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Abstract
This is a supplementary paper to Takeda (2007) (the main paper, hereafter). In this paper, we

present results of the simulation omitted in the main paper, and describe the complete model
structure, parameterizations, data construction.
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1 Output effects

Section 5 of the main paper only reports a part of output effects. So, in this section, we present
all output effects. Output effects (percentage change in sectoral output) under Scenario SG are
reported in Table 1.



Table 1: Output effects (percentage change in sectoral outputs)

Region Sector PC CD LGMC CH CF QCV BD IC IB AVG STDEV M-

<

CJK AFF -4 -4 -4 -4 -4 -4 -4 -4 -4 -4 0 0
CJK MIN 9  -10 -10 -9 -9 -10  -10  -11  -10 -10 1 2
CJK FBT 0 0 0 1 1 0 0 1 0 0 0 0
CJK TWA 26 35 35 28 24 35 35 37 35 32 5 13
CJK WPP -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 0 0
CJK CHM -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 0 1
CJK MET -1 -2 -2 -1 -1 -2 -2 -2 -2 -2 1 2
CJK MVT 6 8 7 7 6 8 7 8 7 7 0 1
CJK ELE -2 -3 -3 -2 -1 -3 -3 -4 -3 -3 1 3
CJK OME -3 -4 -5 -3 -2 -4 -5 -5 -5 -4 1 3
CJK OMF 0 0 0 1 0 0 0 0 0 0 0 1
CJK TAT 0 0 0 0 0 0 0 0 0 0 0 0
CJK OSE 0 0 0 0 0 0 0 0 0 0 0 0
IDN AFF 1 0 0 1 1 0 0 0 0 0 0 0
IDN MIN -14  -18 18 -15 -14 -18 -18  -17  -18 -16 2 4
IDN FBT 6 5 5 6 6 5 5 5 5 5 1 2
IDN TWA 31 61 56 35 31 63 56 55 56 49 13 32
IDN WPP 0 -3 -3 0 1 -3 -3 -3 -3 -2 2 4
IDN CHM 0 0 0 0 0 0 0 0 0 0 0 1
IDN MET -13 22 22 13 -12 23 22 22 22 -19 5 11
IDN MVT -10 -13 -14 -1 -9 -14 14 -14 -14 -12 2 5
IDN ELE 1 -5 -5 1 2 -7 -5 -4 -5 -3 3 9
IDN OME 0 -7 -7 0 0 -7 -7 -6 -7 -5 3 8
IDN OMEF -7 -12 -13 -8 -7 -3 13 -13 -13 -11 3 6
IDN TAT 1 1 1 1 1 1 1 1 1 1 0 0
IDN OSE 0 0 0 0 0 0 0 0 0 0 0 1
MYS AFF -5 -1 -1 -5 -5 2 -1 -1 -1 2 2 5
MYS MIN -6 -20 20 -16 -15 -19 20 20 -20 -19 2 5
MYS FBT 63 122 121 67 61 112 121 120 120 101 28 61
MYS TWA 57 124 117 59 56 120 118 116 118 99 31 68
MYS WPP 21 33 35 22 22 33 35 35 34 30 6 13
MYS CHM -2 -4 -5 -2 -1 -3 -5 -5 -5 -4 1 3
MYS MET -4 -9 -9 -4 -3 -8 -9 -9 -9 -7 3 6
MYS MVT -10 20 -18 -11 -7 20 -19 -18 -18 -16 5 13
MYS ELE -4 -13 -13 -4 -4 12 -13 -13 -13 -10 4 9
MYS OME 9 11 11 9 9 14 11 11 11 10 2 5
MYS OMF 5 7 7 6 6 8 7 8 7 7 1 2
MYS TAT 0 -3 -3 -2 -2 -3 -3 -3 -3 -3 1 3
MYS OSE -1 -1 -1 -1 -1 0 -1 -1 -1 -1 0 1
PHL AFF 0 0 0 0 0 0 0 0 0 0 0 0
PHL MIN 23 -28 27 23 22 27 27 27 27 -26 2 5
PHL FBT -2 -3 -3 -2 -2 -3 -3 -3 -3 -3 0 1
PHL TWA 31 65 61 34 31 66 61 60 61 52 15 35
PHL WPP -3 -9 -8 -4 -3 -8 -8 -9 -8 -7 3 6
PHL CHM -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 0 1
PHL MET -6 -10 -10 -6 -6 -10  -10  -10 -10 -9 2 4
PHL MVT 17 20 22 17 17 19 22 22 22 20 2 6
PHL ELE 1 -4 -3 0 0 -4 -3 -3 -3 -2 2 4
PHL OME 5 2 1 5 5 1 1 2 2 3 2 4
PHL OMF -6 -9 -10 -6 -6 -8 -10  -10 -9 -8 2 4
PHL TAT 0 -1 -1 -1 -1 -1 -1 -1 -1 -1 0 1
PHL OSE 0 -1 -1 0 0 -1 -1 -1 -1 -1 0 0
SGP AFF 0 -1 -1 0 -1 -1 -1 -1 -1 -1 0 1
SGP MIN -6 -28 29  -17  -15 25 29 29 29 -24 6 14
SGP FBT 29 41 40 30 27 42 40 40 40 37 6 14
SGP TWA 3 -4 -7 3 2 -3 -7 -8 -7 -3 5 11
SGP WPP 2 14 14 3 2 14 14 14 14 10 6 13
SGP CHM 1 -2 -3 2 1 0 -3 -3 -3 -1 2 5
SGP MET -4 -13 -14 -4 -4 12 14 -14 -14 -10 5 11
SGP MVT -19 31 33 19 -19 30 -33  -33 33 -28 7 14
SGP ELE 2 -1 -11 -2 -2 -1 11 -11 -11 -8 4 9
SGP OME -1 -14 -15 -1 -1 -3 -15 -15 15 -10 7 14
SGP OMF 220 573 600 229 219 530 600 606 601 464 183 387
SGP TAT -1 -4 -4 -3 -3 -4 -4 -5 -4 -4 1 3
SGP OSE -2 -4 -3 -3 -2 -3 -3 -4 -3 -3 0 1




Table 1 (continued)

Region Sector PC CD LGMC CH CF QCV BD IC IB  AVG STDEV M-M
THA AFF 1 2 2 1 1 2 2 2 2 2 0 1
THA MIN 26 -26 27 25 -26 26 26 -26 -26 -26 0 1
THA FBT 15 17 17 16 16 17 17 18 17 17 1 3
THA TWA 7 5 3 8 8 6 3 3 4 5 2 5
THA WPP -12 -17 -7 -12 -11 -l -17 17 -17 -15 3 6
THA CHM -1 -2 -2 -1 -1 -1 -2 2 -2 2 0 1
THA MET -5 -8 -8 -5 -5 -8 -8 -8 -8 -7 1 3
THA MVT 9 -13 -13 -9 -7 -3 <13 -13 -13 -12 3 7
THA ELE 6 10 9 7 5 11 9 10 10 9 2 5
THA OME 15 27 26 16 14 28 26 27 26 23 6 14
THA OMF 9 -16 -17 - -10 -9 -5 17 17 -17 -14 4 8
THA TAT -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 0 1
THA OSE -1 -1 -1 -1 -2 -1 -1 -1 -1 -1 0 0
VNM AFF -3 -6 -6 -3 -3 -6 -6 -6 -6 -5 1 3
VNM MIN -15 -35 35 15 -15 33 35 34 -3 -28 10 21
VNM FBT -7 -15 -15 -7 -6 -14 15 -15  -15 -12 4 9
VNM TWA 126 246 238 130 121 237 239 238 239 202 57 125
VNM WPP 34 33 37 37 35 36 37 38 36 36 2 5
VNM CHM -1 -7 -7 0 0 -6 -7 -7 -7 -5 3 7
VNM MET 21 41 -41 22 20 -40 41 41 41 -34 10 21
VNM MVT 2 -18 -15 1 2 18 -15 -16  -16 -10 9 21
VNM ELE -12 -33 32 13 11 32 32 32 32 -26 10 22
VNM OME 4 21 -20 3 3 -5 20 20 -20 -12 12 25
VNM OMF 0 -2 -3 1 -1 -1 -3 -3 -2 -1 1 3
VNM TAT 7 5 6 7 5 6 6 6 6 6 1 2
VNM OSE -6 -9 -8 -6 -6 -8 -8 -9 -8 -8 1 3
XSE AFF 2 2 2 2 2 2 2 2 2 2 0 0
XSE MIN 17 20 21 17 17 20 21 21 21 20 2 5
XSE FBT -3 -4 -4 -4 -4 -4 -4 -4 -4 -4 0 1
XSE TWA 0 -2 -3 0 0 2 -3 -3 -3 -2 1 3
XSE WPP 3 4 4 4 3 4 4 5 4 4 1 2
XSE CHM -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 0 1
XSE MET -4 -3 -3 -4 -4 -3 -3 -3 -3 -3 0 1
XSE MVT -5 -5 -5 -5 -5 -5 -5 -4 -5 -5 0 1
XSE ELE -4 -3 -3 -4 -4 -3 -3 -3 -3 -3 0 1
XSE OME -10 -9 9 -10 -9 -10 -9 -9 -9 -9 0 1
XSE OMF -3 -4 -4 -3 -3 -3 -4 -3 -4 -3 0 0
XSE TAT 0 0 0 0 -1 0 0 0 0 0 0 0
XSE OSE 0 0 0 0 0 0 0 0 0 0 0 0
XAS AFF -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 0 0
XAS MIN -30 31 31 30 -30 31 31 -31 31 -30 1 1
XAS FBT -4 -5 -5 -4 -4 -5 -5 -5 -5 -5 1 2
XAS TWA 15 16 14 16 14 16 14 14 14 15 1 3
XAS WPP -1 -1 -2 -1 -1 -2 -2 -2 -2 -2 0 1
XAS CHM 3 4 4 4 4 4 4 4 4 4 0 1
XAS MET -2 -3 -3 -1 0 -3 -3 2 -3 -2 1 3
XAS MVT -5 -7 -8 -5 -3 -7 -8 -7 -8 -6 1 4
XAS ELE 9 19 17 10 8 19 17 18 17 15 4 11
XAS OME 7 7 8 7 8 8 8 9 8 8 1 2
XAS OMF 8 -12 -13 -7 -6 -3 13 -13 -13 -11 3 7
XAS TAT 0 0 0 0 0 0 0 0 0 0 0 0
XAS OSE 0 0 0 0 0 0 0 0 0 0 0 0
NAF AFF 6 6 6 6 6 6 6 6 6 6 0 0
NAF MIN -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 0 1
NAF FBT 2 2 2 2 2 2 2 2 2 2 0 1
NAF TWA -12 -15 -6 -12 -10 -6 -16 -16  -16 -14 2 6
NAF WPP 0 0 0 0 0 0 0 0 0 0 0 0
NAF CHM -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 0 0
NAF MET -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 0 0
NAF MVT -2 -2 -3 -2 -2 -2 -3 -3 -3 2 0 1
NAF ELE 0 1 1 0 0 1 1 1 1 1 1 2
NAF OME -1 0 -1 -1 -1 -1 -1 -1 -1 -1 0 0
NAF OMF 14 17 18 15 14 18 18 19 18 17 2 4
NAF TAT 0 0 0 0 0 0 0 0 0 0 0 0
NAF OSE 0 0 0 0 0 0 0 0 0 0 0 0




Table 1 (continued)
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Table 2: List of sectors.

Symbol Description The original GTAP sectors

AFF Agriculture, forestry and fishery PDR, WHT, GRO, V_F, OSD, C_B, PFB,
OCR, CTL, OAP, RMK, WOL, FRS, FSH

MIN Mining COA, OIL, GAS, OMN

FBT Food, Beverages and Tabacco CMT, OMT, VOL, MIL, PCR, SGR, OFD,
B.T

TWA Textiles, Wearing Apparel, and Leather TEX, WAP, LEA

products

WPP Wood and Paper products LUM, PPP

CHM Chemical products P_C, CRP, NMM

MET Metal products 1.S, NFM, FMP

MVT Motor vehicles and transport equipment MVH, OTN

ELE Electronic equipment ELE

OME Machinery and equipment nec OME

OMF Manufactures nec OMF

TAT Trade and transport TRD, OTP, WTP, ATP

OSE Other services ELY, GDT, WTR, CNS, CMN, OFI, ISR,
OBS, ROS, OSG, DWE

CGD Investment goods CGD

2 Model

In the following, we explain the model used in the main paper. Our analysis is based on a multi-
sector multiregion static general equilibrium model. Sectors and regions in the model are listed in
Table 2 and 3. We consider not only a perfectly competitive model with CRTS technology but also
eight imperfectly competitive models with IRTS technology. First, we explain perfectly competi-
tive model and then explain imperfect competition models. In what follows, notations are defined

as follows:

e i,j--- Index of sectors and goods.

o 1,57 -

/

-+ Index of regions.

e 0,01 Index of firms (varieties).

e f--- Index of primary factors.

e [ --- Set of sectors and goods.

