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Abstract

Abstract

The aim of this paper is to assess the non-monetary effects of the euro accession
of Poland. The literature identifies two channels that potentially may affect the
economy: (i) diminishing of investment risk premia through lower interest rates and
cost of capital services and (ii) trade creation effects due to elimination of currency
transaction spreads, better price comparability and elimination of currency risk. We
employ a dynamic general equilibrium model with perfect foresight multiple house-
holds, adjustment cost of capital, disaggregated labor market. We directly model
trade-driven productivity spillovers. Our simulations show a long run GDP gain
from the euro accession at the level of 7.5% of benchmark GDP of which 90% is
realized in first 10 years. The main factor behind growth is investment that leads
to an extra 12.6 percent of extra capital accumulated in the long run. The welfare
gains amount to roughly 2% of the value of GDP each year. The sensitivity analysis

proves that the model behavior is reasonably resistant to parameter changes.

JEL: C68, E42, F1, E58

Keywords: dynamic computable general equilibrium, trade creation, monetary in-

tegration, Poland
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Non-technical summary

Non-technical summary

The aim of this paper is to assess the non-monetary effects of the euro accession of
Poland. The literature identifies two channels that potentially may affect the economy:
(i) diminishing of investment risk premia through lower interest rates and cost of capital
services and (ii) trade creation effects due to elimination of currency transaction spreads,
better price comparability and elimination of currency risk.

We employ a dynamic general equilibrium model based on a social accounting matrix
reflecting the aggregate flows between the agents in the economy (based on National
Accounts). Our simulation scenarios look directly on two channels of possible effects of
the Euro accession of Poland. In the first scenario we assume the fall of the risk premium.
The size of the risk premium redction is based on the analysis of the difference between
the Polish and euro zone long term bond interest rate. The gradual deterioration of the
risk premium is approximated based on the experience of other Euro-acceding countries
(Italy, Greece, Portugal) . In the second scenario, we assume the asymmetric decrease in
the transaction costs (deterioration of costs of trade) with the eurozone and the rest of
the world due to better price transparency and elimination of the currency risk.

Our simulations show a long run GDP gain from the euro accession at the level of
7.5% of benchmark GDP. The main factor behind growth is investment that leads to
an extra 12.6 percent of extra capital accumulated in the long run. The gains from
elimination of risk premia is slightly higher than those from trade creation. Both scenarios
are trade enhancing, directly - through lowering of trade costs and indirectly - through
booming investment demand. Increasing import competition affects domestic output in
the initial period under consideration, but since import demand is mainly investment
driven, this leads to a rapid expansion of the capital stock and production cost savings
which subsequently lead to domestic output and export expansion. Exports go up to
reach a level higher by almost 13% than the benchmark scenario.

The welfare gains amount to roughly 2% of the value of GDP each year. The distri-
bution of the gain is skughtlty shifted towards the poor household as only a fraction of
their income comes from capital assets. Consumption is expected to go up by 3.7% in
the long run. The production structure of the economy shifts towards market services
and the production becomes more capital intensive. Employment effects are significant,
however not as pronounced as the output expansion, due to the shift of the economy to
more intensive capital use.

We also perform a sensitivity analysis to verify how the results are affected by the
choice of key parameters of the model. The performed simulation suggest that the model
behavior is reasonably resistant to parameter changes and the range that reasonable vari-
ation in parameters leads to a variation in key macroeconomic variables by roughly 1pp.
When looking at these results one has to bear in mind that this paper looks only at se-
lected effects that the monetary integration may have. It does completely abstract from

monetary issues, such as sub-optimality of common monetary policy, dis-alignment of
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Non-technical summary

business cycles and costs of fiscal tightening to meet the Maastricht criteria and subse-
quently to satisfy the Stability and Growth Pact requirements. Due to the model set
up, our simulations do not take into account the effects of the monetary integration on
the level of inflation. The model does not analyze the question of the appropriate level
of the fixed nominal exchange rate. All these problems require separate analyses and a
full cost-benefit analysis should be performed to draw valid conclusions for the political

decision making process.
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Introduction

1 Introduction

Accession to the euro zone implies for the joining country that: (i) there are no longer
nominal exchange rate adjustments possible against other participants of the monetary
union; (ii) monetary policy is set by the common central bank whose policy may not be
optimal for the acceding country as it targets the euro zone aggregate inflation and the
preferences of the central bank may not be fully compatible with all the member states
(ili) participating in the monetary union could require that fiscal flexibility is restrained
because of the necessary adoption of fiscal stringency measures like the Maastricht Treaty
and the Stability and Growth Pact. These are the commonly quoted costs of the monetary
integration and the literature on the subject seems very ample. However, the evidence
on the possible benefits from monetary integration, especially those related to the euro
zone and the accession of the new EMU member states is quite scarce. These benefit esti-
mates should be compared to the cost estimates when deciding on the timing of monetary
integration.

The aim of this paper is to provide some stylized estimates on the magnitude of gains
that may stem from monetary integration. We briefly survey the literature for possible
channels through which these gains may manifest themselves. The most often quoted ones
are trade creation effects due to elimination of currency transaction spreads, better price
comparability and elimination of currency risk. On top of that, evidence suggests that in
dynamically developing economies with higher interest rates, monetary integration leads
to a decrease in the long-run interest rates through elimination in the risk premia. This
affects the costs of capital and the level of investment.

To assess the possible effects of Polish accession to the EMU, we decided to employ
a computable general equilibrium model. The model is dynamic, in the sense that the
households maximize their lifetime utility given their long run income with perfect fore-
sight. The model encompasses many features that let us provide disaggregated results:
we model multiple households and multiple sectors. Production technology is based on
capital and three labor types, and we model household labor supply. We assume that
Poland is a small open economy and we treat separately trade flows with the euro zone,
rest of the European Union and the rest of the world. We directly model trade driven
knowledge spillovers that affect labor productivity.

Our simulations suggest that the long run GDP gain from the euro accession amounts
to 7.5% of benchmark GDP. The main factor behind growth is investment that leads to an
extra 12.6 percent of extra capital accumulated in the long run. As investment demand is
very high in the first periods under consideration, imports go up considerably. Over time,
with capital accumulation and falling production costs, exports go up to reach a level
higher by almost 13% than the benchmark scenario. The welfare gains amount to roughly
2% of the value of GDP each year. The poor households gain slightly more than the
non-poor households due to the fact that they loose relatively less risk premium revenues.

Consumption is expected to go up by 3.7% in the long run. The production structure of
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Introduction

the economy shifts towards market services and the economy-wide production becomes
more capital intensive!.

We perform a sensitivity analysis that checks how the results are affected by the choice
of key parameters of the model. The performed simulation suggest that the model behavior
is reasonably resistant to parameter changes. The imposed variation in parameters leads
to a variation in key macroeconomic variables by roughly 1pp.

The paper is structured as follows. The section two provides short literature review.
Section three gives a introduction into CGE modelling concept and describes the model
structure. Section four covers the data and calibration techniques. Sections five and six

follow with simulation results and sensitivity analysis. Section seven concludes the paper.

LCapital intensity measured by the K/L ratio increases as a result of the decrease of the rental rate
of capital.
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2 Literature review

The mainstream of the literature on monetary integration is related to the question of the
optimality of common currency in the presence of asymmetric shocks and dis-alignment
of the business cycle among the members of the currency union. This relates to the
optimum currency areas (OCA) literature, that is mostly due to Mundell (1961). A
survey of the literature dealing with the analysis of the Poland’s exposure to asymmetric
shocks and other related literature is given in Borowski (2004), who also identifies the
possible benefits of Poland’s Euro accession. He claims that main benefits of eurozone
accession come from the elimination of the currency risk premium and the impact on
the transaction costs and foreign trade. The study published by NBP (2004), provides
an overview of costs and benefits of the eurozone accession. While the analyzed costs
mainly stem from loosing autonomous monetary policy and from the necessary budgetary
tightening to satisfy the Maastricht criteria, the benefits that the report identifies are
the decrease of the macroeconomic risk, integration of the financial markets, increase
in the degree of competition, elimination of the currency exchange risk and lowering
of transaction costs. This is expected on one hand to cause an increase in the rate of
investment through lowering of risk premia and interest rates, and on the other, boost
international trade. The assessment foresees long-run effects on the stock of capital and
labor productivity.

Our paper focuses on two channels of possible effects of the EMU accession: trade cre-
ation effects and the lower risk premium effects. The literature related to the Euro trade
effects partially overlaps with the broader strand of empirical literature analyzing trade
impact of currency unions. Most of the literature is based on variations of the gravity
model of trade, where impact of exogeneous factors on trade potential is analyzed. The
pioneer study in this respect was the analysis by Rose (2000) who found that other things
equal, the two countries that share the same currency, trade three times more than coun-
tries with different currencies. The paper has been criticized from many angles, mainly
the choice of the countries in the original dataset, data errors, and, more importantly, pos-
sible endogeneity of monetary unions that stems from, among other sources, the colonial
past.

Rose and van Wincoop (2001) try to refine the empirical model. They use the Anderson
and van Wincoop (2003) methodology that resolves some problems of the misspecification
of the gravity equation by using panel data (Rose’s original work was performed using
the cross-section data). The estimated effects on trade of having the same currency are
250%, the estimated trade costs stemming from different currencies amount to 26% of
trade value. This amounts to roughly half of the so called “border-costs” as estimated
by Anderson and van Wincoop (2003). The methodology allows the authors to estimate
the trade effect of different potential currency unions, even those that have not yet been
created. For the case of the EMU, Rose and van Wincoop find that the increase in trade
would be of the order of 60 percent.
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Persson (2001) suggests that the results in Rose (2000) may be biased due to effects
of some of the explanatory variables being non-linear and to the fact that the likelihood
that two countries will adopt a common currency is not random, and may depend on
some of the explanatory variables. For example, the likelihood of forming currency unions
may be larger for small countries. His methodology is based on matching. He first
estimates the propensity to form a currency union for each country pair. Then, for each
observed currency union he finds a pair of other countries having similar characteristics
and therefore highly likely to form a currency union. He estimates the effect of currency
union on trade using only the matched observations. Using this methodology, he finds
the effect of currency union on trade to be 65 percent.

