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(Computable General Equilibrium Modeling)

GAMS.
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GDP 1=50 C=200 (1)
Y=C+1I: C+1 Y

M =120 (Open Market) (2)
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(Trade-off)
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(Optimisation)

(CGE) ( )

.Léon Walras

.Gérard Debreu and Kenneth Arrow

CGE
CGE
.(1960)
CGE
Shoven and ) (Dervis et al. 1982)
ORANI .(Whalley 1992

.(Dixon et al. 1992)
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CGE

(Scarf ,1973) CGE

CGE

(WTO) (GATT)

(Input-Output)

"(GTAP)

CGE -2-1

CGE

(Price  Mechanism)

1
https://www.gtap.agecon.purdue.edu/
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(simultaneous equations)
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CGE
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CGE
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(DCGE) CGE
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CGE Walrasian
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CGE

GEMPACK, AIMMS, EXCEL, MATLAB, GAMS :

GAMS IDE

CGE

. GAMS Development Corporation

2.

CGE

CGE GAMS
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(1. GAMS

2 https://www.gams.com/download/
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(Household behaviour)
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(Firm behaviour)
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Lagrange
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Eurostat
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RAS

(1991-1919)

1968
RAS —
20 50 120 190
100 10 80 190
150 100 20 270
270 160 220 650
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(Iterative  method)
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RAS

20

20%210 _ x
190

22.1=

R (EXCEL)

“logmult " R

RAS*

ras(tab, row, col, tolerance = .Machine$double.eps)

4 https://www.rdocumentation.org/packages/logmult/versions/0.7.3/topics/ras
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R Convergence tolerance

0.000001

R "logmult"

ro=c(210,180,290)
: RAS
ras(ok, ro, cl, tolerance = .Machine$double.eps)
210
180
290
680 680
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300

RAS (
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200

680
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R

logmult

.(RStudio




R RGui (64-bit) — | *

Fichier Edition Voir Misc Packages Fenétres Aide

'R wversion 4.0.3 (2020-10-10) -- "Bunny-Wunnies Freak Cut™
Copyright (C) 2020 The R Foundation for Statistical Computing
Platform: x86 64-w64-mingw32/x64 (64-bit)

R est un logiciel libre livré sans AUCUNE GARANTIE.
| Vous pouvez le redistribuer sous certaines conditions.
Tapez 'license()' ou 'licence()' pour plus de détails.

R est un projet collaboratif avec de nombreux contributeurs.
Tapez 'contributors()' pour plus d'information et

'citation()' pour la fagon de le citer dans les publications.
Tapez 'demo()' pour des démonstrations, 'help()' pour 1l'aide
'en ligne ou ‘help.start()' pour obtenir l'aide au format HIML.
Tapez 'g()' pour quittcer R.

[Sauvegarde de la =esszion précédente restaurée]

Z>I

R (5)

> library(logmulrt)
> ok= matrix(data = ¢(20,50,120,100,10,80,150,100,20) ,byrow = T,nrow = 3,ncol = 3)
> ok
(,1] (.21 [,3]
[1,] 20 50 120
[2,] 100 10 80
[3,] 150 100 20
> ro=c(210,180,290)
> cl=c(300,180,200)
> ras(ok, ro, cl, tolerance = .MachineS$double.eps)
% 1] [.2] [.3]
[1,] 26.66861 63.60452 119.72687
[2,] 106.25798 10.13699 63.60503
[3,] 167.07341 106.25849 16.66810
>

RAS (6)
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Computation of the General Equilibrium
Model

CGE

CGE
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.GAMS

(Exogenous variables)

. FF,

Household Utility
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(Mmaximization Model
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(Cobb-Douglas)

S piXi = plFFy
h

FF,
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.GAMS
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2
Pras

FFcap
FFpag

()
8

GAMS

GAMS

(Sets)
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Model

Solution

GAMS
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2 GANS Studio
file Edit GAMS View Help
WEEETY 2

Welcome 1

)

Sl uU»

GAMS Studio (beta)

This is & preview version of GAMS Studio - a newly developed IDE for GAMS.

