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Persamaan dalam CGE

market-clearing conditions for commodities and
primary factors;

producers' demands for produced inputs and
primary factors;

final demands (investment, household, export
and government);

the relationship of prices to supply costs and
taxes; and

macroeconomic variables and price indices.



Linearisasi

* Tujuan:

mempermudah pemecahan numerik dari
persamaan dalam model CGE

e Kesepakatan Umum
— Huruf KAPITAL: nilai original

— Huruf kecil: persentase perubahan dari nilai
original (nilai marginal)

— A*a=100AA atau A*a=100dA



How to derive
percent-change equations

a levels equation. for example.
Y=X2+7Z7

1s furned into percent-change form by first taking total differentials:

dY =2XdX + dZ.

Percent changes x. y. and z are defined via:

dy Yy

v = 100 % or d‘].' = m
- _Xx _4Lz
similarly dX = 100 and dZ= 100

Thus our sample equation becomes:

LY _ 2R L2 o Yy=2X2x+7z. €
100 100 100

y=2x+(2/Y)z



L inearization

o Capital letter, X, is level variable, small case letter, x, is percentage
change variable, or
dX
— —100
X
@ Multiplication
Y = XiX
oY aY
dYf = —dX ——dX
X, T g, 9
dY = XodXi+ X1dXs
dY XodX1 X1dXo
—100 = 100 100
Y X1.X5 o X1.X5
y = X1+X
More generally,
Y:]__[Xf-:f‘-yzxx,-



Linearization (Addition)

Note that we can write dX = %.
Y = X1+X5
Y Y
dY = a—deXl + %d){g
dY = dXi+dXo
Y_}" . Xlxl XQXQ
00 100 100
Yy = Xixg+ Xoxo, or
X1 X5
= 7){1 -+ 7}(2
= Six1+ S0

where 51 and S; are share of X and X, respectively. More generally

Y = EX,- = Yy = EX;X,', or y = ES;X;



Linearization (Power)

Y = XX
Y oY
dY = —dX; +—dX
ax; T g, A
= XUTIXE - dXy o XX dX
Y Y
— x—dX —dX
ﬂilxl 1+ﬂ~’:2)\/2 0
dY Y dX4 Y dX;
~100 = a;——-100 — 2100
v MY X +m2Y X
Yy = fa1X] + &2Xp

More generally
Y=TIX"=y= Em—x,—



3. 4.2 Rule of Linearization

Rule 1 The linearized form of a constant 15 zero. ¥ —a —y =10
Rule 2 Y =X —y=2

Rule 3 The linearized form of multiplication 15 additive, or ¥ = [ X; —

y = . ;. Example, the value of transaction Y = P-Q —y=p+gq.

Rule 4 The linearized form of division 15 substration, or ¥ = t; — Yy =

1 — o

Rule 5 The linearized form of addition 15 share-weighted addltmn or ¥’ =
Z-E — Yy =>.X;z;, or y=>_ S;z;, where §; = —.'~ share of X;
in Y. Example, market clearing equation for labor L= = > . L;, labor
demand sum over industry 15 equal to labor supply. Appl}lng the
rule, L7[° = Zé L.l multiplying by W, where W 1z the same over
industry, WL" .[° = > WL, -[;.

Rule 6 The inearized form of substraction 1z share-weighted substraction,
or ¥ = :":-] — XZ —¥ }Fy = X‘l.’l‘] — Xgl‘g

Rule 7 The linearized form of power, 15 multiplication, or Y = X* —
Y = Q.



Table 2 Patterns for Percent-Change Equations

Pattern (A)
Original or Levels Form

(B)
Intermediate Form

(€)

Percent-Change Form

1 Y=4
2 Y =X
3 Y =3X
4 Y=XZ
o Y =Xz
6 X1 = Mi4P4
7 Y = x3

8 Y = X0
9 Y=X+Z
10 Y=X-Z
1 PY = PX + PZ
12 Z=XX
13 XP = ZXP;

(adding up values)

14 X = 2X;
where all X; have same
price P
15 XP = XXP;

(price and quantity indices)

Yy =40
Yy = Xx
Yy = 3Xx

Yy = XZx + XZ7

Yy = (XIZ)x - (XIZ)z

X141 = (M/A4P)m - (M/4P4)p;

