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Synopsis

In this study, a computable general equilibrium model, which is able to estimate an effect on
Japanese economy brought by a hypothetical scenario relating to air transport industry, as an evaluating tool
for air transport and airport policy alternatives, is constructed using algebraic modeling software GAMS.
Using this model and the social accounting matrix of 30 sectors compiled from the Japanese 2005
Input-Output Tables, economic effects brought by hypothetical scenarios relating to air transport industry
are estimated. In case of the productivity improvement by 5% of air transport industry, it is estimated that
the price of air transport services will decrease by 4%, and this will affect economic activities of many
industry sectors, and then the economic benefit to households measured as Equivalent Variant will exceed
JPY 120 billion per year.
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$ Title Air Transport CGE Model (atcge, seq=111)

* Definition of sets for suffix
Set u SAMentry /
SO01AFF, SO2MPC, S03BAF, S04TEX, SOSPPW, S06CHE,
S07CSC, SO8IAS, SO9GEM, S10ELM, S11ICE, S12ELC,
S13TRE, S14PRI, SISMMP, S16CON, S17EGH, S1I8WWD,
S19COM, S20FAI, S21REE, S22RLW, S23AIR, S240TR,
S251AC, S26PUA, S27EDR, S28MHS, S29BUS, S30PES,
CAP, LAB, IDT, TRF, HOH, GOV, INV, EXT /

i(u) goods /
SO01AFF, S02MPC, S03BAF, S04TEX, SOSPPW, S06CHE,
S07CSC, SO8IAS, SO9GEM, S10ELM, S11ICE, S12ELC,
S13TRE, S14PRI, SISMMP, S16CON, S17EGH, S1I8WWD,
S19COM, S20FAI, S21REE, S22RLW, S23AIR, S240TR,
S251AC, S26PUA, S27EDR, S28MHS, S29BUS, S30PES /

h(u) factor / CAP,LAB / ;

Alias (u,v), (1,)), (h,k) ;

*

* Loading SAM
$CALL GDXXRW.EXE

sam200530.xIsx

par=SAM rng=input!B3:AN41
Cdim=1 Rdim=1

Parameter social accounting matrix ;

$GDXIN

SAM(u,v)
sam200530.gdx
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SLOAD SAM
$GDXIN

*

* Loading the initial values

Parameter YO(j) composite factor
FO(h,j) the h-th factor input by the j-th firm
X0(i,j) intermediate input
Z0(j)  output of the j-th good
Xp0(i) household consumption of the i-th good
Xg0(i) government consumption
Xv0(i) investment demand
EO(i)  exports
MO(i)  imports
QO0(i)  Armington's composite good
DO(i)  domestic good
Sp0 private saving
Sg0 government saving
TdO direct tax
Tz0(j) production tax
TmO(G) import tariff
FF(h) factor endowment of the h-th factor
St foreign saving in a foreign currency
pWe(i) export price in a foreign currency
pWm(i) import price in a foreign currency
tauz(i) production tax rate
taum(i) import tariff rate ;
Td0 =SAM("GOV","HOH");
Tz0(G) =SAM("IDT",));
TmO0(G) =SAM("TRF",j);
FO(hj) =SAM(h,j);
YO0(G) =sum(h, FO(h,));
X0(i,j) =SAM(.));
Z0G) =YO0() +sum(i, X0(i,j));
MO@Gi) =SAM("EXT",i);
tauz(j) = Tz0()/Z0();
taum(j) = TmO0G)/MOG);
FF(h) =SAM("HOH"h);
Xp0(i) = SAM(i,"HOH");
Xg0(i) = SAM(,"GOV");
Xv0(i) = SAM(,"INV");
EO0() = SAM(,"EXT");
Q0(1)) = Xp0(i)+Xg0(i)+XvO0(i)+sum(j, X0(i,j));
DO(i) = (1+tauz(i))*Z0(i)-E0(i);
Sp0 = SAM("INV","HOH");
Sg0 = SAM("INV","GOV");
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St = SAM("INV","EXT");
pWe(i) = 1;
pWm() = 1;

*

* Calibration

Parameter sigma(i) elasticity of substitution
psi(i) elasticity of transformation
eta(i)  substitution elasticity parameter
phi(i)  transformation elasticity parameter ;

sigma(i) =2;

psii) =25

eta(i) = (sigma(i)-1)/sigma(i);

phi(i) = (psi()+1)/psi(i);

