MIRAGE: Elements on the structure of the model

CEPII, January 2008

1 Notations

The ¢ and j indices refer to sectors, r and s refer to regions, ¢ to periods.
Superscripts for prices P refer to the related variable.

U(s) is the subset of countries in the same development level as region s and
V' (s) is the subset of countries with a different level of development.

Agri(i) is the subset of sectors from agriculture.

i refers to transport sectors and 7y refers to the European Union regions.
The reference year is indexed with .

2 Parameters definition
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Substitution elasticities of factors and goods demand

Minimal consumption of good 4 in the final demand of region r
Saving rate in region r

Transport demand per volume of good

Value share of region r transport sector in the world production
of transport

Ad-valorem tariff rate applied by regions s on its imports from
region r

Maximum level of subsidized exports authorized by the WTO
Tax rates applied on production, final consumption, intermediate
consumption and capital good

Export tax rate equivalent to the Multifibre Arrangement
Subsidy rate on capital

Subsidy rate on land

Fixed cost per firm, in units of output (imperfectly competitive
sectors)

Mark-up average

Maximum production in sectors where quotas hold

Elasticity of investment to capital return rate

Value share of factors in value added (Cobb-Douglas)



1) Depreciation of capital

Prt Population growth rate of region r (World Bank data)

axxx Various share and scale coefficients in CES or Cobb-Douglas
functions

PGF,, Total factor productivity

3 Variables definition

Production

Yirt Output of sector ¢ firms

VA r+ Value added

CNTER; ;+ Aggregate intermediate consumption

Factors

Qirt Aggregate of human capital and physical capital

Lyt Unskilled labour

LA vt Total Unskilled labour in agriculture

L:Lf,tf gre Total Unskilled labour in sectors other than agriculture

TE; .+ Land

RN; ¢ Natural resources

Hi, Skilled labour

Kirst Capital stock from region r to region s in sector ¢

KTOT; Total capital stock in sector ¢ and region r

Ly Total supply of unskilled labour

TE,+ Total supply of land

H,y Total supply of skilled labour

Ky Total supply of capital

Demand

BUDC,+ Budget allocated to consumption

UT, . Utility

Py Price of utility

Cirt Aggregated consumption

IC; 1t Intermediate consumption of good ¢ used in the production of
sector j

INVTOT, Total investment in region r

INVrst Investment from region r to sector ¢ in region s

B4 Investment scale coefficient

KG; ry Capital good demand of sector ¢ in region r

DEMTOT; ;. Total demand

DEMU; .4 Total demand, in region r, of good originating from regions with

the same development level as region r (including local demand
in region r)

DEMV ; 4 Total demand, in region r, of good originating from regions with
a different development level from region r
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D; 4 Domestic demand of good i

DVAR; , Domestic demand of good i produced by each firm of region r

M; Total demand, in region r, of good ¢ originating from regions with
the same development level as region r other than region r

DEM; y st Demand, in region s, of good ¢ originating from region r

DEMVAR; 5+ Demand of good i produced by each firm of region r

Transportation

sector

TRADE; ; s+ Exports to region s of industry ¢ in region r

TR; rst Transport demand

MONDTR; Transport aggregate

Pr Transport of commodities price

TRM; 4 Supply of international transportation sector i in region r

Monopolistic

competition

EP; st Perceived price elasticity of total demand

EPD; . Perceived price elasticity of domestic demand

NB; 4 Number of varieties in imperfectly competitive sectors

SDU; s+ Market share of domestic demand in demand of regions with the
same level of development as region r

SDT; s+ Market share of domestic demand in total demand

SE; r.st Market share of imports from region r in imports of region s orig-
inating from regions with the same level of development

SU;rs,t Market share of imports from region r in demand of region s for
goods from regions with the same level of development

SVirst Market share of imports from region r in imports of region s orig-
inating from regions with a different level of development

