A Service of

[ ) [ J
(] [ )
J ﬂ Leibniz-Informationszentrum
° Wirtschaft
o Leibniz Information Centre
h for Economics

Make Your Publications Visible.

Henkel, Marcel; Seidel, Tobias; Suedekum, Jens

Working Paper

Fiscal Transfers in the Spatial Economy

CESifo Working Paper, No. 7012

Provided in Cooperation with:

Ifo Institute - Leibniz Institute for Economic Research at the University of Munich

Suggested Citation: Henkel, Marcel; Seidel, Tobias; Suedekum, Jens (2018) : Fiscal Transfers in the
Spatial Economy, CESifo Working Paper, No. 7012, Center for Economic Studies and ifo Institute

(CESifo), Munich

This Version is available at:
https://hdl.handle.net/10419/180274

Standard-Nutzungsbedingungen:

Die Dokumente auf EconStor durfen zu eigenen wissenschaftlichen
Zwecken und zum Privatgebrauch gespeichert und kopiert werden.

Sie dirfen die Dokumente nicht fiir 6ffentliche oder kommerzielle
Zwecke vervielféltigen, 6ffentlich ausstellen, 6ffentlich zugénglich
machen, vertreiben oder anderweitig nutzen.

Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen
(insbesondere CC-Lizenzen) zur Verfiigung gestellt haben sollten,
gelten abweichend von diesen Nutzungsbedingungen die in der dort
genannten Lizenz gewahrten Nutzungsrechte.

WWW.ECONSTOR.EU

Terms of use:

Documents in EconStor may be saved and copied for your personal
and scholarly purposes.

You are not to copy documents for public or commercial purposes, to
exhibit the documents publicly, to make them publicly available on the
internet, or to distribute or otherwise use the documents in public.

If the documents have been made available under an Open Content
Licence (especially Creative Commons Licences), you may exercise
further usage rights as specified in the indicated licence.

Mitglied der

Leibniz-Gemeinschaft ;


https://www.econstor.eu/
https://www.zbw.eu/
http://www.zbw.eu/
https://hdl.handle.net/10419/180274
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/

cesifo 7012
WORKING —
PAPERS

Fiscal Transfers in the Spatial
Economy

Marcel Henkel, Tobias Seidel, Jens Suedekum

cesifo



Impressum:

CESifo Working Papers

ISSN 2364-1428 (electronic version)

Publisher and distributor: Munich Society for the Promotion of Economic Research - CESifo
GmbH

The international platform of Ludwigs-Maximilians University’s Center for Economic Studies
and the ifo Institute

Poschingerstr. 5, 81679 Munich, Germany

Telephone +49 (0)89 2180-2740, Telefax +49 (0)89 2180-17845, email office @cesifo.de
Editors: Clemens Fuest, Oliver Falck, Jasmin Gréschl

www.cesifo-group.org/wp

An electronic version of the paper may be downloaded

- from the SSRN website: www.SSRN.com

- from the RePEc website: www.RePEc.org

- from the CESifo website: www.CESifo-group.org/wp




CESifo Working Paper No. 7012
Category 1: Public Finance

Fiscal Transfers in the Spatial Economy

Abstract

Many countries operate pronounced fiscal equalization schemes that shift tax revenue across
jurisdictions. We use a general equilibrium model with multiple asymmetric regions, costly
trade and labor mobility to carve out the aggregate implications of this policy. Calibrating the
model for Germany, we find that it indeed delivers smaller spatial economic disparities across
regions. This comes at the cost of lower national output, however, because activity is diverted
away from core cities and towards remote areas with low productivity. But despite this output
loss, fiscal transfers may still raise national welfare, because they effectively countervail over-
congestion in large cities.
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1 Introduction

Many countries conduct spatial development policies targeted at economically lagging re-
gions within their territory. Those place-based policies often take the form of discretionary
grants or spending programs by higher-order government layers, such as the Federal level,
to subsidize investment or job creation in designated recipient areasﬂ Examples include
enterprise zones in the United States or structural funds in the European Union. But

those regional policies are not the only means to shift resources across jurisdictions.

An equally, if not more, important instrument are fiscal equalization schemes. This
policy re-distributes tax revenue from areas with high financial capacity to poorer juris-
dictions, and thus effectively allows recipient regions to offer more public goods than they
otherwise could in the absence of transfers. Fiscal equalization schemes are used by many
countries to tackle spatial economic disparities, including Germany on which we focus in
this paperE| We estimate that a remarkable total volume of 65.7 billion Euro worth of
transfers is shifted across jurisdictions every year. This includes the Federal scheme which
allocates tax revenue between the 16 States and the Federal level (Linderfinanzausgleich),
and various lower-tier schemes which provide additional equalization across municipalities
within States. To set this into perspective, the amount of fiscal transfers within Germany

is more than twice as large as all EU structural funds taken togetherﬂ

Despite the prevalence of fiscal equalization schemes, surprisingly little is known about
their implications. How do they affect aggregate economic activity and the distribution
of population and income across space? What is their impact on productivity and welfare
at the national level? How do they shape regional migration flows? To shed light on these
important questions, we set up and quantify a general equilibrium model with multiple
asymmetric regions, costly interregional trade and labor mobility, and inter-jurisdictional
fiscal transfers. We calibrate the model, taking into account taxes and transfers as ob-
served in the data. In a counterfactual analysis, we then simulate how the equilibrium
would change if Germany were to abandon its equalization schemes completely. In this
hypothetical scenario, local public goods are financed solely by taxing local economic ac-
tivity, but there are no more transfers across jurisdictions. Comparing this counterfactual
to the actual equilibrium allows us to provide quantitative answers to the questions how,
and through which channels, fiscal equalization affects the spatial economy.

!The theoretical rationale for place-based policies is discussed by Kline and Moretti (2014) and Gottlieb
and Glaeser (2008). Newmark and Simpson (2014) summarize the empirical literature. Specific policies
have been evaluated, among others, by Busso, Gregory and Kline (2013), Becker, Egger and Ehrlich (2017)
and Ehrlich and Seidel (2018). Recent contributions by Glaeser and Summers (2018) and Rodriguez-Pose
(2018) discuss those policies in the context of the recent rise in populist vote shares in lagging regions.

2See Blochliger et al. (2007) for a recent cross-country overview of fiscal equalization schemes and an
estimation of their overall volumes across OECD countries.

3The volume of fiscal equalization also dwarfs the classical regional development policies within Ger-
many. The main instrument, labeled Gemeinschaftsaufgabe regionale Wirtschaftsstruktur (GRW), is similar

to the US enterprise zones program, and is operated jointly via discretionary grants by the Federal and
the State governments. It amounts to an annual volume of only 1.5 billion Euro.



Such a quantitative approach is needed, because the welfare implications of fiscal equal-
ization are not clear-cut from a purely theoretical point of view. On the one hand, by
shifting resources from rich to poor places, transfers may distort incentives and induce
some workers or firms to locate in regions that they otherwise would not have chosen
(Kline and Moretti, 2014). These mis-allocations may be particularly severe when re-
cipient areas have low levels of productivity, or when they are remotely located so that
transport losses in interregional trade are exacerbated. The fiscal transfers may there-
fore reduce aggregate output at the national level, because they shift economic activity
away from core cities (Hsieh and Moretti, 2017). On the other hand, the spatial economy
might be affected by various externalities that individuals do not take into account when
making location decisions. For instance, individuals ignore their impact on others that is
transmitted via local price index effects or through different agglomeration and congestion
forces. A laissez-faire equilibrium without transfers may therefore be characterized by an
inefficient spatial structure, and in particular, by cities that are “too large” from a social
point of view (Henderson 1974; Albouy et al. 2017). By reducing over-congestion in cities,
the fiscal transfers may therefore actually mitigate rather than exacerbate mis-allocations.
We consider some stylized examples of our model and show that the welfare implications
of fiscal equalization are indeed ambiguous. Transfers reduce welfare in some constella-
tions, but improve welfare in other cases. To investigate the effects of fiscal equalization

in practice, we therefore take our model to the data.

