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Investment subsidies and regional welfare: a dynamic
framework and its application to the European regional policy
Artem Korzhenevycha and Johannes Bröckerb

ABSTRACT
This paper focuses on the question of the effectiveness of subsidies to private and public investment, which are a key
component of European regional policy. Given mixed findings from empirical studies, it is worth studying this issue in a
simulation model, where the results can be traced back to policy shocks and model assumptions. To this end, the paper
employs a multiregional dynamic framework with a perfectly integrated capital market. It is found that investment
subsidies are effective and capital market spillover effects are small. The argument is illustrated by numerical simulations
of actual investment subsidies to the European Union regions.
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INTRODUCTION

Both in the European Union (EU) and in European
countries in general, subsidizing investment in lagging
regions is the most important regional policy instrument
(European Union, 2017). From the theory point of view,
investment subsidies are mainly seen as an instrument for
strengthening regional economic activity and boosting
economic growth (Barro & Sala-i-Martin, 1995). As a sup-
port instrument, they can be a more efficient policy than
other alternatives, for example, employment subsidies
(Fuest & Huber, 2000). Furthermore, investment subsidies
can play a role in international tax competition by increas-
ing the incentives for firms to invest and to settle in certain
locations (Baldwin, Forslid, Martin, Ottaviano, & Robert-
Nicoud, 2003). These theoretical results predict that
investment subsidies should generate welfare gains in the
target regions. However, the magnitude of these effects
and their dependence on various local factors remains a
highly relevant policy issue (Piattoni & Polverari, 2016).

The empirical literature on the effects of regional sub-
sidies (in particular, EU Structural Funds) is quite large,
including applications of simulation models (Brandsma,

Kancs, Monfort, & Rillaers, 2015; Garau & Lecca, 2015;
Ribeiro, Domingues, Perobelli, & Hewings, 2018), case
studies (Huggins, 1998; Lolos, 1998) and econometric
analyses (Cerqua & Pellegrini, 2014; Dall’erba & Le
Gallo, 2008; de Castris & Pellegrini, 2012). In terms of
the effectiveness of regional subsidies (ability to produce
positive economic impacts in the target regions), the find-
ings from econometric studies and case studies are ambig-
uous due to the use of different methods, varying sample
sizes and different time periods. They range from no sig-
nificant effects of regional funds to large and positive
impacts on the regions supported (Dall’erba & Le Gallo,
2008; Fratesi, 2016).

One reason that suggests itself for the more pessimistic
findings might be that investment subsidies are not specific
enough to concentrate aid on the regions that are lagging
behind most because the benefits trickle down to other
places and ultimately little is left for the regions earmarked
for support. Two channels likely to transmit benefits to
places not initially selected for support are trade and the
capital market. Through the trade channel the demand
impulse generated by a subsidy will in part spread to the
rest of the world. Repercussions on the capital market
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derive from the fact that subsidies for private capital will
affect stock prices. They make capital more abundant in
the supported regions and thus depress its market value.
If people in the supported regions happen to own these
capital stocks, they could suffer from an asset loss. How-
ever, apart from the routine procedure of correcting for
‘spatial effects’ in the econometric studies (Fratesi, 2016),
these spillover effects and transmission mechanisms poten-
tially diverting desired impacts away from the targeted
regions have not received much attention so far in the
empirical literature.

Given these mixed findings and research gaps, it is
worth studying the effects of investment subsidies with
the help of simulation models, where the results can be
clearly traced back to the shocks and the model assump-
tions. Recent multiregional modelling approaches such as
GMR (Varga, 2017) and RHOMOLO (Di Comite,
Lecca, Monfort, Persyn, & Piculescu, 2018) would
enhance our understanding of the causal chains linking
regional investments and their spatial impacts. However,
their applications have not so far focused on effectiveness,
efficiency and spillover effects. This paper addresses this
research gap using a stylized multiregional model, which
is calibrated using data for a set of European regions.
The application of the model is not meant to be a compre-
hensive impact assessment of EU regional policy impacts.
Instead, it focuses on the effectiveness and efficiency of
investment subsidies under different model assumptions.
The policy issue addressed here is that of checking how
regional welfare effects compare with the size of the subsi-
dies and to what extent interregional spillovers play a role.

With a static model incorporating agglomeration
externalities and perfect capital stock mobility, Dupont
and Martin (2006) argue that regional capital subsidies
may increase inequality, thus harming poor regions.
Their framework, however, overlooks several important
features of the actual policies. First, in practice subsidies
support new investment projects and not the existing capi-
tal stock. Second, much of the actual regional support
focuses on public, rather than private capital. Third, invest-
ment is a dynamic phenomenon resulting from intertem-
poral trade-offs, which cannot be properly reflected in a
static framework. Both public and private regional capital
need time to accumulate and to generate impacts. A
dynamic approach is therefore needed to study the impact
of capital mobility in an appropriate way.

A recent approach suitable for studying the effects of
regional subsidies is the dynamic spatial computable gen-
eral equilibrium (CGE) modelling framework (Bröcker &
Korzhenevych, 2013). Dynamic spatial CGE models are
rare and usually recursive, meaning that static solutions in
each period are connected with each other using ad-hoc
dynamic transition rules. In contrast, the approach in this
paper is to apply a fully forward-looking model, which
allows for consistent saving and investment decisions and
a proper welfare analysis.