ST st Market share of imports from region r in demand of region s

Tax revenue

RECPROD; ,+ Revenue of production tax

RECDD; .+ Revenue of tariff

RECCONS,; 1+ Revenue of consumption tax

RECEXP; ;4 Revenue of exports tax

RECTAX, , Total tax revenue

RQUOTA; , ¢+ Implicit transfers due to quotas

REV ., Regional revenue

SOLD, Current account balance

PIBMVAL, Total GDP in value

GDPVOL, 4 Regional GDP



Prices and taxes

PXXX Generic notation to indicate the price of the variable XXX
PZC;H;t CIF price
plni Intervention price (European Union only)
WE Capital return rate in region r
it Capital return paid to the investor
w,IE Land return rate in region r
zj;Et Land return rate paid to the owner
TAXEXP; ;54 Export tax rate
TAXREF; ; s+ Auxiliary variable to adjust TAXMOY to its proper level while
keeping unchanged the distribution across destinations
TAXMOY ; Average export tax rate across destinations

4 Equations of the model

4.1 Supply

Determination of supply results from the following optimization programs:

Leontieff relation between value added and intermediate consump-
tion:

Imperfect competition

min NBi,r,tP},/r,t(Yi,r,t +cfin) = A

7,7,t

st. NBiyi(Yire +cfi,) alAVA; . = ngTERCNTERi,r,t (2)

7,7

VA vy + PCNTERONTER, ., (1)

1,7,t

Perfect competition

min P, Vi .. = P4 VA v + PONTPRCNTER, ;0 + Pi?;;m Quota, .,
(3)

st Yipr =a VA, = alNTPRONTER; (4)

For sectors where quotas hold (perfect competition only):
Yirt = Quota, ., (5)
Factor demand
min ‘Pz‘,{:?t VAi,T,t = Pil’/r,tLi,r,t + Pi%«,tQi,r,t + Pi?;% TEi,r,t + Pi{%r],\iRNi,r,t (6)

s.t. (CES option)

1

1——-1— 1 1 1
VA; 4 Vi, N i 1——1 -1
,T, L TVA; Q TVA; RN T VA, TE TVA;
<PGF ) = ai_’TLU,’t + ai,,.Qi,r’t +a;’, RNW.’t +a;, TEU.,t
T)
(7)



or s.t. (Cobb-Douglas option)

L Q TE RN

VAi,T,t = Ai,TPGFr,tLi,r,t%’rQi,r,t’yi’r TEi,r,t’yi’r RNi,r,t’Yi’r (7’)
and

min P2 Qi vy = PE KTOT; 4 + P H; 14 (8)

1— 1 1——1 1——L

TCAP; K TCAP; H TCAP;
s.t. Qi =a,;, KTOT, ., tag,Hypy 9)

The capital stock in region s is described by:
KTOTi,s,t = Z Ki,r,s,t (10)
-

Comment: in this model, production quotas have been introduced. For the
associated sectors, production is equal to the quota and an additional income,

equal to Pﬁfftd Quota, ,.,, is drawn from the quota.
4.2 Demand

Determination of demand results from the following optimization programs:

LES-CES (first stage)

min Pr,t UTr,t = Z Pi?;",t (C'L,r,t - Cmini,?") (]‘1)
s.t. UTml_% = Zagr(Ci,m - cminiyr)l_% (12)
BUDC,y = P5.,Cir (13)
Pfrt = PﬁﬁMTOT(l + taxce, ) (14)
PZKTCj; = PﬁiMTOT(l + tamkgcm) (15)
DEMTOT; 4 = Cipy+ »_IC;jrs+ KGiry (16)

J

Groups of regions (second stage)

min PLEMTOT DEMTOT v = PPEMYDEMU,; .y + PEEMY DEMV .y (17)

7,7, 2,7, 2,7,

l—g e TN = aor
s.t. DEMTOT,;,[* =aPPMYDEMU, , [“*% +alPMV DEMV, [
(18)
Armington (third stage)
min P/)EMY DEMU; .y = PR Diyy + PN M 14 (19)
1——L1 1——L 1——L
ARM; __ _DEM TARM, M TARM;
st. DEMU, "™ =aPPMD, "™ +a M, [ (20)