GAMS Studio is a platform-independent (Mac/Windaws/Linux) toal that will be useful immediately and is expected to replace the original GAMS IDE eventually. However, a transition period is needed in arder to offer
 fullyfeatured replacement, The original IDE has grown over many years and now offers a vast array of features; i takes time to implement these into a new product, An early release of Studio allows usersto
beneft from what's been completed and to provide feedback that ill improve the quality of Studio and help priortize future development,

new3.gms Create New File ‘ £ GAMS Release liotes
Uzl oo Crastes 2 new and empty ams i
Utiité.Jst Browse GAMS Libraries ‘ 1 GAMS World Forum ‘
CfUserglL difwork fite. The GANS fbrar i 2n exhaustive st of GANS ecampls ranging from simple tutoriaks to diffeut real ife

problems,
Witélog ‘ £4 Contact GAMS
il e

Transport Example

A simple GAMS examp to find & cost efficint sclution for a shipping problem featuring demand and supply.
exolilgms ‘
Gt gt

GAMS Studio Introduction Video
Claude-CGELgms ‘ Etemal Ink to youtube.com
CfUsers/L ‘ faude-OGELgms
GAMS Studio Documentation

El?}'de,"mﬂ'm o ‘ Opens ntzgrted hep showing the documeniztion of GANS Shud,
chartdat.gms B GAMS Tutorial
UsersLenovo{Document GAMSS.diojchatdet s Genera tforl about the GANS nguage,
exolilgdx ‘
Gt gt &
exolillst ‘
el fioJuor i
exol.gms ‘
el N -

o ol kil o o
.\;.\qdl»t:iigK.\\iSli,u

e

Help

ACOOOR-

Documentation  Mode! Libraries

GAMS Documentation Center

Preface

b Release Notes

P Installation and Licensing

b Tutorials and Examples

P GAMS Language and Environment

P Solver Manuals

b Tools Manuals

¥ Application Programming Interfaces
Glossary

Bibliography

Search  Index  Help

The GAMS Documentation Center provides you
with the technical information on getting started,
using and maintaining our GAMS (General
Algebraic Modeling System) products

+ Preface
+ Release Notes - 28.2.0 Minor release
(August 18, 2019)
+ User's Guide
o Installation and Licensing - Guides
on installing GAMS for various
plafforms and using a GAMS ficense
o Tutorials and Examples - Step-by-
step guides including & number of
examples
o GAMS Language and Environment
- Guide through companents of
GAMS Language and the
environment for executing a GAMS
model
+ Solver Manuals - Manuals of solvers
available in the distribution
+ Tools Manuals - Manuals of tools available
inthe distribution
+ Application Programming Interfaces -
Wanuals of Application Programming
Interfaces
+ Glossary - An alphabefical st of GAMS
ferms.
+ Bibliography

The GAMS Documentation is also avallable as

PU". e, et e corumenzion’s

GAMS

GAMS
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CGE

an GAMS Studio

File Edit GAMS View Help
DeB i P~ §F|
Welcome [ Utility-Consumer.gms £
1 Set

i 'goods' / BRD , MLK i
h 'factors' / CAP ‘'capital', LAB 'labor' /:

L B}

5 Parameter

6 alpha (i) 'share parameter in utility function' / BRD 0.2, MLK 0.8 /
1 px{i) 'price of the i-th good' / BRD 1 , MILK 2 /
8 pf(h) 'price of the h-th factor' / CAP 2 , LAB 1 o
9 FF (h) 'factor endowment' / CAP 10 , LAB 20 i)

11 Positive Variable X (i) 'consumption of the i-th good':

13Variable UU 'utility';

5 Equation

16 egX (i) '"household demand function'
17 obj 'utility function';

L;eqX(i).. X (i) =e= alpha(i)*sum(h, pf (h)*FF(h))/px(i):
2lobj.. UU =e= prod(i, X(i)**alpha(i)):;

23 * Setting Lower Bounds on Variables to Avoid Division by Zero
24¥X.lo(i) = 0.001;
26Model HHmax / all /;

2% solve HHmax maximizing UU using nlp;

GAMS CGE ( ) (8)
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Sets
GAMS
h i X,z
i={BRD,MLK} ;
h={CAP,LAB}
Set
i / BRD , MLRK /
h / cap , LAB /;
( Upper or Lower) GAMS
POSITIVE VARIABLES X1, X2, X3;
Positive Variablesz x1,
X2,
x3;
positive variables X1
X2, ¥3;
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.model

solve
MCP (
) NLP
maximizing
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« all »