Micco, Stein, and Ordoez (2003) estimate the early effects of the EMU on trade.
They use a panel dataset that includes information on bilateral trade for 22 developed
countries from 1992 through 2002, and therefore it includes the 12 countries that entered
the currency union in 2000. They find that, controlling for other factors, the effect of
EMU on bilateral trade between member countries ranges between 5 and 10 percent, when
compared to trade between all other pairs of countries, and between 9 and 20 percent,
when compared to trade among non-EMU countries. They do not find any evidence of
trade diversion (switching from non-EMU to EMU trade partners). Their results suggest
that the monetary union increases trade not just with EMU countries, but also with
the rest of the world. Similar study was performed by Maliszewska (2004) who analyzes
the trade flows between EU and Central and Eastern European countries for the period
1992-2002, and her estimates suggest the euro accession elasticity of trade at the level of
23%.

The above survey of the gravity-type literature is by no means complete. A very
comprehensive survey on trade effects of the currency unions is provided by Baldwin
(2006) and the general conclusion is that the effects of currency unions on trade of the
order of 10% of the volume of trade seem reasonable (although the evidence the size of
the effects vary a lot, especially in the early works). The more recent empirical work by
Cieslik, Michalek, and Mycielski (2008) analyzes the trade effects of EMU in a gravity
framework. They use a generalized gravity model estimated on the data for the period
1993-2006 for over 100 countries. They look at both the effects of EMU accession but also
on the effects of pegging exchange rates against the euro. The obtained results suggest
that immediately after the accession, the Polish exports will rise by around 12% and the
total volume of trade by around 9%.

Mroczek (2008) identifies the possible channels that may cause the EMU trade cre-
ation. They are: elimination of the currency exchange risk, lowering of transaction costs
and increasing price transparency. He notes that the EMU countries have experienced a
considerable increase in trade over the period of its existence, but this may be at least
partially due to other factors. He expects, that the increase in trade after EMU accession
will be the most pronounced in countries where the share of trade with EMU members in

total trade is the highest and since the Central and Eastern European countries trade on
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average more with the EMU than EMU members among themselves, the trade creation
effects may be higher that in the original EMU-12 group.

Bukowski, Dyrda, and Kowal (2008) calculate the possible savings in transaction costs
stemming from the bid-ask spread on currency transactions amounting to 2-3% of the
value of transactions. They project that solely from the introduction of the common
currency, the direct impact on the costs of exporters amounts to 1-1.5% of GDP and the
long run impact on the level of GDP simulated using a dynamic stochastic general equi-
librium model is 0.66%. This does not take into account any additional possible effects,
such as greater international price comparability or exchange rate risk in international
transactions and can be treated as a lower-bound estimate.

The second channel of the single currency impacts on the Polish economy, that we look
at in our simulations, is lowering the interest rate risk premium. In the literature risk
premium is often calculated as the spread between rates of return for the 10 year bond
(bond yields). In theory, the introduction of the single currency should lead to greater
integration of financial markets and a decline in spreads.

Reininger and Walko (2005) indicate that the convergence in rates of return of 10-year
bonds for eurozone candidate countries (Poland, Hungary, the Czech Republic) may be
close to the convergence process, which took place for Italy, Greece, Portugal, Spain prior
to the adoption of the single currency by those countries at the beginning of 2001. Euro
adoption resulted in the full convergence of bond yields for the countries of the so-called
Club-Med to the rates of return of 10-year bonds for Germany. More than two thirds
of the decline in spreads occurred two years before introduction of the euro. A lower
degree of integration of the Polish market with the market of the euro zone may increase
potential benefits.

Bukowski, Dyrda, and Kowal (2008) estimate that as a result of the adoption of a
single currency, the nominal interest rates will decrease by about 0,6-0,8 pp. The long
run impact simulated using a dynamic stochastic general equilibrium model on the level
of GDP is small - 0,45% increase and the level of investments is higher by 0,39%.

National Bank of Poland
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3 The model

3.1 The baseline Ramsey model:

Our model is a straightforward extension of the simple Ramsey model presented by Lau,
Pahlke, and Rutherford (2002) and Paltsev (1999). Consider an economy with one in-
finitely lived agent deriving his lifetime utility from consumption of one good (¢;). The

lifetime utility function is given by:

U tz;ﬁp)tmc», 1)

where ¢t - time periods, p- individual time preference parameter, W - period utility
function. The agent is endowed with a labor endowment in each period (L;) and an
initial stock of capital Ky. Total output produced in the economy with technology given

by the production function F(Kj, L;) is used either for consumption or investment (I;):

Cy = F(Kt, Lt) — It'

Capital depreciates at rate  and accumulates over time according to a simple formula:

Kt+1 = Kt(l - 6) + ]t'

A social planner problem is maximizing the utility subject to resource constraints.

The problem can be set up as a maximization of the following Lagrange function:

= Z(plrp)tw(ct) Y OMAF(K L) = L =) =Y Mau(Ki(1=0)+ I, — Kppy) (2)

t=0 t=0 t=0
The first order conditions are:

03 1 L0W(e)

t
oy _ S W
aCt (1 + p> aCt 1t 0 (3)
N oF
oK, A“aT(t —Aap1+ A(1-0)=0 (4)
a(\/
ai}j - —/\Lt + AQ’t - 0 (5)
t

In a utility maximization problem and cost minimization problem the Lagrange multi-
pliers correspond to the marginal utility and marginal cost respectively. If the production
and utility functions satisfy the requirements for the existence of competitive equilibria,
the social planner solution above corresponds to a competitive equilibrium. In a competi-
tive equilibrium price equal marginal costs. The conditions 3-5 can be therefore rewritten

as:
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. 1 t@W(ct)
pe= (1 + 1% aCt
OF (K,, Ly)
ki = (1 —0)pkigr +pi——————2
pke = ( )Pk + p 0K,

Pt = pkisa,

where p; is a price of output (and therefore consumption and investment good), pk; is a
price of a unit of capital in period ¢ and pk;,; is a price of capital in period ¢ + 1. In a
competitive equilibrium, the prices of factors of production clear the factor market and
the price of goods clears the goods market. The unit cost function C'(rk;, w;) is a solution
to the cost minimization problem: min(w;L; 4+ rk,K;) subject to F(K,, L;) = 1, where rk;
is the rental price of capital. The demand function D(P,, M) is a solution to a lifetime
utility maximization problem subject to the budget constraint: ».° p;c; = M, where M
is the consumer income.

The competitive equilibrium is given by the following system of conditions. The fol-

lowing equations correspond to zero profit conditions:

Pt = pkt+1

pkt = Tkt + (1 — 5)pkt+17

C(rky, wy) = pr

Market clearing conditions follow.

)/;SZD(ptvM)—i_It

Lt _ }/tac(Tk/’t, wt)
8wt

80(7’]{}/, 'lUt)

K, =y, 2
K K (97"kt

(where Y} is supply in period t) and the system is completed by the income balance

condition:

M = pk’()K() + Z tht

t=0
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3.2 The full model overview

The POLDYN model is a computable general equilibrium model that is standard in any

ways. The basic functioning of the model relies on the assumptions that:

e Consumers maximize their lifetime utility by choosing each period consumption,
labor supply and savings given the budget constraint. Consumers know the future

paths of all prices and incomes (perfect foresight).

e Producers maximize profits, taking goods and factor prices as given (perfect com-

petition).
o All markets clear.

e The economy is small and open: agents take foreign prices as given and at the going

foreign prices they can demand and supply any amount of a given good.

The POLDYN model takes its intertemporal structure from the above version of the
Ramsey model. It has been, however, extended in several ways. The full model, in the

version that was used to prepare this study comprises the following features:
e Multiple households,
e Multiple production sectors based on CES technology,
e Endogeneous labor supply (leisure/consumption choice) and multiple labor types,

e Small open economy features with multiple trading partners, imperfect substitution

between sources and destination and international borrowing,
e Public sector,
e Capital adjustment costs,

e Spillover productivity effects stemming from international trade.

The consumer households are assumed to maximize a lifetime utility subject to a in-
tertemporal budget constraint. The household utility is a nested concept (the structure
of preferences is depicted in figure 1. The top tier of preferences of household h is given
by a constant elasticity of intertemporal substitution (CEIS) function U, that aggregates
welfare levels in all the periods within the infinite horizon of the household W}, ;. The W},
are sub-utility constant elasticity of substitution (CES) aggregates of the consumption of
goods (WW),,,) and leisure (W Ly ;). The two components of the period utility are again
CES sub-utility functions of products of different sectors and leisure of different types

respectively.
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Figure 1: Utility structure
U, (CEIS)

TR

W+ (CES) Wh.oo
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WW,, (CES) W Ly, (CES)
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Production is also a multi-stage process. The top-level production function of the final
output X D is a fixed-coefficient Leontieff function of the value-added aggregate (V' A; ;)
and intermediate inputs (/0;;,). The value added production function is a CES function
of capital (K/}) and all types of labor (L]},). Diagrammatically, the structure of the

production technology is shown in figure 2.

We distinguish the following sets that describe the structure of the models:

e sectors (SEC),

e institutions (INST),

households (INSTH),

e foreign partners (INSTF),

factors of production (FAC),

Figure 2: Production structure
XD, (Leontief)

AN

(CES) 10y, (...) 10;, (...) IO0spcis
Kth low t med t hzgh t

National Bank of Poland



The model

e labor types (FACL).

The model is based on a social accounting matrix and the flows of funds and goods and
services correspond to a circular flow in the economy where all the outflows have to be
equal to all the inflows which corresponds to the “square” walrasian model setup. A sample
SAM is shown in figure 3. Sums of the values in each of the rows (incomes) have to equal
to sums of respective columns (expenditures).