The present paper thus studies regional investment sub-
sidies in a multiregional neoclassical dynamic framework.
We set up a model with trade in heterogeneous goods,

with a perfectly integrated financial capital market and
sluggish adjustment of private and public regional capital
stocks. Consumers and investors act under perfect fore-
sight. We derive the equilibrium system, show how to
solve it and simulate EU regional subsidies for private
and public capital in computational applications. We
infer the degree of effectiveness of the policy by comparing
the welfare gain generated by investment subsidies with the
hypothetical scenario of a lump-sum transfer. An alterna-
tive regional set-up and an alternative demand structure
for traded goods are used to check the robustness of the
results.

The results of the paper are the following. First, we
show that a spatial forward-looking CGE model is an
operational tool that can be used to answer policy ques-
tions. Second, in terms of stylized policy application we
can answer several questions about the investment subsi-
dies. We show that this instrument is at least weakly effec-
tive (it produces a positive welfare effect in the target
regions). The size of the welfare effect is close to the size
of regional support. The target regions gain more through
a subsidy to private capital than through a lump-sum trans-
fer (what we refer to as strong effectiveness below). We
show that subsidies can lead to a welfare loss for the EU
as a whole and that they lead to welfare losses in the rest
of the world in all scenarios. The findings are based on a
theoretically consistent dynamic multiregional set-up and
are robust to various regional aggregation settings.

THE FORMAL MODEL

The model presented here is a dynamic spatial computable
general equilibrium (DSpCGE) model for a closed system
of regions. In our empirical application, this system covers
the whole world, while the policy under study is executed
by just a small part of the world: the EU. For each region,
the basic set-up is an open-economy version of the Ramsey
optimal savings model, combined with an investment
adjustment costs framework (Abel & Blanchard, 1986).
Thus, both households and firms make intertemporal
decisions and have perfect foresight. The specification of
the production and household sectors and the goods mar-
kets is close to an earlier static model (Bröcker, 1998). The
functions of the state sector are restricted to tax collection,
subsidy payments and public capital provision. The policy
simulations describe regional subsidies or transfers financed
by a tax collected at a supranational level. The model is set
up in continuous time t in years, running from zero to
infinity. To avoid notational clutter, we usually suppress
both the time argument and the regional subscript.
Calligraphic symbols represent real quantities in contradis-
tinction to nominal variables, which are given in standard
italics.

Firms
Identical firms located in the region produce output M
using a Cobb–Douglas (CD) technology by combining
public capital G, private capital K, effective amount of
labour service L, local goods H and a constant elasticity

Investment subsidies and regional welfare: a dynamic framework and its application to the European regional policy 1263

REGIONAL STUDIES



of substitution (CES) composite of tradable goods F
(coming from all regions):

M = wGlLaKbHgFh, (1)

where w is the regional productivity parameter; and
a+ b+ g+ h = 1. The term Gl represents the impact
of the public capital stock. It is free and exerts a positive
externality on the firm. The production function exhibits
constant returns to scale at both the firm level and for the
entire region. However, private and social partial elasticities
differ due to the externality. The joint social partial pro-
duction elasticity of the two types of capital is b+ l,
while the private partial production elasticity of capital is
only b.

The regional population is assumed to be immobile and
constant at L. The effective amount of labour input is
assumed to grow at an exogenous rate of technological pro-
gress, j̃, that is:

Lr(t) = Lr exp (j̃t) (2)

Firms not only produce but also invest. To add gross
investment I to the existing capital stock, they need
I (1+ (z/2)(I/K)) units of investment goods. The ‘first
unit’ of investment goods is transformed one-to-one to
installed capital. If capital grows, however, more than one
unit of the investment good per unit of new capital installed
is required, and the input requirement per unit of new capi-
tal becomes larger with the larger growth rate. This increase
is the stronger, the larger the adjustment cost parameter z.
For the sake of simplicity, both the consumption bundle
and the investment good are the same, namely a CD com-
posite of non-tradables and tradables, with expenditure
shares e and 1− e, respectively, and with price pc . We
thus have investment costs as follows:

J = pcI 1+ z

2

I
K

( )
. (3)

Capital depreciates at a rate of d per annum. Using a dot
above a variable to denote change over time, the equation
of motion for capital is:

K̇ = I − dK. (4)

The shares in the capital stock can be traded on the market
at unit price q, and firms choose investment I maximizing
qI − J . The first order condition is:

I/K = q/pc − 1

z
. (5)

In the literature, q/pc is referred to as ‘Tobin’s q’. According
to (5), real capital cannot ‘jump’ between regions as is the
case in static new economic geography models with mobile
capital. The capital growth rate is finite. It grows faster as
Tobin’s q increases and the adjustment cost parameter
decreases.

To use the capital stock, firms have to pay a rental rate
to their shareholders that is equal to the marginal value pro-
duct of capital. The marginal value product has two com-
ponents. One is the marginal value product in production

of goods already mentioned. Per unit of capital it is
bM/K. The other is the marginal investment cost
reduction brought about by an extra unit of capital
installed. According to equation (3) it amounts to:

− ∂J

∂K = pc
z

2

I
K

( )2

.

