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A Dynamic Computable General Equilibrium (CGE) Model for
Analysis of Rural Development Policies
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I Introduction

Japanese rural development policies have changed many times during the 21st century. For instance, asset man-
agement measures for prolonging durable years of irrigation and drainage facilities, drastic reduction in agricultural
public investment, and direct payment to farmers for income support have been decided as new policies. In addition to
these policies, the agricultural trade policy may change, because Japan has expressed an intention to participate in the
meeting of the Trans-Pacific Partnership (TPP). These policy measures definitely affect agricultural production, prices
of food and farmers' income. To evaluate policy measures, the degree of impacts must be quantified in view of eco-
nomics.

The influences of changes in the rural development policy are not only confined to the agricultural sector but
spread to various fields, such as other industrial production and employment. These influences are complicated. Fur-

thermore, economies change according to exogenous conditions, such as a rise in the petroleum price, a rise in the im-
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port food price, and a decrease in population of rural areas, which simultaneously affect the real economies along with
policy changes. As a matter of fact, it is difficult for researchers to see exact effects of policy changes by separating
exogenous changes. In order to evaluate the new rural development policy, we have to quantify and designate the exact
effect of policy changes before and after (or with-and-without) the introduction of a new policy. For this purpose, an
economic model based on the economic theory that can duplicate real situations is important.

Actually, many models have been used for policy evaluation. Among these models, the computable general equi-
librium (CGE) model can deal with all markets related each other and can measure the ripple effects of initial policy
changes. Also, this model is based on the optimization of economic actors subject to a restriction of resources such as
labor and land, so the trade-off effects caused by a policy change can be easily taken into account. Trade-off effects are
realized in the real economies if an increase in resources of a certain sector decreases resource inputs in other sectors.
Therefore, the CGE models are useful and applicable for policy evaluations.

Several previous studies analyzed the impacts of agricultural policy reform with CGE models. Kilkenny (1993)
used an interregional rural-urban CGE model to show the effects of farm subsidies in the USA and reported that cou-
pled farm subsidies were not as effective as decoupled (nonfarm) income transfers for promotion of rural prosperity.
Taylor, Yunez-Nude and Dyer (1999) also examined the effects of the agricultural decoupling policy with a village
based computable general equilibrium (CGE) model. Their results demonstrated that agricultural policies decoupled
from price stimulated staple production in Mexico. Philippidis and Hubbard (2001) and Gohin (2006) also used the
CGE model to show the effects of the EU's common agricultural policy (CAP) including decoupled support payments
and partially decoupled support under cross-compliance. These studies showed that the EU's CAP has a marked effect
on increasing the diversity of production through expansion of domestic food processing sectors, but the effects of this
policy on both arable crop and beef production are negative.

As for the Japanese economies, Saito (2002) analyzed the effects of a farmland consolidation project as agri-
cultural public investment. Kunimitsu (2009) measured the economic effects of irrigation and drainage facilities in
Japanese agriculture. Akune (2010) analyzed the economic linkage in the green tea industry. The CGE model used in
these studies were static models. The dynamic CGE model was used by Son et al. (2006), Shibusawa et al. (2007) and
Ban (2007). They respectively analyzed transportation policies, environmental policies and regional effects of policy
change. The application of the dynamic CGE model is ideally suited for evaluating public capital stocks. For evalua-
tion of the public policy, the common CGE model used in the previous studies needs to be modified in its structure by
introducing policy variables.

The present study develops a dynamic CGE model for policy evaluation and explains the structure of the model in
detail. Features of this model are to introduce special structures for agricultural production and food consumption and
to install a recursive dynamic structure.

Following this section, how to derive the equations in the model is presented based on the optimization behavior
of the economic actors in the next section. The third section explains how parameters used in the model can be cali-
brated from real data. The fourth section shows the model closure, Walras' condition and the recursive dynamic struc-
ture. In the fifth section, we show examples of outputs calculated by this model to show how this model functions. The

final section provides the conclusions.

I Model

1 Outline of the model

CGE models are the non-linear simultaneous equations that estimated from actual economic data to duplicate and
simulate how an economy might react to changes in policy, technology or other external factors. The equations are
commonly based on neo-classical theory, often assuming optimizing behavior of producers, consumers and govern-
ment.