For example, the row marked INSTH depicts all the income flows that relate to
households: factor income (in column F'AC'), transfers (from other households - INSTH,
government - G, and from abroad - INSTF). The sum of all the income has to equal
to total spending of households. All the household spending is given in column INSTH.
They allocate their income into private consumption of goods coming from sectors SEC,
transfers to other institutions (households and abroad), and savings SAV E. The sum of
the row SAV E depicting the economy savings of households, government and abroad has
to, in turn, equal to total investment demand in the economy, given in the column INV.
The total goods output in the economy (including intermediate demand, value added all
the indirect taxes) plus imports (the sum of column SEC) is equal to the total demand in
the economy (row SEC): intermediate use (row SEC), private consumption (INSTH),
government consumption G together with subsidies TAX, investment demand (INV)

and exports.

3.3 The model setup

Similarly as the baseline Ramsey model, the POLDYN model can be set up as a set of

zero profit, market clearing and income balance conditions and the terminal conditions.

Figure 3: A Social Accounting Matrix

Intermediate Private Public s Investment
, : Subsidies Exports
use consumption ' consumption demand
Value added
Factor
. Transfers Transfers Transfers
income
Tax revenues Transfers

Indirect taxes Factor taxes Income tax

Household Budget Foreign
savings surplus savings
Imports Transfers Transfers

Zero profit conditions assure that the costs of purchase of inputs are equal to the

revenue from sales of the outputs of any production process. This can also be applied

WORKING PAPER No. 70
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to consumer utility maximization problem - the expenditure on the upper level of the
utility aggregate has to be equal to the cost of purchase of the goods that this aggregate
is composed of. The market clearing conditions assure that the prices are at the level
that equilibriates supply and demand in the market for goods and factors of production.
The income balance conditions assure that the expenditures of agents are equal to the
incomes of agents. This applies to households, the government, but also to the economy

as a whole whole.

3.4 Supply side of the model

The final goods are produced using value-added together with intermediate inputs. We
assume that at the aggregate level the production function is of the Leontieff type:
XDiy =min(apy; VA, ol 4105:,),  i,j€SEC, teT, (6)
where V A, ;, is the value added aggregate used in sector i, and 10, ; ; is the intermediate
use sector j goods in sector i output. a2, and a}fft are respectively the share of value
added in the production of sector i and the share of each intermediate good j used in
the production of sector i. The services of factors used in production activities are rented
from households and the intermediate goods are a composite of domestically produced
and imported commodities.
The value added aggregate is produced using a constant elasticity of substitution

(CES) production function of the following form:

UQ/A71 ’LVA,1
VA, = | (K =7+ > i@, ) . ieSEC,teT, (7)

m,i,t
meFACL

where ozlv(é and 0‘7‘7/{,? are the capital and labor shares in the formation of value added,

1%
g;

(demand for factors) in sector i respectively for capital and all labor types.

4 is the elasticity of substitution parameter and Ki]?t and Lﬁ,m are the factor use

The final output is either delivered domestically or exported. The supply is driven by

the constant elasticity of transformation (CET) output transformation function:

XD

L XD

1477 XD

i

XDiy=[PE, +(1—")xDD," " |*” i€ SEC,teT, (8)

where E;; is exports coming from sector ¢, X DD, , is the supply to the domestic market,
XD is the share of exports in total output of sector i and nX? is the elasticity of trans-
formation. Exports are then supplied to all the possible destinations using a lower level
CET function, :

National Bank of Poland
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5

1+nlE 1+nF

Bu=| Y. w( f) i€ SEC, teT,

ax
FEINSTF fit

where F'Ej; ;4 are exports t of sector ¢ goods to destination f, market, ’yff is the share
of destination f in total exports of sector i and n¥ is the elasticity of transformation
between the different destinations. ax; ;. is the efficiency parameter corresponding to the
notion of an iceberg transport costs (if it is greater than one, less domestic output is
required to satisfy the export demand and therefore the price of output goes up).

The value added price index that is dual to the value added production function is
given by the following equation:
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with ¢ € SEC, t € T, where the left hand side of the equation, pva;, is the price of the

value added aggregate and the right hand side corresponds to the unit cost of production

of this aggregate (rk; is the rental rate of capital and w,,; is the wage rate of labor of type

m and tfac,,; and tfack, are the factor tax rates). rp; is the wedge on the earnings of

capital that corresponds to the investment risk premium. Similarly, the net unit revenues

from the final output have to be equal to unit costs of production:

(1 — tseciy + subs;y)prdiy = oy, pvag, + Z )T, ie SEC, teT, (10)
jESEC

where the left hand-side is the unit price of final output (pzd;:) net of the output tax
tsec;y and output subsidies subs;; and the right hand side is the Leontieff price index of
the cost components of final output - value added and the composite Armington good
(see later) priced at px;,.

The revenues from sales to the domestic and foreign market have to be equal to the
cost of production of the total output. Therefore, the following zero profit condition can

be written:

1
pad;; = [y peﬁ"‘ + (1= X P)padd T )T e SEC, teT, (11)

The right hand-side of the above equation is the cost of production of final output and
the right hand-side is the standard CET revenue function over the domestic and foreign
market. pe;, is the price of the exports aggregate and pxdd,, is the price of supply to
the domestic market. Similarly, the delivery to all foreign markets has to generate zero

profits:
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1
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where pfxy, is the foreign price level at destination f.
The demand equation for the value added aggregate is due to the Leontieff production

function and assures proportional factor use, therefore:

VA, =a? XD, ie SEC, teT., 13
) VA )

Demand for the intermediate use of the good 4 in the production of good j is similar:

105, =0, PXDj,,  i,jeSEC teT, (14)
Demand for capital services is equal to:
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Similarly, demand for labor type [ by industry ¢ is given by:
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Supply of the domestic market is of the form:

prdd; ) nX P

XDD;, = (1 — XD XD(
,t ( ’}/Z ) pxdi,t

(17)

where ¢ € SEC, t € T. The supply to a foreign destination is given by:

XD . B
cesfi = %ffyXDXD(pe”)"l (w)" i€ SEC, f € FACL, teT.

prdiy peiy
(18)
3.5 Investment behavior
Capital is assumed to accumulate according to the following standard equation:
Kt+1 = Kt(]. - p) + It tefT. (19)

We assume that the investment entails an installation cost of capital. Therefore we
distinguish net investment (I;) and gross investment (.J;).The relation between the two

includes a quadratic adjustment cost (Uzawa, 1969):

Je=1L(1 +¢27<t) (20)
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where ¢ is a cost adjustment parameter. Therefore, the higher is the investment as
compared to the stock of capital, the larger is the cost ngQI—;Q.
Gross investment demand is a Cobb-Douglas aggregate of sectoral output (a composite

of domestically produced and imported goods):

J
Jp = H IN V;at ,
i€SEC
where INV;, is the investment demand for sector ¢ goods and a;-] is the share of sector i
in the total gross investment.

The demand for investment good is therefore:

IN‘/;)t _ al p]t t’ (21)
DT
where pj; is the investment good price index given by a Cobb Douglas aggregate:
. af
Pt = H DTy - (22)

i€SEC

The investment block is completed by the following equations. The zero profit condi-
tion for the capital accumulation is a variation of the respective equation in the baseline
Ramsey model, modified by the capital adjustment costs (in order to add one unit of cap-
ital in the next period, the additional ngII(—tt of investment is necessary to cover adjustment

costs):

_ I
Pk = pji(1+ ¢?t) (23)
t
Similarly, the prices of capital and the rental ratio have to guarantee zero profits:

2

pky = pkya (1 — 6) + 1k + = —5ji. (24)
2 K

The interpretation of the above equation is as follows. On the left hand-side pk; is the
value of one unit of capital at time ¢t. What is left of this unit of capital after depreciation
is worth in the next period pkyy1(1 — §) and the rental revenues in period ¢ are equal to
rk;. The last term is related to the reduction in adjustment costs - increase in investment
in period t reduces adjustment costs for all units of capital. Therefore the price pk; has

to include that adjustment premium.

3.6 Imports and the Armington good.

We assume that the demand for imports is driven by a multilevel structure of preferences.
We impose an Armington assumption, i.e. we assume that imports are imperfect substi-
tutes to domestically produced goods and at the same time imports are differentiated by

the region of origin (original text is Armington (1969), more on the subject can be found
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in e.g. Francois and Reinert, 1997). The Armington composite is produced according to
the following CES function:

X - X _
x o ¥ A .
Xio = [@XIM,]7 +(1-aX)XDD,]" |7, i€SEC,teT, (25)

where a;f is the share of imports in the total domestic demand, 0% is the substitution
elasticity, IM;; are the total imports of goods produced by industry .

Imports are differentiated by origin according to the following CES function:

oIM

7
v gy
T

UZHM—I
IM;; = ( > ol (ami g IMM, ;) o ) ., i€ SEC,teT, (26)
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where 0%1, 1}1 is the share of imports from source f in the total imports of sector i goods and

am; s is the import augmenting technical change. If am; r; goes up, less of IMM,; ¢, is
required to build a unit of the imports composite IM; ;. Therefore, the price of IMM; ¢,
goes down and so does the price of IM; ;.

The zero profit condition for the composite Armington goods is given by:

—oX —oX X ,
PTiy = [azxpimit (11— cvzx)pxddit R ie SEC, teT. (27)

Zero profit condition for each of the import composites is given by:

T o
pim;, = | Z alf((1+ tam'ffi,f’t)pf 'f’t Yot ie SEC, teT, (28)
FEINSTF AT £t

where pfxy, is the overall price level in partner country f.
The demand for imports can be derived from the CES utility function and has the

following nested form:

M
i

g , i
T ! amg. r4Pim;
IMM,; ¢+ = aiXaiIMXm < p it > < i, f,tP ‘m ) 7
7 pimi, pfas(1+tarif firy)

ie SEC, fe INSTFteT, (29)

where tarif f; s+ is an import tariff levied on good ¢ from partner country f.