Regions (fourth stage)
For foreign regions with the same level of development:

minP-M Mi,s,t = Z P'DEMDEMi,r,s,t

1,8,t 2,7,8,t
relU(s)
1- 011;1[) IMP 1= Uu\lm
- i
s.t. Mz‘,s,t = E Qs DEMLT’S’t
relU(s)

For foreign regions with different levels of development:

: DEMYV DEM
min P; 37" DEMV ; s+ = E P st DEM; v st
reV(s)
1 1

L= -
st. DEMV, '™ — Z aMP pDEM . T

2,8, 7,T7,8 1,1,8,t
reV(s)

Varieties (fifth stage)

TVAR;

11
7,7t

DEMVARi,TVS’t = DEMi,r,s,tNB
pDEM _ PDEMVARNBF VT,

1,1,8,t 1,1,8,t 7,7,t
1——1
_ X 9VAR;
DVAR; s+ = D;stNB, ,

1
PP :pDVARNﬁ o VAR

7,8,t 2,7,T 7,8,

Intermediate consumption

IC _ pDEMTOT .
,4,rt Pi,r,t (1+ tamcci,jm)
: CNTER Ic
min P CNTER, ,, = Z Pl IC; ;.
i

J,rst 0,,7 " 4,5,m,t

1— L 1— L
st. CNTER; 7° = al§,IC, 7%
Capital good

min P/YVTOTINVTOT,, = > PEGKG; ..,

2,7t

2,7,t

1——1 1——L1
st. INVTOT,,™  => afYKG,, 7%

(23)

(24)



Commodity market equilibrium

Imperfect competition
Yipt =DVAR; s+ Y DEMVAR; .
TRADE; y s+ = NBiﬁT,tDEMV;lei’T,S’t
Perfect competition
Yipt =Dirs+ Y DEMi,or (i ¢ TrT)

Yitrrt = Digpre + Z DEM isyzrs6 + TRM izt
TRADEi,T’S,t = DEMi,r,s,t

Transport sector

Transport demand

TRiv"‘aS’t = Mi,’r,s TRADEi,T,s,t
MONDTR, = 3" TRi .,

Transport supply

pY

LT ,Tyt

(1+ taxp,,, ) TRM iy vt = 0y r P MONDTR,
MONDTR; = a” H TRM

. Nbinr.r
LTyt

4.3 Factor market

Labour market

(34)

(35)

Developed countries: labour allocation between agricultural and non agricul-

tural sectors

PLAgri or
A ; Agri— it
Lr grl —_ bf Lr_t < T ' )
) ’ PL
r,t

LnotAgm‘ oL
LnotAgri _ bL"o”AW"Z PT,t
r,t - Yr Tt Pf
r,t



Developing countries: dual labour market

Pi?r,to Cirtg
SR
PLnotAg'r'i _ LnotA;ri Pi?,‘,t ?Pj"'"t(l CJ’T"tO (45)
r,t — *rt,Re C
i Pi,r,Ref
Agri _ y Agri
LT’-,t - Lr,t,Ref (46)

where Lzzfgg;i and Lﬁf’ge s are the baseline (Ref) labour supply exogenously
calculated from migration flows in FAO data.

notAgri + A - .
L e s is computed endogenously from L'7"27%" in the baseline.

Labour market (both cases)

PEL,, = P LA Lt ot Aa (47)

Land market
WE =PIF + Py TsubTE; ., (48)

Land supply

WIFTE, =Y WIS TE: (49)
TEy = TEyy, (WF) T NBWIE = 1) (50)

Land allocation
TE; ;= b FTE,, <W> . (51)

Full use of factor endowments

LA™ = > Liss (52)
JEAgTi(j)
L;mthgri _ Z Lj,r,t (53)
Jj¢Agri(j)
TE,1 =Y  TEj4 (54)
J
Hey =Y Hjry (55)
J



Comments:

e In comparison to the standard model, the agricultural version distin-
guishes between two types of unskilled labour: agricultural labour and
non agricultural labour. A partial mobility between these two types of
labour is allowed through a Constant Elasticity of Transformation supply
function. Within each category, labour is perfectly mobile.

e A duality of labour has been assumed in developing countries: an efficiency
wage scheme determines the level of wages in non agricultural sectors and
the corresponding labour demand, while labour demand in agricultural
sectors is exogenous. The efficiency wage is set such that the purchasing
power of non agricultural wages remains unchanged after the shock.

