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Abstract

This paper introduces the latest addition to the modelling toolkit of the Central Bank of
Malta: a static Computable General Equilibrium model for Malta named MaCGE-MOD.
Developed through a collaboration with the University of Macerata, the model is a multi-
input, multi-output and multi-sector model, calibrated on a Social Accounting Matrix which
illustrates the income flows among production processes and institutional sectors in Malta.
The model constitutes a set of equations which describe the circular flow of income in the
economy and the behaviour of economic agents. It is a useful tool to determine ex ante the
impacts of policy decisions or exogenous shocks once all the associated direct, indirect and
induced effects have propagated through the economy. As it is based on a Social Accounting
Matrix, the model can provide disaggregated sectoral analyses to complement analyses of the
aggregate effects of policy-making scenarios or exogenous shocks. Thus, MaCGE-MOD can
potentially be an important tool for policy makers to identify effects not easily discernible

from the other aggregated models currently available.

JEL Classification: C61; C68; D58; E16; E17; H30
Keywords: Computable General Equilibrium, Social Accounting Matrix, Malta, simula-

tions, sectoral analyses.
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1 Introduction

The need for economic tools to anticipate and/or evaluate the effects of policy measures or
economic shocks in a timely and precise manner has seen the development of different classes of
models over time. In the local context for example, the Central Bank of Malta [CBM] has in
recent years developed its main macro-econometric model, STREAM (Grech et al., 2013), and
a Dynamic Stochastic General Equilibrium model, MEDSEA (Rapa, 2016), with both models
being continually and substantively updated. The latest model to be introduced within the
modelling toolkit of the CBM is a Computable General Equilibrium (CGE) model calibrated
on the Social Accounting Matrix (SAM) for Malta. A CGE model comprises a set of equations
that describe the functioning and the relationships occurring within the whole economy. The
solution to a CGE model necessitates the equilibrium of all markets under consideration and the
compliance with budgetary and resources’ constraints to be classified as a “general equilibrium”
model (Dixon and Parmenter, 1996; Wing, 2004; Burfisher, 2021). This class of models feeds
off actual economic data for a base year, and numerically “compute” a solution to quantify the
effects of a shock or policy decision on prices and quantities (Berck et al., 1991; Kancs and
Kremers, 2002). The output from the model can be expressed by all macroeconomic variables
under consideration and the policy effects found by comparing this solution with the benchmark
data (Bohringer and Léschel, 2006).

CGE models are rooted in the concept of Walrasian general equilibrium and the circular flow
of income in the economy (Wing et al., 2007). In principle, the Walrasian general equilibrium
prevails at the set of prices and quantities which clear perfectly competitive markets by equat-
ing demand to supply (Walras, 1874; Robson et al., 2018). CGE models developed over time
have preserved many of the Walrasian features although some have been relaxed. In this light,
Willenbockel (1994) distinguishes between two classes of CGE models. The first set of CGE
models maintain Walrasian principles, assuming that the decisions of the agents in the economy
are based on optimisation decisions, price movements clear all markets, and optimal demand
remains unchanged if prices and income change by equivalent proportions. Apart from relaxing
some of the Walrasian features, the second group of models - described as “less orthodox” (Bellu,
2014) - allow for the possibility of the formation of involuntary unemployment and imbalances
in the Government’s account, among others (e.g. Socci et al. (2021)).

The equations that feature in a CGE model convey the circular flow of income captured by

the SAM which underpins the CGE model (Robinson, 1991; Thiele et al., 1993). The SAM is



an evolution of the Input-Output (I-O) tables since it provides additional detail about flows
involving institutional sectors (Reinert and Roland-Holst, 1997). In fact, the SAM conveniently
illustrates in the same framework the multi-sectoral and circular income flow in its various stages
represented by the production, the value-added generation, the primary income allocation, the
secondary income distribution, the income utilisation, and the capital accumulation (Ciaschini
et al., 2012). By solving the system of simultaneous equations in the presence of a particular
shock or policy in place, SAM-based CGE models generate a new set of disaggregated macroeco-
nomic variables, with differences relative to the baseline ones allowing the quantification of the
economic impact of the shock. Therefore, SAM-based CGE models can be considered attractive
tools in determining the effects of policy decisions. In fact, CGE models have been extensively
applied in various contexts, including but not limited to the study of tourism benefits (Narayan,
2004; Pratt, 2012), costs associated with sickness (Smith et al., 2011), and the economic effects
of gender (Severini et al., 2019), employment (Zotti et al., 2020), environmental and climate
change policies (Allan et al., 2014; Carbone and Rivers, 2017; Li and Masui, 2019), and other
fiscal reforms (Guo and Shi, 2021).

MaCGE-MOD, the CGE model developed for Malta through a collaboration between the
CBM and the University of Macerata is a multi-input, multi-output and multi-sector SAM-based
CGE model. It deviates from the traditional Walrasian features, allowing for the formation
of involuntary unemployment and the presence of rigidities in consumption decisions for the
Government, and thus in the Government’s closing balance. The model rests on a SAM which
includes information about 44 production activities in the Maltese economy which make use of
intermediate goods, labour and capital to generate their domestic production, which in turn
can be disaggregated into 44 different commodities. It also encompasses the income transactions
linking the income generated by the production processes and 6 institutional sectors, allowing for
a comprehensive analysis of the transmission mechanism of shocks hitting the Maltese economy.
The highly-disaggregated economic data provided by the SAM is one distinct feature by which
MaCGE-MOD complements the other models already forming part of the modelling toolkit of
the CBM. This detailed information enables disaggregated analyses of the policy-induced effects
which, despite clearly complementing other aggregate analyses of the main macroeconomic effects
of a shock, are not easily attainable through the other models currently available. In addition,
being a static (rather than dynamic) model, simulation results on the basis of the CGE model
capture all direct, indirect and induced effects of the underlying shock or policy in the medium

run (Socci et al., 2021).



This paper proceeds as follows. Section 2 gives a detailed description of the Maltese SAM
which underpins the CGE model for Malta. Section 3 describes the model before the calibration
strategy is outlined in Section 4. Finally, Section 5 illustrates the macroeconomic and sectoral
effects derived from applying the model to simulate hypothetical macroeconomic and sectoral

shocks which might hit the Maltese economy.

2 The Social Accounting Matrix for Malta

The Social Accounting Matrix, henceforth referred to as “SAM?”, stands at the basis of the CGE
model as it serves as the source of data for the calibration of the model parameters. It records
the value of all transactions involving commodities, activities and institutional sectors that take
place in a particular economy during a given year. Starting from the Supply and Use Tables, the
SAM conveniently illustrates the circular flow of income in the economy (Mainar-Causapé et al.,
2018; Zotti et al., 2020). It is a square table whereby economic agents are represented by a set
of rows and columns identifying the receipts and the expenditure of their respective accounts.
In general terms, an element = found in a row account ¢ and a column account j, denoted by
x; ;, represents the receipts of account ¢ from account j. By definition, the SAM is a “balanced”
matrix whereby for every account, the total receipts (i.e. total row value) must equal its total
expenditures (i.e. total column value). This follows from the concept of value conservation
ingrained in the Walrasian general equilibrium, which necessitates that total expenditures must
equate to total revenues (Wing, 2004).!

The SAM underpinning the current version of MaCGE-MOD is the most recently available
and covers the year 2015. By definition, since the CGE model is in baseline calibrated on the
values documented in the SAM, the model’s solution in the absence of shocks must replicate the
exact same flows documented in the SAM. A template of the SAM built to represent the income
circular flow in Malta is presented in Figure 1. It comprises a disaggregation of the accounts,
and thus of the economic flows, into a set of: Commodities, Activities, Primary Factors, Trade

and Transportation Margins, Taxes, Institutional Sectors, and Capital Formation.

1For more general details about the construction and principles of the SAM, see Mainar-Causapé et al. (2018).
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Figure 1: A template of the Social Accounting Matrix for Malta
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Starting from the production side, the SAM for Malta encompasses a disaggregation of 44
different commodities.> Reading the associated flows column-wise shows the sources of supply
of each good g, where g € {1,...,44}. The matrix S, containing the elements 5(a,g)» shows the
domestic production of each good g by each activity a, such that summing these elements across a
yields the total domestic production of good g. The imports value of good g is in turn represented
by the element m g in the (1 x 44) vector M, which amount is received by the Rest of World
(RoW). Trade and transportation margins (mrg,)) and any taxes levied on products (ntazy))
are recorded separately. As the SAM is itself the representation of macroeconomic balance, total
supply of any good ¢ (identified by the ‘column’ total) equals the total demand, the sources
of which are observed from the row entries of the account of good g. The demand components

comprise the intermediate use of the good by each activity a, denoted by w the final demand

g,a)»
for consumption by households and non-profit institutions (Chhg) and Cnpi(,), Government
(Cgov(g)), Rest of World (Crow,) and the demand of goods for investment purposes, denoted
by Inv(g). To provide a concrete example of the interpretation of the flows in the SAM, we can
focus on table U, which collects the flows accruing from the ‘activities’ to the ‘goods’ account.
Each element in u, ,) records the payments by activity a into the account of good g in order to
acquire commodity g to be used for intermediate consumption.