Parameter alpha(i) share parameter in utility func.
beta(h,j) share parameter in production func.
b(j) scale parameter in production func.
ax(i,j)  intermediate input requirement coeff.
ay(j) composite fact. input req. coeff.
mu(i) government consumption share
lambda(i) investment demand share
deltam(i) share par. in Armington func.
deltad(i) share par. in Armington func.
gamma(i) scale par. in Armington func.
xid(i) share par. in transformation func.
xie(i) share par. in transformation func.
theta(i)  scale par. in transformation func.
ssp average propensity for private saving
ssg average propensity for gov. saving
taud direct tax rate

alpha(i) = XpO0(i)/sum(j, Xp0());

beta(h,j) = FO(h,j)/sum(k, FO(k,j));

b(j) =YO0()/prod(h, FO(h,j)**beta(h,j));

ax(ij) = X0(i,j)/Z0();

ay(j) =Y0()/20G);

mu(i) = Xg0(i)/sum(j, Xg0(j));

lambda(i) = XvO0(i)/(Sp0+Sg0+Sf);

deltam(i) = (1+taum(i))*MO(1)**(1-eta(i))

/((1+taum(i))*MO(i)**(1-eta(i)) +DO(i)**(1-eta(i)));
deltad(i) = DO(i)**(1-eta(i))
/(1+taum(i))*MO(i)**(1-eta(i)) +DO(i)**(1-eta(i)));

gamma(i) = QO(i)/(deltam(i)*MO(i)**eta(i)
+deltad(i)*DO(i)**eta(i))**(1/eta(i));
xie(i) = EO0(i)**(1-phi(i))/(E0G)**(1-phi(i))
+DO(i)**(1-phi(i)));
xid(i) = DO(i)**(1-phi(i))/(E0G)**(1-phi(i))
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+DO0(i)**(1-phi(i)));

theta(i) = Z0(i)/(xie(i)*E0(i)**phi(i)
+xid(i)*DO0(i)**phi(i))**(1/phi(i));

ssp = Sp0/sum(h, FF(h));

ssg = Sg0/(Td0+sum(j, Tz0(j))+sum(j, TmO()));

taud =Td0/sum(h, FF(h));

*

* Defining model system

Variable Y(j) composite factor
F(h,j) the h-th factor input by the j-th firm
X(i,j) intermediate input
Z() output of the j-th good
Xp(i) household consumption of the i-th good
Xg(i) government consumption
Xv(i) investment demand
E(i) exports
M(i) imports
Q(i))  Armington's composite good
D(i) domestic good
pf(h) the h-th factor price
py() composite factor price
pz(j) supply price of the i-th good
pq(i) Armington's composite good price
pe(i) export price in local currency
pm(i) import price in local currency
pd(i) the i-th domestic good price
epsilon exchange rate
Sp private saving
Sg government saving
Td direct tax
Tz(j) production tax
Tm(i) import tariff
uu utility [fictitious] ;

