per unit of activity production
= propensity to save by non-oil sector

= propensity to save by houscholds

= household tax rate plus propensity tosave

= basc commodity demand

= base commodity price

= quantity demand in domestic market by segment

= direct and cross price elasticities of demand

= base disposablc income

= Engcl elasticities

= import coeflicient

= input-output coetficients

= trade margin for commodity j

= transport margin for commodity j
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Indices
1= = lo N (N=11}, activitics and commodities
s = 1. S (5=10), demand segments
f = 1. F(F= 2} factors (resources)
h = 1. H(H= 4),institutional sectors

Validation Results of the GEM for Saudi Arabia,

After the model has been constructed, the next step is to run the model to com-
pare the GEM solution with the base year from the SAM dara. The GEM should
reproduce exactly the results of the base period SAM. If this is not achieved, other-
wise, there arc errors in the model specification. When the base period solution is
replicated successfully, the GEM s ready for comparative statics analysis. Compara-
tive statics requircs changing some of the exogenous paramters such as agricultural
subsidies. imports. cxports, and then rerun the model. To obtain a corresponding sol-
ution the new results show a new equilibrium for the economy. Results from the val-
idation of the Saudi applied general equilibrium model are presented in Table 4. All
institutional income levels in the solution are almost identical to their corresponding
values in the SAM of Table 1. All activity production levels are identical to corres-
ponding values in the base vear of SAM 1980/81. All factor and commodity prices are
unity. In general, the results of the GEM are quite close to the basc year except some
minor discrepancics due to rounding errors. This implies that the GEM has been cor-
rectly specified and it is ready for sensitivity analysis.

Policy applications on agricultural subsidies program using the applied GEM

The validated GEM will be used to analyze the impact of different alternative
agricultural subsidy policies on various activities in the Saudi economy. Results of a
GEM analysis of agricultural program under different policies are shown in Table 5.
Column t represents the general equilibrium results for the initial state of the eco-
nomy, while columns (2), (3), (4), and (5) represent agricultural subsidics policies
under 0.0, 25, 50 and 75 percent, respectively. A complete removal of subsidies as
shown in column {2) causces all commeodity and factor prices, except the price of cap-
ital, to increase. The price of labor, for example, increases from 1.00 in the base year
solution to 1.0584 (a 5.8 percentincrease). The same removal causes also the increase
of the following commodity prices: agriculture, forestry, and fishing, crude pet-
roleum and natural gas, other mining, petroleum refining, other manufacturing, elec-
tricity, gas, and water, construction, wholesale and retail trade, rcstaurants, and
hotels, transport, storge, and communication, finance, insurance, real estate, and
business services, and community social and personal services by 9.3, 0.1, 3.6, 0.9,
2.5,3.5,2.7,1.3,3.1, 1.2, and 2.6 percent, respectively. The aggregate price index
increases by 3.2 percent,

Removing alt subsidics causes output of the agriculture . forestry, and fishing sec-
tor to decrease by 89.2 percent. This implics a reduction in total supply of this sector.
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Table 4.  General equilibrium model solution for Saudi Arabia.

Base GEM
ltems SAM 1980/81  Solution
Input prices (Indices)
l. Labeor [RELEY 1.0001
2. Capital 10004 1.0002
Institutional accounts {Million Riyals}
1. Oil sector 351512.4 351519.5
2. Non-oil sector 47965 .9 47966.9
3. Government sector 337702.6 337795
4. Househokd sector 118015.2 118016.8
Production (Million Riyals)
1. Agriculture, forestry, and tishing 36982 BOY8E.2
2, Crude petroleum and nasural gas 343730.9 343730.9
3. Other mining 3769.1 3769.1
4. Petroleum rcfining 24687.0 246870
5. Other manufacturing i15442.4 15442.3
6. Electricity, gas, and water 2435.8 2435.6
7. Construction 1007164 1007149
8. Wholesale and retail trade, restaurant, and hotels 30917 a0916.7
9. Transpart, storage, and communication 36823.4 308231
10, Finance. insurance, real estate and business services 279357 279355
1. Community social and personal services 10672.1 10672.1
Commodity Prices (Indices)
1. Agricufture. forestry, and fishing 10U 1.00002
2. Crude petroleum and natural gas 1.0000 1.00002
3. Other mining 1.0600 1.00002
4. Petroleumn refining 1.0000 10002
5. Other manufacturing 1.0000 [RELUT
6. Electricity, gas, and water 1.0000 [.00002
7. Construction 1.0000 1.00002
8. Wholesalc and retail trade, restaurant, and hotels 1.0000 1.00002
9. Transport, storage. and communication L. (K300 100002
10). Finance, insurance, real estate, and business services 1.0000 100002
11. Community social and personal services 1.0000 1.00002
Aggregate price index 1.0000 1L.OHK2
Rest of the world {Million Riyals)
L. Rest of the world inflow 393025.2 393025.2
2. Rest of the world outflow 393025.2 393025.2
Capital Accounts {Million Riyuls)
1. Savings 2646671 2604672.4
2. Investment 2646671 264667.1