Thus, the rental rate is:

v = bM/K+ pc
z

2

I
K

( )2

. (6)

Public capital accumulation
Regarding public capital accumulation we assume the local
government to collect wage taxes at a fixed rate tr and to
expend this tax revenue for investment. Investments P
into public capital G are thus implicitly determined by:

taM = pcP 1+ z

2

P
G

( )
, (7)

where M is nominal output, that is, M = pmM, where pm

is the output price. aM is thus wage income. The invest-
ment cost function is assumed to be the same as for private
capital. To put evaluations of subsidies for private and pub-
lic investment on an equal footing, we assume the tax rate
to be such that in the steady state private and public capital
exhibit the same marginal returns. Note that off steady
state this is in general not the case, because the investment
functions for private and public capital differ, and the initial
ratio of capital to effective labour may be different for both
kinds of capital. Governments do not own interest-bearing
assets and are not allowed to issue bonds; the budget is thus
always balanced. Similarly to (4), the dynamics are
controlled by:

Ġ = P − dG. (8)

Consumers
Consumers maximize discounted utility:

U =
∫1
0

u(C(t)) exp (−rt)dt

subject to the flow budget constraint:

Ȧ = aM(1− t)+ rA − C, (9)

with asset value A, real consumption C and nominal con-
sumption C = Cpc . Real consumption C is a CD composite
of local and tradable goods with respective expenditure
shares e and 1− e. Its composite price is thus:

pc = ( pm)e( pd )1−e, (10)

where pd is the composite price of tradable goods (see 15).
The present value utility U is characterized by a constant
intertemporal elasticity of substitution u:

u(C) = C1−1/u − 1

1− 1/u
.
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This is a concave optimization problem. The first-order
condition requires the marginal utility as of today to be
equal – up to a constant factor – to the price as of today,
that is, the future price discounted to today. Thus,
C(t)−1/u exp (−rt)/ pc(t) exp (−rt). Solving for C yields:

C = m( pc)1−u, (11)

with endogenous variable m varying across regions, but
being constant over time. The parameter m scales con-
sumption in such a way that, given the start values of the
households’ assets, the transversality condition for assets
holds (see equations 23 and 24).

Trade
Firms can use a part of the output with mill price pm to pro-
duce varieties of tradables under Dixit–Stiglitz monopolis-
tic competition, to sell them at sales price ps, that customers
in the world (including the region itself) are willing to pay.
By choice of unit the mill price of tradables is also pm. The
mill price either equals the sales price or exceeds it. If the
firm sells tradables, then the mill price and sales price
must be equal. If the mill price exceeds the sales price,
then sales of tradables are zero. The firm would produce
only for the non-tradables market. This leads to the com-
plementarity (with tradables supply denoted S):

S ≥ 0, pm ≥ ps, S( pm − ps) = 0. (12)

Consumers and firms buy a CES composite (with an elas-
ticity of substitution s) of tradable varieties produced
everywhere and sold under conditions of Dixit–Stiglitz
monopolistic competition. The composite is consumed,
used as a production input and as a component of the com-
posite investment good. It is also used to produce the trans-
port service. Transport cost is added to the sales price psr
leading to the inclusive price psrQrs in destination s for a
good coming from origin r. Here it is assumed that nom-
inal transport cost for a given origin–destination pair is a
fixed share of the nominal value of the good, valued at
mill price. We call this the ‘modified iceberg assumption’.
It differs from the standard iceberg assumption in that
we assume the composite – not the variety itself – to be
used for the transport service of an individual variety.
This is more plausible than the often criticized iceberg
assumption, though the results differ only slightly.

From these considerations follows the trade equation
(with explicit regional subscripts, but the time argument
still suppressed):

Trs = Sr( p
s
rQrs)

−sDs∑
r′
Sr′ ( p

s
r′Qr′s)

−s , (13)

where S is the value of tradables supply in the region; andD
is the value of demand including demand for the transport
service; it is in other words demand for tradables valued at
prices including transport costs, which stems from con-
sumption, private investment, public investment and inter-
mediate demand:

D = (1− e)(C + J + R)+ hM , (14)

where R denotes the value of gross public investment
defined by the right-hand side of (7).

The CES form of demand implies a composite price of
tradables in the destination region s:

pds = c
∑
r

Sr( p
s
rQrs)

1−s

( )1/(1−s)

, (15)

where c is an arbitrary scaler. The choice does not affect
any result, but it offers a degree of freedom to choose the
average level of prices.

Equilibrium
Labour market equilibrium requires:

aM = wL. (16)

Equilibrium on the market for non-tradables requires the
value of non-tradables (M − S) to equal the demand
value of non-tradables, which is intermediate (gM) plus
final (e(C + J + R)) demand. Thus we must have:

M − S = e(C + J + R)+ gM . (17)

Equilibrium in the tradables market requires the value
of supply Sr in the region to equal the value of demand
of all regions for tradables from regionr, that is:

Sr =
∑
s

Trs. (18)

Finally, equilibrium on the market for shares in private
capital stocks requires shares in all stocks to earn the
common interest rate r implying rq = v− dq + q̇, or sol-
ving for q̇:

q̇ = (r+ d)q − v. (19)

This is the non-arbitrage condition implied by a perfect
frictionless asset market. In equilibrium it must also be
guaranteed that the asset total

∑
r Ar in the entire economy

equals the total value of private capital stocks
∑

r qrKr . One
can show that this condition automatically holds for all
times, if it holds for one point in time. This is Walras’ law.

Equations (1) to (19) give 19 equations to determine
the 19 unknowns pm, ps, J , K̇, I , P, G, v, L, pc , Ȧ, C, T ,
D, pd , w, M , S and q̇. Four of these equations – (4), (8),
(9), and (19) – are differential equations to determine K̇,
Ȧ, Ġ and q̇, respectively; the others are algebraic to deter-
mine the remaining 15 unknowns. We thus have a differ-
ential algebraic equation system to find the time path of all
endogenous variables. It is, however, not yet complete.
Two points are open: What are the boundary conditions
for the dynamic variables? How does one determine m?