The equations of the CGE model in this study are based on the course materials of EcoMod (2010) which is the
world’s leading research, advisory, and educational not-for-profit network dedicated to promoting advanced modeling
and statistical techniques in economic policy and decision making. The equations with “*” are the same equations in
these materials.

Tables 1 to 4 explain the parameters, coefficients and variables of the model. Some local variables are explained
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just after equations. Hereafter, the suffix, 7, j, and k show the industrial sector and i, jand k=1,2, - - - -  n.

Table 1 Parameters for which values are established based on empirical studies

Parameters Explanation
0} Initial value of Frisch parameter in nested-LES (Linear Expenditure System) utility function
n Initial income elasticities of demand for commodity (sec)
oH Elasticity of substitution between food consumption and other consumptions
o F2, Initial elasticity of substitution between farmland and capital-labor bundle in the CES (Constant Elasticity of Substitution)
function (second nest)
o F3; Initial elasticity of substitution between capital and labor in the CES function (third nest)
g4, Initial substitution elasticities of the Armington function
oT; Initial elasticities of transformation in the CET (Constant Elasticity of Transformation) function
Table 2 Parameters for which values are estimated by the calibration
Parameters Explanation
mps Household's marginal propensity to save
oaHF Budget shares of CES household utility function in food consumption (CES-function)
oHLES, Power in the nested household utility function (LES-function)
H, Subsistence in the household consumption quantities (LES-function)
ol Cobb-Douglas power of each commodity in the bank's utility function
alG, Cobb-Douglas power of each commodity in the government investment function
aCGT Cobb-Douglas power of the public consumption in the government budget
aCG, Cobb-Douglas power of each commodity in government utility function
io,; Technical coefficients for intermediate inputs (first nest of production function)
yE2; CES distribution parameter for farmland in the firms production function (second nest of production function)
VF3, CES distribution parameter for capital in the firms production function (third nest of production function)
yA; CES distribution parameter of commodity in the Armington import function
yT; CET distribution parameter of commodity in the combination of domestic output and export output
aFl, Efficiency parameter for capital-labor-farmland bundle in the firm's production function (first nest)
afF2, Efficiency parameter in the firm's production function (second nest)
aF3, Efficiency parameter in the firm's production function (third nest)
ad,; Efficiency parameter of Armington function of commodity (sec)
aT; Shift parameter in the CET function of firm (sec)
Table 3 Coefficients for which values are estimated by the social accounting matrix (SAM) data
Coefficients Explanation
ty Tax rate on income
tc; Tax rate on consumer commodities
tk; Tax rate on capital use
tl; Tax rate on labor use
tm; Tariff rate on imports
tv; Tax rate on value added production including gasoline tax
d, Depreciation rate for the firms capital stock
growthz Initial steady state growth rate
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Table 4 Variables used in the model
Variables Explanation
Price
P, Prices of composite commodities
PD; Prices of domestic commodities for producer
PDD; Price of domestic output delivered to home market
PK, Return to capital for firm
PL Wage rate
PA Rent for farmland
P _AKL, Price of farmland-capital-labor bundle
P KL Price of capital-labor bundle
PE, Export prices in national currency
PM, Import prices in national currency
ER Exchange rate
PCF Price of food bundle
PCM Price of other bundle (not food)
PCINDEX | Consumer price index
Quantity
X Domestic sales of composite commodity (imported and domestic products)
XD, Gross domestic output
XDD; Domestic output delivered to home market
X AKL, Demand of farmland-capital-labor bundle by firm (sec)
X KL, Demand of capital-labor bundle by firms (sec)
E, Exports
M, Imports
LS* Labor supply
AS* Farmland supply
K; Demand of capital stock
L, Demand of labor
A; Demand of farmland
G Demand of consumer for commodities
CBUD Total expenditure for consumption
CBUDF Total expenditure for food consumption
CBUDM Total expenditure for commodities other than food
Y Household income
SH Household savings
1P, Demand of private investment for commodities
1G, Demand of public investment for commodities
CG, Demand of public consumption for commodities
SF* Foreign savings
SB* Primary balance in the government account (+ : debt from households, - : debt from government)
TAXR Total tax revenues

(Note) Variables with “*” are exogenous variables and others are endogenous variables.

