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This paper presents the theoretical specification and current
developments of a Spatial (Interprovinciall Computable General
Equilibrium (SCGE) model for Morocco. The model is formulated
as a Johansen-type CGE system, solved in linearized form, and is
designed to analyze the regional and national impacts of policy
shocks within an integrated interregional economic framework.
The Moroccan economy is disaggregated into 72 provinces, 20
production sectors, multiple institutional agents, and an external
sector, allowing for detailed representation of interprovincial trade,
productionlinkages,andincomegeneration. Productiontechnologies
combine nested CES and Leontief structures, capturing substitution
possibilities among regional and foreign sources of intermediate
inputs and primary factors, while household behavior follows a
Stone-Geary (Linear Expenditure System) specification. The model
incorporates explicit treatments of investment allocation, capital
accumulation, labor markets, migration, government behavior, and
price formation under constant returns to scale, with extensions to
allow for agglomeration economies. Calibration is based on a top-
down disaggregation of the national input-output system for 2019,
complemented by demographic and fiscal data, and parameterized
using a combination of econometric estimates and standard values
from the literature. In addition, the paperintroduces a COl-emissions
module that enables the simulation of carbon taxation policies
and interregional revenue recycling schemes. The SCGE model
provides a flexible and internally consistent tool for evaluating the
regional distributional, environmental, and macroeconomic effects
of structural reforms and climate-related policies in Morocco.
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1. INTRODUCTION

In this paper, we provide an overview of the specification of the linear form of the Spatial (Interprovincial)
Computable General Equilibrium (SCGE) model for Morocco computable general equilibrium model for
Morocco, based on the different groups of equations. Attention is directed to the most relevant equations for
the functioning mechanism of the model. The sets, variables and coefficients referring to each equation are
explicitly declared. Variables are defined in percentage change form, unless specified otherwise.

This class of models has attracted considerable attention in recent years in academic circles and policy-
making debates. One of the main contributions of this methodology is enabling the researcher to define the
parts of the economic environment (e.g., sectors, regions, households, governments) as components of an
interdependent system. The demarcation used in this study divides the Moroccan economy into 727 regions
that produce, consume, and trade goods produced by 20 sectors.

All regions can trade among themselves and import and export their production to an external sector (under
a specific exchange rate). The scope of this class of models allows us to capture the effect of the change
exogenous shocks on a series of economic variables. Most notably: production, prices, welfare, employment,
wages, household and government consumption, imports, and export volume, among others. The effect on
these variables can be analyzed both from a national or a regional point of view. In terms of production,
each industry can produce a good using a composite good specification that allows each product to be
manufactured using a fixed combination of primary factors and intermediate goods. The factors used in our
model are capital and labor, which, in turn, are combined through a CES function to form the compound of
primary goods. The intermediate inputs, which may be of domestic and foreign origin, are also combined
using a CES function to form the compound of intermediate inputs. Finally, intermediate inputs and primary
factors are combined through a Leontief function to generate the firms’ output.

We adapt the B-MARIA model approach, a model proposed by Haddad & Hewings (1997) and Haddad
(1999). The construction of the database required for its calibration was done through a top-down
disaggregation approach, which uses the structure of the nation’s input-output system to anchor the estimate
of the interregional input-output data. This database enables us to have a snapshot of the Brazilian economy
as an integrated interregional system at a given point in time. Our model was calibrated and parameterized
for the year 2019, following the methodology proposed by Haddad, Gongalves Junior, and Nascimento
(2018) and adapted in Haddad et al. (2025).

Figure 1 shows the provincial boundaries of Morocco (level 72). These provinces are part of a regional
administrative division (level 12).

Figure 1. Regional Setting of the SCGE Model

' Although Morocco comprises 75 provinces, our model retains only 72 by aggregating the following provinces for employment data
representativeness: Tan-Tan with Assa-Zag, Es-Semara with Tarfaya, and Oued Ed Dahab with Aousserd.
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2. THE JOHANSEN APPROACH?

The SCGE model for Morocco falls into a class of CGE models known as Johansen-type CGE models in the
sense that the solutions are obtained by solving the system of linearized equations of the model.3 A typical
result shows the percentage change in the set of endogenous variables after a policy is carried out, compared
to their values in the absence of such policy in a given environment. In Johansen-type CGE models, the system
of equations of the model4 can be written as:

FWV) =0 ()

where V is an equilibrium vector of length n (number of variables), and F is a vector function of length m
(number of equations), which is assumed to be differentiable. Regarding the dimensions, n and m, it is assumed
that the total number of variables is greater than the total number of equations in the system (n > m). Thus,
(n - m) variables must be set exogenously. For calibration of the system, it is fundamental to assume that
3V = V*s.t. F(V*) = 0 and the initial solution, V*, is known.

The Johansen approach consists of using a differential or log differential version of Eq. 1, which may be
represented as:

AWV)v=0 (2)

where A(V) is a (m x n) matrix containing partial derivatives or elasticities, and v is appropriately calculated
as changes, log-changes, or percentage changes in vector V.