This quantification is challenging, because the rules and details of the German equal-
ization schemes are complicated and span over several governmental layers (Federal, States
and local municipalities). No official statistics are available for net transfer rates of local
jurisdictions. To construct empirical proxies, we exploit information on the volumes of
generated taxes and available public funds at the local level in the year 2010. Our approach
assigns taxes and expenditures to the 411 German districts (Landkreise), accounting for
fiscal equalization within and between States as well as the allocation of public funds
across government layers. The numbers suggest that the total volume of re-distribution is
substantial, and amounts to 65.7 billion Euro per year or 12.4 % of the aggregate tax rev-
enue. Large and productive cities in the West are the biggest net contributors. Frankfurt
comes out on top with a transfer rate of 13.3 % of local gross domestic product (GDP),
which is equivalent to 11,000 Euro per inhabitant that is paid to other jurisdictions via
fiscal transfers. The main recipients are poor and remote locations, often located in East

Germany, which receive support of up to 23.1 % of local GDP.

In our counterfactual scenario, where all fiscal transfers are abolished, we observe a
major migration wave out of the former recipient and towards the former donor regions. In
total, we calculate that roughly 3.2 million people would change their district of residence.
Some East German cities would lose almost one quarter of their population, while big cities

like Frankfurt, Munich or Diisseldorf would substantially grow. As the induced migration



is from less to more productive regions, we observe substantial gains in aggregate output
and productivity at the national level. In our benchmark specification, we calculate that
abolishing transfers raises average labor productivity by 5.8% and real GDP per capita
by 3.7%. Fiscal equalization therefore seems to imply an equity-efficiency trade-off: by
retaining economic activity in the periphery, fiscal transfers limit productivity and income

dispersion across space. But this comes at a cost, namely lower national output.

When turning to national welfare, however, we find that this trade-off may actually
not exist. In our baseline counterfactual, welfare even mildly decreases by 0.05% when
transfers are abolished. In alternative specifications we sometimes obtain welfare gains, but
they are consistently an order of magnitude smaller than productivity and output gains.
The reason is that the former donor regions are already over-congested in the initial
equilibrium. When transfers are switched off, additional migration into those crowded
cities is induced, and this makes the problem of congestion externalities even worse. In

other words, abolishing fiscal equalization may increase national GDP but not welfare.

Our paper relates to various strands of literatures. First, it adds to recent quantita-
tive trade models with factor mobility and exogenous local characteristics (e.g. Allen and
Arkolakis, 2014, Behrens, Mion, Murata, Suedekum, 2017, and Redding, 2016). We con-
tribute to this line of research by introducing inter-jurisdictional transfers that necessarily

imply trade imbalances between locations (Dekle, Eaton, Kortum, 2007).

A second line of research focuses on the optimal design of fiscal transfer schemes dating
back to at least Buchanan (1950). A main objective is to understand the effect of taxes
and transfers on the migration decisions of workers (see Albouy, 2012, Albouy et al., 2017).
Our approach explicitly accounts for costly trade and locational preferences of households

in understanding the economic effects of fiscal equalizationﬁ

Third, the paper adds to the literature on the existence and costs of factor mis-
allocation (e.g. Hsieh and Klenow, 2009). A related paper by Hsieh and Moretti (2017)
studies the extent of labor mis-allocation due to housing supply restrictions in the US.
They find that these regulations have lowered economic growth by more than 50 % be-
tween 1964 and 2009. In our model, fiscal equalization also implies lower productivity
and output at the national level, but it potentially also mitigates over-crowding in high-
productive locations caused by negative congestion externalities. We therefore emphasize

that aggregate implications for national output and welfare may be very different.

The paper is organized as follows. We introduce the spatial model with fiscal equaliza-
tion in Section [2] and illustrate key economic mechanisms in Section [3] Section [ explains
how we quantify the model for Germany. The counterfactual analysis presented in Section

Bl before we conclude in Section [6

‘Fajgelbaum and Gaubert (2018) develop a quantitative spatial model with costly trade to examine
efficient spatial policies. Our paper places a specific weight on fiscal equalization.



2 A quantitative geography model with fiscal equalization

We consider an economy consisting of N regions. The economy is populated by a mass L
of homogeneous workers, who are (imperfectly) mobile across regions. Governments in
every region collect income taxes to provide local public goods, and a fiscal equalization

scheme reallocates resources across jurisdictions.

2.1 Preferences

Households in region ¢ derive utility from consumption of a private good C(i) and public

services G(i) according to the following Cobb-Douglas preferences, where 0 < vy < 1:

Ui) = u(i) - (LG((Z))n)W O, (1)

The parameter n € [0;1] governs the degree of rivalry in public services, with n = 0
capturing the case of a pure local public good and 1 = 1 the case of fully rival per-capita
transfers. The term u(i) represents a local amenity including fixed features like scenery
or climate, but also endogenous local characteristics such as congestion or housing prices.
It will be discussed in greater detail in Section below.

2.2 Production technologies

Every region ¢ produces a unique variety of a differentiated intermediate good under
perfect competition using labor as the sole input. Locations differ in productivity, such
that every worker produces A(i) units of this good. A final good Q(i) is assembled from

the continuum of intermediates according to the following CES aggregator:

Q= [ atn. z‘)Tdn}“J‘l. (2)

Here, q(n, 1) denotes the quantity of the variety produced in location n and used for assem-
bly in location 7, and o > 1 represents the elasticity of substitution between intermediates.
We assume that 7(n,7) > 1 units must be sent from n for one unit to arrive in 4, and we
abstract from intra-regional transport costs (7(i,4) = 1). Final goods are not traded
across regions, and assembly has no extra costs. The price of the final good in location 4

is therefore given by

P(i) = { /N p(n, i)ladn] s (3)

This final good Q(i) can either be used directly for private consumption C(i), or by
local governments to provide public services G(i). Thus, we have Q(i) = C(i) + G(i). The



aggregate demand for the variety from n in location ¢ is given by

p(n, i)~

By B, ()

q(n,i) =

where E(7) denotes overall (private and public) expenditure in i.

2.3 Profit maximization and inter-regional trade

As the differentiated varieties are produced under perfect competition, prices equal effec-
tive marginal costs including transport costs. That is, p(n,i) = 7(n,i)w(n)/A(n) for the
intermediate produced in n and sold in i, where w(n) is the wage in n. Using those prices

in (3) and we obtain total sales from n to i as follows,

. l1—0o

and the CES price index in location ¢ becomes:

P(i) - [ /. (T(”j(>$(”)>l_g dn] e (®)

2.4 Taxes, public spending, and fiscal equalization

We now describe the public sector in this economy. Income is taxed at rate rate (i)
in region i, which generates an overall tax revenue equal to ¢(i)w(i)L(i). Assuming
that the public budget is balanced, the level of local public goods is thus given by
G(i) = t(i)w(i)L(:)/P(i) when there are no inter-regional transfers. When a fiscal equal-
ization scheme is in place, every region is either a net recipient of public funds from other
jurisdictions, or respectively, a net donor. Net receipts are denoted as 6(i)w(i)L(7), where
the transfer rate relative to local aggregate income is positive (6(i) > 0) for recipient and
negative (6(i) < 0) for donor regions. Given those transfers, the effective budget that is

available for local public goods provision in region i is given by

G(i) = [t(d) + 6(2)] w(@) L(7)/ P(0), (6)

and aggregate spending becomes F (i) = (1 + 0(i))w(i)L(7).