Y ng..

e z (€ R) --- Index of a region whose value of consumption is the largest at the benchmark

C - - - Set of perfectly competitive sectors.
e K- - Setof imperfectly competitive sectors.
R --- Set of regions.

- Index of investment goods.

equilibrium.

2.1 Perfectly competitive model

As the perfectly competitive model, we use the simplified version of the GTAP standard model
(Hertel, 1997). Our model differs from the GTAP model in four main aspects. First, savings and



Table 3: List of regions.

Symbol Description The original GTAP regions

CJK China, Japan, and Korea CHN, HKG, JPN, KOR

IDN Indonesia IDN

MYS Malaysia MYS

PHL Philippines PHL

SGP Singapore SGP

THA Thailand THA

VNM Vietnam VNW

XSE Rest of Southeast Asia XSE

XAS Rest of Asia TWN, XEA, BGD, IND, LKA, XSA

NAF NAFTA CAN, USA, MEX

XCS Central and Southern America COL, PER, VEN, XAP, ARG, BRA, CHL, URY, XSM, XCA,

XFA, XCB

EUR European countries and the former ~AUT, BEL, DNK, FIN, FRA, DEU, GBR, GRC, IRL, ITA,

Soviet Union LUX, NLD, PRT, ESP, SWE, CHE, XEF, XER, ALB, BGR,

HRYV, CYP, CZE, HUN, MLT, POL, ROM, SVK, SVN, EST,
LVA, LTU, RUS, XSU

ROW Rest of the world AUS, NZL, XOC, XNA, TUR, XME, MAR, TUN, XNF,
BWA, ZAFE, XSC, MWI, MOZ, TZA, ZMB, ZWE, XSD,
MDG, UGA, XSS

investment are determined endogenously in the GTAP model, while they are exogenously con-
stant at the benchmark level in our model.! Second, the regional welfare (utility) in the GTAP
model is determined through a Cobb-Douglas function of private demand, government expendi-
ture, and savings, while we aggregate private demand and government expenditure into a single
final demand and assume that utility is derived only from this final demand. Third, the GTAP
model aggregates consumption through a CDE function, while our model aggregates it through a
Cobb-Douglas function. Finally, the GTAP model assumes that the aggregation of domestic and
imported goods (Armington aggregation) is conducted separately according to their uses, while
our model assumes that Armington aggregation is conducted as a whole irrespective of their uses.

In the remainder of this section, we consider the following four activities: production activ-
ity, consumption, Armington aggregation, and international transport. It is assumed that all these
activities are done under the assumption of CRTS technology, perfect competition, and profit max-
imization.?

2.1.1 Production side

Using intermediate inputs and primary factors, firms produce goods under constant returns to
scale (CRS) technology to maximize profits. All markets are assumed to be perfectly competitive
and thus all producers are price takers. The production function is a nested CES function repre-
sented by Figure 1. The sigmas in the figure represent elasticities of substitution between inputs.
Output is produced with fixed coefficient aggregation of intermediate inputs and primary-factor
composite. The primary factor composite is a CES aggregation of four primary factors (capital,

skilled labor, unskilled labor and land) with an elasticity of o7

Let Y}, denote output of sector i, Q]I-ir denote intermediate input j of sector i, and QEF denote

IStrictly speaking, real investment is fixed.
2Consumption is regarded as an activity that produces utility.
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Figure 1: Production function.

primary factor composite of sector i. Then, the production function is represented as follows:

I PF Qﬂr Qi
Yir - Yir({jSr}jEIr Qir ) = min 1 ’ aIl;i:
]1r ] I r
where al, Jir fixed input coefficient of intermediate goods j, and " is fixed input coefficient of pri-
mary factor composite. Since the primary factor composite is a CES aggregation of primary factors,
it is represented as follows:

oPF

z
‘GPF*1 oPF1

QFF = QFF({QF;}) = ;aﬁr(czjiir) |

where Q}sir denotes the amount of primary factor f used in sector i. Note that elasticities of substi-

tution among four primary factors (01 F ) have different values across sectors.
By the assumption of profit maximizing (cost minimization) and CRTS technology, we can
define unit cost function as follows:

cr ZpWQl +p QT 1Y ({Qf), Q) =1

{QI } QPF
PF ;PF

= Epljzr jir +Ppira jir

where ﬁf}zr =(1+ t]Ilr)p]r is a producer price of intermediate goods j , t]lr is a tax rate on interme-

diate inputs, and p!T is price index of a primary factor composite of sector i.
Similarly, the combination of primary factors is determined so as to minimize cost. Thus, price
index of a primary factor composite is defined as follows:

pi’ = min lEpwaf | QFF({Qf}) = 1]
{Qf}
oFF

[;w}ii» Tk ]

where f]?ir is the producer price of primary factor f which is equal to (1 + tjliir)p;.
Next, let us consider output side. In CGE analysis, it is often assumed that goods produced
for domestic market and goods produced for export are differentiated. However, we assume that



goods of an industry are perfect substitutes regardless of destination. Thus, the price of output is
given by a single price p). Since a tax whose rate is ¢}, is imposed on output, the produced price

of outputis (1 —t5)pl.
From the results derived above, the profit of sector i is given by

Ty = [( tph — 14 Yiy

From this, the zero profit condition (the condition for profit maximization) for sector i is given
by

o7t
aY:: =0: 3: (1 - tY)pli’
In general, the FOC for profit maximization is given by “marginal revenue = marginal cost”.
In our model, we have “marginal revenue = price” by the assumption of perfect competition, and
have “marginal cost = unit cost” by the assumption of CRTS technology. Thus, “price = unit cost”
becomes the FOC for profit maximization.
Finally, we derive demand function for inputs. First, demand for intermediate input is given
by al, Y;,. On the other hand, demand for primary factors can be derived by applying Shephard’s

]l'r‘
lemma to the price index of primary factor composites. Let af Fir denote the unit demand for pri-

mary factor f. Then, afl.r is represented as follows:

U’
aff. — act  acl opit _ P [ ferFrF]
r P ir
apfzr aszrF ap?iy pfir

Total demand for factor f of sector i is given by a?irYi,.

2.1.2 Demand side

To represent the demand side, we assume a representative household for each region. Since we do
not consider government explicitly, final demand is the sum of private demand and government
expenditure. Final demand is derived from the optimizing behavior of this household. The utility
function for the household is a Cobb-Douglas function of consumption goods. Thus, utility U, is
represented as follows:

U = Ur({Cy}) = H(Cir)eﬁ

where C;, is final demand of goods i.
By the homogeneity of the utility function, we can define the unit cost (expenditure) function
of utility as follows:

= ZPCH'C | o {C }) =1

where pZ, is demand price of goods i which is equal to (1 + t$)p#. If we regard consumption as
utility producing activity, the FOC for consumption is given by unit cost = price as in production
activity:

u u
p

G =Pr

where pY is the price of utility.
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Figure 2: Armington structure in perfectly competitive model.
In addition, let H; denote the income spent on consumption. Then, the level of utility is repre-
sented as follows:
U = H/p;’

Finally, we derive the demand for consumption goods. From Shephard’s lemma, compensated
unit demand function is given by

u c.u
a€ = acr — Gircr
ir ~A ~A

oPCiy Pcir

Total consumption demand for goods i is given by a$.U,.

2.1.3 Investment

We assume that investment INV, is assumed to be constant at the benchmark level. As in the
GTAP model, production of investment goods is treated in the same way as ordinary goods.

2.1.4 International trade

Like other CGE analyses, we use the Armington assumption to explain cross-hauling in trade
(Armington, 1969). The Armington assumption implies that goods produced in different regions
are imperfect substitutes. Goods produced in different regions are aggregated through a two-stage
CES function (see Figure 2). First, imports from different regions are aggregated into a import
composite and then domestic goods and import composite are aggregated. (Ti‘;1 is the elasticity of
substitution between domestic and import goods and ¢ is the elasticity of substitution between
imports from different regions. In the following, goods that aggregate domestic and imports are
called Armington goods, and aggregation of domestic and import goods and aggregation of im-
port goods from different regions are called Armington aggregation and import aggregation re-
spectively. Armington goods are used for both intermediate input and final consumption.

Let us express Armington and import aggregation by mathematical formula. First, the import
composite of region r is given by

AM;, = AM;, ({Mig, }s) = | Y el (M)

s

10



where Mj,, denote import of goods i from region s to region r.
The import composite AM;, and domestic goods AD;, are are aggregated into Armington
goods A;, through a CES function.

oA

i
aiA—l alA—l A
i

A A
Ajy = Aiy(AD;, AM,,) = |a4P(ADy) % +afbM(AM,)

It is assumed that two aggregation activities are conducted so as to maximize profit. Thus, we
can define unit costs for aggregation activities. First, the unit cost of import aggregation is given

by

1
M
oAM= M MyeM (=My1—gM | 1
Cir min Zpieris | AMir({Mis}S) = 11 = [Z(“isr)gl (pisr) i
S S
where ﬁ% is the price of import from region s to region r. This import price includes export tax,

import tax and transport cost. Let . and t{‘sdr denote export subsidy and import tax imposed on

good i from region s to region r. Moreover, let 7;5, denote the amount of transport services required
to ship one unit of good i from region s to region r and let p” denote the price of transport services.
Then, the CIF price of import is given by
> X\, X 4 T
pisr - (1 - tlsr)pis TP Tsr
pM is derived by adding import tariffs to X :

5M M
Pisr = (1 + tlsr)pzsr
Similarly, the unit cost of Armington aggregation is

wr

¢ = min {pZ,AD +pa2MAM | A;,(AD, AM) = 1}

= (@) (o + (i) (Mot |

where p}; is the domestic price in region r and pﬁM is the price index of an import composite.
Since the profit of import aggregation activity is given by (pi™ — cAM)AM;,, the FOC for profit
maximization is

AM
pzr

Similarly, if p{: denotes the price of Armington goods, the FOC for profit maximization in
Armington aggregation is
A_ A
Cir = Pir
For both activities, FOCs for profit maximization are equivalent to zero profit conditions.

From the unit const functions defined above, we can derive demand functions for domestic
goods and imports. First, region r’s unit demand for import of good i from region s is

M
AM M .AM
_ dc ir [azsrczr ]
apzsr pisr

Similarly, unit demand functions for domestic and import composite are given by

E) C Q D c vi
A A A 1
AD ir ir ir

M
Ajsy =

ir Y Y
apir Pir
A AM A i
aAM aczr X Cir
ir AM
apir Pir
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2.1.5 International transport sector

As in the GTAP model, we assume that there is a global transport sector which supplies inter-
national transport services. Transport service is produced through a Cobb-Douglas production
function, using inputs supplied from various regions. Let Q). denote region r’s input of goods i to
transport service. Then, output of transport service T is represented as follows:

YT =TT(Qh)%

ir

International transport sector aims to maximize his profit. Thus, we can define the unit cost of
transport service as

0T
pY ir
T _ Fir
1,r ir

Let pT denote the price of transport service. Then, the FOC for profit maximization of transport
sector is represented by

T =pT
By applying Shephard’s lemma, demand for input is given by

T aCT 9£CT
4y = 5 v = v
Wi Pir

On the other hand, demand for transport service associated with import of goods i from region
s to region r is given by

M
TisraisrAMir

where Tj, is unit of transport service required to ship one unit of goods i from region s to region r.

2.2 Imperfectly competitive model (IRTS model)

Next, we explain imperfectly competitive models. This paper consider eight imperfectly compet-
itive models listed in Table 4. Note that even in the imperfectly competitive models, sectors AFF
and MIN are assumed to be perfectly competitive sectors with CRTS technology. The assumption
that AFF is a perfectly competitive sector is common in many CGE studies. The assumption that
MIN is perfectly competitive is for a computational reason.

Model PC in Table 4 is a perfectly competitive model explained in the previous section. Model
CD is a benchmark model of all imperfectly competitive models.* Alternative imperfectly com-
petitive models are derived from model CD by changing the assumptions. So, we first explain the
structure of model CD in detail. In model CD, we make the following assumptions.

A1: Economies of scale arise from the existence of fixed costs.

A2: Varieties of different firms in a sector are assumed to be differentiated and aggregated using
a CES function.

A3: Each firm behaves in a Cournot fashion, that is, each firm determines its output, taking the
output of all other firms as fixed.

A4: Markets in different regions are segmented.

A5: Free entry and exit are possible.
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Figure 3: Armington aggregation with IRTS goods.

Table 4: Model list.

