A Guide to the GAMS-input-file

This is a user's guide to the GAMS-input-file of the regional CGE
nodel described throughout section 3. It transforns the mathematical
program specified in section 4.1 into an executable conputer program
based in GAMS (the acronym stands for General Algebraic Modeling
System). To nmake this chapter self-contained we reproduce sone

introductory naterial on the construction of a CGE-npdel in GAMS,
however we reconmend the reading of GAMS tutorial (Brooke et al., Chap.
2).

W provide the conplete GAMS-PROGRAM in this link {click here to
download CRS2.GMS}. It's clearly only a prototype and the nunerical
values of the parameters and initial values were explained in section
3.2. For a collection of nmobdels with simlar specification, but sonehow
nore sophisticated, we offer the follow ng |ink: {Oklahoma State University;
Department of Agricultural Economics; RCGE}

In what follows, the GAMS-Program input file is presented and
explained in its nmajor conponents.

I ndex sets

The application starts with a definition of the main index sets and
subsets. A set declaration consists of declaring and specifying the

i ndex to be used. Sets should be declared before their subsets. Every
decl aration consists of a |logical nane, a |label field, followed by a
list of elenents of the index set. As such, it is the sane as indexes
used in the equations of the nodel. They correspond to the subscription
notati on of table 4. 2{click here to go to table 4.2}.

$TI TLE REG ONAL CGE MODEL FOR OKLAHOVA (1993) (CRS. GvB)
$OFFSYMLI ST OFFSYMXREF OFFUPPER

SETS
i Sectors /Agr agriculture
Mn mning
Man manuf acture
SER servi ces/
ag(i) Agricultural sectors | AGR/

nag(i) Nonagricultural market sectors / MN, SER NAN

f Factors /L | abor, K capital, T
I and/

fl(f) Factors not land / L, K/

ALI AS(i,j);
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A $-sign at the beginning of the program is used for special
commands, i.e., $TITLE, where we introduce the title of the nodel. All
GAMS-statenments end with a semcolon. The ALIAS-statenment defines an
alternative nane for an index set (subscript).

BASE YEAR DATA

Base year variables are based upon the Social Accounting Mtrix
(SAM and are distinguished by "0" as a suffix in their nanes, i.e.,
LO(i) states base year labor. GAMS requires a DECLARATION and
ASSI GNVENT of each variable or paraneter. Here, we declare the base
year variables as parameters. GAMS offers flexible arrangenents for
i ntroducing the paranmeters (variables). W recomrend first to declare
(initiate) all the parameters, then use tables to enter data and
finally, assign the val ues.

To provide better readability, paraneters are declared by bl ocks:
prices, production, income and expenditure blocks. In GAMS, comment-
lines and text in general are introduce by “*” in the first colum of a
r Ow.

* #####- - DECLARATI ON OF BASE YEAR VARI ABLES (AS PARAMENTERS)
PARAMETERS

*@rice block

PLO Wage rate

PLROCO Wage rate of rest-of-country

PKROCO Cap rate of rest-of-country

PKO( i) cap rate

PTO( ag) Land rent

PEO( i) Export price

PMD(i ) | mport price

PRO( i) Reg price

PO(i) Conposite price

PNO Net output price or value-added price of
sector i

PX0(i) Conposite price face for producers

*@r oducti on bl ock

LO(i) Labor denand

LSO Labor supply by hh

TLSO Total | abor supply

LHHHO Labor enpl oyed by househol d group

LGOVO Labor enpl oyed by gov

KO(i) capital denand

TO(i) Land demand

KSO Supply of pri capital

TKSO Total pri capital supply

TSO Supply of |and

VAO(i) Val ue added

VO(j,i) Conposite internmedi ate good denand

TVO(i) Conposite internedi ate good total denmand

VRO(j, i) Reg i nt good demand

VMO(j, i) | mported int good demand

TVRO( i) Reg int good total denmand

TVMI(i) | nported int good total denmand

| BTO(I) I ndi rect busi ness taxes

X0(i) Sect or out put
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*@ ncone bl ock
LYO
KYO
TYO
YENTO
YHO
DYHO
HSAVO
SAVO
ROWBAVO
TRGOVO
REM TO
househol d
YGOVO0
ENTYO
GOVl TRO
GOVBORO
GRPO

Export of
| nport

Reg supply of

Labor
capital

reg product

i ncome
i ncone
Land i ncone

reg product

Gross Enterprise incone
Househol d i ncome
Di sposabl e hh i ncone
Househol d savi ng

Tot al

savi ng

Saving fromrest-of-world

Gov transfer
Rem ttance from outside the

CGov revenue

to hh

Enterprise income distrib to hhs
Inter gov transfer

CGover nnent

Gross regional

* @xpendi t ure bl ock
Househol d expend
reg consunmp good
i mp consunmp good
conp consunp good

Demand f or
Demand f or
Demand f or
gover nient
gover nnent
gover nirent
gover nient

I nvest demand for
I nvest denmand for
I nvest denmand for
i nvest

Tot al

Bor r owi ng
pr oduct

expendi ture

demand for
demand for
demand for
reg

The following variables are defined as "

| ogi cal
and "0" if not.
for assigning value to a particular

"fal se"

val ue of “1”

i f both regional

vari abl e takes the value of 1

condition of a specific condition, i.e.
and inported internediate input

according to the follow ng graph.

i f

LR I R I I I S R I S I S S O R I

* Regi onal X
*| npor t X
*

* NZV T
*ZVR F
* ZVM F

khkkhkkhkhkhkhkhhkhkhhkkhhkhhhhkhkhkhhkhkkrkhkrkk krk*x*

ZVMi , J)
regi onal

X 0
0 X
F F
F T
T F

the condition stated
We use these variables when defining an equation or
vari abl e depending on the "true" or
vari abl e NzV takes the

region to
reg good
i mported good
conp good
good

i mported good
conp good

vari ables". A
is true

ogi cal

are used,

0 O=zero, x=not zero
0

F T=TRUE, F=FALSE
F

T

*

non i nported internediate demand with-or-w thout
interm demand

ZVR(i,J) only inported internedi ate demand

NZV(i,J) both inmported internediate demand and regi onal
demand

ZQV(i) non inported final denand and either none or
some regional final demand for househol d
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ZOR(i) only inported final demand for househol d
NZQ( i) both inmported final demand and regional final
demand for househol ds

ZCOVMi )
ZCOVR( i )
NZGOV( i )
ZlnvMi)

ZInvR(i )
NZI nv(i )

DECLARATI ON OF PARAMETERS TO BE CALI BRATED

These paranmeters are those specified in Table 4.5.{Click here to see
table 4.5}. They are declared in the followi ng segnent of the application
but they will be initialized | ater.

* #####- - DECLARATI ON OF PARAMETERS TO BE CALI BRATED
PARAVETERS
*This paraneters are those specified in Table 5.5.

* @r oducti on bl ock

a0(i) conposite value added req per unit of
out put i
a(j,i) req of intermgood j per unit of good
Al pha(i, f) val ue added share param
Ava(i) val ue added shift param
RHOv (i) i nterminput subs param
del tavl(j,i)
deltav(j,i) i nterminput share param
Av(j,i) interminput shift param
RHOX (i) out put transformati on param
del tax1(i)
del tax(i) out put share param
Ax(i) out put shift param
*@ ncone bl ock
kt ax capital tax rate
sst ax factor income tax rate for |abor
ttax factor incone tax rate for |and
retr rate of retained earnings fr ent inc
et enterprise tax rate
hht ax i ncome tax rate for hh
Itr Househol d | ncome Transfer Coefficient
s saving rate
i btax(i) i ndi rect business tax
beta(i) paramcalc fr elast of commdemand wt inc
* @xpendi t ure bl ock
RHOg consuner demand subs param
del taql(i)
deltaq(i) consumner demand share param
Aq(i) consuner demand constant eff param
RHOgov gov demand subs param
del t agovl
del t agov gov demand share param
Agov gov demand constant eff param
RHO nv i nv gov demand subs param
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del tai nvl

del t ai nv
Al nv

DATA

Data cones from our

shoul d note that
i nstead of
for

i nv gov denand share param

i nv gov denand constant eff param

SAM

val ues from our
t housands.
sol ving the nodel,

(Table 2.1).