4.4 Revenues

For imperfectly competitive sectors:

DEMVAR;, s, NBi,;DVAR;,,
0=P) ,| NB;, i T
bint ( it Z 1+ EP,,.; 1+ EPD;
— (BY,VA; pq + PENTPRCONTER, 1) (56)

Comment: this corresponds to the zero profit condition allowing to compute
the number of firms.

Tax revenue from imperfectly competitive sectors

RECPROD; ., = taap, P,

1,7t

DEMVAR; ,s: | NBi,DVAR; ,,
NBl r 2199y L) 'y
< Ty EPi sy 1+ EPD;

RECEXP;,, = (1+ taxpi,T)Pi?tNBiy;,t (57)
S (PAXEXP 14 mzAMFi,r,s,t)m (58)
Tax revenue from perfectly competitive sectors
RECPROD; ., = tazp,; . P, Yirs (59)
RECEXP; . = (1+ taap, )P},

* Z(TAXEXPW,M + tazAMF; . o ;) TRADE; , .,  (60)

S



For both sectors

RECDDLT’t = Z DDi,r,s,tPig«I,it TRADEimS,t (61)
RQ UOTAns,t = Z TQ UOTAiW,SJPi,C;{it TRADEi’T’S’t <62)
i€ TQUOTAO
RECCONS, 5, = PLEMTOT (tawce; o Ci o + tashge: (K Gi s
+ Z tazice; j.s+1C5 j.5.t) (63)
J

RECTAX,, =Y  RECPROD;,;+ RECEXP;
+2RECDD”¢ + RECCONS, .4 (64)
Savings
BUDC,, = (1 — epa,)REV ., (65)

Factor mobility

Agri . s
Pl =Pl (i € Agri(1)) (66)
notAgri . L.
Ph,=PE"T (i ¢ Agri(i) (67)
PLL =P (68)
pl, =Pl (69)
4.5 Prices definition
Sale price (imperfect competition)
PHEMVAR = PCIT (1 4+ DDy ) (70)
Y
pvar _ Pire(1+ taaps,,) (71)
bt 1+ EPD; .,
CIF price (imperfect competition)
CIF IDer t T
P =14 tazp, ) (1 + TAXEXP; ;s ¢ + taxAMF; ;s ) —————— ~+ i r s P}
Y ’ L+ EPi,r,s,t Y
(72)
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Sale price (perfect competition)

POEN = PCIC /(14 DDy r) (73)
Pi],jr,t = Pi},/r,t(l + tazp; ) (74)

CIF price (perfect competition)

PA, = (14 tazp; ) (1 + TAXEXP; ;54 + tagAMF; . s )P, + ptirs P

@,7,8,t i
(75)
4.6 Imperfect competition
Determination of market shares
SDU PixiDiss 76
vt PPEMUDEMU, o (76)
SDT PiiaDisa 77)
vt PPEMTOT DEMTOT 4 (
Pﬁ’i”t[ DEM; y s+
SEi,r,s,t = PZ]\{ tMiﬁsyt (78)
SU Piri DEM s 79
%,7,8,t — PiggMUDEMUi,S7t ( )
SV Piri DEM s 80
et = BDENV DEMV o0 0
S Pi’?ri%DEMims,t (81)
1,7,8,t — PigﬁMTOTDEMTOTi,s,t
Mark-up in domestic markets
1 1 1 1 1
NBi,T7t(EPDi7T,t + ) = |: - :l + |: - :| SDUi,nt
OVAR; OVAR; OARM; OARM; OGEO;
1 1
+ |: — :| SDTZ"T’t (82)
0OGEO; O¢;

