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A SAM framework for general equilibrium

modeling and economic policy analysis
Truong Hong Trinh** and Nguyen Manh Toan*

Abstract: Social accounting matrix (SAM) is the linkage bridge between economic
data and policy analysis in the general equilibrium models. While the empirical SAM
is built upon economic data from the system of national accounts, the theoretical
SAM is built upon the relation between economic actors in the economy. This paper
proposes the SAM framework for the data linkage between the empirical SAM and
the theoretical SAM, in which the SAM structure is defined with endogenous and
exogenous blocks. The endogenous activities involve the production, income gen-
eration, and expenditures in the economy. The exogenous activities involve income
redistribution, asset transfer, and capital accumulation of the economy. From the
SAM framework, the general equilibrium model with the objective function of GDP,
the equilibrium price system, and the constraints of macro balances are developed
for experimental simulation and economic policy analysis. The paper contributes to
the SAM framework that provides fundamental insights into economic data, SAM

structure, and general equilibrium model for economic policy analysis.
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The social Accounting Matrix (SAM) always takes
a crucial role in general equilibrium modeling and
economic policy analysis. The big challenge is
how to use economic data from the system of
national accounts (SNA) for general equilibrium
modeling, and experimental results from the
general equilibrium model for economic policy
analysis. This paper proposes the SAM framework
with the data linkage between the empirical SAM
and the theoretical SAM, and then uses the SAM
framework for general equilibrium modeling.
Since the paper integrates economic data from
SNA and macro policies into the general equili-
brium model, it provides an effective tool for
economic policy analysis.

Attribution (CC-BY) 4.0 license.

© @

© 2020 The Author(s). This open access article is distributed under a Creative Commons

Page 1 of 21


http://crossmark.crossref.org/dialog/?doi=10.1080/23322039.2020.1829802&domain=pdf
http://creativecommons.org/licenses/by/4.0/

Trinh & Toan, Cogent Economics & Finance (2020), 8: 1829802 *;‘ Cogent Py economics & ﬁ nance

https://doi.org/10.1080/23322039.2020.1829802

1. Introduction

The social accounting matrix (SAM) always plays a crucial role in general equilibrium modeling and
economic policy analysis. SAM is a comprehensive database on the production activities of the
economy that contain information on interactive relationship and resource transfer among eco-
nomic actors in the economy for a certain period of time (Pauw, 2003). Therefore, the social
accounting matrix (SAM) has become an essential economic database for strategic economic
researchers and economic policymakers. According to King (1985), SAM has two main goals: The
first goal of SAM is data organization, in which the accounts in SAM represent economic actors
related to economic transactions. These transactions are recorded in SAM’s relevant accounts.
Therefore, SAM forms a complete database of all transactions among economic actors within
a certain period of time that provides a “comprehensive picture” of the structure of an economy.
The second goal of SAM is not only to provide input data but also to update experimental results
from economic models, especially for general equilibrium models. The structure and data of SAM
allow planners to study macroeconomic policies and the operations of the economy over time.

There are two popular approaches for the economic accounting system: the System of National
Accounts (SNA) was developed by the United Nations (United Nations, 1968), and the National Income
and Product Accounts (NIPAs) was developed by the United States (McCulla & Mead, 2007). The
difference in the SAM approach depends on the economic accounting system. Pyatt (1985, 1988)
constructs SAM upon the NIPAs framework that presents the relation between economic actors.
Although the theoretical SAM approach has well support in general equilibrium modeling for economic
policy analysis, but most countries use the SNA framework instead of the NIPAs framework. Santos
(2010, 2011) constructs SAM upon the SNA framework representing national accounts and aggregate
economic indicators. However, the empirical SAM does not support input data directly for general
equilibrium models. The problem is how to construct a SAM framework that integrates the theoretical
SAM and the empirical SAM. To deal with this problem, this paper defines the SAM structure with two
blocks of endogenous activities and exogenous activities. While the endogenous activities drive on the
GDP of the economy, the exogenous activities affect the well-being and the GDP in the future. The SAM
framework is built upon data linkage between the empirical SAM and the theoretical SAM. The
empirical SAM provides economic data for the theoretical SAM in general equilibrium modeling, and
then the simulation results are updated into the empirical SAM for economic policy analysis.