2 We have followed closely the notation and exposition of the Johansen approach presented in Dixon et al. (1992).

3 More details can be found in Dixon et al. (1982, 1992), and Dixon & Parmenter (1996).

4 A CGE model is simply the formalization of this general representation, along with the equilibrium constraints defined by the Walrasian paradigm.
CGE models differ in how they define their analytical, functional and numerical structures.
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The procedure to obtain approximate estimates of (percentage) changes in endogenous variables is to
evaluate A(.) on a known initial equilibrium vector V!and then solve Eq. 2. It is helpful to partition matrix A
and vector V into two parts each, separating the endogenous and exogenous variables. The endogenous and
exogenous parts of the system are indexed a and 6, respectively:

AWV v = A,(V)v, + Ap(V)vp =0 (3)
Ve = — Ag(V)) " A5 (V) vy (4)
ve = B(V!)vp (5)

where A, is (m x n), vy is (m x 1), Ag is (m x n-m), vg is (n-m x 1), and B(VI) is defined as
A,(v)) " ag(vh).

3. SPECIFICATION OF THE SCGE MODEL

We present the specification of the linearized form of the SCGE model, A(V)v = 0, based on different
groups of equations. The notational convention uses uppercase letters to represent the levels of the variables
and lowercase for their percentage-change representation. Superscripts (u), u = 0, 1}, 2j, 3, 4, 5, 6 refer,
respectively, to output (0) and the six different regional-specific users of the products identified in the model:>
producers in sector | (1), investors in sector | (2]), households (3), purchasers of exports (4), regional
governments (5), and central government (6); the second superscript (r) identifies the domestic region where
the user is located. Two subscripts identify inputs: the first (i) takes the values 1, ..., g, for commodities and g
+ 1 for primary factors; the second subscript identifies the source of the input, being it from domestic region
b (1b) or imported (2) or coming from labor (1) or capital (2), the two primary factors in the model. The

symbol (e) is employed to indicate a sum over an index.

We define the following sets: G = {1,...,g}, where g is the number of composite goods; G* =
{1,...,9,9 + 1}, where g+1 is the number of composite goods and primary factors, with G* D G; H =
{1, ..., h}, where h is the number of industries; U = {(3), (4b), (5), (6), (kj)} for k = (1),(2) and j € H, is
the set of all users in the model; U* = {(3), (5), (6), (kj)} for k = (1),(2) and j € H, with U D U*, is the
subset of domestic users; S = {1, ...,7,7 + 1}, where r+1 is the number of all regions (including foreign);
S* ={1,...,r}, with S D S*, is the subset with the r domestic regions; and F = {1, ..., f} is the set of primary
factors. In the SCGE model, g = h=54,r = 33, and f = 2.

We model the sourcing of composite goods based on multilevel structures, enabling a significant number of
substitution possibilities. We employ nested sourcing functions to create composite goods available for
consumption in the regions of the model. We assume that domestic users such as firms, investors, households,
and government, use combinations of composite goods specified within two-level Constant Elasticity of
Substitution (CES) nests. At the bottom level, bundles of domestically produced goods are formed as
combinations of goods from different regional sources. At the top level, substitution is possible between
domestically produced and imported goods. Equations 6 and 7 describe the regional sourcing of domestic
goods and the substitution between domestic and imported products.

wr _ _(r . @r( r V(1L w)r) Wwr
X)) T *(iae) ol (p(i(lb)) Lies* (V(i,lo,(u),r)) (p(i(u))))

> We have specified a seventh residual user, (7), to deal with statistical discrepancies in the balancing of the model’s absorption matrix based on the
Moroccan interregional input-output system (IIOS).
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i€EG, beS;(u) U res” (6)
wr . . . .. . . . wr .
where x(i(lb)) is the demand by the user (u) in region r for good i in the domestic region (1b); p(i(lb)) is the

price paid by user (u) in region r for good i in the domestic region (1b); Jlgg)r

is a parameter measuring
the user-specific elasticity of substitution between alternative domestic sources of commodity i, known as the
regional trade Armington elasticity; and V (i, 11, (1), r) is an input-output flow coefficient that measures

purchasers’ value of good i from domestic source | used by the user (u) in region r.

wr _  Wr _ r ( Wr _ V(i,l,(u),r))( (u)r))
Xis) =X ~ %0 (pas) Li=1e2 (V(—i,o,(u),r) Py
iE€EG;, s=10,2;(u) EU*; TrES” (7)
where x((zgr is the demand by the user (u) in region r for either the domestic composite or the foreign good
i; p((?s))r is the price paid by user (u) in region r for either the domestic composite or the foreign good i;
O'Z%)r is a parameter measuring the user-specific elasticity of substitution between the domestic bundle and

imports of good i, known as the international trade Armington elasticity; and V (i, [, (1), ) is an input-output
flow coefficient that measures purchasers’ value of good i from either the aggregate domestic source or the
foreign source | used by the user (u) in regionr.