As to the first point, private and public capital stocks are
inherited from the past and thus given at t = 0:

K(0) = K0, (20)

G(0) = G0. (21)

The respective levels have to be calibrated by benchmark
year observations. Households also inherit their respective

Investment subsidies and regional welfare: a dynamic framework and its application to the European regional policy 1265

REGIONAL STUDIES



assets from the past, giving the boundary conditions for A:

Ar(0) =
∑
s

Lrsqs(0)Ks(0), (22)

where parameter Lrs gives the share of region r in the prop-
erty of private capital stock in region s at t = 0. The par-
ameter restrictions

∑
s Lrs = 1∀r guarantee that, at t = 0,

the asset total in the entire economy equals the total
value of capital stocks. The values in the matrix L are
hard to calibrate. In the simulations, we will report the
results for the two extreme cases of perfectly diversified
asset ownership and of local asset ownership.

A third boundary condition is needed for q. It is given
by the transversality condition of the dynamic optimization
of firms: in the long run, the market value of a firm’s capital
stock must converge to zero, in present values:

lim
t�1K(t)q(t) exp (−rt) = 0. (23)

As to the second point, to determine the vector m control-
ling the level of consumption, we exploit the transversality
condition of the households’ optimization problem saying
that a household’s asset must have a present value zero in
the long run:

lim
t�1A(t) exp (−rt) = 0. (24)

The details of the solution procedure are described in
Appendix A in the supplemental data online.

EVALUATING INVESTMENT SUBSIDIES

We study three policy intervention types: (1) a subsidy for
private investment costs, (2) a subsidy for public investment
and (3) a lump-sum transfer. The lump-sum transfer is not
an actual regional policy. It serves as a reference to deter-
mine whether the subsidies exert a stronger influence
than what one achieves by transferring the money directly
to the households in the supported regions. This instru-
ment does not cause any market distortion. Regional policy
will naturally aim to achieve more than just the monetary
redistribution effect (accounting for the tax payment by
each region). Accordingly, the lump-sum transfer scenario
is the right benchmark for testing whether this aim is actu-
ally achieved. Subsidies and transfers are assumed to stay in
place forever.

Formal treatment in the model
Subsidizing private investment means that, in the sup-
ported regions, the government will return a certain share
of the investment cost to the investor. If the taxpayer
bears the share G of the investment costs, investors maxi-
mize qI − (1− G)J rather than qI − J . This leads to a
replacement of (5) with:

I/K = q/((1− G)pc)− 1

z
. (25)

The expression q/((1− G)pc) can be understood as a

subsidy-corrected Tobin’s q. The rental rate in (6)
becomes:

v = bM/K+ pc(1− G)
z

2

I
K

( )2

. (26)

Clearly, investments will be higher the more strongly they
are subsidized (all other things being equal). It is important
to note, however, that the regional stock price will drop
because investors foresee that the subsidy will trigger
more investment and thus depress rental rates. To the
best of the authors’ knowledge, no awareness of this
point has been voiced in the literature.

With a public subsidy of size Cr , (7) must simply be
replaced with:

taM +C = pcP 1+ z

2

P
G

( )
. (27)

This subsidy pushes up marginal returns on all production
factors. More particularly, it will also make the stock price q
rise, albeit only slightly, because here the capital market is
only indirectly affected.

As a reference, we introduce a lump-sum transfer Vr ,
changing (9) to:

Ȧ = V+ (1− t− t)aM + rA − C, (28)

where t is another labour tax rate for financing policy inter-
ventions, as explained below.

All regional policy interventions in the model are
financed by the EU. Its budget is balanced at all times.
Public debt is not admitted. Accordingly, the subsidies or
transfers must invariably be paid for by taxes. We introduce
a dedicated labour tax t with a uniform rate within the EU.
Elsewhere it is zero. The EU budget constraint in the case
of a private subsidy reads as follows:∑

r

taMr =
∑
r

GrJr . (29)

In the case of a public subsidy the budget constraint is:∑
r

taMr =
∑
r

Cr , (30)

and for a lump-sum transfer the budget constraint is:∑
r

taMr =
∑
r

Vr, (31)

where Gr , Cr and Vr are exogenous parameters, while the
tax rate t is endogenous.

Impact evaluation
The regional impact is evaluated by calculating the relative
equivalent variation in consumption (REV) caused by the
shock for the representative regional household. REV is a
welfare measure expressed as a percentage of consumption
based on an intuitive idea: assume the shock did not hap-
pen, but you wanted to make the household as well-off as
it would be with the shock in place by increasing its con-
sumption by a constant percentage for all future time.
REV is the percentage that does this. Multiplied by the
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benchmark value of consumption, REV is converted into
the value of equivalent variation (EV) in absolute terms.
The absolute EV per annum are reported for different
scenarios in Tables 1 and 2.

Assessment of the overall efficiency of the policy inter-
ventions is based on the sum of EV values for the whole
world. If this sum is negative, we can talk about the overall
inefficiency of the intervention from the point of view of
global welfare.

In making statements about the magnitude of the simu-
lated welfare effects in the discussion of the results, we will
use the terms ‘weak’ and ‘strong’ effectiveness. We will refer
to the investment subsidy as being ‘weakly effective’ if the

calculated EV is positive in the supported region. We
will refer to the investment subsidy as being ‘strongly effec-
tive’ if the calculated EV under the subsidy scenario exceeds
the EV under the lump-sum transfer to the supported
regions.