Model name

Description

Model PC
Model CD
Model LGMC
Model CH
Model CF
Model QCV

Model BD
Model IC
Model 1B

Perfectly competitive model.

Cournot model.

Large group monopolistic competition model.

Cournot model with homogeneous varieties.

Cournot model with fixed number of firms.

Quantity competition model with non-Cournot conjec-
tural variation.

Bertrand model.

Integrated market Cournot model.

Integrated market Bertrand model.

Figure 4: Armington aggregation.

Al is the assumption on the way for introducing economies of scale. There are two approaches
to incorporate economies of scale: (1) to assume a production function with increasing returns
to scale, and (2) to assume fixed cost. Like many trade CGE models, model CD uses approach
(2). Assumption Al is applied to all imperfectly competitive models in Table 4, while A2-A5 are

modified according to the different models.

Assumption A2 is the assumption on product variety. Like other trade CGE models, model
CD assumes that varieties of different firms in a sector are differentiated (imperfect substitutes).
In addition, model CD assumes that these differentiated varieties are aggregated through a CES
function. By this assumption, model CD possesses love of variety. With respect to variety ag-
gregation, we add it into the model, keeping the Armington assumption (see Figure 2). Although
some imperfectly competitive CGE models abandon the Armington aggregation and only consider

3When MIN is assumed to be imperfectly competitive, the model becomes significantly unstable and cannot be solved.
To make the model stable, MIN is assumed to be perfectly competitive even in the imperfectly competitive model.

4Bchir, Decreux, Guérin and Jean (2002) employ a model similar to model CD.
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the variety aggregation®, we adopt the Armington-variety aggregation because the absence of the
Armington aggregation can significantly alter the structure of the model and thus makes difficult
the comparisons between perfectly competitive and imperfectly competitive models. Since our
aim is to compare different assumptions on market structure, we want to keep the same structure
in other aspects. So, we decide to keep the Armington aggregation also in imperfectly competitive
models. By this assumption, variety aggregation stage is added to Armington structure (see Fig-
ure 4). o in the figure represents elasticity of substitution between domestic varieties and and o}
represents elasticity of substitution between import varieties.

A3 is the assumption on forms of competition. Although the basic structure of model CD is
monopolistic competition, there are various types of forms of competition. Model CD assumes
that firms behave with Cournot conjecture. A4 is the assumption on market segmentation. There
are two alternative assumptions for it: (1) segmented market and (2) integrated market. Model
CD assumes the former type. Under the segmented market assumption, firms can cntrol output
and price for different regions independently. Finally, A5 is the assumption on entry and exit. For
this, there are two alternative cases: (1) free entry and exit are possible, and (2) entry and exit are
restricted. Model CD adopts the former assumption. Free entry and exit mean that the number of
firms is endogenously determined so that zero profit condition is satisfied.

2.2.1 Other IRTS models

Here, we briefly explain main characteristics of other IRTS models.

Model LGMC: Model LGMC is the large group monopolistic competition model frequently used
in theoretical analysis. In this model, it is assumed that each firm recognizes the number of firms
as sufficiently large. As a result, model LGMC has the following two features: (1) markup rate
is kept constant (equal to the inverse of the elasticity of substitution), and (2) scale of each firm
(total output of each firm) is kept constant. As these features seem to be somewhat unrealistic, the
validity of this model may be questionable. However, this model is frequently used not only in
theoretical analysis but also in CGE studies, and thus we decided to consider also this model.®

Model CH: Model CH changes the assumption of product variety. It assumes that product va-
rieties of different firms are homogeneous (perfect substitutes). Homogeneous variety means that
oP and ¢f in Figure 4 are infinite.

Model CF: In model CF, the assumption on entry is modified. It assumes that the number of
firms is fixed at the benchmark level. This assumption indicates (1) a situation where there are
strong entry barriers to markets, or (2) a situation in the short run. The former situation is of im-
portance because entry barriers are often observed in actual economies; the latter situation is also
worth analyzing because it often takes some time for economies to adjust to external shocks. In
addition, theoretical analysis such as that in Horstmann and Markusen (1986) and Markusen and
Venables (1988) shows that the effects of trade policy can vary drastically, depending on whether
free entry and exit are possible or not. Thus, we consider the model of a fixed number of firms as
well. Note that in our model, each firm produces one variety and thus the assumption of a fixed
number of firms implies the fixed number of varieties.

Model QCV: Model QCV changes the assumption on conjectural variation. Model CD assumes
Cournot conjecture, that is, each firm determines its output, taking the output of all other firms
as fixed. On the other hand, in model QCV, each firm determines its output, taking the output
of all other firms as variable. Although this non-Cournot conjecture model may rarely be used in

5For example, the Francois model (Francois, van Meijl and Tongeren, 2005) and the Michigan model (Brown, Dear-
dorff and Stern, 2002; Brown, Kiyota and Stern, 2006) abandon the Armington assumption and only consider the variety
aggregation.

For example, the following papers employ model LGMC: Francois, McDonald and Nordstrém (1996), Francois and
Roland-Holst (1997), and Francois et al. (2005).
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theoretical analysis due to its complexity, it is often used in CGE analysis.” The Cournot compe-
tition model is the representative model in the imperfect competition models and is used in both
theoretical and empirical analysis. However, this does not necessarily guarantee the actual valid-
ity of the Cournot competition model. Moreover, Eaton and Grossman (1986) demonstrate that
the welfare effects of trade policy can be strongly influenced by the assumptions on conjectural
variation. Thus, it is of great importance to show how the assumptions on conjectural variation
affect results.

Model BD: Model BD is a Bertrand competition version of model CD, that is, it assumes that a
firm’s strategic variable is price and that each firm determines its prices, taking the prices of all
other firms as fixed. As with the Cournot model, the Bertrand model is one of the most popular
imperfectly competitive models and is used frequently in both theoretical and empirical works.
However, because it is difficult to evaluate which model is the more realistic, we decided to con-
sider the Bertrand model as well as the Cournot model.

Model IC and IB:  Although all models listed so far assume segmented markets, there is another
frequently used model: the integrated market model. In the integrated market model, where arbi-
trage trade across different regions is possible, firms cannot independently set output for markets
in different regions and only control total output. Moreover, they cannot set different prices for
different regions. Studies such as Markusen and Venables (1988) show that the effects on trade
policy can vary significantly, depending on whether the market is segmented or integrated. Thus,
we attempted to consider the integrated market model and examine differences generated by the
two alternative assumptions. Model IC is the integrated market version of model CD and model
IB is the integrated market version of model BD.

2.2.2 Cost structure

In this section, using model CD as an example, we explain in detail the structure of the imperfectly
competitive models. In imperfectly competitive models, economies of scale internal to firms are
present in all sectors except in sectors AFF and MIN. In the following, a sector with economies of
scale is called the IRTS sector, and a sector without economies of scale is called the CRTS sector.
The structure of CRTS sectors is the same as in the perfectly competitive model.

It is assumed that economies of scale arise from the existence of fixed cost. Let !. denote the
total output of firm v in sector i. Then, the total cost TC,;, is given by

TCvir = Mcvir [qz];ir + fcvir] (1)

where MC,;, is the marginal cost and MC;, x fc,;, is the fixed cost.® The marginal cost is as-
sumed to be independent from output. Moreover, we assume that the input structure (production
function) is the same as that in the perfectly competitive model. The form of MC x fc means that
combination of intermediate goods and primary factors used for fixed and variable costs is the
same.

2.2.3 Outputside

As to the output side, model CD assumes that product varieties of different firms in a sector are
differentiated. Since each variety is aggregated using a CES function, the Armington-Variety ag-
gregation for model QD is modified as in Figure 4. Markets in different regions are assumed to
be segmented; each firm determines separately the level of supply to different regions. Given the
Armington structure of Figure 4, the firm determines the optimal supply to different regions.

"For example, the following studies adopt a non-Cournot conjectural variation models: Burniaux and Waelbroeck
(1992), de Melo and Tarr (1992, Chap.7), Harrison, Rutherford and Tarr (1996, 1997), Francois and Roland-Holst (1997),
and de Santis (2002a,b).

8 Although we use the term “fixed cost”, it does not mean that MC x fc is constant. If the marginal cost MC changes,
MC x fc also changes. The term “fixed cost” in this case means that it does not depend on the level of output.
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The profit of firm v of IRTS sector i in region r is given by

- (1 _ tl};) pzl;jirqzl?ir + Z pgirsqi(irs‘| — MCy;, qu;Dir + qu;(irs - sz;ir‘| 2
- s

where t! is the output tax rate, 40 is the supply to the domestic market, 4% . is the supply to
region s, p) is the price in the domestic market, pX. _ is the export price to region s, MCy;, is the

marginal cost, and MC,;, x fc,;, is the fixed cost. Since qgir is total output, the following relation
holds.

T D X
Goir = Yoir + quirs
s

In the perfectly competitive model, domestic supply and export supply have a common price,
that is, pY. On the contrary, in the imperfectly competitive model, prices are distinguished by
destination because all markets in different regions are segmented.

Each firm determines supply to the domestic and export markets so as to maximize profit.
FOCs of profit maximization of firm v are

O7Ty; 1

0. -t 1o | e @
qvir 8vir

O7Ty; 1

) )Z(W =0: (1 - tz);)pz}firs [1 - X] = MCyir )
Toirs Eoirs

where eD. and X denote the perceived elasticities of demand in domestic and export markets,

respectively, and defined as follows:

D _— alnqilj)ir X — alnqz)z(irs

Eoir =

virs —

dlnpD. dlnpX

: — D X = X ~D Y\,D 5X _ Yy, X
Let us define Hoir = 1/€vir’ Hoirs = 1/€virs and Poir = (1 - tir)pir’ Poirs = (1 - tir)pvirs' Then,
(3)—(4) are written as

- ~D Hoirs = ~X ©)
Poir Poirs

From these equations, we can see that u2) and pX _ represent markup rates for domestic and
export markets, respectively.

2.2.4 Markup rates

To incorporate (3)-(4) (or (5)) into the simulation, it is necessary to derive explicit formula of
markup rates. Below, we assume that all firms (varieties) in an IRTS industry are symmetric.
Markup rate for domestic market

First, we derive markup formula for the domestic market (42} ). Since ul. is a reciprocal of the

price elasticity of the domestic demand (¢£)), we need to derive D, . It is assumed that each firm
determines its output, taking account of the Armington structure depicted in Figure 3. Aggrega-
tion in all stages is conducted with CES functions. Thus, the structure of aggregation is represented
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as follows:

AM;, =

AD;,

Misr

UA
r cA_1 VlA—l ‘71_14}71
= |afP(AD;) aM(aM;,) 7
L ”
i ‘7,M*1 oM
M 1
= Z“%(Mzsr) K
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) D

= Z ﬁvzr quV
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g (71F—1
M X
= Z ;Bvisr (qmsr)

(6)

@)

®)

©)

where A;, is Armington goods i which is created from domestic and imported goods, AM;, is a
composite import, AD;, is a composite of domestic varieties, and M;,, is a composite of import

Since all quantity indices are linearly homogeneous CES functions, we can defines price indices

varieties.
as follows:
A _
Pir =
AM
Pir
AD
Pir
M _
pisr -

1

_( aSP)f (pAPY =0l (@AM (pAM)1-¢; ]TA

1
1— M
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v
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where pisr - (1 + tzsr)pisr and Poisr = (1 o tisr)pvisr + P Tisr-
From the price indices, we can derive compensated demand functions.

AD. _ 0Pk ﬁDP:? s
ir AD ‘tir ir
apir pl}’
i
An P l(l — e,
r — ir ir
P} M AM
M, = p” AM;, = [ zsrﬁ/}r Aer
apzsr pisr
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apvzr pvir
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piy Bok P |
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From the above results, let us derive markup rates (price elasticity of demand). First, we derive
inverse demand function for domestic variety from (17).

AD, "
pz%r = [DN] ﬁgrpﬁD (19)
qvir

Taking logarithm of both sides, we have

1 1
In pgr = oD InA; — qu,’i’, +In pﬁD +1In ,Bgir
1 1

From this, the following relationship holds.

dlnph, 1 1 q;, 9AD; fuis 9p)° 9AD, 0)
dln qgr UiD UiD ADjy aquzr pﬁD IAD;, aqgr
By (8), 0AD;,/9qP. in (20) is written as
0AD; D 16D Ry
9 Dzr = (ADir)l/(Tl IBUDzr (quir) e + Z 1351‘1' (qur) e %cpgr (21)
Toir v'#v vir

where ¢L._is firm v’s conjectural elasticity defined as follows.