From the SAM framework, the basic general equilibrium model is developed with the objective
function of GDP, the equilibrium price system, and constraints of macro balances. The general
equilibrium model uses the theoretical SAM data for the experimental simulations, and then the
experimental results are updated into the empirical SAM for economic policy analysis. The paper is
organized into four main sections. The next section proposes the SAM framework with the data
linkage between the empirical SAM and the theoretical SAM. Section 3 develops a basic general
equilibrium model under the SAM framework for economic policy analysis. The last section sum-
marizes the main results and also suggests limitations for further researches.

2. Social Accounting Matrix

Stone (1961, 1962) is a pioneer proposing the presentation of national accounting not only in the
account “T” but also in the form of social accounting matrix (SAM), in which SAM describes the
diversity of economic activities with different statistical units for economic actors in the economy.
SAM represents accounting data for fund flows in the circular flow diagram of the economy. The
SAM structure is a square matrix in which each row and column is called an “account”. Each cell in
the matrix represents a fund movement from a column account to a row account. The double
entry rule requires the inflow to be equal to the outflow for each account in SAM. This also means
that the total row must be equal to the total column for each account.

The starting point for the SAM framework is the definition of SAM structures of the theoretical SAM
and the empirical SAM. The theoretical SAM is constructed upon the economy’s structure to study the

relationship between economic actors in markets as shown in Figure 1. The basic structure of the
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Figure 1. Circular flow diagram
of the economy.

Source: Trinh (2019)
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economy shows how economic actors (households, enterprises, governments, and rest of the world)
interact in markets (commodity markets, factor markets, and financial markets) under macro bal-
ances (investment-saving balance, government balance, and trade balance).

The circular flow diagram is a simplified representation of the structure of the economy. The
underlying principle is that fund inflow into each market or institution is equal to fund outflow of
that market or institution. The structure of the theoretical SAM describes the relation between
economic actors as in Table 1. Therefore, the theoretical SAM supports general equilibrium models
for economic policy planning (Pyatt, 1988).

The final commodities are supplied by domestic producers [R5-C1] and imported from the world
(ROW) [R7-C1]. Total supply must be equal to total demand including personal spending [R1-C3],
investment capital [R1-C4], government expenditure [R1-C5], and export [R1-C7]. The production
factors are provided by households [R3-C2]. Total supply of production factors is equal to the total
cost of production [R2-C4] of the enterprises. Financial supply comes from household saving [R6-
C3] and enterprise profit [R6-C4]. Financial demand includes government borrowing [R5-C6] and
the world borrowing (ROW) [R7-C6] for offsetting deficits, household borrowing [R3-C6], and
enterprise borrowing [R4 -C6].

Households receive income from the provision of capital and labor [R3-C2], and use for their
personal expenditure [R1-C3]. Households can deposit their saving on the financial market [R6-C3]
or borrow their deficit from financial markets [R3-C6]. Enterprises pay for production costs [R2-C4],
investment capital [R1-C4], and enterprise taxes [R5-C6]. Enterprises also receive revenue from
domestic production [R4-C1]. Enterprises can send their profit on financial markets [R6-C4] or
borrow money from financial markets [R4-C6]. The government collects taxes from households
[R5-C3] and enterprises [R5-C4], and returns apart to personal subsidy [R3-C5] and enterprise
subsidy [R4-C5]. The rest is for government expenditure [R1-C5]. The government either borrows
for budget deficit [R5-C6] or sends a budget surplus on the financial market [R6-C5]. ROW pays for
exports [R1-C7] and receives from import [R7-C1]. ROW sends trade surplus [R6-C7] to the financial
market or borrows a loan to offset the trade deficit [R7-C6] from the financial market.

Meanwhile, the empirical SAM is constructed upon economic data of the system of national
accounts (SNA). The empirical SAM structure represents aggregate economic indicators with the
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consistency of the entire system that allows economists to compare the economic activities of
a country with other countries.

Figure 2 illustrates the relationship between national accounts in the economy that starts with
the product, production, and factor accounts. The inflows of these accounts come from foreign
countries (net exports), capital accounts (investment capital), current accounts (household and
government consumption), and production accounts (demand of intermediate inputs). The income
of these accounts is used to pay for domestic demand from production accounts as well as taxes
and subsidies on product and production.

The production account adds the value of intermediate inputs into final commodities purchased
by the product account. These fund flows are represented by payments for factor accounts and
product accounts. Production taxes are paid to the government present in the current account.