2 Production of firm

Figures 1 and 2 show the nested production function representing the decision process of a typical firm. According
to the empirical research on Japanese agriculture, substitutability of farmland and other input factors such as labor and
capital is limited (Egaitsu, 1985). For example, if the farmland areas are fixed, the production level can hardly change

by changing other input factors. Considering these findings, the firms' optimization behavior is described as follows.
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Fig.1 Structure of production in the agricultural sector
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Fig.2 Structure of production in other industries
a Optimization at the 3rd level of the nested production function (K and L)
A firms’ decision on selection of capital and labor for optimum production is defined as:
min Cost =1+ }PK,-K, +(1+4,)PL-L,
1 )
oF3,~1 a3, ~1 =
st. X_KL = aF3,[,;3,. K@ +(1-F3 ), ]"F" ’

From the first order condition (FOC) of Eq. (1), demands derived for capital and labor are:

o3, (M1).
-3 Py o (XKL )

193
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(M2),
+(1=3F3) {1 +4, )PL}‘"“”’F;“? (X KL anj

Equations that have “M” in front of the number are used in the CGE model, and others are formulae for stages on the
way.
The supply function derived from the zero profit condition is:

P_KL-X KL =Q+k)PK K +(+4)PL-L, (M3),

b Optimization at the 2nd level of the nested production function (A and KL-burdile)
Firms’ decision on the selection of farmland and other input bundles are defined as:

min Cost=PA-A, +P_KL -X_KI,
2).

1
a2~ l:ld?z.—i

st. X AKL—aFZ{sz 4m +(1 H2)X _KL @,

From the FOC of Eq. (2), demands derived for farmland and for the KL bundle are:

4= :'ind?z& CPATTE [}'Fz.d:z‘ . PATEF

M4).
+(1-4#2, yFu . p KLl-d«*z,];—de (X AKL, aFZ’,) (M4)

X _KL, = (1= 2% - P_KL |2, %% . pA™*
a2
; 12, l,W. - (X AKL,
+0—7F2;)°F1’P_KL5 7, ( - an,)

The supply function derived from the zero profit condition is:

(M5).

P_AKL-X_AKL =PA-A+P_KL-X_KI, (M6).

¢ Optimization at the 1st level of the nested production function {Intermediate inputs and AKL-bundie)
We assume the Leontief-type production function is:

X_4KL 10, 10, &J (3)*

XD min| —=—«771 , et e,
aFli ’0]‘ ioh ioni

where JO is the intermediate input for production. aFl, and io, (i, k=1, - - - ,n) are the constant technical coefficients,

I0
Assuming that the output XD, is produced at minimum cost, so that no waste of inputs occurs and the ratios ia—a

are the same for all i, we can rewrite the above equation as: ’
XD, =—X;;’;I’IF’« =%=...=%=...= f" @,
This equation represents the familiar input-output relations for a particular firm:
X _AKL, =aF),- XD, (M7)* and,
10, =ioy - XD, forik=1,"+-",n 5)*.

The supply function derived from the zero profit condition is:
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PD,- XD, =(1+t,)P_AKL -X _AKL +> (P, -io, - XD,) (M8).
k

3 Consumption demand of household
Figures 3 and 4 show the structure of household utilities and the decision process for household consumption.

In this model, we assumed that changes in the consumption level of food are quite limited even if the relative price of

C u

/

\/-\_\\/

C, C, - C, Coit Coz en Cy

Fig.3 Structure of utilities of a representative household
(Note) CF and CM are total consumption for food relating commodities and non-food commodities.

CBUDF CBUDM

-

KS LS AS

Fig.4 Decision processes of a household
(Note) KS shows nominal capital stocks owned by households and equals total demand for capital stocks in nominal value represented by PK; * K.

food decreases than other manufacturing products. Also, the basic consumption level exists in consumption behavior
as defined by the Stone-Geary utility function (Neary; 1997, Sadoulet and de Janvry; 1995). The concrete equations for
consumer behavior are derived as follows.

Household income comes from capital revenue, labor income and asset income from land.