Source: Calculated from Ministry of Fimance and National Economy { 1], and from the resutts of GEM.
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Table 5. General equilibrium results (indices) for subsidy program on agricultural sector in Saudi Arabia

Impact Policy Alternatives
Yaribles
Base SAM Removal of Removal of Removai of Removal of
1980/81 all subsidy 25 percent 50 percent 75 percent

Input prices

l.abor 100000 1.01449 1.02907 1.04369 1.05838
Cuapital 1.00000 3.99982 .99982 00.99982 199982
Inst. accounts
Oil sector 1.000060 1.99999 1.99999 1.99999 (1.99999
Nonoil sector 1.00008) 1.99999 1.9999y 11.99994 0.99999
Govt.sector 1OOEH)0 100002 1.000H)4 1.00007 .00y
HH . seet. 1.00000 1.01071 1.02142 1.03215 1.04294
Production
Agri. 1.0000¢ 0.97251 0.94531 0.91837 0.82163
Crude pet. 1.00000 0.99997 0.99994 0.99992 ,99989
Other min. 1.000060 1.00002 1000160 1.00015 100013
Pet. ref. 1.00000 1.00115 1.00229 1.00344 1.00460
Other manuf. 1.00000 10018 1.00367 100551 1.00734
Elect. 1.0006G0 £.00102 1.00205 100307 1.00406
Const. 1.00000 1.00004 1.00009 1.0000 1.00002
Wholesale. 1.00000 1.00123 1.00241 100354 1.00464
Trans. 1.00000 100104 1.00204 100301 1.00393
Fin. 1.00000 1.00307 1.00617 100921 1.01228
Commun. 1.00000 1.00388 1.00775 L.o1162 1,01549
Commodity price
Agri. 1.OO00K) 1.02201 L.04479 06838 | 19284
Crude pet. 1.00000 1.0001s 1.00036 1.00055 1.00074
Other min. 1.00000 1.00901 1.0180:3 1.02708 1.03617
Pet. ref, 1.00000 1.00233 1.00466 1.00700 1.00933
Other mannt. L0000 100642 101285 101930 1.02378
FElect. 1.00000 100870 1.01741 1.02614 1.03491
Const. 1.00000 1.00682 1.01365 1.02050) 1.02738
Wholesale 1.00000 1.00323 1.00646 1.00970 1.01296
Truns. 1.00000 100767 [.01535 102305 1.0307Y
Fin. 1.00000 1.00288 1.00576 1.()8&65 1.01156
Commun. 100000 1.00656 101313 1.01971 1.02632
Agy. pr. index 1.00000 1.00801 1.01614 1.02440 1.03279
Real HH . inc. 1.Q000G 1.00265 100516 1.00754 1.009749
Rest of the world
ROWIF 1.00000 1.00054 1.09108 1.00162 1.00214
ROWOF 1.00600 1.00000 1.00000 1.00000 1.00000
Capit. account
Saving 1. 00000 L.00012 100325 1.00038 1.00051
Investment 100000 1.00000 1, 00000 1.00000 1.00000

Source: Calculated from the results of GEM,
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Outputs of crude petroleum and natural gas, and construction sectors show no affect.
The output of other sectors increase by different percentages as shown in Table 5,
which indicate an increase in total supply for these sectors.

The impact of removing all agricultural subsidies has no significant impact on
institutional income except household income which increases by 4.3 percent. Real
houschold income, rest of the world’s inflow. and savings have increased by 0,98, (1.2,
and 0.05 percent, respectively. On the other hand. a reduction of agricultural sub-
sidies under altcrnative policics has no impact on the rest of the world’s outflow and
investment.

Summary and Recommendations

The GEM solution is a very useful tool for analyzing the impact of alternative
cconomic policics on all the sectors of the economy. The construction of the GEM
required four main information and analytical components: (1) a Social Accounting
Matrix (SAM) for Saudi Arabia, (2) the input-output table tor Saudi Arabia, (3)
income. direct, and cross price demand clasticities which satisty the homogeneity.
Cournot aggregation, and Engel aggregation, and (4) the specificarion of a General
Equilibrium Model (GEM).

The GEM solution obtained in this paper is almost identical to the base period
SAM of 1980/81. This result indicates that the applied GEM has been specified cor-
rectly and it is ready for developing simulated scenarios. Reducing agricultural sub-
sidies by 75, 50, 25, and 0.0} percent has a significant effect on output and commodity
and factor prices. On the other hand, the same reductions do not have any impacton
the rest of the world outflow and investment.

A GEM constructed and validated from all updated SAM database may be use-
ful for other policy applications. Disaggregated SAM data on income, labor
categories, and other activities will improve the scope of using a GEM. Exchange
rates are assumed to be fixed, an assumption might not capture the impact of chang-
ing government policies.
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