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Abstract

The Institutional Model of Decentralization (IMD) is elaborated and used to explain two
things: first, how the hypothesized improvements in efficiency and growth after
decentralization may fail to materialize; second, how the interplay among economic,
administrative and institutional factors affect the welfare outcome of decentralization,
given the widespread local capture following political decentralization. Rather than
exerting direct effects, however, the mechanism is complex, involving intangibles. When
applied to actual cases in some regions, a particular method capable of capturing complex
inter-relations and quantifying intangibles is therefore used. It is revealed that people’s
participation plays the most critical role in reducing capture while simultaneously
maximizing welfare. As the quality of local leaders is found decisive in influencing the
outcome, a typology of leaders is subsequently constructed.
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Decentralization is a multi-dimensional phenomenon, encompassing several
interconnected aspects. Its theoretical supports originate in the informational advantage
and coordination (policy enforcement) capability of local government. Although
informational advantage can be secured by adopting a pro-market policy, a market
system alone may not be sufficient to establish an effective coordination at the local level
unless the decision making is decentralized. A more decentralized system, particularly on
fiscal front, is also superior for promoting economic growth (United Nations 1991, Oates
1994, Bruno and Pleskovic 1996).! No wonder the World Bank embraced
decentralization as one of the major governance reforms on its agenda (World Bank
2000, Burki—Perry—Dillinger1999).

Yet, the experience in many countries shows that the performance after
decentralization has not always been consistent with the promise. Growth can be lower,
and overall welfare conditions may not improve, if not worsened. Imperfections in local
provision and poorly trained local bureaucrats are among the suggested reasons

a) Cornell University 213 West Sibley Hall Ithaca, NY 14853, USA, E-mail: ijal@cornell.edu.
1 Other justifications for decentralization include: raising efficiency through reduced transaction costs, diffusing social and
political tensions, strengthening people’s participation, and ensuring political and cultural autonomy.
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(Prud’homme 1994, Tanzi 2002). Problems due to lack of coordination in extracting
bribes at the local level can also lead to ‘excess’ rent extraction (Shleifer—Vishny 1993),
although some argued that corruption should be more difficult to commit under
decentralization (Huther—Shah 1998). But the most significant risk of decentralization is
the spread of local capture especially in regions with high degree of income disparity.
Although the verdict regarding the relative proneness of local and national governments
is still out (Bardhan—Mookherjee 2005), in general the likelihood of capture by elites is
greater at the local than at the national level. The possibility of power sharing between
contesting parties is typically smaller at the local than at the national level. Some analysts
consequently suggest that the justification for decentralization should be based on the
political economy explanation (Besley—Coate 1999), and to be successful
decentralization should entail democratic, fiscal, and administrative components (Manor
1999, Binswanger 1999).

There is a large number of studies on fiscal federalism and administrative
decentralization (transfer of authority to local governments). Literatures on institutional
economics dealing with political decentralization are also numerous. Yet, theoretical and
empirical work on how these different dimensions interact to affect growth and welfare is
curiously scanty. By using the Institutional Model of Decentralization (IMD), in this
paper I try to delineate the interactions between institutions, regional growth and a more
broadly-defined welfare.” The starting point is to delve into the theoretical concept of
regional incentives by way of comparing ‘rewards’ and ‘punishment’ for adopting
growth-enhancing policy. Once the basic concept is established, a more variety of
institutional factors to reflect the property of local accountability are introduced, ranging
from local capture, people’s participation, initial conditions, and the quality of local
leaders. Incorporating these factors in the analysis of decentralization constitutes the
essence of IMD. The empirical application based on a series of field survey in one of the
emerging economies that went through a major decentralization program is discussed in
the last Section.

Incentives for Regional Growth: Rewards and Punishment

The basic premise of decentralization-growth nexus is that, local governments are more
efficient at providing infrastructure and public services compared to the higher levels of
government (Oates 1972). Greater efficiency is thus at the center of the relation between
decentralization and higher rates of economic growth (Martinez-Vazquez—McNab 2003).
But overall efficiency is not always aligned with private efficiency. With enhanced
authority after decentralization, local leaders may put private benefits above social
benefits, depending on how they perceive the implication on their probability of staying

2 Institutional Model of Decentralization (IMD) was first explained in Azis (2008) and elaborated further in Azis (2010).
One of the consequential issues emerged in IMD is the relation between policy and institutions. Negative welfare effect can be
the result of wrong policies, but it can also be the product of right policies with wrong institutions. In some cases, policy
matters more than institution (Henry—Miller 2008), in others institution matters more (Rodrik—Subramania—Trebbi 2002,
Easterly—Levine 2002). Referring to the case in Sub-Saharan Africa, Sachs (2003) argues that institution matters but not for
everything.
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in power. When private benefit rules, incentives to foster growth become secondary, and
when private motives produce a detrimental impact on regional resources, growth falters.

Let p*= probability that local government stays in power if it fosters growth; and
p° = probability that local government stays in power if it kills growth by intensifying
local capture. The latter could happen because local governments have had few
incentives either to resist capture or to rein in competition for rents (e.g., Bardhan and
Mookherjee, 2005; and Shleifer & Treisman, 2005 for the case of Russia). Denote C for
the benefits accrued to local officials through local capture; and R’ for regional-own
revenues, the size of which is determined by the local rates that include both tax rates and
other revenue collection rates, @, and regional output Y. The share of central
government revenues (from additional growth) going to local governments is denoted by
o . Thus, o.t.Y is the actual revenue received by local governments where .Y is
central government’s total revenue. How much local government will value growth is
therefore proportional to «.t.Y . Central government can use ¢ as the “carrot” in
promoting regional growth.

Define PROB = p* / p° , the value of which depends on whether local officials are
appointed (by the center) or locally elected. If they are appointed, then the center can
presumably choose PROB freely and make it as high as it wants. If they are elected
locally, the outcome depends on the ability of central government to affect the outcome
of the election, e.g., not endorsing specific candidates. Thus, the center can use PROB
as the “stick.” If, however, the center has little control over the election outcome, and
capture becomes an important factor, PROB may be less than unity, i.e., local
government may be more likely reelected if it kills growth than if it fosters it. Local
governments chooses growth only if the incentive is higher than the incentive to obtain
private benefits from local capture:’

pé(atY+R)>p°.C (1)
or
PROB.(atY+60Y")>C ()

Another way to put it, local governments are more likely to choose growth under the
following conditions: stronger “stick” (higher PROB), larger “carrot” (higher ),
higher national growth potential (higher Y ), more effective generation of national tax
revenues (higher ¢), and higher local-own revenues 6.Y" . On the other hand, one can
also focus on the efforts to lower private benefits from local capture, C , by attacking the
negative factors such as corruption, weak legal system, and ineffective law enforcement.

The above formula provides a way of identifying a set of policies without singling out
“non-economic factors” often cited just for convenience. In reality, however, not all
countries can alter policies for either historical or political reasons. In such a case, the
focus can be directed towards exploring new instruments to complement the existing

3 Social benefits (e.g., enhanced growth and welfare) and private benefits (e.g., resources appropriated for private use) can
be generated simultaneously. Put in the context of motivation and incentive to obtain benefits, however, social and private
benefits can be in a competitive mode. That is, local leaders’ incentive to obtain private benefits from local capture may either
forgo or exceed the incentive to obtain social benefits. Or, the reverse may hold as in inequality (2): i.e., local leaders’ incentive
to obtain social benefits (e.g., from enhanced growth and welfare) exceeds the incentive to obtain private benefits.
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ones. Take the case of « . It is important to distinguish between ex-ante and ex-post « .
If central and regional governments can commit to a tax sharing schedule or to a
particular arrangement of center-local transfer, the two will be the same. But if central
government is broke and desperately needs funds to keep down its deficit, the ex-ante &
may be higher than the ex-post & . The one which is relevant to local governments'
decisions is the ex-post « . If a proportion of national revenues has been fixed, a new
fraction of revenues, say A, can be introduced. The point is, central government can
control a policy instrument that will function as the “carrot”:
PROB[(A(Y")+a)tY +0.Y ]>C 3)

One could erroneously imply that by raising @, ceteris-paribus, growth incentives
could be enhanced. But higher € can deter investment and growth of Y’ by
discouraging investors to come and do business in the region (see also footnote 4). Thus,
the level of Y can be inversely related to the size of O .

Assuming no income leakage, consider the following:

Y=Y (K",L',N") 4

where K', L', and N" are capital, labor and other inputs, respectively. Decomposing
the regional capital stock into: (a) initial stock adjusted by the depreciation rate
K, (1-90); and (b) the regional investment flow AK", and considering that AK"
is inversely related to the regional tax and other revenue rates @ ; thatis, AK" = f(0)

where O (9% o< 0, the total regional-own revenue is:

R"=0Y"{[K, 1-8)+f(0).L',N"} (5)

A fundamental growth equation is thus obtained by combining (3) and (5):

PROB.A(AMY")+a)tY+0Y'[(K,1-86)+ f(0)),L',N"1}>C ©6)*

Thus, central government can use the “stick” (PROB and C) and the “carrot” (A,
o) to foster growth. Note also from (6) that a growth-oriented strategy at the national
level (higher Y ) can help fulfill the inequality. Absent of a stick-and-carrot system, the
incentives for local leaders to obtain private benefits through local capture can be greater
than the incentives to foster growth.

But the ultimate goal of regional development goes beyond just growth. A broadly-
defined welfare is more appropriate to use. The problem is, once a multi-dimensional
goal is considered, various trade-offs emerge, where different institutional factors play
different roles in affecting welfare. A further complication appears with respect to the
complex relations between local capture and the goal, where institutions including
capture interact among themselves as well as with welfare. To establish such a more

4 Two important points worth to note. Since increased capital is often accompanied by increased imports (income
leakage), the true R” is likely lower than what is stated in (5). Notice also that if local governments fervently want to raise 6,
regional-own revenues may at first increase. As regional investment begins to be affected adversely by higher 6, total revenues
will decline. Thus, the policy choice concerning 6 depends on the initial condition. If the current € is so high that it lies to the
right of optimal 6 (defined as O that gives the highest level of R"), raising it further will kill growth. Reducing 6 under such
circumstances will raise not only the regional-own revenues but also investment flows and hence growth.
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realistic system where institutions are endogenous, however, requires a model framework
beyond just the fundamental growth equation as in (6). This task is taken next.

Endogenous Institutions and Regional Welfare
Theoretical Framework

Rules, organizations, beliefs, internalized norms, and implied regularity of behaviors
which constitute “institution” define the incentive structure of societies and economies
(North 1993, 1995). The system is equilibrium if the implied regularity of behaviors to
follow the rules are best-responses to the beliefs and internalized norms that are formed
by the implied regularity of behaviors (Greif 2006).” Many policies may fail to achieve
their objectives because the institution in which these policies or rules were elements of
was not in equilibrium.® It is therefore important to understand how various institutions

interact among themselves and how the interactions influence the welfare outcome.
Figure 1

How Local Capture Affects Welfare: Full Framework

D = Decentralization

L = Local capture

W = Welfare effect of decentralization
S = Initial welfare condition

P = People’s participation

Q = Quality of leader

F = size of local budget

5 Persistence or inertia, institutional path dependence, or steady-state equilibrium in institutional setting are among the
terms used to describe the study of endogenous institutional change.

6 Equilibrium in a more practical term means that there is no individual or a group of individuals that has an incentive to
deviate from an agreement or what is previously agreed. In other words, an institution that is in equilibrium consists of rules in
which targeted individuals have incentives to follow the rules. Thus, a law regulating issuance of driving licenses may not be
effective because bribing public officials renders it more profitable and time-saving.
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A framework capturing the interplay of institutional factors is shown in Figure 1.
Decentralization policy (D) with direct election for local leaders generates ‘local capture’
(L). However, the effect of L on local welfare (W) varies: in some regions the effect is
positive (“positive local capture”), in others it results in a “negative local capture.”
Among various factors that determine the effect of L on W, three stand out: initial
welfare condition (S), people’s participation (P), and size of local budget (F). Note that
the resulting W determines the subsequent level of initial condition S, that is, the steady-
state level of initial welfare is influenced by any perturbations in the system that lead to
changes in W, hence S in the subsequent period. The implied mechanisms also explicate
the persistent gap between poor and rich regions observed in many countries.

The key question is, how the interplay of all these factors influences the way local
capture influences welfare. The extent and severity of accountability problems and local
capture depend on the following factors: (1) Pre-existing distribution of power at the
local level, e.g., allocation of social and economic power within communities; (2) Lobby
and campaign contributions by wealthier groups; (3) Fairness and regularity of elections;
and (4) Transparency in local decision-making processes. Establishing these conditions
may require institutional and bureaucratic reforms, yet it is precisely this type of reform
that is most difficult to conduct. Overcoming institutional factors is always more difficult
than choosing the policy itself. It is complicated, involving a strong path-dependence,
and often frustrating. Absence of this reform, however, a higher local capture almost
certainly produces lower benefits of decentralization.

Literature on institutional perspectives stresses the importance of participatory
process. The degree of political participation differs between countries and regions. One
of the most determining factors is the initial welfare condition or social structure
represented among others by human development index (HDI) and the level of poverty
and income inequality. Greater inequality and larger proportion of the poor imply a
smaller fraction of informed voters or lower political awareness, i.e., upward mobility at
lower end tends to raise political awareness more significantly than at higher end
(concavity). When awareness is low, critical voices and the process of check-and-balance
are constrained. This can limit the quality of public services and the welfare outcome of
decentralization in general (Azis 2010).

The above are all associated with the quality factors. Each of them can be adversely
affected by the intensity of local capture. While quality is important, however, the
number and size of activities (e.g., public services) also influence the overall
performance. The quantity that local government can generate depends not only on the
budget size but also the management of it.” Ironically, under some circumstances the size
of the budget can be positively affected by local capture, that is, if local leader is of
Type-A (to be explained later), and local elites are powerful and wealthy. Under such
circumstances, local policy makers can operate using resources in excess of the official

7 Revenue decentralization and central-local financial transfer without clear expenditure assignment are likely
inconsistent with “money follow function” principle. They are not welfare enhancing, especially when the capacity of budget
management is limited and are prone to corruption and overprovision.
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budget. Thus, given quality factors, greater local capture can still be welfare-improving
(relation €2 in Figure 1).

To reiterate the key problem, it is important to understand how the spread of local
capture (L) during election determines the welfare outcome of decentralization (W).
More particularly, how the effect is influenced by the extent of people’s participation (P),
the initial level of welfare (S), and the size of local budget (F). As argued earlier, the
extent of participation is influenced by the initial welfare through informed voters and
high political awareness.

Based on the analysis of implied behaviors in a coordination game (see Azis 2010 and
Azis—Wiharja 2009), the role of leaders’ quality (Q) is critical. However, in reality the
effect of L on W associated with Q can be ambiguous; some leaders are able to take
advantage of capture to augment local budget (Type-A leader), others may fail to do so
(Type-B); see relation e8.® Also, in some cases local leaders are effective in motivating
local citizens to participate in most development programs, while in others this may not
be the case (relation €7).

The dynamics is captured among others through relation €9. For example, low initial
welfare (S) as a result of negative local capture will negatively affect # and S in the
subsequent period. Through relation e5, this may be associated with a low level of
participation (P), creating a persistent evolution of low-welfare states and low-quality
institutions (endogenous institutions). The possibility that local capture can generate
positive welfare effects provides a more complex yet useful analysis with direct policy
implications. It can be shown, for example, that policies to enable greater participation
are superior to others because the welfare effect is higher given a level of capture.

Local capture L, participation P, and initial welfare S (poverty and inequality)
represent the quality component of institutions. The size of local budget F, on the other
hand, represents the quantity. Consider the following general form of welfare function:

w()=W(L,S,P,F) ()

Under a standard condition,

aW%L <0; aW%S - 0: aW%P 50 GW% >0,

Since F is affected by L, decomposing (7) into quality and quantity components:
W()=H(L S P).(F(L) (®)

where aH(%L and 6F(L% g are marginal quality and quantity, respectively.
Taking the derivative of (8):

W) =0/ b+ HOL FeL) )

8 It is wrong to suggest that the central and the provincial governments should retreat into minimalist role. On the contrary,
they should play an activist role in conducting the necessary reforms. It is also the responsibility of the center to facilitate
institutional supports for a successful decentralization. These include supplying technical services toward building local
capacity, promoting mobilization of people in local participatory development, helping to set quality standards, auditing and
evaluation, providing supra-local support to local finance (including being responsible in the coordination efforts to optimize
externalities across regions), and investing, when necessary jointly with local government, in infrastructure.
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In most cases, OH()/ g However, a good quality leader capable of motivating

oL
participation (relation ¢7) may generate oH (%L>0, making the sign of

oH (% L indeterminate.

As discussed earlier, on the quantity side the effect of local capture can be negative or
positive depending on the type of local leader (relation ¢2). If local leader is of a
favorable type (Type-A), e.g., motivated to foster regional welfare by augmenting the
size of local budget available for development, the first term of equation 9 can be
positive. Otherwise, it will be negative (Type-B). Thus, from quantity and quality
perspectives the net effect of rising local capture on welfare depends on the quality of
local leader (Q).

While the signs of aH(%L and 6F(L% 7 are uncertain, however, somewhere in

between there exists a critical value of H(.) and F(.) such that the effect of rising local

capture leads to
6W(.)/
oL 0.

When this occurs, the system produces a backward-bending curve that generates

multiple equilibria as shown in Figure 2.°
Figure 2

Local Capture and Welfare: Alternative Strategies
L

. P, P,P,
P o
o
W(.) = W(L,S,P,F)
W(.) s W(L,S,P,F)
— ) f—
M
\?
N
N2 —_— |
0 W 0 wW

The goal is either to raise W given local capture L, or, minimize local capture L given
W. The latter is equivalent to finding lowest L along the vertical line P. Reducing income

9 Note that participation (P) is independent of capture. Many studies have revealed that participation is influenced by
factors such as socio-culturally prescribed family (household heads, spouses, age range), and gender roles (married woman with
children); see Beard (2005). While defining participation is not easy, at least the following elements should be entailed:
representation, empowerment, benefits for all, and poverty reduction (Blair 2000).
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inequality and poverty will facilitate such a goal since shifting the bending curve leftward
will guarantee a new equilibrium with lower intensity of local capture (e.g., N/ and N2 in
the left panel of Figure 2)."

An alternative strategy to insure a low capture is to raise participation; this is depicted
by a rightward shift of the vertical line P in the right panel of Figure 2. This turns out
superior as it produces not only lower capture supported by greater accountability, but
also higher welfare.

To complement the above analysis of quality component, a corresponding typology of
local leaders is constructed, in which alternative behaviors of leaders with respect to
quantity component (local budget) is taken into account (see Table 1). Although the main
sources of regional revenues are central grant and local taxes, local leaders may find
additional sources from local capture, L [J [0,1], where L=0 means no local capture and
L=1 indicates that the region is fully captured (“owned” by elites). The presence of local
capture can result in an increase, a decrease, or an unchanged local budget, depending on
how local leaders use the additional resources for. Type-A leader will take advantage of
the capture to increase the amount of local resources beyond the official budget.
A “Complete progress” is achieved when participation and/or initial welfare condition is

high, and at the same time local leader is of Type-A. If aH(%L <0, even with a type-A

leader the expected outcome is “Incomplete progress,” confirming the key role of
participation and initial conditions. Type-B leader leaves the local budget unchanged for
any degree of local capture, while Type-C leader has a strong tendency to appropriate
local funds either for private benefits or to exercise “return-the-favor” behavior. Either
way, it reduces the amount of local resources available for development purposes.

Table 1
Typology of Local Leader and Decentralization Outcome
dF(L) oF (Ly . dF(L)
/8L> f ™ /0L<0
Type-A Leader Type-B Leader Type-C Leader
oH(.)
/BL = ”
Complete progress Propitious Stagnant
High participation
and/or low
inequality/poverty
oH (%L <0
Incomplete progress Deviating Deteriorating
Low participation
and/or high
inequality/poverty

10 Recall that lower inequality and poverty tend to raise political awareness that can reduce the intensity of local capture.
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To reflect the dynamic implications of the above theoretical exposition, specific
functions with assigned numerical values are needed. As shown in the next Sub-section,
to understand better the interactions among institutional factors and how the interplay can
influence welfare, a series of sensitivity analysis are conducted using the example of a
specific welfare function.

Welfare Function: An Example

Reiterating equation 8, the welfare function is decomposed into quantity and quality
components. F(L) denotes the quantity component under different local leader types
(t=A,B,C), where F,’(L)>0, Fp'(L)=0, and F¢'(L)<0. Ideally, the entire amount of funds
acquired through local capture is added to the local budget, i.e., local budget equals to
central grant plus local taxes plus the funds acquired from local capture. The value of
F(L) is indexed as the fraction of how the value of real amount of local budget deviates
from its ideal amount. Suppose different types of local leader takes the following
functions:

Type-A: F,(L)=c, +c¢,L% where 0<cy, ¢;, c3 < 1 and 0 <c;+c,<1 (10)
Type-B: Fj(L)=c, where 0<c; <1 (11)
Type-C: F(L)=c; —c,L% where 0<cy, ¢3, c; < l and 0 < ¢;—<1  (12)

Consider Type A: F(L)=0.6+0.3 YL; Type B: F(L)=0.6; Type C: F(L)=0.6-0.3VL.
Plots of Type-A, Type-B, and Type-C local leaders are illustrated in Figure 3.

Figure 3
- Plots of Type-A, Type-B, and Type-C local leaders
1.0
Type-A
0.8 I
’ Type-B
0.6 I
04 Type-C
02 F
0.0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 |
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On the quality component, participation is one of the critical factors. Since lower
initial welfare (labeled S in Figure 1) implies a smaller fraction of informed voters or
lower political awareness, and hence lower participation (P) is an increasing function of
initial welfare (S). Moreover, an increase of initial welfare at a lower level tends to raise
participation more significantly than at a higher level (concavity). Given population, the
degree of people’s participation is P [] [0,1]. Furthermore, the initial welfare is indexed
such that S [1 [0,1] where S=0 implies zero welfare and S=1 indicates perfect welfare. An
example of participation function is as follows

P(S)=5° (13)
where 0<c<l indicates the speed of increase in participation as S increases. The
participation curves for some values of ¢ are shown in Figure 4.

Figure 4
P Participation and Initial Welfare
1.0 |
I c=0.75
0.8
c=0.5
0.6 [
c=0.25

04 |
02 |

1 L 1 L 1 1 L L 1 1 L 1 1 L L 1 1

0.2 0.4 0.6 0.8 1.0S8

Given (13), the quality component of welfare H(P,L,S) can be reduced to H(P,L).
Indexing quality factors, H [ [0,1] it is specified that H=0 means no participation for any
values of L, and H=1 indicates full participation. Consider the quality function of the
following form

L(L-b,)’
b

Parameter a (0<a<l1) denotes the region’s business climate, where larger value reflects

a more conducive business environment, and parameter bl denotes an index of income

inequality (e.g. GINI index). Parameter b2 measures the sensitivity of welfare on income

inequality (b1l), while b3 measures the efficiency and effectiveness of local government’s

management. The latter is associated with administrative decentralization, which is one
of the three dimensions of decentralization (Filippetti and Sacchi, 2013).

H(P,L)=P"a (14)
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Assigning the following values to the above equation, a=0.1, b1=0.5, b2=0.7, and
b3=0.25, and participation is P=0.3, if equations 10, 11 and 12 take the following forms

Type-A: F,(L)=0.6+0.3yL (10a)
Type-B: F(L)=0.6 (11a)
Type-C: F.(L)=0.6 —0.3\L (12a)

the plot of welfare function along L [1 [0,1] can be derived as shown in Figure 5. The
shape of the curve is very similar to that in Figure 2, implying multiple equilibria, but
different shapes obviously can be generated using different forms of welfare function and
different values of parameters.

Figure 5

W Multiple Equilibria
1.0
0.8 |
0.6

Type-A-
0.4

Type-B

Type-C
02 F &
0.0 i i | i i L i i i i i k i i 4

0.0 0.2 0.4 0.6 0.8 1.0L

To the extent that the post-decentralization performance depends on the region’s
ability to attract business activity, even with high local capture if the size of parameter a
is large and the local leader is of Type-A, welfare tends to improve. Only at an extremely
high level of capture the welfare starts to decline, albeit slightly. Such a pattern is
independent of the level of participation (P), and to some extent also independent of the
business climate. Of course, higher participation is likely to generate greater welfare (left
panel of Figure 6).



COMPLEX INTERPLAY OF FACTORS IN INSTITUTIONAL MODEL OF DECENTRALIZATION 13

Figure 6
Sensitivity Analysis: Business Climate

e ¢ e—

o FhFER= i =PHAFE

If the region fails to create a favorable business climate, on the other hand, at a low
range of capture welfare tends to decline as the degree of capture increases. The relation
turns complimentary (higher capture produces higher welfare) when local capture is
relatively high but not extremely high. This is due to the fact that the “quantity” factors in
equation 8 become more dominant, such that for Type-A leader the funds and other
resources acquired from the capture tend to augment local budget. This pattern is not
affected by the level of participation (P). The right panel of Figure 6 shows that along the
P-axis higher participation produces higher welfare.

The ability of local leaders to influence people’s participation depends on the
prevailing social and political structure. In the model, the income inequality (GINI index,
where 0 < bl < 1) is used as a proxy for such a structure. To evaluate the role of this
index in the capture-welfare nexus, one has to consider the sensitivity of the highest
achievable welfare to the degree of local capture. There are two possible scenarios:
highest welfare can be achieved with lower capture, and highest welfare can be achieved
only if local capture is high. Obviously, the former is more desirable, at least in a moral
sense. Using b2 to reflect this condition, low b2 is more ideal than high b2 (0 <b2 <1).

In an ideal situation (low b2), when income inequality is low, a higher welfare can
still be achieved even with growing local capture. But this is only up to a certain point
(L =0.5). Beyond that point, local leaders cannot afford to maintain the level of welfare,
presumably because they are compelled to return the favor of local elites who supported
their candidacy. Under this scenario, a small increase of participation can significantly
improve local welfare. As participation continues to grow, however, improvements taper
off (concavity). While a similar pattern is also observed in a high inequality environment
(high bl), welfare improvements are more sensitive to the interplay of capture and
participation. Only with a higher participation the same level of capture can result in a
higher welfare (compare the two panels in Figures 7).
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Figure 7
Sensitivity Analysis: Welfare is Less Sensitive to Social Structure (Income Inequality)

085 FEDHRR]E]

Consider the case where the social structure plays a very significant role in
determining welfare (high b2). When income inequality is low (small bl), welfare may
first increase with growing capture until it reaches the peak. As local capture becomes
more widespread, welfare starts to fall. A highest welfare is thus achieved when local
capture is limited. This applies irrespective of the level of participation (right panel of
Figure 8). On the other hand, if income inequality is high, welfare tends to be lower
given the whole range of participation. At a certain level of capture, welfare
improvements will take place only if the level of participation increases. Like in the
previous low b2 scenario, here the interplay of capture and participation clearly has an
important role in determining the level of welfare; more so than in the case of low
inequality (compare the two panels in Figure 8).