our data is not

{Click here to see table 2.1} You
SAM are scaled to nmillions of dollars
Though the scaling of
we strongly recomrend scaling.
have been found to create nore serious problens

a “must”
Scal i ng probl ens
in nore disaggregated

nodel s.
Tabl e I OR(i,j) Input-output regional matrix
AGR MN MAN SER
AGR  675.798 8.115 863. 991 34. 800
MN  123.47 2180. 942 1258. 117 881. 343
MAN  159.671 1390. 701 3594. 97 3953.2
SER  381.542 1317. 332 5272. 186 9752. 027
Tabl e lOMi,j) | nput - out put inport matrix
AGR MN MAN SER
AGR 579.870 5.160 378. 422 41. 300
MN 11.850 1274. 869 311.094 385. 272
MAN  446. 830 450. 977 8835. 472 2750. 345
SER  155. 160 458. 802 1886. 710 4188. 764
Tabl e VAD(i,f) Value added matri x
L K T
AGR 433. 242 571. 360 709. 066
M N 1622. 806 2713. 109
MAN 7577. 427 4025. 159
SER 20767. 388 12042. 708
Tabl e HHCONR(i,*) Househol d consunption demand for regi ona
goods
HOUSE
AGR 147. 210
M N 1587. 998
MAN 2656. 085
SER 30727. 366
Tabl e HHCONM i, *) Househol d consunpti on denand for inported
goods
HOUSE
AGR 181. 550
M N 141. 662
MAN  5713. 705
SER  9510. 103
Tabl e GOVCONR(i, *) CGovernnent consunption denand for
regi onal goods
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[coy

AGR 12. 863
M N 231. 250
MAN 1854. 066
SER 1477. 995
Table GOVCONMi, *) Gover nient
i mported goods
v

AGR 20. 097
M N 29.912
VAN 823. 846

542. 893

SER

Tabl e FYDI ST(*,f) Factor
L

HH

TABLE Par amA(*, i)

SER

PTO
.00

PKO
.00

PRO
. 00

PO
.00

PMD
.00

PEO

e N

.00
X0
190
RO
101
EO
9629. 089

MD
16920. 731

| BTO
4318. 043

Q NVRO
557. 653

Q NVMD
178. 299

Sl
1. 00001
S| GVAV

59115.
49486.

4

SI GVAX
0.70

SI GVAq
2.00

SI GvAgov
2.00

31363. 057

K

0. 00

consunption

T

demand for

i ncone distribution to househol ds

683. 300

BASE YEAR VALUES FOR | NDUSTRY
R

M N MAN
1.00 1.00 1.00
1.00 1.00 1.00
1.00 1.00 1.00
1.00 1.00 1.00
1. 00 1.00 1.00
1.00 1.00 1.00
4344. 160 12089. 784 34190. 427
1752. 557 6282. 217 18360. 150
2591. 603 5807. 567 15830. 277
1216. 846 2170. 418 21475.978
96. 301 666.971 186. 879
9. 780 19. 097 4751. 457
10. 447 15. 759 2454, 803
1. 00001 1. 00001 1. 00001
1.42 0.5 3.55
3.90 2.90 2.90
1.42 0. 50 3.55
1.42 0.50 3.55
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SI GVAI nv 1.42 0.50 3.55
2.00

TABLE Par anB(f, *) BASE YEAR VALUES FOR FACTORS

WAGEOD WAGERCCO FTAXO RETENTO CAPO

CAPROCO

L 1.0 1.0 6126. 715 0

K -1006. 686 9077. 096 1
1

T 25. 766 0

TABLE ParantC (*,*) BASE YEAR VALUES FOR HOUSEHOLD GROUPS

HTAXO0 HSAVO TRGOVO

HOUSE 6976. 571 - 3869. 320 11490. 516

+ REM TO ENTYDI SO

HOUSE 760. 824 9582. 303

TABLE Par aniX g, *) BASE YEAR VALUES FOR GOVTS

BORO GOVDRO GOvDMD

co Y 0.0 3576. 174 1416. 748

SCALAR LHHHO Labor used by household / 107.070/;

SCALAR LGOVO Labor used by government /6981. 839/ ;

SCALAR GOVI TRO I nter-government transfers /8477.813/;

SCALAR YENTO Enterprise incone / 20359. 022/ ;

SCALAR ENTTAXO Enterprise taxes /1699. 623/ ;

SCALAR ROWEOVO0 Rest of world transfers to government
[ 4375. 094/ ;

SCALAR ROWSAVO Savi ng from ROV /2789. 519/ ;

SCALAR Q NVMSUMD | nvestment demand for inported goods /
2659. 308/ ;

SCALAR et alL Labor mgration elasticity / .92
!

SCALAR et aK Capital migration elasticity / .92
!

Scal ar KMbbi | Capital Mbility / 1.0
!
ASSI GNI NG VALUES: Initialization of Paraneters
Here, we assign a value to each of the base year variables

decl ared previously. This
SAM

*@r oduction bl
LO(i)
KO(i )
TO(i)
VAO( 1)
VO(j, 1)
TVO(i)
VMO(j i)
VRO(] , i)
TVMO( i)
TVRO(i )
LHHHO

assi gning of val

ock
=VAD(i,"L");
=VAD(i, "K");
=VAD(i,"T");
=sum(f, VAD(i , f)
=IOR(j, i)+ OM
=sun(j, VO(i,j))
=lOMj,i);
=IOR(j,i0);

=sun( ], VM(i,j));
=sun(j, VRO(i,]));
=LHHHO;
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LGOVO =LGOVO;
LSO =sun{i, VAD(i, "L")) +LHHHO+LGOVO;
X0(i) =ParamA(" X0",i);
EO(i) =Par amA("EO0",i);
RO(i) =PararrA("RO",i);
KSO(1) =VAD(i , ;
TKSO =sun(i, KSO(l ));
TSO(1) =VAD(i,"T");
| BTO(1) —PARAI\/A( | BTO" )
*@ncone bl ock
TRGOVO =Par anC (" HOUSE", " TRGOV0") ;
LYO =sun(i, VAD(i, "L" ))+LHHHO+LGO\/O
KYO =sun(i, VAD(i, "K"));
TYO =sun{i, VAD(i,"T"));
YENTO =YENTO;
REM TO =Par anC ("HOUSE", "REM T0") ;
YHO
=sum(f, FYDI ST("HH', f)) +Par amC( " HOUSE", " ENTYDi s0") +TRGOVO
+REM TO;
DYHO =YHO - ParanC ("HOUSE", " HTAX0")
HSAVO =Par anC ("HOUSE", "HSAV0");
HEXPO =DYHO- HSAVO- LHHHO;
SAVO =Par anB(" K", "RETENT0") + Par anC
(" HOUSE", " HSAVO" ) +RONBAVO;
ROWNEAVO =RONBAVO;
YGOVO
=sum(i, ParamA(" 1 BTO",i)) +sun(f, ParanB(f, " FTAX0"))
+Par anC( " HOUSE" , " HTAX0" ) +ENTTAX0+ROWEOV0+GOVI TRO;
ENTYO =Par amC( " HOUSE" , " ENTYDi s0") ;
GOVBORO =Par anD(" GOV", "BOR0") ;
GRPO =LYO+KYO+TYO+sun(i , ParamA(" 1 BT0",i));
* @xpendi t ure bl ock
QRO(i) =HHCONR(i , " HOUSE") ;
QVD(i) =HHCONM i , " HOUSE") ;
Q(i) =QWD(i ) +QRO(i ) ;
GOVEXPO
=Par anD( " GOV", " GOVDR0O" ) +Par anD( oV, GO\/DIVD")
+Par anC(" HClJSE , " TRGOVO") +LGOVO+C0VI TRO;
QGOVRO(i ) =GOVCONR(i, "GOV");
QCOVM(i ) =COVCONMi , "GOV") ;
QEOVO(i ) =QGO\/IVD(|)+QGO\/RO_(|);
Q NVRO( i) =ParamA(" Q NVRO",i);
Q NVMD(i ) =ParamA(" Q NVMD", i) ;
Q NVO(i) =Q|NVIVD(I)+QINVRO(i),
I NVO =sum( i, NVOi));
MD(i) —PararrA( M",i);
*@rice bl ock
PLO =ParanB("L", "WAGEQ") ;
PKO(i) =Par amA(" PKO Ji);
PLROCO =Par amB( " L" V\AGEROCO") ;
PKROCO =Par anB(" K CAPROCO") ;
PTO( ag) =Par arrA( PTO" ,ag);
PEO( i) =Par amA( " PEO" |)
PMD( i) =Par amA(" PMD",i);
PRO( i) =Par amA( " PRO", i );
PO(i) =ParamA(" P0",i);
PXO(i ) =(PRO(i)*RO(i)+PM(i)*M(i))/ (RO(i)+M(i));
K o o e e e e e e e e e e e e e e e e e e e e e e e m e e e e e — - -
* Regi onal x x 0 O O=zero, x=not zero
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* | nmport x 0 x O