D _—_ alnqg’ir

vir — Ul#v

dlngl
Substituting (19) into (21), we get

9AD; _ Py
0y P

pb. qb.
1+ Z szr %lr¢zl?ir

v'#v Puir9vir
From this, (20) is written as follows:

pz?irqgr ap;’?D ADir
PP AD;, 9AD; P

Po e D
— + 1+ Z qu )
alnqz?ir op v'#v Pgrqzl?ir o

1

D D .D
dln Puir _ o i i Poir9vir

p2 gD /(pAPAD;,) in the above equation indicates share of a firm in the domestic market.
Since we assume symmetry of all firms, we have p2. g2 /(pAPAD;,) = 1/n;,. Similarly, symmetry
means lej)ir = pzl?, ;- and qg-r = qzl?, ;- Thus, the following relation holds.

pr‘ qD/' D D
2 UDW Z[))”’(Pvir = (7’1,‘, - 1)¢ir
v'#v Poirdoir
In addition, we define

A
(AD _ 0AD;, pp°
ir - apﬁD AD;,

From above results, markup rate u? is given by

L D
1 + (nlr 1) ir (22)

WL o1
el olngl  oP abD gD

ir i Szr i

1 olnpl 1 1 1
Ny
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This indicates markup rate of each firm of IRTS sector i in region r. Since all firms in an industry

are assumed to be symmetric, index v is omitted.

Following the similar procedure, 1/¢4P is derived as follows:

eAD (TZ.A 4 oA r

1 1 1 1

[ ] [SAP + (1 5pP)gPM] (23)
ir i

where S2P is share of domestic supply, $PM is conjectural elasticity, and ef} is price elasticity of

Armington demand defined as follows:

AD _ pAPAD;, DM _ oln AM;, A ~dln Ay
ir per”, r alnADlr ir aln p;g

Combining (22) and (23), markup rate can be written as follows:

1 11 1 1 1+ (nj — 1)¢f
D_ - - - AD _AD DM i ir

Since model CD assumes Cournot conjecture, conjectural elasticity parameters ¢;. and ¢,

zero. Thus, (24) reduces to
1 1 1 1 1 1
D AD
r= 7t A 5+ | 3 i | Si
Hir v {(i v [%’r v ] v } Mir

This is the markup rate for domestic supply.

Markup rate for export markets

Next, let us consider markup rate for export market X . The procedure is the same as in the
derivation of u2 . First, from (18), inverse demand for import from region s to region r is given by

M 1/ O'F
PZ)J(lST = [);w,‘| ﬁwsrplsr (25)
visr

Taking logarithm of both sides, we have

1 1
= TlnMisr - Flnqﬁsr—klnpf\fﬂrlnﬁ%sr

n ﬁ visr — ] ]
i i
This leads to
dln ﬁgisr o 1 1 qusr Misr qz)fisr apf\s/lr Mgy
X F M. + M oM X (26)
dln Toisr Uz isr aqusr Pisr isr aqvisr

From (9), dMs,/ aqffisr is written as

aM ofF F q /7
0 Xlsr = (MZSV>1/ lelsr (qur) 1/0 + Z IBU lisr qv zsr) Vo 22 zsr 4)vzsr (27)
Tvisr v'#v msr
where ¢X__is conjectural elasticity defined as follows:
X — aln q‘u’zsr o 7& v (28)

visr — aln qvlsr
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Applying (25) to this, we have

Mgy pmsr
0y Pl

1+ Z p~vxzsrq§zsr ¢vzsr]
o' #£v PoisrQvisr

From this, (26) is written as

=X X =X X =X M
dln Poisr _ _i + [1 Tvisr Poisr + Tvisr pvzsr str lSV 1+ 2 pv zsrqv zsrq)

X F F . M visr
alnqvisr o; o; Misy Pisr Misr pzsr aM’S” pzsr ' #v vzsr visr

/ Mjsy = 1/njs holds. Similarly, symmetry means

By the symmetry assumption, Cif,(isy

Pavis T x
2 ~leSV 1)1(157’ (Pvlsr - (nis o 1)¢isr

v #£v PoisrTvisr

In addition, we define elasticity as follows:

M _ _aMisr pll\s/i

e = (29)
isr apf\s/f/ Mis;’
Then, markup rates are derived as follows:
OSU SO 1L ;S S I S G 30)
o gt)ér dln qi)s(r (TzF e?s/lr (TF Mis
Index v is omitted here because of symmetry assumption.
Following the similar procedure, elasticities are derived as follows:
1 1 1 1 M M
% = (TliM + [‘%Af\d 0—1M‘| [str (1 - str) isr ] (D)
1 1 1 1 AM AM\ (XMD
SﬁM_E—F Sf}_UiA] [Sir” + (1= 5 )iy | (32)
where
M _ PlaMis AM _ P AMi 1_ gAD
Sisr = “AM AN ir= A — 175
pn’ Ml}’ plr i
¢XM dIn Mzs ' (PXMD dIn AD;,
81 a ln Mzsr 1sr

dIn AM;,

From (30)—(32), markup rate for export of region s to region r is represented by

x 1 1 1 1 1 1 1
Hor = GF T\~ F oA oM T\ A

1 1 1 1 i 1

< (s (1= SR (51 +

(1-sM

isr

1+ (njs —1)¢%

9] } —
Mis

Since model CD assumes Cournot conjecture, conjectural elasticity parameters ¢, ¢2MP

isr
XM
isr

, and
are zero. Thus, (33) reduces to

1 1 1 1 1 1 1 1
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In our model, it is necessary to make further adjustment to (34) because i, deviates from
markup rate for firms X . The difference between two markup rates is due to transport cost.
g% is defined as follows:

X JdIn qi)S(r

isr —

oln pX,
Since ﬁl?gr =(1- tl-)s{r)pf; + pT 7, we have

X X =X X X =X
=X aqisr apisr Pisr - _ aqisr Pisr Pisr
isr X

api)s{r aﬁi)s(r qz?gr apisr qi); (1 - ti)s{r)pi)gr

From this, markup rate for each firm p¥_is given by

=X

X _ =X Pisr
MHisr = Hisr (1 — tX )PX
isr

isr

2.2.5 Profit maximization

In this section, we summarize results derived above. Below, we assume that all firms in an IRTS
sector are symmetric. This means that all firms in an the same sector set the same prices, outputs,
and markup rates.

The FOCs of profit maximization of a firm of IRTS sector s in region r are given by (3)-(4). Since
input structure of IRTS model is the same as that of CRTS model, marginal cost in IRTS model (i.e.
MC,;) is equal to unit cost in CRTS model (cY). In addition, by the symmetry assumption, index
v can be omitted. So, FOCs for profit maximization are written as

(A —t)ph [1-up] =< (35)
(1 - ti{)pi)gs [1 - :ui);gs} = C% (36)

(35) is the FOC for domestic supply g2 and (36) is the FOC for export supply 4. By these condi-
tions, each firm determines 5 and g..
Markup rates are given by

1 1 1 1 1 1
D AD
D= S+ -5+ |5——x|S5P — 37
]’lli’ a_iD { O_ZA o_iD gﬁ U_ZA‘| r } n[;’ ( )
1 1 1 1 1 1 1 1
_X AM | «M
i :p+{M nl e v <A—A>5' 15' } (38)
T g0 git 0 A R S R
X X pix
Mirs = Piys 7%~ (39)
s 1rs (1 _ tl)fs)pl)gs
Pivs = (L= £5)pis + p " Tirs (40)
Share variables are defined as follows:
AD _ Pir AD;, SAM _ pstAMls 1— SAD
ir A is A - is
Pir Ai’ Pis Ais
=M M
irs péMAMiS ~ irs
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2.2.6 Zero profit conditions

Model CD assumes free entry—exit. So, zero profit condition is satisfied in the equilibrium.

Ty = (1 - tY lpzrqlr + Zplrsqlrs] - C qlr + qurs fCiV] =0 (41)

The number of firms in IRTS sector i is determined so that this zero profit condition is satisfied.

2.2.7 Average cost

Here, we see average cost of each firm. Let g}, denote total output of each firm in IRTS sector i.
That is, qlTr = qg + 3 qffs Then, total cost is represented as cz(qlTr + fcip). 3;qlTr indicates variable
cost and c; fcl, indicates fixed cost. Since average cost is defined as total cost divided by total
output, it is represented as follows:

fclr
a; ir

YT
AC;, = 7017(‘1# ;i— feir) = 1+ —
qir

From this, we can confirm that average cost of each firm declines as total output increases. In view
of this, increase in scale of each firm generates positive impacts on the economy.

2.2.8 Price index

By (12) and (13), we define price indices for aggregated varieties. Here, we derive price indices in

a symmetric model. First, by symmetry, B0 and pD. are equal for any v. Thus, summation with
respect to v means multiplication by n;,. It follows that (12) is written as

sz

1
D _oD11-4D o
#1 = [ )7 P P = )T (60

From this, we can see effects of n;, on price index. Assume that (Tl-D > 1 (this is indeed assumed
in the simulation). Then, we have apﬁD /on;, < 0. That is, the increase in n;, decreases pﬁD
Similarly, pM is written as

1 1
FooX \1—of | 1-0F —o —of =X
Pl = [mis (B (BE) | T = (i) T (BT B,

Also in this case, increase in varieties lowers the price index.

2.2.9 Demand function

In this section, we consider demand functions of IRTS sectors. These demand functions are derived
from (14)—(18). First, unit domestic demand for outputs of a firm in region r is given by

D
PP — apy” _ lﬁzl;)zrpﬁl)]
o 9pb .

p‘(}lr pUlT

Similarly, unit demand of region r for outputs of a firm in region s is

oF
aMM af)% — [ﬁzsrpzsr‘|
isr

apzsr pisr
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2.2.10 Supply of IRTS sector to international transport sector

There are IRTS sectors that supply their output to international transport sector. We assume that
products of IRTS sectors supplied to international transport is produced under CRTS and perfect
competition even if those sectors are classified as IRTS sectors. Supply to international transport
sector by IRTS sectors is denoted by Y.

2.3 Market clearing conditions

Below, we present market clearing conditions. These conditions are different across CRTS sectors
and IRTS sectors. Market clearing conditions for the perfectly competitive model is represented
by the case where C = I (i.e. K = @). In equations below, the LHS represents supply and the RHS
represents demand.

2.3.1 Output of CRTS sectors (i € C)

First, let us consider output of CRTS sectors. Supply is given by Y;,. Demand is the sum of do-
mestic demand (aﬁDAir), import demand of region s (af\fSAM,-rs), and demand from international
transport sector (al-TrYT).
Y, > ahP A, + Y al AMy, +alYT i€C,i+cgd
S
With respect to investment goods (i.e. i = cgd), demand consists of only investment demand
INV,. Thus, market clearing condition is given by

Y;, >INV, i=cgd

Note that investment demand INV, is exogenously given constant.

2.3.2 Markets for goods of IRTS sectors (i € K)

As to IRTS goods, we must consider market clearing conditions for an individual firm. First,
domestic supply of a IRTS firm in region r is 4-. On the other hand, domestic demand for a IRTS
firm in region r is aEDADir.

D DD
Tir > Ay ADir

Similarly, export supply of IRTS sector i in region r to region s is g5, and demand for it is
MMAL..... Thus, we have

Airs

X MM
Tirs >a Mirs

= Yirs

2.3.3 Markets for Armington goods

Supply of Armington goods is given by A;, and demand is sum of intermediate demand and final
demand. Final demand is represented by a$U,. Intermediate demand of CRTS sector j is ﬁf]-rer.
On the other hand, intermediate demand of a single firm in IRTS sector j is ﬁfjrq}; + ﬁfjrfc jr- Thus,
market clearing condition for Armington goods i is

Air > Z ainrYjV + Z njrﬁzljrq}:r + al(';ur (42)
jeC jeK

where q]TrT is defined as follows:

T

q;" = q, +fcjp jek
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2.3.4 Market clearing condition for international transport service

Supply of transport service is YT and demand is the sum of T;,sa™ AM;,:

rs

T M
Y > ZTirsairsAMirs

ir,s

2.3.5 Markets of primary factors

Supply of primary factors is (F,) which is assumed to be constant. On the other hand, demand of
primary factors is demand from production.

Ffr > Z a}:irYir + Z nira}:z‘rq;’l;T
ieC ieK

2.4 Income of the household

In this section, we derive household income that is spent on consumption (H,). Income is derived
from factor income, tax revenue, and net capital inflow, plus profit. Taxes include production
tax, intermediate tax, factor tax, consumption tax, export tax, and tariff. Net capital inflow is
represented by pBOP,.° Finally, we subtract investment expenditure from the above income.?

prrpfr + Z tzrperlr + Z £ rir [pngr + szrsqzrs]
ieK

+ 2 t]zrp]r ]1rYlT+ 2 t]lrp]ra]zrn”’qzr + 2 tflrpfraferlV+ Z tfzrpfraflrnquzr

jieC jiek fieC fi€ekK
- Z irs plr zrsAMlS 2 tlrsplrsnquzrs Z lsrplsr zsrAMlV + 2 tlsrplSYnZSqZST’
ieC,s i€eK,s ieC,s i€eK,s
+ Ztﬂpw FUr + Y i + pt'BOP, — pNVINY,
ieK

2.5 Other imperfectly competitive models

So far, we have used model CD to represent the imperfectly competitive model. Below, we explain
other variants of imperfectly competitive models. Note that cost structure is the same as model
CD.