(Income definition)

Y:ZPK,.~K,+PL-LS+PA-AS (M9).
Consumer saves a fraction (mps) of his/her income, so his/her nominal savings are:

SH = mps(1—-ty)Y (M10)*.
Consequently, total budget for consumption is:

CBUD = (1-y)Y — SH (M11)*.
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After reaching the above income, the household decides how much budget is for food consumption and how
much is for other consumptions. Next, each commodity in the food bundle and each commodity in the other commod-
ity bundles are decided.

Using the above budget, the household optimizes their consumption for each commodity as follows.

a Optimization at the top level of utility
The household maximizes the CES utility function, subject to budget constraints as:

1

gt ol 1\ Yo
aHF -CF ' +(1—aHF)CM }

max U =

st. CBUD = PCF-CF + PCM -CM (6).

Here, CF and CM are total consumption for food relating commodities and non-food commodities. From the FOC of
Eq. (6), demand functions for the food bundle and other commodity bundles are:

—ofl 1-of1
PCF -CF = CBUD, = CBUD 1+(1_“HFJ [PCFJ (M12).
aHF PCM
—oH 1-off
PCM -CM = CBUD,, = CBUD 1+( ol j (PCM] (M13).
: |- aHF PCF

Here, suffix /' and M show classification of the food relating sectors and non-food sectors, respectively. Note that the
total expenditure for food (PCF- CF) and for other commodities (PCM - CM) correspond to the total budget for con-
sumption within the income (CBUD,. and CBUD,,, respectively).

b Optimization at the 2nd level of utility
In terms of consumption of each food commodity, the household maximizes the Stone-Geary utility function de-
fined as:

max U, =Y (C, —puH )"
if

st. CBUD, =Y (1+1c,)P, -C, .
-~

Here, if', jf'and kf all show the sector classification of the food relating sectors, im, jm and km show the sector classifi-
cation of the non-food sectors. 4, is the minimum required quantity that the consumer purchases first. In these func-
tions, C;, > pH,, >0 forif=1,---n, aHLES, >0 and ZaHLES,f =1. From the FOC of Eq. (7),

i

aHLES,

- LA 8).
(I+1¢,)P, -C, = (1+1c,)P, - uH, +m(l +1¢,)P,(C, — ) (®)
Income restriction in Eq. (7) is rewritten as:
CBUD,. = (1+1c,)P,-C,+ Y (1+1c,)B, -C, ).

K K #if

We substitute (1+1c,,)F,, -C,, in this equation for the first-order condition and derive the demand function for the if
-th commodity in the food sector as follows.
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1
CBUD,, =————(1+1c, )P, -C,
" aHLES,f( o Cy
1-HLES, (10).
7W(l +ic, )P, - uH +;(l+tc,g,)Pkf - pH
(Lt1e, B, -Cp =(Atite, )P, - uH
1n).
+aHLES,| CBUD,, —(1+1c, )P, -C,, — %:(1 +ic, )Py
(I+1c, )P, -Cy, =(+1c, )P, - uH , +aHLES, {CBUDF - 2(1 +ic, )P, ~,uHS/} (M14).
sf =Vsf

As for commodities other than food, a household similarly maximizes the Stone-Geary utility function as follows.

max U, = Z(Cim — pH )

im

st. CBUD, =) (I+t,)P, C, (12).
From the FOC of Eq. (12), we derive the demand function for the im-th commodity as:

im

(I+1c, )P, -C, =+, )P, - uH,, +aHLES,, {CBUDM - Y (+ee,)P,, - #Hm} (M15).

sm=Y'sm

Demand functions shown by Eqs. (M14) and (M15) are a linear expenditure system (LES) for the consumption func-
tion.

4 Export and import

Figure 5 shows the firms’ decision on export and import.

Fig.5 Firms decision on export and import.

The firm chooses domestic market or foreign market to sell its commodities. It maximizes its sales under con-
straints of the constant elasticity of transformation (CET) function with the domestic commodities and export com-

modities as follows.

max Sales = PDD, - XDD, + PE, - E,
st. XD, =aT, [VTI 'EI(UT' -1/ of; + (1_ 7T,) XDDI(GT,—U/GT, ]GT, (eT;=1) (13)*.