* NzV T F F F T=True, F=Fal se

* ZVR F F T F

:ZVM F T F T
ZWi ) =(VMD(i,j) eq 0); o
ZVR(i, ) =(VRO(i,j) eq 0) and (VMO(i,j) ne 0);
NZV(i, ) =(VRO(i,j) ne 0) and (VMI)(i,]) ne 0);
ZQMi)  =(QWD(i) eq 0); _
ZR()  =(QRO(i) eq 0) and (QWO(i) ne 0);
NZQ( i) =(QRO(i) ne 0) and (QW(i) ne 0);
ZGOVM i) =(QCOVMI(i) eq 0);
ZGOVR( i) =(QCOVRO(i) eq 0) and (QGOVMI(i) ne 0);
NZGOV(i ) =(QCOVRO(i) ne 0) and (QGOVMI(i) ne 0);
ZlnvM i) =(Q nvMI(i) eq 0);
ZInvR(i) =(QnvRO(i) eq 0) and (Q nvMI(i) ne 0);
NZI nv(i) =(Q nvRO(i) ne 0) and (A nvMI(i) ne 0);

So far, we have assigned values to our base year variables
(paraneters). Has GAMS read the assignments correctly? Next, we define
new paraneter to check for accuracy of our assignment statenents. |If
correct, we should get our SAM and a block of unity prices. Though, the
DI SPLAY statement of GAMS allows the nodeler to easily see the
assignment results with statenents |ike

DI SPLAY PKO, PTO, LO, KO, TSG

we prefer to define new paraneters, so the output will be easier
to read and presented in table format. The advantage of this procedure
may not be appreciated in small CCGE nodels, but definitely are greatly
appreciated in much bigger nodels.

PARAMETER SAML SCOCI AL ACOUNTI NG MATRI X - BASE YEAR PRI CES-;
SAML( I, " PK") =PKO(1);

SAML( ag, " PT") =PTO( aqg) ;

SAML( |, " PEO") =PEO(I);

SAML( |, " PMD") =PMD(I);

SAML( |, "PRO") =PRO(I);

SAML( I, " P0")=PO(1);

SAML( |, " PRO") =PRO(I);

PARAMETER SAMR2  SOCI AL ACCOUNTI NG MATRI X - BASE YEAR DATA:- ;
SAMR( 1, "LO") =LO(1);

SAMR( |, "KO")=KO(1):

SAMR( |, "KS0") =KS0( 1) ;

SAMR( 1, " TO") =TO(1);

SAMR( |, " TS0") =TSO(1);

SAMR( |, " VAD" ) =VAO( I ) ;

SAMR( |, " TVRO") =TVRO( 1) ;
SAMR( |, " TVMD" ) =TVMD( 1) ;
SAMR( 1, " TVO") =TVO( 1) ;
SAMR( |, "1 BTO") =I BTO( 1) ;
SAMR( 1, " X0") =X0(1);
SAMR( 1, "MD" ) =MD( 1) ;
SAMR( 1, "RO") =RO(1):
SAMR( |, "EO0") =EO0(1):
SAMB( 1, " Q") =Q0( 1)
SAME( 1, " QRO") =QRO(1 )
SAMZ( 1, " QVD™" ) =QVD(1 ) ;
SAMR( |, " QGOV0" ) =QGEOVO( 1)
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SAMR( 1, QGOVRO" ) =QGOVRO( 1) ;
SAMR( |, " QGOVMD" ) =QGOVMD( | ) :
SAMR( 1, " Q NVO") =Q N\VO( 1) ;

SAMR( 1, " Q NVRO" ) =Q NVRO( 1) ;
SAMR( 1, " Q NVMD" ) =Q NVMD( 1 ) ;

OPTI ON DECI VALS=0;
DI SPLAY SAML;

OPTI ON DECI VALS=3;
DI SPLAY SAMZ;

DI SPLAY VO, VM), VRO, LSO, PLO, PLROCO, LHHHO, LGOVO, LYO, KYO, TYO,

YENTO, REM TO, YHO, DYHO, YGOVO, GRPO, HSAVO, HEXPO, GOVEXPO, SAVO, RO
WSBAVO,

TRGOVO, ENTYO, ENTTAX0, GOVBORO,;

PARAMVETER CALI BRATI ON

Calibration is the setting of nodel paraneters in order to nake
the equilibrium solution fit the data of a given base year (our SAM.
The way to perform this adjustnent in GAMS is to solve at fixed
(consistent) values of observed variables, treating some of the
parameters as variables. The solution will then fit the nodel to the
dat a.

The calibration procedure was introduced in section 2.3. W have
linked the text equation that is used in the calibration with each of
our definitions; i.e., clicking over the definition

a0(i) = VAO(i)/ X0(i);
takes you to equation 3.1.2 in our text. Once again, renmenber that our
base year variables are identified by a “0” suffix in the nane.

* HHBHHBHBHHBH AR B A A AR A R R R AT
* *
* PARAMETER CALI BRATI ON *

* *

* HHBHHBHBHHBH A H BB R R R R R R

* #H##H###- - CALI BRATI ON

*@r oducti on bl ock

ao(i) =VAO(i )/ X0(i);

a(j,i) =VO(j . 1)/ X0(i);

al pha(ag, "K") =VAD( ag, "K")/ VAO(ag) ;
al pha(ag,"T") =VAD(ag, " T" )/VAO( ag);

al pha(ag, "L") =1- al pha( ag, 'K") - al pha( ag,"T");
al pha(nag, "K") =VAD(nag, "K" )/VAO( nag) ;
al pha(nag, "L") 1-al pha(nag, "K");
Ava( ag) =VAO(ag)/ Prod(f, VAD( ag, f)**al pha(ag,f));
Ava( nag)

=VAO(nag)/ PROD(fl, VAD( nag, fl)**al pha(nag, fl));
RHOv (i) =1-1/ ParamA(" SI GVAV" , i) ;

=(VRO(j, 1)/ VMO(j,i))**(1-

=1/ (1+del tavi(j,i));
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=(RO(i)/EO(i))**(1-

AV(], 1)
S(NZV(j,i)) =VO(j,i)/(deltav(j,i)*VM(j,i)**RHOv(j)
+( 1- deltav(j i))
*VRO(j , I)**RHO/(J))**(l/RHO/(J))
RHOX (i) =1+1/ PararrA( SI GVAX" i) ;
deltaxl(l)
RHOx (i ))*(PRO(i)/PEO(i));
del tax(i) =1/ (1+del taxl(i));
Ax(1) =X0(i)/ (del tax(i)*EO(i)**RHOx(i)+(1-
del tax(i))

*RO(T) **RHOX (1) ) ** (1/ RHOX(i) ) ;