) LP

(Mixed Complementarity Problems)

(

64



.minimizing

GAMS .

variable

free variable ( )

positive variable

Variable Type Allowed Range of Variable

free (default) —0 1o =00
positive 0to 400
negative —o0 tol
binary Dorl
integer “1 l,...,lm{dﬁfﬂult}
variable
10 negative
0 1: )
binary variable (

fatih.chellai@univ-setif.dz : s S 3 5



Integer variable

GAMS
(Inputs)
.gms
(Outputs)
st
GAMS
(GAMS )
as GAMS Studio
File Edit GAMS\WEW Help
DeR «m P~ G-
st
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File—

gms. st

GAMS

Open

GAMS 25.1.3 r4e34d435fbd Released Oct 30, 2018 WEX-WEI x86 64bit/MS5 Windows - 11/28/23 08:40:14 Page 1
General Algebraic Modeling System
Compilation
1 Set
2 1 'goods' / BRD . MLE /
3 h 'factors' / CRP ‘'capital', LEB 'labor' /;
4
5 Parameter
4] alpha (i) 'share parameter in utility function' / BRD 0.2, MLK 0.8 /
7 px (i) 'price of the i-th good' / BRD 1 , MLK 2 /
8 pf(h) 'price of the h-th factor' / cap 2, LBB 1 /
9 FF (h) 'factor endowment' / cap 10 , LEB 20 /;
10
11 Positive Variable X (i) 'consumption of the i-th good':
12
13 Variable UU 'utility':
14
15 Eguation
18 edgX (i) 'household demand function'
17 obij 'utility function':
18
19 eagx(i).. X (i) =e= alpha(i)*sum(h, pf(h)*FF(h))/px(i);
20
21 obj.. uu =e= prod(i, X(i)**alpha(i));
22
23 * Setting Lower Bounds on Variables to Avoid Division by Zero
24 ¥.lo(i) = 0.001;
25
26 Model HHmax / all /;
27
28 solve HHmax maximizing UU using nlp;
29

fatih.chellai@univ-setif.dz : s S 3

67



mw GAMS Studio
File Edit GAMS View Help
Der «n B FF

Welcome [ Utility-Consumer.gms (] Utilité. st E"
Compilation Post-triangular equations: 0 ~
Equation Listing SOLVE HHmax Using NLP From line 28

v Equation . X . .
eqX *%* Optimal solution. There are no superbasic variables.
obj
Column Listing ~ SOLVE HHmax Using NLP From line 28 CONOPT time Total 0002, SEenEdd
v Column of which: Function evaluations 0.000 = 0.0%
X 1st Derivative evaluations 0.000 = 0.0%
uu
Model Statistics  SOLVE HHmax Using NLP From line 28
i ine 28 --—- EQU egX household demand function
v SolEQU
eqX LOWER LEVEL UPPER MARGINAL
abj
" SUIVAIJK BRD E.ODUU, 8.0000 8.0000 0.3482
X MLK 16.0000 ’ 16.0000 16.0000 0.6964
u LOWER LEVEL UPPER MARGTNAL
--—- EQU obj . . . 1.0000

obj utility function

---- VAR X consumption of the i-th good

LOWER LEVEL UPPER MARGINAL
BRD 0.0010 8.0000 +INF
MLK 0.0010 16.0000 +INF
LOWER LEVE UPPER MARGINAL
--—- VAR UU -INF 13.9268 +INF
UU utility

GAMS 9)

16 8

13.9288 (.. )
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U Pero
XBrD
13.92 8
12.12 4
11.18 2.66
10.55 2
10.09 16
——XBRD
10 4
g
6 - 4
; 266 5 16
0
1 2 3 ) ”
uu
1392
15 12,12 11,18 10,55 10,09
10 - |
-
0
1 2 3 ) )
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Cases application of CGE Model
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(CGE) -

Guo et al. (2014)

(CGE)

2010.
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(CGE)

2010.
(CGE)

2010.
(CGE)

2010.
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2010

RAS

2010

RAS

2010

RAS

2010

RAS
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(Static CGE).
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(Static CGE).

(Static CGE).