This specification of the public sector is kept as simple as possible, but it is flexible
enough for our purpose of taking the model to the data. Three comments are in order
about our setup. First, the model abstracts from any optimizing behavior of governments
in the setting of tax rates ¢(i) or transfer rates 6(7), including strategic considerations such

as horizontal tax competitionE] Instead, we consider ¢(i) and (i) as exogenously given

5Notice that local government in Germany have indeed little autonomy over tax rates, as less than 9 %



and recover them from the data. Starting from those observed actual choices, we then
study the economic effects of fiscal equalization in a counterfactual analysis. Second, we
abstract from a Federal government (or any other vertical structure) and from national
public goods. In the empirical application below, however, we consider all layers of the
public sector in Germany, and break down Federal and State tax revenue to the local level.
This approach also allows us to include tax revenue from other sources (such as value-
added or corporate profits) other than income taxes as featured in our model. Third,
we abstract from progressive tax schedules and dead-weight losses of income taxation.
However, although individuals supply labor inelastically, we will see later that they respond
to regional differences in tax and transfer rates through migration. Local governments

therefore do face a mobile tax base, as individuals choose their locations endogenously.

2.5 Indirect utility, agglomeration and dispersion forces

Using f@ in , we can write indirect utility in region ¢ as follows:

W) = ui)- Bt - L6707 (60 + 007 (1= )" )

The first two terms in show that regions with better amenities u(i) and higher real
wages w(7)/P(i) tend to be more attractive locations for households. Moreover, the third
term indicates that larger regions are more desirable when there is some non-rivalry in
public services (if n < 1), because more inhabitants can share public facilitiesﬁ Finally, the
fourth term shows that an inflow of fiscal transfers (an increase of (7)) increases indirect

utility, ceteris paribus, because it allows governments to expand local public goods.

Apart from the sharing of local public goods, there is an additional agglomeration force
in our model that operates via the local productivity level. More specifically, we follow
Allen and Arkolakis (2014) and assume that A(7) is given by:

A(i) = A(i)L(1)*, with a > 0. (8)

Here, A(i) represents a location-specific exogenous productivity, and the positive impact
of L(i) on A(7) captures additional agglomeration economies such as knowledge spillovers.

The strength of this force is measured by the elasticity «.

The dispersion force in our model works through the local amenity term u(7). It, too,
contains an exogenous component (%), capturing scenery or climate, and an endogenous

part that is negatively linked to local population size as follows:

of tax revenue comes from sources over which they have any discretion. See Section 4 for more details.
5Tn other words, local public goods provision establishes one agglomeration force in our model that is
increasing in v and decreasing in 7.



u(i) = a(i)L(i)™%, with 8 >0, 9)
where 3 governs the strength of that endogenous dispersion force.

This simple notation is a short-cut for several possible micro-foundations of local con-
gestion effects. For example, it may capture higher housing prices or more traffic jams in
larger cities. Allen and Arkolakis (2014) have formally established this isomorphism. First,
defining 1 — § as the income share spent on a fixed local factor, and setting o = 1/(o — 1)
and By = (1—0)/0 renders this model isomorphic to Helpman (1998) and Redding (2016).
The price of the immobile factor increases when workers migrate into a region, and this

congestion externality runs through @ in our setup.

It is also straightforward to incorporate idiosyncratic locational preferences into this
model. Allen and Arkolakis (2014) show that this effectively scales up the endogenous
dispersion force. More specifically, suppose that indirect utility of worker w in location ¢
features an additional term v(i,w), which is additively separable in and is drawn from
a Frechet distribution with shape parameter &k as in Redding (2016). Using @D, the first
two terms in can then be written as w(i) - w(i)/P(i) - L(i)™?, where 8 = o + 1/k.
Workers become imperfectly mobile across regions, as their location choices are now also
affected by idiosyncratic tastes. This lower degree of mobility materializes in the model

as if the local congestion force were stronger (8 > ).

To keep our model parsimonious, we do not take a stance on specific micro-foundations,
but use and @ as flexible reduced forms for agglomeration and dispersion forces, and

we add sharing of local public goods as another agglomeration externality.

2.6 Equilibrium

A competitive equilibrium in this economy is defined by the following four conditions:

1. Labor market clearing.

/ L(n)dn = L (10)
N

2. Goods market clearing. Total labor income in region i, w(i)L(7), must equal

region ¢'s total sales to all locations n € N:
w(i) (i) = / X (i, n)dn, (11)
N

where X (i,n) is given by and includes fiscal transfers across regionsm

"Note that fiscal transfers imply trade imbalances in equilibrium. Donor regions produce more than
they consume, and thus run a current account surplus (also see Dekle, Eaton and Kortum, 2007). To
see this formally, recall that total expenditure must equal local spending plus total imports, so E(i) =
(14 6032)w()L(z) = fN X(n,i)dn. Comparing this expression with (L), we observe that the difference
between exports and imports is given by —60(i)w(i)L(¢), while fN(—H(n)w(n)L(n))dn =0.



3. Balanced public budget. The total amount of transfers paid must equal the total

amount received:
/ 0(i)w(i)L(i)dn = 0. (12)
N

Moreover, every local government spends its available budget entirely on local public
goods, [t(z) + 0(i)] w(i)L(i) = G(i), as imposed above in ().

4. Utility equalization. Finally, free mobility of labor ensures that utility is equalized
across all locations. That is, W (i) = W (j) =W Vi,j € N.

To solve for the equilibrium, we first combine utility , bilateral exports , and goods-
market clearing to obtain

L(Z)l a(oc—1) () Wl O'A 0' 1/NT -4 )0' 1@( ) (13)

(14 0(n)) w(n)? L(n) e DI=80=lgp,
where ©(n) = (t(n) + 6(n))7(1 — t(n))!~7. Second, combining and yields

w(i) =7 L)1l Zpri-r (i) la(i)T ! (14)

[ 707 A ()= L),
N

Using data on tax rates ¢(i), transfer rates 6(i), bilateral trade costs 7(i,n), wages
w(i), and population sizes L(i) in the system ((13) and (14]) allows us to solve the model

for the exogenous productivities A(i) and amenities (i ) up to a positive constantl

In the subsequent analysis, we restrict our attention to cases with all regions populated
in equilibrium. To do so, we impose the following assumption which is an extension of the
parameter restriction for uniqueness and stability of the spatial equilibrium used by Allen
and Arkolakis (2014):

Assumption 1: 3> a+~v(1—n).

In words, the congestion force parameterized by 8 > 0 is at least as strong as the sum of
the standard agglomeration force (o > 0) and the sharing of public facilities (y(1—n) > O)ﬂ
Notice that the net agglomeration externality is thus negative, « +y(1 —n) — 8 < 0, so

that an inflow of population into region 7 reduces indirect utility W (i), ceteris paribus.

8 Allen and Arkolakis (2014) have shown that for (n) =0 Vn and © = 1 it is possible to collapse the
above system of two nonlinear integral equations into one equation providing a direct link between w(%)
and L(7) for each location. In this case the equilibrium can be obtained as the uniform limit of a simple
iterative procedure for specific parameter restrictions.

91f this parameter restriction was not satisfied, there would be equilibria where all workers concentrated
in a single region. See Allen and Arkolakis (2014).



3 The impact of fiscal transfers: Examples

Before turning to the quantification we briefly illustrate our model with two simple styl-
ized examples. In both cases we start from a scenario without fiscal transfers, and then

introduce them in order to highlight their various economic impacts.

3.1 Income and size differences

Consider a setting with identical exogenous amenities u(i) = u, equal tax rates (¢(i) = t)
and without transport costs across all N regions (7;; = 1 Vi, j). We split regions into two
groups with exogenous productivities A(i) = Ay in n; € [0; N/2] and A(i) = Ay < A4
in ng € (N/2; N]. In an initial equilibrium without fiscal transfers, all regions within a
group are symmetric since geography plays no role. Moreover, the productive regions in
group 1 are larger than the less productive ones in group 2 (i.e., L1 > Lg). They also
have higher wages (w; > ws), higher output (@1 > Q2), higher spending (E; > E»),
and more public services (G; > G3). Those regional gaps are larger, the higher is the
exogenous productivity difference A = A1/Ay > 1@ Yet, regions in group 1 have lower

overall amenities (u; < ug) due to the endogenous congestion forces.