In addition to goods used as intermediate inputs, firms in the model also demand primary factors of
production. The equations that describe the industry j's demands inputs are derived under the assumption of
Leontief technology with Armington nests (imperfect substitution between inputs of the same type from
different sources). In our specification of the nested production functions, we assume firms use combinations
of composite intermediate inputs, formed according to Eq. 6 and Eq. 7, and primary factor composites. In the
case of the primary factor bundle, substitution is possible among different types of primary factors. Eq. 8
specifies the model’s substitution between labor and capital. It is derived under the assumption that industries
choose their primary factor inputs to minimize costs subject to obtaining sufficient primary factor inputs to
satisfy their technological requirements (nested Leontief/CES specification). We have included technical
change variables to allow for factor-specific productivity shocks. We model the combination of intermediate
inputs and the value-added (primary factors) aggregate in fixed proportions at the top of the nested
production function, assuming no substitution between primary factors and other inputs. The Leontief
specification is presented in Eq. 9. Due to data availability constraints, more flexible functional forms have
rarely been introduced in multiregional models. In addition to a technical coefficient in the relation between
the sectoral demand for the primary factor composite and the total output, we have also included a scale
parameter. This modeling procedure is based on previous studies made by Haddad and Hewings (2005),
which allows for the introduction of Marshallian agglomeration (external) economies by exploring the local
properties of the CES function.

pyr _ Qpr _ @pr @pr _ _a@)r (L Apr apr  _ Vg+1LANMY (L Apr
X(g¥1,5) ~ Ugris) = Xg+19)%(g+1e) T T3 (g+1) (P(gﬂ,s) +agy1s) ~ Lier (V(g+1,o,(1 ,-m) ( g+ T
DT ))

(g+1,D)
jJEH; seEF;, res* (8)

apr . .. . . C@pr .

where X(g+1,s) i the demand by sector j in region r for each primary factor; Alg41,s) 1S the exogenous sector-
specific variable of (saving) technical change for primary factor s in region r; p&i)fs) is the price paid by

@anr
(g+D)
substitution among different primary factors; and V(g + 1,1, (1j),7) is an input-output flow coefficient that
measures purchasers’ value of factor | used by sector | in region r.

sector | in region r for primary factor s; 03 is a parameter measuring the sector-specific elasticity of
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apr _ aApr _@jr @apnr
Xy =HgrieZ " Tag
jJEH;i€eG"; res” (9)
where x((l.l.])')r is the demand by sector | in region r for the bundles of composite intermediate inputs and
primary factors i; zDT is the total output of sector | in region r; a E)J) is the exogenous sector-specific

variable of technical change for composite intermediate inputs and primary factors in region r; and ,uéil.J))r is

a scale parameter measuring the sector-specific returns to the composite of primary factors in each region.

Units of capital stock are created for industry | at minimum cost. Commodities are combined via a Leontief
function, as specified in Eq. 10. In Eq. 6 and 7, regional and domestic-imported commodities are combined,
respectively, via a CES specification (Armington assumption). No primary factors are used in capital creation.
The use of these inputs is recognized through the capital goods-producing sectors in the model, mainly
machinery and equipment industries, construction, and support services.

(21)r = z@Pr 4 aEiZ)j)r

X (ie)
jEH; i€eG res* (10)
where x((iz.J)')r is the demand by sector j in region r for the bundles of composite capital goods i; 2@ is the
@pr

total investment of sector | in region r; agy is the exogenous sector-specific variable of technical change

for changing the composition of the sectoral unit of capital in region r.

In deriving the household demands for composite commodities, we assume that households in each region
behave as a single, budget-constrained, utility-maximizing entity. The utility function is of the Stone-Geary
or Klein-Rubin form. Equation 11 determines the optimal composition of household demand in each region.
Total regional household consumption is determined as a function of real household income. The demands for
the commodity bundles in the nesting structure of household demand follow the CES pattern established in
Eg. 6 and Eq. 7, in which an activity variable and a price-substitution term play significant roles. In Eq. 11,
consumption of each commodity i depends on two components: first, for the subsistence component, which is
defined as the minimum expenditure requirement for each commodity, changes in demand are generated by
changes in the number of households and tastes; second, for the luxury or supernumerary part of the
expenditures in each good, demand moves with changes in the regional supernumerary expenditures,
changes in tastes, and changes in the price of the composite commodity. The two components of household
expenditures on the composite commodities are weighted by their respective shares in the total consumption
of the composite commodity.

Vo, 3,0 (pE) + 560 — aly)
_ 1 p@ITor (p3 4 @ _ Or
=YnFie Q (P(z-> X (ie) _a(z->)

(3)r (3)r (3)r 3)r
+ B (CT -2, e VO @ (PG + %65 - i )>
iEG; rES” (11)

where p(l.) is the price paid by household in region r for the composite good i; x((l.)) is the household

demand in region r for the composite good i; ag))r is the commodity-specific variable of regional taste

change; Q7 is the number of households in region r; C”is the total expenditure by household in region r, which
is proportional to regional labor income; y(ri) is the subsistence parameter in the linear expenditure system

for commodity i in region r; ,B(rl) is the parameter defined for commodity i in region r measuring the marginal
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budget shares in the linear expenditure system; and V (i, e, (3),r) is an input-output flow coefficient that
measures purchasers’ value of good i consumed by households in region r.

As noted by Peter et al. (1996), a feature of the Stone-Geary utility function is that only the above-
subsistence, or luxury, component of real household consumption, utility (r), affects the per-household utility,
as described in Eq. 12.

e — plr Gr 4 B (3)T 3)r
utility™ = (Cr - Z Y(hFie) Q" (P(,.) Xy ~ Ais) > Z Bl Pis)
r€S*
(12)

where g7 is the percentage change in the number of households in each region.