(Static CGE).
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Total output

ol =03
Labor-Capital-Energy Intermediates input
|
Ofd =08
Labor Capital-Energy
c=0.6
Capital Energy Composite
L
gf=1.2
Fossil Energy Electritic Power
I I
oi=12 o =2
Coal Energy Petroleum and Gas Energy Thermal Power Clean Power
| 1
o=125 o =13
Coal Coke Petroleumn Energy Gas Energy
I |
o’ ™=125 o =16
Crude Oil Petroleum Natural Gas Gas

Fig .1. Structure of the production function module.

: CET

: CET
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(Equivalent Variation)

(Equivalent Variation)

(Equivalent Variation)
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Table2

Carbon tax rate, after-tax sale price change, and contributions of fossil energies to carbon emission reduction.

Items Scenario 1 5% carbon Scenario 2 108 carbon Scenario 3 20% carbon Scenario 4 30% carbon
emission reduction emission reduction emission reduction emission reduction

Specific duty of carbon tax(RMB Yuan/t) 17.18 36.49 81.08 13201

Ad valorem duty rates of carbon tax

Coal 476% 10.06% 2268% 38.99%

Coke 4.24% 8.99% 2048% 35.60%

Crude oil 032% 0.69% 1.58% 280%

Petroleum 0.73% 1.56% 3.60% 6.35%

Natural gas 0.11% 024% 0.55% 0.96%

Gas 0.20% 042% 0.98% 1.72%

The after-tax sale price change of fossil energies

Coal 6.22% 12.20% 23.25% 3227%

Coke 5.28% 10.20% 18.80% 531%

Crude oil 0.74% 0.60% —-234% —9.00%

Petroleum 1.25% 1.68% 0.07% -51%

Natural gas 057% 023% —-3.14% —-1033%

Gas 0.77% 067% —-216% -81%

Total CO; emission reductions(10° t) 3890272 77.805.44 155,610.89 23341633

The contribution of fossil energies to carbon emission reduction

Coal 85.80% 85.52% 8492% 84.24%

Coke 12.32% 1247% 12.77% 13.06%

Crude oil 0.0054% 0.0058% 0.0072% 0.0092%

Petroleum 1.86% 1.99% 220% 267%

Natural gas 0.0035% 0.0043% 0.0062% 0.0089%

Gas 0.0063% 0.0072% 0.0004% 0.0124%
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Table 3
The effects of carbon tax policy on sector output.

Sectors Scenario 1 5%  Scenario 2 108 Scenario 3 20%  Scenario 4 30%
carbon carbon carbon carbon
emission emission emission emission
reduction reduction reduction reduction

Seventeen sectors in which output would decrease after the imposition of a carbon tax

Mining and washing of coal —593% -1193% —2406% —36.22%
Coking —459% —948% —2001% —31.39%
Production and distribution of thermal power —132% —276% —6.01% —085%
Mining and processing of other ores —1.00% —212% —479% —8.08%
Smelting and pressing and manufacture of metals and related products —1.00% —209% —456% —748%
Manufacture of non-metallic mineral products —083% —1.75% —390% —651%
Manufacture of machinery and equipment —0.77% —1.63% —362% —6.07%
Construction —0.70% —149% —337% —5.70%
Petroleum processing —0.60% —136% —344% —642%
Chemical industry —0.58% —1.24% —283% —482%
Transport, storage and post —0.50% —1.06% —2.40% —408%
Petroleum extraction —0.32% —0.85% —250% —535%
Processing and manufacture of timber, paper, printing and articles for culture, education and sport activity —0.33% —073% —1.72% —3.02%
Manufacture of communication equipment, measuring instruments and other manufacturing —011% —0.26% —0.70% —1.39%
Production and distribution of gas —0.08% —021% —0.64% —1.36%
Natural gas extraction —-0.0m% —0.18% —1.04% —269%
Manufacture and processing of foods and tobacco 0.02% —0.03% —0.35% —0.98%

Four sectors in which output would increase after the imposition of a carbon tax

Production and distribution of clean power 249% 5.12% 1097% 17.84%
Manufacture and processing of textiles and related products 0.36% 0.70% 1.39% 209%
Services 0.14% 0.20% 0.09% —033%
Agriculture, forestry, farming of animals and fishing 0.03% 0.05% 0.08% 0.08%
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Table4