*@ ncone bl ock

sst ax =Par amB("L", " FTAX0")/ LYO;
kt ax =Par amB(" K", " FTAX0") / KYO;
ttax =ParamB("T", " FTAX0")/ TYO;
retr =Par amB(" K", " RETENT0") / sum(i, VAD(i,"K"));
i btax(i) =Par amA(" I BTO", i)/ (PRO(i)*X0(i));
et =ENTTAXO0/ KYO;
hht ax =Par anC( " HOUSE" , " HTAX0") / YHO ;
[tr =1;
nps =Par anC( " HOUSE" , " HSAV0") / YHO ;
* @xpendi t ure bl ock
RHOg(i) = 1-1/ParanmA(" Sl GIVAq",i); _ _
deltaql(l) NZQ(i ) = (QRO(i)/QvD(i))**(1-
RHOo (1)) * (PRO(i ) / PMD(i ));
eltaq( )INZQ(i) = /(1+de|taq (i)): _ _
Ag(i) SNzQXi ) = QU(i )/ (del tag(i)*QW(i)**RHOG(i) +(1-
deltaq(l)) QRO(i ) **RHO(i)) ** (1/ RHO(i));
RHOgov(i) = 1-1/ParamA("SI GVAgov",i);
del tagovl(i) $NZGOV(i ) —(QG(NRO(l)/QG(NI\/D(l))**(l-
RHOgov(i))* (PRO( ) PMO(i));

del t agov(i )$NZGO\/(|) = 1/ (1+del tagovl(i));
Agov(i )$NZGO\/(| )

QGO\/O(|)/(deItagov(|) QGOVMD( i ) ** RHOgov (i ) +(1-

del tagov(i))* QGO\/RO(|)**RHOgov(|))**(1/RHOgov(|))
RHO nv(i)= 1-1/ParamA(" S| GVAI nv"
del tai nv1(i) SNzl nv(i) =

RHO nv(i))*(PRO(i)/PM (|))

( )

NZI

detaln
(i)$
Itai nv(
*QN\/ *
(i) = Qi)*

To check values for the calibration we
parameters which allow us to display the results of
tabl e-1i ke display.

v

$NZ
Ai nv nv(i
Q NVO(i)/(de i)*Q NVMI(i)**RHG nv(i)+(1-
deltainv(i)) (|)
bet a i) *PO(i)/HEXPO;

PARAMETER CALI BR PARAVETER CAL| BRATED;

CALI BR(1, "A0")=A0(1);

CALI BR( | , " AVA") =AVA(I ) ;

CALI BR( |, " RHOV") =RHOV( ) ;
CALI BR( 1, "RHOQ') =RHOQ( 1 ) ;

CALI BR(I, " DELTAQ) DELTAQ(I)
CALI BR(1, "AQ') =A

CALI BR(I, "1 BTAX" )=| BTAX(1) ;
CALI BR( 1, " RHOGOV" ) =RHOGOV( 1 ) ;
CALI BR( 1, " DELTAGOV" ) =DELTAGOV(1) ;
CALI BR( 1, "AGOV") =AGOV( 1) ;
CALI BR(1, " RHO NV') =RHOI NV( 1 ) ;
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(Q NVRO(i )/ Q NVMD(i ) **(1-
nv(|) = 1/ (1+del tai nvl(i));

*RHO nv(i))**(1/ RHO nv(i));

the follow ng
calibration in a



CALI BR( 1, " A NV") =Al NV(i);

CALI BR( I, "RHOX" ) =RHOX(i ) ;

CALI BR( I, "DELTAX") =DELTAX(i);

CALI BR( 1, "AX")=AX(i);

CALI BR( 1, "BETA") =BETA(i ) ;

DI SPLAY CALI BR;

DI SPLAY a, Av, del t av, al pha,

kt ax, sstax, ttax, retr, et, nps, hht ax;

VARI ABLE DECLARATI ON

Al'l synbols belonging to the list of choice variables in the
mat henat i cal program should be declared as VAR ABLES, not as
PARAMETERS. Endogenous variables are given in table 4.3. {Click here to see
table 4.3} Every endogenous variable declaration has a |ogical nane
followed by a label field (optional).

* HHBHHBHBHHBH R BB R R R R
* *
* VARI ABLE DECLARATI ON *
* *

* HHBHHRHHHHBH R H BB R A AR B R R AR
* ENDOGENQUS VARI ABLES

VARI ABLES
4 oj ective Function Val ue
*@rice bl ock
PL Wage rate
PK(i) Capital rate
PKL Capital rate in the long run
PT(ag) Land rent
PN(i) Net price
PR(i) Regi onal price
P(i) Conposite price
PX(i) Conposite price faced by consuners
*@r oducti on bl ock
LAB(i) Labor denmand
CAP(i ) Capital denmand
LAND ag) Land dermand
TCAP Total Capital Demand
TLAB Total Labor Denmand
LS Labor supply
LM G Labor migration
KM G Capital mgration
VA(i) Val ue added
V(j,1) Conposite internedi ate good denand
VM, 1) | nported int good demand
VR(j,i) Reg i nt good dermand
R(i) Regi onal supply
X(i) Qut put
EXP(i) Export
Mi) | mport
TVM i) | nported int good total denmand
TVR(i) Reg int good total denand
TV(i) Conposite internedi ate good total denmand
adj L Labor adj ust ment

*@ ncone bl ock
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LY Labor incone (original hhs)

ALY Adj usted | abor incone (staying + in-
m grating)

KY capital incone (original capital stock)

TY Land i ncone

YENT Enterprise incone

RETENT Ret ai ned Earni ngs by enterprises

YH Incone of hh staying in the region

(including in-mgrants)
DYH Di sposable hh inconme (staying in the
regi on + inmgra)
HSAV Househol d saving (staying +i nnigrat)

SAV Total saving

I NV I nvest ment

YOV gov revenue

| BTX I ndi rect business tax

GRP Gross region product

*### Expenditure bl ock

AHEXP Adj ust ed househol d expenditure (spent
wi thin the region)

Qi) Demand for conp consunp good

M) Demand for inp consunmp good

QR(1) Demand for reg consunp good

GOVEXP gov expend

QGOV(i) gov demand for conp good

QGOVM i ) gov demand for inmported good

QGOVR(i ) gov demand for reg good

Q NV(i) I nvest gov denand for conp good

Q NVM i) I nvest gov denmand for inmported good

Q NVR(i) I nvest gov demand for reg good

SLACK( i)

SLACK2(1)

The followi ng statenment ensures that we are working with positive
variables. Al variables may be assigned as positive variables except
the “Z" variable which we use in the optimnzation statenent.

PCSI TI VE VARI ABLE  SLACK, SLACKZ,

Equati on Decl aration

This section declares the equations of the nbdel which are those
presented in Table 4.1. {dick here for table 4.1} Equations are also
denoted by synbols. Hence, every equation can be referred to by its
| ogi cal nane.

* HHBHHBHBHHBH AR B A A AR A R R R AT
* *
* EQUATI ON DECLARATI ON *

* *

* HHBHHBHBHHBH A H BB B R B R R R R

*Thi s section declares the equations of the nodel
*whi ch are those presented in table 5.1

EQUATI ONS
EQz obj ective function
*@rice block
NETprice(i) net price
Price(i) conposite price
Pricel(i)
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Ldemand(i )
KdenandSR( i
KdenandLR(i
Tdemand( ag)
TLdem
TKdem
VAdemand(i )
Vdemand(j , i
VApr od1( nag
VApr od2( ag)
Vces(j,i)
TVdemand(i)
TVRdemand( i
TVMlemand(i
VRden(j, i)
VRdenO(j , i

)
zero inport
)

VMVDeNO(j , i

zero inport

Xcet (i)
Rsuppl y(i)
LSuppl y
LM G at
adj ustL
KM G at
KM G at 1

LYi ncone
ALYi ncone
KYi nconeSR
KYi nconeLR
TYi ncone
YENTi ncone
RETear n

YHi ncome
DHYi ncone
HSAVI ngs
SAVi ngs

I NVest
YGOVi ncone
| NDt ax
GRPr oduct

AHEXPLow
ces
Qdenand
QRdenD
QRdeml
QRdeng
Qwdeml
Qwdeng
GOVEXPend
Q0Vces
QEOvdemand
QGOVRdenD
QGOVRDenl
QGOVRDen?
QGOVMDeNi
QGOVVDenN?

