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Abstract

MIRAGRODEP is a recursive-dynamic, multi-region, multi-sector computable general equilibrium
model, devoted to trade and agricultural policy analysis. It is developed for AGRODEP and draws upon
the MIRAGE model built by CEPIL. It incorporates specific features such as foreign direct investment and
runs with a tariff aggregation module that allows the user to capture the exclusion effects at a detailed
level and the variance of tariffs. The model also includes a submodule allowing to test different closures
for the public sector as well as the inefficiency of the tax collection system. Social Accounting Matrix
(SAM) and trade data in MIRAGRODEP are based on the GTAP database. Additional sources such as
MacMap are used for protection data.



1. Introduction

MIRAGRODEP is a Computable General Equilibrium (CGE) model based on MIRAGE (Modelling
International Relations Under Applied General Equilibrium). It is a multi-region, multi-sector model,
dynamically recursive! CGE model. MIRAGE was initially developed at CEPII and devoted to trade
policy analysis. As opposed to a single country CGE model. A multi-country CGE model allows a
detailed and consistent representation of Rest of the World. This way, international economic linkages are

captured through the international trade of goods and foreign direct investment (FDI).

Social Accounting Matrix (SAM) and trade data in MIRAGRODEP is based on GTAP 8§ (Narayanan and
Walmsley (2012)). The GTAP Data Base is a fully documented, publicly available global data base which
contains complete bilateral trade information, transport and protection linkages among 113 regions for all
57 GTAP commodities for 2004. For MIRAGRODEDP, base year is 2007 and outlook period is from 2008
to 2025. For trade policy data, MAcMAP-HS6 has beenused.

The objective of this AGRODEP Technical Note is two-folds. First, it aims to describe the mathematical
structure? of and the economic hypothesis behind the MIRAGRODEP model, version 1.0 (available on
AGRODEP website). In this version of MIRAGRODEP, the government is presented separately from the
households and thus allows for a better understanding of the impact of shocks on the private and the
public sectors distinctly. Furthermore, MIRAGRODEP models are simplified versions of the MIRAGE
model (Decreux and Valin, 2007). As the MIRAGE model has been fully documented, parts of this
document are extracts from Decreux and Valin (2007). The second aim of the document is to explain how
practically the GAMS code can be used for running MIRAGRODEP for reference scenario (baseline) and

for scenario simulations.

The document is organized as follows. In Section 2, we present the main pillars of the model structure,
with a summary of equations and variables mapped to their counterparts in GAMS code. The model

structure is summarized in Section 3.
2. Model Structure
2.1 Dimensions and sets

The MIRAGRODEP model distinguishes multiple sectors (or activities, industries) each of them
producing one single commodity (or good, product). Sectors and commodities are referred to using
indices 7 or j, both representing the exact same elements. The subset Transport refers to the transportation

commodities and sectors.

! Dynamically recursive models do not include expectation of value of variables in future periods in the model. Plus, value of
variable X at the end of period t is the initial value of variable X at the beginning of period t-+1.
2 For a comprehensive review of the functional forms commonly used in CGE models, please refer to Femenia (2012).



MIRAGRODERP is a global dynamic model. Each variable is thus indexed in time (index t) and by region
using indices r (origin country), s (destination country), 77 and ss, which all correspond to the same

elements.

Set f'refers to the five (5) factors of production: skilled labor (index SkLab), unskilled labor (UnSkLab),
natural resources (NatlRes), capital (Capital) and land (Land). As will be discussed below, it is assumed
that unskilled workers are not perfectly mobile across sectors of production. Hence, sectors are grouped

according to the area, rural (L/) or urban (L2), both elements being included in set Ltype.
2.2 Production

The production in each sector and in each region follows the nested structure depicted in Figure 1 below.
At the top level, total output Yj~: is a Leontief of total value added, VA4~ and of total intermediate
consumption, CNTER;::.. In other words, there are no substitution possibilities between the two

aggregated inputs, they are used in perfect complementarity, and thus their shares in total production are

constant.
Mathematically:
— VA
Yj,r,t = Q;r VAJ',TI @
— ,CNTER
Vire = 4 r CNTER; ;¢ (2)
with
a}ff Value added scale coefficient
aﬂv TER Total intermediate consumption scale coefficient

Hence, the producer price of output, PYj:, is a weighted sum of the price of value added, PV4;:, and of

that of total intermediate consumption, PCNTER; 1.

PYjrtYjrt=PVAjrtVAjrt+ PCNTERj+t CNTERjr+ (3)



Figure 1. Nested production function®
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At the second level, on the value added side, total value added is a combination of unskilled labor, ;.
land, TE;, ., natural resources, RN;,., and capital-skilled labor bundle, Q). It is assumed that these inputs
are imperfect substitutes for one another, which is represented through the use of a constant elasticity of
substitution (CES) function®. The representative firm minimizes its costs subject to the CES aggregator,

which yield the following first order conditions:

VA
VA_1 (PVA:,\%
— L o 1 jr,t
Lire = aly VA PGF,  (F12) e
VA
TE. .= a'5-VA. .- PGF, o 1. (P )" 5
j,T,t - aj,T‘ j,r,t Tt PTEj,T,t ()

3 The acronyms for the volume followed by its corresponding price appear in brackets.
4Tt might be worth noting that some parameters are solely indexed in j. It is the case, for example, for the elasticity used in the

. VA . . L . . o
value added functions (O~ ). This specification implies that the same parameter is used for all regions, but that it differs from
one sector to the other.



va
VA N\
RNj = a]R?{v VA, PGF,,” -1 (PVAMI) J ©

J PRN s
VA af’
Qe = @y VA PGF,S T () 7)
with

ajL,r Unskilled labor coefficient
ajT_rE Land coeftficient
a}?ﬁv Natural resources coefficient
aj?r Capital-skilled labor aggregate coefficient
O'J-VA Value added elasticity
PGF, ; Total factor productivity

It follows that the price of value added is a weighted sum of the price of unskilled labor, PL j:the price
of land, PTE j-: the price of natural resources, PRN;~:, and the aggregated price of capital and skilled
workers, PQjr..