Besides factor income is received from production accounts, transfers are received as
additional income from the ROW account. Because the economic actors own production
factors, income from factor accounts is paid to economic actors through the current account.
Transfers between domestic economic actors show the movement of fund flows in the
current account, capital account, and financial accounts. These transfers include tax pay-
ments from households and enterprises to the government, transfers between households,
transfers from the government to households such as social security benefits, and all other
transfers between economic actors. In addition, net foreign transfers influence the wealth of
economic actors.

The portion of aggregate income that is not used for final consumption expenditure and current
transfers to economic actors is gross saving. Government saving can be negative (budget deficit) or
positive (budget surplus). The gross saving of economic actors from the current account is
transferred to the capital account. The trade balance and foreign transfer will affect the total
debt. Total saving and total debt will influence investment capital in the future. This represents
a stream of transfers from the capital account to the product account.

Figure 2. Fund flows between .
N Domestic
the accounts in the economy. | factor income -
q Production
—>| Production factors | (Gross value added)

Source: Santos (2010)
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Table 2 describes the transactions between national accounts that are aggregated into the cells
of the empirical SAM. The aggregate economic indicators in the empirical SAM are summarized
from SNA accounts as shown in Table 3.

The aggregate economic indicators reflect all transactions of national accounts in SAM. Table 4
illustrates the relationship between the main aggregate economic indicators between the theore-
tical SAM and the empirical SAM.

For economic policy analysis, economic data from national accounts are aggregated into the
empirical SAM structure. The illustrated data from the SNA 2008 is used for the empirical SAM as in
Table 5.

Economic policy analysis concerns policy impacts on economic actors, industrial structure
changes, household income, and macro balances. This requires researchers and economists to
collect statistical data and investigate economic actors. The theoretical SAM allows not only the
estimation of aggregate economic indicators but also the ability to analyze the impact of eco-
nomic policies on the national economy.

However, the major limitation of the theoretical SAM relates to statistical techniques and investiga-
tion ability to economic actors. Therefore, the SAM structure is divided into two blocks of endogenous
activities and exogenous activities. The endogenous block involves accounts of product and produc-
tion in the SAM that will directly affect gross domestic product (GDP). Meanwhile, the theoretical SAM
and the empirical SAM have different accounts in the exogenous block. While national accounts of
households, enterprises, government, financial, ROW are constructed in the theoretical SAM, national
accounts of factor, current, capital, financial, ROW are constructed in the empirical SAM. The endo-
genous data of the theoretical SAM are estimated from the endogenous data of the empirical SAM
(Table 5) and SNA accounts based on the relationship in Table 4. From the double-entry rule, the
exogenous data of the theoretical SAM are generated from the calibration process under given
assumptions and current policies of the economy. The calibration process will estimate elasticities
of the price system, initial equilibrium status of factor and commodity markets.

From the initial equilibrium condition and macro-policy setting, the general equilibrium model
provides the experimental results for the theoretical SAM as in Table 6. Moreover, the experimental
results present the GDP structure (under the expenditure approach and the income approach) and
macro balances (investment-saving balance, government balance, trade balance).

The gross domestic product is calculated as follows:

« The expenditure approach: GDP = C + G + I + X—N = 1854
+ The income approach: GDP = KX Wy + LX W + 1+ T + I = 1854

The macro balances are determined as follows:

+ The investment-saving balance: M + (C—KX Wy + LX W) = 202
+ The government balance: T—G = -161
» The trade balance: X—N = 41

3. General Equilibrium Model

The general equilibrium mechanism is based on the general equilibrium theory (Walras, 1874),
and the equilibrium existence of a general equilibrium model with some assumptions of the
economy (Arrow & Debreu, 1954). On the theoretical basis, economists develop a general
equilibrium model through mathematical approaches with the equilibrium equation system to
maximize consumer benefits and enterprise profits (Hosoe et al., 2010; Lofgren et al., 2002; Sue
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Table 3. The aggregate economic indicators in the empirical SAM

SAM Aggregate economic indicators

Row Column Description SNA Description
(valuation) Code (valuation)

R2 1 Production (basic P1 Gross output (basic
prices) prices)

R4 1 Net taxes on D21-D31 Taxes on products
products minus subsidies on

products

R7 1 Imports (cif prices) | P7 Imports of goods
and services (cif
prices)