*@r oducti on bl ock

)
)

)
)

)
)

*@ ncone bl ock

* @xpendi t ure bl ock

| abor denand

capital de

| and denmand
total | abor
total capit
val ue added
i nt er medi at
val ue added
val ue added
ces fc for
i nt er medi at
int reg tot
int inp tot
demand for
demand for

demand for

cet fc for reg product
reg supply of reg product
| abor supply

mand

denmand
al denand
demand
e denmand
prod fc
prod fc
i nt denmand

e total denand

al demand
al denand

reg i nt good
reg int good for

imp int good for

| abor migration

| abor migration adjustnment

capital mg

rati on

| abor i ncone

adjusted | a
capital i

| and i ncone
enterprise

bor incone
ncome

i ncone

goods with

goods with

Ret ai ned earning by enterprises

househol d i
di sposabl e

househol d s
total savin
total inves
Gover nment

I ndi rect bu
gross regio

ncone
i ncone

avi ngs

gs

t nent

i ncone

si ness tax
n product

adj . househol d expenditure
ces fc for consunption

cons demand for comnposite good
cons denand for reg goods

Gov expenditure

ces for st and | oc gov denand

st and | oc gov cons
st and | oc gov reg cons
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Q Nvces ces for invest gov denand

Q Nvenand i nvest gov cons
Q NVRdenD i nvest gov reg cons
Q nvRdenl
Q nvRden®
Q nviMdeml
Q nvMden®
M nmports(i) i mport
*@qui librium
comvequi | (i) conm mar ket equi librium
Lequi | | abor market equilibrium
Kequi | (i) cap market equilibrium
Kequi | 1
Tequi | (ag) l and market equilibrium

EQUATI ON DEFI NI TI ON

All equations are defined following the algebraic specification
given in Table 4.1. {Click here to see table 4.1} This section requires
special attention and intense scrutiny. To help the reader, we have

linked each equation definition. Thus, it is possible to nove from
GAMS-speci fication format to its al gebraic specification. Furthernore,
each algebraic equation in Table 4.1 is itself linked to the part of
the text where derivation takes place.

In the equation definition, the “=E=" represents an equality-

sign; the greater-or-equal sign is witten as =G=, and snal |l er-or-equal
as =L=. Thus, by conparing with Table 5.1 algebraic specification, the
meani ng of each equation is straightforward. Exceptions are equations
involving a dollar expression; i.e., QCES(CI)$NZQCl). A dollar
expression indicates that the value of the variable (i.e., the equation
QCES) should be considered only if the expression that follows is true.

* HHBHHBHBHHBH AR B R R R AR A R R AR
*

*

* EQUATI ON DEFI NI TI ON *

* *

* HHBHHBHBHHBHHBH BB R B R AR A AR R R AR

*All equations are defined followi ng the al gebraic structure
*on table 5.1.

EQZ. . z =e= sun(i, SLACK(i ) +SLACK2(i));
*@rice bl ock
NETprice(i).. PN(i ) =e= PX(i)-sun(j,A(j,i)*P(j))-
i btax(i)*PX(i);
Price(i).. P(i) =e=
(PR(i)*R(i)+PMO(i ) *Mi))/ (R(i)+Mi)); _
Pricel(i).. PX(i) =e=

(PR(i)*R(i)+PEO(i)*Exp(i))/(R(i)+Exp(i));
*@r oducti on bl ock

Ldenand(i). . LAB(i) =e= al pha(i,"L") *PN(i)*X(i)/PL;

KdemandSR(i ) $( Not Kmobi I') . . CAP(i) =e=
al pha(i,"K")*PN(i)*X(i)/PK(i);

KdemandLR(i ) $( Kmobi I ') . . CAP(i) =e=
al pha(i,"K")*PN(i)*X(i)/PKL;

Tdemand(ag) . . LAND( ag) =e= al pha(ag, "T")

*PN(ag) *X(ag) / PT(ag) ;
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TLdem . TLAB =e= Sum(i, LAB(i));

TKdem . TCAP =e= Sun(| CAP(i));

LSupply .. LS =e=

LM Gat .. LM G =e= et aL* LSO0* LOE PL/ PLROCO) ;

adj ustL.. adjL =e= (LSO0+LM g)/LSO;

KM Grat $( Kvbbi 1) .. KM G
=e=et aK* (SUM i, KO(i))*LOG PKL/ PKROQD) ) ;

KM Grat 1$(not Kwobil).. KM G =e= 0;

VAdemand(i) . . VA(1) +SLACK(i ) +SLACK2(i)=e= a0(i)*X(i);

VApr od1l(nag).. VA( nag) =e=

Ava( nag) *LAB( nag) **al pha(nag, "L") * CAP(nag) **
al pha(nag, "K");
VApr od2(ag) . . VA( ag) =e=
Ava(ag) *LAB(ag) **al pha(ag, "L")*CAP(ag) **

al pha(ag, "K")* LAND( ag) **al pha(ag, "T");

Vdemand(j , |) V(j,i) =e=a(j,i)*X(i);
Veces(j,i). V(j,i) =e= Av(j,i)*(deltav(j,i)*VMj,i)
**RHOv(j ) +(1-deltav(j,i))

*VR(] , )**RHOI(J))**(llRHOI(J)) o
Tvdenand(i). V(i) =e= sun(j, V(i,j));
VRdent(j, i) SNZV(j i ).
VR(j,i) =e= VI\/(J,l)*((l deltav(J,l))/

del t av(j
_ PIVD(J)/PR(J))**(l/(l-
RHOV(1))) o o o o
VRdenD(j,i)$ZVMj,i).. VR(j,i) =e= V(j,i);
vMdenD(j,i)$ZVMj,i).. VWj,i) =e= 0;
TVRdemand(i) . . TVR(i) =e= sun(j,VR(i,j));
TVIVUemand(i) TWi) =e= sun(j,WMi,j));
Xcet (i) . X(i) =e=

Ax(i)* (deltax(l)*EXP(l)**RI-K)<(|)+(1-
del tax(i))*R(i)**RHOx(i))
** (1 RHOX(i));
Rsuppl y(i). R(i) =e= EXP(i)*((1-
DELTAX(i))/ LAX(I)
_ *PEO(i )/ PR(i))**(1/(1-
RHOX(i))) o o
| NDt ax. . | BTX =E= Sun(i,ibtax(i)*X(i));
GRProduct . . CGRP =e= ALY + KY + TY + | BTX;

*@ ncone bl ock

*ALY is defined for all labor; LY is defined for original

househol d

ALYi ncone. . ALY =e= PL*( TLAB+LHHHO+LGOVO) ;

LYi ncone. . LY =e= ALY+PLROCO* ( SQRT(LM g**2) -
LM g)*0.5
PL* ( SQRT(LM g**2) +LM g) *0. 5;

KYi ncomeSR$( not knobil).. KY =e= sun(i, PK(i)*CAP(i));

KYi ncomeLR$( knobi | ) . . KY =e=
sun(i , PKL* CAP(i ) ) +PKROCO* ( SQRT( KM G**2) - KM G

*0. 5-

PKL* ( SQRT(KM G**2) +KM G) *0. 5;

RETearn. . RETENT =e= retr*KY;

TYi ncone. . TY =e= sun{ag, PT(ag) *LAND( ag) ) ;

YENTi ncore. . YENT =e= KY*(1-ktax);

YHi ncone .. YH =e= ALY*(1-sstax)

+TY*( 1-t t ax) +( YENT- RETENT-
et *KY)
+REM TO+adj L* TRGOVO
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- ((SQRT((adj L-1) **2) - (adj L-

1))*0.5)
*(TY*(1-ttax)+( YENT- RETENT-
et *KY)
+REM TO0) ;
DHYi ncore . . DYH =e= YH *(1-hhtax );
HSAVi ngs .. HSAV =e= nps *YH ;
SAVi ngs. . SAV =e= HSAV+RETENT+RQ/\SAVO
I NVest . . I NV =e= sum(i,P(i)*QA NV(i));
YGOVi ncone. . YGOV =e= Sun(| |btax(|)*PX(|)*X(|))