PVAjrtVAjrt=PLjrt Ljrt+ PTEjrt TEjrt+ PRNjrt RNjrt+ PQjrt Qjrt (8)
The price paid by the producer for each factor differs from the one received by the households by the
amount of taxes, which can be negative in the cases where factors are subsidized. The model also
distinguishes ad valorem taxes from taxes that are applied on volume. Hence:

VAL VoL

PLjre = WLtyiypert (1 + taxf UnSkLab,j,r,t) + PIndC, taxf UnSkLab,jrt )
PTEjy. = WTEjy, (1+ taxf]s., )+ PIndC, taxf|or, . (10)
PRN;; = WRN;, (1+ taxfyipes. ) + PIndCoy taxfy o, (11)
with

WLttypert Rate of return to unskilled labor (net of taxes)

WTE; . Rate of return to land (net of taxes)

WRN; Rate of natural resources (net of taxes)

PIndC, ; Consumer price index

tax ffV"]‘-‘,ﬁ,t Rate of factor-based taxes (ad valorem)

tax ffVJO-,ﬁ,t Rate of factor-based taxes (on volume)



At the bottom level, on the value added side, capital, KTOT;,, and skilled labor, H;,; are combined
through a CES function, once again to represent the imperfect substitutability between the two factors of

production. Minimization of production costs subject to the CES aggregator gives the following demand

functions:
CAP
PQ;. \%
— oH it
Hj,r,t - aj,r jr.t (PHj,T,t) (]2)
PQ;, N\
— 4K Jrt
KTOTj = aff. Q. (722) (13)
with
aflr Skilled labor coefficient
afr Capital coefficient
O'J-CAP Capital-skilled labor elasticity

The price of the capital-skilled labor bundle is thus a weighted sum of the rental rate of capital,

PK;, ., and of the price of skilled labor, PH;,.,.
PQjrtQjrt=PKjrt KTOTjrt++ PHjrt Hjrt (14)

Again, the prices paid for the factors of production differ from the ones received by households as there

are taxes levied on each of them.

_ VAL VoL
PH;,, = WH,, (1 + tafokLab‘j‘r,t) + PIndC, taxf g, ., (15)
_ VAL VoL
PKj, = WK, (1 + taxfCapiml’j,m) + PIndCy. txf {oriyy i (16)
with
WH, Rate of return to skilled labor (net of taxes)
WK; Rate of return to capital (net of taxes)

On the intermediate consumption side, the commodities (index i) used in the production process are
assumed to be imperfect substitutes. Once again, a CES function is used to represent this imperfect

substitutability, and cost minimization yields the demand for each input, /C;;:

IC
g
I PCNTER; ¢
ICijre = alf, CNTER;, (*5 T (17)
with
a{i- . Intermediate consumption scale coefficient



gl Intermediate consumption elasticity

The price of total intermediate consumption is a weighted sum of the price paid for each commodity,

PICij.
PCNTERj’T’t CNTERj’T’t = Zi PICi,j,T,t ICI:,]',T,L' (18)

The price of each input is subject to taxes, taxiccijr:, and thus differ from the price received by producers
PDEMTOT ..

PICijrt=PDEMTOTir: (1 + taxiccijrr) (19)
2.3 Income and savings
2.3.1 Households

Households are assumed to be homogenous and they own all factors of production. They, hence, receive
all the payments made to factors of production. They also receive transfers from the government, which

are indexed to take into account population growth and the evolution of the price index.

REVH, ., = Z WRN;,+ RN; .o + WTE;,; TEj,; + WH, H; .
J

+ Z WLt typers Lire + Z WK st Kirse t + POPgatpopst TRHye PINdC,.
Ltype s
(20)
with
REVH, ; Households’ income
TRH,; Public transfers to households

ag .
p OPtotpop,rt Population

Households savings, SAVHy., are a fixed proportion epar of their income net of indirect taxes, RECDIR.:,

and the rest of their income is dedicated to consumption budget, BUDH;..
SAVHrt=epar (REVHrt — RECDIR:+) (21)

BUDH; = REVHyr¢— SAVHr¢ — RECDIR; (22)
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2.3.2 Government

The income of the government, REVG::, consists of taxes collected on production, RECPROD:r:, on
factors of production, RECFACir:, on exports, RECEXP:r:, on imports, RECDD:;r«,on consumption,
RECCONS:..., and households’ income, RECDIR.

REVG,, = E{RECPRODL-” + RECFAC;,, + RECEXP,,,+ RECDD;,, + RECCONS;, }
i
+ RECDIR,,

(23)
Taxes on production are collected on the value of output of each activity. It is important to note that tax

rates should be considered as net rates, that is taxes net of subsidy. Hence, all tax rates can be either

positive or negative.
RECPROD; .+ = taxP; ¢ PY; .+ Y+ (24)
with
taxP, ¢ Production tax rate

Receipt from taxes on factors of production is the sum of volume and value taxes on each factor.