2.5.1 Model LGMC

Model LGMC presents the large group monopolistic competitive model frequently used in theo-
retical analyses (for example Krugman, 1980). In this model, each firm recognizes that the number
of firms in the industry is sufficiently large. By this assumption, markup rates are modified as
follows:

wp =1/0P @y =1/df (43)
These markup rates are derived by setting n;, — oo in (37)—(38). 1!
As the above equations show, markup rates in model LGMC are equal to the reciprocals of
elasticities of substitution and are constant. Other components in the model are the same as model
CD.

9We use the price of utility in region z for the price index of international capital flow.
0Saving in region r is given by p™NVINV, — pYBOP,.
1 Although we assume 1, — oo in deriving markup rates, it is merely a firm’s conjecture and it does not mean that the
actual number of firms is infinite. The actual number of firms is endogenously determined so that the zero profit condition
is satisfied.
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2.5.2 Model CH

Model CD assumes that all varieties in an industry are differentiated. On the other hand, model
CH assumes that all varieties in an industry are homogeneous. The assumption of homogeneous
varieties means that elasticities of substitution among varieties are infinite. Thus, we can get
markup rates for model CH by setting ¢” — oo and ¢f — oo in (37) and (38).

1 1 1 1
D AD
Hir l iA <8i4r i4> ir ] iy

1 1 1 1 1
4= saMgM L o
0_1/1 O_Z]\/I <81Ar 0_1A> 1s 1rs nir

In model CD, free entry—exit is assumed. On the other hand, model CF assumes that the number
of firms (varieties) in an industry is fixed. This change in the assumption means that zero profit
condition is not satisfied. We assume that profit is transferred to the household in lump-sum
fashion.

2.5.3 Model CF

2.5.4 Model QCV

Model CD assumes that each firm competes under Cournot conjecture. That is, each firm de-
termines his outputs, viewing the outputs of all other firms as fixed. Model QCV also assumes
quantity competition as in model CD, but assumes non-zero conjectural variation. Markup rates
with conjectural variation parameters are given by (24) and (34). In addition, we assume that
conjectural elasticity parameters of a firm against all rival firms in a market are equalized. Let
¢P denote conjectural elasticity of rival’s supply with respect to a change in own supply, and ¢,
denote conjectural elasticity of rival’s supply to region s. Then, the above assumption implies the
following relations.

— alnqz[;)’ir _ alnql)zgsr

D
‘Pir =

/
alnqzl?ir N Blnqzl?ir v #o
X — alnqu(’irs _ alnql)lgr’s _ alnqlDis

irs =

v Ev, v Er

alanfirs N alanfirs N alanfirs

In the following, using ¢~ and ¢, we rewrite pPM, 4)1?52/[, and cpl?gsle in (24) and (34). First, let
us consider ¢PM. Tt is defined as

7 9lnAD;,
From (8) and (19), we have

dIn AD;, = 2 Szl,)/i,d In qzl;)/ir + S‘zlz)zrd In qzl))zr
v #£v

where

SD = pBirqBir/(pﬁDADir)

v'ir
By the definition of ¢1., this reduces to
dIn ADir =

Z Szl?’irgbzlgr + Sz%r dln qz];Dir

v #v

25



D ISD

In addition, from the symmetry assumption, S, sir = 1/nj; holds. So, we have

1+ (n;—1)

D
dIn AD;, = Pir 41n b (44)

ir

Similarly, from (7), (9), (16), and (18), we have

dln AM;, = ZSMdln Mg, dIn M5, = ZSX dIn qisr
s z

isr zisr
where
Sisr = PaisrTaisr/ (Pl Misr)
From the definition of ¢?, we have d In qfl- o = ¢PdIng?. Thus, dIn M;,, is represented as
dIn M5, = ; SX.,oPdIng) = pPdIng’
Using this relation, we can express d In AM;, as follows:
isr'ir

dInAM;, = Y SMoPdIngl) = ¢PdIng?) (45)
S

From (44) and (45), we have

T [ (= D)) i

Using Eq. (46), we can rewrite (24) as follows:

1 1 1|14 (n;, —1)¢P

Ny

47)
o o o A A n; (
i i i ir Ty r

1 1 1 €

1 1] SAD + (ni, — ShP)pD

This is the markup rate for domestic supply in model QCV.
Following the same procedure, we next rewrite (34). Z)Srv[ and gbl?;]rvm in (34) are defined as
follows:

XM _ ah’l Mis’r XMD _ aln ADir
s = 9In M, i = 9In AM;,

From (9) and (18), we have

dInM;g, = Y S, .dIng,, + Sx,dIng,,

visr visr
v #v

By the definition of ¢X, and the symmetry assumption, we have

1+ (”is _1)

X
dln My, = Pisr 41 9%, (48)

7/llS

Following the same procedure, d In M;y, is expressed as

dIn My, = Z Sz))(’is’rd In qz}f(’is’r
U/

By the definition of ¢, we have dIng¥., = ¢X dIngX  for Vv’ and s'. Thus,

dIn My, = ¢ dIngX, (49)
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From (48) and (49), gbfgr\’l reduces to

X
XM _ ¢isr (50)
= [T+ (ns — 1)4’;‘?}/”1’5
Next, we consider 4)1?3/”3. First, from (8) and (17), we have
v'ir

dIn AD;, = Z SD dln qz?ir = Z Szl;j’ir%)ésrd In qffisr = 4)1))551"1 In qz);(isr (51)
v o’

Similarly, from (7), (18), (48), and (49), we have

dInAM;, = Y SM dIn My, + SMdIn M,

is'r
s £r
1+ (n; —1)¢X
— 1 st + s D g )
s #r

From (51) and (52), ¢?§1V\/ID is expressed as follows:
Tk () Sk s

87

Substituting (50) and (53) into (34), markup rate for export supply in model QCV is given by

g LU 1O = gh, 1 1 S (e — Si )
Tod oM df iy oA oM 1y
1 1 1 1 1
M cAM M cAM) 4 X
+ i _ L SirsSts T (miy — SirsSis >¢isr
Sé U'iA Ny

2.5.5 Model BD

Model BD is a Bertrand competition version of model CD, that is, it assumes that firm’s strategic
variable is price and that each firm determines his prices, viewing the prices of all other firms as
fixed.

First, we derive markup rate for domestic supply. From (17), we have

alnqgr =_—gP 4P Pgr apﬁD + PZIJ)iY 0AD;, apﬁD (54)
dIn pzlzr l l pADir apzl))ir AD;y apl{?D apgr
From (12), we have
apsP D D oD D oD Ph, dlnph.
9 1173 = (pﬁD)aﬁ (’BEI.Y)UW (p'(li)lr) Tir + Z (‘Bg’ir)gw (pz[?’lr) %ir % o1 Z/]:)lr (55)
Puir ' #£v Poir NPy

Since model BD assumes Bertrand conjecture, we have dIn pzl?, i»/0In pD = 0. Thus, (55) re-
duces to

AD ADgD 1%
Wi _ [ Pir_Poir ]
D D
ap vir Puir
From (12), this equation is rewritten as

Pp° T

apgr AD;y
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Thus, (54) is

alnqzl))ir — _oP_ (SAD .D)i (56)

olnpl

Similarly, sﬁD

> =0 + (e — 0f")SHP (57)

r

dln pAD
Combining (56) and (57), markup rate for domestic supply is given by

1
Vi =€ =of +1of' —of + (efp = o)S3P)-—

Following the same procedure, markup rates for export supply are derived as follows:

. 1
1/;ui)s{r = O-I'F + {‘TlM - UIF + [O-IA - O'iM + (8;?, )SAM]S%'}?

2.5.6 Model IC

Model IC is the integrated market version of model CD. In contrast to the case of the segmented
market model, each firm in the integrated market model sets a common price for all markets.
Moreover, each firm can control only total outputs. Thus, the profit of a firm is represented as
follows:

Ty = [(1 - tz};)pir - C};} qzj;

From this, the first order condition for profit maximization of each firm reduces to a single
equation.

(1=t} pir(1 = i) = ¢l (58)

In integrated market Cournot model, it is assumed that each firm determines his outputs, view-
ing domestic and foreign firms do not change their total outputs. From this assumption, we can
derive the expression of markup rates. However, it is quite difficult to derive explicit expression.
So, we derive markup rates implicitly in this case.

First, the overall markup rate is expressed as follows:

Wir = —Poir/ Gy (59)

where hat variable means the rate of change. This relation means that it is necessary to obtain f,;,
and 4!, to derive markup rate.

First, we consider change in own quantity of firm v in region r. Since q;r = ‘73 T+ Lstr qfi ror
4l is expressed as follows:

Gy %%+Z%%m (60)
where

5y =qi) /i, 5% = a4/ 4l

From (17) and (18), ﬁgr and L?ffirs in (60) are given by

o ~ ~AD, ~A,

q'(lﬂjir = _UDpUiT’ (UD )plr ' (UA - glt’)plr ' (61)
o ~M, ~AM, ~A,

qi)firs - 0- pvzrs (UP )pzrsr ( ljvI )pzs ' (O'IA - Sé)pis ' (62)
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Note that superscript r indicates that changes in variables are conjectured by firm v in region r.
Next, we consider changes in quantity of rival firms implied by Cournot conjecture. Rate of
change in outputs of rival firms is given by

SR A" + Zéffsf/ffs’ = (63)
Gi" = ol P+ (0 — o)™ + (o — el Py (64)
A A A A AA,
ax = —af pi7 + (oF = M)pi + (oM — oM pM + (o — ey pin” (65)

where t = r means the domestic rival firm and ¢ # r means the foreign rival firm. Note that
conjectured change in total outputs of rival firms is set to zero due to Cournot conjecture.
(61)—(65) include conjectured rate of change in price. Next, let us derive these price changes.

First, from (12), f)ﬁD " is given by

~AD, v + (i — 1)P7,
Pir = Zslzrplzr = nl,r = (66)
r
Similarly, paP" (s # 1) is
Iai:Dr = Zsl?sﬁ;’is = ﬁ:’s (67)
1

From (13), pi" is

A X ~ X1
A X _ Poips + (tir = 1)y
P = L Shibyy =~ (68)
~M, X X,
pztsr = Eslltsplztr = pztsr t 7& r (69)
l
Following the same procedure, other price variables are derived as follows.
SAM, AM,
Pis "= Zsf\t/ipltsr (70)
ﬁ:: A SADﬁéDY + SiAMﬁgM T (71)
pvirs = ,Birspvir (72)
Pisi = BisPhy 73)
Finally, we normalize p,;, to unity.
Poir =1 (74)

In the simulation, we incorporate a system of (59)—(74) and then derive the value of y;, implic-
itly.

2.5.7 Model IB

As in model IC, each firm sets a common price for all markets and can control only total outputs.
Thus, the first order condition for profit maximization of each firm reduces to a single equation.

(1- t};)pir(l - Wir) = Cz);

Total demand for a firm is the sum of domestic demand and import demand. So, we have

0 = a5 + Y an
S
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From this, price elasticity of total demand (g;;) is

6 — dlngl _ [345 n 3’7551 Pir _ sD D+25X X
S

" 9ln Pir apir 3 apir qT ir Eir irs€irs

ir

This means that overall elasticity of demand is equal to the weighted average of elasticity of
demand in each market. Since markup rates are reciprocals of demand elasticity, the following
relation holds for markup rates.

1/]’[ir = 5113/;43 +25§S/V§S
s
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Table 5: Values of elasticity of substitution (UiA and UiP .

Sectors & goods o ot
AFF 242 0.23
MIN 5.75 0.20
FBT 1.99 1.12
TWA 3.02 1.26
WPP 3.10 1.26
CHM 2.92 1.26
MET 3.56 1.26
MVT 3.15 1.26
ELE 3.52 1.26
OME 4.05 1.26
OMF 3.00 1.26
TAT 1.90 1.68
OSE 1.95 1.28

3 Data

3.1 Source of data

As the benchmark data, we use GTAP version 6 whose benchmark year is 2001.1> The original
GTAP 6 data contain 87 regions and 57 sectors. We first aggregate the original data according to
region and sector classification in Table 2 and 3.