+sst ax* ALY
+kt ax* KY+et * KY
+ttax*TY
+hht ax * YH+GOVBORO+GOVI TRO;
* @xpendi t ure bl ock
AHEXPLow. . AHEXP =e= DYH HSAV- PL* LHHHO;

Qdemand(i).. Qi) =e= beta(i)*AHEXP/P(l)
Qes(i)$NzQi).. Qi) —e—A(l)*(deItaq(l)*Q\/(l)
** RHOG (1) +( 1- deltaq(i))*QR(i)**RH(i))
_ * (1 RHOY(1)) ; _
QRdenD(i ) SNZQ(i ) - . xR(i) =e= QWi ) *((1-
deltaqg(i))/deltaq(i)
*PIVD(l)/PR(l))**(l/(l RHOg(i)));
QRdemtL(i ) $ZQMi).. Qi) =e= O;
Qwdent (i) $ZQWi).. QR(i) =e= Q(I)
QRden2( i) $ZQR(i1).. QR(i) =e= 0;
Qwden2(i ) $ZQR(i).. QMi) =e= i);

GOVEXPend. . GOVEXP =e=

sun(i, P(i)*QG0OV(i))+adjL*
TRGOVO+PL* LGOVO+GOVI TRO;
QGOvdenmand(i). . QGOV(i) =e= QGOVO(i);
QeOVces(i ) SNZGOV(i) . . QaOV(i) =e=

Agov(i)*(del tagov(i)
QEOVM(i ) **RHOgov (i) +( 1-
del tagov(i))

*QGOVR(i ) **RHOgov (i) ) **(1/ RHOgov(i));
QGOVRdenD(i ) $NZGOV(i ) . . QGOVR(i)  =e=QGOVM(i ) *((1-

del tagov(i))
/del tagov(i)*PMO(i)/PR(i))**(1/(1-
RHOgoV(i))); _ _ _
QGOVRdentL(i ) $ZGOVMi ) . . QGOVM i) =e= 0;
QGeOvMlentL(i ) $ZGOVMi ) . . QGOVR(i) =e= QGOV(i);
QCOVRden2(i ) $ZGOVR(i ) . . QCOVR(i) =e= 0;

QGOVMlenR(i ) $ZGOVR(i).. QBOVM i) =e= QROV(i);
Q Nvenmand(i) .. QNV(i) =e= QNVO(i);
Q Nvces(i)$SNZInv(i).. Q NV(i)

=e=Ainv(i)*(deltainv(i)*Q NVMi)
deltainv(i))*Q NVR(i)**RHQ nv(i))
**(1/RHO nv(i));
Q NVRdenD(i ) SNZInv(i). . Q NVR(i ) =e= Q NVMi ) *((1-
del tainv(i))
/del tainv(i)*PM(i)/PR(i))**(1/(1-

**RHO nv(i) +(1-

RHO nv(i)));
Q nvRDenl(i)$ZInvMi).. QnvMi)=e= 0;
Q nvMDentd(i)$ZInvMi).. QnvR(i)=e= Qnv(i);
Q nvRDen2(i)$ZInvR(i).. QnvR(i)=e= 0;
Q nvMden2(i)$ZInvR(i).. QnvMi)=e= Qnv(i);
M mports(i).. Mi) =e=

TVMi ) +QV(i ) +QGOVM(i ) +Q NVM(i ) ;
*@Equi i brium
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COMVEquUi | (i) .
X(i)+Mi ) =e= TV(I)+Q(I)+QGO\/(I)+Q| NV(i ) +EXP(i);

Lequi | sum(i, LAB(i ))+LHHHO+LGO\/0 =e= LSO+LM G
Kequi | 1$( KMobi I') . KM g =e= Sum(i, CAP(i)-KS0(i));
Kequi | (i) $(not KMobi | ).. CAP(i) =e= KSO(i);
Tequil (ag). . LAND(ag) =e= TO(ag);

STARTI NG VALUES and BOUNDS

Before a nodel is solved, it is necessary to initialize all
rel evant bounds. Bounds are treated in the sanme way as paraneters.
Here, we introduce GAMS |anguage to characterize a variable. A GAMS-
variable is characterized by a suffix:

.L current |evel of the variable
.M shadow price on the bound
.LO | ower bound

.UP  upper bound
.FX  fixed (|l ower bound=upper bound).
The varlabl es (.L-values) keep their Ilevel value from one
solution to the next assignment. Unassigned upper bounds are set at

plus infinity, non-initialized lower bounds at minus infinity. In
direct assignnents, variables should be referenced with their suffices.
The initialization is at arbitrary values, in order to test the
conput ati onal procedure. However, in enpirical applications it is

reconmended to initialize the variables at their SAM val ues.

* HHBHHBHBHHBH AR H BB R R HR R R
* *

* I NI TI ALI ZATI ON OR STARTI NG VALUES *
* BHHHBHHH B H B H B H R H R H R R R R R R R R R
*@rice block *@ ncone bl ock

PL. L =PLO ;

PKL. L =1;

PK. L(i) :PKO(l ) ;

PT. L(ag) =PTO( ag) ; HSAV. L =HSAVO0

PR L(i) =PRO( 1) ; YGOV. L =YGOVO

P.L(i) =PO(i) ;

PX. L(1) = PXO(1) ;

PN. L(i) = PX0(i)- SurT(j,A(j,I)*PO(]))-IbtaX(I)*PXO(I)
* @r oducti on bl ock

SLACK. L(i) =0; SLACK2. L(1) =0;

LAB. L(i) =LO(i) ; I NV. L =l NVO;

CAP. L(i) =KO(i) ; GRP. L =CGRPO;
* * @xpendi t ure bl ock

LAND. L(ag) =TO0(ag) ;

LS. L = LSO;

LM GL =0;

KM G L =0;

VA. L(i) =VAO(i) ;

VML(j,i) =V™O(j,i) ;

VR L(j,i) =VRO(j,i) ; QM L(i) =QVD(i) ;

VoL(j, i)  =VO(j,i)

TVM L(i) =TVMO(i ) ;

TVR. L(i) =TVRO(i) ; GOVEXP. L =GOVEXPO

TV. L(i) =TVO(i) ; QOV. L(i) =QE0Ov0o(i) ;

R L(i) =RO(i) ; QGOVM L(i) =QBOVM(i ) ;
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X L(i) =X0(i) : QGOVR. L(i) =QGOVRO(i) :
EXP.L(i) =EO(i) ;
ML(i) =MD(i)
QL(i) =bet a(i )* HEXPO/ PX0(i);
QR L(1) =QRO(i) ;
*@ ncone bl ock
LY. L =LYO :
KY. L =KYO :
TY.L =TYO :
adj L. L =1 :
YENT. L =YENTO
YH. L =YHO :
SAV. L =SAV0 :
DYH. L =DYHO :
QNVML(i) =Q NVM(i) ;

QNVR.L(H =Q NVRO(i ) :
QANV. L(1) =QNO(i)

* HHBHHBHBHHBH A H BB R B R R R R R
* *
* VARl ABLE BOUNDS *

* *

* HHBHHBHAHHBH B H B R R A AR B R R AR

PL.LO = 0. 000001;

PT. LQ( ag) = 0. 000001;

PK.LO(i) = 0.000001;

PR LO(i) = 0.000001;

PN.LQ(i) = 0.000001;

P. LO(i) = 0.000001;

R LO(i) = 0.000001;

PX.LQ(i) = 0.000001;

QM LO(i )$(QW(i) ne 0) = 0.000001;

QR LO(i )$(QRO(i) ne 0) = 0.000001;
QLO(i)$(Q(i) ne 0) = 0. 000001;
QM LO(i ) $(QVWD(i) eq 0) = 0;

QR LO(i ) $(QRO(i) eq 0) = O
QLO(I)$(Q(i) eq 0) = 0;

VR LO(i,])$(VRO(i,j) ne 0) = 0.000001;
VM LO(i,])$(VMD(i,j) ne 0) = 0.000001;
V. LQ(i,j)$(VO(i,j) ne 0) = 0. 000001;
VR LQ(i,])S(VRO(i,j) eq 0) = 0;

VM LQ(i,])$(VM(i,j) eq 0) = 0;
V.LO(i,j)$(VO(i,j) eq 0) = 0;

The follow statenent uses GAMS-(ptions to reduce the anount of
output and conmputer tine assigned to solve the nodel. This is not
recomended for beginners who may do better by getting nore output from
GAMS. Especially, for those having problems obtaining a “zero error

nmessage”. Iterlim linrow, lincol and solprint, will limt the nunber
of iterations, suppress the printing of equations, suppress the
printing of colums, and suppress the list of the solution,

respectively. Although this saves paper, we do not recommend it unless
you understand your nodel very well and have your nodel running without
error nessages.