RECFACj,r,t = PIndCT.t (taxfzgrfd,j,r,t TEJ"’”I + taxfx(c)lilRes,j,r,t RNj'T't + taxf?/?fab,j,r,t Hj,r,t
+ taxf l];rolékLab,j,r,t Ljre + taxf ‘Cfszfitalljmt KTOTf"'t)
+ taxfymy WTEp TEjpe + taxfyfipe . WRN; . RN,
+ tafo,fLLabJ,r't WH,. Hj .
+ XS rsisan e 2 Witieypere Lire + t0XF capicar e WK KTOT s
Ltype
(25)

Exports may be subject to three taxes: taxes on production, taxPir:, regular taxes on exports, taxEXPirs.1,

and export tax equivalent of multi-fiber arrangement quota premium, taxAMFirs..

RECEXP;,, = PY;,,(1+ taxP,.,) Z(taxEXPi,,,S,t + taxAMF;, ) TRADE,, . (26)
S

with

TRADE; s ¢ Exports of commodity i from country r to country s

11



Duties, DD, are collected on imports evaluated at the CIF price, PCIFisr..
RECDD;,, = z DD, PCIF;;,, TRADE,,, (27)
S
Taxes are levied on households’ consumption, CHir:, government current expenditure on goods and

services, CGirs, on commodities sold for investment purposes, KGir:, and on intermediate consumption,

1Cijr:. Each buyer faces a specific tax rate, respectively , taxccirs, taxgcir:, taxkgcir:, and taxiccijr..

RECCONS;,, = PDEMTOT,,, {taxccmt CH;,:+ taxgc, , CG;r; + taxkgc, ,KGi,;
+ Z taxtCCi‘j’r’t ICi,j,T,t}
J
(28)
Finally, the government collects direct taxes on households’ income:
RECDIRr,t = ta.XdiTr,t REVHy: (29)

Government savings, SA VGr., are assumed to be a fixed proportion, PUBSOLD:, of GDP at market prices,
GDPMP:... Finally, the budget allocated to public current expenditure on goods and services, BUDG, is

determined residually.

SAVG,, = PUBSOLD, GDPMP,., (30)
BUDG,; = REVG,, — SAVG,;— Pop?(;gtpop'r't TRH,, PIndC, (31)
2.4 Demand

Domestic absorption of each commodity, DEMTOT;., is the sum of consumer demand, CHi:, demand
from public administrations, CGir:, intermediate demand, /Ci;r:, and demand for investment purposes,

KGi,r,t.

DEMTOT;,, = CHypy+ CGiry+ Zlci,j,r,t + KGir, (32)
;

2.4.1 Private demand

Households’ demand is characterized by a LES-CES (Linear Expenditure System - Constant Elasticity of
Substitution) specification. This specific utility function allows the evolution of the demand structure of

each region to be accounted for as its income level changes. Additionally, the elasticity of substitution is

12



constant only among the sectoral consumptions over and above a minimum level. The minimal level of

consumption can vary across region (e.g. developing versus developed country).

oC
CH; .= Pop?ftpop’r’t <cmini, + af, AUX,, (PZ.;) ’) (33)

with

cmin; Minimal consumption of commodity i (per capita)

al-Clr Household consumption coefficient

AUX, Utility

P¢ Shadow price of utility

PCi, Price of final private consumption

at Households’ consumption elasticity of substitution

Households maximize their utility subject to their consumption budget, BUDH::, from which one can

derive the shadow price of utility, Pr..

BUDH,, = 2 PCyy, CHiy, (34)
i
CH, 35
P, AUX,, = chi,,t <P+— cmini,r) (39
i Optotpop,r,t

The price paid by household for each commodity, PCir., differs from the one received by the suppliers,
PDEMTOT, ., by the amount of taxes collected, taxccir..

PCiyt=PDEMTOTir¢ (1 + taxccirs) (36)

Finally, the consumer price index, PIndCy., is a Fisher index.

PindC.. = |[EPCirt CHf,’r] [Zi PCirt CHi,r,t] (37)
nt SiPCy CHy | LS PCYy CHie
with
CH L-?r Benchmark value of households’ consumption
PC i?r Benchmark value of final private consumption

13



2.4.2 Public demand

Government spending on each commodity is a fixed share, afr, of total public expenditure in goods and

services, BUDG,,, and government purchases are subject to taxes, taxgci...

PCG;,.CG;,r = b, BUDG,, (38)
PCGiy. = PDEMTOT;,, (1+ taxgc,,,) (39)
with
PCG; Price of final public consumption

2.4.3 Demand for investment purposes

Finally, demand for investment purposes, KGirs, is characterized by a CES function. Cost minimization
subject to the CES aggregator yields the following demand function:

oKG

PINVTOT,,
KGiye = a6 INVTOT,, (th) (40)
with
afer Capital good scale coefficient

INVTOT, ; Total investment

PINVTOT,,  Price of investment

PKG; Price of capital good consumption
KG

o Capital good elasticity

The aggregated price of capital, PINVTOT:., is thus a weighted sum of the price paid for each commodity,
PKGi,r,t.