Yy = X33x

Yy = XCParx

Yy =Xx+ 27z

Yy=Xx-7Zz

PY(y+p) = PX(x+p) + PZ(z+p) or

PYy =PXx+PZz

Zz=2Xx or 0=2XX(x-=2)

XP(x+p) = ZX;Pi(x+p)  or
V(x+p) = zVi(Xﬁpi) where
V;=PX; andV =2V,

Ax = ):Xixi or
PXx = ):F’Xixi or
Vx = ZVixi where

Vi =PX; and V= 2V

V(x+p) = LVj(x;+pj) where
Vi =PpX; and V = 2V

y=0
y=x
y=x

Yy=X+Z or
y = x +100(X/Y)AZ

Yy=X-2 or
100(Z)AY = Xx - Xz or
100AY =Y(x-2)
x,l :m_p,l
Yy = 3%
¥ =ox

(o assumed constant)

Y =Syx + 552
where S, = X/Y, etc

y=5Syx-5S;z or
100(AY) = Xx - Zz

y = Syx + 55z
where Sy = PX/PY, etc

Z= ):Sixi where Si = Xi.a'Z

x+p = LS;(+p;)
where S; =V;V

X= ZSiXi
where S; = V;/V

Vx = ):Vixi or 0= Z\/’i{x-xi)
Vp = ZVipi or 0= Z\/i{p—pi)




INDOMINI

Industry demand X S as
raw material

X _8(c.i) = AINT (¢, i) XITOT (i

CONSTANT T
LEONTIEF OUTPUT
PARAMETER

Demand for composite-goods as raw
material only depend on the amount of
output of the industry



E xint s (all,c,COM)(all,i,IND){all,d,DST)
xint s{c,1,d) = atot(i,d) + aint ={c,i,d) + xtot{i,d)
CONSTANT T

LEONTIEF OUTPUT
PARAMETER

INDOTERM

Demand for composite-goods as raw
material only depend on the amount of
output of the industry
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Supplies meets Demands:
MARKET CLEARING FOR Domestic
COMMODITIES

INDOMINI

XITOT (c) = XO(c,"dom")



INDOTERM

Market Clearing

Total demand for commodity ¢ produced in r

supply commodity c produced in r

1055 Equation E_xtrad d

1056
1057

(all,c,COM)({all,=,5RCY{all,r,0RG) ID@L{TRADE D{c,s,r))*xtrad d{c,s,r) =
sum{d,D5T, TRADE(c,s,r,d)*xtrad{c,s,r,d}};



Input Market in MINIMAL

LABOR

EMPLOY = ) XILAB(i)

1€IND

REALWAGE — =28 1\ 4
P3TOT

REALWAGE ---;

%

Exogenous

INDOMINI




Market Clearing for Labour

DOTERM

< Total employment “0” di region “d”

1198 E xlab 1 (all,o,0CC){all,d,DST)
1200 xlab i{o,d) = sum{i,IMD, SLAE I(i,o,d)*xlab{i,o,d)};

* Total employment di region “d”

1239 'E_xlal:a_i::& (all,d,D=T)
1240 LAE I0(d)*xlab io(d) = sum{o,0CC,LAB I{o,d)*xlab i{o,d)};



Cost minimization: bottom level
Minimize : PILAB - X1LAB(1) + PICAP (i) - X1CAP (:
Subject to: XIPRIM(i) = ILX1LAB C +¢, XICAP (i)™ j

INDOTERM

Solusi:

X1LAB(i) = XIPRIM(i)- ¢( PLAB j

PIPRIM(i)

----- ~ XICAP (i) = XIPRIM(i)- ¢( PICAP (1) )

PIPRIM(i)

. PIPRIM(i) - XIPRIM(i) = PLLAB - X1LAB((i)
\ +P1CAP (i) - X1CAP (i)




INDOTERM

Skill Mix

Variable

(all,i,IND)(all,d,DST) plab_o(i,d) # Price of labour composite #;
(all,i,IND)(all,d,DST) xlab_o(i,d) # Effective labour input #;
Equation

E_xlab # Demand for labour by industry and skill group #
(all,i,IND)(all,0,0CC)(all,d,DST)

xlab(i,o ,d) = xlab_o(i ,d) - SIGMALAB(i)*[plab(i,0,d) - plab_o(i,d)];
E_plab_o # Price to each industry of labour composite #