Now we introduce a small fiscal transfer from the rich to the poor regions, i.e.,
dOrws Ly = —dfiwi Ly > 0. This transfer triggers migration towards group 2, because
it allows for more local public goods there, which in turn makes the regions in group 2
relatively more attractive. As a consequence, the regional productivity gap partly closes
in the new equilibrium, because inward migration endogenously raises productivity in
group 2 and outward migration lowers it in group 1. At the aggregate level, however, the
economy suffers an output and productivity loss, because the transfer effectively induces

individuals to relocate from productive to unproductive regions.

Utility is, of course, equalized across all regions in the old and in the new equilibrium.
But the common [evel of equalized utility in the economy (denoted W = W; = W) will
differ before and after the small fiscal transfer is introduced. In Figure [T we plot the
percentage change in W resulting from the fiscal transfer against the size of the initial
productivity gap A. We observe that the transfer leads to an overall welfare gain in the

economy, which is increasing in the magnitude of A.

Why does fiscal equalization raise overall welfare in this example, although it lowers
aggregate output and productivity? The intuition is that regions in group 1 are inefficiently
large in the initial equilibrium. To see this, notice that single households neglect the impact

of their private location decisions on other agents, which are transmitted via the local

ONotice that the overall productivity difference between the regions is even larger than A due to the
endogenous agglomeration externality .



Figure 1: FISCAL EQUALIZATION BETWEEN PRODUCTIVE AND UNPRODUCTIVE REGIONS

A (donors vs. recipients)

[-=n=0—6—p=1]

Notes: The figure illustrates the welfare implications of introducing a fiscal equalization scheme. We rule
out trade costs to isolate the effect of productivity (and thus income) differences between regions. The
figure shows the association between the percentage change in welfare, W, and the relative exogenous
productivity parameter of donors versus recipients, A = A1/A2 > 1. We plot the results for n = 0 and
1n = 1 to highlight the importance of the rivalry in consumption of the local public good.

externalities including the price index, and migrate until average utilities are equalized
(W1 = W3). A welfare-maximizing social planner, by contrast, would allocate workers
so as to equate marginal utilities OW;/0L; = 0W5/0Ls, and thereby fully internalize
all externalities (also see Albouy et al. 2017)@ Recalling that our model features a
negative net agglomeration externality, since the congestion effect outweighs the sum of
agglomeration effects, this implies that the optimal size of the regions in group 1 is smaller
than their equilibrium size. That is, regions in group 1 are too large while those in group 2

are too small from a social point of view, and this problem is more severe the higher is A.

The small fiscal transfer that we consider in our thought experiment partly offsets this
distortion. It does, in general, not implement the optimal allocation in this economyE
However, given that the transfer is arbitrarily small, we can be sure that it moves the
equilibrium closer to the optimum by triggering private incentives to move to group 2.

Thereby it reduces the problem of over-congestion in the large regions in group 1.

Finally, notice from Figure [1] that the aggregate welfare gain from fiscal equalization
is increasing in 7, the degree of rivalry of local public goods. This is because the net
agglomeration externality, a + v(1 —n) — 8 < 0, is less negative with a pure public good

HThese authors compare equilibrium and optimal allocations in an urban system with heterogeneous
sites and without transport costs. Our current example also assumes freely tradable goods, and is therefore

a special case of their general model.
12Recall that the design of an optimal policy scheme is not the research question of this paper.
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(n = 0) than with rival per-capita transfers (7 = 1). The initial equilibrium is less over-

congested, hence, the transfer tackles only a smaller problem in the economy.

3.2 Trade costs and geography

Our second example focuses on trade costs. We place a discrete number of N locations at
equal distances along a unit line, and assume that overall trade costs 7 are proportional
to the distance of shipmentE Obviously, regions in the middle of the line have a more
favorable geography than regions on the edge. If exogenous productivities and amenities
were the same everywhere, these central locations would thus be larger and pay higher

wages in equilibrium (also see Allen and Arkolakis, 2014).

To focus on geography instead of size and income differences, which were discussed in
the previous example, we impose different assumptions. In particular, we set the exogenous
(i) and A(i) such that initial population sizes L(i) and wages w(i), and therefore local
GDPs, are the same everywhere in the initial equilibrium. In other words, regions become
more attractive and productive towards the edges of the line, and this compensates for
the unfavorable geography which materializes in a higher price index. The higher is 7, the

stronger are the required compensating differentials for equal regional sizes and incomes.

Starting from this scenario, we now introduce a small fiscal transfer that shifts resources
from the center towards the edges, in proportion to individual positions on the line. Again,
this triggers migration away from the donors and towards the recipients, so that more
economic activity moves towards the periphery. As before, utility is equalized across

regions in the old and in the new equilibrium, i.e., before and after the transfer.

Figure 2] illustrates the change in the economy-wide welfare level W for different levels
of trade costs. When transport is costless (7 — 1), all regions are identical ex-ante as there
are no geographical disadvantages that need to be compensated by exogenous productivity
or amenity differences. Then, shifting resources via the transfer scheme has no aggregate
welfare effects. At higher levels of 7, however, there are stronger ex-ante differences
in regional characteristics (i) and A(i) which are held constant in the counterfactual

scenario.

We observe that the overall welfare implications of fiscal equalization turn negative, and
the magnitude is stronger the higher is 7. Fiscal transfers now exacerbate transport losses
in interregional trade, as they effectively shift economic activity from central to remote
locations so that more output must be shipped over longer distances. Those transport
losses are associated with an overall welfare loss in the economy, even if the peripheral

recipient locations are inherently more productive and attractive.

3That is, trade costs are 7 from one end of the line to the other, 7/N between any two nodes, etc.
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Figure 2: FISCAL EQUALIZATION BETWEEN CORE AND PERIPHERY

Trade cost

‘*'*'n:O 49*7121‘

Notes: The figure illustrates the welfare consequences of introducing a fiscal equalization scheme. We
assume that regions have the same GDP before equalization, but differ with respect to transport costs.
Locations in the core have lower transport costs than locations in the periphery. The figure plots the
reaction of welfare in percent, W, when trade becomes more costly and recipient regions are located in
the periphery. We plot the results for n = 0 and n = 1 to highlight the importance of the rivalry in
consumption of the local public good.

3.3 Discussion

Summing up, the two examples suggest that the overall welfare implications of fiscal
transfers are ambiguous. They may lead to lower output and productivity at the national
level, if they induce people to locate in unproductive regions. They may also amplify
transport losses when they provide incentives for households to move towards remote
areas. On the other hand, fiscal transfers may tackle the problem of over-congestion in
large cities that is inherent in our framework. Which forces dominate on balance is not

obvious, a priori, and hinges on specific parameter constellations

In reality, all those aspects are likely to operate in parallel. Our aim is, therefore, to
conduct a quantitative analysis of an economy with multiple asymmetric regions, in order

to shed light on the various economic effects of fiscal equalization.

4 Quantification: Fiscal equalization in Germany
To bring our model to the data, we consider the case of Germany which operates a pro-

nounced fiscal equalization scheme that shifts a substantial amount of resources across

jurisdictions. Our calibration is for 2010, which is the most recent year for which all nec-
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essary information is available. We start with an overview of the institutional background
before introducing the data and discussing parameter choices and estimation. Finally,
in a counterfactual analysis, we simulate an extreme scenario when Germany were to

completely abandon its fiscal equalization schemes.

4.1 Institutional background

Political power in Germany is divided between the Federal government, State governments
(the Lénder), and municipalities. Each of these authorities is autonomous and largely
independent with respect to budgetary issues, but at the same time responsible for carrying
out specific tasks on the expenditure side of the public budgets. The revenue side is formed
by a combination of independent taxes set by the different government layers, and to the

largest extent by the sharing of joint taxes.