OPTI ONS | TERLI M=5000, LI MROMO, LIMCOL=0, SOLPRI NT=OFF;

MODEL and SOLVE st atenents
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A group of equations constitute a mathematical nodel. GAMS uses
the statement MODEL to allow us to specify which equations should be
considered as part of our mathematical nodel. In addition, we need to
give a nane to our nodel, i.e.; our Model is called OKLAHOVA

*-- MODEL DEFI NI TION AND SOLVE STATEMENT
MODEL OKLAHOMA / ALL/;

W use in our exanple all the declared equations, if that would
not be the case, instead of the word “ALL” we would have witten each
equat i on needed.

Equilibrium is found by minimizing the objective function EQZ
that cal cul ates the absolute sum of deviations (Slack variables). This
process was introduced in section 4.2. {Cick here to review section
4.2} The GAMS-statenment to solve the mathematical program defined by
the nodel OKLAHOVA with objective Z, wusing the MNGOS5 non-Iinear
progranmm ng al gorithm NLP, reads as:

SOLVE OKLAHOVA M NI M ZI NG Z USI NG NLP;

REPCRTI NG VALI DATI ON OF THE MODEL

When an equilibrium solution has been conputed, the results are
sorted in tabulation fornmat. We define tables for comodity bal ances,
prices, consuner budgets, etc.. These tables give the level of the
endogenous vari ables of OKLAHOVA nodel. If they are correct, the val ues
of these tables validate with those of our base year (SAM values). W
call this process the validation of the nodel.

*-- SOLUTI ON DI SPLAY STATEMENT
*-- SCOLUTI ON VALUES OF ENDOGENOUS VARI ABLES

PARAVETER VALI D VARI ABLES FOR THE VALI DATI ON OF THE MODEL;
VALI D(i , "SLACK1") = SLACK.L(i);

VALI D(i , "SLACK2") = SLACK2.L(i);

VALID(i,"PR') = PR L(i);

VALID(i,"P") = P.L(i);
VALID(i,"PN') = PN.L(i);
VALI D(i , "PK") = PK.L(i):

VALI D(ag, "PT") = PT.L(ag);
VALI D(i , " PX") PX. L(i);

VALI D(i ,"PE") = PEO(i);
VALID(i,"X") = X L(i);
VALID(i,"R') = RL(i);
VALI D(i , "EXP") =EXP.L(i):
VALID(i,"M) = ML(i);
VALI D(i,"VA") = VA L(i);
VALI D(i , "LAB") =LAB.L(i):
VALI D(i, "CAP") =CAP.L(i):
VALI D( ag, "LAND') =LAND. L(ag);
VALI D(i, "TVR') =TVR L(i):
VALI D(i,"TVWM') =TWM L(i):
VALI D(i, "TV") =TV. L(i);
VALID(i," Q") =Q L(i);
VALID(i,"QR') =QR L(i);
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VALI D(i,"QM') =QM L(i);

VALI D(i , "QGOV") =QGOV. L(i);

VALI D(i , " QGOVR') =QGOVR. L(i);

VALI D(i , " QGOVM') =QGOVM L(i):
VALID(i, "Q NV")  =Q NV, L(i):
VALID(i,"Q NVR') =Q NVR L(i);
VALID(i,"Q NVM') =Q NVM L(i):
PARAVETER VALI D2 - | NTERVEDI ATE USE MATRI X-;
VALI D2(1, "AGR', "V"')=V. L(1, "AGR");
VALID2(1,"M N', "V )=V. L(1,"M N');
VALI D2(1, "MAN' . " V') =V, L(1, " MAN') ;
VALI D2(1,"SER',"V')=V. L(I,"SER");
VALI D2(1,"AGR',"VR') =VR L(I, "AGR');
VALI D2(1,"M N'. "VR')=VR L(I,"M N'):
VALI D2(1, "MAN', "VR') =VR L(I, " MAN') ;
VALI D2(1,"SER',"VR')=VR L(I,"SER');
VALI D2(1,"AGR',"VM')=VM L(I,"AGR'):
VALI D2(1,"M N',"VM')=VM L(I,"M N');
VALI D2(1, "MAN', "VM' ) =VM L(1, " MAN') ;
VALI D2(1,"SER',"VM')=VM L(I, "SER'):

PARAVETER VALI D3 - VALI DATI ON OF THE MODEL-;
VALI D3(" OBJECTI VE") = Z.L:
VALI D3("PL") = PL.L;

VALI D3("LM G') =LM G L;
VALI D3(" KM G') =KM G L;
VALI D3(" TCAP") =TCAP. L;

VALI D3(" TLAB" ) =TLAB. L;

VALI D3("LS") =LS. L;

VALI D3("LM G') =LM G L;
VALI D3("ADJL") = ADJIL.L;
VALI D3("LY") =LY. L;

VALI D3("ALY") =ALY. L;

VALI D3( " KY") =KY. L;

VALI D3(" TY") =TY. L:

VALI D3(" YENT") = YENT. L;
VALI D3( " RETENT" ) =RETENT. L;
VALI D3(" YH') =YH. L:

VALI D3("PL") = PL.L;

VALI D3( " DYH') =DYH. L;

VALI D3( " HSAV" ) =HSAV. L;
VALI D3( " SAV") =SAV. L;

VALI D3("INV') = INV.L;
VALI D3(" YGOV" ) =YGOV. L;
VALI D3( " GOVEXP" ) =GOVEXP. L;
VALI D3( "1 BTX") = BTX. L;
VALI D3(" GRP") =GRP. L;

VALI D3( " AHEMP" ) =AHEXP. L;

option deci mal s=3;
DI SPLAY VALI D, VALI D2, VALI D3;

SI MULATI ON

Before starting a simulation run, one should specify the nane of
the scenario (here, simull). The last step in preparing the nodel is to
define the index sets and paraneters for reporting. W define post-
equilibrium variables that we use in constructing indexes for the
rel evant vari abl es.

* gHHHA#HE S| MULATI ON ####BHHHBHHH
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PEO(i)=1.1;

nodel sinull /all/;

solve simull minimzing z using nlp;
OPTI ON SOLPRI NT=OFF;

*-- SCLUTI ON DI SPLAY STATEMENT
*-- SOLUTI ON VALUES OF ENDOGENOUS VARI ABLES

PARAMETER PRI CES MARKET CLEARI NG PRI CES;
PRI CES(i , "SLACK1") = SLACK. L(i);
PRI CES(i , "SLACK2") = SLACK2.L(i);

PRI CES(i,"PR') = PR L(i);
PRI CES(i,"P") = P.L(i):

PRI CES(i,"PN') = PN.L(i);
PRI CES(i,"PK") = PK. L(i);

PRI CES(ag, "PT") = PT.L(ag):
PRI CES(i, "PX") = PX.L(i):
PRI CES(i, "PE") = PEO(i):

PRODL(i,"X") = X. L(i);

PRODL(i,"R') = R L(i):
PRODL(i ,"EXP") =EXP.L(i);
PRODL(i,"M) = M L(i);
PRODL(i,"VA") = VA L(i);
PRODL(i ,"LAB") =LAB.L(i);
PRODL(i, " CAP") =CAP.L(i);

PROD1( ag, "LAND') =LAND. L(ag)

PARAVETER TRADE1 MARKET CLEARI NG PRODUCTI ON VARI ABLES;
TRADEL(i, "TVR') =TVR L(i);
TRADEL(i ,"TVM') =TWM L(i):