3.2 Services trade barriers

We assume that 30% of tariff imposed on services trade and modified the GTAP data. By intro-
ducing services tariffs, value of imports including tariffs increase. This reduces value of total final
demand. To restore final demand balance, we adjust value of final consumption as well. Let VI.M
denote the value of import of service i (at the world price), and #) denote the original tariff rate on
service i, and i‘i1 denote the new tariff rate. Then, the rise in tariff rate increases tariff revenue by
Al = (t! — ))VM. To restore final demand balance, we increase the value of final consumption by
Delta! and adjust consumption tax rates. For the details of this adjustment, see GAMS program
for the simulation.

4 Parameters and calibration

4.1 Elasticity of substitution

Values of elasticity parameters are determined exogenously. We use GTAP 6 values for elasticity of
substitution among primary factors (¢7 7). As to Armington elasticity (c/!), we basically use GTAP
6 values. However, as to sector FBT, TWA, OME, and ELE, we use values derived by multiplying
the original GTAP values by 0.8 for computational reason.'® As to elasticity of substitution among
imports from different regions (¢M), we assume oM = 2 x ¢/}, following the GTAP model. In
addition to two elasticities above, imperfectly competitive models include elasticity of substitution
of varieties (UiD and O'Z-P ). For these two parameters, we assume O'ZD = O'iP =2X O'Z-M, following

Harrison et al. (1996). With regards to these elasticity parameters, we conduct sensitivity analysis.

12For the details of GTAP data, see the GTAP web site http://www.gtap.agecon. purdue.edu/.
13We use smaller values because when we use the original values, we encounter computational difficulty in solving the
model.
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4.2 Calibration

Imperfectly competitive models include parameters and variables which do not appear in the
perfectly competitive model such as fixed cost, the number of firms, markup rates, and elasticity
of substitution of varieties. In addition to these parameters and variables, model QCV includes
conjectural variation parameters. Among these parameters, elasticity parameters are determined
exogenously.'* To conduct the simulation, it is necessary to determine values of other parameters
and variables by some approach. Since results of the simulation are likely to be influenced by the
approach for determining parameters and variables, it is desirable to choose the proper approach.
However, there exists no standard method for it and different researches use different methods
under the present situation.!®> Here we choose the approach we think the most appropriate for
comparing various imperfect competition models in a unified framework. In the following, taking
model CD as an example, we explain the approach for calibration.

4.2.1 Calibration method for model CD, CH, CFE, BD, IC, and IB

Substituting (35) and (36) (FOCs for profit maximization) into zero profit condition (41), we get

(1-1%) [pﬁqsu%zpsﬁsqﬁsysﬁs] . -
S

On the other hand, markup rates in model CD are

1 1 1 11 1 1 1
~X AM | cM —
Virsaszf{@A—Uer[UiA—MﬂL(gA—ﬂ;)sis ]Sirs}nir s=1---,8 (77)

i is i

These equations must be satisfied at the benchmark equilibrium. The benchmark values of
Y

piEr), pfr(s, ti., c};, S;?D, SﬁM, and Sf\é are determined by the benchmark data and, as explained in
the previous section, the values of elasticity parameters are determined exogenously. Thus, (75)-
(77) include 3 + S unknown parameters and variables (i.e., n;, fc;;, ;411-2 , and ﬁi}fs). Since (75)-(77)
include 2 4- S equations, if we determine the value of one parameter or variable, we can determine
2 + S parameters and variables by solving the system of (75)—(77).

Here, we assume that the benchmark number of firms is determined exogenously. Thus, we
can calibrate the fixed cost and markup rates (fc;;, yg , and ﬁl-)fs) by solving (75)—~(77).1° For the

benchmark number of firms, we assume 20 for all IRTS sectors in all regions.

4.2.2 Other imperfectly competitive models

In this section, we explain calibration used for other imperfectly competitive models. First, model
CF use the same approach as model CD. Model CH, BD, IC, IB also use the same approach as
model CD except that markup rate formula is changed.

Model LGMC

In model LGMC, markup rates are independent of the number of firms and depend only on elas-
ticities of substitution (see (43)) and therefore we cannot apply the approach of model CD to model
LGMC. Thus, we use the following approach.

14Some studies employ the approach where elasticity parameters are calibrated given other parameters and variables
(e.g. Smith and Venables 1988). In this approach, elasticity parameters can take quite different values according to models.
This feature is undesirable when we compare different models. Thus, this paper does not employ such an approach.

15For example, Smith and Venables (1988), Harrison et al. (1996), Francois and Roland-Holst (1997), Grether and Miiller
(2000), Bchir et al. (2002), and Santis (2002b) adopt different methods for determining parameters and variables.

16Strictly speaking, we also use (39) and (40).
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Step 1: First, we calibrate markup rates (43) from elasticities of substitution.
Step 2: Second, we determine the number of firms exogenously.

Step 3: Using markup rates and the number of firms determined above, we calibrate fixed cost so
that zero profit condition is satisfied.

The number of firms determined exogenously in Step 2 does not affect results of the simulation
(rates of change in variables against shocks).!” Thus, we normalize the benchmark number of firms
as unity.

Model QCV
(75) holds in model QCV. However, markup rates for model QCV are changed to
SN N I S N e T [ O O SR U 0 A
S S KA M ed oA iy
o LU 1O =g 1 S (e — S )y
A I oA o
11 ]SS (S .
T SA : (79)
e o iy

Since conjectural variation parameters ¢ and ¢X_ are added, we cannot apply the approach of
model CD to this case. Thus, we adopt the approach of Harrison et al. (1996).

1. First, fixed cost is calibrated, given exogenous CDR (cost disadvantage ratio).'8

2. Second, the number of firms #;, is determined exogenously.

3. Third, we calibrate uP, ¥, ¢2, ¢X by solving an optimization problem with constraints
(75), (78)—(79).

In Step 1, fixed cost is calibrated from CDR in the following way. The cost function is given by
(1). So, CDR is represented as follows:
AC-MC FC

AC  TC
Since the benchmark value of total cost TC is given by the benchmark data, if we determine the
value of CDR, we can determine the value of fixed cost from (80). For the benchmark value of
CDR we assume 0.15 (15%) for all IRTS sectors in all regions.

In step 2, we assume that the number of firms is 20 for all IRTS sectors in all regions. As the
objective function in step 3, we assume the following function.

CDR = (80)

Loss; = Z Girtr Xisr (¢isr - ¢ir’r)2 (81)
s, 1!
where
b = { o s=r
isr — X
1sr (Pl‘sr s 7£ r
Xisr = { P%DADV !
ﬁierisr s 7é r

Oisr = Xisr/ inr’r
r/

Ciop = 1 if 0, = arg maxy {0;s, }
ist 0 Otherwise.

170f course, the absolute value of variables depend on choice of the number of firms. However, in the simulation, we
only see rates of change in variables.
18CDR is defined as CDR = (AC — MC)/AC.
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Cirs is a variable which takes unity if supply from region r has the largest share in total supply to
regions s and takes zero otherwise.l® In the calibration, we determine “LLE , yi)fs, and ¢, so that the
loss function (81) is minimized.

4.2.3 Alternative calibration method

In the sensitivity analysis of the main paper, we try the alternative calibration method for model
CD, CH, CF, BD, IC, and IB. The approach in Section 4.2.1 calibrates fixed cost taking the number
of firms as given. On the other hand, the alternative approach calibrates the number of firms ,
taking fixed cost (CDR) as given.

4.3 Elasticity of demand for Armington goods

In models except for model LGMC, elasticity of demand for Armington goods (¢£}) are included
in markup formula. Using notations defined so far, ¢! is represented as

C;
A ir
& It 82
ir Alr ( )
We can prove (82) as follows. First, sﬁ is defined as

A aAlr Pzr

&y = apA Azr

Demand for Armington goods are the sum of final demand C2 and intermediate demand I7.
Thus, sﬁ becomes

A
Pir

A och arIp
r
oy o

Since intermediate demand are derived from Leontief production technology, 912 /9p2 = 0
holds. Thus, we have

A 8CD plr _ acD plr
" ap”, ap Cir Azr

(83)

On the other hand, final demand are derived from Cobb-Douglas utility function. Thus, un-
compensated demand is given by

05 H,
CP=_—_—Ir
(1+5)pd
This leads to
oC
o Z r—q (84)

From (83) and (84), we can confirm that (82) holds. (82) shows that eﬁ is the variable which
takes values from 0 to 1.

Itis desirable to incorporate (82) into the simulation. However, there is one problem for it. That
is, if we determine s . by (82), sA for sectors which has no final demand becomes zero. Smce sA
enters into markup formula as the denominator, markup formula cannot be defined if £ is zero.
Moreover, even if £ is not zero, small values of e make the model quite unstable. To avoid this
problem, we assume s = 0.5 for Vi in the 51mulat10n

91n total supply to region r, own supply usually has the largest share. Thus, we usually have &,, = 1and &, = 0 (s # ).
However, §;;, = 0 sometimes holds. For example, since the domestic supply of MIN is quite small in Japan, we have

SMINJPNJPN = 0-
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5 Model for the simulation

I have already explained model structure in Section 2. However, in programs for the simulation,

the m

odel is described by different notations. Here, I present the model in accordance with simu-

lation programs.

1. Inthe program, all functions are basically written in calibrated share form (Rutherford, 1998).
Thus, we describe the model by calibrated share form below.
2. A variable given in parentheses on the right end indicates the variable determined by the
equation or the slack variable in the case that the equation is represented by the inequality.
For example, suppose that the equation is represented as follows:
flxy,2) 20 {z}
Strictly speaking, this equation means the following conditions:
f(x,y,z) >0 f(x,y,2)z=0 z>0
This means that if z > 0, we must have f(x,y,z) = 0, and if f(x,y,z) > 0, we must have
z=0.
3. Variables with hat indicate value at the benchmark equilibrium.
4. In the GAMS program, values of endogenous variables at the benchmark equilibrium are
normalized to unity (except for some variables). For example, Y, (output of CRTS sector
i) is expressed as Y;, = Y;,y;, where Y}, is the benchmark value of Y;, and we treat y;, as a
variable. y (i,r) in the program denote this normalized variable y;,. The same normalization
is applied to other endogenous variables.
5.1 Notations
First, let us define necessary notations. The last column shows variable name used in GAMS
program.
Activity level
Notation Description Program
Y; Output of CRTS sector (i € C) y(i,r)
Yt IRTS sector supply to transport sector (i € K) y_xt(i,r)
ir Armington activity of goods i a(i,r)
AD;, Aggregation of domestic varieties (i € K) ad(i,r)
AM;, Aggregation of imports from different region am(i,r)
Misy Aggregation of import varieties (i € K) m(i,s,r)
u, Utility u(r)
YT International transport service yt
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Variables related to IRTS sectors

Notation Description Program

TTiy Profit of a firm in IRTS sector (i € K) proft(i,r)

qP Domestic supply of a firm in IRTS sector (i € K) q-d(i,r)

ql%s Export supply to region s of a firm in IRTS sector in regionr (i € q_x(i,r,s)
K)

ub Markup rate for domestic supply (i € K) mu_d(i,r)

i Markup rate for export supply (i € K) mu_x(i,r,s)

i Markup rate for export supply (adjusted by transport cost) (i € mu_xx(i,r,s)
K)

Birs (i €K beta(i,r,s)

1y The number of firms in IRTS sector (i € K) n(i,r)

qk Total output of a firm in IRTS sector (i € K) q_t(i,r)

git Total output + fixed input of a firm in IRTS sector (i € K) q-tt(i,r)

SAP Share of domestic supply in Armington aggregation (i € K) s_ad(i,r)

S%M Share of import supply in Armington aggregation (i € K) s_am(i,r)

Siey Share of import from region s in total import of regionr (i € K)  s_m(i,s,r)

AC;, Average cost (i € K) ac(i,r)

Unit cost and price index

Notation Description Program

c}: Unit cost of sector i c_y(i,r)

Cf‘j Unit cost of Armington aggregation c_a(i,r)

cﬁD Unit cost of aggregation of domestic varieties c_ad(i,r)

ct Unit cost of utility c_u(r)

clAM Unit cost of import aggregation c_am(i,r)

cég Unit cost of aggregation of import varieties c_m(i,s,r)

c Unit cost of international transport service c_t

poF Price index of the primary factor composite p_pf(i,r)

pﬁ\w Price index of investment p_inv(r)

pr Price of output of CRTS sector p_y(i,r)

pﬁ Price of a domestic variety (i € K) p_d(i,r)

pl%s Price of an export variety (i € K) p_x(i,r,s)

P CIF price of an export variety p_x_(i,r,s)

piD Price index of aggregated domestic variety (i € K) p_ad(i,r)

p%M Price index of aggregated import p_am(i,r)

p i CIF price of import from region s p_m(i,s,r)

p Price of international transport service p-_t

pa Price of Armington goods p_a(i,r)

Pk, Price of primary factor f p_f(f,r)

Py Price index of utility p_u(r)
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Demand functions