Table[I]shows that the aggregate tax revenue summed up to 530.6 billion Euro in 2010,
which is equivalent to 20.6% of GDP. Joint taxes account for approximately 70% of this
amount, with income taxes (32 %) and the value-added tax (VAT, 34%) being by far the
most important categories. Those revenues are shared between the three broad government
layers according to specific formulas@ Additional taxes come on top whose revenues
accrue exclusively to only one layer. Here, the Federal level accounts for 18.4% (e.g., excise
duties), States for 2.3% (e.g., inheritance taxes), and the local level for 9% of the overall
revenue. The latter include real property and excise business taxes ( Gewerbesteuer), which

are the only cases where municipalities have some discretion in setting tax rates.

Table 1: TAX REVENUES, 2010

in billion Euro in %
Joint 372.9 70.3
Federal taxes and tariffs 97.8 18.4
State 12.1 2.3
Municipality 47.8 9.0
Sum 530.6 100

Source: German Statistical Office (2011a).

MFor example, income taxes are shared with shares 42.5% for the Federal, 42.5% for the State, and 15%
for the local level. For the VAT, the respective shares are 52%, 45.5%, and 2.5%. See Federal Ministry of
Finance (2016) for further details.
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Starting from this initial distribution across the three broad layers of government, tax
revenue must be allocated to the single States and municipalities. This is done according
to a complicated set of rules that includes population and income shares, as well as various
fiscal equalization schemes. Their constitutional basis is Article 72 of the German Con-
stitution, which states that living conditions should be “equivalent” across the country.
Both the formula-based Federal equalization scheme (Ldnderfinanzausgleich, LFA), and
the municipal schemes within the single States (Kommunaler Finanzausgleich, KFA) are

specific institutional frameworks derived from this goal.

Both schemes essentially organize the distribution of revenues from joint taxes, cou-
pled with additional fiscal grants from higher- to lower-level government layers as well as
horizontal transfers between jurisdictions on the same layer. All detailed rules are sum-
marized in official documents by the German Federal Ministry of Finance (2015, 2016)
and analogous documents by the State Ministries. Rather than repeating them here, we
describe in the next subsection how we break down tax revenue to the local level and

thereby back out the effective degree of fiscal equalization from official tax data.

4.2 Measuring fiscal equalization

Our unit of observation in this paper are the 411 German districts (Landkreise and kre-
isfreie Stdadte), which are administrative units roughly comparable to US counties. To
bring our model to the data, we need to compute local tax revenue before and after re-
distribution, i.e., t(i) and t(i) 4+ 0(i) for every district ¢. This type of information is,
unfortunately, not readily available from an administrative source. We therefore need to

add some structure to the data, in order to construct empirical proxies.

We proceed in two steps. First, we compute total tax revenues generated per district.
This step yields local average tax rates t(i). Second, we compute the available local tax

budgets after redistribution, which in turn allows us to recover the transfer rates 0(3).

Tax revenue before redistribution. A key data source for the first step is provided
by the German Federal Statistical Office (201 la)E Each municipality is entitled to keep a
certain percentage of income taxes (15%), VAT revenues (around 2%) and excise business
taxes (varies between municipalities). Combining the absolute amounts of these taxes that
are directly attributable to municipalities allows us to uncover the respective total volume
of tax income in these categories. To this we add the local taxes that each municipality
can keep entirely, and we are able to assign more than 70% of aggregate German tax
revenue to the local level with this approach. The remaining 30 % comprise the exclusive

Federal and State taxes, and the corporate taxes which are shared between the Federal

5The specific statistics are called Fachserie 14-4 (Steuerhaushalt) and Fachserie 14-10 (Realsteuerver-
gleich), and Bruttoeinnahmen der Gemeinden (gross income of municipalities).
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and the State level. We allocate the origin of those revenues across districts according to
their shares in directly attributable tax income, as previously described. This captures the
idea that districts with higher VAT and income tax revenue are characterized by higher
economic activity in general, which in turn also leads to more revenues from other taxes.
Finally, dividing tax revenues by local GDP as reported by the Federal Statistical Office

yields the average tax rates t(7).

It is worth emphasizing that local GDP is only a proxy for the local tax base, since
income is taxed at the place of residence rather than at the workplace. Given that ag-
glomerated areas, especially the main cities, are characterized by net inflows of commuters
from adjacent districts, local GDP overestimates the tax base in rich locations and under-
estimates it in residential districts with less employment. As a result, our measure of the
average tax rate provides a conservative approximation of the size of fiscal equalization,

given that rich locations are net contributors.

Tax revenue after redistribution. Second, we compute local public budgets after
redistribution. Here we directly draw on information from the Federal Statistical Office,

which publishes data on municipal tax budgets including transfers from other jurisdictions.

The remaining task is to allocate the tax budgets of the upper layers, the Federal
and the State level, to the districts. We do this by using information about the States’
tax budgets after redistribution, and assign this amount to municipalities according to
population sharesE We proceed in an analogous way for the remaining Federal tax
budget. Combining collected taxes t(i) from step one, and the available public budgets
t(i) + 0(¢) from step two finally delivers the transfer rates per districts, 6(¢), which are

expressed relative to local GDP.

4.3 Descriptive overview of fiscal equalization

Figure |3] visualizes the per-capita fiscal transfers for all German districts. Darker colors
indicate stronger net recipient positions, while donor regions are shown in lighter colors.
Large German cities turn out to be major net contributors to fiscal equalization, while pe-
ripheral regions (especially in former East Germany) are the main recipients. Here, annual
per-capita public transfers exceed 3,000 Euro in some cases. By contrast, Frankfurt is the
biggest net contributor, with approximately 11,000 Euro donations per-capita, followed

by Munich where the respective value is 5,700 Euro.

Panels (a) and (b) of Figure {4] illustrate that the transfer rates 6(i) are correlated
with local wages and population sizes. Net donors are indicated by blue crosses, while

red circles indicate net recipient regions. We observe that high-income locations are net

16This allocation by population shares captures the idea that citizens have similar fiscal needs that
require similar public funds per capita.
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Figure 3: PER-CAPITA TRANSFERS (IN EURO)

Transfers per capita
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Notes: Darker areas indicate recipients, bright areas donors.

donors, that is 6(i) < 0. More populated locations also tend to be net donors, although
Berlin stands out as the major outlier, because it has the largest population but still
receives fiscal transfers of around 5.4 % of its local GDPEl

With this information at hand, we can also calculate the total amount of fiscal transfers
that was shifted across districts in 2010. Specifically, recalling that net donations must
equal net receipts by construction, we can sum up the absolute terms S 72 w (i) L(7)6(3)| /2
in order to construct a measure for the overall magnitude of fiscal transfers in Germany.
This yields a considerable amount of approximately 65.7 billion Euro, or 12.4% of the
aggregate tax revenue. Notice that this amount is substantially larger than officially
documented figures for the Federal equalization scheme (LFA) as reported by the German
Ministry of Finance. In Appendix Table we illustrate the single steps of this scheme,
which sum up to a transfer volume of only 26.5 billion Euro that is shifted across States.
Our calculations suggest, however, that the actual volume of fiscal equalization is even

larger, because we also take into account transfers across districts within States[™]

"The discrepancy between donors and recipients with respect to population and per-capita income
implies that paid transfers are lower relative to local GDP than received transfers. The average level of 6
is -0.03 for donors and 0.07 for recipients.

!8Notice that we abstract from additional (explicit or implicit) fiscal redistribution via other public
budgets, e.g. the social security system, so our estimate may even be a lower bound.
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Figure 4: RELATIONSHIP OF WAGES AND POPULATION WITH THE TRANSFER RATE

(a) Wages, w(7) (b) Population, L(%)

Initial wages
X
%
x

Initial population

L L n L L
0.05 -0.15 -0.1 -0.05 0 0.05 0.1 0.15 0.2 0.25
Transfer rate, 6 Transfer rate, ¢

Notes: Panel (a) links wages to transfer rates 0(i). Panel (b) plots the relationship of population with the
transfer rate (). Note that donors have a negative transfer rate § < 0 and are marked by crosses (in
blue). Recipients are identified by positive transfer rates and are marked by circles (in red).