Corresponding one-for-one to the disaggregation of commodities, the Maltese SAM also in-
cludes transactions involving 44 activities which produce commodities. While information from
the Maltese SAM shows that most of each activity’s production is predominantly devoted to one
principal commodity, some activities also produce other secondary goods in smaller quantities.?
The row entry of the ‘activities’ account features the table of production containing the elements
5(a,g)» sShowing the amount of each commodity g produced by activity a, where a € {1,...,44},
evaluated at basic prices (Mainar-Causapé et al., 2018). To produce its output, each activity a
uses commodities as intermediate inputs (u(g,q)), employs labour and capital, and also incurs
taxes (less subsidies) denoted by otazr(,). The Value Added by activity can be obtained as the
sum of compensation of employees, gross operating surplus and production taxes less subsidies.
As regard to the components of Value Added, the activities pay compensation for employees
and gross operating surplus as the compensation for the use of primary factors, which inflows

are allocated to the institutional sectors according to their property share.*

2The classification of commodities is provided in Appendix A.

3Within the framework of the SAM, this is illustrated by the non-necessarily-zero off-diagonal elements in the
domestic production matrix, S.

4As evidenced by the SAM, compensation of employees is mostly received by households, although small
amounts are received by RoW, the latter representing labour income sent abroad. On the other hand, all
institutional sectors with the exception of RoW are endowed with capital, such that Gross Operating Surplus is



Trade and transportation margins are incurred in the process of delivering the commodities
produced by activities to the markets. As a result, they are recorded in the column of the ‘Com-
modities’ account. The demand for commodities is valued at purchaser prices and thus is already
inclusive of the trade and transportation margins, explaining why the ‘Trade Margins’ account’s
column contains no entries. The ‘taxes’ account in the Maltese SAM comprises four different sets
of taxes, respectively levied on commodities (Ntax), activities (Otax) and Institutional Sectors
(T'inc, Toth). The SAM shows that the total tax revenue generated in the economy - calculated
as the sum of these tax payments - is predominantly collected by Government, although smaller
amounts pertaining to Ntax and Otax are also directed to RoW.

Turning to the institutional sectors, their source of primary income derives from their re-
spective endowment of primary factors (labour and capital). In fact, they receive compensation
of employees and gross operating surplus by activity. As described previously, the income taxes
and other current taxes incurred by institutional sectors on the basis of their primary income
are collected by Government, alongside the other taxes levied on commodities and activities,
some of which are also collected by RoW. In addition, the RoW account receives income flows
M from the imports. The flows represented by T'R in Figure 1 represent the secondary income
distribution, which captures the transfers that take place among the institutional sectors them-
selves. All these flows determine the disposable income of each institutional sector, which in turn
can either be allocated to present consumption or be set aside to be possibly consumed in the
future.® The demand of each institutional sector for good g is represented by the flows recorded
in the block of elements headed by the commodities g (from the row side) and the Institutional
Sectors k (from the column side). Savings by Institutional Sectors are recorded in the capital

accumulation account and indicated by SAV(y,).

3 Model Setup

This section documents the main properties of MaCGE-MOD and exhibits the equations that
characterise the model. The general setup of the production side of the model is graphically
shown in Figure 2. The lower part shows the production function by describing the formation
process of output by activity. To produce its output Y,, each activity optimally combines

intermediate goods and value added via a Constant Elasticity of Substitution (CES) function.®

directed to all institutional sectors, except RoW.

5The only exceptions are the financial and non-financial corporations who do not consume any commodities
but devote all their disposable income to savings.

6While this is stated in general terms, it is recognised that in Malta’s CGE model, intermediate goods and
value added are assumed to be straightforwardly combined by a Leontief function. Further details are available
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In turn, the total intermediate consumption of activity a is some composite of the goods g that
are used as intermediate products, whereas value added by activity is produced by optimally
combining capital and labour resources in a CES production function. Each activity is assumed
to be able to produce more than one good, such that good g may be produced by more than one
activity. As a result, the amount of good g that is produced domestically from the activities’
operations, denoted by YgD , is related to Y, as some aggregate of the amount of good g produced
by each activity a separately, which quantity is denoted by Yy .. In turn, the total quantity of
domestic output of commodity g, YgD , combined with the quantity imported, YgM , yield the total
supply of good g in the economy, denoted by Y. This can then either be consumed domestically
or exported, in which case it is consumed by RoW. The amount consumed locally is split into
different uses: by activities as intermediate products in their production process, by households,
NPIs or Government as goods destined to final consumption, and demanded for investment
purposes.

We now proceed to determine the optimal decisions of the respective economic agents by
solving the optimisation problems which characterise the model as illustrated in Figure 2. The
optimal decisions of the respective economic agents in the model are derived from the solutions
to a series of nested problems. We start from the nested problems characterising the production

function by activity, before proceeding to consider the production function by commodities.

3.1 Production Process

3.1.1 Output by activity

Output by activity, denoted by Y,, is produced by an infinite amount of perfectly competitive
firms operating in each activity a € (1,44). To produce their output, firms within each activity
combine a composite intermediate good, Y,/¢ with value added, Y,Y4, in a CES production
function. The respective optimal quantities of Y,/¢ and Y,V 4 are chosen as firms seek to minimise
their cost of production, CY', subject to a CES production function combining intermediate goods
and value added. Total costs are obtained by summing the costs associated with the two inputs,
evaluated at their respective prices, Pa[ G and P(Y A This optimisation problem can be written

as:

in Section 4.4.

11



Figure 2: Description of the Production in the model (supply and demand

side)
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st.

Y
Y—l 1 nY —1 n}:la 1
Yo= |G YICTT 41— i[Oy vy AT (2)
where 11 is the share of total intermediate goods used by activity a in producing its output

and 7Y is the elasticity of substitution between intermediate goods and value added. Forming

the Lagrangian we can write:

_Na__
na —1 nY —1 | nY -1

min £Y PIGyIG _|_P;/AYaVA +K‘ay Ya _ ( IG) YIG nY + (1 _ L )”a YVA y,a

where kY is the Lagrange multiplier associated with the production function, representing the
marginal costs of production. In view of the perfectly competitive market structure assumed

within the context of the CGE model, k¥ corresponds to PY, defined as the price of output of

(l )

activity a.”

The resulting F.O.Cs are:

oLy e v ny jge = 1oy A tat [T
aYIG:O@Pa _KCL m ( ) Y n“ +(1_La )T’aYa "a
a a
§ 3)
%;1 (L1G)nr YIGy:0
Na
1
LY va v 7. O o et N e = DA
ayVA :O@Pa —lﬁ:a 77}/7_1 (La )"a Ya Ma +(1_La )"a Ya Na
a a
. (4)
-1 1 =1
n(l.ny (1 _ LéG) .,,C}L’ YaVA ,7(1; — O
a

which after substituting k¥ = PY and simplifying return the following optimal demand functions

for YaI G and YaVA:

vie = o (P“IG) Y (5)
a a P[}/ a

7Pg/ represents the respective “final” price of activity a, i.e. inclusive of the taxes levied on activities’
production at the effective rate 7% where the latter is derived from the SAM as the share of the amount paid

by activity a in Otaz in the total value of activity a’s output. See equation (71) for a mathematical description
of TOtaac
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YVA—(].—LIG)-(P;/A)% Y, (6)
a - a PY a
a

These conditions imply that the optimal ratio of intermediate goods to value added employed
by activity a depends on the relative prices of intermediate goods and value added and their
respective shares in total output. Since firms operate in a perfectly competitive environment,
the overall price of output can be obtained by imposing a zero-profit condition equating the total
revenues of activity a (net of applicable taxes) to its total costs, and substituting for the F.O.Cs

above:

PIG 7773:,/ PVA —MNa
PY (1 — 70t)y, = pl¢ |:L£G- (153/ ) -Ya] + pVA [(1 —.1Gy. ( Igy ) -Ya} (7)
a a

This zero-profit condition determines the final price of activity a’s output, where P) is the price

of output, inclusive of the relevant payable taxes:

Y

Y JIRTC e
PY (1= 70" = [dS(1)0-) 4 (1 18 (Y A)0-iD)]| 2 ®)

3.1.2 Intermediate Consumption by Activity

The demand of intermediate goods required by each activity for the formation of output Y, may
comprise g € (1,44) goods. The cost share of good g in the total cost of intermediate goods used
by activity a is represented by Lég. Each activity decides on the optimal quantity of good g to
be used as an intermediate product, which quantity is denoted by Yg{ ¢ Activities minimise their
costs subject to a function that aggregates the different goods used by activity a into aggregate
intermediate consumption. At this stage, firms are assumed to take the price at which they

source the intermediate goods, P, as given.® This problem can be expressed as:

44
: 1G IG
minC,< =3 PYyq 9)
g,a g=1
st.
G
44 L W16 1 W16
VI = | ()7 (v S) e (10)
g=1

where nl¢ is the elasticity of substitution among intermediate goods; Ygff is the quantity of

8 Py is the “final” price of good g, i.e. inclusive of the taxes levied on the goods at the effective rate Tévmx,

where the latter is derived from the SAM as the share of the amount paid by the account of good ¢ in Ntaz in
the total value of good g. See equation (70) for a mathematical description of 72Nt

q
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44 IG — 1 The solution to

commodity g used by activity a as an intermediate good; and ) g=1lg.a

this problem yields the optimal demand of activity a for good g to be used in its production

process:
_IG
G _ | IG Py \™ ™ itel
Yg,a =lga- PpIG : Ya (11)
a
where k¢ = PI¢. Then, changes in the quantity of commodity g demanded by activity a as an

intermediate good depend on the aggregate quantity of intermediate goods used by activity a
and on the price of good g, relative to the aggregate price of the intermediate goods by activity
a. The latter can be obtained by setting a zero-profit condition equating the total cost of activity

a’s intermediate consumption to the summative cost of using g goods as intermediate goods:

44

L]
I
pic [z 16 ()1, >] (12)

g=1

3.1.3 Value Added by Activity

The value added of each activity a in producing its output is a composite of the labour (L,) and
capital (K,) it demands. Activities choose the quantities of labour and capital which at their
respective costs PY and PX minimise the total cost, subject to a CES function that combines

the two factors to generate value added.

min cy4 = pPlL, + PXK, (13)
st.
VA
i nY A1 1 ny A—1 VA,
Y= [(ngmx RN Dey e 1 "

L

- is the share of labour in the generation of

where Y,V4 is the value added of each activity; ¢
value added of activity a; and Y is the elasticity of substitution between labour and capital.