DATA AND CALIBRATION

Regional set-up
The following calculations were performed for two alterna-
tive aggregations. In the first and main aggregation (aggre-
gation 1), the focus is on 16 NUTS-2 regions in Poland, as
well as the Baltic States of Estonia, Latvia and Lithuania.

Table 1. Subsidy for private investment: European Union funds and equivalent variation (EV) at t = 0, € millions per annum
(aggregation 1).

Region

European Union
funds

EV with a subsidy

EV with a lump sum
transfer

Global
portfolio

Local
portfolio

(2) (3) (4) (5)

1. Lódzkie 53 53 47 45

2. Mazowieckie 100 97 85 83

3. Malopolskie 72 74 65 63

4. Slaskie 83 79 69 67

5. Lubelskie 36 37 33 32

6. Podkarpackie 56 61 54 52

7. Swietokrzyskie 25 26 23 22

8. Podlaskie 31 34 30 29

9. Wielkopolskie 58 55 48 47

10. Zachodniopomorskie 29 29 25 25

11. Lubuskie 16 16 14 14

12. Dolnoslaskie 52 48 42 41

13. Opolskie 26 27 24 23

14. Kujawsko-Pomorskie 35 35 30 30

15. Warminsko-Mazurskie 30 31 27 27

16. Pomorskie 32 29 25 25

17. Estonia 37 37 33 32

18. Latvia 80 85 75 73

19. Lithuania 62 61 54 52

20. Germany 495 −367 −391 −356
21. Rest of the East European Union 585 533 461 453

22. Bulgaria, Romania 217 192 167 162

23. Rest of the European Union 1961 −1034 −1156 −1037
24. Balkan States and Turkey −20 −8 0

25. Rest of Europe −90 −84 0

26. Rest of the world −1193 −858 0

Poland total 735 731 641 624

East European Union 1715 1639 1431 1397

West European Union 2456 −1401 −1547 −1393
All European Union 4171 237 −117 4

World total 4171 −1067 −1067 5

Note: Asset ownership does not play a significant role in the case of a lump-sum transfer. Results for the lump-sum transfer are calculated under the local
portfolio setting.
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These regions receive a substantial amount of EU regional
funding (see below). Further regions include Germany, as
well as aggregate regions for the other areas of the EU
and the rest of Europe and one ‘rest of the world’ region.
In the second aggregation (aggregation 2), Poland is a
single region and Bulgaria and Romania are disaggregated
instead. The two schemes cover 26 and 25 regions, respect-
ively. For computational reasons, we have to keep the total
number of regions limited. The comparison of the results
from the two aggregations (for a subset of all simulations)
should illustrate the robustness of the model with regard
to changes in regional setting. Example time paths are

plotted for a high-subsidy case (Latvia), a low-subsidy
case (Germany) and for the rest of world (ROW).

Data sources
Data on the amounts of money from the European
Regional Development Fund (ERDF) and the Cohesion
Fund used to subsidize regional capital in the period
2007–15 stem from DG Regio. These data are provided
for NUTS-2 regions. All subsidies for the private sector
in each region have been added to arrive at the total amount
of regional private investment subsidies. For the public
capital subsidies, the expenditures on different

Table 2. Subsidy for public investment: European Union funds and equivalent variation (EV) at t = 0, € millions per annum
(aggregation 1).

Region

European Union
funds

EV with a subsidy

EV with a lump sum
transfer

Global
portfolio

Local
portfolio

(2) (3) (4) (5)

1. Lódzkie 90 76 82 80

2. Mazowieckie 335 281 304 297

3. Malopolskie 133 116 125 122

4. Slaskie 184 153 165 160

5. Lubelskie 91 82 88 86

6. Podkarpackie 101 93 100 97

7. Swietokrzyskie 58 52 56 55

8. Podlaskie 51 46 50 49

9. Wielkopolskie 116 93 100 98

10. Zachodniopomorskie 98 89 95 93

11. Lubuskie 43 38 40 40

12. Dolnoslaskie 150 130 140 137

13. Opolskie 42 37 40 39

14. Kujawsko-Pomorskie 60 50 54 53

15. Warminsko-Mazurskie 70 63 68 65

16. Pomorskie 117 104 110 110

17. Estonia 155 145 154 152

18. Latvia 167 156 167 164

19. Lithuania 264 246 263 257

20. Germany 280 −1541 −1511 −1421
21. Rest of the East European Union 2049 1789 1912 1875

22. Bulgaria, Romania 660 554 595 581

23. Rest of the European Union 2959 −3298 −3163 −3184
24. Balkan States and Turkey −12 −19 −3
25. Rest of Europe −140 −132 2

26. Rest of the world −1180 −1530 −5

Poland total 1738 1504 1615 1580

East European Union 5033 4395 4705 4609

West European Union 3240 −4838 −4673 −4605
All European Union 8272 −444 32 3

World total 8272 −1776 −1649 −2
Note: Asset ownership does not play a significant role in the case of a lump-sum transfer. Results for the lump-sum transfer are calculated under the local
portfolio setting.
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infrastructure support measures have been totalled, such as
communications infrastructure, electricity, waste manage-
ment, health, other social infrastructure, environmental
protection and the like. This does not include funds for
the support of transport infrastructure because we lack
the data on the transport cost impacts required to analyse
the spatial effects of these types of investment (Bröcker,
Korzhenevych, & Schürmann, 2010).