4.4 Parameter choices and estimation

In this subsection, we discuss the choice of pre-determined parameters, our strategy to

estimate bilateral trade costs 7(i,n) and further data needed to quantify our model.

Basic parameters. We choose baseline values for «, 3, 7, n and ¢ by relating to avail-
able estimates from the empirical literature. First, we set @ = 0.05 as in Rosenthal and
Strange (2004), who show that productivity increases by around 5% if population dou-
bles. Second, our chosen value of j is derived as follows. Allen and Arkolakis (2014)
show that their model is isomorphic to models where households spend a constant income
share on housing, ¢, such that 5y = 6/(1 — §). According to Eurostat, average expendi-
ture on housing in Germany amounts to roughly 25% in 2010, which in turn leads to a
value of By ~ 0.33H In addition, as argued in Section £ may contain idiosyncratic
locational preferences and the associated mobility frictions. If these preferences are dis-
tributed Frechet with shape parameter k = 3, as suggested by Bryan and Morten (2015),
the overall value of 8 can be written as 5 = [y + 1/k, which rationalizes our choice of
B = 0.66 as the baseline value for the congestion elasticity. Third, we need a value for -,
which describes the expenditure share on public goods given the assumed Cobb-Douglas
utility function. With a balanced overall budget this is, in turn, equal to the average tax
rate (before redistribution). Tax data for Germany thus suggest to set v = 0.2 as our
baseline. Fourth, we assume that local governments provide pure public goods, i.e. n =0,

but we also study the other extreme of a pure private transfer (n = 1) in the sensitivity

9We use information on the final consumption expenditure of households by consumption purpose
(COICOP 3 digit) from Eurostat with the code: nama_10_co3_ p3.
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analysis. Independent of the value of 7, notice that the chosen parameter values ensure
that Assumption 1 is satisfied, i.e., 8 > a+~(1—n). Finally, the elasticity of substitution
o plays a crucial role for the estimation of trade costs. We follow Simonovska and Waugh

(2014) in choosing a value of o = 5.

Data and estimation of the trade elasticity. Quantifying our model moreover re-
quires data on inter-regional bilateral distances and trade flows, as well as data on popula-
tion and labor income per district. Data for population sizes and aggregate income (GDP)
for every district are readily available from Eurostat (NUTS3-level), and the German Fed-
eral Statistical Office. We compute the ratio of the two as a proxy for the regional wage
level. Using GIS software, we furthermore obtain bilateral Euclidian distances between

districts’ centroids. This information is needed to estimate trade costs.

We use information on trade flows from the Forecast of Nationwide Transport Rela-
tions in Germany (Verkehrsverflechtungsprognose 2030) provided by the Clearing House of
Transport Data at the Institute of Transport Research of the German Aerospace Centerm
The data contain bilateral trade volumes in metric tons at the product level by transport
mode (road, rail, water) between European regions, where one German region is either

exporter, importer or part of the trade route in the year 2010@

Our theoretical model requires trade wvalues rather than wvolumes, so we convert the
data by using unit values by product group available from COMTRADE at the national
level. We take both a simple average of unit values by product group (to arrive at the
two-digit level) and a weighted average where values serve as weights. We finally aggregate

trade flows across transport modes.

We follow the standard gravity literature (e.g. Head and Mayer, 2014) and estimate
with importer and exporter fixed effects in order to take multilateral resistance terms
into account. We proxy bilateral trade costs by the Euclidian distance dist(i,n) between

the centroids of locations ¢ and n according to
7(i,n) = dist(i,n)€(i,n), (15)

where é(i,n) is the error term. Log-linearizing and substituting the parametrization of
trade costs according to ((15)) yields the following gravity equation for the value of bilateral

trade flows from i to n:
log X (i,n) = k(i) + k(n) — (¢ — 1)elog dist(i,n) + (1 — o)b'M + log e(i, n), (16)

where k(i) and x(n) are exporter and importer fixed effects that control for wages, pro-

20The data can be accessed via http://daten.clearingstelle-verkehr.de/276/. Tt is similar to the US
commodity flow survey.
21See Henkel and Seidel (2016) for further details about these data.
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ductivity, population and the CES price index@ M collects standard bilateral control
variables from the gravity literature[”% and loge(i, n) = (1 — o) log &(i, n).

Table [2] summarizes the regression results. Columns 3 to 4 refer to bilateral trade
values, where unit values are applied to the volume data. Following Nitsch and Wolf (2013),
we also explore results for trade volumes instead of values as the dependent variable in
columns 1 and 2. Although this deviates from the theoretical model, these results provide
important robustness checks, especially because dummy variables account for the product-

specific price per ton that converts volume of exports into values.

Table 2: ESTIMATED DISTANCE ELASTICITIES

volumes values
log(distance) -1.26%** -0.98%** -1.23%** -0.93%**
(0.002) (0.004) (0.003) (0.005)
dialect sim. 0.23%%* 0.24%%*
(0.013) (0.015)
contiguity 0.52%** 0.58***
(0.010) (0.011)
state border -0.46%** -0.46%**
(0.005) (0.006)
Exporter FE v v v v
Importer FE v v v v
Product FE v v v v
Constant 3.10%+* 3.56%+* 17.5%** 18.0%**
(0.066) (0.065) (0.079) (0.078)
Observations 1,104,635 1,104,635 853,950 853,950
R? 0.41 0.41 0.70 0.70

Notes: Columns 1 and 2 use the original volume data from VVP. Columns
3 and 4 are based on trade values where we have used the simple aver-
age of unit values per 2-digit product group. Robust standard errors in
parentheses. * p < 0.05, ** p < 0.01, *** p < 0.001

We find that the point estimates for the distance effects range between —0.93 and
—1.26. They are highly statistically significant, and firmly in line with available estimates
from the gravity literature. Head and Mayer (2014) conclude that estimates of the trade-
distance elasticity parameter e in typical gravity equations cluster around -1.1, with a

standard deviation of 0.41. Given our estimation results, we parameterize trade costs

22We exploit variation across product groups when estimating the gravity equation and thus add product
fixed effects.

ZFollowing Lameli, Nitsch, Suedekum, and Wolf (2015), we include a historical dialect similarity mea-
sure and dummy variables for adjacent regions and for regions located in different states.
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according to 7(i,n)' 7 = dist(i,n) 23]

Figure 5: ESTIMATED EXOGENOUS PRODUCTIVITIES AND AMENITIES

(a) Exogenous productivities (b) Composite productivities

Notes: This figure plots the exogenous and composite productivities A(7) and A(:), and the respective
amenities u(z) and (i) for & = 0.05, 8 = 0.66, v = 0.2 and n = 0. A darker shading indicates higher
values.

24Besides, we observe that historical ties (as measured by dialect similarity), contiguity, and adminis-
trative borders also affect trade flows between German regions. All of those findings are also consistent
with previous results from the literature on regional trade flows.
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4.5 Amenities and productivities

Given our parameter choices and estimates for trade costs, the last step is to back out
exogenous productivities A(7) and amenities (i) for every district from the structure of
our general equilibrium model. To do so, we plug in estimated trade costs 7(i,n) together
with information on population L(i), wages w(i), tax rates t(i), and transfer rates 6(i)
into and . This defines a system of 2 x 411 equations in 2 x 411 unknowns, and

labor-market clearing pins down the equalized welfare level W in this system.

The map in panel (a) of Figure |5 shows the pattern of exogenous productivities A(3).
It tends to be low in the East and high in the South-West of Germany as well as in the big
cities. Combining this information with location-specific population delivers composite
productivity A(i) = A(i)L(i)*, which is shown in panel (b) and exhibits a similar spatial
pattern. This productivity is positively correlated with regional per-capita income, and
therefore negatively with the net receipts of fiscal transfers in the German equalization
scheme. This is also shown in panel (a) in Figure |§|, where we document the relationship

between A(i) and the local transfer rate 0(z).