R1 c7 Exports (fob prices) | P6 Exports of goods
and services (fob
prices)

R1 c2 Intermediate P2 Intermediate

consumption consumption
(purchasers’ prices) (purchasers’ prices)

R1 @ Final consumption P3 Final consumption
(purchasers’ prices) (purchasers’ prices)

R1 C5 Investment capital | P5 Gross capital
formation

R3 2 Gross added value | D1 + B2g + B3g Compensation of
(factor costs) domestic factors

R4 c2 Net taxes on D29- D39 Taxes on production
domestic minus
production Subsidies on

R7 2 Nets taxes on production
foreign production

R4 a3 Gross national B5g Gross national
income income

R7 C3 Factor income to D1+ D4 Compensation of
the RW(resources) foreign factors

R3 Cc7 Factor income from
the RW(uses)

R&4 C4 Domestic current D5+ D6+ D7 + D8 Current transfers
transfers
institutions

R7 C4 Current transfers to
the RW (resources)

R4 c7 Current transfers
from the RW (uses)

R5 C4 Gross saving B8g Gross saving

R5 C5 Domestic capital D9 Capital transfers
transfers

RS c7 Capital transfers
from the RW (uses)

R7 c5 Capital transfers to
the RW (resources)

R5 ) Net borrowing/ B9 Net borrowing/
lending (+lending/- lending (+lending/-
borrowing) borrowing)

R6 c6 Domestic financial F1-F8 Financial transfers
transfers

R7 (o) Financial transfers
to the RW
(resources)

R6 c7 Financial transfers

from the RW (uses)

Source: Santos (2011) and Author’s study.
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Table 4. The aggregate economic indicators in SAM

Aggregate economic The theoretical SAM The empirical SAM
indicators

Final consumption C+G FC
Investment capital I GCF
Exports X EX
Imports N M

Gross domestic product v GDP -

Net taxes and subsidies T NTP + NTA
Domestic factor income Kx Wi + Lx W -

Gross value added [ - GAV

Gross national income - GNI

Source: Author’s research.

Wing, 2004). The previous general equilibrium models define the objective functions of produc-
tion and consumption under the underlying assumptions. In fact, these equilibrium equations
and questionable assumptions are criticized on the price system for the ideal competitive
economy. To eliminate drawbacks of the equilibrium equation approach, the general equili-
brium programming model develops with the objective function of GDP, equilibrium price
system, and constraints of macro balances.

The programming approach allows economists to conduct economic policies (economic shocks)
on the GDP and macro balances in the real-world economy. Economic actors allocate resources
towards maximizing the GDP or economic welfare under constraints of market equilibrium and
macro balances. Whenever having the changes in production factors (capital and labor) will affect
to production system of the economy. The price of input factors is changed upon the changes in
input quantities, and the substitution effects through the values of price elasticity of factor
demand and elasticity of factor substitution as follows:

%AK; AL
Wy; = Wkq; x (1 + g + EWKj) (1)
DKj DLj

(2)

%AK;  %AL;
Wy = Wi < | 1+ +
Epg  Epyj

where j is the index of sectors. Wgo, W, are initial equilibrium prices of capital and labor, Wy, W,
are new equilibrium price of capital and labor, respectively. %AK, %AL are percentage changes in
capital and labor. EYK, EX are price elasticities of demand for capital and labor. ER%, EXK are cross
elasticities of demand between capital and labor.

The changes in production quantities and factor income will affect the price of final commod-
ities. The interaction of markets is reflected through these values of elasticities that play an
essential role in the price system. The price of final commodities is determined as the following
formula:
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Figure 3. The approach for GDP
measurement of sector i.

Source: Trinh (2017), Trinh
(2018)

_ bj m %AQ;
pi= (aj + 1 +—EIDj < %Al X QOJ) X (1 + Yitq Ef{} 3)
aj = poj — by x Qg (4)
_1 Py (5)

i = —F X
J Pj .
EDj QOj

where j index of sectors.
Qo and po are quantity demanded and price of initial equilibrium, respectively. p is the new
equilibrium price. %AQ and %AI are percentage change in quantity demanded and Income,

respectively. Eg is the price elasticity of demand for the final commodity j. E{)j is income elasticity

of demand for the final commodity j.