From the FOC of Eq. (13), the functions for the domestic commodities and exported commodities are:

o7, /(1-T;)

XDD, = (1—yT,)™ - PDD; ™" [nyT' -PE"" +(1—yT,)" - PDD™" ] (XD, /aT;) (M16)*.
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and
E, = yI7" - PE/ " [ - PE"™ + (1= 4" - PDD" [ (xD, /aT) MI7)*,

The supply function derived from the zero profit condition is:
PD,- XD, = PE,-E,+ PDD, - XDD, (M18)*,
The firm produces a composite commodity supplied to the domestic market by using the domestic and imported
commodities. According to the Armington assumption, the optimization behavior is described as:

min Cost=PM,-M,+PDD, - XDD,
st. X, =aA,[7A, 'Mf(“""“"”" +(l—74)XDDf“"”'““}”"("’”'D (14)*.

From the FOC of Eq. (14), the import function and the function for domestic commodities are derived as:

M, =y - PM ™A™ M+ (- pt Y - PDD (¥, fad) (M19)*
and
XDD, = (1- A Y™ - PDD, “* [a™ - PM- + (- Y - DD ") (¥, 14 (M20)*.

The supply function derived from the zero profit condition is:
P-X,=PM,-M,+PDD,-XDD, (M21)*.

5 Public spending
Figure 6 shows the revenues and expenditures of the government.

CG, G, cG, 1G, IG; 1G,

SB

Consum
ption tax tariff

Fig.6 Government's decision on consumption and investment subject to revenues
(Note) CGT and JGT are total government consumption and total government investment, respectively.

At the stage of taxation, the government levies taxes on the consumption of commodities, on capital and labor use
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of firms and on the income of the household. In addition the government obtains revenue from tariffs. Consequently,

the government tax revenues are:

TAXR =Y (P, -tc,-C, +tv,- P _AKL, - X _AKL, +1k, - PK, - K,
; (M22).
+4l,-PL,-L, +tm,- PWM®, -ER-M, )+ 1y-Y

Here, PWM" is the initial world price of import commodities.

For expenditure part, we assumed that the government decides the share of public consumption and public invest-
ment according to public opinions expressed by the national election. In other words, due to political reasons, the share
of expenditures on public consumption and public investment is fixed at the constant ratio against revenue. Total rev-
enue is defined as:

TAXR+ SB - PCINDEX (15),

Expenditures of public consumption and public investment are:

PCGT -CGT = aCGT(TAXR + SB - PCINDEX ) (16),

PIGT - IGT = (1- aCGT\TAXR + SB - PCINDEX ) (17).

Here, CGT and IGT are total government consumption and total government investment, respectively. Total govern-
ment revenue denotes nominal values, but savings from the primary balance in the national account, SB, are defined as
the real value. By definition, when the primary balance is in the red, SB becomes negative indicating the government
savings are negative, and vice versa.

After deciding the expenditures, we assumed the efficient behavior of the government. That is, the government
optimizes each expenditure by maximizing the Cobb-Douglas utility function subject to each budget for total public

consumption and total public investment. Optimization decision of the government is defined as:

max U =[]1G"
st. PIGT-IGT =Y P.-IG, (18),

and

max U=[]cG "

st. PCGT-CGT =) P.-CG, (19).

Here, z alG, =1 and ZCXCG, =1. From the FOC of Egs. (18) and (19) and former Egs. (16) and (17), the demand
for each commodity in public investment and public consumption can be defined as:

IG. = alG,- P -(1- aCGT)(TAXR + SB - PCINDEX) (M23).

CG, =aCG, P -aCGT(TAXR + SB - PCINDEX) (M24).

6 Commodity demand by investment
Under macroeconomic restrictions, total savings is always equal total investment. In our model, total savings con-
sist of total household savings, SH, the savings from the primary balance in the national account, SB, and trade surplus
in the foreign account, SF. Note that SB is the real value. The agent “Bank™ maximizes the utility defined by a Cobb-

Douglas function subject to the Investment-Savings balance as:
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max U=[]r™

>'P,-IP, = SH — SB- PCINDEX + SF - ER (20)*.

Here, Z(z[ , =1. From the FOC of Eq. (20), we can derive the following demand function for investment commodities.

P,-IP, = al (SH — SB- PCINDEX + SF - ER) (M25)*.