The demand for domestic output is given by:

X

XDD}, = o;* Xy <p§fiilt ) 1 ; i€ SEC, teT (30)
it
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3.7 Technology spillover

We assume that involvement in international trade generates productivity improvements
due to spillovers of knowledge. We assume that these productivity improvements are

proportional to the openness ratio given by the ratio of the total volume of trade to GDP:

eir \" " ax; ;p [Ty m
tspis = TSP [tspo( E XDy <P> ( J, )
Dit i / pO Z Z Vi Vi pxdi,t

FEINSTF ieSEC PCiyt
oX . oM
X IM Prig \* amy, g P ¢ ‘
i Z Z <ai i His (pim' ) (pfx (1+tarif f; )) )VGDPL (31
fEINSTF i€SEC bt fit ift
where a”5" is the elasticity of the technical progress with respect to changes in the

openness ratio and tspy is the normalizing factor assuring that the spillover is zero in the
benchmark equilibrium. The spillover parameter enters the labor supply equations of the
households.

3.8 The government

The government is raising revenue through output, factor and income taxes, import tariffs
and foreign transfers. The government purchases goods and services, subsidizes output
and transfers funds to other institutions. The aggregate of government consumption is of
the Cobb-Douglas form:

wa, = [[ oG, terT, (32)

i€SEC

where ais the share of sector 7 in total government consumption. The demand for total

government consumption is given by a simple budget constraint:

Wthwgt = MGt, te T, (33)

where pwg; is the price index of government consumption and MG,is the government

income. The price index pwg; is given by:

G
pwg = H Py, teT, (34)
i€SEC

and the government demand for the good ¢ is given by:

ngt
pxz t

CG,, = oS WG,

i€ SEC, teT, (35)

The government income in period t is given by the sum of all tax revenues together with
net transfers. The government budget has to balance each period, so the gap between the

revenues and expenditures is financed by a lump-sum tax from the households (GDEF;).
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All the components of the government income are given below.

MG, = Y icspo((tseci s — subs; 1) X D; tpxd; ;) output tax and subsidies
+ ZieSEC(tfacK_,thtrkt + > eracL tfacl,thi,twl,t) factor taxes
+ Yoneinsra INCTAX), ¢ income taxes (36)
+ Y icSEC ZfGINSTF(tariffi’f’tI]V[,-{rf_,tpfzf’t) import tariffs
+ ZkeINST (TRAN Skt — TRANSc iNsT,t) transfers
+ GDEF, government deficit
The WG, is chosen exogeneously as a share of real GDP :
WG, /GDP, =YY, — teT. (37)

3.9 Consumer households

Consumers are assumed to maximize their lifetime utility subject to intertemporal budget
constraint. They derive utility from the consumption of physical goods and services and
leisure. They have perfect foresight concerning the future path of consumption. The utility
function of consumer h is of the CEIS (constant elasticity of intertemporal substitution)

form:

o) 1 015;1 -1
Uy = (Z(—)tWh’th ) h e INSTH, (38)

where W), ; is the so-called period utility (or a consumption aggregate) in period ¢ con-
sumed by household h, p is a discount parameter, and o}’ is the elasticity of intertemporal
substitution.

Period utility is a CES function of goods and leisure consumption:

i
oV -1 oV -1 1
_ w oV W oy
Wi = | ol WW, 7" +(1—al )WL, . heINSTH,teT, (39)

where o} is the share of goods consumption in the total utility of consumers, WW),, is
the aggregate consumption of goods and services and WLy, is the aggregate of utility
derived from consumption of all types of leisure. On the lowest level of preferences, goods

coming from different sectors are aggregated by a CES sub-utility function:

STHWW
owifl 0}‘?7W71
TIWW

WWie= | Y oo . heINSTH, teT, (40)

i€SEC

where C; 4 is the consumption of goods from sector ¢, by household , a%w is the share
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of sector 7 in the total goods and services consumption by household h and o}"" is the
elasticity of substitution parameter?.

The sub-utility from leisure is given by the following CES aggregate:

WL

h
U;YVLfl o'f‘;VLfl

WLye=| S alW'LEIS,]: heINSTH, teT, (41)

leFACL

where LEIS;, is the consumption of leisure of type I by household h,a;}" is the share
of leisure type [ in total leisure consumed and o}V” is the elasticity parameter.

The household derives income from factors of production and transfers from other
institutions. Households transfer funds to other institutions and pay income taxes. The

budget constraint is:

My, =pkoKhny
+ Z( Z wz,th,t +rperk Ky, (42)
t=0 I€FACL
+ 3 TRANSuu— Y. TRANS,,;— INCTAX,; — GDEF,), h € INSTH
keINST keINST

where M), is the lifetime income, Kj, ¢ is the capital stock at time 0 owned by household #,
pky is the price of capital at time 0, w;; is the wage of labor type [, Lﬁ , 1s the endowment of
labor type [ of household h, rp,rk, K}, are the household revenues from the risk premium,
TRAN Sh, 1, are the nominal transfers from institution A to institution k and INCTAX},
are the income taxes.

There are two issues that require further explanation. In a competitive equilibrium
with perfect foresight, pkoKj o captures the stream of all future capital income. This for-
mulation is more convenient in a setting with capital adjustment costs, because otherwise
the lifetime income constraint would have to include the adjustment costs. The second
issue is related to the fact that the lifetime income includes not only the labor income but
the total valuation of labor endowment at the market wage rate. This is due to the fact
that as households derive utility from leisure, they value it at market (best alternative
use) price. Therefore, given the total value of time endowment, households decide whether
to “buy” some leisure or to exchange it for some consumer goods.

Since it is infeasible to solve the model for the infinite number of periods, the model
is solved for a finite number of periods and a terminal constraint is imposed on the last

period in order for the agents to behave in a consistent fashion towards the end of the

2The two types h in our model are poor and non-poor households. It should be clarified here, that
the naming convention comes from the househods budget surveys - poor and non-poor households are
aggregates chosen on the basis of income. Those households have fixed endowments of labour of different
types. However, a household will be named “poor” no matter what the income of the household may
become after a policy shock. Nor it is possible for members of one household group to move to another.

WORKING PAPER No. 70

25



The model

time horizon. If T is the last period of the time horizon, the income up to time T would
have to be adjusted by the value of capital stock at time T', otherwise the households will
be inclined to turn all the capital into consumption and disinvest. Therefore, the adjusted

lifetime income is of the form:

My, =pkoKy o — pkr Ky 1

T
+ Z( Z wl,th,t + rperki K (43)
t=0 IeFACL
+ Z TRANSh .t — Z TRANSypt —INCTAX,, — GDEF,), he INSTH
keINST keINST

Income tax is determined by looking at the period income of the household:

INCTAX), =inctaxy (1 + rp)rk Ky, + Z wi Ly,
1EFACL

+ Z TRANS}LJM— Z TRANSk,h,t)7 (44)

keINST keINST
he INSTH, teT,

where inctaxy, is the (period) income tax rate.

The household shares in the total capital stocks are determined exogeneously:

Ky, = af Ky, heINSTH, teT. (45)

At the top level of preferences utility is assumed to have an elasticity of one w.r.t.

income:

M, = Uppuy, he INSTH (46)

where puyis the intertemporal price index of household A consumption. This price

index is due to the CEIS aggregate:

1
U

1 o\ ie
puh=(Z<m>ieT (puon,)' ) . heINSTH (47)

where pw; j, ¢ is the period ¢ consumer price index of household h. Demand for period ¢

consumption by household h is given by:

U

Wiy = ()t (2 " heINSTH teT (48)
ht — Yh 1+p Wy ) ) .
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The consumer price index is a composite of the price indices of leisure and consumption:

1

pwhy = (ahwpww}lbgo"iv +(1— a,‘f’)pwl;a’y) e he INSTH, teT, (49)

Demands for each of the components is given by:

o
W W, = aff Wi, (w) . heINSTH,teT, (50)
pwwp, ¢
and
o
WLy = o) Wiy (p nt ) ., h€eINSTH,teT. (51)
pwip

The pwwy,,, the consumer price index derived from consumption of goods and services

and pwly; the consumer price index derived from leisure are given by:

1—ocWW
puwwy,; = ( S alvalor W) " helINSTH teT (52)
1€ESEC
and
1WL
1—0o
pwlh,t—< S alPLEIS, T L) " hEINSTH, teT,  (53)
leFACL

The household demand for sector ¢ goods is then given by:

WwWw

Th
Cine = AW IWIW,, (%> . i€SEC,heINSTH teT,  (54)
’ P
The household A factor supply is:
O'WW
WL pwlp e\ ™"
FAOSUPLh,t = ENDOM/[J—L’t(]. + tSpt + tp“) — al,h WLhJ T s
Lt
le FACL, he INSTH,t €T, (55)

where FACSUP,,; is the factor supply of labor type [, the ENDOW;}; is the labor
endowment of type [ of household h and the last component is the leisure demand at
the going market wage w;,. tp;, is the labor type-specific technical progress, tsp; is the

economy wide knowledge-spillover driven labor augmenting technical progress.
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3.10 Transfers

Transfers are exogeneously determined as shares of GDP:

TRAN iy = af N GDP, k,he INST, t€T. (56)

3.11 The market clearing

The model is completed with four major market clearing conditions:
1. Market clearing conditions for domestic output
2. Market clearing for the composite Armington good.
3. Market clearing for labor
4. Market clearing for capital

5. International balance.

Market clearing for domestic output The domestic supply has to equal to the

demand generated by the Armington composite:

X

P i ddl nz‘XD
aX X, (piflc’;) —(1- ny)XD(%) i€ SECteT. (57)

Market clearing for the composite Armington good The demand for Arming-
ton goods includes the intermediate use, household consumption demand and investment

demand components. Any demanded quantity will be supplied at the given foreign price:

O'WW
Xiv = Ypeinsrn <a}’}fLWWWh,t (%) " > household demand
+ af WG, e government demand (58)
+ Yiesne (X Djy) intermediate demand
+ o Jt;% investment demand

Market clearing for labor Labor supply has to equal total labor demand in the

€economy:
oV A
bva;y ‘
Z FACSUP,,, = Z ay VA < ; ) ] , € FACL,t €T.
heINSTH ieSEC wy (1 +tfacy)

(59)