The F.O.Cs for this problem yield each activity’s optimal demand for L, and K,:

pL o\~
Lo =1 - (P‘“‘) YA (15)
PK *WXA
Ko=(1-10)- (PVA> YA (16)

where the marginal cost of production is equivalent to the price of value added, PY“. These two
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conditions suggest that each activity’s optimal decision on the allocation of the primary factors
depends on its quantity of value added and the respective factor prices, relative to the aggregate
price of value added. The latter can be derived from a zero-profit condition which equates the

total cost of value added to the summative cost of labour and capital resources:

1
VA) VA

PYA = [(E(PEYA=0™) (1 = fy(PF) D] 0 )

3.1.4 Total Output (Supply) by Commodity

Turning to the production function by commodity, the total supply of good g, Y,, is a combi-

g5
nation of the total output produced domestically and imports, where the two are assumed to
be imperfect substitutes by the Armington (1969) assumption. We assume that for each good g
there are an infinite number of aggregators, all operating in a perfectly competitive market that
optimally combine imports YgM and the domestic output YgD such as to minimise the costs of
producing total output of any commodity Y, taking the respective prices PgD and PgM as given.

Aggregators face a constraint in the form of a CES function that combines YgD and YgM to supply

good g. In mathematical notation, this optimisation problem can be expressed as follows:

. Y _ pDy D M~ M
Yg%}%, Cg _Pg Yg +Pg Yg (18)
st.
g
1 g ~1 1 ng =17 wy -1
Yy = (D) yP ol (1= Dy Yy MoT (19)

where Lf is the share of the value of good g output that is produced domestically, and r];/ is the
elasticity of substitution between domestic and imported commodities. The optimal quantities
are expressed in (20) and (21), respectively, where in light of the perfectly competitive nature of
the goods market in the model, the marginal cost of production is necessarily equivalent to the

price of good g, denoted by P,.

PPN\
D _ D g9
Yg = Lg . (Pg) . Yg (20)
PM —77;/
YM=(1-.0)- (;) Y, (21)
g

Since the market for commodities is perfectly competitive, the aggregate price of each good g

can be derived from the substitution of these F.O.Cs in a zero-profit condition equating the total
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cost of supplying the good (net of applicable taxes) to the cost of domestic output and imports.
When simplified, this yields the aggregate price of good g as a composite of the price of domestic

output and the price of imports, where P, represents the price of commodity g inclusive of the

tax levied on commodities at the effective rate TN tax,
Y Y %
Py(1 = 7Vtes) = WD (PP) ) 4 (1= (D) (P ] 8 (22)

Similar to the MACGEM-IT model for Italy (Socci et al., 2021) and the I3E model for Ireland
(de Bruin and Yakut, 2021), MaCGE-MOD operates under a small-country assumption whereby
domestic activity has no bearing on foreign prices. As a result, the price of imports is taken
to be exogenously determined by an aggregate foreign price of goods, denoted by Pf , and the

nominal exchange rate, e, both of which are considered as exogenous.

3.1.5 Domestic Output by Commodity

The total domestic output produced by activities, denoted by YgD is an aggregate of the pro-
duction of the good g by each activity a, denoted by Y; ;. This in turn implies that while each
activity generally devotes its production efforts to one principal good, it could also produce other
secondary goods. We therefore assume that there are a number of aggregators for each good
g, operating in a perfectly competitive market, that optimally choose the quantity of output of
each activity a to be devoted for the production of good g, denoted by Y, ,. The aggregator
minimises the costs associated with the production of good g by optimally choosing Yy , subject

to a CES function and taking the demand for the domestically-produced good ¢ as given.

mln CD Z PYY, . (24)
st.
s
44 1 nP -1 nD -1
D D D D
}/g = Z(l’g,a)ng (Yg»a) K (25)
a=1

where L g.a 18 the share of the total domestic output of good g that is produced by activity a,
such that Za 1 q ., = 1, and ngD represents the elasticity of substitution among activities in

the formation of domestic output of good g. It is also assumed that each good g produced by
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activity a is priced at the aggregate price of the activity, such that P} = P; o, further implying
that Y, = 234:1 Yy o. The resulting F.O.C. with respect to Y} , yields the optimal quantity of

good g produced domestically by each activity:

D PQD ngD D
Yg,a =1 . ﬁ . Yg (26)

where the assumption of perfect competition in the model implies that the marginal cost of
domestic production is equivalent to the price of domestically-produced good g, denoted by PgD .
Then, an expression for the price of the domestic output of good g can be obtained through the
setting of a zero-profit condition which equates the value of good ¢ that is produced domestically

to the total cost incurred by all activities to produce good g, which when simplified yields:

1

- -2y | 7
pp_ [mauﬂ:) ; ] o)
a=1

3.2 Final Demand by Commodity

The total demand of good g, Yy, is given by a market clearing condition that aggregates demand
for good g raised by each activity a as intermediate good, and final demand of good ¢ raised
by the institutional sectors k. The optimal demand for intermediate consumption by activity
is given by equation (11), whereas the quantity demanded by each institutional sector k is

determined as explained below.

3.2.1 Consumption of commodity by Households and NPIs

The optimal amount of good ¢g consumed by households and NPIs derives from the solution to
a utility-maximisation problem in which their utility is maximised subject to their disposable
income, which can be used either to consume in the present or be set aside to possibly be
consumed in the future (Bohringer et al., 2005). The utility function of households and NPIs,
grouped by a set j € {Hh, Npi}, is assumed to be a CES function of their present consumption,
C}, and possible future consumption, which we denote by S;. The institutional sector j chooses
the optimal quantity to consume today and how much to leave for the future so as to maximise
their utility, Uj;, subject to satisfying their budget constraint, which is in turn determined by

their disposable income Y D;.
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max U = ()T + -, (28)

st.
YD; = PFC; + P'S; (29)
where LJC is the weight of present consumption in the utility function by institutional sector; ch

is the price of the consumption basket to be consumed by j in the present; P! represents the
price of investment (common for all institutional sectors) and 7; is the elasticity of substitution
between present and possible future consumption in the utility function by institutional sector

4. This optimisation problem is solved by defining the Lagrangian as follows:

Y

u u J
T I Sy e
ne 4 ne n;
g]l%gjﬁgj = (L]C)"; Cj S (1 _ LJC) j Sj J + K;{,(YD‘? _ PJ-CCj _ PISj)
where the specification of the optimisation problem in this way implies that k% = -, where

Jj — PU
J
PjU is the price of utility by institutional sector. The respective F.O.Cs with respect to present

and possible future consumption can be derived as follows:

oLy Y 3 o My e 2=
J J C\n¥ ;5 C\n¥ K J J C\n¥ A" upC _
ac, —0®<n?_1>[(Lj) JC’j —|—(1—Lj) JSj ] <W>(Lj) i (Cj)" ki Py =0
(30)
oLy nY a1 ”;:—;1 1 L;l 7T n¥ —1 a1 -1
L =0e (2 e 1=y s | . 1-.5)7 (8;)" kP =0
dS; (77? _ 1) |:<LJ ) J +( 4 ) j 77? ( > )" ( J) Ky
(31)

Substituting for £} = % and simplifying yields the optimal quantity for households and NPIs
J
to consume today, and, by default, how much to be allocated to possibly be consumed in the

future:

C i v
Ci=15 Ui | pe (32)

S;=01—)-U;- (ﬁ) J (33)

We can derive an expression for the price of utility by institutional sector j by equating the total

value of utility to the sum of the values of present and possible future consumption:
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P]UUJ:PJC + P!

pU n§ pU nj
ey

which when simplified results in the price of utility by institutional sector j as follows:

1
Py = [P0 4 (L= a)(Ph )] (34)

Households and NPIs have the possibility to spread their current consumption over all the goods
produced in the economy. This implies that the total consumption of each institutional sector,
Cj, is an aggregate of the demand for all the commodities demanded by j. Taking the final
price of commodities, P, as given, households and NPIs optimally choose their demand for
each commodity g, which demand is denoted by Cy ;, in order to minimise the cost of their
current consumption, subject to a transformation technology that aggregates the demand for
each good by institutional sector j into aggregate present consumption. In mathematical terms,

this optimisation problem is set up as follows:

44
Icl}qi? CSTJ'C = Z PyCy,; (35)
9. =1
st. .
5
44 1 77;71 n]c.—l
Cj=|D (1) (Co) (36)
g=1

where 77 is the elasticity of substitution among the commodities presently consumed by j, and

ng represents the share of total current consumption of j that is devoted to good g, thus

23i1 Lg ; = 1. The demand for each good g meant for the present consumption of institutional

sector j € {Hh, Nip} is given by the F.O.C. below:

P\
Cg’j = ng . Cj . <Pjg> (37)

where the aggregate price of the consumption basket to be consumed by institutional sector j
in the present is given by ch and is equal to the marginal cost associated with the basket C}.
Based on this expression, we can determine the price of the consumption decisions of institutional
sector j as a price index obtained by combining the prices of goods consumed by institutional

sector j in the present:

C _
Py =

44 (1—n¢) i-n

S
> 5P, ] (38)
g=1
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3.2.2 Consumption of Commodities by Government

The real consumption of Government, denoted by C}, is assumed to be fixed. Having said that,
the Government chooses the optimal level of demand for each good g that makes up C;, denoted
by Cy.:, so as to minimise its total consumption expenditure, subject to an aggregator which

transforms the demand for each good by Government into aggregate consumption:

44
min CSTY =Y " P,Cy; (39)
g,% g=1
st. .
My
44 1 ne—1] mf-1
Ci= | D ()™ (Coa) ™ (40)
g=1
C 5 . 44 c _
where ¢, represents the share of Government’s demand attributed to good g, thus Zg:l tg; =1,

and 7 represents the elasticity of substitution among the goods consumed by Government. The

Government’s optimal consumption of each good g can be derived from the following F.O.C.:

pC ng
Cgﬂ‘ = Lg:i . Oi . PZ (41)
g

The price of the Government’s consumption basket can then be obtained by equating the ag-

gregate consumption expenditure of Government to the total cost incurred by Government to

consume the goods g:

17717

44
1—ns
PE = |3 0P "”] (42)
g=1

3.2.3 Investment

The total investment in the economy, denoted by I, is a CES aggregate of the demand of
each good g for investment purposes, I,. The optimal demand of each good for investment is

determined from a cost-minimisation problem optimised subject to an aggregation function:

44
. I o
min CST" = ; P,I, (43)

st.
44 I, #
I= [Zugwm"ﬂ (44)
g=1

where L; represents the share of investment demand for good g in the total demand for investment
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in the economy, thus 234:1 Lé = 1 and where 5’ is the elasticity of substitution among the
commodities demanded for investment. The optimal demand for each good g for investment

purposes is obtained as follows:

PI 7II
Ig=1)-1- (P) (45)

g
implying that the optimal investment demand for each commodity depends on the price of
investment and the price of the commodity. The price of investment can now be easily determined

as follows:

3.2.4 Exports

The quantity of commodity g demanded by RoW, representing the exports of the Maltese econ-
omy and denoted by X2, depends on foreign income, Yrow, and foreign prices, PJ, relative to

the domestic price of good g, P,, taking into consideration also the nominal exchange rate, e:

E _ E Pl \"
XE =t .YR(,W.(G.Q (47)
g

where Yrow, ng , and e are all exogenous; Lf is the share of exports of good ¢ in the total exports,

thus Zéil ng =1, and 77;5 is the elasticity of substitution among exported commodities.

3.3 The derivation of Disposable Income by Institutional Sector

In the model, the disposable income of each institutional sector is determined by the flows that
make up the primary income distribution, the flow of taxes in the economy, and the transfers
received and paid as part of the secondary distribution of income. This notwithstanding, the
items constituting inflows and outflows vary by institutional sector.

Consider first the national private institutional sectors, grouped in a set h which incorporates
households (Hh), non-profit institutions (Npi), financial corporations (Fc), and non-financial
corporations (Nfc), i.e. h € {Hh,Npi,Fc,N fc}. Their receipts from the primary income
distribution comprise the respective flows received as payment for their supply of labour and

capital as primary factors.” The total amount that these institutional sectors receive depends

9While this is stated in general terms, according to the Maltese SAM, domestic labour resources in Malta
supplied by national private institutions are only provided by households. As a result, N fc, Fc and Npi receive
primary income only in respect of their endowment of capital.
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on their respective share of the total domestic endowment of the factor f; f € {L, K} in the
economy, which share is denoted by ¢£. Each institutional sector h pays taxes on their respective
income, alongside (possibly) other current taxes, which amounts can be expressed in terms of

the effective tax rates T;{ inc

and T}T °th levied on their primary income. As part of the secondary
distribution of income, each institutional sector h receives transfers from the other institutional
sectors k, while on the other hand also transfers some monetary flows to the other sectors itself.
The amount of transfers that h receives from the other institutional sectors k can be expressed
in terms of an effective rate of transfers 1/),?)2, applied to a transfers base T'Bj, with the latter
varying by the institutional sector k.19 Similarly, the amount that is transferred from h to the
other institutional sectors k can be expressed as the application of a rate of transfers 1/),?2 to

the primary factor income received by h. Then, the disposable income of institutional sector h,

denoted by Y Dj,, can be expressed as in equation (48), where ¢£ = 0 for h # {Hh}.

44 44
YDy, = ¢y (pL > La) + o5 (pK > K)
! 44 ! 44 44 44
— 7ffine [¢,e (pL ) La) ol (pK 3 K)] _ gffoth [¢ﬁ (pL 3 La) ok (pK 3 K)}
a=1 a;ll » a=1 a=1
+ ) (WERTB) = Y i [qbﬁ (pL > La> N (pK > K)}
k k a=1 a=1

(48)

Turning to the disposable income of Government, this institution receives its share of capital
(¢§ov) income. Moreover, it collects a proportion ¢ of the total Ntax (dnter) and Otax (00taz)
paid in the economy, respectively levied on the total output by commodity and activity at the

effective rates Tév tax

and 7O%® 11 The Government also receives all income taxes and other cur-
rent taxes paid by private national institutional sectors h and RoW on their respective primary
income. RoW is only endowed with labour and therefore no Gross Operating Surplus is directed
to it (i.e. ¢’§0W = 0). The government also pays income taxes and other current taxes on the
basis of its capital endowment, but since these payments are made to itself, they carry a net-zero
effect on the Government’s disposable income. Finally, similar to the case of the national pri-

vate institutional sectors h, the government receives transfers from, and pays transfers to other

institutional sectors k at the rates ¢ggv,k and ¢£’éov, respectively. The resulting disposable

10Further detail about the construction of each institutional sector’s transfers base is provided in Section 4.3.
I The total output, as given by the SAM, of commodity g and of activity a are denoted by Yy and Y,
respectively.
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income is then used by Government to consume commodities, which despite being fixed in real
terms, nominal consumption expenditure changes due to changes in commodity prices. Any re-
sulting difference between the Government’s disposable income and its consumption expenditure
represents the Government’s savings. In turn, any differences between this level of savings and

the benchmark savings found in the SAM represent an increase/decrease of the Government’s

surplus/deficit.
44 44 B 44 B
YDGO'U = ¢§ov (pK Z Ka) + 5Nta:t Z(Té\ftaa:yg) + 6Ota:t Z(T(?tamya)
a=1 g=1 a=1

r 44 44
ot (32 ) off (o3 )] i o (53 1)
] a;ll a;ll
)t (S o 5
- 44 !
1 oine ¢G0v( j{jfr )} 2%2°[ (pk’ zra)]
L a=1

44
+M%(Wﬂ&%w¥q
- 1

a=

i Dﬂ~u i M%

(49)

+ Z(wEZU,kTBk) - Z( k GO'UTBGO'U)
k

k

Turning to the disposable income of RoW, this institutional sector receives payment for the
local economy’s imports. This payment can be quantified as the product of the quantity of each
good imported, YgM , and their respective price, P , summed across all goods g. The RoW also
receives its share of income from labour (qb}L%OW), alongside any taxes paid on commodities and
activities’ production that are due to itself, denoted by (1 — d;). On the other hand, it pays
taxes on its labour income at the effective rate 74¢ and 7A°H: while also receiving transfers
from, and effecting transfers to, the other institutional sectors k, where k % RoW. In general,

the RoW receives transfers at the rate wﬁgwyk, whereas transfers to other institutional sectors

are assumed fixed at the respective SAM values.
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44 44 44

44
YDgow = (Z p;”YgM> + ¢k ow <pL > La> + (1= Ontar) D_(T"Yy) + (1= S0taz) D (191" Yy)
a=1

g=1 g=1 a=1
44 44
Tinc | 4L L Toth | 4L L
— TRoW [¢Row (p Z La)] — Thow |:¢R0W (p Z La)]
a=1 a=1

+> (WhowsTBr) = Y (TRy row)
k

k
(50)

3.4 Market Clearing Conditions and Closure Rules

The description of the model concludes with the definition of market clearing conditions and a

number of macroeconomic closure rules designed to ensure equilibrium in the respective markets.