Figure 8
Sensitivity Analysis: Welfare is Sensitive to Social Structure (Income Inequality)
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The impact of administrative decentralization is best explained by varying the size of
b3 to reflect different management quality of local government. Given a level of
participation, when local capture increases welfare can move in either direction
depending on the extent to which local leaders are capable of managing their tasks
efficiently (getting things done) and effectively (getting things done to worthwhile
effect).'’ The closer b3 to unity (0 < b3 < 1) the better is the quality of local management.

Depicted in the left panel of Figure 9, when b3 is relatively low (set at 0.35), and
local capture is also relatively small, within a certain range welfare and capture move in
the opposite direction: higher capture causes welfare to decrease, albeit slightly.
As capture reaches a very high level, the relation between the two becomes
complimentary. While a similar pattern is observed if the quality of local government’s
management is good, the welfare outcome is generally better (right panel of Figure 9).

Figure 9

Sensitivity Analysis: Quality of Local Government’s Management

A Case Study

Results of applying the above IMD are discussed in this Section. The approach taken was
by conducting field survey to measure the intensity of the complex interrelations among
institutional factors depicted in Figure 1. The ultimate purpose of the survey is to
generate a consistent ranking of the three factors (participation, P; local budget, F; and
initial conditions, Q) in IMD by treating the complex interplay of different factors. Given
the complexity and intangible factors involved, the Analytic Hierarchy Process (AHP)
and the Analytic Network Process (ANP) were used, the detailed of which is discussed in
the Appendix. The field survey was conducted in seven regions throughout Indonesia
over the period of 2008-2009."” One way to structure the relations among institutional

11 Busy and seemingly efficient operations do not always produce the best outcome. Less-busy ones may indicate that the
local government is in control and know what to do to provide the best services to the people.

12 Although at the beginning popular demand for decentralization was not strong enough to push for an immediate
change, for purely political reasons the Indonesian government proceeded with a big-bang decentralization in 1999 (became
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factors and the welfare effect of decentralization is by placing all the relevant factors in a
hierarchy, where the highest level (objectives) determines welfare criteria, and under
each criterion the importance of relevant institutional factors is determined.”> When
feedback influences are considered, where factors in each level in the hierarchy can
influence and be influenced by factors in other levels, a network is formed. Both the
hierarchy and the network used in the survey are shown in the Appendix.

Table 2
Results of Field Survey: For Group in Hierarchy Model
Super Decision | Expert choice
PALU
Ideals | Normals | Raw [ Overallinconsistency = 25

1__ | 0.364146 | 0.604568 | 1People's Particip -+ | |
[ 0.966851 [ 0.352075 | 0.584528 | 2Initial condition | 352 I
[0.779296 | 0.283778 | 0.471138 | 3Available Budge. > I—

AMBI

2Initial condition
3Available Budge!

Name Ideals | Normals Raw Vot MO .

1People’s Partici I 0.9091110.401597 | 0.642985 | 1People’s Partici 402 I
2initial condition N 0.354626 | 0.156655 | 0.250816 | 2Initial condition | :3;_

: : ]
3Available Budge/MNNNNNNNNNN 1 |0.4417470.707268|3Available Budge.

MATARAM

Name Ideals | Normals | Raw | Overalinconsistency = 04
1People's Partici 1 0.601918 1 1People's Particip coz I
2lnitial condition

| 0.144856 | 0.087192 | 0.144856 | 2Initial condition | 057 I

3Available Budge M [0.516498| 0.31089 | 0.516498 |3Available Budge. ! I EG—_—_——
MALANG

Name Ideals  Normals [ Raw | Ovesal Inconsistency = 03
1People's Partici 1 0.52247 | 0.999987 [1People's Particip .52 I
2Initial condition NN | 0.523064 | 0.273285 [ 0.523057 | 2Initial condition | 272 I
3Available Budge 0.390922 | 0.204245 | 0.390917 | 3Available Budge: ¢ INEG_—_—_———

BANJARMASIN

&] Ideals | Normals Raw | | Overal Inconsistency = .02
[ 1People’s Partici I 0.692824| 0.289886| 0.557808| 1People’s Particip 313
2initial condition [ ING_G 0.697165| 0.291702( 0.561303|2Initial condition | 275

3Available Budge! 0.418412| 0.805122[3Available Budge: > I

BANDUNG
Name | Ideals | Normals | Raw ] Overal Inconsatency = .11
1People's Panici_ 1 0527833 1 |1People’s Particiy 5: I
Zinitial condition I [0.264558] 0.139642 [ 0.264558 | 2Initial condition | 140 NN
3Available Budge [0.629981] 0.332525 | 0.623981|3Available Budge. ** I
SEMARANG
| Ideals | Normals [ Raw [ Overal Inconsistency = .07
1 0.426469 | 0.713323 | 1People’s Particif .43: I
2lnitial condition | 0.455387 | 0.194208 | 0.324838 | 2Initial condition | 253 I
3Available Budg [0.889448 | 0.379322 | 0.634464 | 3Available Budge: - I

As displayed in Table 2, with the exception of two regions, Jambi and Banjarmasin,
results from the group survey indicate that people’s participation (P) is generally ranked
highest among factors that determine the welfare effect of local capture. Notice that for
Palu, the least developed among seven regions, the second most important factor after
participation is not the availability of local budget (F), but instead the initial welfare
condition (S). This is consistent with the premise that the persistence of poor region is

operational in 2001). The mixed results in terms of post-decentralization performance make Indonesia suitable for model
validation. The country managed to avoid a chaotic situation despite the abrupt change, and some regions have enjoyed the
benefits of the policy. Yet, the resulting outcome in other regions has been disappointing, not according to what the theory
suggests.

13 The AHP uses relative measurements (ratio scales) derived from paired comparisons. Ratio scales are a fundamental
kind of number amenable to performing the basic arithmetic operations of addition and subtraction within the same scale,
multiplication and division of different scales, and combining the two operations by meaningfully weighting and adding
different scales to obtain a unidimensional scale. Hence they are very useful not only for capturing perceptions towards welfare
criteria and institutional factors, but also for synthesizing the priority results that requires some arithmetic operations.
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caused by the low initial condition (path dependence). Similarly, for the relatively well-
to-do region, Malang, the second most important factor is also the initial welfare
condition. While Malang is already developed (higher S), all factors including
participation tend to result in a “positive local capture,” reinforcing the region’s welfare
condition. Perceptions of respondents in that region corroborate the hypothesis.
Table 3
Results of Field Survey: For Group, Individuals, and Combined in Hierarchy Model

Hierarchy

Group Survey
Summarized result of the group survey in 7 regions based on Hierarchy model (Using Super Decision and Expert Choice software)

Super Decision Expert choice
Name Rank| Ideals Normals Raw Rank
1People's Participation 1 0.93609511 | 0.436124866 | 0.76595211 1 [0.443099225
2initial condition 3 [0.41671289 | 0.194145702 | 0.340972015| 3 0.20007053
3Available Budget 2 | 0.70685427 | 0.329322192 | 0.578377832| 2 |0.319149594

Individual Survey
Summarized result of the individual survey in 4 regions based on Hierarchy model (Using Super Decision software)

Name Rank Ideals Normals Raw
1People's Participation 1 | 0.73421686 | 0.377562735 | 0.691382905
2Initial condition 3 | 0.40464311 | 0.208083135 | 0.381036434
3Available Budget 2 | 061913245 | 0.318381897 | 0.58301257

Combination of Group and Individual suverys
Summerized result of the group and individual survery based on Hierarchy model (Using Super Decision)

Name Rank Ideals Normals Raw
1People's Participation 1 | 0.82903366 | 0.405788734 | 0.727712989
2Initial condition 3 | 0.41063366 | 0.200993648 | 0.360448
3Available Budget 2 | 0.66154094 | 0.323805844 | 0.580690577

All seven regions combined, the ranking shows that participation is indeed the most
critical factor (the weight being .436 using Super Decision, and .443 using Expert
Choice), followed by the size of local budget (.329 and .319, respectively); see Table 3."*
The ranking remains the same for individuals category, the geometric means of which are
shown in the second (middle) part of Table 3. When the results of group and individuals
survey are combined, the weights for participation and local budget are .406 and .324,
respectively.

14 Super Decision is an experimental software capable of calculating the super-matrix operations involved in the ANP-
type of network. By removing the feedback components, it can produce a priority ranking similar to that based on AHP-type of
hierarchy. Expert Choice, on the other hand, is specifically designed for AHP.
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Table 4
Sensitivity Analysis: Removing One Region at a Time for Group and Individuals
in Hierarchy Model
Hierarchy
Sensitivity Analysis( Individual and Group) by excluding region by region
1.Palu
Individual Group
Name Rank | Ideals |[Normals| Raw
1People's Participati 1 0.9258 | 0.4494 | 0.7968
2lnitial condition 3 0.3622 ) 0.1758 | 0.3117
3Available Budget 2 0.6955 | 0.3376 | 0.5985
2.Jambi
Individual Group
Name Rank | Ideals Normald Raw | Rank | Ideals |Normals| Raw
1People's Participati{ 1 0.813]0.432|0.784 1 0.9407 | 0.4422 | 0.7886
2|nitial condition 3 0.35 | 0.186 | 0.337 3 0.4281 | 0.2012 | 0.3589
3Available Budget J 10549 10.292]0.629 2 0.6671)0.3136 | 0.5593
3.Mataram
Individual Group
Name Rank | Ideals Normald Raw | Rank | Ideals |Normals| Raw
1People's Participati{ 1 0.686 | 0.354 | 0.642 1 0.9258 | 0.4133 | 0.7327
2|nitial condition 3 0407 0.21 |0.381 3 0.497 |0.2219| 0.3933
3Available Budget J | 0.6370.328|0.695 2 0.7448 | 0.3325 | 0.5894
4.Malang
Individual Group
Name Rank | Ideals |[Normals| Raw
1People's Participati 1 0.9258 | 0.4232 | 0.7327
2Initial condition 3 0.4012 )| 0.1834 | 0.3175
3Available Budget 2 0.7802 | 0.3566 | 0.6174
5.Banjarmasin
Individual Group
Name Rank | Ideals Normald FRaw | Rank | Ideals |Normals| Raw
1People's Participati{ 1 0.697 | 0.364 | 0.659 1 0.9842 | 0.4668 | 0.8075
2Initial condition 3 0.43 10.224 | 0.406 3 0.3825|0.1814 | 0.3138
3Available Budget Z 10593 /0.309| 0.56 2 0.6671)0.3164 | 0.5474
6.Bandung
Individual Group
Name Rank | Ideals Mormald Raw | Rank | Ideals |Normals| Raw
1People's Participati{ 1 0.748 | 0.366 | 0.63 1 0.9258 | 0.4225 | 0.7327
2lnitial condition 3 |0.438|0.214)0.404 3 0.4495 | 0.2051 | 0.3557
3Available Budget 2 10,7091 0.347 | 0.655 2 0.7205 | 0.3288 | 0.5702
7.Semarang
Individual Group
Name Rank | Ideals |Normals| Raw
1People's Participati 1 0.9258 | 0.4378 | 0.7751
2Initial condition 3 0.4106 | 0.1941 | 0.3437
3Available Budget 2 0.6803 | 0.3217 | 0.5695
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The robustness of the results is tested by conducting two types of sensitivity analysis:
dynamic analysis, and removing one region at a time. The first type is done for each set
of questionnaire, the results of which indicate that the most sensitive factor for poverty is
participation, for inequality is the initial welfare condition, and for growth and HDI is the
size of local budget. Thus, if local development needs to focus more on poverty
alleviation, efforts have to be made to raise people’s participation. Field observations
corroborate such finding: the welfare effects of decentralization with local capture in
regions where people are more politically aware and actively participate in various local
development programs tend to be more positive. The second sensitivity analysis reveals
that in all cases the superiority of participation (P) continues to hold (Table 4). The

survey results are therefore fairly robust.
Table 5
Results of Field Survey: For Individuals in Network Model

Network(individual's geometric mean)

JAMBI
ANP
Name Rank Ideals Normals Raw
1People's Participation 3 0.470977795 | 0.224316683 | 0.428350904
2lnitial condition 2 0.638308832 | 0.304012909 | 0.580537309
3Available Budget 1 0.896066878 | 0.426777944 | 0.814966396
MATARAM
ANP
Name Rank Ideals Normals Raw
1People's Participation 1 0.796528566 | 0.352012708 | 0.777336689
2lnitial condition 3 0.671627639 | 0.300617182 | 0.657223917
3Available Budget 2 0.716403781 0.32065884 0.701039823
BANDUNG
ANP
Name Rank Ideals Normals Raw
1People's Participation 1 0.667566395 | 0.337707543 | 0.667566395
2lnitial condition 3 0.423094747 | 0.214034549 | 0.423094747
3Available Budget 2 0.666475413 | 0.337156056 | 0.666475413

Individual survey

Summarized result of the survey in 3 regions based on network model (Using Super Decision software

Name Rank Ideals Normals Raw
1People's Participation 2 0.630326285 0.29875847 0.605760718
2lnitial condition 3 0.566064191 0.269440723 | 0.544494766
3Available Budget 1 0.753518886 0.35866752 0.724806658

Unlike the case of hierarchy model, results from the network model with feedback
effects are mixed. For example, in Mataram and Bandung the geometric means point to
participation being the most important one, but for Jambi the size of local budget is the
most important factor determining the welfare effect of decentralization (Table 5). Yet,
when the three cases are combined, the geometric means put the size of local budget in
the highest rank, followed by participation.
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It is important to note, however, that during the field survey the network model was
applied only to individuals, not groups, and only limited number of region was covered.
Nonetheless, the fact that people’s participation (P) and the size of budget (F) stand out
as important factors in explaining the welfare effect of decentralization confirms the
IMD’s conjecture that quality and quantity factors jointly play an important role in the
analysis of decentralization.

Conclusions

The focus of this paper is on how the interrelations among different dimensions of
decentralization — fiscal, administrative and institutional — affect regional growth and
welfare. By using the Institutional Model of Decentralization (IMD), it is first shown
that when private benefits to local leaders exceeds social benefits, regional growth after
decentralization may falter. That is, post-decentralization efficiency often predicted by
the theory stays as unrealized hypothesis. With widespread local capture occurring in
many countries following political decentralization, a next question of interest is: what
mechanism can explain the effect of local capture on decentralization outcome?

By expanding the objective from growth to a more broadly-defined welfare, it is
shown that the interactions among initial condition, effective size of budget, people’s
participation, and quality of local leaders affect the way local capture influences regional
welfare. The interactions are complex, non-linear, and may generate multiple equilibria.
As the quality of local leaders including their capacity to motivate participation
determines the outcome, a typology of leaders is constructed. Different types of self-
reinforcement factors dictate leader’s behavior that can reinforce different outcome,
establishing the evolution between welfare and institution (implying endogenous
institutions). Based on the sensitivity analysis, it is also conjectured that the nature and
intensity of each factor’s role in different countries vary depending on the country’s
social, political and economic structure.

Applied to the case of seven regions in Indonesia, the theoretical prediction of IMD is
substantiated. On the group category, given local capture people’s participation is
generally ranked the highest among factors that govern the welfare effect of
decentralization. It plays the most critical role in reducing the capture while
simultaneously maximizing the welfare The persistence of initial condition is also
verified by the fact that it is ranked high, only in two extreme cases it is ranked the
second, i.e., in the least developed (Palu) and very well-to-do region (Malang). In the
latter, all factors including participation result in a “positive local capture,” reinforcing
the region’s welfare condition. The survey also reveals that regions identified as
“deteriorating” and having low participation tend to be poor. And they are persistently so.
Not only that this corroborates the critical role of initial condition, but it also suggests
that in a democratic system like Indonesia, decentralization is welfare-enhancing only for
regions under “complete” progress, not for all regions.

Given that a multiple equilibria scenario after decentralization is common, not unique
for Indonesia, an institutional reform is warranted. But the reform ought to take account
the potential interactions among institutional factors and characteristics as described in
IMD, not just aiming at minimizing transaction costs.
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Appendix: Brief Explanations of AHP and ANP

Let A;, Ay, A;, ..., A, be n elements in a matrix within a hierarchy. The pairwise
comparisons on pairs of elements (A;, A;) are represented by an n-by-n matrix A = (aj),
where i,j = 1, 2, 3,....., n. Define a set of numerical weights w;, w,, w3, ...... , Wy that
reflects the recorded comparisons,
A, Ay A,

A, wi/wy WMWY Wi/W,

A=

A, W,/ W, W W e W /W

The scales used in the pairwise comparisons in AHP are based on Saaty’s scaling
system (Saaty, 1996), i.e., from 1 to 9. Since every row is a constant multiple of the first
row, A has a unit rank. By multiplying A with the vector of weights w,

Aw = nw
To recover the scale from the matrix ratios, the following system ought to be solved:
(A-nhw=0

Clearly, a nontrivial solution can be obtained if and only if det(A-nl) vanishes, i.e.,
the characteristic equation of A. Hence, n is an eigenvalue and w is an eigenvector, of
A. Given that A has a unit rank, all its eigenvalues except one are zero. Thus, the trace of
A is equal to n. If each entry in A is denoted by a;;, then a;; = 1/a; (reciprocal property)
holds, and so does a; = a; / a; (consistency property). By definition, a; = a; = 1, that is,
when comparing two same elements. Therefore, if we are to rank » number of elements,
i.e., A is of the size n-by-n, the required number of inputs from the paired comparisons is
less than n”; it is equal to only the number of entries of the sub-diagona part of A. Hence,
if there are three elements in a particular level of a hierarchy, only three pairwise
comparisons are required. In general, however, the precise value of w,/w;is hardly known
simply because the pairwise comparisons are only an estimate, suggesting that there
are some perturbations. While the reciprocal property still holds, the consistency property

does not. By taking the largest eigenvalue denoted by Zmax,

Ap 'Wp :ﬂ.«myx 'Wp
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where AP is the actual, or the given, matrix (perturbed from matrix A). Solving the above
gives a consistent matrix whose entries are w;/wj; it is a consistent estimate of A, although

AP itself does not need to be consistent. AP will be consistent if and only if A e = n. As
long as the precise value of w/w; cannot be given, which is common in real situation due

to the bias in the comparisons, Am. is always greater than or equal to n; hence, a

measure of consistency can be derived based on the deviation of A4 from 7. When more
than two elements are compared, the notion of consistency can be associated with
transitivity condition: if A; > A, and A, > A; then A; > A;. It should be clear that in
solving for w, the transitivity assumption is not strictly required; the inputted
comparisons do not have to reflect a full consistency. Yet, as shown above, the resulting
matrix and the corresponding vector remain consistent. It is this consistent vector w that
reflects the priority ranking of the elements in each level. Hence, in a standard hierarchy
with three levels (goals, criteria, and alternatives), the elements in each level are pairwise
compared with respect to elements in the level above it, and the resulting vector at the
bottom level reflects the priority ranking of the alternatives.

Figure Al

Role of Institutional Factors in Decentralization: Hierarchy Model
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To test the model framework for decentralization using AHP, the hierarchy shown in
Figure Al is used. Maximizing local welfare is the goal, and four indicators are
identified: poverty, inequality, local output growth (GRDP growth), and human
development index (HDI). These indicators are to be prioritized by using pairwise
comparison matrix from which the eigen-vector reflecting the consistent ranking is
derived. After clarifying whether in the respective region each of the indicators has
improved or not, the next step is to rank the importance of the determinants of those
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welfare indicators. As discussed before, of all possible determinants three stand out:
people’s participation (P), initial condition (S), and size of local budget (F). By taking
into account the consistent ranking of welfare indicators and institutional factors, the
overall results can be synthesized. In some regions, a modified structure of the ANP-type
of network is used in which feedback effects capturing the performance of each factor
(improved or not improved) are identified. Unlike AHP, a network model recognizes
two-way dependence relationships that exist among variables). With feedback, the
alternatives can depend on the criteria as in a hierarchy but they may also depend on each
other. The criteria themselves can depend on the alternatives and on each other. Hence, it
involves a network rather than a hierarchy. With such a feature, the results are more
stable because one considers the influence on and survival in the face of other influences.

Figure A2

Role of Institutional Factors in Decentralization: Network Model
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The network framework used in the survey is shown in Figure A2. Notice that the 2-
way arrows indicate the feedback effects between the bottom level and the level above it,
and between some elements in the same level (size of local budget and initial welfare
condition influence participation).

While in a hierarchy-based model a set of pairwise comparison matrices are used, the
presence of feedback influences in a network model requires a supermatrix that contains
a set of sub—matrices. This supermatrix should capture the influence of elements in a
network on other elements in that network. Denoting a cluster by Cj,, & = 1, ...... m, and
assuming that it has n, elements e;;, e, €3 ... .... , enmn, Figure A3 shows the supermatrix
of such a hierarchy:
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Figure A3
Supermatrix of a Hierarchy
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When the bottom level affects the top level of the hierarchy, a form of network
known as holarchy is formed, the supermatrix of which will look like the one displayed
in Figure A4. Notice that the entry in the last row and column of the supermatrix in
Figure A3 is the identity matrix / corresponding to a loop at the bottom level of the
hierarchy. This is a necessary aspect of a hierarchy viewed in the context of supermatrix.
On the other hand, the entry in the first row and last column of a holarchy in Figure A4 is
nonzero, indicating that the top level depends on the bottom level. The entries of sub-
matrices in W; are the ratio scales derived from paired comparisons performed on the
elements within the clusters themselves according to their influence on each element in
another cluster (outer dependence) or elements in their own cluster (inner dependence).
The resulting unweighted supermatrix is then transformed into a matrix each of whose
columns sums to unity to generate a stochastic supermatrix. The derived weights are used
to weight the elements of the corresponding column blocks (cluster) of the supermatrix,
resulting in a weighted supermatrix which is also stochastic. The stochastic nature is
required for the reasons described below. The typical entry of Figure AS supermatrix is
shown in Figure A6.
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Figure AS
Supermatrix of a Network
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Entry in the Supermatrix of a Network
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Since an element can influence the second element directly and indirectly through its
influence on some third element and then by the influence of the latter on the second,
every such possibility of a third element must be considered. This is captured by squaring
the weighted matrix. But the third element also influences the fourth, which in turn
influences the second. These influences can be obtained from the cubic power of the
weighted supermatrix. As the process is performed continuously, one will have an
infinite sequence of influence matrices denoted by W, k = 1,2......... The question is, if
one takes the limit of the average of a sequence of N of these powers of the supermatrix,
will the result converge, and, is the limit unique? It has been shown that such a limit
exists given the stochastic nature of the weighted supermatrix (Saaty, 2001). There are 3
cases to consider in deriving W*: (1) Ayex = I is a simple root and there are no other roots
of unity in which case given the nonnegative matrix W is primitive, we have limy_,,,
W = we' , implying that it is sufficient to raise the primitive stochastic matrix W to large
powers to yield the limit outcome; (2) there are other roots of unity that cause cycling, in
which case Cesaro sum is applied; and (3) A, = I is a multiple root, in which case the
Sylvester’s formula with A,,, = I is applied. For further details, see Saaty (2001) and
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Azis (2009). In practice, however, one simply needs to raise the stochastic supermatrix to
large powers to read off the final priorities in which all the columns of the matrix are
identical and each gives the relative priorities of the elements from which the priorities of
the elements in each cluster are normalized to one. The powers of the supermatrix do not
converge unless it is stochastic, because then its largest eigenvalue is one. When a
convergence is failed to achieve (a cyclic case) the average of the successive matrices of
the entire cycle gives the final priorities (Cesaro sum), in which the limit cycles in blocks
and the different limits are summed and averaged and again normalized to one for each
cluster. At any rate, raising the stochastic supermatrix to large powers gives what is
known as limiting supermatrix. Hence, there are 3 supermatrices to be used: (1) the
original unweighted supermatrix of column eigenvectors obtained from pair wise
comparison matrices of elements; (2) the weighted supermatrix in which each block of
column eigenvectors belonging to a cluster is weighted by the priority of influence of that
cluster, rendering the weighted supermatrix column stochastic; and (3) the limiting
supermatrix obtained by raising the weighted supermatrix to large powers. To apply the
network model, our survey team used Super Decision software, and for the hierarchy
model the team used Super Decision and Expert Choice.
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Hierarchical Settlement Networks

Abstract

A network representation is introduced for visualizing hierarchical region structures on
various spatial scales. The method is based on a spring-block model approach borrowed
from physics and it was previously used with success to detect regions in any
geographical space. We illustrate here our network construction method for the case of
Transylvania, USA and Hungary.

Keywords: settlement networks, spring-block model, USA, Transylvania, Hungary.
Introduction

It is commonly believed that the core of any complex system is a network (Barabasi
2005). The underlying network structure carries useful information for understanding the
evolution and measurable characteristics of large systems. Networks have proven that
they are useful for studying biological, social and economic systems (Barabasi 2012).

A network approach might be helpful also in visualizing and understanding the complex
hierarchical inter-relationship between settlements in a given geographic region. The
method for such an approach is straightforward, assuming that one is able to detect
hierarchical region-like structures and region centers on different spatial scales. The
hierarchical space-division at various scale, could be synthesized in a compact and visually
interpretable manner by drawing up such a tree-like network topology. Here, based on our
previously elaborated region detection algorithm (Maté—Néda—Benedek 2011), we present
a method for the construction of such a hierarchical connection network.

This method can be helpful in the spatial analysis of any kind of territorial data. The
complexity of socio-economic processes with spatial dimension implies that natural
space delimitation cannot be possible (Dusek 2004), the determination of territorial units
(regions) depends on the examined phenomenon and its geographical characteristics
(Haggett 2001). Researching the spatial flow of goods, services and information one can
border regions with different spatial extent in different hierarchical structures. Thus it has
got high importance in bordering to clarify the regional structures on micro, mezzo and
macro regional level, based on different socio-economic data.
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Our method enables us to border regions on different spatial levels by using different
kinds of data. This flexibility may contribute to a more efficient regional research in
bordering and in the horizontal and vertical division of socio-economic and geographical
space (Nemes Nagy 2009).

This paper can be divided into three main parts. First we will introduce the
methodological background and its geographical relevance, in the second part we
introduce three examples where spatial data are analyzed and visualized (examples are
from the USA, Transylvania and Hungary). In the last part we would like to point out the
socio-economic relevancies of this method in spatial analysis and regional science.