In Eq. 13, foreign demands (exports) for domestic good i depend on the percentage changes in a price and
three-shift variables which allow for vertical and horizontal movements in the demand curves. The price
variable that influences export demands is the purchaser’s price in foreign countries, including the relevant
taxes and margins. The parameter n(is) controls the sensitivity of export demand to price changes.

@r @r\ _ @)r i @r
( Xis) ~ fds) ) Mis) (P(ls) —phi — fpq) )
[EG; T,sES”
(13)

where x((;))r is foreign demand for domestic good i produced in region s and sold from region r (in the model,
there are no re-exports, so that r = s); pgls))r is the purchasers’ price in the domestic currency of exported

good i demand in region r; phi is the nominal exchange rate; fqgfs))r and fp(ls) are, respectively, quantity

and price shift variables in foreign demand curves for regional exports.

Governments consume mainly public goods provided by the public administration sectors. Equations 14 and
15 show the movement of government consumption concerning movements in real tax revenue for regional
governments and the central government, respectively.

x((iss))r = taxrev’ + f((s)r +fOT 4G

i€G;s=1b,2; r,bES*

(14)
((165){ = nattaxrev + f(ES))T +fOr 4 f©
i€G; s=1b,2; r,b€S”
(15)
where x((iss))‘)‘ and x((g))r are regional (5) and central (6) governments demand in region r for good i from

region s; f(Eg))r, FOT and fO) are, respectively, commodity and source-specific shift terms for regional

government expenditures in region r, shift term for regional governments expenditures in region r, and an
overall shift term for regional governments expenditures. Similar shift terms (f(( T f(6)r and f(e)) appear
in Eq. 15 related to central government expenditures. Finally, taxrev” is the percentage change in real
revenue from indirect taxes in region r, and nattaxrev refers to the percentage change in aggregate real

revenue from indirect taxes, so that government demand moves with endogenous changes in regional and
national tax bases.
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The model’s margins demand equations show that the margins’ demands are proportional to the commodity
flows with which the margins are associated; moreover, a technology change component allows changes in
the implicit transportation rate (Eq. 16).

(is)y(wr _ _(wr >(is)(w)r
Xm1) = Xas) T Am)

mi=1,..,9;
(w) = (3),(4b) for b =1,...,7,(5) and (kj) for k = 1,2;
j=1,..,h; s =1b,2 for b =1,r1;

r=1,..,R
(16)
where x((:’:L)l()u)r is the demand for commodity m1 to be used as a margin to facilitate the flow of is to v in

region r; x((ilgr is the demand by user v in region r for good is; and agrsl)l()u)r is the technical change related

to the demand for commodity m1 to be used as a margin to facilitate the flow of is to u in regionr.

Equation 17 specifies the sales tax rates for different users. They allow for variations in tax rates across
commodities, their sources and destinations. Tax changes are expressed as percentage-point changes in the
ad valorem tax rates.

t((ilgr =f +f;(u) +fi(u)r
i€G;s=1b,2; b,reS*; ueU
(17)

where t((i?)r is the power of the tax on sales of the commodity (is) to the user (u) in region r; and f;, fi(u), and

f;(u)r are different shift terms allowing percentage changes in the power of taxation.

Equations 18 and 19 impose the equilibrium conditions in the market’s domestic and imported commodities.
Notice that there is no margin commodity in the model. Moreover, there is no secondary production in the
model. In Eq. 18, demand equals supply for regional domestic commodities.

D @il =Y  BQ1b, @,y
JEH (weu
leG,bres” (18

where x((lolj))r is the output of domestic good [ by industry | in region r; x((lul))r is the demand of the domestic

good I by the user (u) in region r; Y(1,j,7) is the input-output flow measuring the basic value of the output
of domestic good I by industry | in region r; and B(l,1, (1), 1) is the input-output flow measuring the basic
value of domestic good | used by (u) in region r.

Equation 19 imposes zero pure profits in importing. Where pg?()z)) is the basic price in the domestic currency
of good i from a foreign source; pgg)) is the world Cost, Insurance and Freight (CIF) price of imported
?()2)) is the power of the tariff. i.e., one plus the tariff
rate, on imports of i. Equation 18, thus, defines the basic price of a unit of imported commodity i — the revenue

earned per unit by the importer — as the international CIF price converted to domestic currency, including
import tariffs.

commodity i; phi is the nominal exchange rate; and t((
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© _ W) _ g (0
PGc) = Pli) ~ P Y

i€G (19)

Together with Eq. 18, Eqgs. 20-21 constitute the model’s pricing system. The price received for any activity
equals the costs per unit of output. As can be noticed, the assumption of constant returns to scale adopted
here precludes any activity variable from influencing basic prices, i.e., unit costs are independent of the scale
at which activities are conducted. Thus, Eq. 19 defines the percentage change in the price received by
producers in regional industry j per unit of output as equal to the percentage change in |'s costs, which are
affected by changes in technology and input prices.