However, the price systems adjust resource allocation based on the objective function and
market equilibrium conditions in the general equilibrium model. The optimal resource allocation
with the objective function of GDP will maximize the production value under constraints of macro
balances in the economy. Therefore, the GDP is an important measurement in resource allocation
and economic policy analysis. Figure 3 illustrates the value-added method to measure the produc-
tion value(p;Qj) of sector i through the exchange processes between firms and customers.

The gross domestic product (GDP) of the economy including n industries is measured as follows:

GDP =Y 1pi x Qi+ X 4I; (6)

GDP = YL Ki x wi, + X4 L x wi, + XTG4+ X4 Ti + X4 7

The general equilibrium model is developed upon institutions (households, enterprises, govern-
ments, and the rest of the world), markets (product market, factor market, financial market), and
macro balances (investment-saving balance, government balance, trade balance). By changing
economic policies (or economic shocks), market equilibrium and macro balances will be reestab-
lished for the economy. The general equilibrium programming model is developed with the
following main assumptions:

( 1;10i1 = (Vi1 - pir) O;
i1l il pll)Qll
Wrir Kir | weir Lig |7+ T AL
~
u0i2 = (Viz - pi)) Oiz

. i10; Wiz Kip | Wiz Lio | i+ T;
Intermediate PiQi ki2 K2 Li2 Liz2 | Tio™ 1Lz AL
commoditie; _

P20z =vi Qi Wiz Kiz | Wiz Liz | mis+Tis
303 = vi20iz
\

Final m m m m

- P90, :zj':lKifWKi/ +Zj:1LUWLi/+Zj:1HU+ 115
commodities
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1. Households (customers) consume commodities (products or services) with the same prefer-
ence and consumption parameters.

2. Enterprises (firms) provide m commodities (products or services) with the same technology
and production parameters.

3. The economy has m industries (sectors), each sector produces a commodity (product or
service).

4. Market equilibrium based on the price system (factors and products) is adjusted by the initial
equilibrium price and the elasticities of supply and demand.

5. Rates of export price and domestic price (Rgx), taxes and subsidies (T), government expendi-
ture (G), capital investment (I), are assumed in the models.

6. Macro balances are constrained upon target sector structure and macro policies relating to
investment-saving, export-import, and government expenditure.

The basic general equilibrium programming model has the objective function of the GDP max-
imizing and constraints of market equilibrium and macro balances.

The general equilibrium programming model:

Max GDP = ¥, GDP, (8)
Subject to
%AK; %ALY\ .
WKj = WKOj x |1+ OWij + OWKJ.J V_] =1.m (9)
DKj DLj
%AK; %ALY .
Wy = Wig x [ 1+ + 20 | v =1.m (10)
DKj EDLj
& B,
Q=A; x K’ x L'Vj=1.m (11)
b; %AQ;\ .
pj= (Gj +m X QOj) X (1 +X0 [ I) Vi=1.m (12)
) Di
1 po.,.
g = pei — b; b= x"Jyi—=1.m 13
j = Poj — bj > Qoj3b; ngjXonJ (13)
Qj = QCJ + QGj + QNXJV.] =1.m (14)
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GDP, = p; x (Q + Qg+ Qug x Re) + [¥j=1.m (15)
Tj = To x GDP;;I; = Io x GDP¥j =1..m (16)
GDP; = X; x GDPVj = 1.m (17)
74P x Qg — %74 Tj < A% x GDP (18)
Zjlej x Quxj X Rexj < B% x GDP (19)
X74pj % Qg + X741 Pj x Quyg x Rexj — X4 Tj > C% x GDP (20)

VK;, L wig, W, Py, Q).Qq.Qgj, Q. Ty, I Vj = 1.m
Notations:

Indices:

i, j: indices of sectors (i, j = 1..m)

System parameters:

A;: Total factor productivity of sector j

a;: Output elasticity of capital of sector j

B Output elasticity of labor of sector j

Ky Initial equilibrium quantity of capital of sector j

L+ Initial equilibrium quantity of labor of sector j

Wyq;: Initial equilibrium price of capital of sector j

w, o+ Initial equilibrium price of labor of sector j

poj: Initial equilibrium price of final commodity of sector j

Qy;: Initial equilibrium quantity of final commaodity of sector j

Policy parameters:

X;: Target GDP of sector j
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Rex;: Ratio of export price and domestic price