Market clearing for capital Capital stock at time ¢ has to equal to the total demand
by the industry:
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VA

pva; ¢ %
Ky = apt VA, ) teT 00
it i;g Kt ot (rkt(l +tfack,i+ Tpt)> e

International balance We assume that the international external account of the econ-
omy has to balance intertemporaly. Therefore the net sum of all international payments
over all the periods has to be equal to zero. It may, however, deviate from zero in any of
the periods to allow for international borrowing. Therefore the following condition has to
be satisfied:

oX _ ™M
X M Pxit v am; f ¢Pim;, i .
ZtET ZiESEC <Olq', Oéi,f Xi,t <plm,ft> (pfzf,t(l‘fi’;ariffz,f,L)) ) imports
+ 2ier 2reinst TRAN Sy g4 outgoing transfers
= (61)
ZtGT ZkEINST TRANSf,k,t exports
o\ i . .
+ Dier XicsEC <7£f’)’iXDXD<;:[;;;) (az“géf{z“) ) incoming transfers
3.12 Determination of GDP
Real GDP is the sum of all demand components:
oW
GDP, = > ,cinsrtu (O[XVhWWWh,,t <p21;ii't> ) private consumption
+ Yiespe ol i If;ﬁt investment demand
+ Yiesmo o WGt% . ; government demand
n; n!
E XD it ) iftPfrye .
+ Yjernstr Liespo (%f%' X D(pzfdf.t) (az ﬁ)éiz”) ) exports
o X ) M
X IM it ° i fs it i .
_ ZfezNSTF YieseC (ai Q¢ Xt (,ﬁfmyt) <pfxlfl,trzlfr;s:i7}fz,m)) ) imports
(62)
Nominal GDP is calculated from the production side:
NGDPr = 3 copcVAipvais value added
+  Yiespe(tseci s — subs; y)prd; X Dy output taxes
+ YrernsTr 2iespc tarif firepfTse (63)

X IM
X IMy . ([ pzie \7 am;, gpimi . i . cr
(ai QG f Xit (pirm,t) (pf-l'fvt(l‘*’tﬂ.riff’hf,t)) ) import tariffs

3.13 The benchmark equilibrium and terminal condition

In order to make sure that the model behaves in a fashion consistent with the infinite
horizon, a restriction has to be imposed on the model to assure the non-zero capital
accumulation beyond the (finite) horizon of the computation model. Following Bohringer

et al. (1997) and Lau et al. (2002) we impose the following terminal condition:
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Jr o Kp
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The steady state growth rate is purely determined by the growth rate of labour pro-

ductivity. This, together with the terminal condition guarantees that in the benchmark
equilibrium economy is on the balanced growth path: output growth and investment
growth is equal to the growth of labour productivity. Together with the corresponding
exogeneous rate of growth of the real exchange rate (prices of the aggregates of imports
and exports) guarantees that the sectoral structure of output, consumption and the rela-

tive labour supply remains constant over time.
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4 Data

Our model is based on a social accounting matrix that was developed under a joint project
implemented by the National Bank of Poland, the Ministry of Finance, the Ministry of
Economy and Labor and the World Bank (details are documented in Gradzewicz, Griffin,
and Zolkiewski (2006)). The SAM matrix was updated and modified using data from i.a.:

e national accounts statistics by institutional sectors and sub-sectors for 2005

e foreign trade statistics (disaggregation EU into euro zone and the rest of EU)

e actual and projected (based on MF, 2007) GDP growth rates up until 2008.
SAM was aggregated/disaggregated to the needs of the dynamic model into:

e 4 production sectors: agriculture, industry, market services, non-market services

4 primary factors: 3 types of labor and capital

domestic institutions: 2 household types: poor and non-poor, government, firms

investment /savings

foreign institutions: euro zone, rest of EU and rest of the world

taxes levied on factors, income and consumption
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5 Steady state and calibration

In the steady state all the variables grow at the exogeneous rate g which corresponds to
the growth of labor productivity. Along a balanced growth path with growth rate g and

depreciation rate d, the following condition has to be true:

Iss = (9 +0)Kss. (64)

The marginal cost of investment equals in this case 1+¢(g+9), because for each additional
unit of capital, investors have to invest one unit plus ¢(g + d) to cover adjustment costs.
Therefore in the steady state, the base year capital price is pkss = (14+7)[1 4+ ¢(g + o)].

An increase in the stock of capital decreases the cost of investment. The marginal impact

of an increase of the stock of capital on the cost of investment is therefore: g—é = —%

(obtained by differentiation of equation 20). Substituting the equation (64), we obtain

#(g+9)?
2

the investment premium equal to . Therefore, equation (24) becomes in the steady

state:

pkss
1+7r

¢(g +0)°

5 +(1-9)

pkss = rkgs +

)

which reduces to:

rkss =041+ d(g+0)(r+(6—49)/2),

which defines the long run cost of capital services as a function of depreciation,

real interest rate and the installation costs of capital.
The definition of J,, is:

Jss = Iss(1+ ¢lss/(2Kss)

The steady state volumes of J and rk,K,s at time zero have to correspond to the
respective values in the SAM. The parameters 0, g, ¢ and r have to be chosen exoge-
neously. We choose depreciation d to be 0.067, which is consistent with other CGE and
DSGE studies on the Polish economy (e.g. Gradzewicz, Griffin, and Zolkiewski, 2006 or
Gradzewicz and Makarski, 2009), g, the long run growth rate of labour productivity in
the economy (equal to the long run growth rate of value added and GDP - the labour
endowment is fixed at a constant level), at the level of 0.04, which is roughly in line with
the NBP projections of potential growth and ¢, the adjustment cost parameter, at the
level of 0.8 which seems a reasonable choice based on the literature®. The parameter r is

chosen so that the capital and investment steady state values correspond with the SAM.

3The parameter level is in line with the estimations of Cooper and Haltiwanger (2000). However, its
choice was based on analyzing the response of the model (especially investment level) to various policy
shocks. It affects the speed of adjustment of the investment level to changing economic conditions - the
lower it is, the faster is the adjustment in investment. Therefore, the medium run results of the model
may be affected by that choice.
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One the steady state growth path is calibrated, the rest of the parameters of the model
has to be chosen, so that the model in equilibrium replicates the SAM in the first period.
Therefore, the sectoral structure of the economy and its capital-labour ration given by
the SAM will stay constant along the balance-growth-path of the benchmark equilibrium.

All the equations in the model are expressed in the so-called calibrated share form
which limits the number of the share parameters that have to be computed. More on this
formulation of the model can be found in Rutherford (1998). For example, the zero profit
condition for the output of the firm can be rewritten as:

147X D 147XD

XDOprd ;™ = EOipeli™ + XDDOpadd,i™ , i€ SEC,teT, (65)

where X D0; is the value of final output of good i taken directly from the sum and E0;
and X DDO0; are the value of exports and domestic outputs of ¢ respectively. In that way,
all share parameters are replaced by direct substitution of the value of the respective flow
in the base period SAM. Moreover, all equations are normalized, so that the equilibrium
volumes of all variables are equal to 1 in the first period and they grow at the rate of g in
the subsequent period and all the prices are normalized at 1 in the first period and ﬁ
in the subsequent periods.

The spillover parameter (afF) was chosen at the level of 0.15. Therefore, one percent
increase in the openness of the economy is making labor 0.15 percent more productive.
The choice of that level of knowledge spillovers is motivated by the empirical work by
Madsen (2005) who estimates the elasticity of productivity to the changes of the imports
of knowledge at the level ranging of 0.15. Madsen (2007) later work leads to an elasticity
ranging from 0.05 to 0.35.Diao, Rattso, and Stokke (2005) set the spillover parameter
at the level of 0.3 in their study for Thailand, where the technology gap with its trade
partners may be believed to be considerably higher. Our choice of the spillover parameter
is threrefore roughly in the middle of the range provided by the literature*. The provided
sensitivity analysis checks robustness of results to the choice of this parameter. It has
to be emphasized here, that our formulation of the technology spillovers is consistent
with the balanced growth path of the economy, as technology spillovers only affect the
transition path and not the steady-state growth rate.

The SAM does not provide information on the labor endowments of households, nor
gives any information on the consumption of leisure. The data on the utilization of time
endowment comes from Gradzewicz et al. Gradzewicz, Griffin, and Zolkiewski, 2006 and
was used in the construction of the static general equilibrium model of the National Bank
of Poland. Similarly, all the elasticities used for the POLDYN model are based either on

4Tt has to be noted that Madsen’s work applies to knowledge-intensive and not to total trade, so the
effective level of the parameter used in our study is might in fact be larger, as in out model the knowledge
spillover applies to all trade. The autors believe, however, that Polish international trade is largely in
intermediates that do affect the effectiveness of the production process and also that Polish companies
experience a sort of a learning-by-exporting process.
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the Gradzewicz et al. (supply elasticities, factor substitution elasticities) or taken from
the data published on the Center for Global Trade Analysis (GTAP) website.
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6 Simulation scenarios

Our simulation scenarios look directly on two channels of possible effects of the Euro
accession of Poland. We assume that the accession to the euro zone takes place in the 5th
period of the simulation, where the 1st period of the simulation correspond to the period

when the decision is taken and agents form their beliefs. We define three simple scenarios:

e Scenario A - the risk premium goes down by 1pp. This is based on the analysis of
the difference between the Polish and euro zone long term bond interest rate. The
change is introduced gradually, as the risk premium is expected to fall before the
actual accession (see Reininger and Walko (2005) for the experience of other Euro

acceding countries) and fully realizes in the fifth period of the simulation.

e Scenario B - the iceberg costs of trade fall. We base our scenario on the claim by
Bukowski, Dyrda, and Kowal (2008) who estimates the transaction costs to amount
to 2-3% of the value of trade. We assume that the decrease in the transaction
costs amounts to 2% of the value of trade with the eurozone but also, due to other
effects such as better price transparency and elimination of the currency risk, there
is additional effect of 1% that affects both the trade with the eurozone and the rest
of the world.

e Scenario AB - combined scenarios A and B.
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7 Simulation results

Table 1 shows the simulated GDP changes amounting to around 7.5% increase in its
level with respect to the benchmark scenario (without monetary integration) in the long
run. GDP slightly drops below the benchmark growth rate in the first period and rises
after that. The breakdown of long-run changes is as follows: 4.1pp. of the increase
is attributed to the risk premium elimination, while the remainder is attributed to the
lowering of trade and transaction costs (note that these percentages given in scenario A
and B does not necessarily sum up to the results given in the AB scenario due to the
nonlinear nature of the model). The shocks imposed on the model lead to a considerable
structural change in the economy. The breakdown of the basic macroeconomic variables
is given in table 1. All the GDP components are pictured in figure 4.