V@i (bl +aly) =D > Vs annniy”
21ec g (p(”) (”)) leG*F &=ses 12 Pas)

jEH; TES” (20)
where pglol))r is the basic price of domestic good i in region r; ag)l))r refer to technological changes, measured
ajr.

as a weighted average of the different types of technical changes with influence on |’s unit costs; Dgsy s

the unit cost of sector j in region r; Y(I,j,7) is the input-output flow measuring the basic value of the output
of domestic good I by industry j in region r; and V (I, s, (1)), r) are input-output flows measuring purchasers’
value of good or factor | from source s used by sector | in region r.

Equation 21 imposes zero pure profits in the distribution of commodities to different users. Prices paid for
commodity i from region s in industry | in region r by each user equate to the sum of its basic value and the
costs of the relevant taxes.

V(,s, (), PGy = (BG,s, w),r) + T(,s,@),n) (piy + &)
i€G;, s=1b,2; b,reS*"; ueU (21)

where pgius))r is the price paid by user (u) in region r for good (is); pg)s))is the basic price of domestic good

(is); t((ius))r is the power of the tax on sales of the commodity (is) to the user (u) in regionr; V(i, s, (u),r) are
input-output flows measuring purchasers’ value of good i from source s used by the user (u) in region r;
B(i,s, (1), 1) is the input-output flow measuring the basic value of the good (is) used by (u) in region r; and
T(i,s, (u),r) is the input-output flow associated with tax revenue of the sales of (is) to (u) in region r.

The theory of investment allocation across industries is represented in Eqs. 22-25. The comparative-static
nature of the model restricts its use to short-run and long-run policy analysis. There is no fixed relationship
between capital and investment when running the model in the comparative-static mode. The user decides
the required relationship based on the specific simulation requirements. Equation 21 defines the percentage
change in the current rate of return on fixed capital in regional sectors. Under static expectations, rates of
return are defined as the ratio between the rental values and the cost of a unit of capital in each industry —
defined in Eq. 23 —, minus the depreciation rate.

_ wr wjr
h = ¥ (p(g+1,z> ~ P )
jEH; TES” (22)

where T(rj) is the regional-industry-specific rate of return; p((;{'_)lrz) is the rental value of capital in sector | in

region r; pélg)r is the cost of constructing units of capital for regional industries; and Il)(rj) is a regional-

industry-specific parameter referring to the ratio of the gross to the net rate of return.
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Equation 22 defines pglg)r as:

V(e, e, (2j),r) (p((,g)r E;;)r = Z i Z Vs, (2j),r) (Pglzsj))r agizsg)r)
i
jJEH; TES” (23)

(2 J) @pr @pr

where Dis is the price paid by user (2]) in region r for good (is); ag and Aigy are technical terms;

and V(l, S, (Zj),r) represents input-output flows measuring purchasers’ value of good i from source s used
by the user (2j) in region r.

Equation 24 says that if the percentage change in the rate of return in a regional industry grows faster than
the national average, capital stocks in that industry will increase at a higher rate than the average national
stock. For industries with a lower-than-average increase in their rates of return to fixed capital, capital stocks
increase at a lower-than-average rate, i.e., capital is attracted to higher return industries. The shift variable,

f(( Dr_ exogenous in long-run simulation — allows shifts in the industry’s rates of return.

r @apr Ols apr
oM $u>(x@+1m xw+1m)*'ﬂ
jEH; rES (24)
where T(Tj) is the regional-industry-specific rate of return; w is the overall rate of return on capital; x(?;?fz)

@anr

is the capital stock in industry | in region r; f( is the capital shift term in sector | in region r; and S(rj)

measures the sensitivity of capital growth to rates of return of industry j in region r.

Equation 25 implies that the percentage change in an industry’s capital stock, x( Dr , is equal to the

(g+1,2)
percentage change in the industry’s investments in the period, z@Dr,

Hro— AN @pr
2307 = x (g1 + fii
jEH; rES” (25)

where f((k)J) allows for exogenous shifts in sectoral investments in region r.

Equation 26 defines the regional aggregation of labor prices (wages) across industries in the specification

of the labor market. Equation 27 shows movements in regional wage differentials, wage_dif f ™, defined
as the difference between the movement in the aggregate regional real wage received by workers and the
national real wage.

() () _ ; @anr @anr
V(ig+1,1,e,r) (p(g+1 D a(g“,l)) = ZjEH V(g+ 1,1, (1j),r) (p(g+1 H a(g+1,1))
res* (26)

E;i)fl)ls the wage in sector | in region r, aggj_'_)Il) is a technical term, and V(g + 1,1, (1j),7)

represents input-output flows measuring sectoral labor payments in region r.

where p

wage_diff( = P&)f1,1) — cpi — natrealwage

res* (27)
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where cpi is the national consumer price index, computed as the weighted average of péfs))r across regions

r and consumption goods (is); and natrealwage is the national consumer real wage.

The regional population is defined by interacting demographic variables, including interregional migration.
Links between regional population and regional labor supply are provided. Demographic variables are
usually defined exogenously, and together with the specification of some of the labor market settings, labor
supply can be determined together with interregional wage differentials or regional unemployment rates. In
summary, labor supply and wage differentials determine unemployment rates, or labor supply and
unemployment rates determine wage differentials.

Equation 28 defines the percentage-point change in regional unemployment rates in terms of percentage
changes in labor supply and employed workers.