Method

Preliminaries

Spring-block models have been used widely to model various phenomena related to
relaxation, avalanche-like dynamics or self-organized criticality (Jarai-Szab6—Néda 2012,
Kovacs—Néda 2007). The model considers a system of blocks that are interconnected by
springs in a lattice like topology. The blocks can slide on a surface and apart of the
elastic forces experienced from their neighbors a friction force is damping their free
movement on the surface. The friction forces are usually velocity dependent. In the
simplest version there is a dynamic friction force that is independent of the sliding
block’s velocity and a static friction force (acting when the block is in rest relative to the
surface), which has a larger value than the dynamic one. Originally, the model was
considered in one-dimension by Burridge and Knopoff in order to model the power-law
like distribution of the earth-quakes magnitude (Burridge—Knopoff 1967). The model
was then extended to two-dimension by Olami, Feder and Christensen (1992). One of the
most spectacular application of this model is it’s success in modeling fracture and
fragmentation patterns resulting from quasi-static drying of granular materials in contact
with a frictional substrate (Leung—Néda 2010). The success of reproducing this
relaxation dynamics in drying granular materials, motivated the use of the spring-block
model for hierarchical region detection. Regions can be imagined as resulting from a
fragmentation dynamics in a geographic space. Once the interconnection topology of the
settlements is defined and the strength of the interconnecting forces are revealed, a
simple relaxation dynamics will lead us to a hierarchical grouping. This hierarchical
region-detection method was used in (Maté—Néda—Benedek 2011). Here, for the sake of
an easier understanding of the network construction method, we now briefly review the
main elements in our spring-block approach for region detection. For a more detailed
description we suggest the reader to consult (Maté—Néda—Benedek 2011).

The spring-block model for region detection

Settlements are regarded as blocks with masses m; proportional with their population
(W;). The blocks are displaced on a two-dimensional plane, so that their relative
coordinates are determined by the original GPS coordintes of the settlements. On each
block “7” a friction force is acting on behalf of the surface. For the sake of simplicity we
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consider here an over-damped motion of the blocks. The value of the force acting on
block “i” is defined in analogy with classical mechanics:
F/ =mgu (1)

Here g is a kind of gravitational constant, taken as g=1/ (defining the units for forces),
and g is the static friction coefficient.

The blocks are interconnected by springs. In order to determine the interconnection
topology we use a Delanuay triangulation (Okabe—Boots—Sugihara—Chiu 2000). The
Delanuay triangulation performed on the point-like coordinates of the settlements will
yield the first-order neighbors (Figure la). Springs are placed between these first-order
neighbors, and as a result of this, a two-dimensional spring-block lattice will form
(Figure 1b). Relaxation is performed on this spring-block lattice.

Figure 1
Construction of the spring-block lattice

a) Delauney traingulation for detecting the neighbors of the settlements. Black dots represent the position of the
settlements, red polygons are the Voronoi cells around them and the black lines illustrate the Delauney triangulation. We
connect by springs the points connected by these edges.

b) A two-dimensional spring-block system. Red blocks represent settlements of different sizes and the springs connect the
neighboring blocks detected through the Delanuey triangulation.

Springs are modeling the socio-economic connections between the neighboring
settlements. Settlements that are closer to each other should attract each other in a
stronger manner and settlements that have a correlated tendency of evolution for some of
their relevant socio-economic indicators should also attract each other in a strong
manner. Taking into account these obvious facts, the spring-force between settlement “i”
and “/” is quantified as:

" LT
e p— 3
In the above equation kij denotes the connectivity strength between settlements
r
‘J”, dj; is the distance between them and &, is a unit vector pointing from on settlement

)

[0}
1

and

to the other. In contrast with many earlier spring-blocks models, here the spring-forces
are not linear. The tension in the spring is increasing while the distance between the
settlements gets smaller. Another difference relative to the classical spring-block models
is that the here the springs cannot break, and there are able to resist any tension.



4 GABRIELL MATE — ANDRAS KOVACS — ZOLTAN NEDA

The crucial point in defining our spring-block model is to quantify the & jconnectivity
strength. In order to achieve this, we consider a relevant socio-economic parameter q.),
which is available on settlement level for a relatively long time-period, t. This can be for
example the population of the settlement, the GDP per inhabitant or yearly average tax
data per inhabitant. Furthermore, we suppose that we do have access to this data with a
uniform time-sampling interval, taken here as unity. We can define in such manner for
each settlement the relative change of this quantity for a unit time:

ri(t)= g:(t+1)—q,(1) 3)
q;(1)

The main hypothesis for the used spring-block approach is that we assume that for the
relevantly connected settlements the time-variation of the 7 relative changes has to be
strongly correlated. This means that we can quantify the k connection strengths as the

time-like correlations between the 7 quantities. Using Pearson correlations, we assume
thus:

o), - (o) 0)|
N TTO TG @
Here,< >t stands for an average taken over time, and ¢ is the standard deviation:
ofr(0] =7 (1), = (1(0),” )
Please note the absolute value on the right side of equation (4). This is introduced due

to the fact k must be positive, and both a high correlation and anti-correlation indicates
a strong connectlon between settlements “7”” and

The Dynamics

Once the main elements of the model, and their relation to the relevant socio-economic
and geographic data are clarified, we sketch the dynamics that leads to the hierarchical
territory division.

1. Initially the settlements are placed on a plane according to their GPS coordinates.
The m; mass of each block is fixed according to the population of the
corresponding settlement (m;=W;). Neighbors are defined with the Delanuay
triangulation and springs are inserted between them. The d, i distances between the
neighboring settlements and their k connectivity strength is calculated and fixed
for the whole duration of the 51mulat10n

2. The resultant elastic force acting on each block is computed: ]';l_s _ Z ]';;. In the

Jo)
above equation we denoted by j(i) the neighbours of block i.

3. The friction coefficient is fixed to a large value, 5o that no resultant force acting
on the blocks exceeds the friction force: Vi —|F}’| < F

4. We decrease the value of y, until the first block is allowed to slide, i.e. the
magnitude of the respltant ten510n force is bigger than the static friction force
acting on the block (rFsr> F/).
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5. The block “i” in one simulation step will be moved by a distance 4 in the
direction of the F;’ force. The /& value is chosen to be much smaller than the
smallest initial distance between any two settlements. As a result of this slip, if
any two blocks come closer to each other than a predefined d,,,value, these blocks
are united in one cluster. This cluster will be a new block in the system, inheriting
the mass and links of both blocks and in the next simulation steps will represent
all the blocks that are glued together in it as result of this coalescence process.

6. After each move the distances among the moving blocks and it’s neighbors are
recalculated.

7. In the next simulation step the moving block and it’s neighboring blocks are
checked whether they satisfy the slipping condition. If yes they are moved by a
distance 4 in the direction of the resujtant forces. This simulation step is repeated
until no block can move. i.e. Vi —=|F| < Fl:f

8. The movement, of blocks will continue in the consecutive simulation steps, until
the condition F;{> Fl:f is satisfied for the new position.

9. When no more blocks can move, the y friction coefficient is lowered until the
first block satisfies the slipping condition again. The simulation proceeds from
here by repeating the steps from 5.

10. The dynamics ends when all blocks have collapsed in one.

The above defined model and dynamics has only two freely adjustable parameters.
One is the & distance of the slip in one simulation step and the other is the d,,;, distance
for the collapse of two blocks. If we take them small enough, (as described earlier), their
value will not influence the hierarchical collapsing dynamics and the method will
become free of adjustable parameters.

Hierarchical territory division

The above algorithm will hierarchically group the elements respecting their connection
strength with neighbors and their initial spatiality. Smaller blocks will slide towards large
ones, since the friction forces acting on the latter ones are larger. These large settlements
will than become centers attracting other blocks. It is reasonable to assume that the above
presented spring-block relaxation dynamics will reveal regions at different scales, as the
system hierarchically collapse in larger and larger clusters. Keeping track of all these
collapsing events, and by projecting backward in time the collapsing order, one can
define a hierarchical clustering of the settlements for the investigated geographical
region.

The above presented method and model was implemented in an interactive JAVA
application (Maté—Néda—Benedek 2009), which allows the user to follow visually the
whole clustering process up to the end when all blocks concur in one. The program
memorizes all the intermediary situations and can interactively visualize the settlement
partitions corresponding to them. One can freely play with this model by visiting the
website dedicated to it (Maté—Néda—Benedek 2009).
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The hierarchical settlement connection network

The collapsing dynamics obtained in the spring-block model can be used to draw a
hierarchical network structure for the settlements. In order to construct this network our
hypothesis is that each cluster is dominated by the largest settlement inside it. This means
that when two clusters collapse we assign a link between the dominating settlements. In
order to visualize different levels of hierarchy and to obtain a visually interpretable
network structure we draw lines with different colors or gray-shades according to the
collapsing stage. One possibility is to use the whole color palette from blue to red
according to the simulation time (step) of the time moment for the collapse. Blue lines
will represent the initial stage of the collapse, and dark red lines the latest stages when
only few clusters are present in the dynamics. In such manner interpreting the resulted
weighted graphs has to be done by taking into account the color code illustrated on the
attached legend. Another possibility is to use only warm colors, and indicate the collapse
stage with a color shifting from red to yellow. This convention generates more user-
friendly networks, but it offers less resolution for illustrating different stages of the
collapse. It is also possible to use gray-shades instead of colors. In such case the darker
levels will correspond to earlier collapse time and lighter lines will indicate connections
made on bigger clusters level. We will illustrate in our examples all these methods.

Data

In order to obtain the connectivity strength (k;) between the settlements we need a
uniformly interpreted long-term dataset for some relevant socio-economic parameter
(¢:(1)). The most convenient data in such sense is the population W; of the settlements.
One might assume that the variations in the population data will reflect both cultural and
economic aspects of the settlements, so it seems appropriate for a well-balanced and
relevant socio-economic indicator. It also has the advantage that in general long-term
census data is easily accessible for all geographic territories. We have gathered freely
accessible data on the Internet for Transylvania on settlement level (Varga 2007)
(11 census data between 1850-2002) and for USA on county level (University of
Virginia Library n.y) (last 5 census). Due to the courtesy of Professor Jozsef Nemes
Nagy, we obtained excellent data on settlement level for Hungary (11 census data from
1870 to 1970). For the case of Hungary Prof. Nemes Nagy provided us also the average
local income tax paid per inhabitant for 20 consecutive years (data between 1990-2009).
This data offered the possibility to use also different socio-economic indicators for
determining the k; connectivity strength.

In order to initially position the blocks (settlements) on the simulation plane and to
determine their neighbors, we also needed the GPS coordinates of the settlements. This
coordinates are usually available in an electronic format. For Transylvania we got them
from (Astroforum n.y) and in the case of USA the data for the county center is available
at (Comcast n.y.). In the case of Hungary the data was provided by Prof. Nemes Nagy.

Once all these data are electronically available, the spring-block model can be
initialized and it’s hierarchical collapse will reveal the relevant network structure.
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Results

An interactive version of the program running both on Windows, Linux and MacOsX
operation systems can be downloaded from (Maté—Néda—Benedek 2009). Once the Java
Runtime Environment (JVE) is installed on the computer and correctly running, one can
test the program. In the online version one will be able to select the studied territory
(Transylvania, USA or Hungary), the type of data used for the connectivity (population,
tax) and the visualization method. It is possible to visualize the “regions” obtained on
different hierarchical levels by rewinding the collapsing scenario. An alternative to this is
to plot the hierarchical network structure that is intended to synthesize visually the region
structures obtained at various collapsing stages. Results obtained for Transylvania, USA
and Hungary are given in Figures 2, 3 and 4.

For Transylvania we draw the edges using a color code extended from blue to dark
red (Figure 2). Someone who is familiar with the map of Transylvania will immediately
spot out on this graph as local hubs (gathering the tree-like connection topology in their
neighborhoods) the main region capitals (Cluj-Napoca, Timisoara, Sibiu, Brasov,
Oradea, Targu Mures and Baia Mare ). In order to illustrate the topology of the network
structure on lower lever, we have magnified the Banat region, with the obvious center in
Timisoara. This blow up indicates the hierarchical space division and the lower level
geographical regions in Banat.

For USA we have used a gray-scale code to illustrate the hierarchical network
structure on the county level (Figure 3). Two regions (one in the neighborhood of
Memphis, Tenesse, and one in the neighborhood of Salt Lake City, Utah) are magnified
to show the fine structure.

For Hungary (Figure 4) we use yet another representation, by considering only warm
colors ranging from red to yellow. Here we compare the settlement network structures
obtained using two very different datasets. One network is based on long-term population
census (from 1870 to 1970) and the other one is obtained by using data for 20
consecutive years (from 1990 to 2009) of income tax per inhabitant. Although the
topology is statistically very similar the two magnified regions show that the obtained
network structures are quite different. This illustrates well that the hierarchical networks
structures constructed in such manner are rather sensitive to the used data and the
spanned time-period.

After the visualization of the results the socio-economic implications will be taken
into account. The most important advantage of the applied method lies in the followings:

— The relation between time processes and spatial distribution can be seen in a

single map (see methodology). The spatial analysis and visualization of time-
based data (time series) is possible with this method. It is based on long-term
socio-economic data, and the method helps to discover the space-time relations by
different variables. It can serve a basis in bordering of regions, gravity zones of
city regions, etc., because the strengths and directions of linkages can be seen in a
single map. These maps show the effect of geographical distance on regional
structures.
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Figure 2
The settlement connection network for Transylvania (Romania) obtained by using
long-term population census data.
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The color of the lines indicates the simulation time when the collapse in the relaxation dynamics occurred. Colder colors
are for earlier stages of the dynamics and warmer colors are for the later stages, as it is indicated in the attached legend. The
Banat region, with the obvious center in Timisoara is magnified for giving a better visualization of the local nature of the
obtained settlement network.

— The level of spatial structure can be determined by the researcher during the
visualization process. During the modeling procedure the researcher has the
opportunity to determine the desired number of formulating regions. It means that
one can draft a multilevel regional structure by stopping the simulation in
different stages. In the Transylvanian example a solid vertical structure of micro,
mezzo and macro regions can be observed (See the different colors and patterns.).

— The method is suitable for comparing of many different kinds of data with socio-
economic relevance. For horizontal and vertical division of socio-economic space
strong spatial links and long-term processes are needed. This method allows us to
compare the spatial linkages and strength in case of different variables. In the
Hungarian example (where we had two variables to work with) we have the
opportunity to compare the similarities and differences in spatial links by using
population and income data. As one can see in Fig 4, there are considerable
differences in the case of the two variables. The maps on population and income
have got partly different topology. The map on the census data shows stronger ties
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on micro-regional scale than the map on per capita income does. It may come
from the different time dimensions of data, from the diverse behavior of social
and economic processes, etc.

— The original settlement (or regional) structure of the researched area is depicted in
the visualized network. The applied method uses GPS-data in the visualization
process, so not only the strength of the link between the neighboring settlements
can be identified, but the real settlement network as well. In the maps of the USA
and Hungary differences in density and spatial distribution of settlement are easy
to identify. In case of Hungary the small village areas of Somogy, Baranya and
Cserehat can be distinguished from the region of Alfold.

Figure 3

The county connection network revealed for USA by using population census data
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A gray-scale code (see the attached legend) indicates the simulation step when the collapse occurred in the relaxation
dynamics. Two rectangular regions are magnified for exemplifying the local connectivity topology.
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Figure 4
The settlement connection network for Hungary constructed by using
long-term population census data (top) and average income tax data for
20 consecutive years (bottom)
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The color code indicates the simulation step when the collapse occurred in the relaxation dynamics. Lighter colors (in the
direction of yellow) indicate later stages, as it is illustrated on the attached legends. Two regions are magnified. Although the
topology looks statistically similar, the networks obtained with the different input data are very different.

Conclusions

The hierarchical settlement connection networks plotted in the present study offers an
intuitive and visually appealing presentation for the complex inter-relationship between
the settlements. Due to the used “link” definition, the network has a tree-like structure,
and no loops are present. Settlements are connected only through the region centers
revealed at different spatial scales. These centers act as hubs of different sizes. The
shortest distance (minimal number of links) between any two nodes (settlements) will
indicate how strongly these settlements are connected. The hierarchy levels are illustrated
by using different color codes. Results obtained for the case of Transylvania, USA and
Hungary were used to exemplify the method.

Our approach and the applied techniques may help the regional research in several
fields. In regional and spatial planning it can contribute to the planning, realization and
control phases for determining an optimal regional structure (in advance), to identify
regions with special characteristics (backward areas, development axes, city regions, etc.)
or to measure and visualize the changes in settlement networks. In business it can
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contribute to the spatial analysis of market data like spatial relations in revenues, profit,
costs, etc., to identify spatial distribution and concentration of business partners
(customers, suppliers) or business network elements like market centers, industrial parks,
clusters; or to find hierarchies in business activities (competitors, partners).

We believe that such representations could help in designing socio-economic
structures that would serve a better and more optimal territorial organization and business
activity.
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Investigation of spatial structure: modelling approach®

Abstract

In this paper the authors wish to introduce an application of the gravitational model
through a concrete example. In their investigation the gravitational model was
transformed to analyse the impact of accessibility in a way, that not only the size of
gravitational forces but their direction can also be measured. Displacements were
illustrated by a bi-dimensional regression, which gives a new perspective to the
investigation of the Hungarian spatial structure.

Keywords: gravitational model, bi-dimensional regression, accessibility, spatial
structure, Hungary.

Introduction

The overall goal of modelling is to simplify reality, actual processes and interactions and
on the basis of the obtained data to draw conclusions and make forecasts. Models based
on gravitational analogy are the tools of spatial interactions of classical regional analyses.
They were first applied in the 19th century (Carey 1858, Reilly 1929, Stewart 1948,
Converse 1949, Zipf 1949, Dodd 1950, Hammer—Ikle 1957, etc.).

The application of the geographical gravity is confirmed by the theory of experience
according to which (just as in time) the things that are closer to each other in space are
more related than distant things. This is called the "first law of geography” (Tobler
1970).

There are two basic areas of the application of gravitational models based on physical
analogy: the spatial flow analysis (Filippo, S. et al. 2012, Martinez et. al. 2003), and the
demarcation of catchment areas (Vieira et al. 1993, Mate et al. 2011). The potential
models based on gravitational analogy are the most important groups of accessible
models. In general, it can be stated that they are accessible approaches according to
which models show potential benefits of the region compared to other regions where the
benefits are quantified (Spickermann—Wegener—Schiirmann 1997).

The use of accessible models in transport-geographical studies is very common.
However, when models are used, it is not entirely clear what is actually modelled;

a) Hungarian Central Statistical Office, 1024 Budapest, Keleti Karoly ut 5-7., Hungary, E-mail: aron.kincses@ksh.hu

b) Hungarian Central Statistical Office, 1024 Budapest, Keleti Karoly ut 5-7., Hungary, E-mail: geza.toth@ksh.hu

* In this paper the authors wish to introduce an application of the gravitational model through a concrete example. In their
investigation the gravitational model was transformed to analyse the impact of accessibility in a way, that not only the size of
gravitational forces but their direction can also be measured. Displacements were illustrated by a bi-dimensional regression,
which gives a new perspective to the investigation of the Hungarian spatial structure.
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because of their complexity their interpretations may be difficult (Kincses—Toth 2011).
It should be stressed that accessibility has no universally accepted definition; in empirical
studies different methodological background indicators are used (see Geurs—van Wee
2004, Gutierrez 2001, Tschopp et al. 2003, Willigers—Floor—van Wee 2007). The
gravitational theory is a theory of contact, which examines the territorial interaction
between two or more points in a similar way as correlations are analysed in the law of
gravitation in physics. According to Dusek (2003), despite the analogy, there are
significant differences between gravitational models used by social sciences and the law
of gravitation used in physics. It is worth bearing in mind that "the gravitational model is
not based on the gravitational law”. It is a fundamental statement based on the experience
of undeniable statistical character that takes into consideration spatial phenomena.
According to this statement, phenomena interact with each other. The phenomena, which
are closer to each other in space, are more related than distant phenomena (Dusek 2003,
p. 45.).

There are a number of differences between the law and the model. In this study, we
wish to highlight a new point of view. As a consequence of the spatial interaction, classical
gravitational potential models show the magnitude of potential at spatial points. Regarding
the law of gravity in physics, the direction of forces cannot be evaded. In our approach each
unit area is assigned an attraction direction. That is, in the case of the gravity model
(although such spaces are free of vortex) the space is characterized using vectors.

Method

The universal gravitational law, Newton's gravitational law, states (1686) that any two
point-like bodies mutually attract each other by a force, whose magnitude is directly
proportional to the product of the bodies” weight and is inversely proportional to the
square of the distance between them (Budo 1970) (1st formula):

Foy T M
r
where v is the proportional factor, the gravitational constant (independent of time and place).
If  indicates the radius vector drawn from the mass point number 2 to a mass point
number 1, then 7/ is the unit vector drawn from 1 towards 2, thus, the impact of gravitational
force on mass point 1 from mass point 2 is in (Equation 2) (Figure 1), which reads

F=—y . L ()
r r

A gravitational field is set if the gradient (K) can be specified by a direction and

magnitude in each point of the range. Since K is a vector quantity, three numbers (two in

plane) are required to be known at each point, for example the right angle components of

gradient K, K,, K., which are functions of the site. However, many fields, including the

gravitational field, can be characterized in a more simple way. They can be expressed by

a single scalar, the so-called potential function, instead of three values.
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Figure 1
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The potential is in a similar relation with gradient as work and potential energy with
force.

Taking advantage of this, gravitational models are also applied in most social sciences
where space is usually described by a single scalar function, (Kincses—Toth 2011),
whereas in gravitational law vectors characterizing the space are of great importance. The
primary reason for this is that arithmetic operations calculated with numbers are easier to
handle than with vectors. Perhaps, we could say that by working with potentials we can
avoid calculation problems in problem solving. The potential completely characterizes
the whirl-free gravity gravitational field, because there is a definite relationship between
the field strength and the potential:

Iz':—gradUD K :—a—U; K,——a—U. A3)
* Ox ’ oy

In other words, the potential (as mathematical functional) is the negative gradient of
field strength. Various types of potentials and models, which are different from the ones
directly based by the gravitational analogy, but in this case, force effects among space
power sources are quite different. In fact, these models differ from each other since the
attractive forces remain above a predetermined limit value and within set distances.

The force in a general form is:

The impact of force on i by j: Ej ==

a . B
A=cmim,
r

where C, o, f, [ are constants (Barthélemy 2011).

However, how they describe actual power relations between social masses is another
question.

Although potential models often characterize concentration on focal points of areas
and spatial structures, they fail to provide information in which direction and with how
much force the social attributes of other areas attract each delimited area unit. Thus, we



4 ARON KINCSES — GEZA TOTH

attempt to use vectors in order to show the direction where the Hungarian micro regions’
tend to attract micro regions (LAU1) in the economical space compared to their actual
geographical position. This analysis can demonstrate the most important centres of
attraction, or discrepancies, and the differences between the gravitational orientations of
micro-regions can be displayed on a map after the evaluation of data from 2000, 2005
and 2010 has been performed. In the study the geometric centres of specific micro-
regions were the co-ordinates of Hungarian micro-regions, which were determined in the
EOV co-ordinate system® by (Geographical Information System) GIS software.

Our goal can be reached by using Equation (3) to potentials or directly with the help
of forces. We chose the latter one.

In the conventional gravity model (Stewart, 1948) D;; is the "demographic force"
between i and j where W; and I, are the population size of the settlements (regions), dj; is
the distance between i and j, and finally, g is the empirical constant (Equation 5).

D;=g( LZV’) ©)
d;

In this study, first the W; and W; weight factors represent personal income, which is
the gross income serving as basis of the personal income tax, dij is the actual distance
between i and j regional centres measured on road by a minute (regardless of the traffic
conditions and only the maximum speed depending on the road type is taken into
consideration). The personal income is the best variable to represent the Hungarian
spatial development structure. Later the weight factors will be represented by other
variables, which are to model the underlying causes of changes in the development.

By generalizing the aforementioned formula, we write the following equation
(Equation 6 and 7):

_ w.-w.
D.=|D. |=—1"J
i U t;
(6), (7)
_wWew,
T cr %
by d,‘j by

where ; and W, are the masses, dj; is the distance between them, c is a constant, which is
the change of the intensity of inter-regional relations as a function of distance. As the
exponent, ¢, increases and the intensity of inter-regional relations becomes more sensitive
to distance, this significance of masses gradually decreases (Dusek 2003). The minus
sign express mathematically, that the masses attract each other (see Figure 1).

With the extension of the above Equation we cannot only measure the strength of the
force between the two regions, but its direction as well.

3 A micro-region code is the code of a (non- administrative) breakdown covering the whole area of Hungary, which is
based on real connections between settlements in terms of work, residence, transport, medium-level provision (education,
health care, trade) etc. Through their connections settlements are attracted by one or more central settlements in the system of
statistical micro-regions.

4 The EOV is a plane projection system used uniformly for the Hungarian civilian base maps and, in general, for spatial
informatics. Geometric classification: Conformal cylindrical projection in transversal position.
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While performing calculations, it is worth dividing the vectors into x and y
components and summarize them separately. To calculate the magnitude of this effect
(vertical and horizontal forces of components) the following Equations are required
(Equation 8 and 9), which follow from (6):

D,?(z—W"'W"-(xi—xj) (8)

y d;-%—l
w,-w,
D;:_ dt'+l]'(yi_y.f) (9)
i

where x;, x; y;, y;are the coordinates ofthe i and j regions.

However, if we perform the calculation on all unit areas involved, we will know in
which direction their forces exactly act and how strongly they affect the given unit area
(Equation 10).

n I/VIW
DiX:_Z dc+]j'(xi_xj)
i

J=1

)

n I/VIW
Diy:_z dc+1j '(yi_yj)
ij

J=1

It should be noted that while in potential models, the results are modified by the
introduction of "self-potential”, in the examination of forces we disregard the
introduction of "self- forces".

Thus, it is possible to determine the magnitude and direction of force in which other
areas affect each territorial unity. The direction of the vector, which is assigned to the
region, determines the attraction direction of other unit areas, while the length of the
vector is proportional to magnitude of force. For the sake of mapping and illustration, we
transformed the received forces into shifts proportional to them in the following way
(Equation 11 and 12):

(11
mod X .xmax 1
X =x.t| D ke
X D
DX min
(12)
YUy Dl
y D
D)’mm

where X; " and ¥; " are the coordinates of new points modified by the gravitational
force, x and y are the coordinates of the original point set, the extreme values of which
are X", " a x™" ™" D; is the force along the x and y axes, k is a constant and in this
case it is 0.5. This has the effect of normalizing the data magnitudes.

We assume that in our model the amount of interactions between the ,,masses” is the
same as in Equation 7, and based on the superposition principle, it can be calculated for a

given region by Equation 10. The new model cannot directly be compared with transport-
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geographical data, but the results compared with traffic data in potential models to verify
our model (Kincses—To6th 2011).