7 Market clearing conditions and price definitions

a Market clearing conditions

In order to meet the demand with supply, the market-clearing conditions required in each market are:

Labor market: ZL,. =LS Q21)*.

Farmland market: z A =4S (M26)*.

Commodity market: Y io, - XD, +C, +IP, +1G, +CG, = X, (M27)*.
J

Trade balance: ZPWMO,' M, = ZPWE(),- -E +SF (M28)*.

Here, PWE' is the initial world price of export commodities.

are:

b Price definitions

This model uses the composite price index to adjust nominal variables to real variables. The indexes used here

Consumer price index: PCINDEX = Z(l +1c,)P - C,./Z (I+12c)P" - C" (M29)*.
Price of food composite: PCF = Z(l + tc,f) C,f/ (M30).
Price of other product composite: PCM = ; I+, )P, / 2 (M31).
Price of import commodity: PM, = (1+m,)- ER- PWM", (M32)*.
Price of export commodity: PE, = ER- PWE’, (M33)*.

[l Calibration

Using the data shown by the social accounting matrix (SAM), we can calibrate the parameters of each equation

described above. The supply and demand in the SAM data are always balanced, so a model that uses calibrated param-

eters reaches equilibrium in price and commodity in the market. The equations for calibration are indicated by equation

numbers with a “C”. The variables with “0” over the right shoulder indicate the initial values for each variable shown
by the SAM data.

1

Production parameters
From the FOC of Eq. (1), the technological parameters at the 3rd nest of the production function are calibrated by:



BOGEEZ  REEBOROFHIG O 720 O H— #3915 € 7V O 201

1
73, = o o\,
1+ (+#)PL | K, (C1).
(I1+tk)PK’\ L
0
aF3, = X KL, .
o3 -1 371 o3, -1 C2).
{7/F3, (KOYas +(1- 3, )= } €2
In the same way, from the FOC of Eq. (2), the technological parameters at the 2nd nest are calibrated by:
1
"2 = Vel 2,
P KL A (C3).
l+——= 5
PA” | X KL
0
aF2, = X _AKL, .
o2, -1 2,1 |z, 1 C4).
{sz, (40 + (-2 X KLY } ©4
From Eq. (4), the technological parameters at the 1st nest are:
X _AKL;
afFl, =" - ADOI (C5)*.
io,, = 10°./ XD": (C6)*.
2 Consumption parameters
From the FOC of Eq. (6), distribution parameters at the top level utility are calibrated by:
0 o \ V!
aHF =| 1+ PCMU CLO (C7).
PCF" \ CM

From the demand functions shown by Egs. (M14) and (M15), we can derive the income elasticity for the demands

for commodities as:

_dC, CBUD aHLES-{(1+1tc)P}" - CBUD
T=acBup C, C

i

(22)*.

Using the empirical results of previous studies for the value of # allow us to obtain the parameter value of a HLES as:

{a+1c)p.["-cuD,

oHLES =" o (C8).
where #=F (for the food industry) or M (for another industry).
In case of LES, the Frisch parameter ¢ is equal to:
b= di  CBUD _ CBUD
dCBUD 1 CBUD = (I+1c,)P, - uHd, (23)%,

(Blonigen, et al., 1997). Here, A is the marginal utility of expenditure and shown by the Lagrange multiplier in the
optimization of household utility. The Frisch parameter indicates the expenditure elasticity of the marginal utility of
expenditure and also indicates the money flexibility between essential and non essential goods. Using the empirical

results for the value of ¢ and initial values for variables, zH, can be calibrated as:

piH, = C°s + aHLES -{(1+ 1c,) P, | - CBUD", - ¢ (C9).
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3 Parameters of export and import
From the FOC of Eq. (13), parameters in the export function are calibrated by:

7, =1/|L+(PDD". / PE* )(E®: | XDD°))™"'*" | (C10)*.

aT, = XD", /[yT, BT (| _ ) DD, ]ﬂi’("’a'” (C1)*~.
From the FOC of Eq. (14), parameters in the Armington function are calibrated by:

w4, =1/[l+(PDD 1 PM®,)(M", | XDD®,) ™' | (C12)~.

ad, = X°, /[y, - MO 4 (1 ) XDDO A D (C13)*,

4 Parameters of public spending
Substituting the initial values of variables into Egs. (16), (M23) and (M24), the values of aCGT , adG and aCG
can be calibrated as:

aCGT = PCGT® -CGT*/(TAXR® + SB® - PCINDEX®) (C14).
aCG, = P, -CG", [\aCGT(TAXR® + SB® - PCINDEX® )} (C15).
oG, = P" - IG"; /{1 - aCGT)TAXR® + SB° - PCINDEX® )} (C16).