LABSUP (r)del_unr® = EMPLOY (r) (labsup® — x(7, )

res* (28)

where del_unr™ measures percentage-point changes in the regional unemployment rate; labsup(r) is the
variable for regional labor supply; and the coefficients LABSUP (r) and EMPLOY (1) are the benchmark

values for regional labor supply and regional employment, respectively. The variable labsup(r) moves with
regional workforce participation rate, proportional to the regional population and population of working
age. Equation 28 defines regional population changes in the model as ordinary changes in the flows of net

regional migration (d_rm(™), net foreign migration (d_fm(?), and natural population growth (d_g™).

POP(r)pop™ = d_rm™ +d_fm™ +d_g™
res (29)

where POP(r) is a coefficient measuring regional population in the benchmark year.

Equation 30 shows movements in per-household utility differentials, util_dif f ™, defined as the difference
between the movement in regional utility and the overall national utility (ag g_util), including a shift variable,

futil™,

util_dif f) = utility™ — agg_util + futil™
res” (30)

Finally, we can define changes in regional output as weighted averages of changes in regional aggregates,
according to Eq. 31 below:

GRP™grp” = CTx(3) + INVT 2@ + GOV x5 + Gov O xSy + (FEXPTx() — FIMPTx()] ) +

(o0) B} (+2)
r..(®)s _ r.(®r

(DEXPTX(2 ) = DIMPTX(7r )

reS;seS*fors+r (31)

where grp” is the percentage change in real Gross Regional Product (GRP) in region r; and the
coefficients GRPT, INV™", GOV, GOV ©T, FEXPT, FIMPT, DEXPT, DIMPT represent, respectively, the
following regional aggregates: investment, regional government spending, central government spending,
foreign exports, foreign imports, domestic exports, and domestic imports. National output, GDP, is, thus, the
sum of GRP" across all regions r. Notice that regional domestic trade balances cancel out.
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To close the model, we set the following variables exogenously, which are usually exogenous both in short-

. . 1j 1j 2j 3 4 4 5 6
run and long-run simulations: aggi)lr's), agl-)])r, agi)])r, agi.))r, fq((l-s))r, fpgis))r, f(gs))r, f(5)r, f(s), f((is))r' f(6)r,

W cr w) ,(0) @r ajpr @jr (o @pr ;
F®, £, i i Pi2))" t(i(z))’ A1y r Ay + Agisy 1 Ageray D ey o d_fm®, d_g®, and futil™.

@pr
(g+1,2)
real wage (natrealwage), regional wage differentials, (wage_diff ™), and regional population, by

To complete the short-run environment, we also set unchanged current stocks of capital (x ), the national

keeping regional migration unchanged (d_?”m(r)).6

Other definitions of variables are computed using outcomes from simulations based on Egs. 31. Of particular
interest to our discussion is the definition of regional/national GDP and its components.

4. CALIBRATION

The calibration of the SCGE model requires two subsets of data to define its numerical structure to implement
the model empirically. First, we need information from an absorption matrix derived from interregional input-
output sources (see Haddad et al., 2018, 2025) to calculate the coefficients of the model based on the
following input-output flows (Table 1):

B(i,1b, (w),r), withi € G*,(u) € U,b,r € §*
M(i,s,(w),r),withi € G*,s € S,(u) e U,r e S*
T(i,s,(uw),r), withi € G*,s € S,(u) e U,r € S*
V(i,s,(u),r), withi € G*,s €S, F,(u) eU,reS*
Y(i,j,r),withi € G*,j e H,r € S*

We complete this information with supplementary demographic data from the HCP to calibrate the
coefficients LABSUP (r), EMPLOY (r) and POP(r), with v € S*. Because these estimates are based on
snapshot observations for a single year revealing the economic structure of the economic system, this subset
of data is denoted “structural coefficients” (Haddad and Arautjo, 2024).

Table 1. Aggregate Flows in the Absorption Matrix: Morocco, 2019

¢ In a long run closure, the assumptions on interregional mobility of capital and labor are relaxed by swapping variables x((gi-)fz)' natrealwage,

wage_dif fT and d_rm®, for f(%j)r, del_unr®™ and util_dif f ™.
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LABELS User (1j)" User (2j)" User 3)" User (4) User (5)" User (8)" User (7) TOTAL
i€G, seS* B(,1b,(1j),) | B(,1b,2),1) B(i,1b,(3),1) B(i,1b,(4)) B(i,1b,(5),1) B(i,1b,(8),1) B(i,1b,(7)) B(i,1b,(*),*)
i€G, s€S-S* B(i,2,(1),r) B(i,2,(2j).1) B(i,2,(3),1) B(i,2,(4)) B(1,2,(5),1) B(i,2,(8).1) B(i,2,(*),*)
i€G, s€S M(is,(1j),1) M(i,5,(2)).1) M(i5,(3).1) M(i,5,(4)) M(is,(5).1) M(i,5,(8),1) M(i,5,(),*)
i€G, seS T(i,s,(1j).1) T(1,5,(2)).1) T(i,5,(3),1) T(i,5,(4)) T(i,5,(5),1) T(,5,(8),1) T(1,5,(+),*)
s€F V(gtLs,(1j).1) - - - V(gtls,(+),*)
TOTAL Y(e,00) V(,o(2))0) V(e (3).r) V(e (4) V(e,e(5).r) V(e,2,(8),r) V(e (M) V(e ()0
2019 User (1j)" User (2j)" User (3)" User (4) User (5)" User (8)" User (7) TOTAL
i€G, seS* 405,587 191,792 486,055 320,888 217,653 6,118 33,106 1,661,199
i€G, s€S-S* 273,563 89,909 151,244 0 3,269 167 518,151
i€G, s€S 53,080 12,367 35,584 26,086 631 0 127,748
i€G, s€S 38,696 24,499 12,991 14,542 77 10 90,814
sEF 1,018,022 - - - 1,018,022
TOTAL 1,788,947 318,567 685,874 361,515 221,629 6,295 33,106 3,415,934