Two pieces of information needed to identify the initial
steady state are the regional gross domestic product (GDP)
and trade deficit in the benchmark (see below). The source
of GDP data for NUTS-2 European regions is Eurostat
(2017). United Nations Statistics Division (2017b) data
are used for other regions in the model. International
trade data stem from the United Nations Statistics Division
(2017a). The base year for GDP and trade data is 2011.
Other data sources include the Global Trade Analysis Pro-
ject (GTAP) database (Narayanan, Aguiar, & McDougall,
2012) plus relevant meta-studies, as set out in Appendix B
in the supplemental data online.

The matrix of interregional distance cost mark-ups is
the aggregated version (with regional GDPs used as
weights) of the full matrix computed for the whole world.
The parameters of the distance function are estimated
from a gravity model for international trade as in Bröcker
et al. (2010). Land distances between regions were calcu-
lated using a global road network from OpenStreetMap
(2017) contributors. Overseas travel distances were pur-
chased from AtoBviaC data provider. Sea-to-land distance
conversion rates were taken from Hummels (1999). The
interregional trade matrix was then solved for, based on a
doubly constrained gravity model, as in Bröcker (1998).

Calibration
Model calibration is based on a set of social accounting
matrices (SAMs) for each model region and an interregio-
nal trade matrix. The SAM for each region is highly sty-
lized. There are two production sectors (local and
tradable goods), three primary factors of production
(labour, private capital and public capital) and three final-
demand categories (private consumption, private capital
investment and public capital investment). The public sec-
tor raises taxes on labour input in all regions and finances
both public capital accumulation and subsidies or transfers
to the supported regions.

To maintain the steady-state property of the analytical
model, strong parameter restrictions have to be imposed.
Thus, the CD share parameters, substitution elasticities,
parameters of the adjustment cost functions and deprecia-
tion rates are the same across regions. Adhering to these
assumptions might be regarded as a severe restriction limit-
ing the general validity of the results. We address this issue
by reporting results from an alternative set-up without
endogenous diversity effects, for which the parameter hom-
ogeneity restriction can be somewhat relaxed. These results
do not contradict our main findings.

The regions in the model differ in terms of their factor
stocks, the calibrated productivity parameters, exogenous
labour tax rates, trade costs (which depend on the actual

location of the region), structure of trade and volume of
EU funding in the scenarios. The technical details of the
calibration are discussed in Appendix B in the supplemen-
tal data online.

As the true initial composition of the asset portfolios is
unknown, the following results are presented for two
extreme variations of the subsidy scenarios labelled ‘global
portfolio’ and ‘local portfolio’. Global portfolio means
that portfolio compositions for all regions are identical.
Thus, each aggregate regional household possesses a per-
fectly diversified portfolio of all private capital stocks avail-
able worldwide. If future shocks were unpredictable, the
perfectly diversified portfolio would be best for risk-averse
individuals, but it is not likely to be what we would observe
in practice. Local portfolio is the other extreme, where
households mainly own the private capital stock of the
region in which they live. The regions that have a surplus
of initial assets over their respective private capital stock
value are assumed to have invested this difference in a per-
fectly diversified portfolio.

RESULTS AND DISCUSSION

Subsidy for private investment
The results in Table 1 indicate that regional policy is effec-
tive in the supported regions. In all three scenarios (col-
umns (3)–(5)), the supported regions are characterized by
welfare gains. The subsidy for private investment is
strongly effective, a fact discussed in greater detail below.
The results thus suggest that the potentially negative spil-
lover effects discussed in the introduction are rather weak
and do not seriously undermine the effectiveness of private
investment subsidies.

One important finding is thus that welfare effects in the
supported regions are higher under both private investment
subsidy scenarios than under the transfer scenario. One
source of these additional effects over and above the trans-
fer scenario are the diversity gains (due to the Dixit–Stiglitz
structure of the demand for tradable goods). Another chan-
nel is the labour market, where wages rise in response to
greater production activity from the use of subsidized capi-
tal. However, the subsidy is more expensive for donor
countries such as Germany. In general, the donor regions,
which have low subsidy rates but co-finance subsidies for
other regions through taxes, show negative welfare effects.

The time path of the capital stock in Figure 1 illustrates
that a subsidy increases investments in the subsidized
regions, and that this increase is largest at the beginning.
Private capital stock accumulates above the initial bench-
mark level and converges to a new steady-state level (Figure
1, upper). If we had lower adjustment costs, we would
observe an even stronger concentration of investments in
the subsidized regions immediately after the shock.

In the case of the lump-sum transfer, there is virtually
no reaction on the capital market; prices are largely unaf-
fected. However, household incomes rise in the supported
regions, as do consumption and volume of savings.
Additional assets are accumulated and the trade deficit is
permanently larger (Figure 2).
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An interesting observation is that under a global portfolio
the subsidy effects for the supported regions are stronger than
under a local portfolio (Table 1), to the tune of 14% on aver-
age. Why is this? Figure 1 (middle right) neatly reveals the
mechanism. The subsidy causes the market value of installed
private capital to decline. This drop matters in quantitative
terms. It is important here to distinguish investment subsidies
from subsidizing user costs of capital. The latter benefits all
capital owners, both those owning the existing stock and

those investing in new stocks. The former harms owners of
existing stock, who then face new competition. While
regional workers own the complementary factor, capital own-
ers own a competing factor which becomes more abundant
due to the lower cost of investment.Thus,households owning
the local capital stock, which loses value due to the subsidy,
will face a reduction in welfare gains. A further observation
is that the welfare losses in the donor regions are lower in
the case of global asset ownership.