To: Ratio of tax and subsidy on GDP of sector j

Io: Ratio of investment capital on GDP of sector j

A%: Ratio of government balance on GDP of the economy

B%: Ratio of trade balance on GDP of the economy

C%: Ratio of investment-saving balance on GDP of the economy

Decision variables:

K;: Quantity of capital of sector j

L;: Quantity of labor of sector j

Wyt Unit cost of capital of sector j

w,;: Unit cost of labor of sector j

p;: Price of final commodity of sector j

Q; Quantity of final commodity of sector j

Qg Quantity of personal consumption of sector j

Qg Quantity of government consumption of sector j

Quyt Quantity of net export of sector j

T;: Net tax and subsidy of sector j

I;: Net investment capital of sector j

Experimental simulations are carried out on the hypothetical economy with m sectors from
above basic general equilibrium model. Each sector j (j = 1..m) produces a commodity (product or
service) with a total production output Q; (j = 1..m) using the total capital (K;) and the total labor (L))
. This model is based on the market equilibrium as in Constraint (14). The price system will adjust
the price of input factors as in Constraints (9) and (10). The Cobb Douglas production function is
expressed in Constraints (11), and the domestic product price is adjusted as in Constraints (12) and
(13). Export prices are adjusted to the ratio of Rey; (the ratio of export price and domestic price),
which depends on the exchange rate, export price, and domestic price for sector j.

To analyse changes in economic policy, constraints of economic policy (16), (17), (18), (19) and
(20) are added to the general equilibrium models. Constraints (15) and (17) measure GDP and

establish a target GDP structure for each sector of the economy (P; x Q; = X;) (j = 1..m), respec-
tively. Constraints (18) set minimum government balance (government revenue from tax and

subsidy (ij:m) minus government expenditure)(Zj'zle X QGJ->. Constraints (19) set maximum

constraints for trade balance Zj'zle x Qnyxj x EX;. Constraint (20) establishes a minimum constraint

for investment-saving balance (Zlepj x Qg+ 274 Pj x Quy x EX; — ZJ'LT]), in which the
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investment-saving balance is equal to the subtraction of trade balance <ZJ-’21PJ X Qnxj % EXJ) and

government balance (2,2171‘ — Zj"lle X QGj)-

Experimental simulation is undertaken with hypothetical settings of system parameter, market
parameters, and policy parameters. The general equilibrium model will provide an optimal
resource allocation solution to maximize the GDP of the economy. Since the structure of GDP
represents household income, enterprise profit, and government tax income. Maximizing the GDP
will allocate resources based on market equilibrium and value balance of economic actors. Since
the GDP is not yet a good indicator of social welfare and macro stability, macro policies (18), (19),
(20) will integrate into the general equilibrium model under the constraints of macro balances.

To conduct changes in economic policies, the experimental simulation assumes that the econ-
omy has three main sectors (agriculture, industry, services) (j = 3). The system parameters of the
economy are given in Table 7.

The system parameter provides the sectors’ the production function parameters with the initial
equilibrium status (price and quantity) of input factors and final commodities. Market parameters
provide the elasticity values of input factor (Table 8) and final commodity (Table 9). These elasticity
values are estimated upon changes in price and quantity of sectors from previous period data. The
price system is based on the initial equilibrium price and elasticity of input factor to adjust and
determine new equilibrium prices based on market equilibrium and macro balances.

The macro balances are considered under constraints of tax, investment capital, target sector
structure, government balance, trade balance, investment-saving balance as in Table 10.

Table 7. System parameters of the economy

Sectors Symbol Agriculture Industry Services
Total factor A 1 0.8 1.2
productivity

Output elasticity of | a; 0.6 0.5 0.7
capital

Output elasticity of | 6; 0.4 0.5 03
labor

Initial equilibrium Koj 30 15 45
quantity of capital

Initial equilibrium Lo 25 30 20
quantity of labor

Initial equilibrium Wi 6 5 7
price of capital

Initial equilibrium Wy 5 5 6
price of labor

Initial equilibrium pj 25 20 30
price of final

commodity

Initial equilibrium Q; 27.89 16.97 42.34
quantity of final

commodity

Ratio of export price | Rex; 1 1.1 0.9
and domestic price

Current sector %GDP 30% 35% 35%
structure

Source: The hypothetical data for the experimental simulation.
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Table 8. Elasticity of input factors

Elasticity of input factors

Capital demand

Labor demand

DK DL
Capital price EXK = —0.5 Epf =2
Wk
Labor price Bt =1 Epp=—1
WL

Source: The hypothetical data for the experimental simulation.