PINVTOT, INVTOT,, = Z PKG;, . KGi,, (41)
i

Again, the price paid by the purchaser differs from the one received by the seller, as taxes apply.
PKGirt=PDEMTOTir¢ (1 + taxkgcirt) (42)
2.4.4 Demand by geographic origin

MIRAGRODERP is a bilateral trade model consistent with the Armington assumption: commodities are
assumed to be heterogeneous according to their origin, and thus, imperfect substitutes for one another
(Armington 1969). Nested CES functions are used to reflect preferences among varieties originating from

different countries. Therefore, countries can export and import the same product at the same time due to

14



consumer preferences for different varieties. The price transmission between domestic and international
market is imperfect and highly dependent on the choice of the CES trade elasticities and the initial share
of trade.

At the top level, total demand, DEMTOT;,;, combines aggregated imports, M;,,, and local production,
D;,, through a CES function. From cost minimization subject to the CES aggregator, the following

demand functions can be derived:

RM
Di.. = ab. DEMTOT,, (%)M (43)
OARM
My, = alf DEMTOT,,, (225 %Mt " (44)
with
a, Local demand scale coefficient
aﬁ‘,”r Total import demand scale coefficient
aiARM Armington elasticity
PD;, ¢ Price of demand for domestic commodity
PM; .+ Aggregated price of imports

Consequently, the price of the aggregated commodity, PDEMTOT: ., is a weighted sum of aggregated
imports, PMi:, and of the price of the domestically produced commodity, PD:;r:, which differs from the

amount received by the producer, PYirs, since taxes, taxPir:, apply.
PDEMTOTi,r,t DEMTOTi,r,t = PDi,r,t Di,r,t + PMi,r,t Mi,r,t (45)
PDirit=PYirt (1 +taxPiryt) (46)

At the second level, total imports, M., are a CES combination of imports from the different trading
partners, DEMAis .. Cost minimization under the CES aggregation constraint leads to the following

demand function:

PM; o'
DEMA; 5y, = alyf My, (W) (47)
with
aj’yt Import demand scale coefficient
aiMP Import elasticity

PDEMA;,. Price of bilateral trade

15



This specification implies that the price of aggregated imports is a weighted sum of the price paid to the

different partners. The price paid by the purchaser differs from the CIF price as import duties, DD{,“S_TI

apply.
PMiy Mire = ) PDEMA;;,, DEMA;,, (4
S
PDEMA;,. = PCIF,. (1+ DD, ) (49)

And the CIF price is determined by the production costs, on which taxes apply, plus the transportation

costs.
PCIFi,s,r,t = PYi,s,t (1 + ta.XEXPi,s,r,t + ta.XAMFi,s,r,t ) (1 + taxpi,s,t ) + MUOi,s,r PTTi,s,r,t

(50)
with
PTrisr: Price of transportation per commodity exported
MUO,; s, Transport coefficient
Following the consistent aggregator methodology as defined in(Laborde, Martin, and van der

Mensbrugghe, 2011), aggregation of volumes differ whether they are estimated at world prices or at

domestic prices. Hence, the shadow price of bilateral trade, PDEM, ., is evaluated as follow:
PDEMi,s,r,t = PCIFi,s,r,t (1 + DDi,s,r,t) (51)
which leads to the definition of the aggregator TRADE: s,

DEMAi,s,r,t PDEMAi,s,r,t = PDEMi,s,r,t TRADEi,s,r,t (52)

16



Figure 2 : Demand by geographic origin’
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2.4.5 Demand for transportation services

The volume of transportation 77isr:required to move commodity i/ imported by region » from region s is a

fixed proportion MUOQis, of total imports TRADEis,r:.

T'l"i,s,r,t = MUOi,s,r TRADEi,s,r,t (53)
Transportation demand per mode, TrModerransporiisri, is then determined as being a fixed share
aﬁansport,ils_r of total transportation demand. Implicitly, thus, total demand for transportation is a Cobb-

Douglas type of function. Hence, the exact price formulation for the aggregated price of transportation,

PTrisry, is the dual form of a Cobb-Douglas.

— AIr
PTrM OdeTransport,t TrM OdeTransport,i,s,r,t - aTransport,i,s,r,t Tri,s,r,t p Tri,s,r,t (5 4)
PT —_ PT M d a%:ansport,i,s,r (55)
ri,s,r,t - rvo eTransport,t

Transport
with
PTrModeryransport,y  Price of transport per mode

PTTiy st Price of transportation by commodity and partners

5> The acronyms for the volume followed by its corresponding price appear in brackets.

17



2.5 Supply and market clearing
2.5.1 Transportation market

The world supply of transportation services per mode, WorldTrivanspor:, follows a Cobb-Douglas
specification. It follows that the supply from each region, TrSupplyrransportrs, is a constant share of the

world value of transportation.

aTrSupply (5 6 )

Transport,r
Transport,r,t

WorldTrTransport,t = Cgransport l_[TrSupply
r

P YTransport,r,t (1 + taxP Transport,r,t) TrSupply Transport.r.t (57)

TrSupply
Transport,r

PTrMOdeTransport,t WorldTrTransport,t

with
CTransport Scale coefficient

TrSupply

Transporty  Share of each region in the world transport production

Market for transportation clears, since demand of transportation is equal to supply. Equilibrium on the

transportation market determines the world prices of transportation per mode, PTrModerransport,r-

WOT‘ldTTTmnSport,t = Z TrM OdeTransport,i,T,S,T (%)

ir,s
2.5.2 Commodity market
In each region, supply of each commodity is equal to demand. Market clearing determines the price of

each commodity, PY ..

irt

Yire= Dire+ 2 TRADE, s, + TrSupply (59)
S

2.5.3 Factors of production market

2.5.3.1 Labor market
Total supply of skilled workers, H,., is fixed and grows exogenously. Skilled workers are assumed to be
perfectly mobile across sectors and there is no unemployment. Hence, the equilibrium between supply and

demand determines the wage rate.