Equation eqpy(j) composite factor agg. func.
eqF(h,j) factor demand function
eqX(i,j) intermediate demand function
eqY(j) composite factor demand function
eqpzs(j) unit cost function
eqTd direct tax revenue function
eqTz(j) production tax revenue function
eqTm(i) import tariff revenue function
eqXg(i) government demand function
eqXv(i) investment demand function
eqSp private saving function
eqSg government saving function
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eqXp(i) household demand function [transformation function] -----------
eqpe(i) world export price equation eqpzd(i).. Z(i) =e= theta(i)*(xie(i)*E(i)**phi(i)+xid(i)
eqpm(i) world import price equation *D(1)**phi(i))**(1/phi(i));
eqepsilon balance of payments eqE(1).. E(i) =e= (theta(i)**phi(i)*xie(i)*(1+tauz(i))*pz(i)
eqpqgs(i) Armington function /pe(1))**(1/(1-phi(i)))*Z(1);
eqM(i)  import demand function eqDs(i).. D(i)=e= (theta(i)**phi(i)*xid(i)*(1+tauz(i))*pz(i)
eqD(i)  domestic good demand function /pd(1))**(1/(1-phi(i)))*Z(i);
eqpzd(i) transformation function *[market clearing condition] ---------
eqDs(i)  domestic good supply function eqpqd(i).. Q@) =e=Xp(i) +Xg(i) +Xv(i) +sum(j, X(i,)));
eqE(i) export supply function eqpf(h)..  sum(j, F(h,j)) =e= FF(h);
eqpqd(i) market clearing cond. for comp. good *[fictitious objective function] -----
eqpf(h)  factor market clearing condition obj.. UU  =e=prod(i, Xp(i)**alpha(i));
obj utility function [fictitious] ; *
*[domestic production] --------------- * Initializing variables
eqpy(j)-  Y()  =e=b(j)*prod(h, F(h,j)**beta(h,j)); YIG)  =Y0G); Flchj) =FO(h,j);
eqF(h,j).. F(h,j) =e=beta(h,j)*py())*Y(j)/pf(h); X)) =X0(ij); Z1G)  =Z0();
eqX(ij).. X(ij) =e=ax(i,))*Z(j); Xp.d(i) =Xp0(i); Xgl(i) =Xg0(i);
eqY()..  Y(O) =e=ay(j)*Z2(j); Xvl(i) =Xv0(@i); E.I{G) =EO0();
eqpzs(j).. pz(j)  =e=ay()*py(j) +sum(i, ax(ij)*pq(i)); MIG)  =MoG): QIG)  =Qo();
*[government behavior] --------------- D.1@G) =DO0(i);
eqTd.. Td =e= taud*sum(h, pf(h)*FF(h)); pflth) =1; pylG) =1; pzlG) =1
eqTz(j).. Tz(j) =e=tauz(j)*pz(j)*Z(); pq.l(i) =1; pel(i) =1; pml@l) =1;
eqTm(i).. Tm(i) =e=taum(i)*pm(1)*M(i); pd.1l(i) =1; epsilon.l=1;
eqXg(i).. Xg(i) =e=mu(i)*(Td +sum(j, Tz(j)) Sp.l =Sp0; Sgl =Sg0;
+sum(j, Tm(j)) -Sg)/pq(i); Td1l =Tdo; Tzl(§) =Tz0(G); Tm.l({i) =TmO0();
*[investment behavior] --------------- *
eqXv(i).. Xv(i)=e= lambda(i)*(Sp +Sg +epsilon*Sf)/pq(i); * Setting lower bounds to avoid division by zero-------------
*[savings] Y.lo(j) =0.00001; F.lo(h,j) =0.00001;
eqSp.. Sp =e=ssp*sum(h, pf(h)*FF(h)); X.lo(i,j) =0.00001; Z.lo(G) =0.00001;
eqSg.. Sg =e=ssg*(Td +sum(j, Tz(j))+sum(j, Tm(j))); Xp.lo(i) =0.00001;
*[household consumption] ------------- *Xg.lo(i) =0.00001;
eqXp(i).. Xp(i) =e= alpha(i)*(sum(h, pf(h)*FF(h)) *Xv.lo(i) =0.00001;
-Sp -Td)/pq(i); E.lo(i) =0.00001;
*[international trade] --------------- M.lo(i) =0.00001; Q.lo(i) =0.00001;
eqpe(i).. pe(i)  =e= epsilon*pWe(i); D.o(i) =0.00001; pf.loth) =0.00001;
egpm(i).. pm(i) =e= epsilon*pWm(i); py.lo(G) =0.00001; pz.lo(j) =0.00001;
eqepsilon.. sum(i, pWe(i)*E(i)) +Sf pq-lo(i) =0.00001; pe.lo(i) =0.00001;
=e= sum(i, pWm(i)*M(i)); pm.lo(i) =0.00001; pd.lo(i) =0.00001;
*[Armington function] ---------------- epsilon.10=0.00001; Sp.lo =0.00001;
eqpgs(i).. Q) =e= gamma(i)*(deltam(i)*M(i)**eta(i) Sg.lo =0.00001; Td.lo =0.00001;
+deltad(i) *D(i)**eta(i))**(1/eta(i)); *Tz.lo(j) =0.00000 ;
eqM(i).. M() =e= (gamma(i)**eta(i)*deltam(i)*pq(i) Tm.lo(i) =0.00000 ;
/((1+taum(i))*pm(i)))**(1/(1-eta(i)))*Q(i); *
eqD(i).. D(i) =e= (gamma(i)**eta(i)*deltad(i)*pq(i)/pd(i)) * Numeraire
**(1/(1-eta(i)))*Q(1); pf.fx("LAB")=1;
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*

* Defining and solving the model

Model atcge / eqpy.py, eqF.F, eqX.X, eqY.Y, eqpzs.pz,
eqTd.Td, eqTz.Tz, eqTm.Tm, eqXg.Xg, eqXv.Xv, eqSp.Sp,
eqSg.Sg, eqXp.Xp, eqpe.pe, eqpm.pm, eqepsilon.epsilon,
eqpgs.pq, eqM.M, eqD.D, eqpzd.Z, eqE.E, eqDs.pd, eqpqd.Q,
eqpf.pf, obj.UU / ;
atcge.reslim=60

PATH

s

Option mcp

s

Solve atcge wusing mcp ;