Table 9. Elasticity of final commodities

Elasticity of final Agriculture demand Industry demand Service demand
commodities D, D, D3
H 1 1 1 1
Agriculture price B0 =1 Ep, =05 =1
P1
1 2 2 2
Industry price Ell =05 EDS =—0.8 Py =-15
P2
H 1 3 3 3
Service price E=-05 B =1 By =-12
P3
:ncome El, =0 El,=-05 E; =05

Source: The hypothetical data for the experimental simulation.

Table 10. Policy parameters of the economy

Sectors Symbol Constraint Value
Net taxes and subsidies To = 13.26% *(GDP—I)
Investment capital Ip = 28.75%x(GDP—I)
Government balance G—T < 10%xGDP

Trade balance X—N < 20%x*GDP
Investment-saving G—T+X-N 2 20%xGDP
balance

Source: The hypothetical data for the experimental simulation.

To assess changes in sector structure and macro policies, policy parameters and macro con-
straints are set for experimental models as follows: Net taxes and subsidies (T) and net investment
capital (I) changes along with GDP at a fixed rate (Tp = 13.26% and I, = 28.75%) same rate as the
current economy. The government deficit does not exceed 10% of GDP, the trade surplus does not
exceed 20% of GDP, and the minimum rate of investment-saving is 20% of GDP. Depending on
setting parameters of the macro policies, the experimental results will affect the GDP, resource
allocation, market equilibrium, and macro-balance indicators.

There are three experimental models of the economy as follows:
Model 1: The current sector structure is 30% Agriculture, 35% Industry, and 35% Services.

Model 2: The optimal current economy with the same as the sector structure is 30% Agriculture,
35% Industry, and 35% Services.

Model 3: The transformation economy with the target sector structure is 30% Agriculture, 30%
Industry, and 40% Services.
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The experimental models of the economy are shown in Tables 11 and 12. Simulation results
show that economic actors interact in markets. Table 11 shows the relationship between total
output, expenditure and saving of economic actors. Table 12 shows GDP and macro balances.
Investment-saving balance indicates the relationship between gross saving (household saving
and enterprise profit) and net investment capital. Trade balance indicates the net value
between exports and imports. Government balance indicates the relationship between govern-
ment revenue (taxes and subsidies) and government expenditure. Policy analysis concerns on
changes in macro balances and sector structure, and their impact on the GDP growth rate of
the economy.

Table 12 illustrates simulation results for three experimental models. In particular, Model 2 opti-
mizes the resource allocation with the same as the current sector structure and macro policies. GDP
increases from GDP, = 1854.00 to GDP, = 2361.92. Model 3 has changed the target sector structure by
decreasing 5% industry and increasing 5% services compared to the current economy (Model 1). Then,
GDP increases from GDP; = 1854.00 to GDP3 = 2487.63, higher than Model 2 with GDP, = 2361.92.
Along with the increase in GDP, the corresponding macroeconomic indicators increase in the con-
straints of macro policies.

Table 11. Simulation results of the economy

Indicators Formula Model1 | Model 2 | Model 3
Total output Q; = Qg + Qqj + Qny 58.22 80.98 82.86
Personal m 1047.00 1118.79 1178.34
expenditure = j;p" x Qg
Government m 352.00 479.52 505.04
expenditure C= j;p,- * Qg
Household savin m m =295 -317.22 -390.96
9 sc=2 (K xwg+Lxwy) — g x Qg

j=1 j=1

Enterprise savin m m m m 497.00 789.60 888.48
P O S = px Q- K X W= L x W= 2T,

J=1 j=1 j=1 j=1
Government m m -161 -236.19 -248.76
saving S :,; Tj —; pj % Qgj
Total saving S=5c+Sr+S¢ 41 236.19 248.76

Source: Trinh (2019) and Author’s research.