Our model is a kind of complement to the potential models that ensures a deeper
insight into them. In the following sections of this study we intend to communicate some
significant results of this model.

Application of two-dimensional regression

The point set obtained by the gravitational calculation (7 is the gross income serving as
basis of the personal income tax, population, tax payers, dwellings built, local taxes,
number of active corporations and unincorporated enterprises of the i micro-region in
Hungary, dj; is the distance between i and j micro-regions), is worth comparing with the
baseline point set, that is, with the actual real-world geographic coordinates and
examining how the space is changed and distorted by the field of force. The comparison,
of course, can be done by a simple cartographic representation, but with such a large
number of points, it is not really promising good results. It is much better to use a two-
dimensional regression.

The two-dimensional regression is one the methods of comparing partial shapes. The
comparison is possible only if one of the point coordinates in the coordinate systems
differing from each other is transformed to another coordinate system by an appropriate
rate of displacement, rotation and scaling. Thus, it is possible to determine the degree of
local and global similarities of shapes as well as their differences that are based on the
unique and aggregated differences between the points of the shapes transformed into a
common coordinate system. The method was developed by Tobler, who published a
study describing this procedure in 1994 after the precedents of the 60s and 70s (Tobler,
1961, 1965, 1978, 1994). There are many examples using this procedure, which are not
necessarily motivated by geographic issues (Kare-Samal-Marx 2010, Symington—
Brunsdon—Charlton 2002, Nakaya 2010).

As for the equation relating to the calculation of the Euclidean version, see Tobler
1994, Friedmann—Kohler 2003, Dusek 2011.
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Table 1
The equation of the two dimensional regression of Euclidean

1. Equation of the AY (a) (B =B [X
_ *
regression B [az}r[ﬁz B J [Y J

2. Scale difference [ 22 2
D= ﬁ] +ﬂ2

3. Rotation o ot ( B ]
4.Calculation of B, @~ ~ D)+ (b ~b) (v, ~ )
S 3 sy s
5.Calculation of B, 5 Sk -B) (-5 -3 (@, —@) * (v, - F)
* -0+ (v -3
6. Horizontal shift a=a—-P *3x+p,*y
7. Vertical shift a,=b-p,*T- P *7

8. Correlation based on Zka' aP + (b, —bT)ZJ
error terms =4 zkai “ay + (b, 75)2J

9. Breakdown of the  |3"|(a, —&)” + (b, ~b)’]= 3 [(@; =@ + (b - B) ]+ X |(a, —a))” + (v, b))

square sum of the SST=SSR+SSE
difference

10. Calculation of A’ A'=a,+ B (X)-B,(Y)

11. Calculation of B’ B'=a, + B,(X)+ B,(Y)

Source: Tobler (1994) and Friedman, Kohler (2003) based on Dusek 2011 p.14.

Where x and y are the coordinates of independent shapes, a and b are the coordinates
of dependent shapes, a’ and b’ represent the coordinates of dependent shapes in the
system of independent shapes. a; determines the measure of horizontal shift, while a,
determines the measure of vertical shift. §; and £, are the scalar difference and (@) and
(O) determine the angle of shifting.

SST is the total square sum of difference. SSR is the square sum of difference
explained by regression. SSE is the square sum of difference not explained by the
regression (residual). Further details about the background of the two-dimensional
regression can be seen in Dusek (2011) p. 14-15.
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Source: own calculation.

8
Table 2
Bi-dimensional regression between the gravitational and
the geographical space under personal income tax

Year r o 0 By B2 [ [©]
2000 0,942 6304,48 2017,44 0,99 0,00 0,99 0,00
2005 0,942 6030,56 2012,23 0,99 0,00 0,99 0,00
2010 0,941 8026,79 2632,29 0,99 0,00 0,99 0,00

Year SST, % SSR, % SSE, %

2000 100,00 98,73 1,27

2005 100,00 98,74 1,26

2010 100,00 98,69 1,31

Our results show that there is a strong relation between the two point systems; the
transformed version from the original point set can be obtained without using rotation
(® = 0). Essential ratio difference between the two shapes was not observed. Comparing
the obtained results, it is obvious that the set of points behaves like a single-centre mid-
point similarity, when it is diminished. This means that only the attractive force of

Budapest can be determined at a national level.

Table 3
Bi-dimensional regression between the gravitational and
the geographical space by population

Year r al o2 Bl B2 0] ®
2000 0,937 17095 5208 0,97 0,00 0,99 0,00
2005 0,938 15536 4808 0,98 0,00 0,98 0,00
2010 0,938 13723 4303 0,98 0,00 0,98 0,00

Year SST, % SSR, % SSE, %

2000 100,00 98,48 1,51

2005 100,00 98,53 1,47

2010 100,00 98,57 1,43

Table 4
Bi-dimensional regression between the gravitational and
the geographical space by the number of tax payers

Year r al o2 Bl B2 0] ®
2000 0,937 14390 4476 0,98 0,00 0,98 0,00
2005 0,937 14199 4458 0,98 0,00 0,98 0,00
2010 0,938 14245 4492 0,98 0,00 0,98 0,00

Year SST (%) SSR (%) SSE (%)

2000 100,00 98,53 1,47

2005 100,00 98,53 1,47

2010 100,00 98,54 1,46
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Table 5
Bi-dimensional regression between the gravitational and
the geographical space by the number of dwellings built
Year r al o2 Bl B2 0] ®
2000 0,940 8387 2743 0,99 0,00 0,99 0,00
2005 0,940 7035 2314 0,99 0,00 0,99 0,00
2010 0,941 4531 1524 0,99 0,00 0,99 0,00
Year SST, % SSR, % SSE, %
2000 100,00 98,66 1,34
2005 100,00 98,64 1,36
2010 100,00 98,69 1,31
Table 6
Bi-dimensional regression between the gravitational and
the geographical space by local taxes
Year r al o2 Bl B2 0] ®
2000 0,945 2333 774 1,00 0,00 1,00 0,00
2005 0,944 2816 924 1,00 0,00 1,00 0,00
2010 0,945 2679 883 1,00 0,00 1,00 0,00
Year SST, % SSR, % SSE, %
2000 100,00 98,84 1,16
2005 100,00 98,82 1,18
2010 100,00 98,84 1,16
Table 7
Bi-dimensional regression between the gravitational and
the geographical space by the number of active enterprises
Year r al o2 Bl B2 0] ®
2000 0,941 7870 2534 0,99 0,00 0,99 0,00
2005 0,942 6984 2272 0,99 0,00 0,99 0,00
2010 0,942 6265 2052 0,99 0,00 0,99 0,00
Year SST, % SSR, % SSE, %
2000 100,00 98,69 1,31
2005 100,00 98,72 1,28
2010 100,00 98,74 1,26

The observed pairs of points are strongly correlated with each other. The analysis of
local taxes showed the strongest correlation. The values of betal may provide the most
important relationship. These unambiguously indicate an east-west divide in Hungary.

Map display and direction analyses

The aforementioned statement can be illustrated by a map display of a two-dimensional
regression. The Darcy program can be used in the application (http://www.spatial-
modelling.info/Darcy-2-module-decomparaison).
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The square grid attached onto the shape-dependent coordinate system and its
interpolated modified position further generalizes the information received from the
participating points.

The arrows in Figures 2 and 3 show the directions of the shifts, while the colouring
illustrates the type of distortion. The warm colours express the divergent forces of the
area, which are considered to be the most important gravitational displacements.

The areas illustrated in green and its shades represent just the opposite, namely the
most important nodes of gravity.

The data in Table 2 shows that the space shaped by the gravitational model causes
only a slight distortion compared to the geographic space. The magnitude of vertical and
horizontal displacements increased slightly in 2010.

Practically, the maps produced by Darcy software verify this (Figure 2 and Figure 3).
It can be seen that the capital of Hungary is Hungary’s main centre of gravity, the centre
towards which the largest power is attracted. The regional centres like Gydr, Pécs,
Szeged, Debrecen are also gravity nodes. The national role of regional centres is weak. In
the area of Budapest a gravity fault line emerges.

The reason for this phenomenon is that the Hungarian capital attracts all the micro-
regions, while very weak forces are applied to Budapest compared to its mass.

The map also illustrates that the regular force fields are the major transport corridors,
namely they are slightly distorted due to highways. Between 2000 and 2010, the
significance of green-marked gravitational nodes increased. The comparison of the two

maps clearly shows the intensification of regional differences.
Figure 2

Visualizing the gravity field on the basis of incomes, 2000
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Figure 3

Visualizing the gravity field on the basis of incomes, 2010

We try to analyze what socio-economic factors resulted in the development
conditions of 2010 through using the above introduced indicators to model how the
gravity field changed. The population number in the micro regions of the western section
of the Budapest agglomeration sharply fell clearly indicating a gravity breaking point due
to the reversal of previously prevailing suburbanization processes. There are similar
depressed areas in the micro regions of Eger and Mezdkovesd. The relationship of the
micro regions of Debrecen and Balmazujvaros showed the strongest gravity node. In
contrast with this, there are only smaller sub centres at the south western tip of Lake
Balaton and at the node determined by the micro regions of Esztergom, Tatabanya and
Bicske.

Concerning the number of taxpayers, Budapest has a clear ‘node position’ and there is
another, related, gravity centre in the south western tip of Lake Balaton. There are
smaller quasi sub centres, on the one hand, around some regional centres (Gydr,
Debrecen) and, on the other hand, in some more dynamic micro regions (Tatabanya). The
most significant divide is between the node in the surroundings of Lake Balaton and the
micro regions lying south west of that. In this respect, there are relatively few significant
‘fault lines’ in the gravity field.
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Budapest. Based on the breaking point lying south of this centre we can say that the rise
in the number of dwellings built was implemented at the expense of the capital city. It
reflects the constantly changing processes of suburbanization. There is a gravity centre at
the regional hub of Miskolc, as well as south of Budapest and in the surroundings of the
western tip of Lake Balaton (micro regions of Héviz and Keszthely as well as the micro-
region of Nagyatad). The reasons may be different in case of these micro-regions, i.e.
tourism plays a determining role in the former ones, while in case of the latter one — as
we will show among active enterprises — it results from the favourable effects of industry.

Figure 6
Changes in the gravity field based on the number of dwellings built, 2000-2010
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Maybe the gravity map of local taxes shows the most varied patterns. In this respect,
Budapest and the regional centres can be identified as the most important nodes, but the
micro regions of serious industrial base, e.g. those of Esztergom and Székesfehérvar
deserve attention as well. The most significant gravity ‘fault line’ is between these micro
regions and the agglomeration of Budapest. The previously mentioned micro region of
Héviz is another gravity node in this respect.
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importance, e.g. the micro region of Nagyatad with the surrounding areas, which is
separated by a sharp breaking point from the micro regions of Keszthely and Héviz.

Summary

In our study we made an attempt to introduce the potential and unexplored areas of
gravitational models and problems of their interpretation by expanding and extending the
methodology. The forces applied were illustrated by using the income tax base as weights
in micro-regions of Hungary. On the basis of the model, the result in line with the
experience illustrated that Budapest has no counterweight in Hungary and the local
central areas are weak. However, the presence of stable local centres is detectable in
Debrecen, Miskolc, Nyiregyhaza, Szeged and Pécs micro-regions.

There are several indicators to highlight and thoroughly analyze what socio-economic
processes are behind a basic change in the spatial structure.
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Regional level analysis of the population
by real data and projections in Hungary

Abstract

Population projections of Laszl6 Hablicsek (1953-2010) have major scientific
contribution to understanding the demographic processes of Hungary; its social and
economic usefulness cannot be questioned. Although, trends of the past ten years indicate
the need for some corrections. The present analysis shows that the population estimation
was very close to reality in the past ten years. There was no significant difference
between the estimated and real data; only last year’s data show some alteration.
However, the projections for smaller territorial scales are in need for serious corrections.
In recent years, regional disparities in the country rather increased. The migration
towards large cities, moving from undeveloped areas to more developed ones raise
dissonance among regions. The population concentration proved to be stronger than the
forecast, and the analysis showed, that the regional concentration of the population as
well as the loss of population has further reinforced the unfavourable position of
underdeveloped regions at micro-regional level. Immigration from abroad further
enhances regional differences, since the immigrants presumably do not prefer rural,
disadvantaged areas, they most probably favour economically developed micro-regions
which are close to big cities. The observed changes in the socio-economic environment
require corrections in the demographic projections, which is a natural need of the
professional audience as well as actors in social policy.

Keywords: long-range population projection, demographic trends, economic
development.

Laszl6 Hablicsek, expert of population projections in the HCSO Demographic Research
Institute, was the author of numerous demographic studies and the leader of many
researches. He is credited with the long-range population projection and estimation in
Hungary. He performed the population estimation on the basis of the 2001 census data
and projected the changes in the population number by different projection variants until
2050. Later, in 2006, he updated and corrected the model on the basis of the 2005 micro-
census. He applied the Cohort component method?, in the course of which he took into
account demographic phenomena directly influencing the population number, such as
fertility, mortality and migration.

a) Faculty of Economics, University of West Hungary, H-9400 Sopron, Erzsébet ut 9, Hungary, E-mail:
csilla.obad@gmail.com
2 For more details about the method see H. Richter Maria (2002).
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His projections made in the past decade will still be in use for long. Hablicsek
established the database for regional population, qualification and activity/inactivity
projections, the so-called PQW (population, qualification, workforce) system. This is
built up by the projections of the following factors: population, educational attainment,
economically active population, employed, jobseekers, economically inactive population,
full-time students, people rearing child(ren), pensioners, dependents and other inactive
people.

The present study aims at reviewing the results of the Hungarian population
projection procedures in commemoration of the recently passed away scientific
researcher. On the basis of some analyses, studies, research reports and articles, as well
as the data of HCSO, the study investigates how the population of Hungary changed in
the last forty years and then compares the real data with the estimated ones on regional,
county and, finally, on micro-regional level.

In addition to the country-level population projections, the study analyses the relation
between micro-regional demographic inequalities and socio-economic development with
the help of multivariable statistical methods using the data of micro-regional population
projections as well.

Population projection variants on country level

Population projection is in fact an estimation method, in the course of which the number
of births, the number of deaths, migration processes and the changes in life expectancy at
birth are taken into account.

The population of Hungary increased until 1980, then, a slow decrease started. The
population number grew by 4% between 1970 and 1980, while it fell by 4% between
1980 and 1990. Figure 1 presents the changes in the number of births and deaths as well
as the difference between them. The figure well demonstrates that the natural increase of

the population turned to natural decrease in 1980.
Figure 1
Birth and death rates between 1901 and 2000
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Laszl6 Hablicsek prepared the projections in different kinds of variants. The variants
were prepared as a function of demographic processes taking into account their different
changes in the future. He made the estimations for genders, age cohorts, educational
attainment, economic activity, but, in the practice, there are examples for projecting the
number of the elderly, the pensioners, or even the number of the school-age population.’

In line with the different trends in the number of children, life expectancy at birth and
balance of migration®, the Hablicsek projection was prepared in the following variants:
(1) baseline variant, (2) young variant, (3) old variant, (4) low and (5) high variant and
(6) European variant. This latter variant shows demographic trends targeted on a shorter
run, thus, it is not covered by the present study (Hablicsek 2009). The basic
characteristics of indicators relating to each projection variant are included in Tables 1
and 2, while Figure 2 compares the population estimations calculated on the basis of the
different variants on country level.

Table 1
Components of population projection variants
Projecti iant Averag number of Average age of Lif tan irﬁa:infie r(:fl
rojection variants children women at childbirth ¢ expectancy crnationa
migration
Baseline medium medium medium medium
Old low low high low
Young high high low high
Low low low low low
High high high high high

Source: Hablicsek (2009).

The baseline variant seems to represent the real future. The low variant corresponds
to the pessimistic, while the high variant to the optimistic estimation. The young and the
old projections show only slight deviation from the baseline variant. The difference
between the young and the old variants is also only half million persons (Hablicsek

2009).

Table 2
Characteristics of population projection variants
Average number of Average age O.f Life expectancy .Balanc.e of

Category . . women at childbirth, international

children, child men/women, years L

years migration, persons

Low 1.3 29 72.6/80.8 8000
Medium 1.5 31 75.3/83.0 15 000
High 1.8 33 78.0/85.2 22 000

Source: Hablicsek (2009).

In the baseline variant, medium number of children (fertility rate grows from 1.3),
medium life expectancy (75.5 years for men, 82.5 years for women) and medium
migration, i.e. an annual surplus of 14—15 thousand persons on the long run are assumed.

3,3 http://fogalomtar.eski.hu/index.php/Népessé g-el Greszamitas.
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In the higher version of the baseline variant, an annual international migration surplus of
30 thousand persons is assumed on the long run along with low life expectancy, which is
however slightly higher than at present, and medium number of children.

In the low version of the baseline variant, the number of children is also medium, life
expectancy is high (82 years for men and 88 years for women) as opposed to the low
balance of migration. (Due to the emigration/further migration of foreigners having
immigrated to Hungary, the surplus of the migration balance decreases to 7 thousand
persons (Polonyi—Timar 2006).)

In the young variant, the number of children is high (fertility rate increases from 1.3
to 1.6 and then to 1.9), life expectancy is low, while migration is high. Finally, in case of
the old variant, each component is reversed, i.e. low number of children (fertility rate
remains 1.3), high life expectancy and low migration are assumed.

According to the estimation of Hablicsek (2001), if the baseline variant was
associated with a positive balance of migration of 40 thousand persons every year
(47 thousand immigrants, 7 thousand emigrants every year), the population number
would steadily remain 10 million even along with a relatively low fertility and a slowly
increasing life expectancy.

Figure 2
Change in the number of population according to the different projection variants
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The long-range projection of Hablicsek analyzed in my present study is based on the
census 2001. The 10 years since that time is not a really long period in this context,
however, it is worth examining whether there is any difference, and if yes, how large the
difference is between the projection and the real population data.

Out of the different population projection variants, the baseline variant approximated
reality the most accurately for the past ten years. However, it could not be foreseen in
2001 that, by the end of the decade, the economic crisis would exert its effect on
demographic processes as well, so a slightly larger difference could be observed between
the projection and the real data of the last year (Figure 3).

In addition to the economic crisis, modifications in social allowances and changes in
tax laws and family support could also influence our indicators of natural population
movement. We have to be of course aware that measures aiming at increasing
childbearing intention may change the trend towards another variant, or unfavourable
economic processes may result in approaching just the old variant. All these effects are of

course only probable, and there are only speculations about their extent.
Figure 3
Population number and projected population number between 2001 and 2011
(baseline variant)
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It is well demonstrated by the figure that the values of estimated and real population
numbers are very close to each other on the time-base. When subjecting the two curves to
statistical control as well, the results can be considered very good. (The relative
dispersion of the residua is 5.5%.) Except for three data points, each estimated value is
within the confidence interval, the data of 2007 showed somewhat lower population
number than the real data, while the estimation for 2011 was somewhat higher than the
real data, i.e. the real data of these two years showed an upward and a downward
deviation, respectively from the estimations. This deviation is presumably not the result
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of internal coherences in demographic processes, but it can be much more attributed to
the social policy, the support system and the economic changes.

Regional projections

In regional breakdown, the results are not nearly so clear. Demographic processes show
great diversity just as socio-economic processes. For that very reason, population
projection made only on country level is not sufficient, it is necessary to present the
differences within the country as well. The regional, county-level and micro-regional
projections prepared by Laszl6 Hablicsek also come from this recognition making a good
step forward in demographic projections and in demonstrating the connections between
social and economic policies.

According to projections, Hungary will probably record an 8.3% population loss by
2021 compared to 1980. A special attention is paid to regions diverging from the national

trend in negative or positive direction (Table 3).
Table 3

Population projection and change in population size between 1980 and 2021 by regions

Southern Southern Northern | Northern Central Central Western
Year Great Plain Trans- Great Plain| Hungar Trans- Hungar Trans- Country
danubia SAY | danubia SAY | danubia

1980 1464 658| 1059160 1590901| 1400079| 1120956 3033 056| 1040653(10 709 463
1990 1397627 1015783 | 1546612 1323508| 1110302 2966523| 1014468|10 374 823
20017 1380383 997668 1563709| 1302833| 1116721 2831095| 1007 860(10 200 269
2006 1347294 970700| 1533162 1261489| 1108124 2855670| 1000 142(10 076 581
20119 1320040 943002| 1503758 1221183| 1098 640| 2917 461 993 030| 9997114
2016 1292479 915471 1473 083| 1182618| 1085648| 2974491 982 664| 9906 454
20219 1268030 889 153| 1446569| 1148000| 1072055 3026871 972 378| 9823056

Population number (previous year=100%)

1980

1990 95.4 95.9 97.2 94.5 99.0 97.8 97.5 96.9
2001 98.8 98.2 101.1 98.4 100.6 95.4 99.3 98.3
2006 97.6 97.3 98.0 96.8 99.2 100.9 99.2 98.8
2011 98.0 97.1 98.1 96.8 99.1 102.2 99.3 99.2
2016 97.9 97.1 98.0 96.8 98.8 102.0 99.0 99.1
2021 98.1 97.1 98.2 97.1 98.7 101.8 99.0 99.2

Population number (1980=100%)

1980 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
1990 95.4 95.9 97.2 94.5 99.0 97.8 97.5 96.9
2001 94.2 94.2 98.3 93.1 99.6 93.3 96.8 95.2
2006 92.0 91.6 96.4 90.1 98.9 94.2 96.1 94.1
2011 90.1 89.0 94.5 87.2 98.0 96.2 95.4 93.3
2016 88.2 86.4 92.6 84.5 96.9 98.1 94.4 92.5
2021 86.6 83.9 90.9 82.0 95.6 99.8 934 91.7

Source: Own calculation based on VATI TEIR.
a) Real data. b) Further calculation. c) Projection.
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The most drastic population loss is expected in Northern Hungary and Southern
Transdanubia. The population of Southern Great Plain will decrease more than in the
whole country, and its annual decline will slightly exceed the national average.
A positive deviation can be observed in case of Central Hungary and Central
Transdanubia. In these two regions, stagnation or even a population increase could be
observed in some periods. Central Hungary is the only region of Hungary, where,
compared to 1980, the population number practically will not change by 2021, and since
the new projection in 2006, the population has been increasing. It must be mentioned
however, that this region comprises Budapest as well. Despite the considerable
population loss in Budapest, a positive change is probable in the total population size of
the region, which can be attributed to the very significant development, the population
attracting ability, the favourable age-structure and the high fertility rate of the
agglomeration. Although there was some fluctuation at the beginning of the observed
period, between 1990 and 2001, the population loss was here the largest in the country,
but this negative peak was largely offset by the positive population balance in the
following period.

The population dynamics of Central and Western Transdanubia is more favourable
than in the whole country. The following figure presents the comparison of the estimated
population number with the real population data for the years 2006 and 2011.

Figure 4
Difference between real and projected population* as a percentage of
the population by regions
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Source: Own calculation based on the data of HCSO.
* An indicator per real population number: (real-estimated)/real.

The divergence between the population projection and the real data in 2006 is less
than 1% in each region. In 2011, the projected value slightly exceeds the real one in
Northern Great Plain and Northern Hungary, while in Central Hungary, the population
number is underestimated. This points to the fact that the estimation was made with
lower in-migration and fertility for Central Hungary and with lower out-migration and
higher fertility for Northern Hungary and Northern Great Plain than the real trends were.
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In the divergence from the estimated migration, the economic crisis could play a role,
which the population projection obviously could not reckon with.

County level population projection

After regions, the population projections for smaller territorial units are compared to the
real trends. It is again well demonstrated in Figure 5 that the population increase in
Central Hungary described in the foregoing is due to the growth in Pest county.

A significant population growth can be expected only in Pest county, while a slight
one in Fejér and Gy6r-Moson-Sopron counties. The most drastic fall will occur in Békés
county, where the population number will decrease by 22% compared to 1980, while a
nearly 20% population loss will occur in Tolna, Nograd, Borsod-Abatj-Zemplén counties
and in Budapest according to the projections.

Figure 5
Probable change in population size between 1980 and 2021 by counties
(1980=100%)
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Source: Own calculation based on VATI TEIR.

The population projection for 2006 differs significantly from the real data only in two
counties (the difference as a percentage of the population is more than 1%): it was
overestimated in Gyér-Moson-Sopron county and underestimated in Veszprém county.
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Figure 6

Difference between real and projected population as a percentage of the population by

counties
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In 2011, the difference exceeded 2% in five counties, only the population size of
Budapest was underestimated by the projection model, while in case of Békés, Borsod,
Nograd and Szabolcs-Szatmar-Bereg counties, it was overestimated.

The economic crisis deepened inequalities, which brought large uncertainties into the
system, and this also contributed to the fact that larger differences could be observed
between projections and real population data of 2011. Projections cannot take into
account the effects of such changes of course, especially for the reason that, even if these
prevail for a relatively short period, demographic trends follow already a different line
after the ’restoration’.

Micro-regional population projection

By examining population dynamics on micro-regional level, we can come to two
conclusions. The population of most micro-regions is continuously decreasing, which is
not surprising, as the tendency is similar for the population of the whole country. There
are however 37 micro-regions, where the balance of population is positive, and in another
26 micro-regions, the population loss is lower than the national average. There are micro-
regions in very good position, which belong to the catchment area of large cities and
county seats. Eight micro-regions are in the direct catchment area of Budapest
(Veresegyhaza, Go6dollo, Erd, Budaors, Szentendre, Pilisvorosvar, Rackeve, Dunakeszi),
and another eight micro-regions belong to the larger catchment area of the capital. From
these micro-regions, Budapest is easily accessible within one hour. Although the
Gardony micro-region is not located in Central Hungary, the transport conditions are
very good there as well, and according to projections, its population will increase by
some one third by 2021 compared to 1980.
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The other, much more sensitive issue of the study is the considerable population
growth of micro-regions densely populated by Roma people, e.g. the micro-region of
Hajdtihadhaz (25.3%).

While in case of county seats and the agglomeration of Budapest, all demographic
trends affect positively the population increase, i.e. the fertility rate, the balance of
migration, the balance of natural increase/decrease and the age-structure are all
favourable, in the micro-region Hajduthadhaz, the population growth results only from the
outstandingly high fertility rate, which offsets the effect of the negative trend in
migration (Hablicsek 2007b).

25.5% of the favoured micro-regions are in Northern Great Plain, 22.3% in Northern
Hungary, 20.2% in Southern Great Plain, but this rate is nearly 20% in Southern
Transdanubia as well with 18 favoured micro-regions. Central Hungary, Central
Transdanubia and Western Transdanubia together account for only 12.8% of all favoured
micro-regions. The serious situation in Northern Great Plain is also shown by the fact
that 86% of all micro-regions of the region are favoured ones, i.e. out of the 28 micro-
regions there, 24 belong to this category. The proportion of disadvantaged micro-regions
is high is Southern Transdanubia, Northern Hungary and Southern Great Plain as well
(72%, 75% and 76%, respectively).