Figure 6: LOCAL PRODUCTIVITY, PRICE INDICES AND THE TRANSFER RATE

(a) Composite productivity, A(z) (b) Price index, P(i)

Initial composite productivity
X
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x
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Notes: Panel (a) shows the level of the estimated composite productivity A(:) in relation to 0(z). Panel
(b) depicts the level of the price index in relation with the transfer rate.

Panels (c¢) and (d) in Figure [5|show the patterns of exogenous and composite amenities
u() and u(7), respectively. Composite amenities deviate from exogenous amenities due
to differences in population levels. This leads to relatively low levels of u(i) in the more
densely populated West and South-West of Germany. Finally, we observe from panel
(b) of Figure |§| that recipients are characterized by a higher price index, which can be
interpreted as a measure of remoteness. In Appendix [A:4] we focus on an alternative

remoteness indicator following Baldwin and Harrigan (201 1)@ We find a similar pattern

25This proxy describes the income-weighted sum of an inverse power function of distance, according to
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(see Figure . This evidence suggests that the German fiscal equalization schemes

indeed tends to shift resources from the center to remote locations.

5 Counterfactual analysis: Abolishing fiscal equalization

To assess the various economic effects of fiscal equalization, we now perform a counter-
factual analysis. We start from the initial spatial equilibrium described in the previous
Section, which is influenced by the actual fiscal transfers that were observed in Germany
in 2010. Then we simulate a scenario, where the entire fiscal equalization scheme is aban-
doned. This counterfactual corresponds to a situation where all local public goods must
be financed by taxes levied upon local economic activity, but without any cross-regional
fiscal transfersﬁ] By comparing this counterfactual to the initial observed equilibrium,
we analyze the impact of fiscal transfers on the location choices of individuals within Ger-
many, the implied regional migration flows, the aggregate level and the distribution of

productivity and output across regions, as well as on national welfare.

5.1 Setup of the counterfactual analysis

In the baseline version of our counterfactual analysis, we assume fixed values of the ex-
ogenous parameters’'| and the same local tax rates ¢(i) and trade costs 7(i,n) as in the
initial equilibrium. We also assume that the exogenous productivities A(i) and amenities
(i) remain unchanged (see panels (a) and (c) of Figure [f]). We then impose zero fiscal
transfers for all regions, 6(i) = 0 Vi € N, and use our model and to solve for
the new (counterfactual) equilibrium values of wages w(i) and population L(i) that are

consistent with equalized utility across space.

Using those equilibrium values allows us, in turn, to compute the composite produc-
tivities and amenities, as well as all other endogenous variables (such as public goods,
spending, and GDP) for all regions. Finally, it yields output and productivity at the na-
tional level, and the change in aggregate welfare from the old to the new equilibrium. This
latter piece of information, denoted W, is of crucial importance for our purpose, because

it entails the overall welfare implication of the fiscal equalization scheme.

5.2 Location decisions and migration

We start the discussion of our results with the implied re-location decisions. The examples

in Section 3 have clarified that the introduction of a fiscal equalization scheme creates

R(i) = (fN(Y(n)/dist(i,n)l’”)dn)fl.
26 Alternatively, the counterfactual scenario may be thought of as one with balanced trade for all regions.
2TThat is, o = 0.05, 8 = 0.66, v = 0.2, n =0, 0 = 5, and ¢ = —1.23. We conduct various robustness
checks for those parameters below.
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incentives for individuals to move towards the recipient regions, because the transfers allow
for more public goods provision and thus make those regions relatively more attractive.
Analogously, the abandoning of fiscal transfers should therefore induce people to leave the

former recipient and move towards the former donor regions.

Figure [7] shows that our quantitative multi-region model exhibits exactly this pattern.
The map depicts changes in local population sizes after switching off transfers. People
leave East Germany and less densely populated districts in the West and move towards
big cities (e.g., Frankfurt, Munich, Diisseldorf) as well as towards the South-Western part
of the country. Some former recipient locations in East Germany lose almost a quarter of

their population, while some donors receive an inflow of more than a third.
Figure 7: CHANGES IN LOCAL POPULATION

(a) Geographical pattern
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Notes: Panel (a) shows pattern of population changes from the initial to the counterfactual equilibrium.
Panel (b) relates population changes to the level of the initial transfer rate 6(¢).
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The relationship between the prevailing transfer rate 6(i) in the initial equilibrium, and
the implied change in local population size after setting all transfer rates equal to zero, is
shown in panel (b) of Figure [7} Former donors (indicated by blue crosses with (i) < 0)

indeed gain, while former recipients (the red circles with (i) > 0) lose population.

At the aggregate level, abandoning fiscal transfers would induce 3.2 million individuals,
that is 3.9% of the total German population, to change their district of residence. To put
this number into perspective, notice that actual net migration across districts that was
observed in the decade 2000-2010 amounted to only around 100,000 people per year who
changed their district of residence (Federal Statistical Office, 2011). Abandoning fiscal

equalization would thus increase regional migration by a sizable factor of 32.

5.3 Local public goods provision

The abandoning of fiscal equalization directly affects government budgets and therefore
local public goods provision across districts. It is decreasing in the former recipient regions
which lose funding, and increasing in the former donor regions which now keep all of their
tax revenues. In addition, there are two indirect effects because individuals are mobile

across districts and wage levels are endogenous.

Figure 8: CHANGES IN WAGES AND LOCAL PUBLIC SERVICES
(a) Wages (b) Local public services
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Notes: Panel (a) plots change in the local nominal wage against the initial transfer rate 6. Panel (b) shows
changes in local public goods provision (adjusted for the local price level) and the initial transfer rate.

The implied migration responses mean that the tax bases erode (enlarge) in former
recipient (donor) regions, which face outward (inward) migration. However, panel (a)
of Figure [§] shows that local wage levels move into the opposite direction. Wages are
increasing in the former recipient areas, because emigration reduces labor supply and thus
location-specific intermediate inputs. The former donor regions become more populous,

in turn, and goods market clearing implies falling prices for their local intermediates.
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Summing up all three effects, we observe in panel (b) that former recipients (donors) of
fiscal transfers end up with a decreasing (increasing) level of local public goods provision.
For local tax bases, we conclude that the sum of the direct and the indirect migration
effect seems to outweigh the indirect wage effect. Abandoning fiscal equalization therefore

leads to a divergence in the quality of local public goods across districts.

5.4 Output and productivity

The induced migration responses trigger further changes in composite productivities across
districts. In particular, the former donor regions which receive inward migration experience
a boost via the endogenous agglomeration economies. The opposite happens in the former
recipient regions which experience outward migration, hence falling productivity. Bearing
in mind that the donors already had an edge in the initial equilibrium (see Figure [5) we

thus find that regional productivity differences are amplified in the counterfactual.

Since a total of 3.2 million individuals move from less productive towards more pro-
ductive areas when fiscal transfers are abandoned, we observe an increase in average pro-
ductivity at the national level. In the baseline version of our counterfactual analysis this
gain is equal to 5.8 %, and real GDP per capita grows by 3.7 % on average. Figure |§|
shows analogous quantitative implications for different parameter settings. We depict the
change in national average productivity (denoted A) and the corresponding total number
of individuals who change their location (denoted IA/) for various constellations of a and
B (the baseline is a = 0.05 and 8 = 0.66). It is evident from panel (a) that productivity
increases in all cases. The gain tends to be stronger the smaller is 5, and the larger is a.
Smaller levels of 8 imply lower levels of locational preferences and thus larger migration
flows. These, in turn, translate into higher productivity, and this channel becomes stronger

the higher the agglomeration elasticity c.

Put differently, with respect to output and productivity, there seems to be an equity-
efficiency trade-off: the fiscal equalization scheme moderates productivity dispersion across

space, but this comes at the cost of lower aggregate productivity at the national level.