3.4.1 The Markets

The market for each commodity g is assumed to be perfectly competitive and the total supply
Y, must be fully absorbed either by domestic demand or as exports (Figure 2). Any discrepancy
between the total supply and the total demand for a commodity is cleared by movements in the
price of the good, denoted by Py, such that the market for good g returns to an equilibrium
where the demand equates its supply. The value of total supply of goods comprises the domes-
tic output, any trade and transportation margins and net taxes on production, and imported
commodities. On the other hand, the demand for goods derives from the activities that require
the commodities as intermediate consumption, final demand by domestic institutions, demand

of goods for investment, and exports:

a=1

44
Y, = (ZYgI,aG) + (ch,j) +Cyi + 1y + Xf (51)
J

In a similar vein to commodities, the market clearing condition for activities necessitates that
the total output of activity a, denoted by Y,, be equal to the total amount of commodities

produced by the same activity a.

Yo=Y Y. (52)

Moving on to the markets of labour and capital, the total demand for factor f by local activ-

ities has to be equal to the respective total factor endowment made available domestically by
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institutional sectors, which amounts are denoted by fg, where f € {L, K}. The demand for
factor f by activity is determined endogenously by the equations (15) and (16), whereas factor
supply is assumed to be exogenous for both factors.!? In the case of the market for labour, the
unemployment rate is allowed to vary in order to guarantee balance between total labour supply
and demand (as in Socci et al. (2021)), whereas balance on the (perfectly competitive) market

for capital is obtained through changes in the price of capital.

44
D La=(1-u)d L} (53)
a=1 k

44
ZKCL = ZKE (54>
a=1 k

3.4.2 Savings-Investment Condition

The level of investment in the economy is assumed to be determined by the savings of the
respective institutional sectors. More specifically, total investment equates to the sum of savings
of the national private institutional sectors, Government and RoW. Having said this, it is further
assumed that the Government does not use any savings that exceed the benchmark level recorded
in the SAM (SPemeh). Instead, these “extra” savings are assumed to be set aside and later used
for consumption purposes or to balance Government’s books, similar to Socci et al. (2021).
Additionally, the savings of RoW that are allocated to capital formation are assumed to remain
fixed at the quantity given by the SAM, which we denote by Sgrow, such that changes in real

investment are driven solely by changes in the savings of households, NPIs and corporations.
44
Z Ig = Z Sh + Szbench + (SROW : 6) (55)
g=1 h

3.4.3 Government Balance Condition

As explained earlier, the real consumption of Government is considered fixed whereas its nomi-
nal consumption expenditure is deemed flexible by virtue of changes in commodity prices. The
balance in the Government’s account - representing the Government’s savings/deficit - originates
endogenously as the difference between its disposable income and its total consumption expen-
diture, all expressed in nominal terms. When the change in Government’s disposable income

exceeds the change in its consumption expenditure, such that total Government savings increase,

12The domestic supply of labour by institutional sector k, denoted by L7, is obtained from the SAM as LABy,
whereas the domestic supply of capital by institutional sector k, denoted by K}, is represented by GOS 4.
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the Government records a positive balance on its account. These resources can be destined to
different uses: they can be stored or used to raise Government’s consumption expenditure. Con-
versely, if the nominal consumption expenditure of Government rises by more than its disposable

income, the balance on the Government’s account turns negative.
44
Bal; =YD; — <Z Cyi - Pg> — Gbench (56)
g=1

3.4.4 Rest of the World Balance Condition

The net debit or credit flows of the domestic economy with the rest of the world, which we
denote by Sgow, are determined by the difference between the disposable income of RoW as

determined in equation (50) and its nominal expenditure on exports.

44
Srow =Y Dgow — (ZX;“ : Pg> (57)
g=1

4 Calibration

This section documents the calibration of key parameters and quantities that serve as the main
link between the theoretical model derived above and the SAM for Malta. Model parameters

are all calibrated based on the values recorded in the SAM.!3

4.1 Production

The share of the total intermediate goods used by activity a in producing its total output net of
production taxes corresponds to ¢Z%. From the template of the SAM illustrated in Figure 1, the
total output produced by activity a is determined as Y, = Z§i1 Uga +COE,+GOS,+0TAX,,
where Y, is the total output value of activity a derived from the SAM and u,, is an element
IG ;

within the U matrix showing the use of commodity g as intermediate good by activity a. ¢, is

therefore estimated as:

44
G Zg:l Ug,a

@ Y, —OTAX,

2

(58)

The problem solving for the optimal quantity of good ¢ that activity a should use in its inter-

mediate consumption (i.e. solving for the entries of the U matrix) requires the estimation of the

13The calibrated values of all parameters discussed in this section are available from the authors upon request.
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1G

good-specific bias in intermediate consumption by activity. In this respect, ¢,

represents the
use of good ¢ as an intermediate consumption by activity a, expressed as a proportion of the

total intermediate goods used by a.

IG Ug,a
lga = (59)
g,a Py

Zg:l Ug,a

In the determination of the optimal demand for labour and capital, Lf measures the labour
intensity in the value added production of activity a and is calibrated as the share of labour in

the generation of value added. Thus:

. COE,

‘a = COE, + GOS,

(60)
Turning to the problem aggregating domestic production by commodity and imports, we estimate

D

I,g,

interpreted as the domestic production bias in the total supply of goods net of output taxes.
This is calculated as the share of domestic output by good (including trade margins) in the total
supply of commodities, excluding net taxes levied on commodities. The total supply of good g
can be expressed as Y, = Ziil Sag + MRG, + NTAX, + M,, where Y, is the value of total

supply of commodity g obtained from the SAM and s, 4 is an element within the S matrix,

representing the production of commodity g by activity a. In mathematical terms, LgD can then
be expressed as:

D 244—1 Sa,g + MRG,

1 === (61)

g Y, - NTAX,
The total value of good g that is produced domestically depends on the domestic production
of the activities in the economy. More specifically, the domestic production of good g is deter-

mined by the share of domestic production of commodity g that is produced by each activity a

D

g.a» 18 calibrated as follows:

separately. This share, represented by ¢

D Sa,g
lg,a = Saa (62)
Za:l Saag

4.2 Final Demand

In the maximisation of households and NPIs’ utility, LJC represents the share of consumption

in the utility of institutional sector j, with the latter comprising the present consumption and

c

savings of institutional sector j. Then, (7 can be calibrated using the information from the SAM
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as follows:

S°44  Chhy o
LC = 34:1 CE{th“‘SAVHh lf] € {Hh} (63)
J 14 )
g=1 Pl if j € {Npi}

234:1 C’rlpig+SAVNpi

On the other hand, LgC:j represents the weight of commodity ¢ in the consumption basket of
institutional sector j. This parameter is calibrated from the SAM as the share of consumption

expenditure on good g in the total consumption expenditure of institutional sector j:

Chh AP
e i e (HR)
LC~ — 234:1 Chhyg (64)

Cnpi e .
7224;;?21% if j € {Npi}

As regards the Government’s consumption expenditure, Lgi carries an analogous definition to
,
ng. In words, Lgi represents the Government’s expenditure on commodity g, expressed as a
. :

proportion of its total consumption expenditure:

c Cgovy

O = 9% 65
o 23i1 Cgovg (65)

Turning to the investment demand for commodities, Lé represents the proportion of total invest-

ment demand attributed to good g. The parameter Lé is therefore calibrated as:

Inv
I g
J=———"9 66
’ 2311 Inv, (96)

4.3 Disposable Income

Information from the SAM is used to calibrate the parameters entering equations (48), (49) and
(50). In general, the parameter qbi, where f € {L, K}, represents the share of the total domestic
supply of factor f that is endowed by institutional sector k, such that >, qﬁi = 1. Therefore,
this parameter is in general calibrated as:

#ﬁ%k if fe{L}

o = (67)
72%%& if fe{K}
While this is stated in general terms for all institutional sectors k, the Maltese SAM shows that

only households and RoW supply labour, whereas RoW does not receive any gross operating

surplus. These patterns imply that ¢& = 0 for k € {N fc, Fc, Npi, Gov} and ¢% ;- = 0.
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and TkT oth respectively represent the effective rates of tax on income and other current

T}Z"inc
taxes paid by institutional sector k. For all institutional sectors k, both rates are calculated as
the share of the total amount of the respective tax paid by k in their total primary income (i.e.

the income received from their endowment of primary factors). Thus:

TINCy

Tinc
= 68
T LAB;, + GOS;, (68)
TOTH
Toth k
= 69
T LABj, + GOS (69)
The effective rate of tax levied on the production of good g, denoted by Tév taz and on the
activity a, denoted by 79%% are obtained from the SAM as follows:
NTAX
Ntax g
T =——2>= (70)
! Yy
OTAX,
TOtaw —_ ’ (71)

a Ya
A share ¢; of the total amount paid in Ntax and Otazx, where ¢t € {Ntax,Otax}, is payable to
Government, with the remaining amount payable to RoW. The respective shares of Ntax and

Otax paid to Government are calibrated from the SAM as follows:

NTAX Gow
— T Gov 2
5Nta:v Zg NTAXg (7 )
OTAXGoy
5Otar - m (73)

As regards the calibration of transfers flowing among the institutional sectors in the economy,
in general the effective rate of transfers from institutional sector k& to m is equivalent to the
corresponding amount of transfers documented in the SAM expressed as a share of a transfers

base of the payer, denoted by T By:

Tr _ TRm»k
mk TR,

(74)