Micro-regional population projections and real data
In 2006, the population projection on country level differed from the real population

number only by 0.06%. This difference was 0.1% in 2011. Both values are negative, i.e. a
smaller population decrease was assumed than the real trend was.

Table 4
Difference between real and projected data as a percentage of the population, 2006
Micro-region Difference, % Micro-region Difference, %

G6dollsi 1.08 Adonyi -10.12
Siofoki 1.16 Balatonfoldvari 3.05
Dunakeszi 1.35 Salgétarjani 1.79
Pilisvorosvari 1.37 Bodrogkoézi 1.07
Budaorsi 1.45 Mezéturi 1.06
Rackevei 1.49 Oriszentpéteri 1.01
Veresegyhazi 2.11

Batonyterenyei 2.35

Dunaujvarosi 2.58

Source: Own calculation.

Based on this indicator, the well separable groups of micro regions are as follows:

— In 2006, micro-regions, which surpassed expectations, i.e. where the population
growth exceeded the projection by more than 1%, were, apart from a few
exceptions, dynamically developing regions belonging to the Budapest
agglomeration.
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— Opverestimated population number with a more than 1% difference was observed
in 6 micro-regions; among them, the difference is striking, more than 10% in the
Adony micro-region..

Table 5

Difference between real and projected data as a percentage of the population, 2011

Micro-region Difference, % Micro-region Difference, %
Réckevei 2.08 Kiskunmajsai —-15.52
Nyiregyhazai 2.11 Adonyi —-14.75
Sopron-Fertddi 2.54 Bodrogkozi -8.62
Székesfehérvari 2.72 Flizesabonyi -6.19
Pécsi 2.88 Polgari -5.64
Dunaujvarosi 2.95 Bélapatfalvai -5.60
Veszprémi 3.03 Sarkadi -5.52
Vaci 3.09 Mezdékovéacshazai —5.48
Budapest 3.16 Mezdcsati -5.45
Szegedi 322 Balatonfoldvari —5.44
Debreceni 327 Szerencsi —5.17
Batonyterenyei 3.56 Hevesi -5.16
Lengyeltoti 4.14 Salgétarjani -5.03
Gardonyi 4.48
Dunakeszi 6.86

Source: Own calculation.

In 2011, the projected population number in the catchment area of some big cities was
less than the real data, while, first of all, in some micro-regions of Northern Hungary and
Northern Great Plain overestimated population numbers can be observed.’

Thus, the above results indicate that the extent of migration towards larger towns is
higher than the predicted trends. Due to lack of jobs, young people and those with higher
educational attainment move probably to a larger extent to towns than it was expected by
the projection. These are of course only assumptions, exploring the reasons and checking
the hypotheses need further research..

Regional factors influencing population dynamics: educational attainment and the
effect of the Roma population

In the opinion of Hablicsek (2006), regional differences will diminish in the following
period due to the ,,educational boom”. If it is true, the white micro-regions in Figure 8
will shift to the grey ones. In my opinion, however, the out-migration of people with
higher educational attainment from disadvantaged regions will continue. Detailed
migration data for analyzing the reason for migration, the educational attainment and age

5 The interpretation of micro-regional data and drawing the conclusion need however care. The composition of micro-
regions is continuously changing (the number of micro-regions was 138 in 1994, 150 from 1997, 168 from 2004, 174 from
2007 and 175 from 1 January 2011), settlements were transferred from one micro-region to another or even from one county to
another, which distors the results. Although differences deriving from the changes are tried to be homogenized in the VATI
TEIR system, it does not work perfectly, and the long-range population projection does not naturally ccalculate with the
separation of settlements (http://hu.wikipedia.org/ wiki/Kistérség).
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of migrants are unfortunately not available. My hypothesis is that those with higher
educational attainment do not find a proper job in the disadvantaged regions, therefore,
they settle down in towns or in their catchment areas. Thus, the “educational boom”
induces not the decrease but just the increase of regional inequalities, i.e. regions
suffering considerable population loss will be faced with further depopulation. The
scientific literature has already indicated this trend, since, in contrast with all previous
expectations, regional inequalities rather increase than diminish (Spéder 2002, Kulcsar
2009, Bodi 2010).

The correlation between educational attainment and belonging to the Roma
population is of course very close. It is well known that the educational attainment of the
Roma population is by far below that of the non-Roma population (Polonyi—Timar 2006).
In the regions afflicted by the crisis, the proportion of the Roma population is
outstandingly high. On the one hand, this was explained by the fact that out-migrants
with higher educational attainment have better chances to find a job in case of out-
migration as well. The educational attainment of the Roma population is generally lower,
so they would find a job with more difficulties even if they moved, therefore, they rather
stay. On the other hand, in regions with declining economy, their chances for out-
migration are worse due to the lower property prices, while these regions may be
therefore attractive in respect of settling. All these result in the increase in the proportion
and the concentration of the Roma population in these economically underdeveloped

regions (Kertesi—Abraham 1996).
Figure 8
Projection of proportion of people with at least secondary educational attainment
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The projections of Laszlé Hablicsek covered the estimation of the proportion of the
Roma population as well. This is shown in Table 6.

Table 6
Number and proportion of Roma population between 1991and 2021
Estima.ted number of Roma Proportion of Roma population, %
Region population, thousand persons
1991 2001 2011 2021 1991 2001 2011 2021
Budapest 40.4 59.6 80.5| 103.2 2.0 3.4 4.8 6.1
Central Hungary
without Budapest 65.8 97.0 | 132.7| 173.0 22 3.4 4.6 5.7
Central Transdanubia 22.8 31.0 39.8 49.5 2.1 2.8 3.6 4.6
Western Transdanubia 222 26.4 30.2 33.7 2.2 2.6 3.0 35
Southern Transdanubia 63.5 72.4 79.3 84.9 6.3 7.3 8.4 9.6
Northern Hungary 123.8 | 151.5| 181.9| 2155 9.4 11.6 14.9 18.8
Northern Great Plain 1145 | 129.6| 1450 161.3 7.4 8.3 9.6 11.2
Southern Great Plain 355 41.8 48.7 56.3 2.5 3.0 3.7 44
Hungary, total 448.1 | 549.7| 657.6| 7742 43 5.4 6.6 7.9
Change on country level, %,
previous data=100 +22.7| +19.6 | +17.7

Source: Hablicsek (2007b), own calculation.

According to the projection of Laszlo Hablicsek, the population number will be
around 9 million by 2050, of which the Roma population will be one million, i.e. 11% of
the population will belong to the Roma minority. He estimated the number of immigrants
at one million as well. In the baseline variant, the increase in the Roma population shows
a declining trend, and the decrease in the number of the country’s population will
probably decelerate as well.

Along with this, the proportion of the Roma population in the total population will
continue to grow®, and by 2050 it may reach or exceed 12% (Polonyi—Timar 2006,
Hablicsek 2007b).

In three regions, i.e. in Northern Hungary, Northern Great Plain and Southern
Transdanubia, the high proportion of disadvantaged micro-regions and the high
proportion of Roma population prevail in parallel. The exception is Southern Great Plain,
where the proportion of disadvantaged micro-regions is high (more than 20%), but the
proportion of Roma population is quite low (4.44%).

Socio-economic development and population dynamics

Demographic trends are partly the reasons and partly the consequences of the socio-
economic situation of a region. Researchers often assume significant correlation between
the state of development and the age-structure of a region. The generally accepted
opinion is that in underdeveloped settlements and regions with limited resources and
services the old-age dependency ratio is increasing.

6 According to the projections of Hablicsek (2000), the number of Roma population increases yearly by 9—10 thousand.
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However, it can be demonstrated that the favourable age-structure is not by all means
accompanied with advanced socio-economic development. In some micro-regions of
Hungary, the disadvantaged situation and underdevelopment is coupled with favourable
age-structure. In other ones, the good geographical position (it is near a town, there are
tourist attractions, etc.) partly offsets the unfavourable age-structure and the demographic
disadvantage.

Migration is one of the most important indicators of regional socio-economic
inequalities. Migration from the less developed regions to the more developed ones is
induced among others by the better job opportunities (Teaford 2008, Brown—Glasgow
2008). However, this situation has to be examined with a more tinged approach. Some
disadvantaged regions are characterized by the ageing of the population and out-
migration, while in others the situation is just the opposite. Thus, it is not true in all
instances that in underdeveloped regions the population is ageing and they are left by
young people, while the developed ones are always characterized by increasing
population and young age-structure.

Hereinafter, I will examine the correlation of the features of the age structure with the
population projection and the socio-economic development. I present a typology, which
pictures the relation between the dynamics of the age-structure and the economic
development which is not simple at all.

As a first step of the multivariate statistical analysis, I applied a variance reduction
method, the principal component analysis (PCA)’ in order to define the main socio-
economic characteristics. In the second step, by involving the resulted principal
components I grouped the micro-regions by a cluster analysis."

Table 7
Rotated component matrix

o i compones [ il componer
In- and out-migration, %" 0.907 0.119
Number of enterprises per 1,000 inhabitants” 0.903 0.065
Unemployment rate”, %" —0.860 0.281
Logarithm of income/capita” 0.855 -0.106
Population change, %° 0.836 0.418
Change in dwelling stock % 0.835 0.304
Proportion of new dwellings, %" 0.833 0.307
Number of passenger cars per 100 persons” 0.790 —0.414
Population density, persons/km> 0.697 0.304
Proportion of population under 14 years of age, %" —-0.234 0.931
Birth rate per 1,000 persons® 0.001 0.888
Old-age dependency ratio, %" -0.243 -0.817
Number of persons per households” 0.289 0.790

Source: Own calculation.
a) In 2009. b) Proportion of jobseekers in the population aged 18-65 years. c) 2009/2001.

7 For more details about the method see Bartok (1983), Francia (1976) és Czirfusz (2010).
8 T worked with the data of the VATI TEIR system in the analysis.
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The KMO value (how the variables fit in the model) is 0.839, which shows that the
variables involved in the analysis fit well in the PCA model. In the applied principal
component analysis, the total variance explained is 78.3%, if only eigenvalue
components higher than one are taken into account. Two principal components meet this
requirement. After rotation (applying varimax rotation), the variance explained by the
first principal component is 50%, while the explanatory value of the second factor is
28.3%.

The first two strongest variables are the in-migration/out-migration ratio and the
number of enterprises per 1,000 persons. The correlation between the principal
component and the variables is very strong. In the first principal component, the third
strongest variable is the unemployment rate, which is connected with negative sign to the
principal component. There are some further demographic and economic indicators in the
first principal component, therefore, I named this factor as ‘economic development’
factor.

The second factor correlates the best with the proportion of young people. The old-
age dependency ratio is connected with a negative, while the birth rate is connected with
a positive sign to this factor. Therefore, this factor could be named as ‘young population’
factor. Based on the results, we can say that the factors can be unambiguously identified
and are suitable for further analysis.

In Table 8, micro-regions having extreme factor values are highlighted.

Table 8
Micro-regions with extreme factor values
Micro-region Economic development Young population
Oriszentpéteri 0.18 -2.69
Hévizi 1.27 -2.03
Godollsi 227 1.35
Monori 2.06 1.32
Rackevei 2.51 1.73
Budadérsi 3.63 1.87
Dunakeszi 3.84 2.09
Pilisvorosvari 2.28 1.44
Szentendrei 223 0.95
Veresegyhazi 3.06 2.61
Erdi 2.69 1.47
Hajduhadhazi —0.62 2.49
Edelényi -1.46 2.13
Encsi -1.22 2.49
Szikszoi -1.25 2.04
Baktaloranthazai -1.17 2.08

Source: Own calculation.

Among micro-regions having extreme values, there are economically developed,
dynamically developing ones with young population near Budapest (G6dolli, Monor,
Réckeve, Budadrs, Dunakeszi, Pilisvorosvar, Szentendre, Veresegyhaza, Erd) on the one
hand and economically underdeveloped micro-regions having however young population
(Hajduhadhaz, Edelény, Encs, Szikszoi, Baktaloranthaza micro-regions, where the
proportion of Roma population is high) on the other. The third group is made up by the
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Héviz micro-region with high proportion of old population but with quite good economic
potential and by the Oriszentpéter micro-region with moderate economic conditions.

In order to create a micro-regional typology based on the correlation of the two
examined factors, I made a cluster analysis on the factors. As a result of the cluster
analysis based on the factor values, micro-regions are divided in four groups. The cluster
centre values for the two factors are included in Table 9, while Figure 9 shows the
location of the clusters.

Table 9
Cluster centres
Cluster
Factors
1 2 3 4
Economic development -0,212 2,730 0,777 -0,978
Young population -0,770 1,647 0,050 1,110
Number of micro-regions 81 9 42 41
Source: Own calculation.
Figure 9
Location of micro-regional clusters in the factor space
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The aim of the cluster analysis’ is to group the micro-regions by their economic force
and age-structure. As a first step, I performed a hierarchical cluster analysis, then, I

9 For more details about cluster analysis see Obadovics—Popovics (2011).
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applied K-mean method. Finally, after comparing the results, I accepted the cluster result
of the K-mean method as final.

Based on the cluster centres, the groups can be characterized. It is well shown in the
table that the fourth cluster is characterized by a favourable age-structure and young
population, but it is comprised of micro-regions with the most underdeveloped economy.
At the same time, in the second cluster, the favourable age-structure is accompanied by
the strongest economic development. The poor, ageing micro-regions belong to the first
cluster, while the ones slightly more developed than the average and having medium-
level age-structure are in the third cluster.

The differences in the features of the clusters are shown by their spatial locality along
the cluster axis (Figure 10).

As it shown in Figure 10, there are large differences among the clusters in respect of
both age-structure and economic development. The situation is the best in the second
cluster; these micro-regions are located in the agglomeration around Budapest. They are
dynamically developing micro-regions with high population density, low unemployment
rate, strong economy and favourable demographic characteristics.

Figure 10
Location of the clusters along the factors
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Source: Own calculation.

The fourth cluster is the other special group of micro-regions with highly
underdeveloped economy and very young age-structure. This group comprises the most
problematic micro-regions: there are no job opportunities, the level of educational
attainment is low, while the unemployment rate and the proportion of long-term
unemployed are high. The birth rate is especially high and the fertility rate is much higher
than in the other regions. However, while the fertility and birth rates are outstandingly
high, life expectancy at birth is lower than in the other parts of the country (Hablicsek
2009).

The geographical location of the clusters is shown in Figure 11.

Micro-regions with the youngest population are basically located in four regions of
the country. The largest contiguous areas are in the north-eastern part of the country,
mainly micro-regions in Borsod-Abatj-Zemplén and Szabolcs-Szatmar-Bereg counties
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as well as in the agglomeration around the capital city are here. There are two another
areas which are characterized by young population: one in Baranya county, along the
Drava and the other in the middle part of Northern Great Plain. However, the favourable
age-structure is not always accompanied with economic development. In some micro-
regions, the relation between the age-structure and the economic performance is positive,
while in others it is negative. Economic development is the strongest in the central part of

the country and in the northern part of Transdanubia.
Figure 11

Geographical location of clusters

Bl Economically underdeveloped with very young population

B Unfavorable economic situation with aging population
Favorable economic situation with average age composition

Economically developed with very young age structure
Source: Own calculation.

Micro-regions in unfavourable economic situation and with young population are
located in Southern Transdanubia and Northern and Eastern Hungary.

Population dynamics and projection of clusters

The population dynamics of the four established homogeneous groups show considerable
differences as well. When examining the period between 1980 and 2011, we can see that,
among the four groups, population dynamics is by far the strongest in the economically
developed micro-regions around Budapest having favourable socio-economic
characteristics and young age-structure. On the whole, considerable population loss is
characteristic of the first and the fourth group, with the exception of some micro-regions,
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such as the Hajduhadhaz micro-region in the economically underdeveloped group having
however a young age-structure.

The socio-economic situation of the third cluster can be considered good, since its
population loss equals the national average or lower, and some micro-regions (e.g.
Gardony) have a considerably positive population balance. It can be seen in Figure 12
that, in respect of population dynamics, the situation is the same in the first and the fourth
cluster, while it is significantly better in the third and the second one. The population is
decreasing in the first and the fourth cluster, it is stagnant in the third one — having
however better value than the country average — while the population of the second
cluster comprising only nine micro-regions is dynamically increasing.

Figure 12
Population dynamics in the micro-regions of the clusters
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Source: Own calculation.

Figure 13 shows how the real population dynamics data differ from the projections in
each cluster.

The first cluster is the economically underdeveloped group with ageing population.
The projection predicted a higher population number than the real number was. This
cluster is characterized by a strong population decrease exceeding the projected one.

The second cluster includes the most developed micro-regions around Budapest with
very young age-structure. In this group, the real population number is higher than the
projected value, i.e. the population concentration is stronger than it could be deduced
from the projection. The larger in-migration from the country and immigration from
abroad, the outstanding fertility rate surpassed the expectations. In 2011, this cluster
could record significant population surplus compared to 1980.
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The third cluster comprises the moderately developed micro-regions with average
age-structure. In 2006, the projection was completely accurate, but by 2011, the
population number was higher than projected. The population of the micro-regions
comprising the cluster is basically stagnant, so it is characterized by positive
demographic trends compared to the national trend.

The population of the fourth cluster is decreasing except for the Hajduhadhdz micro-
region. The population projection predicted a considerably larger population for this
group with very underdeveloped economy but with outstandingly high fertility rate. This
also shows indirectly that the population increase moderates among groups with high

fertility as well.
Figure 13

Differences between real population number and projected population data in the
clusters
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Transportation and accessibility at European level

Abstract

This study aims at investigating the multiple and complex relationship between transport
and tourism by various methods. Features of the relationship between the transport
distance and tourism intensity will be detected and the connections between the
accessibility of European regions and their tourism will be analysed.

Keywords: tourism flows, accessibility, modelling
Introduction

The relationship between tourism and transport has been in the focal point of studies for a
long period of time (Hall 2010). However, relevant studies often discuss the possibilities
of the disabled in tourism exclusively (Carda—Colea—Humphreya 2006, Apec 2003,
European Communities 2004).

The matter covers questions whether such relationship between the two activities can
be measured at all along with additional ones regarding the closeness and strength of
relationship if it exists. It is also relevant to study if such relationship is observable in
general or with detectable significant spatial disparities which is the particular subject
this paper intends to investigate.

According to our initial hypothesis, although tourism performance is greatly impacted
by the level of services provided by transport, related spatial disparities also play a
significant role in forming it.

Objectives

Prior to its launch, the research intended to focus on performing a general investigation
on the relationship between transport distance and tourism on the example of the
European regions as well as to study the role of distance and accessibility as relevant to
the topic in order to point out the significance and spatial aspects of this topic.

First of all, it is important to claim that we intend to study the relationship between
tourism and transport in general along with an approach by which the spatial movements
of individuals including tourists become more apprehensible. Agreeing with Hall’s
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opinion we think that “there is a lack of vertical theoretical integration within broader
perspectives of mobility” (Hall 2008, p. 15).

Obviously, we also acknowledge the demand for studies of this kind. However, we
raise the question whether it is possible to develop a spatial model for tourism
movements. Regarding this, Hall (2005) argues that if the physics analogue is
maintained, the spatial form of human mobility can be measured by applying the classic
Newtonian physics and within that, the number of travels can be described and forecasted
assuredly on the macro-level whereas on the micro-level, individual human behaviour
can be likened to that analysed by quantum physics in which a higher uncertainty is
observed for individuals’ travels. Nevertheless, a relationship between physical
paradigms and community tourism attitudes exists (Hall-Page 2009). Before launching
the study, the interrelationship between transport and tourism is required to be clarified to
which a review on the most relevant approaches is given below.

Literature review

The role of transport is manifested in connecting tourism demand and supply and in the
internal features of supply, i.e. the destination to be accessed. Transport is one of the
primary preconditions to the existence of tourism. It is a key element that links tourists to
destinations to be accessed. Though the connection between tourism and transport has
been widely examined previously (Page 2005, Prideaux 2000) there are still significant
gaps in this research topic (Chew 1987, Gunn 1994, Hall 1991, Inskeep 1991, Page 1994
and 1999; Robbins—Thompson, 2007). As pointed out by Knowles (1993), in many cases
researchers took transport into account as a passive element in tourism not as an integral
part of tourism activities. Though the tourism product to be consumed by tourists, i.e. the
set of services (accommodation, catering, entertainment and other services) based on
attractions accordant with the motivation of tourists also includes transport.

It is important to emphasize that in the case of tourism, the demand for motion or
mobility is among mankind’s fundamental needs (Figure 1). Demand for travel is the
extent of travel requisites defined or influenced by travel fees (Jaszberényi-Palfalvi
2009). In the tourism sector, three important definitions are used collaterally to describe
related activities. Traffic is a change of locations usually accomplished by suitable
technical appliances. For transport, the owners of vehicles expedite people or subjects by
their own appliances. Travel is an activity when an individual goes somewhere. In this
sense, it is a synonym for transport but it has various meanings i.e. the movement of
people or subjects (Jaszberényi—Palfalvi 2009).
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Figure 1

Components of mobility

During travels, travellers get from generating regions through transit regions to
destination regions. Generating, transit and destination regions were distinguished by
Pearce (1989) after Thurot (1980) while studying the impacts of tourism (Figure 2). For
transit regions, the character and capacity of transport networks were studied with their
limitations pointed out. When determining the carrying capacity (sporadic saturation) of
regions (either generating, transit or destination ones), a specific causal significance was
attributed to the features of infrastructure regarding the type and capacity of transport
networks as well as to travel costs.

Figure 2
The relationship of causal factors and impacts with the generating,
transit and destination regions
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At the interface of transport and tourism, Hall and Page (1999) identified four fields to
be studied: the link between the source market and host destination, mobility provision and
access within the destination, mobility provision and access within an area with a relevant
tourist attraction and the advancement of journeys along a recreation route itself also
representing a tourism experience. Our study, due to its aspect, can be classified into the
first field.

As presented by Hall (1999) relevant to this specific field, linking the generation and
destination regions is not primarily accomplished for tourism purposes. As also pointed out,
a rather limited number of research was conducted on how the opinions of travellers on a
given destination to be accessed are influenced by the time, cost and type of travel required.

One of the methodologically most complicated issues of studying the connection
between transport and tourism is how to separate tourism movements from transport
capacities. There are several branches of transport that are used both by residents and
tourists by choice, thus distinguishing such functions seems to be rather complicated.

The fundamental relationship between leisure and transport was defined by Halsall
(1992). According to the author, transport is an essential part of tourist (recreational)
behaviour and, additionally, it advances the achievement of recreation objectives while
representing a recreational activity itself. The continuous reduction in relative travel costs
and distances dramatically increases demands for recreational travel. The increasing use
of cars for tourism has especially increased real travel distances and their share within

travels for tourism purposes.
Figure 3
The dimensions of travel
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Travel is certainly a rather complex process influenced by a number of other factors.
From this approach, the various dimensions of the travel process are demonstrated by the
figure below (Figure 3). This present research neither goes into details regarding the
above dimensions, nor does it intend to give a detailed analysis on the figure below.

Tourism and accessibility

From our point of view, a study into the relationship between transport and tourism can
only be sufficient if adequately general. Not only should the level of services provided by
transport infrastructure be taken into account but also features of those potentially
participating in the travels, the criteria of travel etc. are also to be studied. To this,
accessibility should be considered in our aspect. However, due to the multiplicity of
literature it is also important to define accessibility in this respect.

Definitions for accessibility were often developed as an establishment of a spatial
model or calculation. Thus a more detailed analysis into the topic is thought to be more
expedient pointing out the wide range of compounds the relationship between
accessibility and tourism is dependent on. Such approach is reflected by the definition
according to which accessibility can be regarded as the sustainability potential of the
built environment and the dimension of mankind’s quality of life thus it is basically an
approach of how the relative importance of certain spatial points are judged (Makri
2001).

This concept of accessibility includes several aspects as listed below:

1. Physical accessibility — whether a given point can be accessed despite existing

physical obstacles letting tourists reach the required destination;

2. Mental accessibility — whether the given individual can apprehend and use the

possibilities provided by a destination;

3. Social accessibility — whether, due to their social status, individuals have

information and demand to travel;

4. Organisational accessibility — whether individuals have access to possibilities,

information and services;

5. Financial accessibility — whether the use of individual or community

transportation methods is affordable to reach the destination required.

The above definition of accessibility was found appropriate to be applied in our study
as its elements are linked either directly or indirectly to the causal factors and impacts
indicated by Figure 2 influencing tourist activities as well as the extent and character of
flows between the generating and destination regions.

The content behind the definition of accessibility can certainly be modelled in various
ways. However, in our study several examples were applied for quantification, regarding
the basic definition, the same frame of contexture was studied.

Methods

The research included 3 methods applied. Being different in type, the three
methodologies still have a rather similar motive of application. First, the spatial
interaction model of concurrent destinations was used in order to model the amplitude of
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European tourism flows. Calculated results of the model (with various distance
approaches) were compared to the actual data, particularly guest nights, thus a general
view on the existing relationship between transport distance and tourism was obtained.

By applying the second method namely the shift-share analysis in addition to the
general results obtained by the above study, the relationship between the accessibility of
European groups of countries and the number of guest nights was analysed. Two
approaches of this method were applied with accessibility compared to changes in the
number of guests in the first whereas to the spatial disparities of guest nights per bed in
the second.

Finally, in order to quantify relationship between the number of international and
domestic guest nights and accessibility, the loglinear analysis was applied. A more
detailed description on the above methodologies will be provided below.

A research into the European tourism flows

Transport distance as one of the substantial indicators of travels is only one among the
selection criteria of destinations. Regarding distance, a different overall view is drawn for
movements for leisure purposes when compared to all dislocations. According to Bull
(1994), the travel intensities with shortening distances will increase to a certain position
followed by a decline and finally, a zero travel intensity observed at zero distance. At the
bottom of this is the fact that too nearby thus too quickly accessible destinations are not
attractive for visitors as are considered to be part of their everyday milieu.

It can also be concluded that several tourist destinations indicate a rather intensive
development despite their locations relatively distant to their competitors. In many cases,
poor accessibility can be practically balanced by other factors of attraction as well as a
destination is conceivable where attraction is represented by unfavourable accessibility
and the resultant wild destination.

As revealed by certain studies, accessibility has a role primarily in selecting tourist
destinations (Thompson—Schofield 2007). Tourism in easily accessible towns indicates
intensive development as opposed to those hard-to-access stagnates. According to a
hypothesis, tourists during their travel decisions select the destinations to be reached first
based on the local possibilities and attractions (Crompton 1992). In this decision-making,
destinations sufficing the purposes of visitors and with similar type of endowments are
taken into account (Celata 2007). Only after this primary selection is made will
destinations be compared by accessibility. Thus accessibility primarily has or can
theoretically have a role in substituting potentially visitable destinations. On the contrary,
destinations capable of providing comparative advantages for tourists can attract a
significant number of visitors even if with relatively unfavourable accessibility.
Consequently, the matter of accessibility is relevant for destinations with similar
endowments (seaside) whereas is less remarkable for those with individual attractions
(historical towns, spas). Favourable accessibility itself does not necessarily represent an
origin of competitiveness.