The reader has to be aware of the consequences of the model formulation. Due to the
assumption of perfect foresight of households, all changes in the econonomic policy within
the horizon of the model affect the actions of agents immediately. When intertemporal
borrowing is possible, the reaction of agents to future policy changes in first periods may
be abrupt and beyond reasonable bounds. A considerable improvement in the pattern of
agents’ behaviour is obtained by treatment of non-zero capital adjustment costs, which in
turn increases the parameter uncertainty. Therefore, the medium run results should be

treated with caution.

Figure 4: GDP components. AB scenario.

0 10 20 30 40 50

GDP PCONS ————- | —--— EXP — = - IMP

Note: The figure shows deviations from the benchmark equilibrium in percent in a given
year.

National Bank of Poland



Simulation results

The major growth driver of the model is investment. It initially increases in a rather
spectacular fashion to later stay at the level higher by 12.6% than the baseline scenario in
the long run. A large proportion (8.8pp.) is attributed to the change in the risk premium,
while the trade creation scenario alone generates around 3.5pp. of investment increase
in the long run. The lowering of the risk premia leads immediately to a lower cost of
capital services for firms, which causes larger demand for capital services in all periods.
Since capital stock cannot be imported, it has to be built through the increased level of
investment. With the perfect foresight of consumers, given the new path of relative prices,
most of the extra savings are done in the initial period. The trade creation scenario is
also capital-enhancing. Since international borrowing is possible, with diminishing trade
costs, it is cheaper to import investment goods in the first periods, in order to build up

capital and repay the loans later in time with exports.

Table 1: Basic macro variables

Variable Scenario 1. yr 2. yr 3.yr 4. yr 5 yr 10. yr 25. yr 50.yr
AB -0.50 0.88 243 3.64 4.73 6.66 7.45 7.48
GDP A -0.22 054 124 185 234 3.60 4.13 4.14
B -0.31 031 114 173 230 295 3.22 3.22
Private AB 225 239 259 279 298 3.1 3.73 3.73
consumption A 0.34 044 059 0.73 087 1.23 1.37 1.38
B 191 194 198 203 209 226 2.33 2.34
AB 16.54 19.23 20.05 19.83 18.82 1449 12.63 12.58
Investment A 12.89 1456 14.43 13.92 1285 10.04 8.82 8.79
B 340 432 517 542 548 4.10 3.52 3.50
Government AB -0.50 0.89 243 3.64 4.73 6.66 7.46 7.48
consumption A -0.22 054 124 185 234 3.60 4.13 4.14
B -0.31 031 114 173 230 295 3.22 3.22
AB 9.13 10.28 1098 11.17 11.13 9.78 9.22 9.21
Imports A 472 522 515 497 4.63 3.74 3.37 3.35
B 419 481 556 592 6.23 581 5.63 5.63
AB -4.64 -2.08 128 396 6.55 10.97 12.83 12.88
Exports A -3.25 -2.13 -0.80 041 151 4.36 5.57 5.61
B -1.50 -0.04 2.00 344 490 6.36 6.97 6.99
AB 0.00 1.70 3,51 521 6.71 1081 1253 12.58
Capital stock A 0.00 133 269 390 493 7.61 8.75 8.79
B 0.00 035 076 121 165 294 3.48 3.50
AB -1.96 -1.19 -0.39 0.21 0.73 1.56 1.91 1.91
Employment A -0.38 0.04 0.38 0.67 0.88 1.43 1.67 1.67
B -1.62 -1.26 -0.79 -047 -0.16 0.12 0.24 0.25
Current AB -5.21 -4.61 -3.57 -2.63 -1.66 0.41 1.25 1.27
account(*) A -3.00 -275 -221 -1.68 -1.14 0.22 0.79 0.81
B -2.15 -1.83 -1.33 -0.93 -0.50 0.19 0.48 0.49

Source: Own model simulations.
Note: changes in percent deviations of benchmark variable levels.

(*) current account in percentage of GDP deviations from benchmark.
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Both scenarios are trade improving in the long run. In the AB scenario, imports
increase by over 9% and exports by almost 13%. The trade creation scenario contributes
slightly more to both imports and exports increase. The increase in imports is caused
directly by lowered trade costs and indirectly, through increasing domestic investment
demand. Since the small open economy cannot affect the world prices, with booming
domestic demand it is cheaper to import. The surge in imports in the first ten periods
is quite substantial (over 11% in the 5th period), and leads to a short term decrease of
domestic output. Exports also go down in the initial period, as the demand shifts towards
investment, but pick up already in the 3rd period and steadily grow after that, to reach
their long run level. The surge in imports and the temporary decrease in exports leads to a
deterioration of current account in the initial periods of the run, while in the long run it is
expected that the structural change of the economy will lead to a current account surplus.
The effect of trade creation on output is less pronounced than on GDP, due to increased
import penetration and increasing share of imports in intermediate consumption.

The initial drop in output due to a temporary import substitution leads to a short
run drop of employment® of about 2%. Employment picks up with exports and is
expected to be higher by around 2% in the long run. There is, however, a considerable
shift towards capital. Due to continuing high rate of investment, the stock of capital is
expected to increase by almost 13% with respect to the baseline. Most of this change
can be attributed to the change in the risk premium but it is also due to increasing labor
productivity.

The total welfare gain from the two experiments amounts to 2% of the value of GDP
in each period. This is calculated as equivalent variation, i.e. it is to be interpreted as the
minimum transfer to the household that would make them as well-off in the absence of
monetary integration as in the situation with the monetary integration. In other words,
it is the consumer valuation on the joining the euro zone. This corresponds to increasing
each period goods and leisure consumption by 1.1% and 1.8% for, respectively, poor and
non-poor households. The reason for the gain being larger for the poorer households is
that their capital earnings are lower than in the case of non-poor households and they
loose less revenues from the risk premium (risk premium revenue is proportional to the
share of ownership of the capital stock). At the same time, the demand for unskilled labor
grows at a slower pace than other types of labor and therefore the poor households leisure
consumption and thus welfare is higher than in the case of non-poor households.

The details on the household situation are given in table 2. Due to increased import
competition and lower capital costs in the long run the prices of consumption bundles
(relative to the GDP deflator) for both households go down by roughly 0.5%. At the
same time, incomes of both households go up by 6.6-6.8 percent in the long run. With
the lifetime income going up, both households significantly increase their consumption

(3.7-4.5% for non-poor and poor respectively).

Sunderstood as a change of labour supply by the households - the model does not distinguish between
hours of worked and the number of people employed.
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Due to the initial drop in demand, both households supply less labor in the initial
period, however, the non-poor households supply relatively more, in order to make up
for the lost risk premium incomes. However, with the increase in output in the long run,
the labor supply goes up and so does the activity rate. The change is not as pronounced
as e.g. GDP and it is due to the shift of the economy towards capital due to increased
investment and growing labor productivity.

The sectoral reaction to the shock seems to underline the importance of the increased
import competition and the shift towards the capital intensive production mix. In the
long run, market services are expected to experience the largest gain in output (6.3%),

Table 2: Households. AB scenario.
Household consumption

Household 1. yr 2. yr 3.yr 4. yr 5. yr 10. yr 25. yr 50.yr
Non-poor 2.19 232 252 272 291 344 3.66 3.67
Poor 3.06 320 341 361 381 4.29 4.49 4.50
Labor supply
Non-poor -1.75 -1.01 -0.23 0.36 0.86 1.67 2.00 2.01
Poor -5.02 -3.92 -2.78 -193 -1.19 -0.03 045 0.46
Consumption prices
Non-poor -0.15 -0.19 -0.23 -0.28 -0.33 -049 -0.56 -0.56
Poor -0.33 -0.38 -043 -047 -0.51 -0.57 -0.60 -0.60
Household income
Non-poor -0.60 0.70 2.13 3.25 426 6.04 6.78 6.80
Poor -2.16 -0.62 1.09 243 3.62 5.73 6.60 6.63
Activity rate
Non-poor -0.57 -0.32 -0.07 0.11 0.28 0.54 0.65 0.65
Poor -1.20 -0.93 -0.66 -0.46 -0.28 -0.01 0.11 0.11

Source: Own model simulations.

Note: changes in percent deviations of benchmark variable levels

followed by non-market services (5.6%), manufacturing (5.3%) and agriculture (4.4%).
The shift of the economy towards services stems from the fact, that they are less prone to
import competition. The increased demand for non-market services is due to the fact that
government consumption is following GDP and thus it creates some extra demand for non-
market services. Even though services experience a large percentage increase in imports,
the share of imports in demand is rather low and it does not have a significant impact
on the level of output, whereas in agriculture and manufacturing, import penetration
is considerably high, and the initial surge in imports affects output negatively. On the
export side, the largest percentage changes are expected for market services (almost 14%),
but due to the shares in total exports, it is obviously manufacturing that contributes to
exports in the long run (12.5% increase compared to the benchmark). As a result of the
initial demand shock, the producer prices increase initially (relatively to those abroad) by
up to almost 2% depending on a sector, while in the long run, the prices of manufactures
and services fall (by 0.6% and 0.8% respectively with respect to foreign prices), as a result

of greater abudance of capital.
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Table 4 presents the changes in the factor markets. We can again observe the long

Table 3: Output, exports and imports. AB scenario.

run increase in the stock of capital and the corresponding decrease in the rental rate of
capital. Note that this is the rental rate that does not include the risk premium. In the
first periods, due to the removal of the risk premium, the demand for capital services goes
up and the rental wage is pushed upwards. With the continuing investment, as capital
becomes more abundant, the rental rate goes down and, in the long run, it is expected

to remain at a level lower than in the benchmark. As capital stock goes up, the marginal