The impacts of a carbon tax on macroeconomic variables,

Macroeconomic variables Scenario 1 5% carban Scenario 2 108 carbon Scenario 3 20% carbon Scenario 4 30% carbon
emissions reduction emissions reduction emissions reduction emissions reduction

Change in the price of labor -0.04% -1.02% —5.804 -1441%

Change in the price of capital -007% -1 —5.99% - 1467%

Real GDP -0.15% -032% —0.75% —-1.33%
Nominal GDP -012% —-118% 6114 —14.86%

Social welfare -131.26 —289.26 70230 —-1283.49
Inhabitant income 0.19% —057% —491% -13.13%
[nhabitant consumption(value quantity) 0.19% —057% —491% -13.13%
[nhabitant consumption(physical quantity) -0.09% -020% -0.49% -0.89%
Enterprise income -0.19% —-1.34% —644% -1535%
Government income 1.50% 208% 0.36% —5.60%
Government consumption(value quantity) 1.50% 208% 0.36% —5.60%
Government consumption( physical quantity) 1.35% 272 5.60% B.69%

Total investment(value quantity) -017% —-1.29% —635% —-15.22%

Total investment(physical quantity) -0.68% - 140% -3.04 -493%

Total saving(value quantity) -0.16% -1.27% —-6.31% -15.16%
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Table 1
Tariff rates (%) on imports from ROW by regions

Regions

Sector CER NAFTA Japan EU Korea Singaporc Taiwan Hong Kong Indonesia Malaysia The Philippines Thailand China Vietnam
1. Agric 43 78 273 120 231 212 13.1 0 3.6 64.9 16.6 29.9 10.3 5.7
2. Nat_Res 01 09 0.2 0.1 48 0 6.8 0 2.7 3.6 0.2 3.1 35 1.0
3. Food 56 111 164 175 200 148 19.3 0 2.4 10.3 26.5 47.6 197 291
4. Textiles 148 8.3 32 45 6.4 0.1 6.2 0 5.5 129 223 16.4 244 235
5. Clothing 6.1 13.0 9.6 97 80 4.8 12.3 0 27.2 20.7 29.7 40.8 68.3 423
6. L. Manuf 11.6 3.1 3.0 71 55 0.2 3.5 0 52 21.6 36.2 11.8 24.2 9.2
7.HManuf 51 2.6 1.6 21 52 1.7 3.8 0 4.9 4.3 17.8 8.4 8.6 7.3
8. T.M.E 85 2.1 0.1 20 63 0.7 6.9 0 5.2 4.4 259 10.8 25.5 6.1
9. Utilities 0 0 0 0 0 0 0 0 0 0 0 0 0 0
10. Services 03 0 32 0 0 0 0 0 0 0 0 0 1.7 0

Source: GTAP database version 4.
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CGE

Table 2

Alternative measures of openness

Region A Rank T Rank M, Rank M, Rank N Rank
CER 426 (12) 8.3 (8) 092 (8) 0.85 (8) 0.93 (6)
NAFTA 279  (13) 2.8 (3) 0.97 (3) 095 (3) 0.97 4)
Japan 16.7 (14) na - na - na - 0.90 9)
EU 54.9 %) 3.8 4) 0.96 (4) 093 (4) 0.98 3)
Korea 66.3 (8) 5.9 (5) 0.94 (5 0.89 (5 0.89 (10)
Singapore 380.7 (1) 0.8 (2) 099 (2) 098 (2) 0.99 (2)
Taiwan 77.2 (7 6.7 (6) 0.94 (6) 0.88 (6) 0.92 (7)
Hong Kong 2174 (2) 0 (1) 1.00 (1) 1.00 (1) 1.00 (1)
Indonesia 49.0 (10) 7.3 (7) 093 (7) 087 (7) 0.93 (5)
Malaysia 160.9 3) 9.8 9) 091 (9) 083 (9 0.90 (8)
The Philippines  102.8 (5) 235 (13) 081 (13) 0.66 (13) 068 (14)
Thailand 93.0 (6) 154  (11) 0.87 (11) 0.75 (11) 087 (11)
China 46.0 (11) 202 (12 083 (12) 069 (12) 070 (13)
Vietnam 112.4 4) 12.1  (10) 0.89 (10) 0.80 (10) 084 (12)

Source: Calculated from the GTAP database version 4.
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