By substituting initial values into Eq. (M25), &/ can be calibrated as:

al, =P - IP" | (SH® - SB® - PCINDEX® + SF° - ER®) (C17).

IV Model closure, Walras’ law and recursive dynamics

Due to Walras” Law: when there are » markets of which (n-1) are cleared, then the n-th market is automatically
cleared, and we have to fix a numeraire to solve the model. We chose to fix labor price, PL, to be 1 and eliminate the
market clearing condition of labor market in Eq. (21). To check the Walras’ condition, the following equations should
equal zero.

walras = ZL, -~ LS (28).
i

The recursive dynamic structure is composed of a sequence of several static equilibria. The first equilibrium in
the sequence is given by the benchmark value at year, ¢1. In each time period, ¢, the model is solved for an equilibrium
given the exogenous conditions. The sequential equilibria are connected to each other through capital accumulation.

Capital formation is based on the Putty-Clay assumption. Under this assumption capital stock can be converted
from flexible capital into durable goods, but it cannot then be converted back into re-investable capital. Consequently,
the amount of capital stocks by industries is fixed within the year, but investment which will be transformed to the
capital in the next year can move from sector to another sector by searching more revenue. The endogenous determina-
tion of investment behavior is:

INV,(f) = INV®, [P__K(t)] (M34),

where INV({) is the investment in the i-th sector at year ¢ and its initial value is INV’(1). PK(7) is the average service
cost of the capital stock among sectors at year t and PK(¢) = —{ZPK,.(f). The power coefficient, 0.5, is the elasticity of
L

the change in investment with regard to change in the service cost of the capital stocks. Total investment to sectors cor-
responds fo total investment demand calculated at the equilibria of the model, so investment to each sector is rescaled
as:
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=25 1p

2NV () 4 : (M35),
where INVI(f) is the summation of INV(f) in Eq. (M34).
Capital stock at year tis:

K(6) = (1~d)K,(t- 1)+ INV,() (M36).

V Outputs of the model

Figure 7 is future predictions of several variables for this model. In order to solve the model for simulation, the
GAMS (version 2.3) is used. This software is developed by the GAMS corporation (http://www.gams.com/). To cali-
brate the parameters, we used the the SAM data on Japanese economies in 2005.

The growth rate of exogenous variables was set to zero and no technological progress was considered. Hence, this
prediction is seemed to be the pessimistic case on Japanese economies and agriculture. In terms of values by sectors,
we aggregated each sector into 3 groups, i.e. first industry, second industry and third industry to save space.

As time goes by, the total production of agriculture decreases because most of private investment concentrate in
non-agricultural sectors which have relatively high productivity and high price of capital according to the basic as-
sumption explained in Eq. (M34). In order to balance the demand and the supply, price of ist industry goes down and
consumption for mainly agricultural products also goes down. Also, the exports of the 1st industry decrease and the
imports of 1st industry go up because of a rise in domestic market of food. Of course, if technological progress can
be realized in the agricultural sector different from the settings of exogenous variables in this section, the decrease in
agriculture can be avoidable. Since there is not enough space in this paper, such analysis will be conducted in the other
paper.

In total, total income which is measured by the nominal term rises because of above changes. Prices of food and
food relating products make comprehensive price index, PCINDEX, decrease. Also, the nominal tax revenue goes
down as shown by the last graph. These changes simulated by the model are realistic when we consider actual situation
in Japan. Hence, it can be said that the model captures the real Japanese economies.

VI Conclusion

The present study developed a dynamic CGE model for evaluation of rural development policies and explained
the structure of the model in detail. Features of this model are as follows.