Hr,t = z Hj,r,t (60)

18



The same assumption is followed regarding total supply of unskilled workers (L, ,): it is fixed and grows
at an exogenous rate. However, it is assumed that unskilled workers cannot move freely between rural and
urban areas. A CET (Constant elasticity of transformation) is used to characterize the regional supply of
unskilled workers. Unskilled workers maximize their income subject to the CET aggregator, which leads

to the following supply function:

L

Lt _ WLtLtypert
Ltitypert = brtyper Lrt (W) (61)
with
Ltieypert Labor supply on the Ltype market
bityper Labor scale coefficient
WL, Aggregated wage for unskilled workers
ol Labor elasticity

It follows that the aggregated wage for unskilled workers WL, is a weighted sum of the wages received

on each market:

T T 62
WLr,t Lr,t = Z WLtLtype,r,t LtLtype,r,t (62)
Ltype

which is determined by the equilibrium between supply and demand.

63
LtLtype,r,t = ZL]',T,L“ (63)
j

2.5.3.2 Land market
Land mobility across sectors is assumed to be imperfect. Land supply, TE,. ¢, behaves as an isoelastic
function of the real return to land (Lee and Mensbrugghe, 2001)). This implies that the greater the real
overall return to land, the greater will be the overall supply of land.

TE

—_— —_— WTE. O'r
TE,, = TE? <@) (64)
’ Prt
with
TE? Benchmark value of total land supply
WTE, ; Aggregated price for land
ol Total land supply elasticity
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To represent the imperfect mobility of land, supply to each activity, TE;,.,, is determined following a CET
aggregation. Land owners maximize their income subject to the CET aggregator, which leads to the

following first order condition:

O'TE
TEj, = blF TE,, () (65
with
bff Land scale coefficient
oTE Land elasticity
It follows that the aggregated price of land is weighted sum of the price received in each activity.
(66)

WTE, ﬁr,t = Z WTEj, TEj ¢
J

2.5.3.3 Capital market
At each period, the capital stock invested by region s in activity j in region r, Kjsrs, is given by the
depreciated stock of capital inherited from the preceding period plus new investment IN Vs«
Kj,s,r,t = Kj,s,r,t—l (1 - 5r) + INVj,s,r,t (67)
with
oy Depreciation rate

Where the investment per activity and region of destination depends on the rate of return to capital, the

aggregated price of new capital and capital stock®.

o ( WKj,r,t )
INVj,s,r,t = B Qjs,r KTOTj,r,t e \PINVIOTrt (68)
with
B+ Scale coefficient for investment
aj s r Investment scale coefficient
a Elasticity of investment to return on capital

Total investment made in region r, INVTOT::, is simply the sum of investment made in each sector of

each region:

INVTOT,, = z INV gy (69)

j.s

¢ For a complete discussion on the investment behaviour, see Decreux and Valin (2007).
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In each sector, total supply of capital equals demand, which determines the rate of return to capital

specific to this sector (WKi.).

7
KTOTi,r,t = Z Ki,s,r,t (70)
s

2.6 Macroeconomic constraints

In each region, total investment must be equal to total savings:

SAVH,  + SAVG,, — CAB,, = Z PINVTOT,, INV;,.., (71)

i,s

Where CAB:trepresents the current account balance, which is a constant share SOLD:: of world GDP,

PIBMVAL:.
CABr:=PIBMVAL: SOLD~ (72)

World GDP is the simply the sum of regional GDPs, GDPMR:.::

PIBMVAL, = Z GDPMP,, (73)
T

Consistent with the system of national accounting, each region’s GDP at market prices is given by the

sum of payments to factors of production and of indirect taxes.

GDPMP, , = Z PVA; o VA, (74)
J
+ E{RECPRODW RECEXP;,; RECDD; . RECCONS; .}
i

Finally, real GDP, GDPVOL:., is computed by dividing GDP at market prices by a consumer price index:

GDPMP;

GDPVOLy = e onacs,

(75)

2.7 Economic Closures

In MIRAGRODEP, every economic agent balances income and expenditures: income of households
equals to spending of households (consumption, savings and transfers), firms’ spending (including
payment to capital) equals firms’ revenue. At a global level, savings must be equal to investment. At the
country level, a gap between the two variables can occur due to international capital movements.

Nevertheless, constraints on current account surplus or deficits are also considered, leading to real
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exchange rate adjustments (determining relative international prices among economies). Furthermore,

supply equals demand forall commodities and factors in the economy.
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3. Summary of Model Structure