(all,i,IND) (all,d,DST) IDO1[LAB_Ofi,d)]*plab_o(i,d)

= sum{o,0CC,LAB(i,o,d)*plab(i,o,d)};

MEMORIZE X, =X ]

) average Cy[po -~ Paverage
—~Jelative price term

CES PATTERN Pjyersge = 250-Po :



INDOTERM

PUR_S(cud) |
ppur_s(c,u,d)
xhou_s(c,d) |

PUR(c,s,u,d)
ppur(c,s,u,d)
xhou(c,s,d)

USE_U(c,s,d)
pdelivrd_r(c,s,d)
xtrad_r(c,s,d)

DELIVRD(c,s,r,d)
pdelivrdr(c,s,r,d)
xtrad(c,s,r,d)

TRADE(c,s,r,d)
pbasic(c,s,r)
xtrad(c,s,r,d)

TRADMAR(c,s,m,r,d)
psuppmar_p(m,r,d)
xtradmar(c,s,m,r,d)

TRADMAR_CS(m,r,d)
psuppmar_p(m,r,d)
xtradmar_cs(m,r,d)

SUPPMAR(m,r,d,p)
pdom(m,p)
xsuppmar(m,r,d,p) |

Vegetables to
Households in
North

Imported
Vegetables

Domestic
Vegetables

add over
users

Domestic
Vegetables

c = "Vegetables"

u ="Hou"
d = "North"

user-specific

purchasers' values

not user-specific
delivered values

origin-
North Middle South specific
delivered
Origin of vegetables prices
Vegetables Leontief
Trade Road Rail
add over source
and commodities
Road
North Middle South

Region where road margin is produced



INDOTERM

Variable
(all,c,COM)(all,u,USR)(all,d,DST) ppur_s(c,u,d) # User prices, average over s#,
(all,c,COM)(all,i,IND)(all,d,DST)

xint_s(c,i,d) # Industry demands for dom/imp composite #;
Equation
E ppur_s
(all,c,COM)(all,u,USR)(all,d,DST)

Intermediate Sourcing

ppur_s(c,u,d) = sum{s,SRC,SRCSHR(c,s,u,d)*ppur(c,s,u,d)};

E_xint (all,c,COM)(all,s,SRC)(all,i,IND)(all,d,DST)
xint(c,s,i,d) = xint_s(c,i,d) - SIGMADOMIMP(c)*[ppur(c,s,i,d)-ppur_s(c,i,d)];

,,,,,,,,,,,,,,,,,,,,,,,,

1 PUR_S(c,u,d)
} ppur_s(c,u,d)
‘ xhou_s(c,d) \

,,,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,,

1 PUR(c,s,u,d)
1 ppur(c,s,u,d)
‘ xhou(c,s,d) \

Vegetables to
Households in

Imported
Vegetables

Domestic
Vegetables

Xs = Xaverage - S[ps - paverage]

¢ = "Vegetables”

e = 2.5,.[p, ]

Pave rage

SAME FOR HOU AND INV USERS

user-specific
purchasers' values



USE_U(c,s,d)
puse(c,s,d)
xtrad_r(c,s,d)

INDOTERM

DELIVRD(c,s,r,d)
pdelivrdr(c,s,r,d)
xtrad(c,s,r,d)

Domestic
Vegetables
used in North

0 =02-5

Regional sourcing of goods

delivered values
not user-specific

Choosing
between Dom
from different

regions
origin-
North Middle South | specific
delivered
Origin of vegetables prices

Equation E_puse # Delivered price of regional composite good c,s to d #

(all,c,COM)(all,s,SRC)(all,d,DST)

IDO1(DELIVRD R(c,s,d))*puse(c,s,d) ! CES price index !
= sum{r,ORG,DELIVRD(c,s,r,d)*[pdelivrd(c,s,r,d)+atrad(c,s,r,d)]};

Equation E_xtrad # CES between goods from different regions #

(all,c,COM)(all,s,SRC)(all,r,ORG)(all,d,DST)
xtrad(c,s,r,d) - atrad(c,s,r,d) = xuse(c,s,d)

- SSGMADOMDOM(c)*[pdelivrd(c,s,r,d)+atrad(c,s,r,d)-puse(c,s,d)];