When studying tourism flows, the question of how individuals at a given point of
origin will select among the accessible travel destinations can be raised. According to
Haynes and Fortheringham (1990), spatial choice process has three characteristics. First
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of all, this is a discrete process. That is a given travel destination is either selected or not
and there is a finite number of travel alternatives. Second, the number of alternatives is
often extremely large. Third, the alternative destinations all have fixed spatial locations
which limit the degree to which alternatives are substitutes for one another
(Fotheringham et al. 2000). As a result of the above criteria, Fortheringham (1983, 1984,
1991) developed a spatial interaction model of competing destinations that is basically a
single limited accessibility model by which first we intended to analyse the relationship
between accessibility and tourism. Accordingly:
Li=(Os; S;; Dyj; Aj)

where /;; is the interaction between the i"™ origin and the j"™ destination, O; is the i place’s
ability as an origin to contribute to the interaction, S; is the attractiveness of j as a
destination, D; is the intervening distance between the origin and destination and 4; is the
competing destinations variable being the accessibility of j™ destination relative to all
others that may interact with the i" origin, i.e.:
A;2SDj

k#j

Hereafter, the research attempts to focus on the type of relationship explored between
theoretical accessibility calculated for tourism and statistical data on the number of
visitors. Can the number of guest nights at hotel type units be estimated by applying the
spatial interaction model? Within this, a further question concerns the role of transport,
i.e. the distance in the estimation and whether Bull’s (1994) theory can be validated by
data.

The starting point of our study, for practical reasons, was the European Union’s
NUTS system as it is ensured that data are available at comparable regional levels.
Moreover, the NUTS system was introduced not only in EU-27 member states but also in
the EFTA countries, consequently data for the regions of Switzerland, Norway and
Iceland were also taken into account in the analysis. For the calculations, NUTS2 data
were used. The number of regions considered was 280 with transcontinental areas of
France, Spain and Portugal excluded.

In the model, the universal accessibility definition was applied, i.e. given regions
were not analysed by their main generating regions and how the appropriate destinations
are accessed. In other words, theoretically, travels can be made from any region to any
other one with tourist motivation. (Obviously, in practice, this is not the case; however,
due to the features of modelling, it was put aside.)

The participatory capacity of departure regions in the interaction was attempted to be
quantified by their population data." The total number of population was included in the
model despite being unlikely in real life that everyone would participate in tourism flows
(see the definition of accessibility). Significant variations can be observed in
implementing tourism activity based on age, sex, financial status, marital status and other
considerations. By including the total population as potential tourists in the model, a

1 Data source was in this case as for other statistical data alike was the Eurostat database
(http://epp.eurostat.ec.europa.eu/portal/page/portal/eurostat/home/).
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theoretical maximum was defined to which the amplitude and spatial distribution of real
flows become well-measurable.

The tourist attraction of destinations was represented by the number of beds in hotel
type units in the given region. We claim that by this the bulk of attraction is indicated
directly as, not regardless to the general level of economic development and processes,
the greater the attraction, the more beds there are at quarters.

Distance between the origin and destination regions was specified by the distance
between the regional centres on road measured in minutes. In this study, when preparing
the road network database, accessibility time in minutes for all road segments (for
crossings-to-crossing sections) was defined with speeds appropriate to each road
category. Within the networks, by programming GIS software, time demand of the
optimal routes requiring the minimal access time was also established for the study area.
This procedure corresponds to defining the optimal access path between two points of a
graph where edges are the road segments and resistance data for the edges are the time
data required for passing. Applying road distance data is apparently the first approach
only as being otherwise obvious, other transport sub-sectors also play a relevant role in
tourism-induced travels in the study regions. In our aspect, the time-space being
significantly different from the geographical space and modelled by applying road
distances (Dusek—Szalkai 2008) could be a good starting point in this present analysis.

The number of guests in a given region, i.e. in this particular case, the number of
guest nights can be calculated as the sum of incoming tourism flows.

The spatial interaction model is based on a gravitational analogy as field intensity
here is also studied in the relation of masses and distances. Our research intends to focus
on the second one i.e. the topic of accessibility. To estimate the role of distance
sensitivity in tourism flows, an analysis on the value y constant can bind in the gravity
model was relevant. Therefore calculations were performed by constants within the range
between 0 and 2 followed by studying the strength of correlation between the calculated
and actual values.

As concluded by Dusek (2003) in his work on the gravity model: “With the exponent
increasing, the intensity of interregional connections becomes more distance sensible and

collaterally the relevance of masses will gradually decline.”
Table 1
Weighted means of correlation coefficients for various y constants of the gravity model

¥ | 0,0 | 0,5 | 1,0 | 15 | 2,0

Source: Own calculation.

As seen above (Table 1), by applying the spatial interaction model, data on the
number of guests can be sufficiently estimated, as coefficients of determination are
relatively high, however, they can not be regarded as distance dependent. This is due to
several reasons. On the one hand, the most important tourist destinations are located at
the continent’s periphery at positions relatively disadvantageous from the point of view
of accessibility. On the other hand, tourism product as tourism experience is indefinable,
one-shot and perishing i.e. can not be stored. E.g. in case somebody intends to spend the
summer holidays at the seaside, such demand will not be replaced by spending it at a
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nearby although well accessible mountainous area but will undertake travelling to remote
peripheries.

A study into accessibility and the number of guests by applying shift-share analysis

The following analysis intends to study the extent of the number of guests in European
regions explained by accessibility and other local reasons. To this, the shift-share analysis
was applied. Description on the method has been given in several spatial statistical
publications and volumes (Houston 1967, Curtis 1972, Berzeg 1978, Stevens—Craig
1980) and an example for its application regarding accessibility in Hungary was provided
by Téth (2002).

Here, thus, a different approach was attempted. As already indicated -earlier,
accessibility has or can have a role primarily in substituting potentially visitable
destinations (Celata 2007). Obviously, the question can be raised whether this is the case
for all destination groups.

Therefore destinations with similar features were intended to be studied from the
aspect of accessibility. European regions were classified into five groups based on the
location of the countries involved. Our hypothesis in this respect was that for the
contiguous groups of countries, several differences can be observed regarding the type
and strength of relationship between accessibility and the number of guests.

The groups and the countries included are as follows:

1. Western Europe: Belgium, the Netherlands, Luxemburg, France, United
Kingdom, Ireland;

2. West Central Europe: Germany, Switzerland, Austria, Liechtenstein;

3. East Central Europe: Poland, the Czech Republic, Slovakia, Hungary, Romania,
Slovenia;

4. Northern Europe: Denmark, Finland, Sweden, Norway, Iceland, Estonia, Latvia,
Lithuania;

5. Southern Europe: Portugal, Spain, Italy, Greece, Bulgaria, Malta, Cyprus.

6. The groups and the countries included can be seen on Figure 1.

The groups and the countries included can be seen on Figure 1.
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Figure 1

The groups of European countries

Groups of countries

' Groups 1
' Groups 2
' Groups 3
' Groups 4
' Groups 5

Accessibility in this respect was studied not only based on road transport data but also
multimodal accessibility i.e. based on the use of various modes of conveyance and taking
them into account collectively was attempted to be applied.

To this, data available on the Espon website2 were used. Downloadable data, among
others, included multimodal accessibility of NUTS3 regions in the study area. As our
research was intended to be carried out on the NUTS2 level such data was inappropriate
thus population-weighted mean was applied.

First, changes in the number of guest nights were analysed between 2003 and 2009.
In the second study, the specific method of shift-share analysis with the spatial disparities
of guest nights per bed in 2009 factorised was applied. We intended to explore the
amplitude accessibility and other local factors which are responsible for spatial
disparities. (It is not possible to define the influencing specific local factors by the
analysis, only the extent changes in the number of guests deviating from the European
average is influenced by accessibility (in other words, the extent positive or negative
deviation or in short surplus or deficiency in the number of guests compared to the
average in the number of guest nights is entailed), and other factors characteristic for the
given region (including: the level of urbanisation, seaside or mountain location etc.)

2 http://www.espon.euw/main/Menu_Publications/Menu_TerritorialObservations/trendsinaccessibility.html
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Table 2
Surplus/deficiency in the number of guests and its components (2003/2009)
(%)
Regions Total Spatial Accessibility

Western Europe 100 -69 169
West Central Europe 100 -6 703 6 803
East Central Europe —-100 136 -236
Northern Europe -100 =56 —44
Southern Europe 100 226 -126

Source: Own calculation.

As indicated by the data in Tables 2 and 3, accessibility plays a more important role
in the changes in the number of guests than spatial dimensions i.e. other local conditions
for 3 of the 5 groups of countries as having higher absolute values. It is due to their
accessibility position that Western and West Central Europe have more advantageous
trends whereas countries in East Central Europe show slower dynamics compared to the
European average also primarily due to their accessibility. Disadvantageous accessibility
further spoils disadvantageous local conditions in Northern Europe while regarding the
countries in Southern Europe accessibility can slightly worsen favourable local
endowments. Accessibility of Southern Europe can not be disadvantageous within the
continent to impede the increase in the number of guests exceeding the European
average. Table 3 indicates the components of changes in the number of guests between
2003 and 20009.

Regarding the factorisation of data of guest nights per bed in 2009, a somewhat
different overall view is seen (Tables 4 and 5). In this respect, one can observe a more
important role of accessibility only for the West Central European countries compared to
local conditions for the number of guest nights per bed. For the other groups of countries,
however, it can be seen that conditions basically determined by local endowments can
only be modified either in a positive or negative way by accessibility.

Summarised, while accessibility plays a significant role in the changes in the number
of guests in yet more groups of countries, its role in effectiveness (capacity exploitage) is
not relevant.

Table 3
The share of regions in surplus/deficiency in the number of guests and its
components (2003/2009)
(%)
Surplusin | Deficiency The 10r?pact The 10r?pact The 10r?pact The Lr?pact
Regions the number |in the number o o o o
territoriality | territoriality | accessibility | accessibility
of guests of guests - .o . . . .o . .
is positive | isnegative | is positive | isnegative
Western Europe 27.5 - - 11.3 32.0 -
West Central Europe 1.5 - - 57.6 68.0 -
East Central Europe - 6.6 53 - - 10.7
Northern Europe - 934 - 31.1 - 28.0
Southern Europe 71.0 — 94.7 — — 61.3
Total 100.0 100.0 100.0 100.0 100.0 100.0

Source: Own calculation.
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Table 4
Surplus/deficiency in the number of guests and its components, 2009
(%)
Regions Total Spatial Accessibility
Western Europe 100 83 17
West Central Europe 100 -8 804 8904
East Central Europe -100 -71 -29
Northern Europe 100 216 -116
Southern Europe —-100 -74 -26
Source: Own calculation.
Table 5
The share of regions in surplus/deficiency in the number of guests and its components,
2009
(%)
Surplusin | Deficiency The m;pact The 10r?pact The lon;pact The lon;pact
Regions the number [in the number| o o o o
territoriality | territoriality | accessibility | accessibility
of guests of guests - .o . . . .o . .
is positive | is negative | is positive | isnegative
Western Europe 86.2 - 71.1 - 33.6 -
West Central Europe 0.3 - - 28.0 66.4 -
East Central Europe - 40.6 - 28.6 - 273
Northern Europe 13.5 - 28.9 - - 36.4
Southern Europe - 59.4 - 434 - 36.2
Total 100.0 100.0 100.0 100.0 100.0 100.0

Source: Own calculation.
The loglinear theoretical model

Where there is no destination due to the lack of tourist attractions none will be
established even after having potential infrastructural development implemented. In turn,
among destinations with similarly advantageous endowments for tourism, theoretically a
higher flow tends towards regions with better accessibility conditions.

This final research primarily intends to examine the degree guest nights of a
destination depend upon accessibility and local conditions in cases with existing tourist
attraction found.

The hypothesis, in this present case, also is that a relationship between accessibility
and the number of guest nights is assumed. In our study, the extent and components of
this will be analysed by applying the loglinear model.

The loglinear model examines when and in which context our variables are
interdependent on each other. The method interprets the connection between variables as
follows: in case any of the variables fall into any of the defined categories then this makes
the likelihood of such variables falling into another category according to other features
high. Such attribution is usually called interaction between the variables (Fiistos 1985).

An average contingency table is taken as a starting point (Tables 6, 7 and 8). The
regions studied were classified, by using the accessibility data of Espon described above,
into four accessibility groups. Thus, data on the number of guests for all groups of
countries could be classified based on accessibility into these four groups. As, at present,
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no region in West Central Europe can be classified into the worst, accessibility Group 4,
for methodological reasons the unavailable data had to be replaced. This was achieved by
placing the minimum values of the contingency table into the empty cells.

X and Y represent two (random) variables with range carriers with I and J elements,
in which:

pij:P(X:Xi, Y:yj)

m;=n*p;—t, in other words, m; is a general element of the contingency table, and

&i=log(my).

Having the logarithms of all elements of the contingency table taken, a &—table or in
another approach a matrix is obtained.

According to the notation generally applied, the calculation of any optional rows or
columns of the table and the mean of the whole table can be described by the formulae

below:
X5 & 2XS
= 71 . = l ok = ! j
(gi* J > ‘f* J 1 a‘f 1 . J
Consequently, any element of this new table containing the logarithms of the original
table can be noted in the following form:

£y = bn+ L)+ (G — L)+ 5 — (6 -8 - (&, - Eu) - S

This can be interpreted as (any elements can be generated) a sum of the total average,
the average analogous to the given row, to the given column and the appropriate row—
column interaction.

Where mij is the actual number of cases in cells i—j, I is the group of countries (i=5), J
is the accessibility category (j=4), &i* is the logarithm of the number of total, domestic
and international guest nights of the ith group of countries for the various accessibility
groups, £*j is the logarithm of the total, domestic and international guest nights for jth
accessibility group for the groups of countries, and &jj is the likelihood that the observed
total, domestic or international guest nights falls into the cells i—j of the table, compared
to the probabilities defined by all secondary parameters above.

Having &ij=log(mij) replaced into the relationship above, an additive formula is
obtained as below:

logm, =+ 25 + 2+ 2]

by 3 el,‘,‘

m, =e"-e" -e
where p marks the total average, i—indexed A is the effect of row, j—indexed A is the effect
of column whereas the ij index marks the interaction.

The advantages of this resolution are demonstrated by the following formulae; i.c. a
resolution was applied where the effects of row and column and the interactions sum zero

or, in other words, their impact on the whole table is zero:

A :Zlf =0 (]‘[e’ll‘Y =1
i Jj i

ZA;.Y :ZA;.Y =0
i J
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Table 6
Distribution of guest nights at hotel type units in 2009
(%)
Group of countries
Accessibility Total
groups Western | West Central | East Central Northern Southern ota
Europe Europe Europe Europe Europe
1 8.6 9.5 0.9 0.5 5.3 24.9
2 4.5 9.8 0.8 0.6 18.0 33.7
3 42 1.1 32 2.4 16.4 27.3
4 1.1 — 1.7 2.5 8.8 14.1
Total 18.4 20.5 6.6 6.0 48.5 100.0
Source: Own calculation.
Table 7
Domestic guest nights in hotel type units in 2009
%)
Group of countries
Accessibility 1
groups Western West Central | East Central Northern Southern Tota
Europe Europe Europe Europe Europe
1 7.4 11.1 0.3 0.6 43 23.6
2 5.8 104 0.6 0.8 16.3 33.9
3 5.2 1.8 4.0 2.8 15.3 29.1
4 1.3 — 2.4 2.7 7.0 134
Total 19.6 23.3 7.3 6.8 42.9 100.0
Source: Own calculation.
Table 8
International guest nights in hotel type units in 2009
(%)
o Group of countries
Accessibility 1
groups Western | West Central | East Central Northern Southern Tota
Europe Europe Europe Europe Europe
1 10.5 7.1 1.9 0.5 7.0 27.1
2 2.6 8.8 1.0 0.3 20.6 334
3 2.6 0.1 2.0 1.7 18.2 24.5
4 0.7 — 0.7 2.1 11.6 15.1
Total 16.4 16.0 5.6 4.7 57.4 100.0

Source: Own calculation.

By applying the loglinear model, three cases (i.e. the spatial distribution of total,
domestic and international guest nights) were analysed. Our null-hypothesis was that our
data were independent, in other words, there was no interaction between the two
variables in the three cases. According to this hypothesis, the saturated model (containing
all interactions, i.e. in this case the accessibility—region interaction) and the model
without interaction will fit each other.
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Results of the loglinear model

The threshold y2 value (to the level of 95%) is 5.99, however, our data indicated values
much higher thus values derived by neglecting interactions do not fit the original table of
convergence and the null-hypothesis is rejected. In other words, the groups of countries
and the accessibility groups, when compared with the total, domestic and international
guest nights, are not independent of each other, and the actual data cannot be explained
by the exception of interaction between the two variables.

Hereafter, we aimed to explore the provable as well as the quantifiable impacts of
country groups and accessibility on the total, domestic, and international guest nights at
hotel type units in the regions in the groups of countries.

Our study was conducted for the year 2009. The value of " in the table according to
total guest nights is 62,626,762, whereas that of domestic ones is 37,964,527 and for
international ones it is 17,376025. The following table (Table 9) contains the power of ¢
of the appropriate interactions. Consequently, by the following e" values and the table
calculated, basic data for the previous tables can be generated (Tables 6,7 and 8).

For example, the total number of guest nights of regions for accessibility Group 1 of
Western Europe can be obtained when the above value of 62,626,762 is multiplied by,
taken from the following table, the impact of Western Europe (1.29), the impact of the
first group (1.04), and the interaction between these two (2.25). Here, the result is
190,127,082 (being the basic data of the first row of the adequate table). All other cell
values were obtained in a similar way.

The results themselves can provide information on how variables or interactions
between variables can influence guest nights. Values exceeding 1 increase incomes
whereas those less than 1 reduce them.

Based on the above, it can be concluded that no absolute interaction exists between
the increase of accessibility and that of guest nights. Although areas with the most
favourable accessibility (Accessibility Group 1) also indicate the highest value of
interaction for international guest nights, the most favourable value regarding domestic
guest nights can be observed in Group 3. Taken as a whole, no absolute connection can
be found between the regions’ accessibilities and the number of guest nights.

There is a significant difference between domestic and international guest nights in
respect to how high the multiplier is in locations with the best accessibility. As with
regions with the best accessibility, the multiplier for international incomes is somewhat
higher than that for domestic ones, so it can be concluded that international guest nights
are much more influenced by locations with favourable accessibility than domestic ones.

Interactions on the level of country groups basically reflect the spatial differences
between incomes. The significant differences of interaction between domestic and
international guest nights present in the given groups of countries are, however, also
worth mentioning. They are derived primarily from the rather high spatial concentration
of international guest nights compared to the somewhat more even distribution of
domestic ones.

These variables have their impact on the incomes not only independently, but in
interaction with each other as well. Now, it becomes apparent from the tables that the
multiplier for the total guest nights among the regions impacted by Group 1 is the highest



16 GEZA TOTH — LORANT DAVID — LASZLO VASA

mainly in the West Central Europe — the regions with the most significant incomes are
indicated in brackets — (Oberbayern, Berlin, Darmstadt), whereas for accessibility Group
2, the multiplier is the most significant also in this group of countries (Tirol, Schleswig—
Holstein, Salzburg). The positive impact of Group 3 is represented mainly in East Central
Europe (Zachodniopomorskie, Matopolskie, Severovychod), while that of Group 4 is
observable in Northern Europe (Norra Mellansverige, Vestlandet, Ser—@stlandet).

When the components i.e. the domestic and international guest nights are examined a
difference is seen although for all groups the multiplier is the highest in the group of
countries for both the domestic and international ones where it was seen in the ‘total’
category, however with a various extent. In three of the four accessibility groups, the
multiplier for domestic ones is somewhat lower compared to that seen for international
ones. In Group 2, the multiplier for international guest nights is more than double of the
domestic ones. This refers to the rather great spatial and accessibility concentration of
international guest nights in Europe.

Conclusions

Based on the research carried out it was concluded that the spatial interaction model is
adequately suitable to estimate data on the number of guests, they cannot be seen as
distance dependent. With the results recognised we argued the estimates on the
relationship between the intensity of travels (that was modelled by the number of guest
nights) and distance acknowledged (Bull 1994).

The results of the shift-share analysis carried out indicated accessibility playing a
more important role than spatial dimension for 3 of the 5 groups of countries. Regarding
the data of guest nights per bed in 2009, a more important role of accessibility is
observed exclusively for West Central European countries compared to local conditions.
In other words, conditions determined by basically local endowments can only be
modified by accessibility. Therefore, while accessibility plays a significant role in the
changes regarding the number of guests still in more groups of countries, its role in
effectiveness (capacity exploitage) is not relevant. Our relevant hypothesis, according to
which regarding the relationship between accessibility and tourism, a significant
difference exist was proved true.
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Table 9
Results of the loglinear analyis
Total Domestic International
Parameter
No. Of guest nights
Group 1 1.04 0.82 1.73
Accessibility Group 2 1.15 1.21 1.37
Group 3 1.27 1.57 0.84
Group 4 0.66 0.65 0.50
Western Europe 1.29 1.48 1.32
West Central Europe 0.98 1.03 0.42
Group of countries East Central Europe 0.50 0.41 0.62
Northern Europe 0.42 0.48 0.44
Southern Europe 3.83 3.33 6.52
Group 1 —a Western Europe 2.25 2.18 2.26
Group 1 — West Central Europe 3.31 4.72 4.75
Group 1 — East Central Europe 0.64 0.34 0.87
Group 1 — Northern Europe 0.44 0.50 0.35
Group 1 — Southern Europe 0.47 0.56 0.31
Group 2 — Western Europe 1.08 1.15 0.72
Group 2 — West Central Europe 3.09 3.01 7.50
Group 2 — East Central Europe 0.47 0.42 0.60
Group 2 — Northern Europe 0.44 0.48 0.27
Group 2 — Southern Europe 1.44 1.46 1.14
Group 3 — Western Europe 0.90 0.80 1.13
Group 3 — West Central Europe 0.33 0.40 0.13
Region—Accessibility Group 3 — East Central Europe 1.80 2.21 1.86
Group 3 — Northern Europe 1.59 1.34 2.24
Group 3 — Southern Europe 1.19 1.05 1.64
Group 4 — Western Europe 0.46 0.50 0.54
Group 4 — West Central Europe 0.30 0.17 0.22
Group 4 — East Central Europe 1.85 3.17 1.03
Group 4 — Northern Europe 3.20 3.12 4.72
Group 4 — Southern Europe 1.23 1.17 1.74
Group 5 — Western Europe 2.25 2.18 2.26
Group 5 — West Central Europe 3.31 4.72 4.75
Group 5 — East Central Europe 0.64 0.34 0.87
Group 5 — Northern Europe 0.44 0.50 0.35
Group 5 — Southern Europe 0.47 0.56 0.31

Source: Own calculation.

As indicated by the loglinear model, no definite connection is observed between
improving accessibility and the increase of guest nights. The number of international
guest nights is more sensible to more advantageous accessibility compared to domestic
ones. Significant interrelationship differences are observed between international and
domestic guest nights which can be primarily derived from the spatial concentration of
international guest nights compared to which domestic ones indicate a more even
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distribution. This refers to the rather great spatial and accessibility concentration of
international guest nights in Europe.

The estimate conceptualised in the null-hypotheses, according to which transport
impacts tourism productivity, was proved true. Although the type and strength of
relationship between tourism productivity and the level of services provided by transport
can vary when different approaches are applied, we claim that the matter is worth paying
attention to in the field of tourism planning.
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Related variety and regional growth in Hungary:
towards a transition economy approach

Abstract

The aim of this paper is to adapt related variety calculations to the special case of
Hungarian regional development in the late post-socialist transition period. First, we test
regional employment growth in rising and declining regions separately, in order to
distinguish those areas that could cope with economic transition and those that could not.
We find that related variety speeded up growth in the dynamic regions but at the same
time pushed lagging regions to a downhill path that might be due to their unflexible
industry structure. Second, regional variety measures are decomposed into domestic and
foreign subsets and a new variable, ownership variety is introduced. Findings suggest that
regional employment growth is due to related variety in the domestic set in earlier phases
whereas the economy has evolved into a stage in which relatedness among foreign firms
enhances regional employment growth significantly.

Keywords: related variety, regional employment growth, foreign-owned firms, post-
socialist transition

Introduction

Co-location of companies are central concepts in the literature on regional economic
growth. However, a fundamental debate has undermined the common understanding of
regional employment growth in a region until recently: does regional specialization or
diversity favours growth? Nevertheless, co-located companies from similar industries in
industrial districts (Marshall 1890) or regional clusters (Porter 2003) are claimed to
increase their productivity because they migth obtain very special and detailed
knowledge from each other. On the other hand, companies co-located in economically
diversified city-regions share and combine knowledge across industries more easily and
therefore are more likely to create new variety and incremental innovation (Jacobs 1969;
Glaeser et al. 1992). Thus, regional specialization and diversity might drive regional
economic dynamics simultaneously, but on different basis.

A recent stream of literature claims that neither regional specialization nor regional
diversity can provide efficient conditions for regional growth. Learning among very
similar firms in a specialized region might not lead to growth, because the probability of
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obtaining new knowledge is low; on the contrary, firms have to share some knowledge in
order to understand each other. Thus, a golden mean of technological proximity between
co-located firms are needed in order that inter-firm learning provide ground for regional
growth (Boschma 2005). This phenomena was first captured quantitatively by Frenken et
al. (2007) by the formulation of related variety in a region, which builds on the concept
of technological proximity and demonstrates that regional employment growth does not
depent on diversity per se but the extent, to which industries are related to each other, is
crucial.

The contribution of our paper is twofolds. First, we address the role of related variety
in regional employment decline and growth in a post-socialist economy. Related variety
might capture hidden characteristics of regional dynamics over economic transition,
because previously prosperous industrial areas faced economic downturn and
technological relatedness might have a special role in that. Second, we argue that
additional proximity dimensions have to be involved in related variety calculations in
order to understand regional economic growth in these areas. This latter step is
important, because lagging firms may be isolated from the dynamic ones in terms of
institutional or social conditions; thus not technological division but the lack of
institutional or social proximity is what hinders inter-firm learning and regional growth.

Our demonstration is based on two distinctions. First, we analyse the role of related
variety in rising and declining regions separately. Second, we decompose variety
measures into domestic and foreign subsets. This latter step, namely the introduction of
ownership categories into regional related variety calculations, requires an additional
level of entropy decomposition and a new variable: ownership variety.