Table 1: Equations of MIRAGRODEP

Production

First level: Leontief

L |Y;,, = afVA;,, EQ_VA
2. | Yy = afy""RCNTER;,., EQ_CNTER
3. | PYjrtYjre=PVAjrtVAjrt+ PCNTERj+t CNTER) ¢ EQ Y
Second level — Value added: CES GAMS
Pva, \
VA i
4. Lip; = ajL’r VA, PGFr,taj -1 <_f”) EQ CES L
PL;.,
5 TE TE VA PGF /A1 (PVAj,r,t)GJVA £Q CES TH
. Tt = a.' - it . t J . - _
T, T T T PTEj'r't
6 RN RN VA PGF /A1 (PVAj,r.t)UJVA £Q CES RN
. irt = a.’ - it . ¢ J —_— - .
T, T T T PRNj'r't
0 UVA—l PVAj,r,t O-;IA E CES
7. Q= @, VA, " PGF, 7 5 Q CES_Q
Qj,r,t
8. | PVAjrt VAjrt=PLjrt Ljrt + PTEj+t TEjrt+ PRNjrt RNjre+ PQjrt Qjrt EQ CES PVA
9. | PLjyy = Wltieypers (1 + taxfmls“kwb’j'r't) + PIndC,, taxfgg.l;‘kLab,j,r,t EQ_PL
10| PTE,, = WTE;,. (1+ taxfl2, Y+ PindC,, taxf'%, EQ_PTE
_ VAL VoL
UL\ PRN, = RN, (1+ taxf{h, )+ PindC,, taxfioh, EQ_PRN
Third level — Capital-Skilled labor bundle: CES GAMS
PQ. \%
2\h, = dlQ < Q],r,t) EQ H
L ” LT PH]',r,t
CAP
PQ._ \%
— K jrt EQ KTOT
13. KTOT;,. = @, Q.. (PK. ) Q_
],T,f
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Capital,j,rt Capital,jrt

14.| PQjrt Qjrt=PKjrt KTOTjrt+ PHjrt Hjrt EQ PQ
15.| PH,e = WH,, (1+ taxfU )+ PindC,, taxfi0h, EQ_PH
16.| PK;pe = WK, (1+taxfU, ) + PIndC,, taxf /2" EQ_PK

Second level — Intermediate consumption: CES GAMS

Income and Savings

Households

REVH,, = Z WRN; .« RN;,; + WTE; ., TE; ., + WH, H; .
J

Ic
PCNTER;.,\’
17.11¢,;,, = alS,CNTER;,, (—”) EQ_IC
PIC;j,,
18. | PCNTER,,,CNTER,,, =, PIC,,, IC,;,, EQ PCNTER
19.| PICijrt=PDEMTOTiy: (1 + taxiccijrt) EQ PIC

20. EQ REVH
+ Z WLtLtypert L]rt + Z WK]st K]rst
Ltype
+ Poptotpop rt TRHy ¢ PIndCr,t
21.| SAVHrt = epar (REVHrt — RECDIRyy) EQ SAVH
22.| BUDHr:= REVHy;— SAVHy: — RECDIR:; EQ_BUDH
Government GAMS
REVG,, = Z{RECPRODI-” + RECFAC,;,, + RECEXP;,, + RECDD,,,
23. - EQ REVG
+ RECCONS,, .} + RECDIR,,
24.| RECPROD;,; = taxP; ., PY;, . Yi ¢ EQ RECPROD
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RECFAC;,, = PIndC,, (tafoOL TE;

Land,jrt Jirt

voL voL
+taxf ganive Hire ¥ 0 yugiiap e Line

VoL
+ tafoathes,j,r,t RN]',T,t

+ taxfgt‘j;imlw KTOT]-_M) + taxf]i it WTEjr TEj 0
EQ RECFAC

25. + taxfxflﬁlRes,j,r,t WRNj»r»f RNj»r»f + taxfglfll,‘ab,j,r,t WH?’»t Hj,r,t o

+ taxf mékLab,j,r,t Z WLt eypere Ljre

Ltype

+ taxf o aine WKjre KTOT)

26.| RECEXP;,, = PY;,.(1+ taxP;,,) Z(taxEXPi,,s,t + taxAMF, s )TRADE, o | EQ RECEXP
S
27. RECDDL’,r,t = z DDi,s,r,t PCIFi,s,r,t TRADEi,s,r,t EQ RECDD
N
RECCONS,;,, = PDEMTOT,,, {taxccimt CH;,. + taxgc, , CG;,,

28. EQ RECCONS

+ taxkgc,  KG;., + Z taxiccj,, IC L-J-,r,t}

J
29.| RECDIRy; = taxdirrt REVHr; EQ RECDIR
30.| SAVG,, = PUBSOLD, GDPMP,, EQ SAVG
31.|BUDG,, = REVG,, — SAVG,, — Pop‘;ipopr . TRH,, PIndC,, EQ BUDG
Demand
32. DEMTOTi,T,t = CHi,T,t + CGi,r,t + Z ICi,]-,r,t + KGi,T,t EQ_DEMTOT
j

Private demand GAMS

¢

. Pr,t o

33.| CHype = PODS, (cmmim + af, AUX,, (PC- t) EQ CH
Lr,
34.|BUDH,, = z PC;..CH;,, EQ AUX
i
CHi,r,t .
35. Pr,t AUXr,t = PCi,r,t PT — cmun;, EQ P
i Optotpop,r,t

36.| PCirt = PDEMTOT:r¢ (1 + taxccirt) EQ_PC




Zi PCi,r,t Cng
Y. PC? CHY.