While this is stated in general, in practice the determination of the flow of transfers varies
depending on the economic agents involved in the transaction. Firstly, the flow of transfers

from RoW to all other institutional sectors (i.e. the national private institutional sectors and
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Government) are considered fixed in nominal terms at the amounts documented in the SAM,

as are the flows transferred from Government to RoW. On the other hand, the transfers from

Government to the national private institutional sectors depend on the factor and tax revenues

received by Government. In fact, the amount transferred by Government to the national private
Tr

institutional sectors depends on the application of the (fixed) h.Gov tO the following transfers

base:

44 44 44
TBGO’U = (ybgm; <pK Z Ka> + 5Nta:c Z(T;Vtaszg) + 5Otaz Z(TgtaIYa)
a=1

g=1 a=1
. 44 44 . 44
3ok (v X £ )+ off (v X 8 ) | oA o (301 |
h a=1 a=1 a=1 (75)

44 44 44
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h a=1 a=1 a=1
44 44
i ot (v X 1 )| - i ot (v o)
a=1 a=1

The national private institutional sectors transfer flows to other national private institutional
sectors, Government and RoW on the basis of their own primary factor income. In other words,
the amount of transfers flowing from institutional sector h to k, where k € {h, Gov, RoW}, is

determined on the basis of the following transfers base:
44 44
75, = ot (1 30 1.) + i (43K, ) (70
a=1 a=1

4.4 Elasticities of Substitution

To conclude the calibration process, we document the parameterisation of the elasticities of sub-
stitution which feature in the current version of the model. By construction, the model assumes
that intermediate goods and value added are aggregated to produce output via a Leontief pro-
duction function (i.e. 7Y = 0). This implies that each activity combines intermediate goods and
value added in fixed proportions, with no substitutability between them. Similarly, construct-
ing n!¢ = 0 implies that the share of commodity g demanded by activity a as intermediate
good is set to remain fixed and not be affected by relative price changes. In a similar vein, the
model assumes that the export bundle is fixed by constructing nf = 0, while the elasticity of
substitution among activities in the domestic production is also set to 0 by construction (i.e.

775 = 0). By setting n; to be equal to 0, the model also assumes that the utility of households
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and NPIs depends on their present and possible future consumption in fixed proportions. In
other words, changes in utility (or disposable income) are assumed to not affect the decision of
these institutional sectors about present and possible future consumption in relative terms. All
other elasticities are free to take any value, but in the current version of the model are cali-
brated to the values found in Table 1. In the absence of information for Malta, the elasticity of
substitution between labour and capital is set to 0.5218 for all activities, following the findings
for Ttaly by Van der Werf (2008). Imported commodities are assumed to be imperfect substi-
tutes to domestically-produced goods, with 77;/ taking a value of 0.3 for all commodities. The
consumption bundle of households, NPIs and Government is assumed to remain fixed and not
be affected by changes in the relative prices of goods (7]; = n¢ = 0). Similarly, the elasticity of
substitution among the commodities which comprise the investment bundle is also calibrated to
0 (i.e. n¥ = 0), implying that the investment bundle is considered fixed in terms of the quantities

of each good demanded for investment purposes.

Table 1: Elasticity of Substitution Parameters: Calibration

Parameter Description Calibration Remarks

Elasticity of substitution between intermediate goods and

Y iof *
Mla value added 0 Leontief
e Elasticity of .substitut.ion among the. goods used for 0 Leontiof *

intermediate consumption
17[‘1/‘4 Elasticity of substitution between labour and capital 0.5218 Vaéo(?)%r) \i\ierf

v Elasticity of substitution between domestic and imported 0.3
Mg commodities '
nD Elasticity of substitution among activities in domestic 0 Leontief *

9 production
- Elasticity (?f substitution betwe?n pAresen.t. consumPtlon and 0 Leontief *

J possible future consumption in utility function

Elasticity of substitution among commodities consumed by .
C
; households and NPIs 0 Leontief
ne Elasticity of substitution among commodities consumed by 0 Leontief
Government

ol Elasticity of substltutlon‘ among commodities demanded for 0 Leontief
investment

nf Elasticity of substitution among exported goods 0 Leontief *

Notes. * These parameters are hardcoded to 0 in the model, implying that a Leontief technology is assumed by

construction. ** This parameterisation is based on the result for Italy documented in Van der Werf (2008).

5 Simulations

In this section, MaCGE-MOD is used to simulate the macroeconomic aggregated and disaggre-
gated effects of a set of standard shocks that could (hypothetically) hit the Maltese economy.

The shocks are a mixture of macroeconomic and sector-specific shocks, where each shock is
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considered permanent and the resulting impact is measured by the percentage deviation from
the baseline. Also, because the model is static, the results show the total (direct, indirect and
induced) effect of the shock on the economy once all markets readjust to a new equilibrium. In

this light, results from the model are to be interpreted as materialising in the medium run.

5.1 An increase in Investment

The first simulation explores the effects of a 1% increase in the total demand for investment,
simulated as a 1% increase in the investment demand of each commodity. The main macroe-
conomic effects of this shock are presented in Table 2. The original 1% shock to investment
demand sees total investment rise by 1.19% in real terms. The difference between this effect and
the original 1% shock reflects the indirect and induced effects that the shock generates within the
economic system. In response to the additional demand for investment goods, domestic produc-
tion increases, as do imports, thus stimulating employment and primary factors’ remuneration.
This additional income generated by the higher production is distributed to the institutional
sectors, enlarging their disposable income. As a consequence, private consumption increases in
real terms, as do prices, which in turn lowers the export competitiveness of the economy. At the
same time, the level of savings by institutional sector increases as well, thereby driving further
investments.' Overall, Real GDP increases by 0.09% in response to the original increase in
investment demand. Among the main fiscal implications of the underlying shock, the Govern-
ment’s income increases primarily because of the additional receipts of income tax and taxes
on production. However, the Government also incurs additional payments following the shock,
predominantly due to the higher transfers to other institutional sectors and higher consumption
expenditure, albeit only in nominal terms. The overall balance in the Government’s account
improves by 0.06% of GDP.

The sectoral impacts of the shock to investment demand are presented in Table 3. The
products that would be most impacted by this hypothetical investment shock are those showing
the highest proportions of total demand for investment in the SAM. They are (in descending
order): (14) Mining and quarrying and construction, (11) Manufacture of computer, electronic
and optical products, electrical equipment, (24) Inputed Rent, (27) Architectural and engineering
activities; technical testing and analysis, and (10) Manufacture of fabricated metal products,
except machinery and equipment. All the corresponding activities producing these goods as

their primary production feature among the most impacted by the 1% increase in investment

14Results from this simulation show that real savings of all national institutional sectors rise following a positive
shock to investment.
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Table 2: Main macroeconomic effects of a 1% increase in Investment

% deviation from Baseline

Price and Cost Developments
Consumption Deflator 0.10
GDP Deflator 0.17

Economic Activity (constant prices)

Real GDP 0.09
Private Consumption 0.12
Government Consumption* 0.00
Gross Fixed Capital Formation 1.19
Exports (goods and services) -0.06
Imports (goods and services) 0.11
Real Disposable Household Income 0.12
Households’ Saving Ratio** -0.00

Fiscal Developments (% of GDP)

Total Government Receipts 0.03
Total Government Expenditure -0.03
Government Balance 0.06

Labour Market
Employment 0.16

Notes. * Government consumption is not impacted in real terms as this is assumed fixed. ** Household savings
are expressed as a % of Real Disposable Household Income and the resulting % deviation represents the p.p.
deviation of this ratio from the baseline.

Table 3: Impacts on Real GVA by activity of a 1% increase in Investment

Nr. Activity % deviation from Baseline
14 Mining and quarrying and construction 0.84
8 Manufacture of other non-metallic mineral products 0.67
10 Manufacture of fabricated metal products, except machinery and 0.56

equipment

27 Architectural and engineering activities; technical testing and 0.46

analysis

24 Inputed Rent 0.44
11 Manufacture of computer, electronic and optical products, 0.43

electrical equipment...

17 Retail trade, except of motor vehicles and motorcycles 0.37
6 Manufacture of wood and of products of wood and cork, except 0.29

furniture; manufacture of articles of straw and plaiting materials
9 Manufacture of basic metals 0.27
40 Activities of membership organisations 0.17
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demand. The other activities found in Table 3 are hit indirectly because they produce goods
that are used as intermediate products by the activities which are directly hit by the investment
shock. As the investment demand for the goods produced by these activities increases following
the shock, their demand for intermediate goods increases as well, thereby creating an additional

indirect effect of the investment shock on the activities providing the intermediate products.

5.2 An Appreciation of the Exchange Rate

In another scenario, we consider a context in which the nominal exchange rate appreciates by
1%. As shown in Table 4, this reduces the competitiveness of the goods produced locally, thus
causing a fall in exports and consequently Real GDP (—0.07%). The exchange rate appreciation
also makes foreign-produced goods relatively cheaper, thus leading to a (marginal) increase in
imports.'® The lower import prices, compared to domestic prices, drag prices downwards, as
evidenced by both the consumption deflator and the GDP deflator which in part compensate
the loss of local competitiveness. The deterioration in local competitiveness due to the exchange
rate appreciation slightly shrinks the domestic production and labour demand, although the real
disposable income of households experiences a net increase following the drop in prices. The
higher real disposable income translates into higher consumption by households. Turning to
Government finances, the net effect on the Government’s balance, expressed as a percentage of
GDP, is slightly positive at 0.01%.