Values in current DRH million

Note: User(5) con solidates users 5 and 6 from the specification of the model’s equations. User(8) refers to NPISH demand, which
follows household demand in the specification (see E_x8a in the TABLO code)

Source: Haddad, E. A. & Araujo, I. F. (2024).

The second piece of information necessary to calibrate the model is represented by the subset of data
defining various parameters, mainly elasticities; these are referred to as “behavioral parameters.”

In the SCGE model, the trade elasticities in the Armington demand structure determine the substitution
possibilities between goods from different sources (foreign and domestic). Smaller trade elasticities imply
weaker substitution among geographical sources in the model, reducing the potential strength of the linkage
structure in post-shock adjustments. The change in the results of a simulation decreasing transportation costs,
for instance, will depend on the interaction of the transportation cost cuts, price responses and these

elasticities. Table 2 shows the default values for regional trade elasticities (O‘l?il))r) in Eq. 6 in the

aggregation used in the model. Following Faria and Haddad (2014), data from the balanced interprovincial
IO table were extracted to estimate implicit regional trade elasticities, to be used in the calibration of the
model. This procedure guarantees data consistency between the IO database and the estimated parameters.
Moreover, it is now possible to provide point and standard error estimates for such key parameters. However,
the model-consistent information is not free from the structural constraints imposed during the process of
building the 10 table; on the other hand, without this information, proper estimation would not be possible.

The foreign-domestic substitution elasticities (Armington elasticities) —O'Z%)r in Eq. 7 — reflect how imports

respond to changes in the relative prices between imported and domestic goods (Dixon et al., 1982). The
values specified for the international trade elasticities are half of those for the regional trade elasticities.
The arbitrary choice of the values is based on the international literature that addresses this type of elasticity
estimation, but it also carries some personal judgment. It is implicitly assumed that substitution between goods
from different regions inside the country is stronger than substitution between domestic and imported
commodities (Haddad, 1999). In the next version of the model, elasticities of substitution between domestic

and imported goods (JZEg)r) in the SCGE model will be obtained from the Global Trade Analysis Project
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(GTAP) model (GTAP 9 Data Base). The GTAP model lists values for the Armington elasticities for 57 products
estimated by Hertel et al. (2007). From these estimates, we will be able to compute sector-based elasticities
for the 20 Moroccan sectors considering the structure of the national make table.

Table 2. Regional and International Trade Elasticities of Substitution

Commodity Regional trade elasticities International trade
(Equation 6) elasticities (Equation 7)
Agriculture, forestry, hunting, related services 4.3363 2.1682
Fishing, aquaculture 1.523 0.7615
Mining industry 4.7708 2.3854
Food industry and tobacco 7.1627 3.5814
Textile and leather industry 7.2697 3.6349
Chemical and para-chemical industry 5.5867 2.7934
Mechanical, metallurgical and electrical industry 4.8593 2.4297
Other manufacturing, excluding petroleum refining 4.7388 2.3694
Oil refining and other energy products 1.7785 0.8893
Electricity and water 1.5285 0.7643
Construction 1.2367 0.6184
Trade 1.4165 0.7083
Hotels and restaurants 1.4029 0.7015
Transport 0.545 0.2725
Post and telecommunications 0.973 0.4865
Financial activities and insurance 1.5109 0.7555
Real estate, renting and services to enterprises 1.2524 0.6262
General public administration and social security 1.0727 0.5364
Education, health and social action 0.7562 0.3781
Other non-financial services 0.9717 0.4859

So far, we are in the process of estimating the export demand elasticities, 776-5) in Eq. 13.7 Such price
elasticities of export demand for Moroccan products specify a relationship between the export price and
the quantity exported of a specific commodity. For simplicity, the world is assumed to consist of one exporting
country (Morocco) and one importer (the Rest of the World). The equation to be estimated takes the following
form:

lnXl't =a+ Blnpit + Dt + Ul' + Uit (32)

where, Xj; is the export demand for a Moroccan commodity i in time t; Pj; is the price of the commodity; D;
is a time effect term; v; is a fixed effect that captures the influence of unobserved variables (such as exchange
rates, transportation costs, policy, and other prices); u;; is the error term; @ and [ are coefficients to be
estimated. The number of commodities defines the observations i in the classification system used in Morocco,
over time t. The dependent variable (Xj;) is the Free-on-Board Price (FOB) value of exports in USD. We can
calculate the commodity price (P;¢) as the value of exports divided by their weight.