TRADEL(i, "TV") =TV.L(i);
TRADEL(i," Q') =QL(i);
TRADEL(i ,"QR') =QR L(i);
TRADEL(i,"QM') =QM L(i);
TRADEL(i , "QGOV") =QGOV. L(i);
TRADEL(i , " QGOVR') =QGOVR. L(i)
TRADEL(i , " QGOVM') =QGOVM L(i):
TRADEL(i, "Q NV") =Q NV. L(i):
TRADEL(i ,"Q NVR') =Q NVR L(i);
TRADEL(i, "Q NVM') =Q NVM L(i):

PARAVETER PRODUCT2 - PRODUCTI ON SYSTEMS VARI ABLES- ;
PRODUCT2( I, "AGR', "V")=V. L(I, "AGR") ;
PRODUCT2(1, "M N', "V")=V. L(I,"M N') :
PRODUCT2( I, " MAN', "V")=V. L(I, " MAN') :
PRODUCT2( I, "SER', "V")=V. L(I, "SER')
PRODUCT2( I, "AGR', "VR') =VR L(1, "AGR");
PRODUCT2(I,"M N', "VR')=VR L(1,"M N');
PRODUCT2( I, "MAN', "VR') =VR. L(1, " MAN') ;
PRODUCT2( I, "SER', "VR') =VR L(1, "SER");
PRODUCT2( I, "AGR', "VM' ) =WM L(1, "AGR");
PRODUCT2(1, "M N',"VM' ) =VM L(1,"M N');
PRODUCT2( |, "MAN', "VM' ) =VM L(1, " MAN') ;
PRODUCT2( I, "SER', "VM' ) =VM L( 1, " SER");

PARAVETER OTHERL MARKET CLEARI NG VALEUES OF VAR ABLES;
OTHERL(" OBJECTI VE") = Z.L;

OTHERL("PL") = PL.L;

OTHERL("LM G') =LM G L;

OTHERL(" KM G') =KM G L;

OTHERL( " TCAP" ) =TCAP. L:
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OTHERL(" TLAB") =TLAB. L;
OTHERL("LS") =LS. L;
OTHERL("LM G') =LM G. L;
OTHERL("ADJL") = ADJL.L;
OTHERL("LY")=LY. L;
OTHERL("ALY") =ALY. L;
OTHERL( " KY" ) =KY. L;
OTHERL(" TY") =TY. L;
OTHERL(" YENT") = YENT. L;
OTHERL( " RETENT" ) =RETENT. L;
OTHERL(" YH') =YH. L;
OTHERL("PL") = PL.L;
OTHERL( " DYH') =DYH. L;
OTHERL( " HSAV" ) =HSAV. L;
OTHERL( " SAV" ) =SAV. L;
OTHERL("INV") = INV. L;
OTHERL(" YGOV"' ) =YGOV. L;
OTHERL( " GOVEXP" ) =GOVEXP. L;
OTHERL(" 1 BTX") =1 BTX. L;
OTHERL(" GRP") =GRP. L;
OTHERL( " AHEMP" ) =AHEXP. L;

option deci mal s=3;
Dl SPLAY PROD1, TRADE1, PRODUCT2;

OPTI ON DECI MALS = 8;
DI SPLAY OTHER1, PRI CES;

* Paraneters AS | NDEX WTH 1993=1. 000

PARAMETERS
* -- Price block
| PL Wage rate index
I PK(i) Rent to capital index
| PT(ag) Land rent 1 ndex
| PR(i) Regi onal price index
I P(i) Conposite price index
| PG Ceneral conposite price index
* -- Production bl ock
IL(i) Labor denand i ndex
| TL Total |abor demand i ndex
ILS Labor supply index
I K(i) capital demand i ndex
| TK Total Capital use index
I TT Total Land use index
| T(ag) Land demand i ndex
I VA(i) Val ue added i ndex
I X(i) Qut put i ndex
| TVA Total Val ue added i ndex
| TX Total CQutput index
| TE Total Export index
I TR Total Reg. supply index
| T™M Total Inport index
VM, i) | mported i nterm demand i ndex
I VR(j, i) Regi onal i nterm demand i ndex
I R(i) Regi onal supply index
I E(i) Export index
I Mi) | mport i ndex
* -- Incone bl ock
I YH Househol d (in the region) incone index
YHch Change in hh incone
| DYH Di sposabl e i ncone i ndex
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| HSAV Househol d savi ng i ndex

| YGOV Gover nnent revenue i ndex

NETGOV Net Revenue for government

| GRP Gross region product index

GRPch Change in Gross regional product
CapConp Capital Compensation

LandConp Land Conpensati on

Rconsup Resi dent angl er consuner surplus |oss
NRconsup NonResi dent angl er consuner surplus |oss
-- Expenditure bl ock

| AHEXP adj. Househol d expendi ture index

| GOVEXP Gover nment expendi ture i ndex

Qi) Commodi ty denand i ndex

I QV(i) | nported commodity denand i ndex

I QR(i) Regi onal commodity denand i ndex

-- EQUATI ONS FOR CALCULATI ON COF | NDEX W TH 1993=1. 000
### Price bl ock

| PL = PL. L/ PLO;

| PK(i) = PK. L(i)/PKO(i);

| PT(ag) = PT L(ag)/PTO(ag)

| PR(i) = PR L(|)/PRO(|)

I P(i) = P.L(i)/PO(i);

| PG =SUM(i ,

)*RO(I)+PI\/D(I)*'VD(I))/(RO(I)+|\/D(I)))/4

#* Production bl ock

IL(i) = LAB. L(i)/LO(i);

| TL = (Sum(i, LAB. L(|))+(LHHI-|0+LGOJ0))
/ (Sun(i, LO(i))+LHHHO+LGOVO) ;

ILS = LS. L /LSO ;

I K(i) = CAP. L(i)/KO(i);

| TK = Sum(i,PK. L(i)*CAP. L(i))/Sum(i,KO(i));

I T("Agr") = LAND.L("Agr")/TO("Agr");

ITT = PT.L("Agr")*LAND. L("Agr")/TO("Agr");

I VA(i) = VA L(i)/Va0(i);

| TVA = Sun(i, VA L(|))/Sun(i,VaO(i));

I X(1) —XL(|)/X0( );

| TX =Sun(i , X L(|))/Sun(| X0(i));

| TR =Sun(i, R L(i))/Sum(i,RO(i));

| T™M =Sum(i, M L(i))/Sun(i,M(i));

IVMj,i)= VWM L(j,i)/ VMO(],i);

IVR(j,i)= VR L(j,i)/VRO(j,i);

IR(1) = RL(I)/RO(i);

I E(i) = EXP.L(i)/EO(i);

| TE =Sum(i, EXP. L(i))/Sum(i, EO(i));

## I ncome bl ock

| YH = YH L /YHO ;

| DYH = DYH. L /DYHO ;

| HSAV = HSAV. L /HSAVO ;

| GRP = GRP. L/ GRPO;

GRPch = GRP. L- GRPO;

#Expendi t ure bl ock

| AHEXP = AHEXP. L /HEXPO ;

Qi) = QL(i)/Qi);

IQM1) = QML(I)/QW(i);

|QR(1) = QR L(i)/QRO(1);

I Mi) = ML(i)/M(i);

YHch = YH L -adjL.L*YHO

| YGOV = YGOV. L/ YGOVO;

| GOVEXP = GOVEXP. L/ CD\/EXPO;

NETGOV = YGOV. L- GOVEXP. L;
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*##- SOLUTI ON VALUES OF | NDEX
option deci mal s=5;

PARAIVETER I NDEX
I NDEX( I,

I NDEX( I,

I NDEX( I ,
I NDEX( I,
I NDEX( I,
I NDEX( I,
| NDEX( ag, "
NDEX( ag,

XES FOR THE SI MULATI ON,;
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DI SPLAY | NDEX;

DI SPLAY I TX, I TE, I TL, I PL,
I TK, I TT,

| GRP, GRPCh I TVA, I TR, I TM YHch,

I 'YH, IYGO\/ | GOVEXP, NETGOV,

I LS, | DYH, | HSAV, | AHEXP,

VM | VR,

DI SPLAY I GRP, | PG | YH, I TE, | TM
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