*

* List Al: Benchmark of the model
File listAlout /listAl.csv/;
Put listAlout;

listAlout.pc=5;

listAlout.nd=10;

listAlout.pw=1000;
Put "*** This table is the benchmark of this CGE model." /;
Put "SAM(u,v)" /;  Put""; Loop(v, Put v.tl); Put /;
Loop(u, Put u.tl; Loop(v, Put SAM(u,v):16:3;); Put /;); Put/ /;
Put "alpha(i)" /; Put ""; Loop(i, Put i.tl); Put /;
Put ""; Loop(i, Put alpha(i)); Put///;
Put "beta(h,j)" /; Put""; Loop(j, Put j.tl); Put/;
Loop(h, Put h.tl; Loop(j, Put beta(h,j);); Put /;); Put/ /;
Put "b(i)" /; Put ""; Loop(i, Put i.tl); Put /;
Put ""; Loop(i, Put b(i)); Put// /;
Put "ax(i,j)" /; Put ""; Loop(j, Put j.tl); Put /;
Loop(i, Put i.tl; Loop(j, Put ax(i,j);); Put /;); Put/ /;
Put "ay(j)" /; Put ""; Loop(j, Put j.tl); Put /;
Put ""; Loop(j, Put ay(j)); Put///;
Put "mu(i)" /; Put ""; Loop(i, Put i.tl); Put /;
Put ""; Loop(i, Put mu(i)); Put///;
Put "lambda(i)" /; Put ""; Loop(i, Put i.tl); Put /;
Put ""; Loop(i, Put lambda(i)); Put///;
Put "deltam(i)" /; Put ""; Loop(i, Put i.tl); Put /;
Put ""; Loop(i, Put deltam(i)); Put///;
Put "deltad(i)" /; Put ""; Loop(i, Put i.tl); Put /;
Put ""; Loop(i, Put deltad(i)); Put///;
Put "gamma(i)" /; Put ""; Loop(i, Put i.tl); Put /;
Put ""; Loop(i, Put gamma(i)); Put///;
Put "xid(i)" /; Put ""; Loop(i, Put i.tl); Put /;
Put ""; Loop(i, Put xid(i)); Put / / /;
Put "xie(i)" /; Put ""; Loop(i, Put i.tl); Put /;
Put ""; Loop(i, Put xie(i)); Put///;
Put "theta(i)" /; Put ""; Loop(i, Put i.tl); Put /;

(BT DS — i o A RS - S B

Put ""; Loop(i, Put theta(i)); Put///;
Put "ssp" ssp///;

Put "ssg" ssg///;

Put "taud" taud / / /;

*

* Simulation Runs:

ax(i,"S23AIR") = ax(i,"S23AIR") /
ay("S23AIR")  =ay("S23AIR") /

using mcp

1.05 ;
1.05 ;
Solve atcge ;

*

* Making a new SAM

Parameter SAM2(u,v) ;

SAM2(1,j) =pq.1() * X.1(1,));
SAM2(h,j) = pf(h) * Fl(h,j);
SAM2("IDT",j) =Tz.1(j);
SAM2("TRF",j) = Tm.1(j);

SAM2("EXT".i)
SAM2(i,"HOH")
SAM2(i,"GOV")
SAM2(i,"INV")

SAM2(i,"EXT")

=pm.I(i) * M.I(i);

= pq.1() * Xp.1(1);
=pa.l() * Xg.1(1);
= pq.1(i) * Xv.1(i);
= pe.l(i) * E.I();

SAM2("GOV","HOH") =Td.l;
SAM2("INV","HOH") =Sp.l;
SAM2("INV","GOV") =Sg.l;

SAM2("HOH","CAP")
SAM2("HOH","LAB")
SAM2("GOV","IDT")
SAM2("GOV","TRF")
SAM2("INV","EXT")

= sum(j,SAM2("CAP",j));
= sum(j,SAM2("LAB",j));
= sum(j,SAM2("IDT",j));
= sum(j,SAM2("TRF")));
= sum(j,SAM2("EXT",j))
- sum(i,SAM2(i,"EXT"));

*

* Welfare measure: Hicksian equivalent variations

Parameter UUO utility level in the Base Run Eq.
ep0  expenditure func. in the Base Run Eq.
epl  expenditure func. in the C-f Eq.
EV  Hicksian equivalent variations
UUO = prod(i, Xp0(i)**alpha(i));
ep0 = UUO /prod(i, (alpha(i)/1)**alpha(i));
epl = UU.lVprod(i, (alpha(i)/1)**alpha(i));
EV = epl-ep0;
k
(LAF, FHEFEROHIMEICOEENE.)
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