The price elasticity of export demand reflects the change in foreign demand caused by a foreign currency
FOB price variation. The export-demand elasticity is negative, i.e., in Eq. 13, exports are a negative function
of their foreign currency prices on world markets. Dixon and Rimmer (2010) discuss the sensitivity of CGE

7 Currently they are all set to -1.0.
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models’ results to the export-demand elasticities. The sensibility analysis or results from historical simulations
are used to assess the parameters estimated in the econometric models (Dixon and Rimmer, 201 3).

The current version of the model runs under parametric non-constant returns to scale in non-primary sectors.
Increasing returns are stronger in larger agglomerations in Morocco (Figure 2), For the smaller provinces (less

than 500,000 inhabitants), we set to 1.0 the values of ‘ugi)lr.)

in Casablanca, followed by Marrakech, Fés, Tanger-Assilah, and Kénitra.

in Eq. 9, while stronger scale economies prevail

Empirical estimates (or strategies for estimation using available data) for some of the parameters of the
model are not available in the literature. We have thus relied on “best guesstimates” based on typical values

@pr
(g+1)
The marginal budget shares in regional household consumption, ﬁ(rl) in Eq. 6, were calibrated from the input-

employed in similar models. Substitution elasticity between primary factors, 03 in Eq. 8 was set to 0.5.

output data according to the prevailing average budget shares, and the subsistence parameter V(i): also in
Eqg. 11, associated with a Frisch parameter equal to -3.7. The ratio of gross to the net rate of return, 1/)6-) in

Eqg. 23, was set to 1.20. Finally, we set to 3.5 the parameter for the sensitivity of capital growth to rates of
return, E(rj) in Eq. 25.

Figure 2. Scale Economies Parameters, by Province
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5. CO,-EMISSION MODULE

We can now use the SCGE model to evaluate the impacts of carbon taxes imposed on the different sectors.
We model carbon tax payments as an ad valorem production tax on the total cost of production in the
polluting industries. Output price (adjusted for production taxes) of sector |, in regionr, PX}”, is given by the
weighted average of value-added prices and the cost of intermediate inputs:

PXT (1 - carbontax]) = X!~ {PVIV] + ¥, al$ PCSXT} (33)
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where carbontaxjr is the rate of carbon tax on sector | in region r.

In the SCGE model, governments consume mainly public goods provided by the public administration sectors.
Equations 14 (34), which is the critical equation for the design of the simulations, shows the movement of
central government consumption in relation to movements in movements in real tax revenues for the central
government. Again:

x((fs))r = taxrev’ + f((s)r + f(s)r + f(s)

is)
i€G; s=1b,2; r,b € S* (34)

G)r

where X(is) is the regional governments demand in region r for good i from region s; f((s)r

is) is a commodity
and source-specific shift-term for regional government expenditure in region r, f(S)r is the shift-term for
regional government expenditure in region r, and f(s)is an overall shift term for regional government
expenditure. Finally, taxrev” is the percentage change in real revenue from indirect taxes in region r so

that government demand moves proportionally to endogenous changes in regional and national tax bases.

We define changes in regional output as weighted averages of changes in regional aggregates, according
to Eq. 35:

GRP" grp” = CTx(3N + INVT 22T 4 GOV SN + Gov©rx ) + (FEXPTx((i))T - FIMPTxg,';;) +
OF (o)

(DEXPTx(.(m) — DIMPx(; (15)))

r€ES*;sES* fors+r (35)

where grp” is the percentage change in real Gross Regional Product in region r; and the coefficients GRP”,
INVT, GOV®)T, Gov©T, FEXPT, FIMP", DEXP", and DIMPT represent, respectively, the following
aggregates in region r: investment, local government spending, central government spending, foreign
exports, foreign imports, domestic exports, and domestic imports. National output, GDP, is, thus, the sum of
GRPT across all r regions. Note that regional domestic trade balances cancel out.

We can define scenarios for interregional transfers of carbon tax revenue in the context of our model
specification. For instance, we assume that the central government transfers its annual carbon tax revenue to
finance different components of regional government spending in region r. With this information, we can

calculate the size of the “shock” by imposing region-specific changes in f(s)r (Eq. 34), the shift term for
government expenditure in region r that are proportional to changes in Gov®Ir (Eq. 35).
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Table 3. Coefficients CO2 Emissions by Sector: Morocco, 2019

Sectors €02/GO
(Gg/DHS millions)
Agriculture, forestry, hunting, related services 0.07337
Fishing, aquaculture 0.00370
Mining industry 0.05734
Food industry and tobacco 0.00583
Textile and leather industry 0.01175
Chemical and para-chemical industry 0.06511
Mechanical, metallurgical and electrical industry 0.01871
Other manufacturing, excluding petroleum refining 0.01638
Oil refining and other energy products 0.06511
Electricity and water 0.47487
Construction 0.00813
Trade 0.00995
Hotels and restaurants 0.01428
Transport 0.17821
Post and telecommunications 0.01092
Financial activities and insurance 0.00682
Real estate, renting and services to enterprises 0.00682
General public administration and social security 0.01055
Education, health and social action 0.07061
Other non-financial services 0.00256
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