Zi PCi,r,t CHL',r,t

EQ PI
Zi chr CHL',r,t

37.| PindC,, = [

Public demand
38.| PCG;,..CG,,, = af. BUDG,, EQ_CG
39.| PCG,,, = PDEMTOT,,, (1 + taxgc, ) EQ_PCG
Demand for investment purposes GAMS
o pinvror, \"*"
40.| kG, ,, = af¢ INVTOT, ,| —— EQ KG
s “\ PKG,,,
41.|PINVTOT,,INVTOT,, = Z PKG;, . KG;, EQ PINVTOT
i
42.| PKGirt=PDEMTOT iyt (1 + taxkgcir.) EQ_PKG
Demand by geographic origin GAMS
PDEMTOT o™
PDi,r,t
O,ARM
PDEMTOT; !
44.\M,,, = o DEMTOT,,, (—“"t> EQ M
PMi,r,t
45. PDEMTOTi,r,t DEMTOTi,r,t = PDi,r,t Di,r,t + PMi,r,t Mi,r,t EQ_PDEMTOT
46.|PDirt=PYirt (1 + taxPirs) EQ_PD
PM o
it
47. DEMA,,,, = a%f M., __ wnt EQ DEMA
PDEMA,,,
48. PMi,r,t Mi,r,t = Z PDEMAL’,s,r,t DEMAL’,s,r,t EQ PM
N
49.| PDEMA,,, = PCIF,,,, (1+ DD{,,,) EQ PDEMA
50. PCIFisrt=PYist (1 + taxEXPisre+ taxAMFisyt) (1 + taxPist) + MUOisy EQ PCIF
PTrisqrt -
51.| PDEMisy = PCIFisrt (1 + DDisyyr) EQ PDEM
52.|DEMA,,,, PDEMA,,,= PDEM, ,, TRADE,, EQ TRADE




Demand for transportation services GAMS

53. TT'i7s,r,t = MUOi,s,r TRADEi,s,r,t EQ_TI‘
_ o Ir
54.| PTrM OdeTransport,t TrM OdeTransport,i,s,r,t - aTransport,i,s,r,t Tri,s,r,t P Tri,s,r,t EQ_T rMode
a%:ansport is,r
55. PTri,s.r.t = | | PTrMOdeTransport’,;‘ EQ PTr
Transport

Supply and market clearing

Transportation market
aTrSupply
— T T t,
56. WorldTrTransport,t = CTransport l_[ TrSupply TT;::L::S;;I EQ Wor 1dTr
r
57 P YTransport,r,t (1 + taxP Transport,r,t) TrSupply Transport.r.t EQ TrSu 1
: TrSupply _ pply
Transport,r PTTM OdeTransport,t WorldTrTransport,t
58. WorldTrTransport,t = Z TrMOdeTransport,i,r,s,r EQ_PTrMOde
Lr,s
Commodity market GAMS
59.1Ye= Dipe + z TRADE,, ;. + TrSupplyimt EQ PY
s

Factors of production market

Labor market

60 Hr,t = z Hj,T,t EQ_WH
j
WLt ot
— Ltyper,t
6L. Ltieypert = bLLLpre,r Lyy < WL,, ) EQ CET_Lt
62. mr,t r'r,t = Z WLtLtype,r,t LtLtype,r,t EQ CET WLbar
Ltype

63. Ltitypert = Z Ljrt EQ WLt

j
Land market GAMS

WTE, \*
64. TE,; = ﬁ,(.) <—rt> EQ TEbar

’ 1:’r,t
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: TEj,r,t = bEr TEr,t(

TE
WTE; .\’
WTE,

EQ CET WTE

66.| WTE, TE, = ZWTEW TEj ¢ EQ CET WTEbar
j
tal market GAMS

67. Kj,s,r,t = Kj,s,r,t—l (1 - (Sr) + INVj,s,r,t EQ_K

« (pryias—) EQ TNV
68. INV e = By ajer KTOT, . PINVTOT, ¢ Q
69. | INVTOT, ( = Z INVg ¢ EQ INVTOT

j,s
70. | KTOTi e = Z Kisrt EQ WK
S
Macroeconomic constraints
71.| SAVH, + SAVG,; — CAB,; = Z PINVTOTs; INV; st EQ B
is
72.| CABry= PIBMVAL: SOLD: EQ CAB
73. | PIBMVAL, = Z GDPMP, EQ PIBMVAL
r
GDPMP,, = Z PVA; . VA ¢
74. J EQ_GDP
+ Z{RECPRODM RECEXP; ., RECDD; ., RECCONS;
i
GDPMP, .

75.| GDPVOL,, = : EQ PGF

[1; PCi . pondC;




Table 2: Variables of MIRAGRODEP

Variable Definition GAMS

AUX,., Utility AUX (r, Temps, simul)

B¢ Investment scale coefficient B(r, Temps, simul)

BUDG,, Budget allocated to public consumption BUDG (r, Temps, simul)

\BUDH,.; Budget allocated to private consumption BUDH (r, Temps, simul)

CAB,., Current account balance CAB (r, temps, simul)

CGi,,.. Public consumption of commodity # CG(i,r,Temps, simul)

CH,,. Consumption of commodity i by households  |cx (i, r, Temps, simul)
Aggregate intermediate consumption by

CNTER;,., sector CNTER (j, r, Temps, simul)

D e Demand for domestic commodity i D(i,r, Temps, simul)

\DEMA,; 5.1 Bilateral trade from 7 to s (volume) DEMA (i, r,s, Temps, simul)

\DEMTOT;,, [Total demand for composite commodity i DEMTOT (i, r, Temps, simul)
Gross domestic product at market prices

GDPMP,, (nominal) GDPMP (r, Temps, simul)

GDPVOL,, |Gross domestic product at market prices (real) |GppvoL (r, Temps, simul)

H, ¢ Demand for skilled labor by sector H(j, r, Temps, simul)