Figure 1. Time paths of the key variables in the private investment subsidy scenario (with a local portfolio).

Figure 2. Trade balance and consumption in the lump-sum transfer scenario.
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The bottom part of Table 1 suggests that under global
asset ownership the subsidy has a positive net effect on the
EU as a whole. However, based on the sensitivity analysis
employing alternative subsidy schemes, we find that this
effect only holds true if the economic size of the regions
supported is relatively small. For the subsidy under a local
portfolio, the net effect on the EU is negative; for the trans-
fer scenario, it is close to zero.

The rest of the world experiences negative welfare
effects under the subsidy scenarios (which although small
in relative terms are large in absolute terms, as Table 1 illus-
trates). The reason for this is the global relocation of invest-
ment towards the supported regions in the EU. The new
investments in the rest of the world go down, there is a
reduction in capital stock and output in comparison to
the benchmark steady state. Temporarily, consumption
decreases (in favour of investment in the EU) and the
trade surplus increases (due to exports to the EU). Under
a global portfolio, an additional negative effect in the rest
of the world is the drop in value of capital stock owned
in the supported regions. Overall, the subsidy leads to a
cost in terms of global efficiency. In contrast, the transfer
scenario is welfare-neutral for the rest of the world.

The impact of the diversity gains is demonstrated by
including results from an alternative model set-up, in
which the endogenous variety effect à la Dixit–Stiglitz is
switched off. This is done by fixing product diversity of
the supply of tradables in each region at their respective
benchmark levels in equations (13) and (15). The formu-
lation then resembles a classical Armington (1969)
assumption for trade in heterogeneous goods. Table C1
in Appendix C in the supplemental data online shows
that in the subsidy scenarios the welfare gains for the sup-
ported regions shrink slightly. The diversity gains for the
supported regions are thus visible, but they amount to
only 0.2–0.6 per million in terms of the REV. Under a
local portfolio, this small change makes households better
off with a transfer than with a subsidy (thus, only weak
effectiveness). For the donor regions, diversity gains seem
to compensate a small part of the welfare costs of the sub-
sidy. For the transfer scenario, the diversity gains play vir-
tually no role at all.

The growth rate of capital and consumption in this
alternative set-up without an endogenous variety effect is
equal to the rate of Harrod neutral technical progress (j).
Thus, in this case the homogeneity of model parameters
across regions is not necessary for the saddle-path stability
of model dynamics. We thus use this set-up to demonstrate
that the main findings hold also under parameter
heterogeneity.

Any parameter may be regarded as a candidate for
regional heterogeneity, but tracing the entire parameter
space in a robustness check is obviously impossible. For
deep parameters such as the rates of depreciation or inter-
temporal subjective discounting the values are difficult to
quantify even on national or global scale, and there is no
indication if and to what extent they may vary across
space. We thus follow the common practice to rely on a lit-
erature consensus in this regard, which does not allow for

any reasonable regional differentiation and is widely
accepted not only in growth modelling but also in standard
cost–benefit analysis.

A sensible candidate for checking robustness is vari-
ation of parameters that might in principle be calibrated
on a regional scale, if ideal accounting data were at hand.
The one that may matter in the context of this paper is
the share of tradables in final demand (e), because spillovers
of regional subsidies are suspected to work through a trade
channel and may thus depend on the openness of regions to
interregional trade. As we do not have the ideal regional
accounting data at hand allowing to calibrate the parameter
for all regions of the model, we vary it randomly in a
robustness experiment, assuming it to be uniformly distrib-
uted in the range [0.55–0.65], instead of being 0.6 for all
regions. This is a strong variation taking into account
that, according to input–output data (Narayanan et al.,
2012), the commodity composition of final demand is fairly
uniform across countries and likely not much less uniform
across regions.

Comparing Tables C1 and C2 in Appendix C in the
supplemental data online with homogeneous and hetero-
geneous parameters, respectively, shows differences in
detail as it should, given the fairly large parameter variation.
Still, the differences are moderate, and there is no case
where the qualitative conclusions regarding weak and
strong effectiveness and the role of the portfolio compo-
sition are affected: the effects in columns (3)–(5) are
ordered identically in Tables C1 and C2.

The final point here is the robustness of the modelling
results with regard to alternative aggregation schemes.
Table C3 online shows the results for aggregation 2
(with disaggregated regions in Bulgaria and Romania).
We can now compare the results from different model
runs. In the bottom part of Table 1 (columns 3–5), we
report the sum over the absolute effects for the Polish
regions. The values deviate only negligibly from the results
for Poland as a single region in Table C3. The same is true
of the disaggregated (Table C3) and aggregated (Table 1)
versions for Bulgaria and Romania. The results for
single-region countries (such as Latvia or Germany) and
for the whole world are also virtually the same in both
simulations. This demonstrates that the model is robust
against different aggregation schemes.

Subsidy for public investment
Table 2 presents the welfare effects for the public invest-
ment subsidy scenarios and the corresponding transfer
scenario. Again, the results are displayed for two extreme
cases of private capital ownership (public capital is owned
locally). Much as in the previous case, the results in
Table 2 indicate that the subsidies for public investment
produce positive welfare effects in the supported regions.

However, the results suggest that in terms of the size of
the effects on the supported regions, the order of scenarios
is different than in the case of the private investment sub-
sidy described above. The supported regions gain most
from the public investment subsidy under the local asset
ownership scheme. The subsidy is strongly effective in
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this case, but the lump-sum transfer turns out to be only
slightly inferior in terms of welfare impacts. Under the glo-
bal asset portfolio, the gains for the subsidized regions are
smallest (only weak effectiveness) and the EU as a whole
suffers a substantial welfare loss.