As the fall in exports appears to be the main driver behind the economic downturn following
an exchange rate appreciation shock, it is no surprise that activities producing export-oriented
commodities are among those most impacted by the shock (Table 5). In fact, judging by the
data in the SAM, seven of the eight goods with the highest export intensity are all produced
primarily by the activities featuring in Table 5. The only clear outlier is activity (20) Publishing
activities, motion picture..., whose primary good produced is not exported in large quantities (as
a proportion of total demand). However, the SAM shows that the commodity (20), which is the
main production of activity (20), is used as an intermediate product by sectors that are directly
impacted heavily by the exchange rate appreciation (e.g. activity (38)). As a result, activity (20)
suffers a sizeable indirect impact from the shock. On the other hand, sectors whose production
is largely consumed locally rather than exported are impacted positively by the shock due to
higher private consumption. Among others, these sectors include (25) Real estate activities, (15)

Wholesale and retail trade and repair of motor vehicles and motorcycles, and (4) Manufacture

15The increase in imports is slightly muted because the elasticity of substitution between domestic and imported
commodities is calibrated to (a relatively low) value of 0.3.
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Table 4: Main macroeconomic effects of a 1% appreciation of the Exchange Rate

% deviation from Baseline

Price and Cost Developments
Consumption Deflator -0.62
GDP Deflator -0.30

Economic Activity (constant prices)

Real GDP -0.07
Private Consumption 0.32
Government Consumption* 0.00
Gross Fixed Capital Formation 0.09
Exports (goods and services) -0.21
Imports (goods and services) 0.01
Real Disposable Household Income 0.33
Households’ Saving Ratio** 0.00

Fiscal Developments (% of GDP)

Total Government Receipts 0.01
Total Government Expenditure 0.00
Government Balance 0.01

Labour Market
Employment -0.18

Notes. * Government consumption is not impacted in real terms as this is assumed fixed. ** Household savings
are expressed as a % of Real Disposable Household Income and the resulting % deviation represents the p.p.

deviation of this ratio from the baseline.

Table 5: Impacts on Real GVA by activity of a 1% appreciation of the Exchange Rate

Nr. Activity % deviation from Baseline
16 Wholesale trade, except of motor vehicles and motorcycles -0.24
38 Creative arts and entertainment activities; libraries, archives, -0.23
museums...
23 Activities auxiliary to financial services and insurance activities -0.17
18 Land transport and transport via pipelines, water transport, air -0.13
transport...
26 Legal and accounting activities; activities of head offices... -0.12
3 Fishing and aquaculture -0.12
30 Rental and leasing activities -0.11
20 Publishing activities, motion picture, video and television -0.09
programme production, sound recording and music publishing
activities...
12 Repair and installation of machinery and equipment -0.09
28 Advertising -0.09
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of food products, beverages and tobacco products.

5.3 An increase in Household Income Tax

Next we simulate a hypothetical increase in the income tax paid by households corresponding to
1% of GDP. The main macroeconomic effects of this shock, which implicitly results in a hike in
the effective income tax rate paid by households, are presented in Table 6. As evident from the
results, a policy which raises income tax inevitably constraints households’ disposable income,
directly causing a drop in consumption and hence price levels.'® In turn, the fall in prices
increases competitiveness, leading to higher exports, while the fall in aggregate demand also
reduces the demand for imports and employment. The overall effects of the shock on economic
activity are negative, with both investment (—1.28%) and Real GDP (—0.45%) falling. The
Government’s position also improves substantially, largely due to a 15% increase in the amount
received in income taxes. This drives an increase in total receipts, despite the adverse effects of
the shock on production causing the tax collected on output to fall. Payments by Government
also increase as it transfers higher amounts to the other institutional sectors following the increase
in its income. Overall, the additional income received following the shock exceeds the additional
payments, leading to an improvement in the Government’s balance. Turning to the disaggregated
effects of this shock, these are reported in Table 7. As expected, the activities that feature among
the most impacted by this shock are those producing commodities that are largely demanded by
households. As an example, activity (25) Real estate activities only produces commodity (25)

Real estate which is fully demanded by households.

5.4 An increase in Tax levied on Construction

As a final exercise, we simulate the macroeconomic aggregated and disaggregated effects of a
hypothetical increase in the tax levied on the (14) Construction commodity. Similar to the
previous simulation, this shock is calibrated to ensure that the total amount paid in tax by
this commodity increases by an amount equivalent to 1% of GDP. Technically, this policy is
modelled as an increase in the effective tax rate paid by the ‘Construction’ good and the main
macroeconomic effects of this policy decision are presented in Table 8. The transfers paid by
Government to the other institutional sectors are taken to be fixed in this simulation, such that

no portion of the additional revenue received by Government is re-distributed in the economy.

16Since the labour market is modelled as purely exogenous, an increase in the disposable income of households
does not have any supply-side effects that would suppress labour supply and exert upward pressures on the gross
wage and thus prices.
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Table 6: Main macroeconomic effects of an increase in Household Income Tax

% deviation from Baseline

Price and Cost Developments
Consumption Deflator -0.62
GDP Deflator -1.07

Economic Activity (constant prices)

Real GDP -0.45
Private Consumption -2.71
Government Consumption™ 0.00
Gross Fixed Capital Formation -1.28
Exports (goods and services) 0.38
Imports (goods and services) -0.41
Real Disposable Household Income -2.65
Households’ Saving Ratio** 0.05

Fiscal Developments (% of GDP)

Total Government Receipts 2.05
Total Government Expenditure 1.25
Government Balance 0.80

Labour Market
Employment -0.84

Notes. * Government consumption is not impacted in real terms as this is assumed fixed. ** Household savings
are expressed as a % of Real Disposable Household Income and the resulting % deviation represents the p.p.

deviation of this ratio from the baseline.

Table 7: Impacts on Real GVA by activity of an increase in Household Income Tax

Nr. Activity % deviation from Baseline
25 Real estate activities -2.49
17 Retail trade, except of motor vehicles and motorcycles -2.35
42 Other personal service activities -2.29
43 Activities of households as employers -2.25
19 Accommodation and food service activities -2.11
15 Wholesale and retail trade and repair of motor vehicles and -1.99
motorcycles
1 Crop and animal production, hunting and related service -1.96
activities
4 Manufacture of food products, beverages and tobacco products -1.88
41 Repair of computers and personal and household goods -1.75
5 Manufacture of textiles, wearing apparel and leather products -1.70
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The tax hike applied to the ‘Construction’ commodity increases the latter’s price and the
input prices for those activities which use it as an intermediate good. Moreover, being a com-
modity with a high share of investment demand (35% of all investment demand in the economy
is attributed to the ‘Construction’ commodity), the additional tax raises the overall GFCF de-
flator, which in turn drives a higher GDP deflator. Economic activity declines by 0.28% in real
terms following the implementation of the higher tax, with investment suffering most among
the GDP components. This again reflects the high share of investment demand for the ‘Con-
struction’ commodity. Lower domestic aggregate demand leads to a decline in imports and has
negative implications on employment demand. This negatively impacts the disposable income
of households who in turn consume less in real terms. Weakened economic activity is followed
by a drop in the prices of commodities unrelated to ‘Construction’, which in turn see an im-
provement in their export competitiveness. All-in-all, prices for most commodities are expected
to fall driven by the lower aggregate demand effect with only a few commodities (including the
‘Construction’ commodity) expected to experience higher prices. On aggregate, these effects are
expected to reduce overall export prices leading to higher aggregate exports. Turning to fiscal
developments, Government receipts are boosted by the additional tax revenue collected from the
tax hike, with the net improvement in the Government’s balance recorded at 0.91% of GDP.

Table 9 illustrates the activities most negatively impacted by such policy. Prices for the
output of the ‘Construction’ activity increase due to the tax levied on its principal commodity
leading to a reduction in the demand for the output of the ‘Construction’ sector. As expected,
activities with very close links to the production of the ‘Construction’ commodity are affected
the most through indirect and induced effects. Upstream activities, i.e. those which supply
intermediate goods to the ‘Construction’ activity, experience a fall in the demand of their output
as a consequence of the fall in the output of the ‘Construction’ sector. As evidenced from the
SAM, such upstream activities include (8) Manufacture of other non-metallic mineral products,
and (10) Manufacture of fabricated metal products, except machinery and equipment, among
others. On the other hand, downstream activities, i.e. activities which use ‘Construction’
output as an intermediate input are faced with an increase in their marginal costs, leading to
rising prices and lower demand. These activities include (8) Manufacture of other non-metallic
mineral products (which besides supplying goods to the ‘Construction’ activity also make a
substantial use of the ‘Construction’ output as an intermediate good - with overall effects on

prices for this sector being positive) and (25) Real estate activities.
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Table 8: Main macroeconomic effects of an increase in Construction taxes

% deviation from Baseline

Price and Cost Developments
Consumption Deflator -0.01
GDP Deflator 0.71

Economic Activity (constant prices)

Real GDP -0.28
Private Consumption -0.46
Government Consumption* 0.00
Gross Fixed Capital Formation -3.00
Exports (goods and services) 0.10
Imports (goods and services) -0.37
Real Disposable Household Income -0.46
Households’ Saving Ratio** 0.00

Fiscal Developments (% of GDP)

Total Government Receipts 0.82
Total Government Expenditure -0.09
Government Balance 0.91

Labour Market
Employment -0.47

Notes. * Government consumption is not impacted in real terms as this is assumed fixed. ** Household savings
are expressed as a % of Real Disposable Household Income and the resulting % deviation represents the p.p.

deviation of this ratio from the baseline.