Notation Description Program
”}:ir Unit demand for primary factor f in sector i a_f(f,i,r)
al-c Unit final demand for goods i a_c(i,r)
aéD Unit demand for domestic goods in Armington aggregation a_ad(i,r)
M . . . . . .
a% Um’F demand .for aggregatec.i import in Armmgton aggregation a_am(i,r)
a s, Region ’s unit demand for import from region s a_m(i,s,r)
a{\r/[ Unit demand for a domestic variety a_dd(i,r)
aier Region ’s unit demand for a variety from region s a_mm(i,s,r)
aj, Unit demand for input of transport sector a_t(i,r)
Share parameters
Share parameters are constant at the benchmark level.
Notation Description Program
GZC Share of goods i in final demand sh_c(i,r)
9}2 Share of primary factor f in production sh_f(f,i,r)
oL Share of intermediate goods j in production sh_i(j,i,r)
Géer Share of the primary factor composite in production sh_pf(i,r)
o::D Share of domestic goods in Armington aggregation sh_ad(i,r)
G%M Share of %mport goods in'Arm%ngton a.ggregation . sh_am(i,r)
02 Share of import from region s in total import of region r sh_m(i,s,r)
95 Share of each input in transport sector sh_t(i,r)
o;MP Share of value of import in total value of import including trans- sh_imp(i,r,s)

port cost

Elasticity of substitution (EOS)

Notation Description Program

A EOS between domestic and import goods in Armington aggrega- sig_a(i,r)
tion

U’f EOS among imports from different region sig_m(i,r)

orF EOS among primary factors sig_pf(i,r)

oP EOS among domestic varieties sig_dd(i,r)

of EOS among import varieties sig_ff(i,r)

Tax rates

Notation Description Program

t% Production tax rate for goods i rto(i,r)

t]I-l-r Tax rate for intermediate input j in sector rti(j,i,r)

t}lfl.r Tax rate for primary factor f in production ttf(f,1,1)

£ Subsidy rate for export rtxs(i,r,s)

tf.vé Tariff rate rtms(i,r,s)

t Tax rate for final demand rtc(i,r)
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Variables for integrated market models

Notation Description Program
Uiy Overall markup rate (i € K) mu(i,r)
pSOM Price in the integrated market model (i € K) p_com(i,r)
55 Share of domestic supply in total supply (i € K) delta_d(i,r)

Share of export supply in total supply (i € K)

delta_x(i,r,s)

Parameters for model QCV

Notation Description Program
¢D Conjectural variation parameter for domestic supply (i € phiO(i,r,r)
K) (exogenous)
PX Conjectural variation parameter for supply toregions (i € phi0(i,r,s)
K) (exogenous)
Variables for model IC
Notation Description Program
gL Change in own total supply (i € K) h_qtv(i,r)
4o Change in own domestic supply (i € K) h_qdv(i,r)
gx Change in own export supply (i € K) h_gxv(i,r,s)
pr Conjectured change in rival firm’s price (i € K) h_p(r,i,t)
175 o Conjectured change in rival firm’s domestic supply (i € K) h_qd(r,i,t)
:?;is’]; ) Coniectured change %n rngl firm’s export supply (i € K) h_gx(r,i f t,s)
i Conjectured change in p;;- (i € K) h_pad(r,i,s)
pir Conjectured change in p}! (i € K) h_pmu(i,r)
f)fﬁw’r Conjectured change in p2M (i € K) h_pam(r,i,s)
ﬁ‘g'r Conjectured change in p# (i € K) h_pa(r,i,s)
ﬁsérs Change in own export price (i € K)
ﬁigfgr Conjectured change in pX, (i € K)

Other variables and parameters

Notation Description Program

H, Income of the representative household inc_ra(r)

ﬁ]I.ir Input coefficient for intermediate goods j in sector i v_fm(j,i,r)

Fy, Endowment of primary factor f (exogenous) evom(f,r)

INV, Investment (exogenous) inv(r)

BOP, Capital inflow (exogenous) vb(r)

Tirs The amount of transport service required to ship one unit of tau(i,r,s)
goods i from region r to region s (exogenous)

fci, Fixed input in IRTS sector (i € K) (exogenous) fco(i,r)

el Demand elasticity of Armington goods (exogenous) eod(i,r)

5.2 Imperfectly competitive model (model CD)

In this section, equilibrium conditions related to IRTS sectors are presented. First, we explain
conditions for model CD. As to other imperfectly competitive models, we present explanation in

the last place.
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5.2.1 Profit maximization

Profit of a firm in IRTS sector i in region r:  Profit of a firm in IRTS sector i in region r is defined
as follows:

= =) B2+ Dol -l (e
where
qh =45 + ;qfis {a:}
0" = qh + feir {7

FOC:s for profit maximization: FOCs for profit maximization is given by

C > (1_tY)Pzr |:1_Vli’:| {qg}iEK
C}; > (1 - t};)pl?gs [1 - Vz)gs} {qz?is}ieK

Since all markets are segmented, conditions for profit maximization are distinguished according
to destination. The LHS represents marginal revenue and the RHS represents marginal cost.

Zero profit condition: Model CD assumes free entry—exit. Thus, the number of firms (varieties)
is determined so that zero profit condition is satisfied.

0> 7 {nir biex
Average cost:
Y TT
c
AC;, = # {ACir}

ir
5.2.2 Markup rates

Markup rates Markup rates are represented as follows:

1 1 1 1 1 1
D AD D
D_ _— L il D1 .
Hir U_iD + {O’ZA O'D + lf;‘, O’Z-A‘| ir } i {‘uzr }ZGK

1 1 1 1 1 1 1 1
X AM| oM “X .
g g e () sl e
Whs = fins/ Birs {piss ek

1—tX)p¥

,Birs = ( lrS)plrs {ﬁirs}ieK

T
(1 zrs)pzrs + P Tirs
As FOCs for profit maximization, markup rates are distinguished according to destination.

Share variables: Share variables in markup rates are defined as follows:

GAD _ Pz/’?DADir

AD _ sA

ir pléAir { }leK
SAM — L?MAM” {SaM}iex

= i
" PiAir
=M
M PirsMi M
Sirs = P,‘ASI](/SIA;[SB {Sirs}ieK



5.3 Unit cost and price index

In this section, unit cost and price index are defined.

Price index of the primary factor composite: Price index of the primary factor composite in
sector i is given by

1
1—0FFq 12,PF
(1+t§ir)p§r] "7 1]

s {ri}
(1+thr)p'l;r "

pl}’ _ﬁEF ;9}:1'7

Unit cost of production: Unit cost of sector i is given by

Lt ypa PF
ir ir ir 1 \=A ir _PE ir
j ! (1 + tjir>pjr Pir

Since production technology is Leontief type, unit cost is the linear combination of prices of inter-
mediate inputs and the primary factor composite.

Unit cost of Armington aggregation: Unit cost of Armington aggregation is

1
_ A oA A
p\ pAMY ! 1-of
A _ ZA AD ir AM [ Fir AN,
¢y =Ciy |9 | =y +0, | —Av {cir tiec
pir pzr
r 1—cA oA #A
A _ A | pAD pi° l AM [ Pi oM i A
ir ir .
Cir = Cir Gir —_AD + 9ir _AM {Cir}IEK
pir pir

Unit cost of Armington aggregation differs across CRTS goods and IRTS goods.

Unit cost of aggregation of domestic varieties: In IRTS goods, different varieties are aggregated
through CES function. Thus, unit cost of aggregation of domestic varieties is given by

D

cAD _ AD | Mir | 1= 1-eP Pjy {cADY,

Cir = Ciy - D Cir JieK
Riy Pir

Unit cost of utility: Since utility function is Cobb-Douglas type, unit cost of utility (unit expen-
diture function) is given by

”H {cr'}

9C
1+tc)p
1+tc)p

Unit cost of import aggregation: Imports from different regions are aggregated into the import
composite through a CES function. Thus, unit cost of import aggregation is given by

1
1—oM7 1= M
M i a;
AM C—AM <1 + zsr>pzsr‘| l AM
Cir zsr M Cir
s (1 + tzsr)pzsr

40



Unit cost of aggregation of import variety: Import varieties are aggregated through CES func-
tion. ¢ represents unit cost of aggregation of varieties imported from region r to region s.

1

—F 5X
M _ M | Mir | 1] Pirs (M1,
irs = “irs | . =X irs JicK
Ay P
irs

CIF price of import goods: CIF price of import goods is the price which includes export tax and
transport cost.

X X T
x _ =x | v (1= Es)p; MPy P Tirs X
Pirs = Pirs |ﬁirs (1 — {%Z)ﬁ%z + (1 - Girs )ﬁ {Pirs}iGK
X Y T
x _ =x | ove (L= )Py IMPy P Tirs e
S =po. |0; = +(1—-06; = A
Pirs Pirs [ irs (1 — tl)gs)ﬁl); ( irs )ﬁTTirs {Plrs}lEC

Unit cost of international transport sector: International transport service is created through
Cobb-Douglas function. Thus, its unit cost is given by

!l = "TH [%] " {CT}

ir LPir
Price of investment goods: Price of investment goods (p/NV) is equal to the price of goods cgd.
INV _ Y INV
pr = pcgd,r {pr
5.3.1 Unit compensated demand
Demand for primary factor:
PF
PF / =PF 7
F F Pir / Piy (af.}
fir

A = Ay —
fr = [, /10 T, )7
Final demand :

LI/—LI
€ = 7€ Cr /G {aS
TR [+ B P "

Demand for domestic goods from Armington aggregation:

A =AY
gAD _ 7AD | Cir /¢y {ahP},
ir ir y/ Y ir JieC
Pir/ Piy
A /=A i
gAD _ 7AD | _Cir /Ciy {ahPY,
ir ir AD/ —AD ir JieK
Pir =/ Pir

Demand for import composite from Armington aggregation:

r i

A
cAsed 17
aAM — ﬁAM ir’ “ir {aAM
AM / =AM r
pir pir
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Demand for import:

M
=M AM AMS cAM 7
aM — Lirs Cis Lirs /¢ ] {aM}
irs AMS M M irs
ZVS (1 + tzrs)plrs/[(l + tlTS)pH'S]
Demand for the domestic variety:
oD
PP _ DD | Mir (107 DD
Ajp~ =y [ﬁlr:| {air
i
Demand for the import variety:
o
MM _ MM 1o} MM
Airs = jps [—:| {airs
nzr
Demand for input of transport sector:
T_al /et T
aj, = / {air
pl}’ pl}’
5.3.2 Zero profit condition
Production activity:
(1 - ty)pzr {Yl’r}iEC
Unit cost of production of inputs to transport sector:
Y Yy, Y XT
Cir = (1 - tir)pir {Yir }iEK
Armington aggregation:
A A
Cir 2 Pir {Air}
Aggregation of domestic varieties:
b > PﬁD {ADj, }ick
Aggregation of imports from different regions:
M > PﬁM {AM;, }
Aggregation of import varieties:
zrs = pzrs {Mirs}iEK
Mirs = airsAMirs {Mirs}iGC
Utility:
o zpt  {U}
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International transport sector:

" >ph {yT}

5.3.3 Market clearing conditions

Below, we present market clearing conditions. Basically, the LHS represents supply and the RHS
represents demand.

Market of output of CRTS sector : Supply is Yj, and demand is the sum of domestic demand,
export demand, and demand from transport sector.

Vi > apP A, + Y all AMys + al YT {p}}iec,izegd
S

Supply of IRTS sectors to international transport sector:
Ve > ap YT {pitiex
Market of investment goods:
Yir 2 INV; {Pir}imcga
Market of domestic variety (i € K): Supply of a variety is g7 and demand for it is a)P AD;,.
g > ap°ADy  {pi}
Market of export variety (i € K): Supply of a variety is g, and demand for it is a?fsMM,',s.
Givs = aye'Mis— {pls}
Market for inputs to transport sector (i € K):
vt zapyt o {py}

Market of domestic goods: Market of aggregated domestic variety. Supply is AD;, and demand
foritis afr‘DAir.

AD, > apPAy  {pp"}
Market of import composite: Supply of import composite is AM;, and demand is ahyMA;,.
AM;, > aﬁMAir {pﬁM}

Market of import goods: Supply is M;,; and demand is a%AMis. In the case of CRTS goods
(i € C), the next relation defines CIF price of import goods.

M M
Miys 2 airsAMiS {pirs}iGK
M _ =X M
Pirs = Pirs {pirs}iGC
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Market of transport service: Supply is YT and demand is the sum of demand from transport of

CRTS goods (Tlsrﬂ, <+AM;;) and demand from transport of IRTS goods (Tlsrnlsa}\erMiW).
'd > 2 TzsralsrAMzr + Z Esrnzsag‘MMisr {PT}
ieCs,r i€Ks,r

Market of Armington goods: Supply is A;, and demand consists of intermediate demand and
final demand.