The findings suggest that related variety had a dual role in Hungarian regional
development over the 1998-2005 period. It speeded up employment growth in those
regions that could face the challenges of transformation. However, related variety had a
negative effect on employment growth in declining regions, which suggests that
technological relatedness pushed regions with uncompetitive industrial structure on a
downhill path. We also find that regional employment growth is affected positively by
related variety among the domestic set of firms initially but relatedness in the foreign
subset started to contribute significantly to growth at a later stage.

The remainder of this paper is as follows. We give a brief overview from the
Hungarian regional development in the post-socialist period, which is followed by the
introduction of our data. The adaptation of related variety calculation to our special case
is described in the fourth section. The fifth section gives an overview of results and
discussion of findings as well as future research can be found the sixth section.

Hungarian regional development

The determining role of FDI, the remaining presence of some state-controlled services,
and stagnating domestic companies have been the main features of transition economies
in their current development model (Szanyi 2003). In the first half of the transition
period, from 1990 to 1995, a massive economic downturn occurred in Hungary. Big
state-owned companies either went bankrupt or got privatized; the latter was followed by
basic restructuring. Consequently, unemployment rate, and especially long-term
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unemployment increased dramatically. MNEs started to carry out large investment
projects in the tradable and services sectors (eg. automotive and ICT) and untraded
sectors with secure local markets (eg. energy and communication) of Hungary. Simple,
cheap unskilled labour-based activities were developed by additional investments
(Iwasaki 2007).

Economic catching up started from year 1995, and employment rate approached again
the level of year 1992 at the end of the period of our investigation. New, higher value-
added activities were launched, which utilized local skilled labour and engineering talent;
some of the foreign companies started to locate their R&D functions to their Hungarian
sites (Lengyel—Cadil 2009).

The transition had a major footprint on regional development. Previously specialized
industrial regions fell back quickly because they lost their market and became unable to
meet the challenges of global competition (Lux 2009). Both regional specialization and
spatial concentration of industries were proved to have a negative effect on regional
employment growth (Lengyel-Szakalné 2013). Regional development is thought to be
investment-driven, in which foreign direct investments have central role.

However, the role of foreign-owned firms in regional dynamics is still unclear. On the
one hand, foreign-owned firms imported new knowledge to the economy, and many
argue that this created positive spillover effects (Halpern—Murakézy 2007, Szanyi et al.
2011). On the other hand, domestic suppliers had only marginal roles in supplier
networks of MNEs because their local decisions were usually determined by the parent
company headquarters abroad (Grosz 2006). In many cases suppliers and competitors of
these MNEs were mainly de-novo foreign firms that had followed their main partners
into Hungary (Békés 2005). Thus, a dual structure of economy has evolved in Hungary,
which can be characterised by a sharp foreign-domestic gap (Farkas 2000).

The dual economic structure and the gap between foreign-owned and domestic firms
have had effected regional development as well. Those regions became relatively more
competitive, in which foreign-owned companies invested (Lengyel 2003). However,
foreign-owned firms have had positive effects in the relatively developed regions only
and some argue that they have even destructed lagging regions (Lengyel-Leydesdorff
2011, 2013).

One might conclude that regional decline and catching up, the transition period itself,
and the gap between foreign-owned and domestic companies created a unique field for
testing the role of related variety in regional employment growth over post-socialist era.
The current paper addresses two central questions:

1. What is the role of related variety in regional employment decline and growth?

2. How did domestic and foreign related variety affect regional employment growth?

Data

The information used for the empirical analysis in this paper was collected from the
annual census-type data of Hungarian firms, which were compiled from financial
statements associated with tax reporting submitted to the National Tax Authority in
Hungary by legal entities using double-entry bookkeeping. The observation period covers
1998 and 2005 on a yearly basis. The data includes all industries and contains basic
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information for each sample firm, including the LAU1 region of company seats, NACE
4-digit industrial classification codes, the annual average number of employees, the
amount of equity capital held by type of owners, and major financial indices at the end
of the term.

Foreign ownership is attributed to a firm when 10% or more shares of the stocks of a
firm are in foreign hands (HSCO 2007). This standard definition of the Hungarian
Statistical Office considers a significant foreign interest in all of these firms even if
domestic ownership is higher than foreign ownership in the firm.

All industries are present in the data, although for practical reasons we have excluded
agriculture from the analysis and focus only on manufacturing and service sectors. One
can find the distribution of firms along industry classifications according to 2-digit
NACE categories in Appendix 1.

A major limitation of our data is that due to a change in company codes in year 2002,
firms cannot be traced over the whole period. There is even a huge shift in terms of firm
numbers across the two periods (Table 1). Although the data represents the total
economically active population in a rather similar way (42% in 1998 and 48% in 2002);
the regional, sectoral, ownership distribution of firms might be very different across the
two datasets. Therefore, we analyse regional employment growth in two distinct periods:
1998-2001 and 2002-2005.

Table 1
Employment and number of firms in our data

1998 2002
Employment in the data 1,781,466 2,092,942
Share in economically active population, % 42 48
Domestic employment 1,196,222 1,563,175
Foreign employment 585,244 529,767
Number of firms 112,075 298,031
Number of domestic firms 93,736 272,111
Number of foreign firms 18,339 25,920

Note: Economically active population was 4.263 million employees in 1998; and 4.298 million employees in 2002

http://www.ksh.hu/docs/eng/xstadat/xstadat_long/h_qli001.html

Despite company-level differences in the data, regional employment growth seems to
be comparable across the two timeperiods under investigation. The average of
employment growth across regions are around zero in both timesets; however,
distributions differ. While the distribution of EMPGRO 9801 is close to be symmetric:
Budapest (-19,418) is the only outlier, the EMPGRO 0205 distribution is more skewed
towards negative values (Figure 1a). The twoway association between the two variables
depicts a medium strong correlation; employment growth in most of the regions deviate
around zero (Figure 1b).
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Domestic and foreign employment growth scatter around zero in most of the regions
and in both timesets. However, foreign growth varies on a somewhat larger scale than
domestic growth: some regions stand out or lag behind more drastically in terms of
foreign growth than in domestic growth (Figure 2). Maps in Appendix 2 suggest that
regional employment growth stood out in the agglomeration of Budapest in both periods
(except the city itself). Foreign companies contributed to growth mainly in those regions
that are proximate to Budapest or lie between the capital and the Austrian border. The
level of employment has decreased in the peripheral regions of the country.

Figure 2
Foreign versus domestic employment growth in subregions,
1998-2001 and 2002-2005
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Note: Budapest is left out for reasons of visualization.

Methods

We follow the seminal work of Frenken et al. (2007) in variable creation. Their argument
claims that two co-located firms are technologically unrelated when they don’t share two-
digit level NACE codes, and might not be able to learn from each other. Two co-located
firms are technologically related when they share the same two-digit level NACE codes
but don’t share the four-digit level NACE code. Related firms might share enough
knowledge but are not too proximate, therefore they can not only understand but might
also learn new things from each other.

Related variety calculation is as follows. Let pi be the four-digit NACE share of
employment and Pg the two-digit level NACE shares of employment that is derived by
summing the four-digit shares. Then the variety of economic activity (V) in a region can
be phrased as the sum of probabilistic entropy of four-digit level NACE shares (1). This
variety can be decomposed to unrelated variety and related variety (2). Unrelated variety
(UV) is given as the sum of probabilistic entropy of two-digit level NACE shares (3).
Related variety (RV) is the sum of probabilistic entropy of four-digit level NACE shares
within each two-digit level NACE shares (5) aggregated at the regional level (4).

V= Zgzlzie_vg p; log, (i) ()
V=UV+ RV @)
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UV = Xi_, P, log, (g) (3)
RV = X¢_, B,H, “4)
i 1
H, = EEEEE i_g log, (ﬂ) (%)

As it follows from the above equations, related variety measures the extent to which
the technological knowledge base of firms are related in a region. Relatedness is
formulated on the base of technological proximity between firms. Other type of
proximities into related variety calculation might be straightforward in less developed
economies, because institutional gap between dynamic and lagging firms can set back
inter-firm learning. The case of post-socialist transition is a good illustration: majority of
domestic firms had only limited abilities to learn from the local sites of multinational
companies even if they were technologically close to each other (Békés 2005, Grosz
2006).

We address this issue with introducing ownership categories into regional related
variety calculations. This needs another level of entropy aggregation but enables us to
decompose variety measures into domestic and foreign subsets. Unlike in previous
papers, in which related variety was decomposed into subsets of manufacturing and
service industries (Mameli et al. 2012) or high-tech manufacturing (Hartog et al. 2012),
the introduction of ownership categories requires an additional level of entropy
decomposition and a new variable: ownership variety.

Figure 3
Unrelated variety, related variety and firm ownership, a dual economy model
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The formulation is visualized in Figure 3. Let poi be the share of employment in
industries with four-digit NACE codes combined with ownership categories. Let poi sum
up to Pog that is the share of employment in two-digit NACE codes combined with
ownership categories. Also, let the sum of Pog be Po, the share of employment in all
industries combined with ownership categories. Finally, let ‘d’ indicate domestic set of
firms and ‘f” indicate foreign set of firms.

Economic variety measured in the region will be equal to the entropy of the
employment distribution of the finest bin structure that is the four-digit NACE code
combined with ownership category (6). Then, variety in a region equals with the variety
measured in the ownership distribution (OVdual), plus domestic and foreign unrelated
varieties (UVD and UVF), plus domestic and foreign related varieties (RVD and RVF).
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Because Hungarian subregions vary in terms of the size of their economy, we
normalized variety measures by the number of employment in the appropriate categories.
Accordingly, unrelated variety, related variety, and ownership variety have been divided
by number of employment in the region; domestic and foreign unrelated and related
variety measures have been divided by the number of employment in the respective
subset in the region.

Results

According to a two-way scatter plot, Hungarian regional employment growth does not
seem to be determined by related variety of economic activity in the region (Figure 4).
However, one might observe a widening gap between growing and declining regions as
related variety increases. Preliminary findings reflect on this issue, and the directions for
further work are set as follows.
Figure 4
Related variety and employment growth
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The variables created with the methods above are tested in linear regression with

heteroskedasticity-robust standard errors in which employment growth is the dependent
variable. The distinct time periods are handled separately and we illustrate a reverse
effect of explanatory variables in declining and growing regions. As a next step we look
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at the effect of domestic and foreign related variety on employment growth. Finally,
domestic and foreign employment growth will be analysed.

Pearson correlation values in Table 2 indicate high level of association between
several variables in both timesets. For example, EMPGRO F 9801 and
EMPGRO_D 0205 correlate on a very high degree with the respected EMPGRO
variables. Correlation values are also too high among few pairs of variety measures,
namely UNRELVAR 98 and UV_D 98, just as between RELVAR 98, RV_D 98, and
RV_F 98. Therefore, classic variety measures and variety measures decomposed to
domestic and foreign subsets cannot be tested together, in order to avoid multicollinearity
of explanatory variables.

A variety of control variables are introduced to the models (VIF values remains below
10 in all cases); for description of control variables see Appendix 3. Budapest is left out
when looking at separate set of growing and declining regions because the capital is an
extreme outlier in both of our time periods. County dummies are used in order to capture
region-specific effects.

Table 2
Pearson correlation values, 1998 and 2002
1998 v 2 3 4] s | 6] 7] 8] o
1 | EMPGRO 9801 1.0000
2 | EMPGRO F 98-01 0.9335 1.0000
3 | EMPGRO D 9801  0.4045 0.0498 1.0000
4 | UNRELVAR 98 0.0444 -0.0115 0.1529 1.0000
5 | RELVAR 98 0.7336 -0.8004 ~0.0019 0.0582 1.0000
6 | OV dual 98 0.0497 ~0.0552 0.2792 0.4523 0.1212 1.0000
7 | Uv.D 98 0.0315-0.0061 0.1032 0.7755 0.0517 0.4290 1.0000
8 | RV.D 98 07397 ~0.8006 ~0.0185 0.0784 0.9953 0.1165 0.1074 1.0000
9 | UV F 98 0.0006 0.0040 —0.0085 0.2476 —0.0174 ~0.2537 0.1914 ~0.0099 1.0000
10 | RV_F 98 0.6565 -0.7093 ~0.0196 0.0917 0.8766 0.0728 0.1827 0.8903 0.0101
2002 o 2w s e 7] 8] 9
11 | EMPGRO_02-05 1.0000
12 | EMPGRO_F 02-05 03253 1.0000
13 | EMPGRO D 02-05  0.9585 0.0423 1.0000
14 | UNRELVAR 02 0.1184 0.0271 0.1169 1.0000
15 | RELVAR 02 ~0.8011 -0.2226 -0.7793 0.0641 1.0000
16 | OV_dual 02 0.0007 ~0.1894 0.0578 0.1695 0.1048 1.0000
17 | uv.D 02 0.0424 -0.0643 0.0642 0.7596 0.0794 0.4103 1.0000
18 | RV.D 02 07974 -0.2585 -0.7646 0.0771 0.9920 0.1240 0.1185 1.0000
19 | UV_F 02 0.0264 0.0294 0.0190 0.1507 ~0.0254 —0.3262 0.1134 —0.0247 1.0000
20 RV F 02 0.0021 -0.0092 0.0050 0.3923 0.0655 0.1445 0.4931 0.0570 0.0798



Table 3
Regional employment growth, heteroskedasticity-robust linear regression
1998-2001 2002-2005
All subregions Growth>0 Growth<0 All subregions Growth>0 Growth<0
Model 1 Model2 Model 3 Model 4 Model 5 Model6 Model 7 Model 8
CONSTANT —228,16 40,27 947,8 —663,24 *rk 1 —1663,94 ** 1 -23140,5 598,04 ok 1212,22
(-1,02) (0,16) (1,39) (-4,26) (-2,49) (-0,81) (3.91) (1,2)
UNRELVAR 22776,62 ** 1 -10658,2 —25241,5 33793,42 **k | 45787,56 *** 1 47670,13 | ** | —11014,1 ** 1313529
(2,26) (-0,68) (-1.27) (3,43) -39 2.3) (-2,64) (-1,05)
RELVAR —2091,69 ok 3437,39 2023,41 —4846,82 ok —956,2 *HK —473,22 729,05 ** 4853,92 *
(-23.19) (1,18) (0,96) (-3,64) (~106,4) (-0,73) (2,48) (1,69)
HHI_INI —1578,54 ** | —182525 | **
(-2,3) (=2,11)
HHI_END 3329,75 ** 3955,12 | ** 720,13 ** 2286,35 * | 2171,588 | ** 2207,52 ok
@.21) (2,6) (2,37) (1,85) 2,14 2,75)
K,k
EMPL_INI 0,083 * —-0,012 ** 0,251 | **
(2,85) (-2,38) (-2,54)
COUNTY DUMMIES NO YES YES YES NO YES YES YES
Adjusted R-square 0,56 0,68 0,65 0,82 0,67 0,69 0,57 0,63
N 168 168 83 84 168 168 77 90

Note: ¥** ** and * denote statistical significance at the 1%, 5%, and 10% level, respectively. Budapest was left out from Models 3,4,7.8..
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Table 3 summarizes findings of the original related variety calculation (Frenken et al
2007); unrelated variety is calculated by (3) and related variety is formulated by (4) and
(5). Interestingly, both Model 1 and Model 5 attribute a significant positive effect to
unrelated variety and a significant negative effect to related variety in influencing
regional employment growth. These happen to be controversial to what one expects
because unrelated variety —being a measure of diversity— is thought to induce a portfolio
effect. The higher the unrelated variety the more resistance against external shocks in the
region; unrelated variety is expected to reduce the decline. On the other hand, related
variety —being a measure of local learning capacities— is expected to enhance regional
growth. Although the unexpected sign disappears when county dummies are introduced
into the model in the 1998-2001 period (Model 2), unrelated variety still has a significant
negative effect on growth in the 2002-2005 period (Model 6). In sum, we don’t find a
clear effect of related variety —that accords with previous findings in the literature— on
regional growth in Hungary.

Our related idea, that merits and needs further efforts to prove in upcoming papers, is
that growing and declining regions of transition economies might differ regarding the
effect of related variety. In our case, inter-firm learning and technological relatedness is
beneficial in those regions that could cope with post-socialist transformation. However, a
large number of regions could not break out from the path they had been locked into
previously and therefore technological relatedness might be another burden for them. In
other words, related variety might even enhance the lag of these latter regions that did not
meet the challenges of transition because local learning occurs among uncompetitive
industries that lock the region into a declining path. Preliminary results in Table 3
support the idea; however, further work is needed for a detailed demonstration.

Related variety enhances growth in rising regions over the 2002-2005 period and also
eases the drop of employment in lagging ones (Model 7 and Model 8). However, related
variety had a negative effect on growth in declining regions over 1998-2001 indicating
that it speeded up decline in backsliding regions. In our understanding, these results
imply that technological relatedness and local learning have a dual effect in Hungary.
Furthermore, these effects might change over time, which will have to be investigated
over a longer timescale.

One might also argue that unrelated variety performs a sort of portfolio effect as
proposed by Frenken et al (2007), because the higher unrelated variety the slower
employment drop in sinking regions. This suggests that regions with a relatively
diversified economy suffer less from path-dependent recession than regions with a more
specialized economy. Accordingly, unrelated variety eases employment loss in regions
that drop behind over the 1998-2001 period (Model 4), but also hinders employment
growth in prospering regions in 2002-2005 (Model 7).



Table 4
Regional employment growth, dual economy model, heteroskedasticity-robust linear regression

1998-2001 2002-2005
All regions Growth>0 Growth<0 All regions Growth>0 Growth<Q
Model 1 Model2 Model 3 Model 4 Model 5 Model6
Constant 270,96 —-73,03 499,44 1351,48 -57,59 -1326,73
(0,88) (-0,3) (0,79) (1,18) (-0,16) (-1,49)
OV_DUAL 12103,58 -12921,9 —-1098,88 12823,44 13447,41 ** 35190,59
(1,18) (1,25) (-0,15) (1,35) (2,26) (1,38)
UNRELVAR D 93775,77 *E -293318,8 * 203956,7 * 64486,65 —214526,0 | *** —422333
(2,05) (-1,85) (1,78) (0,35) (-3,07) (-1,06)
RELVAR D —215887 HHE 4223325 *E —727769 *F% | 245876, | FH* 92814.,9 248635
(-18,006) (2,43) 3,37) (-81,56) (1,6) (1,15)
UNRELVAR _F —49,36 533,57 * 41,43 20,77 193,38 320,7347
(-0,22) (1,81) (0,15) (0,09) (1,03) (0,63)
RELVAR F -85,29 -436,91 2823,14 24,7 150,27 ** 3111,361 HokE
(-0,11) (-0,61) (1,56) 0,29) (2,09) (3,55)
HHI_INI 4472,28 HAE
(2,82)
HHI_END 2093,77 **
(2,56)
DOMEMPL -0,213 HkE
(-3,25)
FOREMPL 0,22 HAE -0,126 HAE
(4,52) (-3,8)
AVRFIRMSIZE 243,77 *
(-1,52)
AVRDOMFIRMSIZE -20,21 * 22,54 ok
(-1,89) (-2,26)
COUNTY DUMMIES NO YES YES NO YES YES
Adjusted R-square 0,57 0,81 0,73 0,67 0,56 0,63
N 168 83 84 168 77 89

Note: *** ** and * denote statistical significance at the 1%, 5%, and 10% level, respectively. Budapest was left out from Models 3,4,7,8.
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These first findings remain unchanged when unrelated and related varieties are
decomposed into domestic and foreign subsets (Table 4). Note that the normalization
process (described in Section 4) enables us to compare the effect of domestic and foreign
populations even if foreign employment is minor compared to domestic employment in
many subregions. Linear regressions with heteroskedasticity-robust standard errors in
Table 4 suggest that regional employment growth is mainly affected by technological
relatedness in the domestic subset of companies in the 1998-2001 period. Inter-firm
learning opportunities among domestic companies might speed up regional growth
(Model 2) but also has widened the lag of declining regions (Model 3). Technological
relatedness among foreign firms has a significant positive effect on growth over
20022005, whereas no such effect was found in the 1998-2001 period.

Regional economies might have evolved over the transition period in a complex way
in terms of how domestic and foreign-owned firms have been involved in local learning.
Technological relatedness among domestic companies could have widened the gap
between dynamic and declining regions due to the lock-in phenomenon that we described
earlier. The economy has probably developed into a stage, in which relatedness of co-
located domestic companies have influenced regional employment growth in all regions
regardless of their previous industry structure. However, we have not found a significant
effect of domestic related variety in the 2002—2005 period. On the other hand, local
learning among co-located foreign-owned companies might have become crucial factor
for regional employment growth. This issue merits a deeper analysis, in our opinion, in
which the whole transition period shall be investigated by further papers.

The last insight addresses the cross-effect of related variety of the decomposed sets on
domestic and foreign employment growth separately (Table 5). Interestingly, preliminary
findings imply that relatedness among foreign firms remains unimportant for both
domestic and foreign employment growth. On the other hand, relatedness among
domestic companies favoured foreign employment growth in the 1998-2001 period,
while domestic unrelated variety hindered foreign growth significantly. One might argue
that foreign growth in Hungary does not depend on local relatedness, because foreign
companies compete and co-operate not on the local level and their strategies are
developed in distant headquarters. However, foreign firms might also benefit from local
inter-firm learning and new relatedness measures —that capture relatedness between
foreign and domestic subsets— might provide new insights to this issue.

Domestic employment growth is affected by domestic unrelated variety and domestic
related variety in a similar manner as compared to the full set of firms. Unrelated variety
hinders growth and related variety speeds up growth. Ownership variety also has a
positive significant effect on regional employment growth in domestic firms. Since this
latter variable is a simple probabilistic entropy measure of employment distribution in
two categories, its’ positive impact on growth implies that the closer domestic
employment to foreign employment in absolute values the higher domestic growth. Thus,
our result confirms previous findings that domestic employment growth is high in those
regions where foreign employment is relatively also high.



Table 5
Domestic and foreign employment growth in the regions, OLS
Domestic growth >0 Foreign growth > 0
1998-2001 2002-2005 1998-2001 2002-2005
Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8
OV-dual 12307.77 7280.28 8189.539 9600.39 4688.786 5381.067 1211.4 8844.976
(1.98) * (1.14) (2.26) o (2.16) ok (0.33) 0.37) 0.21) (L61)
UNRELVAR D 3121815 ~158275.4 ~619449.1 ~235567.5
- (-3.85) ok (-3.45) ok (-3.29) Rk (-2.82) Ho
RELVAR D 305722.5 205093.3 756708.3 1219109
- (3.01) ok (7.42) ok (3.16) Rk (1.66)
UNRELVAR F -186.53 ~111.07 ~838.5058 -2412.697
- (~0.47) (~0.25) (-0.72) (-1.05)
RELVAR F ~600.27 7.65 ~809.9376 80.70932
- (-0.55) (0.09) (-0.42) (0.01)
Constant 485.3697 381.43 168.6739 1172 546.5496 759.548 482.689 4823078
(3.11) ok (2.19) ok (1.08) (0.58) (1.76) * (2.66) Rk (1.94) (2.41) o
ilij:rfed R- 0.15 001 039 0.02 0.01 0.1 0.02 * 0.08
N 83 83 97 97 81 81 64 61

Note: *** **_ and * denote statistical significance at the 1%, 5%, and 10% level, respectively.
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Discussion

In this paper we have analysed the role of unrelated variety and related variety in
Hungary over the 1998-2005 period. Our first special focus was a distinction between
regional decline and regional growth. Second, we decomposed the classic variety
measures into subsets of domestic and foreign firms.

Our first findings suggest that related variety in a region has a dual effect in regional
development over post-socialist transition. Technological relatedness increases
employment growth in those regions that could cope with new challenges of market
economy because it creates learning opportunities among co-located firms that might
lead to innovative outputs. However, related variety also speeds up employment decline
in those regions that could not compete on the global economy. These regions might be
locked into downhill paths, in which technological relatedness among uncompetitive
industries is another obstacle. Future research on a longer timescale data shall pay extra
attention to this phenomenon and upcoming papers shall focus on how the effect of
related variety changes over time in a transition economy.

The second finding concerns technological relatedness in the domestic and foreign-
owned subsets. While domestic related variety have predominantly influenced regional
growth in the first half of the investigated period, technological relatedness among co-
located foreign firms became important in the second half. A possible reason for this
pattern is that the dual economic structure —which we usually talk about regarding
Hungarian regional development— changes over time and foreign firms might become
more integrated into the local texture of the economy at the later stages of the transition
than initially. Foreign employment growth was positively affected by domestic related
variety, which is a sign of cross-effects. Therefore, future papers will explore foreign-
domestic relations in more details. For example, it is possible do re-organize the dual
economy model of related variety calculations and introduce ownership categories on a
lower level of aggregation (e.g. at two-digit or four-digit NACE code levels). These new
models of decomposition might explain domestic-foreign relatedness better than the dual
economy model presented in this paper. Also, other type of data (e.g. international trade
at company level) might capture foreign-domestic proximities better than employment
distribution.
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Appendix 1

Number of firms in industries, NACE 2 level

NACE2 1998 2002
15 2,557 4226
16 7 6
17 727 1,394
18 1,071 2,463
19 348 554
20 1,129 2,631
21 229 495
22 2,363 6,14
23 7 13
24 501 711
25 960 1,754
26 676 1,48
27 227 333
28 2,478 5,532
29 1,95 3,454
30 131 307
31 669 1,192
32 486 936
33 753 1,648
34 221 294
35 123 263
36 965 2,776
37 83 211
40 201 287
41 214 307
45 10,025 27,805
50 4,801 11,767
51 20,118 32,088
52 12,988 40,815
55 4,05 13,708
60 2,58 7,057
61 47 104
62 46 76
63 1,754 3,634
64 315 953
65 575 797
66 24 94
67 532 2,801
70 6,334 16,879
71 765 1,622
72 3,143 11,118
73 627 1,687
74 17,213 50,024
80 833 5,203
85 1,523 12,03
90 471 790
91 439 2,519
92 3,051 12,012
93 745 3,052



Employment growth, foreign employment growth, and domestic employment growth
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Appendix 3
Description and statistics of control variables
Abbreviation Description Mean St. Dev. Min Max

Hirschman-Herfindhal .

index at the starting point 98 1409016 | .1509218 | .0063626 | .8974066
HHI_INI of our period, calculated

from company-level ‘02 .1044115| .1210299 | .0061086 | .7810547

market shares.

Hirschman-Herfindhal .

index at the ending point 98 1298001 | .1388309 | .0093472| .9825625
HHI_END of our period, calculated

from company-level ‘02 .0941696| .1188845| .0070743 767398

market shares.