Table 12. The simulation results of GDP and macro balances

Indicators Formula Model 1 Model 2 Model 3
% X 30% 30% 30%
Agriculture
% Industry X, 35% 35% 30%
% Services X3 35% 35% 40%
GDP GDP 1854.00 2361.92 2487.63
Government m m 161 236.19 248.76
Balance j;pf % Qg _j;T/
Trade mm 41 236.19 248.76
Balance x Qg — Z; _Z%Pj

=1 j=

j

Investment- m m m 202 472.38 497.53
saving ;pj x Qgj + ;Pi X Quxj X Ry — ;T,—
Balance " " a

Source: Trinh (2019) and Author’s research.
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To evaluate the changes in the structure of income and expenditure of the economy, economists
need to measure economic indicators in the GDP structure in association with expenditure approach
and income approach. The expenditure approach measures GDP with economic indicators on personal
expenditure, investment capital, government expenditure and net exports. GDP by expenditure
approach includes total personal expenditure (C), investment capital (I), government expenditure (G),
and net exports (NX). Table 13 shows the expenditure approach to measure the GDP of the economy.

GDP=C+I+G+NX (21)

The income approach is measured GDP by adding incomes that enterprises pay to households
from input factors as labor wages (L x W,), capital gains (K x W), enterprise saving (S¢ = 1) and
investment capital (I), taxes and subsidies (T). Table 14 shows the income approach to measure
the GDP of the economy.

GDP=Kx Wx+LxW, +T0+I1+T (22)

By changing the macro policies and the target sector structure, the simulation results are updated
into the theoretical SAM that supports policy analysis on GDP growth, the structure of income and
expenditure of the economy. From the relationship of economic indicators in Table 4, the empirical
SAM is estimated from the theoretical SAM for the endogenous data. The percentage completion
method of GDP is used to estimate the exogenous data of the empirical SAM, in which the method
assumes that changes in exogenous data correspond with the percentage of GDP. These estimated
results of the empirical SAM may use to expand the analysis of income distribution, capital-asset
transfer of domestic and foreign countries. These transfers affect asset status, accumulated capital of
institutions, and the economy on future economic growth.

Table 13. The GDP structure under the expenditure approach

Indicators Symbol Model 1 Model 2 Model 3
Personal C 1047.00 1118.79 1178.34
expenditure

Capital investment | I 414.00 527.42 555.49

Government G 352.00 479.52 505.04

expenditure

Net export NX 41.00 236.19 248.76

Gross Domestic GDP 1854.00 2361.92 2487.63
Product

Source: Author’s calculation.

Table 14. The GDP structure under the income approach

Indicators Symbol Model 1 Model 2 Model 3
Capital interest Kx Wy 459.71 445,53 422.09
Labor wage Lx W 292.30 356.05 365.29
Enterprise saving n 497.00 789.60 888.48
Investment capital | I 414.00 527.42 555.49
Nets taxes and T 191.00 24333 256.28
subsidies

Gross Domestic GDP 1854.00 2361.92 2487.63

Product

Source: Author’s calculation.
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4. Conclusions

This paper proposes a SAM framework for the data linkage between the empirical SAM and the
theoretical SAM. The starting point of the SAM framework is the SAM structure that is constructed
with two blocks of endogenous activities and exogenous activities. For the endogenous block, the
statistical calibration method is used to convert the empirical SAM data into the theoretical SAM
data for the general equilibrium model. For the exogenous block, the percentage completion
method is used to update the experimental results into the empirical SAM for the economic policy
analysis. The SAM framework not only provides input data for general equilibrium models but also
updates the simulation results for economic policy analysis. The paper also develops a basic
general equilibrium programming model with the objective function of GDP, the equilibrium price
system, and macro-balance constraints. Since this paper integrates economic data from SNA and
macro policies into the general equilibrium model, it provides an effective tool for economic policy
analysis.

The paper contributes to the SAM framework for general equilibrium modeling and economic policy
analysis. The SAM framework provides fundamental insights into economic data, SAM structure,
applied general equilibrium. However, the paper still has some limitations that also suggest as an
extension for future researches: (1) the relationship between the empirical SAM and the theoretical
SAM requires statistical techniques and survey methods to collect data of economic actors; (2) the
calibration techniques need to discuss more in estimating elasticities and equilibrium price and
quantity in the general equilibrium models. (3) the effects of income, tax, trade and investment
should be considered in the general equilibrium model; (4) general equilibrium programming model
extends to consider household structure, income structure, domestic and foreign transfers; and (5)
the future research extends via dynamic general equilibrium programming model to analyse resource

allocation over time as well as to identify impact trends and mechanisms of economic policies.
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