H, Total skilled labor supply Hbar (r, Temps, simul)

[Cj i Intermediate consumption of good i by sectorj |1c (i, 5, r, Temps, simul)

INVs. Investment made by s in sector j of region r INV (3, s, r, Temps, simul)

INVTOT,, Total investment in region r INVTOT (r, Temps, simul)

K5t Capital stock invested by s in K(j,s,r, Temps, simul)

KGi. Demand of good i for investment purposes KG(i,r,Temps, simul)

KTOT; Capital stock available in sector j KTOT (j, r, Temps, simul)

Lt Demand for unskilled labor by sector j L(j,r, Temps, simul)

Lyt Total supply of unskilled labor Lbar (r, Temps, simul)

Ltrepper Supply of unskilled labor per type Lt (Ltype, r, Temps, simul)

M, ¢ |Aggregate imports by region r M(i, r, Temps,simul)

I Price of utility P(r, Temps, simul)

\PC; . Price of final private consumption PC (i, r, Temps, simul)
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PCG; Price of final public consumption PCG (i, r, Temps, simul)

\PCIF; 5. CIF price PCIF (i, r,s, Temps,simul)
Price of aggregate intermediate

\PCNTER; ., consumption by sector j PCNTER (j, r, Temps, simul)

PD;,, Price of for domestic good / (including taxes) |pp (i, r, Temps, simul)

\PDEM; ;.5.¢ Price of bilateral trade from r to s PDEM (i, r,s, Temps, simul)

\PDEMA,; ,s; |Price of bilateral trade from r to s PDEMA (i, r, s, Temps, simul)

\PDEMTOT;,; |Price of composite commodity i PDEMTOT (i, r, Temps, simul)

\PGF,, Total factor productivity PGF (r, Temps, simul)

\PH, ;.: Price of skilled labor (including taxes) PH(j, r, Temps, simul)

\PIBMVAL,  [World gross domestic product (value) PIBMVAL (Temps, simul)
Price of intermediate consumption good i for

PICijri sector j (including taxes) PIC(i,3,r,Temps, simul)

\PIndC,, Consumer price index PIndC (r, Temps, simul)

\PINVTOT,; |Aggregate price of investment in region » PINVTOT (r, Temps, simul)

PK; i Price of capital (including taxes) PK(j,r, Temps, simul)
Price of capital good consumption of good i

\PKGi (including taxes) PKG (i, r, Temps, simul)

\PLj ¢ Price of unskilled labor (including taxes) PL(j,r, Temps,simul)

\PM; ;¢ Price of aggregate imports PM (i, r, Temps, simul)

PO .t Price of capital - skilled labor aggregate PQ(j, r, Temps, simul)

\PRN ;. Price of natural resources (including taxes) PRN (j, r, Temps, simul)

PTE; . Price of land (including taxes) PTE (j, r, Temps, simul)

\PTV; 1.t Price of aggregate transport by export PTr(i,r,s,Temps, simul)

\PTrMode;,  |World price of transport per mode PTrMode (j, Temps, simul)

PVA; . Price of value added PVA (j, r, Temps, simul)

PY s Output price PY (j,r, Temps, simul)

Ot Capital - skilled labor aggregate Q(j, r, Temps, simul)

IRECCONS,,; |Consumption tax receipts RECCONS (i, r, Temps, simul)

\RECDD,; ., Tariff revenues RECDD (i, r, Temps, simul)

RECDIR,., Tax receipts from direct taxation RECDIR (r, Temps, simul)

RECEXP;,; |Export tax receipts RECEXP (i, r, Temps, simul)

RECFAC,,, |Receipts from taxes on factors of production  |rgcFac (5, r, Temps, simul)
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RECPROD:; .+

Production tax receipts

RECPROD (i, r, Temps, simul)

REVG,., Government total income REVG (r, Temps, simul)
REVH,, Households income REVH (r, Temps, simul)
RN .1 Demand for natural resources by sector RN (j, r, Temps, simul)
SAVG,., Government savings SAVG (r, Temps, simul)
SAVH,, Households savings SAVH (r, Temps, simul)
Initial share of current account balance in world
SOLD;,, GDP SOLD (r, Temps, simul)
TE; . Land used in sector j TE (j,r, Temps, simul)
TE, . Total land supply TEbar (r, Temps, simul)
T¥irse Transport demand by export Tr(i,r,s, Temps, simul)
TRADE; , s, Bilateral trade from 7 to s (volume) TRADE (i, r, s, Temps, simul)
TRH, ; PPublic transfers to households TRH (r, Temps, simul)
TrMode;,s; [Transport demand by export, per mode TrMode (j,1,r,s, Temps, simul)
Supply of international transportation by region
TrSupply;.. | TrSupply (j, r, Temps, simul)
VA 'Value added VA (j,r, Temps, simul)
WH,,, Rate of return to skilled labor WH (r, Temps, simul)
WK Rate of return to capital WK (i, r, Temps, simul)
mr,t Price of aggregate unskilled labor Wlbar (r, Temps, simul)
WLtrype,r: Rate of return to unskilled labor WLt (Ltype, r, Temps, simul)
WorldTr;, World supply of international transportation WorldTr (, Temps, simul)
WRN; .. Rate of return to natural resources WRN (j, r, Temps, simul)
WTE; . Rate of return to land WTE (3, r, Temps, simul)
WTE,, Aggregate price of land WTEbar (r, Temps, simul)
Y Total output of sector j Y (3, r, Temps, simul)
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