Mark-up in foreign markets in countries with the same level of development

1 1 1 1 1
NBi,r,t(EPi,r,s,t + ) = |: - :| + |: - :| SEi,ns,t
OVAR; OVAR; OARM; OIMP; OARM;
1 1 1 1
+ |: - :| SUi,r,s,t + |: - :| Shi,r,s,t
OARM; OGEO; OGEO; (e

(83)
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Mark-up in foreign markets in countries with different levels of development

1 1 1 1 1
NBi,r,t(EPi,r,s,t + ) - |: - :| + |: - :| SVi,T,S,t
UVARi OVAR@ O-ARMi O-IMpi O-GEO,i
1 1
# oo = o b (s4)
OGEO; gc;

4.7 Intervention price scheme (European Union)

Mode 0: no subsidy change
TAXEXP; s+ = TAXEXP; s 1, (85)
Mode 1: no subsidy

TAXEXP; .1 =0 (36)

Mode 2: perfect competition

Pi}y/””EUyt - Pll,?tt (87)
Mode 2: imperfect competition
_ Pl TRADE; .., = PIt*y " TRADE, 88
; 1+ EP; st 4,8t T Lt ; i,7,8,t ( )
Mode 3: subsidised exports ceiling
> TRADE;,,, = MazEzpSub, ., (89)

SFET

Mode 2 or 3, or subsidy change and subsidy for at least one destination before
the change

TAXEXP; .., = TAXREF; ., TAXEXP; , .1, (90)

Mode 2 or 3, or subsidy change and no subsidy for all destinations before the
change

TAXEXP; , s+ = TAXMOY ; (91)
Mode 2 or 3, or subsidy change

TAXMOY ; .. Z TRADE; , .; = Z TAXEXP;, .;TRADE; .,  (92)
SF#T S#ET
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Comments:

The intervention price scheme in the EU is modelled as follows: as soon as
the internal price becomes lower than the intervention price, the EU subsidises
exports so as to raise the internal price to the level of the intervention price. In
actual facts, the EU also increases inventories but inventories are not accounted
for MIRAGE.

In practice, the price scheme is divided into 4 possible modes:

e For countries other than the EU or sectors not concerned by intervention
prices, the subsidy rate is exogenous.

e When the intervention price is lower than the internal price, there is no
export subsidy.

e When the intervention price would be higher than the internal price, the
export subsidy rate is endogenous. The distribution across importers is
the same as in the baseline. If there was no subsidy in the baseline, this
distribution is homogeneous.

e The subsidization of exports is limited by a maximum of subsidized exports
from the WTO. If this limit is reached, then this constraint replaces the
price constraint.

When a simulation is complete, the model checks if the constraints defining a
mode still hold. If they do not, then the mode is changed automatically until
there is no more necessary change.

4.8 Investment

INVi,r,s,t = ai,r,sBr,tKTOTi,s,t eaWiI’(S’t (93)
Wk, =PK,+ P, TsubK, , (94)
INVTOT = INVip. (95)

1,7
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4.9 Regional equilibrium

GDPVOL, * PS5 =REV ., + PIBMVAL, * SOLD, (96)
PE, 40 Cirt
,7m,tg 0
CInd th Z.PrtOCJTtU
with ~ PGmder _H ! (97)
1 r,to

GDPVOL,, PG — Z(RQUOTAT,S,t — RQUOTA,, ;)

S

+ RECTAX ,, + Z PENRN .y + Z P o iKirst)

+L, Pt + TE, PTF + H, P (98)
epa, REV .y =Y  PHVIOTINV, 1 o4 (99)
PIBMVAL, = Z PVA; vt VAi s (100)

4.10 Dynamics
Kirst = Kz r,s,tfl(]- _5) +INVi,r,s,t (101)
Lrt=prLrt (102)
F’r t = p7F7',t—1 (103)
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