Output
Sector l.yr 2.yr 3.yr 4. yr 5. .yr 10.yr 25 yr 50. yr
Agriculture -1.89 -098 0.00 087 1.65 3.57 4.36 4.38
Manufacturing -3.30 -185 -030 096 2.08 4.35 5.29 5.32
Market services 0.0 1.06 2.08 297 3.74 5.57 6.33 6.35
Non-market services 0.06 1.03 2.10 2.93 3.67 5.01 5.56 5.57
Imports
Agriculture 514 6.12 7.09 759 8.01 7.65 7.51 7.51
Manufacturing 9.52 10.72 11.42 11.61 11.54 10.15 9.58 9.57
Market services 6.39 7.12 771 7.84 7.88 6.54 5.99 5.98
Non-market services 6.56 8.32 10.25 11.61 1280 14.13 14.69 14.70
Exports
Agriculture -3.62 -1.71 080 292 497 9.06 10.77 10.82
Manufacturing -6.04 -3.27 042 329 6.11 1057 1245 12.50
Market services -1.51 063 3.30 555 7.68 12.07 13.91 13.96
Non-market services -2.38 -0.99 0.89 222 3.52 4.96 5.55 5.56
Employment
Agriculture -2.00 -1.20 -0.33 0.42 1.09 2.65 3.30 3.32
Manufacturing -3.58 -2.37 -1.09 -0.12 0.73 2.16 2.75 2.77
Market services -0.59 -0.12 0.32 0.57 0.76 0.75 0.75 0.76
Non-market services -0.12 0.70 1.60 225 2.82 3.63 3.97 3.98
Source: Own model simulations.
Note: changes in percent deviations of benchmark variable levels
Table 4: Factor market. AB scenario.
Factor supply
Sector l.yr 2.yr 3.yr 4. yr 5 yr 10. yr 25 yr 50. yr
Low skilled -1.85 -1.20 -0.52 0.00 044 1.19 1.50 1.51
Medium skilled -2.21 -1.38 -0.52 0.13 0.69 1.58 1.96 1.97
High skilled -1.28 -0.65 0.01 0.50 0.93 1.59 1.86 1.87
Capital 0.00 1.70 3.51 521 6.71 10.81 1253 12.58
Factor wages
Low skilled 1.01 201 316 4.12 5.00 6.80 7.55 7.57
Medium skilled 1.88 258 342 4.14 481 6.23 6.81 6.82
High skilled 1.55 247 353 442 523 6.89 7.56 7.58
Capital 236 289 4.74 457 452 091 -0.52  -0.56
Source: Own model simulations.
Note: changes in percent deviations of benchmark variable levels
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product of labor increases, and so do the wages. In the long run, they are expected to
go up by 7.6% in the case of low-skilled and high skilled labor and 6.8% in the case of
the medium-skilled labor. Employment of all types of labor goes up, but the growth of
employment of high skilled and medium skilled labor is slightly higher than in the case of
low-skilled labor.
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8 Sensitivity analysis

We perform a simple sensitivity test with respect to the key parameters of the model.
We run the AB scenario in 7 different parameter regimes: in scenario SPILL00 we switch
off the international productivity spillover feature of the model completely by setting the
aTSFPparameter to 0. In the scenario SPILLO03, we increase the parameter to 0.3 (0.15
in the base scenario). We investigate the sensitivity to the choice of the parameters of
the value added production function, by making the substitution between the factors of
production more elastic (slightly inelastic in the base scenario). In the two subsequent
scenarios, we look at the sensitivity to trade related elasticities; in SUPPLY_EL scenario
we double the transformation elasticities between the domestic and foreign, and also
between different foreign destinations and in IMPORT_EL, we double the import sourcing
elasticities. In INTERT_EL, we increase the elasticity of intertemporal substitution to 1.1
(0.5 in the base scenario). In the last scenario (BOPCON) we run the model in a different
international closure: we impose a restriction, that the current account plus net transfers
have to be equal to zero each period (with no foreign savings change) with a equilibriating
effect on the price of foreign exchange (real exchange rate).

In the first step, we analyze the sensitivity of the gross domestic product (table 5)
with respect to different parameter changes. The largest deviation downwards is expected
in the case of the BOPCON scenario, where the long run gain in GDP is only 6%. This

Table 5: Sensitivity analysis: GDP

Scenario l.yr 2.yr 3. yr 4. yr 5. yr 10.yr 25.yr 50.yr
BASE -0.50 0.88 243 3.64 473 6.66 7.45 7.48
SPILLO0 -0.66 059 198 3.11 412 6.05 6.89 6.91
SPILLO3 -0.32 1.21 290 419 535 T7.26 8.02 8.04

PROD_EL -0.44 110 279 412 533 7.72 8.95 9.00
SUPPLY_EL -1.21 036 216 359 489 7.15 8.07 8.10
IMPORT_EL -0.36 1.13 277 4.06 522 7.14 7.81 7.82
INTERT_EL -0.83 0.61 221 348 4.62 6.67 7.595 7.58
BOPCON 1.80 249 328 3.85 440 527 5.97 6.05

Source: Own model simulations.

Note: changes in percent deviations of benchmark variable levels.

Table 6: Sensitivity analysis: Private consumption

Scenario l.yr 2.yr 3.yr 4. yr 5 yr 10.yr 25.yr 50. yr
BASE 225 239 259 279 298 3.51 3.73 3.73
SPILLO0 1.84 196 214 233 251 3.01 3.23 3.24
SPILLO3 2.67v 282 3.03 325 346 4.01 4.22 4.23

PROD_EL 215 230 251 272 292  3.52 3.82 3.83
SUPPLY_EL 2.72 281 295 310 324 3.68 3.85 3.86
IMPORT_EL 263 278 299 319 338 3.83 3.98 3.99
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INTERT_EL 259 2.61 272 285 3.00 348 3.68 3.68
BOPCON -0.22 0.07 051 096 144 2098 4.25 4.41

Source: Own model simulations.

Note: changes in percent deviations of benchmark variable levels.

clearly indicates the gains from the ability to borrow - the economy is able to reach a
higher level of GDP in the long run. Switching off the international spillover portion of
the model changes the simulated gain to 6.9%, while doubling it increases the simulated
GDP gain to 8%. The most important change in upwards is when one increases the factor
substitution elasticity beyond one. In that case, the simulated GDP gain amounts to 9%.
Other changes in elasticity do not affect the results by more than 1pp.

The private consumption variable (table 6) seem to be quite resistant to parameter
changes with one exception, the SPILL0O0 and SPILLO03 scenarios. The international pro-
ductivity spillover directly affects the productivity of labor and therefore the endowment
of labor that the consumer can either supply or consume in the form of leisure. There-
fore doubling the parameter increases the long run gain in consumption by 0.5pp. In the
BOPCON scenario, we can observe the long run increase in consumption of 4.4%, but
consumption goes up at much slower pace. At the same time, given the lower capital
stock, the marginal productivity of labor is lower. Therefore, the overall level of welfare
is lower in the BOPCON scenario.

Table 7: Sensitivity analysis: Investment

Scenario l.yr 2.yr 3.yr 4.yr 5. yr 10. yr 25.yr 50. yr
BASE 16.54 19.23 20.05 19.83 18.82 14.49 12.63 12.58
SPILLO00 1547 18.07 1885 18.69 17.75 13.82 12.05 11.99
SPILLO3 17.68 20.44 21.27 20.99 1989 15.15 13.21 13.16

PROD_EL 20.61 23.64 24.76 24.75 23.88 1942 17.01 16.90
SUPPLY_EL 17.70 20.84 21.61 21.33 19.99 1542 13.45 13.40
IMPORT_EL 17.94 20.77 21.70 21.39 20.29 1497 13.06 13.02
INTERT_EL 15.68 18.71 19.80 19.77 18.88 14.63 12.72 12.67
BOPCON 798 994 11.82 1279 1359 1249 1149 11.36

Source: Own model simulations.

Note: changes in percent deviations of benchmark variable levels.

Similarly, investment (table 7) path is relatively stable, given the various choices of
model parameters, the deviations from the base scenario usually do not exceed 1pp. with
an exception of the scenario where the elasticity of factor substitution is over 1. Similarly,
the growth of investment is considerably slower in the BOPCON scenario.

Tables 8, 9 and 10 in the appendix show the sensitivity analysis results for imports,
exports and capital stock. Overall, it seems that the model performs quite well and the
results are relatively stable. Reactions of the macroeconomic variables within the +/-

1-2pp. bounds seem reasonable, especially that the imposed changes in parameters were
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substantial. It is also seems reasonable to assume that results from presented simulations
are subject to parameter uncertainty and that such bounds are admissible when thinking

of the model accuracy.
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9 Conclusions

We model monetary integration effects through savings in the trade related costs and
through falling investment risk premia. Our simulations suggest that the long run GDP
gain from the euro accession amounts to 7.5% of GDP. The gains from elimination of risk
premia is slightly higher than those from trade creation.

The main factor behind growth is investment that leads to 12.6% of extra capital
accumulated in the long run. Both scenarios are trade enhancing, directly - through
lowering of trade costs and indirectly through booming investment demand. Increasing
import competition affects domestic output in the initial period under consideration, but
since import demand is mainly investment driven, this leads to a rapid expansion of the
capital stock and production cost savings which subsequently lead to domestic output
and export expansion. Exports go up to reach a level higher by almost 13% than the
benchmark scenario and in the long run the current account is expected to reach a surplus.

The welfare gains amount to roughly 2% of the value of GDP each year. The poor
households gain slightly more than the non-poor households due to the fact that the loose
relatively less risk premium revenues. Consumption is expected to go up by 3.7% in the
long run. The production structure of the economy shifts towards market services and the
production becomes more capital intensive. Employment effects are significant, however
not as pronounced as the output expansion, due to the shift of the economy to more
intensive capital use.

We perform a sensitivity analysis that checks how the results are affected by the choice
of key parameters of the model. The performed simulation suggest that the model behavior
is reasonably resistant to parameter changes and the range that reasonable variation in
parameters leads to a variation in key macroeconomic variables by roughly 1pp.

