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* Introduction

— Homogeneity
e Euler’s theorem

— MP and elasticity

Outline

General Properties of CES/CET functions

Substitution v Transformation Functions

— 2 order conditions
— Convexity v Concavity
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Calibrating CES/CET functions
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Introduction

* Purposes
— Review
» Makes sure we are all on the ‘same page’
— Concepts
— Properties
— Product exhaustion
— Calibration

* Use

— CES - production, utility, import demand

— CET — export supply, multi-product activities, factor
‘transformation’

— Nested functions
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CES/CET Properties
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2-Argument Form: Homogeneity

Formula Q=a[oM 7 +@-5)D "] "

Q=a|s(km)” +(1—5)(kD)‘p]%
v Homogeneous degree one
:a{(k’”)[éM’pﬂl—(S)D’p]} ,
:(k"’)%Q:kQ

CRTS
Euler’s theorem
MP & AP positive
Homogenous of degree zero in prices.
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o _
-Argument Form: Marginal Product

aQ 1 -p 2\t -p-1
MPD:a—D:a(—;][(SM +(1-3)D ](y) (1-5)D

=(1-5){a[oM " + (1_5)0’3]}_[(1% J g

_(1-6)|a[oM 7+ (1—5)0*"]’(%) r

af D

_(1=9)[Q7” -0 Marginal Products
~ a’ |D

Laws of exponents
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PP-Argument Form: First Order Condition

(1_5)‘:Q:ll+p
MP > |D 1-8)(M "
M MR, a [D] _ [ )(%J <0 Slope of curve

dD  MP, (5)[ Q Tﬂ B

P
‘p_D Slope of budget constraint
M
1+p
—i=—1_—5)(Mj 15t Order condition
P, s \D
M * ~ S (1+p) PD %h—p) B S PD }(l+p)
SRR e
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Argument Form: Substitution Elasticity

In M—* =[ L ] In 0 +In Fo Logs of 1st Order Condition
Sl Y R Y g "

) dd(("l]nh:’;/:ﬂ 3) :[(1+1 p)J

-l<p<0 = ¢>1
p=0
O<p<oo = ¢<1

Elasticity of Sub”

&

— e=1 Properties
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@
Argument Form: Second Order Conditions
Arguments: M and D, AND iff (1 + p) is>0

Isoquants & Indifference curves

d’™M (-6 p e
D7 _(-9) 5 )(1+p)MlpD”2>0

Arguments: M and D, AND iff (1 + p) is<0

d°™M  (1-6 CET
M _09) 1 pymrpot <o

For CET functions: use vy to distinguish from CES functions
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n-Argument Form

Formula _
Y, :a{z%xfﬁf
f

rja

7, =P.Y, = > W, . X,
f Profit Equation

_wa,a'xf,a

f

Vo
=P.a, Zafya.x;f;;
f

0 -
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PM-Argument Form: First Order Condition

Profit Equation: Partial Differentiation wrt X; ,

or _%"“_l 1
= =P.a,.| Y. 0. X S X2 W, , =0
oX fa el ' ' ' '
First Order Condition for Factor Demands
-p Pe ~(pat1)
Wf,a:Pa'aa' zé‘f,a'xf,aa '5f,a'xf,a
f
-1
=P, {Z&,a.x;ﬁ;} S X
f
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Calibration
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Calibration

FDy

Observed transactions data

FD,

The problem is the identification of the parameters of
the function: namely the elasticity of substitution, the
shift or efficiency parameter and the share parameters
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Calibration

The calibration process works backwards

FD;

Info provided to the model:

the functional form, e.g., CD, CES,
etc., the transaction values, the
prices and the elasticity of
substitution.

FDy

Assumption: transaction values are an equilibrium

Practical CGE, 2024 © cgemod 14

14

© cgemod 7



CES-CET Functions

© cgemod

Practical CGE, 2024

S
¥ 2-Argument Form: CES Calibration

}(/1+p)
15t Order condition (m] _[[_4 | PO
po )~ ([ (1=s) )\ Po,

1 .
p== -1 Elasticity parameter
PO,, *M 0" sh
= are parameter
P0,, *M 0" + PO, * D0
a= Q0

7 Shift parameter
[6MO” +(@1-5)D0* |7

rhoc = (1/sigma) - 1 ;

delta = (PMO*QMO** (rhoc+1)) In GAMS
/ (PMO*QMO** (rhoc+1) + PDDO*QDDO** (rhoc+1)) ;
Q0/ (delta*QMO** (-rhoc) +(l-delta)*QDO** (-rhoc))
** (-1/rhoc) ;
© cgemod
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2-Argument Form: CET Calibration

(Hp)
15t Order condition <2 = ((7J[PODD
Do ((1-7 )\ Po.

1
p= 5+1 Elasticity parameter
Y= = h
= T2 (PO Share parameter
DO
(P%o) ( %OE)”
a= Qo

7 Shift parameter
[ 7EO0” +(1-y)DO” |

In GAMS
rhot = (1/omega) + 1 ;

gamma 1/ (1+PDSO/PEO* (QEQ/QDSOQ) ** (rhot-1)) ;
at

OX0/ (gamma*QEQ**rhot + (l-gamma)*QDS0**rhot)
**(1/rhot) ;
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n-Argument: CES Calibration

15t Order condition WFAQ, , = PVAQ, *QVAQ, [Z&“ *Fpo, ;a)j *gm *Epo, 7

va 1 - -
P = -1 Elasticity parameter
o _ WFAQ, , *FDO, ") Share parameter
f.a = o
S wFAo, , *FDo, ")
f
QVAO, .
adva, = [ " ] Shift parameter
(25“ *FDO, , J ’
f
rhova (a)

(1/ELASTX (a, "sigmava")) - 1 ;
(WFA(f,a)*(FDO(f,a))** (l+rhova (a
/SUM(fp,WFA0<fp, ) * (FDO (fp, a)
(
)i

deltava(f,a) ))
*

)
) wx(1rrnovaa ;1N GAMS
£

,a)

adva0 (a) = QVAQ (a)/ (SUM(f,deltava (f,a) *FDO

** (=

rhova (a))))**(-1/rhova (a)
Practical CGE, 2024
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n-Argument: CET Calibration

=1
PERO, s
15t Order condition QERQ,,, =QEQ,, * — :
PEOC,T *7/C,W,r *aterrpC‘r

1 ..
Per = Q +1 Elasticity parameter
PERO,,,, *QEROQ, ,, (1 o) Share parameter
> PERO, ., *QER,, s
atr,, = O 7 Shift parameter
|: }/C\Nr *QERO i| Per
rhoe (c, = ((1/mod elastre(c,r)) + 1) ;

gammar(c w,r) (PERO(C w,r)*QERO (c,w, r) ** (1-rhoe(c,r)) ) /

SUM (wp (c,wp,r), PERO(c,wp,r)*QERO (c,wp,r)
** (1l-rhoe(c,r)) );

(51 0 In GAMS
atr(c,r) = QEO(c,r)/SUM(w, gammar (c,w,r)*QERO (c,w,r)
**(rhoe(c,r)) )**(1/(rhoe(c,r))) ; .
Practical CGE, 2024 © cgemod 18
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The End

CES/CET Functions
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