The mechanism behind these results again has to do
with the complementarity of production factors. When
public capital is subsidized, it accumulates faster, which
helps increase the productivity of other factors, including
private capital. Under the global portfolio, these capital
gains trickle down to other regions, while under the local
portfolio they stay in the supported region. In contrast to
the case of private investment subsidy, the market price
of installed private capital in the supported region does
not decline. After an initial leap it then converges to the
steady-state level.

In terms of global efficiency, a public investment sub-
sidy means that the welfare effects in the rest of the
world are negative and the world as a whole is characterized
by a welfare loss.

Further discussion
From the most fundamental perspective, simulated invest-
ment subsidies boost private and public capital accumu-
lation in the subsidized regions. The supported regions
invest more than they would otherwise, and the additional
accumulated factor stock increases output and income in
the supported regions, thus contributing to the goal of ter-
ritorial development. This is consistent with the majority of
recent econometric studies analysing European and
national support schemes for lagging regions (e.g., de Cas-
tris & Pellegrini, 2012; Cerqua & Pellegrini, 2014; Per-
coco, 2017).

The results are also consistent with previous findings
suggesting that the effects of regional policy depend on
the economic conditions of the supported regions (Fratesi
& Wishlade, 2017). In particular, trade openness has
been previously shown to increase the effects of regional
aid (Ederveen, Groot, & Nahuis, 2006). This correlation
is included in our model through the modest diversity
gains, which are higher if the costs of trade for the region
are lower.

The welfare impacts of subsidies for public investment
in our simulations remain close to the size of the EU funds,
no major additional effects were discernible. A similar find-
ing for the impact of EU funding in the period 2007–15
can be inferred from the results for selected regions
reported by the recently published RHOMOLO model
application (Di Comite et al., 2018). In this connection,
it is worth noting that EU support for regional public infra-
structure investment (which was allocated the largest bud-
get in the period 2007–15) is not the key instrument
advanced in the current debate about the future of EU
Cohesion Policy. However, the calls for smart specializ-
ation (targeting specific types of activities in every region)
and for an overall focus on supporting innovation, the
knowledge economy and the development of human capital
(Bachtler & Gorzelak, 2007) go far beyond the types of

policy interventions that can be represented in the model-
ling framework of this paper.

As far as subsidies for private firms are concerned, cur-
rent research and policy increasingly focus on the effects of
research and development (R&D) subsidies (e.g., Mon-
tmartin & Massard, 2015; Garau & Lecca, 2015). Incor-
porating endogenous growth mechanisms into the
multiregional modelling framework would allow simu-
lation of the effects of innovation subsidies on long-term
growth rates, which is a policy issue of high interest on
which empirical findings are mixed. This direction would
suggest itself as a natural extension of the modelling set-
up presented here.

CONCLUSIONS

This paper uses a multiregional dynamic model to study the
regional welfare impacts of investment subsidies for private
and public capital. First, with regard to the methodology, it
shows that a fully consistent multiregional neoclassical
model with forward-looking agents can readily be
implemented and solved, and that it is a useful tool both
in policy analysis in general and in the study of investment
subsidies in particular. We show that this model is robust
to various regional aggregation settings, although the maxi-
mum number of regions is currently limited.

Second, we see that private investment subsidies are
strongly effective. The supported regions enjoy welfare
gains of similar magnitude to the EU funds allocated.
The exact size of the welfare effects depends on the portfo-
lio distribution held by the households. If households only
own local stocks and are the only owners of those local
stocks, part of the welfare gain is lost through the drop in
share prices. This private capital devaluation effect of the
investment subsidy has not been described in the literature
so far. However, these interaction effects from the capital
market are not very large, a finding that contrasts with
some previous results reported from a static framework.
Also, although the diversity gains generated by the model
structure are small, they are still sufficient to make house-
holds in the supported regions better off under the subsidy
than under lump-sum transfer.

Third, a subsidy for investment in public capital is at
least weakly effective in the supported regions. The highest
welfare gains are achieved under local asset ownership
because in this case the productivity effects of public capital
accumulation do not spill over to other regions. Effects on
the supported regions under global asset ownership are
however smaller than the effects from a lump-sum transfer.
The divergent findings about the effectiveness of public
and private investment subsidies under different capital
ownership assumptions are one of the contributions made
by this paper.

Finally, from the point of view of total welfare, invest-
ment subsidies are not efficient in all scenarios. We show
that subsidies can lead to a welfare loss for the EU as a
whole and that they definitely lead to welfare losses in
the rest of the world, from which investments flow to the
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supported EU regions. The inefficiency is higher in the set-
ting without diversity effects.

The results of the simulations in this paper are subject
to several caveats. With this highly stylized model, we are
naturally unable to provide a fully realistic impact assess-
ment of EU regional policy. The simulation results are
thus only an illustration of the regional welfare impacts
under conditions of capital mobility and different asset
ownership schemes. The key findings with respect to effec-
tiveness in the target regions and overall inefficiency of
investment subsidies, however, turn out to be robust
against the chosen regional disaggregation and against
slight model modifications, including certain parameter
heterogeneity. Also, as this is a model with only one type
of household per region, within-region redistribution
effects of regional policy were not analysed. The only role
of region-specific taxes that figures in the model is that
of financing local (non-EU) public investment. Other
aspects of regional tax systems are not considered.
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