5.5 Welfare implications of fiscal equalization

The migration responses triggered by the removal of fiscal transfers do not only lead to
changes in composite productivity, but also in amenity levels across districts because of
the endogenous congestion forces. In particular, composite amenities decrease in former
donor regions, which receive inward migration and thus become even more crowded than
they already were in the initial equilibrium. The former recipient regions, by contrast,

lose population. This relaxes local congestion, and raises amenities in those areas.
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Figure 9: CHANGES IN AGGREGATE PRODUCTIVITY

(a) National productivity change (b) Total migration
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Figure 10: AGGREGATE WELFARE EFFECTS OF FISCAL EQUALIZATION
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Notes: Percentage change in equalized indirect utility across regions after abandoning fiscal equalization.
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Those implied changes in local amenities are key to get at the aggregate welfare effects
of the fiscal equalization scheme. It is clear that indirect utility is equalized across all
districts in the old and in the new equilibrium, but the question is at what level. In our
baseline case of the counterfactual analysis, this common welfare drops by 0.05 % after
abandoning the transfer scheme. That is, W = —0.05. In other cases, however, we do
not find a welfare loss but an aggregate welfare gain from abandoning fiscal equalization.
Figure |10| plots W for the same parameter constellations of & and 3 as in Figure |§| above.
As can be seen, depending on parameters the change in overall welfare can be positive or
negative, but in all cases it tends to be an order of magnitude smaller (in absolute terms)

than the implied change in aggregate productivity.

Stated differently, even though the removal of fiscal equalization always leads to a
notable output and productivity gain at the national level, it may or may not be welfare
enhancing. What is the intuition of this important result? Recall from Assumption 1 above
that our model exhibits a negative net agglomeration externality, i.e., dispersion forces
are stronger than agglomeration forces at the margin, in order to rule out a degenerate
equilibrium where the total population collapses into a single city. Endogenous amenities
decline substantially in locations that experience inward migration, and this decline is
stronger than the productivity gains arising from endogenous agglomeration forces and
the benefits from sharing public facilities. In other words, the former donor regions of the

equalization scheme become more productive, but also much more congested.

We can also relate the findings from Figure [10] to the insights of the stylized examples
that were discussed above in Section[3l There we have shown that the introduction of fiscal
transfers may decrease national welfare if it provides an incentive for individuals to move
to remote locations, thereby exacerbating transport losses. However, introducing fiscal
transfers may also increase welfare, because they work against the inherent tendency that
productive cities tend to be “too large” from a social point of view. In our quantified multi-
region model, where we consider the abolition of transfers as our counterfactual exercise,
we are likely to face all of those channels in parallel. The actual fiscal equalization scheme
in Germany tends to shift resources towards regions that are both remote and small. A
priori, it is therefore not clear if removing transfers increases or decreases welfare. The

quantitative pattern in Figure [10| echoes this general point.

More specifically, abandoning fiscal equalization leads to a stronger welfare loss if 3 is
large and « is small. Thus, by analogy, this means that the introduction of an equalization
scheme implies a stronger welfare gain in those cases. The reason is that net agglomeration
externality is then strong, which in turn leads to a higher degree of over-congestion. The

fiscal scheme therefore tackles a larger problem in those parameter constellations.
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5.6 Preferences for public services and their rivalry

We finally explore the sensitivity of our results with regard to the importance of public
services in individuals’ preferences, v, and the degree of rivalry in consumption, n. So far
we have kept v = 0.2 in all simulations, and we have assumed pure (fully non-rival) local

public goods by setting n = 0.

In Table 3] we report the counterfactual responses of welfare, productivity and migra-
tion for different parameter settings. Reducing v to a value of 0.15 reduces agglomeration
forces ceteris paribus, so the over-congestion without transfers becomes stronger relative
to the baseline in welfare terms. As we observe from the first row in Table [3| abolishing
fiscal equalization leads to a more pronounced welfare loss of —0.15 %. The migration
response is weaker, however, with higher net congestion forces and so is the increase in
productivity. A similar reasoning applies when we turn public services into private trans-
fers by setting n = 1. The agglomeration force from sharing public services as a pure
public good vanishes altogether, causing a stronger welfare loss of —0.3 %. Again, a lower

migration response leads to a smaller productivity growth in the counterfactual.

Table 3: IMPORTANCE AND RIVALRY OF PUBLIC SERVICES

A A A

WA L L
n vy % in% inmillions in %

0 015 -0.15 3.96 2.20 2.69
0 02 -005 5281 3.17 3.87
1 02 -030 4.33 2.39 2.92

Notes: This table reports changes in welfare, aver-
age real wages, average labor productivity and mi-
gration (in millions and in % of the total popula-
tion) for o = 5, « = 0.05, 8 = 0.66 and different
parameter values of 1 when income redistribution
between locations is abolished.

6 Conclusions

Fiscal transfers between jurisdictions shape the spatial economy. We use a general equilib-
rium model with trade and labor mobility to carve out aggregate effects of fiscal equaliza-
tion on welfare, productivity and labor mobility. Welfare effects of fiscal equalization are
ambiguous from a purely theoretical point of view. Externalities cause inefficiently large
cities in our model, so that transfers from rich to poor places partly mitigates this mis-
allocation of labor. However, costly trade implies that transfers reduce welfare if recipients

are located in the remote periphery and, thus, have a higher price index.
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In our quantitative exercise we calibrate the model for Germany. Abolishing fiscal
transfers completely leads to regional migration from poor (low-productive) to rich (high-
productive) locations raising average labor productivity and output. However, negative
congestion externalities tend to be stronger at the margin, and effectively the abolition
of transfers may even cause a welfare loss. Stated differently, fiscal transfers across juris-
dictions may be costly in terms of output and productivity, but still they can make the

residents of the country better off in total.
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A Appendix

A.1 Solving the system of non-linear equations

We employ a method of successive approximations to solve for the equilibrium of the
system of non-linear equations (see Zabreyko et al., 1975). In the following, we briefly
describe the steps of the iterative procedure. First, we choose an arbitrary vector of
non-negative starting values for the endogenous variables in equations —. Next,
we simultaneously solve the system of equations - for a given parametrization of
trade costs and parameter values to obtain new vectors of solutions for the endogenous
variables. To ensure convergence, we normalize each new vector to sum up to one. We then
update the starting values according to a weighted average of previous starting values and
solutions of the previous iteration. Finally, we iteratively solve the system of equations
until the metric distance between the starting values and solutions of the endogenous

variables becomes sufficiently small.

Existence and uniqueness theorems for non-linear equations are described by Polyanin
and Manzhirov (2008). Under the condition that the sequence of convergence is an element
of a complete metric space it will also converge to a limit point. Hence, the system of

non-linear equations has at least one continuous solution.

A.2 Federal fiscal equalization scheme

Table shows the volume of redistribution at each stage of the process. In sum, this
amounts to 26.5 billion Euro or 5 % of tax revenues. On a per-capita basis, Berlin leads
the lists of recipients with 1,611 Euro per citizen and year. Hesse and Bavaria pay most

in net terms with more than 400 Euro per year.
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A.3 GDP per capita and population density

Figure Al: DISTRIBUTION OF GDP PER CAPITA AND POPULATION DENSITY IN 2010

(a) GDP per capita

GDP per capita
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I 256490 - 343,530
I 343540 - 3,447,000

Notes: This figure plots the quantiles of the GDP per capita distribution in Panel (a) and of the population
distribution in Panel (b) for the year 2010. A darker shading indicates higher values.
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A.4 Remoteness

Figure A2: REMOTENESS INDEX AND THE TRANSFER RATE

Remoteness index

I
-0.15 -0.1 -0.05 0 0.05 0.1 0.15 0.2 0.25
Transfer rate, 0

Notes: This figure depicts the level of the remoteness index against the transfer rate 6.
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