When looking at these results one has to bear in mind that this paper looks only
at selected effects that the monetary integration may have. It does completely abstract
from monetary issues, such as sub-optimality of common monetary policy, dis-alignment
of business cycles and costs of fiscal tightening to meet the Maastricht criteria and sub-
sequently to satisfy the Stability and Growth Pact requirements. Due to the model set
up, our simulations do not take into account the effects of the monetary integration on
the level of inflation, both through the monetary policy conduct and through the well
know through anecdotic evidence “rounding up” problem. The model does not analyze
the question of the appriopriate level of the fixed nominal exchange rate. All these prob-
lems require separate analyses and a full cost-benefit analysis should be performed to

draw conclusions for the political decision making process.
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A Model equations

A Model equations

A.1 Zero profit conditions

Value added:

pva;r = aK z((l + tfaCK it + Tpf ka Uzv + Z 1 + tfac'm 7 f)w'm t)l_

meFACL
i€ SEC, teT

Final output:

(1 —tsec;y + subs;)prd; s = a‘)/(ff,i,tpvai,t + Z a;{{f‘tpx]—’t, i,j € SEC, teT,

JESEC

Supply:

1
prdiy = [y pejj’h +(1—~¥ )pxdde [P e SEC teT,

Export supply:

1
peie=1 Y AFaz;gapfa) ) i€ SEC, teT,

fEINSTF

Gross investment:

a‘.’
DJt = H Py s tel.
i€SEC

Investment:

. I
Pk = pji(1+ ¢?t)7 teT.
¢
Capital formation:

12
Pk = pkya (1 —0) + ke + ¢K2p]t; teT.

Composite Armington good:

X

X —= )
Py = [&f{pim;t (- o )pzddlt ] - 1€ SEC, teT,
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Import sourcing:

1
pimig =1 Y aily((l+tam’ffi,f’t)pfxf’t)I*Ui]M}l—"fM, i€ SEC, teT.

am;
FEINSTF ifit

Government consumption price index:

af
pwGy = H e teT
i€SEC

Intertemporal consumer price index:

1

1 _oU 1-oY
pup, = (Z(W)ieT (pwny)" h) " he INSTH.

Price index of consumer period utility:

1
—oW —aW s
pwhy = (azvaw,ll’t (11— axv)pwl,it h ) o heINSTH,teT.

Consumer price index:

T

_oWww \ 1%

pwwWp = ( E amwcimh ) , heINSTH, teT.
i€eSEC

Consumer leisure price index:

1
_oWL
1 A

puly, = ( S aELEIS, T ) . heINSTH teT.
leFACL

A.2 Market clearing conditions

Value added:

VA, =aiR. XDy, i€ SEC teTl,
Gross investment:

Iy
2K,

Period government consumption aggregate:

Jy=L(1+¢—), teT.

WG,/GDP, =o',  teT.
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A Model equations

Government consumption:

Wthwgt = MGt, teld.

Consumer lifetime utility:

M, = Uppuy, he INSTH.

Consumer period sub-utility:

oU

1 h
Wie=Un(—— ) (2 ) | heINSTH, teT.
’ 1+r DWh, ¢

Consumer sub-utility derived from goods:

PWht
PWWh ¢

)
WW,,, = a)f Wi ( > : he€INSTH,teT.

Consumer sub-utility derived from leisure:

PWht
pwlh,t

o
WLy, =) Wy ( ) ,  helINSTH, teT.

Factor supply:

ww

AN
FACSUPpy = ENDOWy i1+ tsp +tpis) — "W L, <p1,: M) :

1t

le FACL,he INSTH, teT.

Market clearing for labor:

Y FACSUP,, = Y.

VA
pua; i
aiv(é’tVAi’t <w (1+ t}ac ) ’
heINSTH i€SEC Lt Lit

le FACL, teT.

Market clearing for domestic output:

DIt i pl’ddt P
X 2, XD z, v
(e Xi = 1—’}/- XD(*) .
% )t ( / li,t> ( i ) - li,t
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Market clearing for the Armington good:

G'WW
Xit = D opeinsrH (amWWWh,t (%) " ) household demand
+ af WGtZZ—fZ government demand (92)
+ Yjes Bo (R XD;,) intermediate demand
+ af JR investment demand
PTi ¢
International balance:
oX A oIM
T, K am; ¢ +PLmy;, N .
Doier 2iesne <Oéixaff}4Xi,t (;;m:t) (p—fzf,t(l‘fi’zf:riff;f,t)> > imports
+ Yoier 2okeinst TRANS) ¢4 outgoing transfers
ZtET ZkeINST TRAN Sy exports
i 777:)(D axr; xr nlE . .
+ Dt 2iesEC <’Yff%XDXD (p’;e;;fj <7§);ptf “) > incoming transfers
(93)
A.3 Income definitions
Government income:
MG, = Y cqpcl(tseciy — subs;) X D; prd;,) output tax and subsidies
+ ZieSEC(tfachtKﬁrkt + ZlGFACL tfaclyth’iytwlyt) factor taxes
+ Yoneivstu INCTAX, income taxes
+ Y iesrc ZfGINSTF(tariffi7f,tIMi7f,tpfxf,t) import tariffs
+ Y owernst(TRANSy gy — TRANSg 1nst.t) transfers
+ GDEF, government deficit
(94)
Household lifetime income:
My, =pko Ky — pkr Ky 1
T
+ Z( Z wl,tLg,t + Tptrk’tKh’t (95)
t=0 leFACL
+ > TRANSh..— > TRANS,.—INCTAX),—GDEF).h € INSTH
kEINST keINST
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Household capital shares:

K
Knp = oy IS (96)
Income tax determination:
. E
INCTAX), =inctaxy (1 + rpg)rk Ky, + Z wy e Ly (97)
IEFACL
+ > TRANS;.— > TRANSu,), h€ INSTH, teT,
keINST kEINST
Determination of transfers:
TRANSy ;= af 4" °GDP,,  k,h € INST,t€T. (98)
A.4 Other definitions
Definition of GDP:
oW
GDP, = Y ,cinsrn ( VW W <p:j;”ht’> ) private consumption
+ Yiespce ol Jtpz;f‘f investment demand
+ D icspc % Wthf;g: government demand
e T T n?
+ Y reinsTr Xiesc (75f7fDXD(pZ§QTL) (azj;etpfz“) > exports
o i oM )
2 fEINSTF 2ieSEC <O‘ af ¥ X, (;Zi:ft) (;;ﬁji%it:::r}ftﬂ)) ) imports
(99)
Definition of nominal GDP:
NGDPr = Y, copc VAipvais value added
+ D iespc(tseciy — subsi)pxd; X Dy output taxes
+ X feINSTF 2icSEC tari{fi,f,tpfxf,t N (100)
) i . i i . .
(ol (220)™ (sreiesstme)™ ) import taris
Determination of technology spillovers:
_ TSP XD peis \ 7 razipapfrg o\
tspic = a7t [tspo( Z Z Ve XD( ~ ) <7)
FEINSTFi€SEC prdiy Dt
CTX ) II\I
Pxi ‘ ams, f¢PUMy ¢
+ ¥ X, ( : ) ( : ) )/GDP;, (101)
fe]%wm‘eé@( PR pimig pfapi(1+tariffi:)
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A.5 Terminal conditions

Jr Kr
Jroi K1
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B Additional tables

B Additional tables

Table 8: Sensitivity analysis: Imports

Scenario l.yr 2.yr 3.yr 4.yr 5. yr 10.yr 25.yr 50. yr
BASE 9.13 10.28 10.98 11.17 11.13 9.78 9.22 9.21
SPILLO0 8.42 9.56 10.26 10.47 1045 9.22 8.69 8.67
SPILLO3 9.86 11.02 11.72 11.88 11.81 10.33 9.75 9.74

PROD_EL 1048 11.73 12,50 12.74 1272 11.28 10.55 10.52
SUPPLY_EL 858 10.17 11.37 11.95 1225 11.50 11.19 11.18
IMPORT_EL 1250 13.78 14.58 14.64 1448 12.06 11.22 11.20
INTERT_EL  9.18 10.35 11.05 11.23 11.18 9.80 9.20 9.19
BOPCON 3.71 489 634 727 817 8.88 9.44 9.51

Source: Own model simulations.

Note: changes in percent deviations of benchmark variable levels.

Table 9: Sensitivity analysis: Exports

Scenario l.yr 2.yr 3. yr 4. yr 5 yr 10.yr 25.yr 50.yr
BASE -4.64 -2.08 128 396 6.55 1097 12.83 12.88
SPILLO00 -4.42 -212 097 347 590 10.27 1218 12.24
SPILLO3 -4.81 -199 163 448 7.22 11.67 13.46 13.51

PROD_EL -5.17 -2.38 1.19 4.07 687 1221 15.02 15.14
SUPPLY_EL -8.15 -493 -0.36 3.31 6.98 13.00 15.52 15.59
IMPORT_EL -2.32 047 4.07 6.86 954 13.54 1496 14.98
INTERT_EL -5.39 -2.71 079 3.59 6.31 11.00 13.05 13.11
BOPCON 3.73 492 638 731 822 893 9.49 9.56

Source: Own model simulations.

Note: changes in percent deviations of benchmark variable levels.

Table 10: Sensitivity analysis: Capital stock

Scenario l.yr 2.yr 3.yr 4. yr 5. yr 10. yr 25. yr 50. yr
BASE 0.00 1.70 3,51 521 6.71 10.81 12.53 12.58
SPILL0O 0.00 159 329 489 6.31 1022 11.94 11.99
SPILLO3 0.00 1.82 3.73 554 713 1140 13.12 13.16

PROD_EL 0.00 212 433 644 832 13.8 16.77 16.90
SUPPLY_EL 0.00 1.82 3.78 5.61 723 1155 13.35 13.40
IMPORT_EL 0.00 1.85 3.79 5.63 7.26 11.49 13.00 13.02
INTERT_EL 0.00 1.61 3.37 5.06 6.58 10.78 12.61 12.67
BOPCON 0.00 0.82 176 279 382 769 1094 11.35

Source: Own model simulations.

Note: changes in percent deviations of benchmark variable levels.
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