Table 9: Impacts on Real GVA by activity of an increase in Construction taxes

Nr. Activity % deviation from Baseline
8 Manufacture of other non-metallic mineral products -2.88
14 Mining and quarrying and construction -2.83
10 Manufacture of fabricated metal products, except machinery and -1.81

equipment

27 Architectural and engineering activities; technical testing and -1.65

analysis
24 Inputed Rent -1.44
11 Manufacture of computer, electronic and optical products, -1.19
electrical equipment...

6 Manufacture of wood and of products of wood and cork, except -1.01
furniture, etc.

9 Manufacture of basic metals -0.93

25 Real estate activities -0.90
17 Retail trade, except of motor vehicles and motorcycles -0.86
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6 Concluding Remarks

MaCGE-MOD constitutes a novel tool in the modelling framework of the Central Bank of Malta.
This paper introduces and describes in detail this model and illustrates its usefulness as a means
to determine the effects of a particular policy decision (or shock) through the simulation of three
standard shocks and one sector-specific shock. Nevertheless, the information contained within
the SAM underpinning the model makes it possible to consider a wide range of possible shocks or
hypothetical policy decisions. In fact, the model can be used to determine the economic effects of
potential policy decisions affecting one or more economic agents, or changes in exogenous factors.
Since the SAM contains the flows among commodities, activities and numerous economic agents,
the model can easily accommodate sector- or commodity-specific shocks and thereby quantify
the effects on the rest of the economy.

Having said that, MaCGE-MOD is not without its limitations. Firstly, even if the calibration
is based on the actual economic data found in the SAM (for one specific year), the respective
elasticities of substitution need to be assumed. This is particularly problematic in the absence
of precise information about the Maltese context. The current version of MaCGE-MOD also
includes a number of simplifying assumptions surrounding production functions and utility func-
tions, which may not reflect accurately the behaviour of economic agents (Meng and Siriwardana,
2017). Moreover, the current model developed for Malta is static. This has important implica-
tions on the characteristics of the model, especially on the assumptions surrounding capital and
technological change, both of which are assumed as exogenous in static models. Other limitations
derive from the neoclassical assumptions underpinning the model as regards, for example, the
perfectly competitive structure of markets, or exogenous endowments. For instance, the perfect
competitiveness structure, which implies that there are no market failures in the economy, limits
to a certain extent the model’s ability to track the economy’s dynamics over the business cycle.
Also, the lack of rational expectations and stochastic processes make such models more prone
to the Lucas critique especially when compared to New Keynesian models.

On the other hand, MaCGE-MOD is a very powerful tool that allows to evaluate intricate
inter-sectoral linkages within a general equilibrium setting. This makes this class of models
particularly helpful for policymakers that seek to understand the complex interactions in the
economy that arise either from sector-specific or macro policy changes. Indeed, the results of the
shocks simulated in this paper demonstrate the usefulness of the model in assessing the impact

of shocks once the direct, indirect and induced effects have propagated through the economy.
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In light of the disaggregated information contained within the SAM, it is also possible to trace
the economic effects of an underlying shock to movements in the circular flow of income among
the different agents in the economy. Moreover, the highly disaggregated sectoral information
contained within the SAM allows for a precise sectoral analysis of the total effects generated
by the underlying economic shock or policy implementation. This complements analyses of the
main macroeconomic effects of an underlying shock and should therefore serve as an important

tool for policy makers to identify effects obscured by more aggregate analyses.
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A Accounts in the Maltese SAM - Definitions

Table A.1: Classification of Commodities and Activities in the Maltese SAM

Nr., NACE Description
1 A01 Crop and animal production, hunting and related service activities
2 A02 Forestry and logging
3 A03  |Fishing and aquaculture
4 | C10T12 |Manufacture of food products, beverages and tobacco products
5 | C13T15 |Manufacture of textiles, wearing apparel and leather products
6 C16 Manufacture of wood and of products of wood and cork, except furniture; manufacture of articles of straw and
plaiting materials
Manufacture of paper and paper products, printing and reproduction of recorded media, manufacture of coke
7 | C17-22 |and refined petroleum products, chemical products, basic pharmaceutical products and pharmaceutical
preparations and rubber and plastic products
8 C23 Manufacture of other non-metallic mineral products
9 C24  |Manufacture of basic metals
10 C25 Manufacture of fabricated metal products, except machinery and equipment
Manufacture of computer, electronic and optical products, electrical equipment, machinery and equipment
11| C26-32 |n.e.c., motor vehicles, trailers and semi-trailers, Other transport equipment and of furniture; other
manufacturing
12 C33 Repair and installation of machinery and equipment
Electricity, gas, steam and air conditioning supply, water collection, treatment and supply, sewerage; waste
13 | D35-E39 |collection, treatment and disposal activities; materials recovery; remediation activities and other waste
management services
14 B+F  |Mining and quarrying and construction
15 G45  |Wholesale and retail trade and repair of motor vehicles and motorcycles
16 G46  [Wholesale trade, except of motor vehicles and motorcycles
17 G47  |Retail trade, except of motor vehicles and motorcycles
Land transport and transport via pipelines, water transport, air transport, warehousing and support activities
18 | H49-53 . . o
for transportation and postal and courier activities
19 I Accommodation and food service activities
Publishing activities, motion picture, video and television programme production, sound recording and music
20 | J58-63 |publishing activities; programming and broadcasting activities; Telecommunications, computer programming,
consultancy and related activities; and information service activities
21 K64 Financial service activities, except insurance and pension funding
22 K65 |Insurance, reinsurance and pension funding, except compulsory social security
23 K66 |Activities auxiliary to financial services and insurance activities
24 L68A |Inputed Rent
25 L68B  |Real estate activities
26 | M69+470 |Legal and accounting activities; activities of head offices; management consultancy activities
27 IM714MT2|Architectural and engineering activities; technical testing and analysis
28 M73  |Advertising
29 | M74.75 |Other professional, scientific and technical activities; veterinary activities; advertising and research
30 N77  |Rental and leasing activities
31 N78 |Employment activities
32 N79  |Travel agency, tour operator reservation service and related activities
33 N80  |[Security and Investigation activities
34 084  |Public administration and defence; compulsory social security
35 P85 Education
36 Q86  |[Human health activities
37| Q8788 |[Social work activities
Creative, arts and entertainment activities; libraries, archives, museums and other cultural activities; gambling
38 | R90T92 . .
and betting activities
39 R93 Sports activities and amusement and recreation activities
40 S94 Activities of membership organisations
41 S95 Repair of computers and personal and household goods
42 S96 Other personal service activities
43 T97  |Activities of households as employers
44 Tog Undifferentiated goods- and services-producing activities of households for own use and of extra-territorial

organisations and bodies




B Aggregation Equations

This Appendix provides the expressions for the real and nominal Gross Domestic Product (GDP)
laid out from the expenditure side. By definition, this approach quantifies GDP as the sum of
private consumption, government expenditure, investment, and net exports. Nominal GDP,

denoted by GDPY, is calculated as follows:

44
GDPN:{ZP [Z 55) + Coi + 1 +XE] ZPQMYQM} (77)

g=1
Real GDP, denoted by GDP™, can be expressed analogously to Nominal GDP, with the sole

difference being the non-consideration of commodity prices and imports prices:

GDPE = { > {Z(Og,j) +Cyi+ 1+ XE - YgM} } (78)
g=1 J

The expressions for Nominal GDP and Real GDP can be used to estimate the GDP deflator,

given by GDPP:

(79)

We also calculate a consumption deflator, based on the nominal and real consumption of house-
holds and NPIs. More specifically, the nominal and real consumption expenditures of institu-

tional sector j € {Hh, Nip} are respectively obtained as follows:

o {Z[ ZCg,J” (80)

g=1

of = {f: {ch,j” (81)

g=1"- 7
where CV and CF represent nominal and real consumption, respectively. The consumption

deflator, denoted by CP, can then be calculated as:

CN

47



	Cover Working paper
	MaCGE-MOD_final
	Introduction
	The Social Accounting Matrix for Malta
	Model Setup
	Production Process
	Output by activity
	Intermediate Consumption by Activity
	Value Added by Activity
	Total Output (Supply) by Commodity
	Domestic Output by Commodity

	Final Demand by Commodity
	Consumption of commodity by Households and NPIs
	Consumption of Commodities by Government
	Investment
	Exports

	The derivation of Disposable Income by Institutional Sector
	Market Clearing Conditions and Closure Rules
	The Markets
	Savings-Investment Condition
	Government Balance Condition
	Rest of the World Balance Condition


	Calibration
	Production
	Final Demand
	Disposable Income
	Elasticities of Substitution

	Simulations
	An increase in Investment
	An Appreciation of the Exchange Rate
	An increase in Household Income Tax
	An increase in Tax levied on Construction

	Concluding Remarks
	Appendices
	Accounts in the Maltese SAM - Definitions
	Aggregation Equations