T (vXT o
Ajyp = Z ajj, iy + 2 al-], Y + n]rq], N +aSu, {p?}
jeC jeK

Market of primary factors:

E_jf > Z ﬂ?‘inr + Z “JEir<Yi>r<T + nir‘i}?) {plfrr}
ieC iekK

Utility: This is the condition that income is equal to expenditure.

HerruU, {P }

5.3.4 Income of the representative household

Income: Income spent on consumption is the sum of factor income, tax revenue, profit, and net
capital inflow minus investment expenditure.

Hy = ; pfrEjF‘r

Y X
Z tzrptrer + Z tzrpzryer Z t nl?’ [pngr + szrsqzrs‘|
ieC ieK ieK

XT TT
+ Z Z t]zrp]r ]11’Y17’ + Z t]zrp]r ]zr Yl + Nir iy )]
j LieC

+ Z 2 tfzrpfraferlV + Z tfzrpfrafzr(YXT + nir‘?}?)]
icC ieK

X
- Z zrsptr 1rsAM1$ Z tirspirsnirqirs

ieC,seR i€eK,seR
M X X T X
+ 2 zsrpzsr 1srAMlV + Z tzsr[(l - tzsr)pisr + TisrP }nisqisr
ieC,seR ieK,seR
+ thrpzr Ay U, + Z Tt + Pz BOPT plNVINVr
iekK

5.4 Other imperfectly competitive models

So far, we assume model CD as the imperfectly competitive model. In this section, we explain how
equilibrium conditions are modified under different models.

54.1 Model CH

First, we consider model CH. In model CH, it is assumed that varieties in an industry are homo-
geneous Since aggregation of varieties is not included in model CH, variables ¢4, ¢M, PP, and

w7 Czrs’ Gir s
aMM do not disappear in model CH.
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Markup rates: Markup rates are modified as follows:

1 1 1 1
R ] Dy
[UiA (eﬁ U.A> ir 1 s {Hir biek

1

1 1 1 1 1 1
~X AM M ~X .
Firs = {‘TzM + |f71A T oM + <€A - m“) Sis ] Sirs} P {flirs Yiek

1 1 s 1

D
Hir

Demand for domestic goods:

ADir = aﬁDAir {ADir}ieK
Demand for import goods:
Mirs = Q%AMZ'S {Mirs}iEK

Domestic variety: Total domestic supply is sum of supply of each variety.

niri; > ADjy {pi7 biex
Price of export goods:
pis=Pis  {pisdiex
Price of domestic goods:
p”=pi  {pitiex

Export variety: Total export supply is sum of supply of each variety.
nirqz?fs > Miys {p%}ZEK

5.4.2 Model CF

Model CF assumes that the number of firms (n;,) is exogenously constant.
The number of firms: The number of firms (7) is constant at the benchmark value.
Niy = My {ni}iex

5.4.3 Model LGMC

Model LGMC is the large group monopolistic competition model.

Markup rates: Since each firm conjectures #;, — co, markup rates are modified as follows:

pp =1/aP {u)Yick
ﬁl?gs = 1/0-1'1: {ﬁl?ﬁs}l'EK

5.4.4 Model QCV

Model QC assumes non-zero conjectural variation. Thus, form of markup rates are modified.
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Markup rates:

W= Ly 11| T (e 1)4>,’3+ 11| SAP+ (i — SEP)gP WPk
! i L O'iA UiD Mir 81'[:* U.Ié Mir ©
IjX — i + i — i 1 i (nir 1>¢§5 =+ i — L S% + (ni” lrs)(str
A P e
_gg UiA 1 Hirs sieK
5.4.5 Model BD
Model BD assumes Bertrand competition.
Markup rate:
1
D_ D D A_ D A
Vs =ep =07 +[of =07 + (& _O-IA)S;%D]; {ﬂg}iek
ir
- A -
1/y§s = UiF + {(TZM - UiF + [Ji - UiM + (8 )SAM}Szrs ni {nui)fs}iGK

i

5.4.6 Model IC

Model IC assumes Cournot competition and integrated market.

FOC for profit maximization:

> (1= ) p?™M (= i) {9 Hiex
Overall markup rate:

Hir = ~Poir/ Goir {pir biex

Change in own quantity of firm v in region r: Superscript r indicates that changes in variables
are conjectured by a firm in region r.

AT D ~D X X ~T

oir = 1r Toir + Zézrsqwrs {qvir}iGK

~D D 4 D ~AD, A ~A, ~D

Yoir = — 0y pvir + (‘T )Plr "+ (0 - Ezr)pzr ' {qvir}iGK

A X F X F ~M, M ~AM, A ~A, ~X

Yovirs = —Us Poirs + (‘7 — 0Os )P,rsr ( )pzs r ((T - Ezs)pzs ’ {qmrs}iGK

Changes in quantity of rival firms implied by Cournot conjecture: t = r means the domestic
rival firm and ¢ # r means the foreign rival firm.

D ~D, X, N
lt qzt ' + Z(Sl)t(sqztsr =0 {Pz(t}iEK
s

~D, D A D ~AD, A AA, D,

Gi" = =P Pl + (0P — o )py"" + (of —ei)piy” {4 Yiex

~ X, F »X, F ~M, M ~AM, A AN AA, ~X,

qztsr = U pztsr (U — 0 )pztsr ( s )pls T+ (US - 8is)Pis ' {qitsr}iEK
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Conjectured changes in prices:

1. .
7[Pvis + (nis - 1>pzrs] s=r
~ADyr Nis
pis -
A ~AD,
Pis s#ET {Pis "Viek
1 A X ~X,
f[pvits + (nif - 1)pit5r] t=r
~Myr Ny
pits -
. X, M,
pitsr t£r {Pitsr}ieK
sAM,r M sM, ~AM,
Pis = Z‘Sitspitsr {pis r}iEK
t
~Ar _ sAD sAD, AM 5AM, LA,
pisr = i Pis "+ 0 Pis ’ {Pisr}ieK
AX . X
Poirs = IBirspvir {pvirs}iEK
~Xr a ~X,
Pitsr = BitsPis {Pitsr}ieK
Normalization:
ﬁvir =1 {Tavir}ieK
Markets for outputs:
T DD MM COM
qir = a5 ADjr + Zairs Miys {ri " Yiek
S
Price of outputs:
D COM D
Pir = Pir {pir biek
X COM X
Pirs = Pir {Pirs Hiek
Supply for each market:
D DD D
Jir = iy AD;, {qir }iEK
X MM X
Tirs = Ajps Mirs {Qirs}ieK

5.4.7 Model IB

Model IB assumes Bertrand competition and integrated market.

FOC for profit maximization: Each firm determines total output so as to maximize profit.

e > (= t)p™0—p) {4 biex
Overall markup rate:
1/ iy = ;555/1455 +07 /i {pir tiex
where 62 and 6, are supply shares defined as follows
O = irs/ 0y {Oirstiex
0 =ai/ai {8 biex
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Markup rates for each market:

1

D_D_ D, 1A D, (A _  A\cAD
Vwiy =¢p =07 +[0f" =07 + (e, —0{)Sjy ]n-
14

{FE}iEK

- 1
Vs =0of +{o" —of + [0/ =" + (efs — o)) S2MISTE} —
ir

Markets for outputs:

qh > alPAD; + Y ay™M M, {Ps™Mbiek
S
Price of outputs:
CO
piy = ;o™ {P} }iek
CO
pz?;gs = Pir M {pi);gs}iGK
Supply for each market:
95 = a;"AD;, {45 Yiek
X MM X
Qirs = Birs Mirs {Qirs}iEK

48

{ﬁi)r(s}ieK



References

[1]

(2]

3]

[4]

[5]

[6]

[7]

(8]

[9]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

Armington, Paul S. (1969) ‘A Theory of Demand for Products Distinguished by Place of
Production.” IMF Staff Papers 16.

Bchir, Mohamed Hedi, Yvan Decreux, Jean-Louis Guérin and Sébastien Jean (2002) ‘MI-
RAGE, A Computable General Equilibrium Model for Trade Policy Analysis,” December.
CEPII working paper, No 2002-17.

Brown, Drusilla K., Alan V. Deardorff and Robert M. Stern (2002) ‘CGE Modeling and Anal-
ysis of Multilateral and Regional Negotiating Options,” in Robert M. Stern (ed.) Issues and
Options for U.S.-Japan Trade Policies, Ann Arbor: The University of Michigan Press, Chap. 2,
pp- 23-65.

Brown, Drusilla K., Kozo Kiyota and Robert M. Stern (2006) ‘Computational Analysis of
the Menu of U.S.-Japan Trade Policies,” The World Economy, Vol. 29, No. 6, pp. 805-855.

Burniaux, Jean Marc and Jean Waelbroeck (1992) ‘Preliminary Results of Two Experimental
Models of General Equilibrium with Imperfect Competition,” Journal of Policy Modeling, Vol.
14, No. 1, pp. 65-92.

Eaton, Jonathan and Gene M. Grossman (1986) ‘Optimal Trade and Industrial Policy under
Oligopoly,” Quarterly Journal of Economics, Vol. 101, pp. 383-406.

Francois, Joseph F. and David W. Roland-Holst (1997) ‘Scale Economies and Imperfect
Competition,” in Joseph F. Francois and Kenneth A. Reinert (eds.) Applied Methods for Trade
Policy Analysis: A Handbook, New York: Cambridge University Press, Chap. 11, pp. 331-363.

Francois, Joseph E, Bradley McDonald and Hdakan Nordstrom (1996) ‘Assessing the
Uruguay Round,” in Will Martin and Alan L. Winters (eds.) The Uruguay Round and the
Developing Economies, New York: Cambridge University Press, Chap. 6, pp. 117-21.

Francois, Joseph E.,, Hans van Meijl and Frank Van Tongeren (2005) “Trade liberalization in
the Doha Development Round,” Economic Policy, Vol. 20, No. 42, pp. 349-391, April.

Grether, Jean-Marie and Tobias Miiller (2000) “Decomposing the Economic Costs and Ben-
efits of Accession to the EU: the Swiss Case.” Départment d’économétrie, Université de
Geneve, working paper, No. 2000.02.

Harrison, Glenn W., Thomas E. Rutherford and David G. Tarr (1996) ‘Quantifying the
Uruguay Round,” in Will Martin and Alan L. Winters (eds.) The Uruguay Round and the
Developing Economies, New York: Cambridge University Press, Chap. 7, pp. 215-284.

(1997) ‘Quantifying the Uruguay Round,” Economic Journal, Vol. 107, pp. 1405-1430,
September.

Hertel, Thomas W. (ed.) (1997) Global Trade Analysis: Modeling and Applications, New York:
Cambridge University Press.

Horstmann, Ignatius J. and James R. Markusen (1986) ‘Up the Average Cost Curve: In-
efficient Entry and the New Protectionism,” Journal of International Economics, Vol. 20, pp.
225-247.

Krugman, Paul R. (1980) ‘Scale Economies, Product Differentiation and the Pattern of
Trade,” American Economic Review, Vol. 70, pp. 950-959, December.

Markusen, James R. and Anthony J. Venables (1988) “Trade Policy with Increasing Returns
and Imperfect Competition: Contradictory Results from Competing Assumptions,” Journal
of International Economics, Vol. 24, pp. 299-316, May.

49



(17]

(18]

[19]

[20]

(21]

[22]

de Melo, Jaime and David Tarr (1992) A General Equilibrium Analysis of US Foreign Trade
Policy, Cambridge, MA: MIT Press.

Rutherford, Thomas F. (1998) ‘CES Preferences and Technology: A Practical Introduction.’
in “Economic Equilibrium Modeling with GAMS: An Introduction to GAMS/MCP and
GAMS/MPSGE (GAMS/MPSGE Solver Manual)”, pp. 89-115,

(available at: http://www.gams.com/docs/solver/mpsge.pdf).

de Santis, Roberto A. (2002a) ‘A Computable General Equilibrium Model for Open
Economies with Imperfect Competition and Product Differentiation,” Journal of Economic
Integration, Vol. 17, No. 2, pp. 311-338.

(2002b) ‘A Conjectural Variation Computable General Equilibrium Model with
Free Entry,” in Amedeo Fossati and Wolfgang Wiegard (eds.) Policy Evaluation with Com-
putable General Equilibrium, London: Routledge, Chap. 6, pp. 105-121.

Smith, M. Alasdair M. and Anthony ]. Venables (1988) ‘Completing the Internal Market in
the European Community,” European Economic Review, Vol. 32, pp. 1501-1525.

Takeda, Shiro (2007) ‘Comparison of the Effects of Trade Liberalization under Different
Market Structures.’
Available at: http://park.zero.ad. jp/ "zbc08106/research/.

50