First, the nested production structure was used in agriculture by considering farmland. Each nest for production
was determined by the constant elasticity of a substitution (CES) type function and had different substitution elastici-
ties. Especially in agriculture, the substitutability of farmland to other input factors, such as capital and labor, was
assumed to be low according to previous studies. This indicates that if farmland input is fixed and other input factors
are changed, the changes in agricultural production are limited. Such situations are possibly realistic in Japanese ag-
riculture where a set aside program is mandated and possession of farmland is relatively unchangeable. Using such a
production structure, it is easy for researchers to consider policy measures that affect agricultural productivity in the
future.

Second, the nested consumption function was used by assuming that the substitutability of food consumption and
other consumptions was low. At the bottom nest of the utility function, the Stone-Geary utility function was used to
describe consumer behavior within the food sectors and other sectors. Because of such a structure, if the price of food
becomes low, a decrease in food consumption seems to be low as compared to previous models used in other studies
where a simple utility function was used. In Japan, consumption of rice is continuously declining and the price of rice
is decreasing, so the above structure can be accorded with this real situation to make the model simulation more realis-
tic.

Third, the recursive dynamic structure was introduced to consider the chronological accumulation of capital
stocks. Asset management measures that aim to prolong the life time of capital stocks are deeply related to the capital
formation process, so the above dynamic structure is necessary for evaluation of capital stock policies.


www.l!ams.com与

204 R TR ER 56 212 %5 (2012)
1.08 1.08
1.06 1.06
/
1.04 - 1.04
1.02 —74-—- -==
- - 1.02
- - - - - =
1 \ e Ist Ind. 1 4—/—- -_———==" e st Ind.
0.98 o~
\ = = 2ndInd. 0.98 = = 2ndInd.
0.96
0.94 o — ——— 3rd Ind. 0.96 - 3rd Ind.
0.92 0.94
0.9 0.92
08 +—F7+— 09+
2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
E M
12 14
e mm e === = — 1 —
\ 1 ,/_ ===
08
\ ——— st Ind. 0.8 e 15t Ind.
0.6
\ = == 2nd Ind. 0.6 = = 2nd Ind.
0.4 3rd Ind. e 3rd Ind.
0.4
02 0.2
0 — 0 —————y
2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
P Y
14 1.002
1
12
0.998 AN
1] - N\
0.996 \C
0.8 ——— 1st Ind. 0.994 AN
- = 2ndind. | | %992 N
0.6 ' 0.99
——3rd Ind. N
0.4 0.988 ~_
02 0.986 ~—_
’ 0.984
0 T T T T T T T T T 1 0.982 T T T T T 1
2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2004 2006 2008 2010 2012 2014 2016
1.002 1.0005
1 1
0.998 \\ 0.9995 \\
0.996 C 0.999 C
0.994 C 0.9985 _
0.992 NC 0.998 ~_
0.99 ~_ 0.9975 ~_
0.988 ~ 0.997 ~_
0.986 ~_ 0.9965 ~_
0.984 0.996
0.982 : . . . . . 0.9955 . . . ‘ ‘ )
2004 2006 2008 2010 2012 2014 2016 2004 2006 2008 2010 2012 2014 2016

Using this model, the chronological changes in production and price at the market can be predicted by sector and
the situations with-and-without policy changes can be forecast. However, there are several issues remaining. Concrete
rural development policies need to be evaluated by this model and real data. The model structure also needs to be im-
proved to consider the oligopoly situation in certain industries. Furthermore, improvement of the CGE model structure
by considering a forward looking process and overlapping generation structure may be useful to evaluate future situa-

tions.

(Note) Each line shows the ratio of the annual values compared to the values in 2005.

Fig.7 Predictions by variables
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Appendix

Table Al shows the value of each parameter for simulation on Japanese economic situation. These values are

based on the GTAP (Global Trade Analysis Program) database developed by the Purdue University and most of them
were estimation results of previous empirical data.

Table A1 Parameters for which values are established based on empirical studies

Parameters Set values

0} -1.1

Sec 1-7,15: 0.5
n

Others : 1.1
oH 0.4
o F2, 0.1
o F3, 0.8

Sec 1-14: 2.0
g4,

Sec 15:3.0

Sec 1-14: 2.0
aT;

Sec 15: 3.0

The sample data of the social accounting matrix (SAM) for the dynamic CGE model on Japanese economies were

composed from the Input-Output data of Japan in 2005. The SAM data are shown in Table A2.
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