Absolute value of initial ‘98 10603.96 | 55852.08 172 720730
EMPL_INI employment level in the

region. ‘02 12457.99 613524 520 789646

Absolute value of initial ‘98 7120.369 35993 157 463912
DOMEMPL domestic employment

level in the region. ‘02 9304.613 | 44666.19 380 574023

Absolute value of initial ‘98 3483.595| 19934.86 0 256818
FOREMPL foreign employment level

in the region. ‘02 3153.375 16834.9 0 215623

Average number of ‘98 511.6148| 4502.682| 4.598214 41518
AVRFIRMSIZE employees in firms in the

region. ‘02 | 7.423348 | 2.526928 | 2.915344 | 14.52036

¢ . 98231 4.9062 1721

AVRDOMFIRMSI Average number of ' 98 15.00056 | 6.982313 90625 | 57.17213
7B employees in domestic

firms in the region. ‘02 | 252.6752 | 3196.234 | 2.603261 41434
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Abstract

Measuring of sustainable development seems to be a great issue as there is neither unified
set of indicators nor any preferred methodology how to do it. However, attempts to
evaluate entities from the point of view of sustainable development regularly occur. The
most problematic level according to sustainable development assessment seems to be
“lower” regional level, such as LAU 1 (former NUTS 4) level. On one hand there are
usually at this level already serious problems with data availability, on the other hand it is
almost impossible to regularly perform detailed questionnaire surveys in all LAU 1
regions (77 districts in case of the Czech Republic), as it is done e.g. in cities. The aim of
the paper is to decide, how to assess sustainability at this level. Finally we chose useful
indicators, though different from indicators used at the national or NUTS 3 level, with
data available for all LAU 1 regions. We succeeded in filling all three pillars of
sustainable development (economic, social and environmental) with sufficient number of
suitable indicators. In the first step we applied cluster analysis to find coherences among
regions that are e.g. affected by similar problems. After that we constructed composite
indicators in order to create ranking of all 77 districts. Ranking was derived from
composite indicator approach. We constructed 10 composite indicators to test different
methods of normalisation, weighting and aggregation. The results show the ranking of
LAU 1 regions in the Czech Republic from the sustainability point of view, both
including and excluding capital city of Prague as an outlying district. A good
interconnection between cluster analysis and constructed composite indicators can be
seen, which is supported by the discussion of the results.

Keywords: Sustainable development indicators, normalisation, weighting and
aggregation methods, composite indicators, Czech LAU 1 regions, cluster analysis.
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Introduction

Measuring of sustainable development seems to be a great issue (see e.g. Parris et al.,
2003) as there is neither unified set of indicators nor any preferred methodology how to
do it. However, attempts to evaluate entities according to sustainable development
regularly occur. Especially at the national level various indicators set are being created
(e.g. Eurostat has one, sce EUROSTAT 2013), as well as at the lowest level for cities
(e.g. ECI by European Commission 2013, used in the Czech Republic by TIMUR 2012)
or even enterprises. Similarly, at the “higher” regional levels (NUTS 2 and in case of the
Czech Republic NUTS 3 level as well) there are also attempts to evaluate sustainability
using a set of indicators (Progress Reports on the Czech Republic’s Strategic Framework
for Sustainable Development). The most problematic level according to sustainable
development assessment seems to be “lower” regional level, such as LAU 1 (former
NUTS 4) level. At this level there are already serious problems with data availability (i.e.
methodological problems of regional GDP estimate or simply non-availability of reliable
data). On the other hand it is almost impossible to regularly perform detailed
questionnaire surveys in all regions at this level (77 in case of the Czech Republic), as it
is done e.g. in case of ECIs. From these reasons it is not possible to use similar approach
as in case of “higher” regional level or local level.

This paper is part of our project, which deals with the analysis of sustainable
development in the Czech Republic at the regional level (NUTS 3, see e.g. Fischer et al.,
2013). In this paper we decided to focus also on the lower level of administrative division —
on the district level (LAU 1, formerly labelled NUTS 4) — as this level can be seen to be
important as well (compare Lengyel et al., 2012). The main aim of the paper is to decide,
how to assess sustainability at LAU 1 level. Unfortunately, this level has not been a subject
to extensive research in the Czech Republic so far. An interesting approach is applied by
Mederly et al. (2004) who analysed sustainability and quality of life in the Czech Republic
at three different levels — regional, national and global. However, the regional level was
limited exclusively to NUTS 3 level. They chose a huge number of 111 indicators that were
initially analysed using correlation analysis and further deeper analysed. Another important
approach was employed by the Czech Statistical Office (2010) again at the NUTS 3 level.
Together with the Charles University in Prague Environment Centre, they analysed
indicators in time series divided into three common pillars of sustainable development —
economic, social and environmental. Some of these indicators were also used in a strategic
document — Progress Reports on the Czech Republic’s Strategic Framework for Sustainable
Development in the year 2009 (Government Council for Sustainable Development et al.
2009). The new version of this document, published in the year 2012 (Government Council
for Sustainable Development et al. 2012), already works with slightly different indicators in
a different structure.

As there are no attempts at the LAU 1 level, this paper shows some opportunities,
how to assess sustainability at this level. The paper is divided into several sections. The
first one deals with the data availability and indicators finally included in the analysis
(together with analysis of their correlations). The second section deals with potential
coherences among Czech LAU 1 regions, e.g. due to affection by similar problems.
Cluster analysis covering all selected indicators was applied to examine this. The third
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section introduces a brief overview of the methodology of composite indicators. Further
the methods of normalisation, weighting and aggregation are used for composite
indicators construction as well as for subsequent rankings creation. In the fourth section
the results are presented and discussed. In the final section main conclusions are outlined.

Sustainable development and set of indicators

The main idea of sustainable development lies in searching for balance among economic
development, social progress and equity and environmental responsibility. The Brundtland
Commission definition (WCED, 1987, p. 8) is usually considered to be the main definition
broadly accepted. It emphasizes especially the people’s needs while expressing that
“Humanity has the ability to make development sustainable — to ensure that it meets the needs
of the present without compromising the ability of future generations to meet their own
needs*. However, many other definitions can be found, that bring the discussions on how to
really understand the sustainable development and its targets and measurement (for several of
them see e.g. Marsden et al. 2010, Byrch et al. 2009, Ciegis et al. 2009, Rassafi et al. 20006,
Machacek 2004, p. 28-29 or Novacek et al. 1996, p. 16-19).

We focused on the Czech Republic as a case study. There are 77 districts (i.e. LAU 1
regions) in the Czech Republic including the capital city of Prague, which is very specific
among other districts because it is not only a district (LAU 1), but at the same time also a
region (NUTS 3) and even NUTS 2 unit. This is not so common in other countries,
although capital cities often form a specific region with unusual characteristics. Usually
the higher the level of classification, the broader area of the city is included (i.e. with
suburban areas which have different characteristics from the core city). Cambridge
Econometrics (2013) state that “In general, NUTS 3 regions are used to define the cities,
in recognition of the fact that many cities are essentially spatially-concentrated cores of
economic interaction which are smaller than NUTS 2 regions, with the important
exceptions of the major conurbations such as Paris and London”. For example London*
as NUTS 1 is divided into Inner London and Outer London (NUTS 2 regions) and further
into five NUTS 3 regions and then into 33 LAU 1 regions. On the other hand in case of
Prague the area included in NUTS 2, NUTS 3 and LAU 1 classifications is exactly the
same ©. Therefore, we decided to perform two types of analysis — including and excluding
Prague — and compare the results obtained.

From a statistical point of view and due to the need to meet certain conditions for the
use of multivariate methods, the number of 77 units seems to be much more appropriate
than the number of 14 regions forming the Czech Republic’. This was one of our reasons
for focusing on this level. On the other hand the disadvantage of such small territorial
units (e.g. districts) consists in the problem of data availability. The problem lies in the
fact that each district often follows its own characteristics (indicators), which may differ
across districts, or indicators available for some districts are no more available for other
districts. According to these findings we were forced to find set of indicators different
from the one used in the analysis at the NUTS 3 level (Fischer et al. 2013).

d For more details see Office for National Statistics (2013).
e See Methodology section in Statistical Yearbook of the Czech Republic 2012 (Czech Statistical Office 2012, p. 771)
f Appendix 1 shows map with 77 Czech LAU 1 districts.



Table 1
Correlation matrix of environmental pillar
3 " Share of Investment Share of Share of Share Share of Share of
Coefficient Share of | Specific m Specmc speqnc Numbe! of| protected | environmental Share of agricultural |municipaliies with muniandnlliw munidpai.ihes with municspallties
Arable of broad! ons of nitrogen| of carbon small- areas protection | agricutur holdings | established DLI.FJ!IC with established establlshed_ with
1and (%)| ecological ed of solids dicuide aides | msncsde scale |(MP+PLA+| expenditure by 3lland having the water suppivg sewerage ge systém
stabiliyy | SPECies (tonne per BRNRER ] onne per | qonne per protected | S-SPAjon| the investor (%) agricultural | system covering ; system covering| connectedtoa |natural gas grid
(%) km2) m2) km2) Km2) areas region registerad land area : all the municipality all the WWTP covering all | covering all lpe
area (%) office 500+ ha (%) (%) municipality (%] | the municipality (%) | municipality (%)
0,235 -0,098 -0,081 -0,056 -0,065 -0,154 -0,690 0,052 0.781 0.149 0,132 0,320 0.169 0,440
1,000 -0.375 -0,050! 0,115 0,139 -0,023 0274 0,739 -0,090] -0.762 0128 -0.259 -0.375 -0.257 -0.431
-0.375 1,000 0,259 0,330 0,354 0,220 -0,158 -0,118 0277 0,183 0,228 0,454 0.346] 0,397 0,433
-0.050 0,259 -0.254 -0.046. 0.216] -0.166 0173 0,024 -0,182 -0,082 -0.081
-0,115 0,330 0,341 -0,135 0,177 -0,276 0,050 0,173 -0,123) 0,023 0,043
-0,138 0.354 -0,309 -0,146 0,178 -0.207 -0.012 0.212 -0,087 0,048 0,015
-0,023 0,220 -0,091 -0,006 0,246 -0,121 -0,185 -0,058 -0,193 -0,162 -0,050
0,274 -0,158 1,000 0,361 0,091 -0,122 -0,177 0,086 0,185 0,061 0,072
0,739 -0,118 0,361 1,000 -0,055] -0,485 -0,265 -0,109 -0,241 -0.247 -0,301
-0.090 0,277 0.091 -0,055 1.000 0,006 -0,133 0,126 0,158 0,190 0270
-0,762 0,183 -0,122 -0,485 0,006 1,000 0.019 0,046 0,174 -0.016 0375
-0.128 -0,228 -0,177] -0.265 -0,133 0.018 1.000 -0,048 -0,073 -0.023 -0,030
-0.259 0,464 0,088 -0,109 0,126 0,046 -0.048 1.000 0579 0.575 0.507
-0,375 0,345 0,185 -0,341 0,158 0,174 -0,073 0,579 1,000 0,833 0,465
0,257 0.397 0,061 -0,247 0,190 -0.016 -0.023 0,575 0833 1.000 0239
0,431 0,433 0,072 0,301 0,270 0,375 -0,030 0,507 0,465 0.239 1,000

Source: Own calculation.

Note: Gray marked indicators were discarded due to correlations. Bold underlined numbers in grey fields stand for values greater than £0.9.

NVINAZ NV — VAOTONNVIA VNV — VAOAITIANH VINAT
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The set of indicators for districts was carefully chosen in order to be the best fitting to
the sustainable development issue. It is widely recognized that sustainable development
indicators are grouped into (most commonly) three pillars (economic, social and
environmental). Part of the indicators chosen for the district level is the same as those
used in the analysis of regions, some of them had to be adapted to the available data
sources and the rest needed to be newly chosen after the discussions with experts. Our
analysis focuses on the year 2010 being the most up-to-date year with data available for
all selected indicators. We tried to find all relevant indicators that were available for the
district level.

Before starting the main analysis we calculated the correlation matrices for each of
the pillars to identify and eliminate redundant indicators (it is needed to pay a great
attention to the context and explanation of each indicator in order not to discard the
indicators that have a high degree of correlation with indicators which they are not
directly related to with). Table 1 below shows correlation matrix of environmental pillar
as an example. It contains 16 originally included indicators, 3 of them (two types of
emissions and one indicator covering sewerage system) were eliminated according to the
results of correlations. The highest (positive) correlation coefficients of 0.942 and 0.920
which lead to elimination of indicators were observed between the different types of
emissions (serves as an example of indicators we can discard due to their relationship).
On the contrary, high (negative) correlation coefficient of —0.904 was identified between
indicators Arable land and Coefficient of ecological stability. As this can be considered
as an example of indicators we cannot discard due to their incoherence, both indicators
were left in the analysis.

After such adjustments in all three pillars we obtained following set of indicators we
are using onwards. While Table 2 shows indicators selected into economic pillar, tables 3
and 4 show indicators in social and environmental pillar.

Table 2
Indicators in economic pillar (13 indicators)
EC1 Density of motorways and 1" class roads (km per 100 km?)
EC 2 Average value per building notification and/or permit (CZK thousands)
EC3 Number of entrepreneurs (natural persons and legal persons) per 1000 inhabitants
EC4 Foreign direct investment for 1000 inhabitants (CZK millions)
ECS Number of people receiving unemployment benefit per 100 job applicants
EC6 Building permits per 1000 inhabitants
EC7 Appro?ci.mate value of construction projects permitted by planning and building control
authorities (CZK millions)
EC 8 Domestic construction work “S” (CZK millions, current prices)
EC9 Operated vehicles (per 1 inhabitant).
EC 10 Number of enterprises with more than 50 employees

Share of total number of natural persons carrying out business (natural persons carrying out
EC 11 business in compliance with Trades Licensing Act, self-employed farmers and agricultural
entrepreneurs, private entrepreneurs in business carrying out business activities governed by
regulations other than the Trades Licensing Act of economically active inhabitants (%)

EC 12 Registered motor vehicles per 1 inhabitant (cars and vans)

EC 13 Share of the population living in towns (%)

Source: Own compilation based on expert discussion.
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Table 3
Indicators in social pillar (17 indicators)
SO 1 Total general unemployment rate (%)
SO 2 Life expectancy at birth (years)
SO 3 Civil society — political participation (turnout in elections to municipal councils in %)
S04 Wom;n é}nd men in politics (share of women elected representatives in elections to municipal
councils in %)
S05 Civil societ)'/ - pivic participation (number of mid-year population per 1 nongovernmental non-
profit organization)
SO 6 Number of job vacancies per 100 applicants
SO 7 Age index (number of inhabitants aged +65 per 100 inhabitants aged 0-14)
SO 8 Share of municipalities with medical facilities (%)
SO 9 Share of municipalities with school (%)
SO 10 Average percentage of incapacity for work
SO 11 Average time of sick leave (days)
SO 12 Number of places in social services per 1000 inhabitants
SO 13 Number of doctors per 1000 people (outpatient care)
SO 14 Number of recipients of pensions per 100 inhabitants
SO 15 Average old-age pension (CZK)
SO 16 Number of disabled people-licensee holders per 100 inhabitants
SO 17 Total paid social benefits per 1 inhabitant (CZK)
Source: Own compilation based on expert discussion.
Table 4
Indicators in environmental pillar (13 indicators)
EN 1 Arable land (%)
EN 2 Coefficient of ecological stability
EN 3 Share of broadleaved species (%)
EN 4 Specific emissions of nitrogen oxides (tonne per km2)
EN S Specific emissions of carbon monoxide (tonne per km2)
EN 6 Number of small-scale protected areas
EN 7 Share of protected areas (NP + PLA + S — SPA) on region area (%)
EN 8 Investment environmental protection expenditure by the investor registered office
EN 9 Share of agricultural land (%)
EN 10 Share of agricultural holdings having the agricultural land area 500+ ha (%)
EN 11 Sharf: . of. municipalities with established public water supply system covering whole
municipality (%)
EN 12 Sharf: gf rr}unicipalities with established sewerage system connected to a WWTP covering whole
municipality (%)
EN 13 Share of municipalities with established natural gas grid covering whole municipality (%)

Source: Own compilation based on expert discussion.

It is obvious, moving to LAU 1 level means that we can no more work with indicators
such as e.g. GDP per capita or labour productivity, which are usually an essential part of
the analysis at the higher regional level (NUTS 3 or NUTS 4). This set of indicators
represents available but also reliable and relevant data at this level.
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Analysis of similarities among Czech LAU 1 regions

After selecting the most proper indicators we decided to analyse the similarities in Czech
LAU 1 regions according to all 43 indicators without paying attention in which pillar
they are incorporated. For this issue we chose one of the multivariate statistical methods
— cluster analysis. We tried to group homogenous LAU 1 regions and examine, if such
regions with similar problems (e.g. unemployment, structurally affected regions, border
regions or highly developed city regions) will belong to the same cluster.

Cluster analysis (Burns et al. 2009, Mooi et al. 2011 or Hebék et al. 2007) is a method
of data classification, which performs the division of data into groups that contain units
having something in common. The aim of cluster analysis is to divide n LAU 1 regions
into k groups, called clusters, using p indicators. Like other types of statistical methods,
cluster analysis has several variants which differ in the coalescing process as well; in our
case hierarchical clustering is used. We used the Euclidean distance (see Equation (1)) as
the distance between two points in the Euclidean space. ”Euclidean distance is the most
commonly used type when it comes to analyzing ratio or interval-scaled data.” (Mooi et
al. 2011, p. 245). Mimmack et al. (2001) state that when the cluster analysis is used for
defining regions, which is our situation, Euclidean distance seems to be more proper than
Mahalanobis distance. Furthermore, Ward’s method as one of the methods of joining
clusters, used as a linking clusters criterion in the sense of increase of the total intragroup
sum of squared deviations of individual observations from the cluster average was
applied. Increase is expressed as the sum of squares in the emerging cluster minus the
sum of squares in both merging clusters as shown in Equation (2).

DE('xi’xi'):\/Zf:I(xij_xi'j 2 (1)

G= zzzlz?:h/zle(xhij _;hj )2’ ()

where G stands for Ward's criterion, k& stands for number of clusters, n, stands for
number of LAU 1 regions in 4™ cluster, p stands for number of indicators.

Burns et al. (2009, p. 557) emphasize about Ward’s method that “in general, this
method is very efficient”. Hebak et al. (2007, p. 135) sees another advantage of Ward’s
method. It forms similarly big cluster when eliminating the small ones.

The same approach (hierarchical clustering with Euclidean distance and Ward’s
method) was applied e.g. by Odehnal et al. (2012) when evaluating competitiveness of
Ukrainian regions. We performed hierarchical clustering within the statistical software
NCSS 2007 environment. Based on the results (Figure 1) we agreed on the final number
of 6 clusters with the degree of dissimilarity of 6 as a reasonable number. The results of
the cluster analysis were captured into individual choropleth maps shown below. It is
important to mention that after selecting the indicators and initial data analysis we
decided to remove from this analysis the capital city of Prague due to its specifics and
incomparableness with other districts.
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Figure 1
Dendrogram as a result of cluster analysis
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Figure 2 shows the clusters in which many similarities can be found. Cluster 1
contains Moravian adjacent districts. Cluster 2 is formed by border districts, mostly
situated northwest with one district situated northeast (districts with high unemployment
rate). Cluster 3 is the largest cluster, made up of majority of the Czech districts and
several Moravian districts. Cluster 4 is composed of 5 sub-clusters which do not have a
common border, all of them are border (frontier) districts. Cluster 5 contains districts
with medium-sized towns as centres and Prague surroundings. Cluster 6 is made up from
the second and the third biggest cities in the Czech Republic (Brno and Ostrava). As
mentioned above Prague as a “district-outlier” was discarded from this analysis. If left in
analysis, Prague would form separate Cluster 7.
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Figure 2
Six clusters identified in the Czech Republic

Cluster 1 Cluster 2

Source: Own analysis in Maps Generator environment.

To sum up, Figure 2 shows six clusters whose districts really have similar
characteristics (not only in statistical sense, but also in the sense of sustainable
development indicators), as Moravian districts, Czech districts, border districts, districts
with big cities, or medium-sized towns. These conclusions encouraged us to continue in
our analysis with the aim of evaluation of 77 Czech LAU 1 regions. In the next section
we will already handle with indicators divided into pillars.
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Methodology of composite indicators

Composite indicator (CI) is considered to be a useful tool for ranking. Overview of
advantages and disadvantages of using composite indicators for sustainable development
evaluation is done e.g. in Czesany (2006). Examples of several Cls for assessment of
sustainable development are listed in Parris et al. (2003). It allows expressing a
multidimensional issue by one single number. We followed the generally accepted
definition of sustainable development stating three areas — economic, environmental and
social. Therefore aggregation needed to be performed in two steps. In the first step we
aggregated indicators in each separate pillar. The second step consisted in merging all
three pillars into one composite indicator. This chosen approach brought three main
issues to be solved: method of transformation/normalization of the data, selection of
suitable weighting scheme and finally selection of aggregation method.

As in most fields of economic reality also in sustainable development indicators are
neither measured in the same units nor have the same direction. Higher values do not
always reflect better performance. In other words higher value of an indicator may
represent a worse performance (e.g. unemployment). Due to aforementioned reasons
certain data transformation is required prior to the next analysis. The goal of the data
transformation can be seen in adjustment for different ranges, different variances and
outliers. There is a wide scale of normalization methods discussed e.g. in Nardo et al.
(2009). Choosing the most appropriate method for normalization is crucial and depends
not only on the type of data, but also on weighting and subsequent aggregation.
Application of normalization can result in different outcomes for the CI. This paper deals
with the two most common types: min-max method and z-scores.

The first considered transformation method is called min-max. Equation (3) is used
for indicators for which the higher value the better, equation (4) for indicators for which
the lower value the better.

;- X,, —min,(x,) 3)
pn . ’
max,(x,, )—min,(x,)

7 - max,(x,)—x,, @
pn . ’
max,(x,, )—min,(x,)

where x, is the value of an indicator p for district n. Min-max method is based on
minimum and maximum values. The advantage lies in the fact that the boundaries can be
set and all indicators then get an identical range (0, 1). Each indicator reaches value
between 0 and 1 even if it is the extreme value. The output is dimensionless and the
relative distances remain. Nevertheless, the drawback reveals if outliers and/or extreme
values are present. The computation of min-max method is based on extreme values (the
minimum and the maximum) which can be outliers. These two values strongly influence
the final output (see equations (3) and (4)). Still min-max approach is very popular and
has been applied for construction of many composite indicators, e.g. the well-known
Human Development Index (HDI), issued by the United Nations (Klugman 2011).

The second normalization method (z-scores) converts the data in order to have a
common scale with a zero mean and standard deviation of one. For each indicator x,, the
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average across districts Xy = n and standard deviation across districts o'\ = n are calculated

and used in formula (5).

J = pn pn:ﬂ, (5)

This method provides no distortion from the mean; it adjusts different scales and
different variance. The output is again dimensionless and because of applying of a linear
transformation the relative differences can preserve. Z-scores method does not fully
adjust for outliers. An indicator with extreme value has a greater effect on a composite
indicator. This is desirable if exceptional behaviour should be rewarded, i.e. if an
excellent performance on a few indicators is considered to be better than a lot of average
performances. However, this effect can be reduced by applying proper aggregation
method. Compared to min-max method, z-scores method is even more robust on outliers
because it is based on variance instead of the range.

Weighting as the second step has a crucial effect on the outcome of the CI. There is
not only one proper method always used. That is why this part of constructing a CI is the
most discussed and criticised by opponents of Cls (Freudenberg (2003). Weighting
methods can be divided into two main groups: statistical approaches and participatory
approaches. The most common methods are listed in Nardo et al. (2009). No results from
surveys, opinion poll, questionnaires etc. are available and useful for this analysis thus
participatory methods cannot be used. This paper deals only with the first group of
weighting methods (i.e. statistical methods). These methods are only data driven, that
means no subjective value judgments are needed.

Using Equal weighting (EW) method, the equal weight is assigned for each indicator

(according to equation (6))
-1
W= A’ ©)

where w), is a weight for p™ indicator (p=1,...,P) for each district. It means all indicators
are given the same weight for all LAU 1 regions. Equal weighting may be justified when
there is no clear idea which method should be used. The main strength of EW method is
definitely its simplicity. On one hand this approach is easy and clear, on the other hand,
there is a risk that a pillar with more indicators will have a higher influence on the CI.
Weighting derived from principal component analysis (PCA) and factor analysis (FA)
respectively deals with this issue. Both methods are very often used for data explanatory
analysis. The PCA and FA explain the variance of the data through a few factors which
are formed as a linear combinations of raw data. The original correlated set of indicators
is changed into a new smaller set of uncorrelated variables. A detailed description of both
methods can be found in e.g. Manly (2004), Morrison (2005), as well as in textbooks or
handbooks about statistical software (e.g. StatSoft (2011)). In this analysis we carried out
main components extraction and varimax rotation. Weights derived from the PCA are
based on eigenvalues. After obtaining them it is necessary to decide about optimal
number of components. Kaiser criterion suggests selecting all components which are
associated to eigenvalues higher than one. Applying that criterion, in the economic and
environmental pillars four factors sufficed, in social pillar five factors were covered into
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further computations. To obtain FA derived weights we followed approach proposed by
Nicoletti et al. (1999). The weights had to be normalized by squared factor loadings,
which are derived as portions of variance of the factor explained by particular variable.
At the end they were scaled to unity sum. The main idea behind the usage of FA derived
weights is correction of correlated indicators. Two highly correlated indicators are given
lower weight because it is assumed that they can measure the same phenomenon. It is
necessary to check the data for correlations before applying the weights on indicators,
which was consistently done in section 1. But this method aims at further correcting of
correlation.

The third step in the procedure of CI construction is aggregation. In practice linear
aggregation (LIN) is the most widespread. The simplest method represents the weighted
average as shown in equation (7), subject to conditions (8).

14
CI, = zpzllm W, (7)
prpzl and 0<w, <1, (8)

where /,,, is a normalized indicator p (p=1,...,P) for district n (n=1,...,N) and w, weight for
indicator p (p=1,...,P). The fundamental topic of the aggregation is compensability
among indicators. Linear aggregation implies full compensability, i.e. poor performance
in one indicator can be compensated by sufficiently high values of others indicators.
Compensability between indicators can be desirable only if various indicators are
considered as substitutes. Even if full compensability can be weakened by the weighting
scheme, another aggregation rules can suppress that.
Geometric aggregation (GEO) is only partially compensable (see formula 9).

S G

where /,, is a normalized indicator p (p=1,...,P) for district n (n=1,...,N) and w, weight for
indicator p (p=1,...,P). Geometric aggregation rewards districts with higher scores in
stronger intensity because marginal utility of an increase in a low score is much higher
than in a high score. Hence districts with low scores should prefer a linear rather than a
geometric aggregation. The drawback lies in the requirement of strictly positive values of
normalised indicators (i.e. /,,~1) which means it is not applicable on normalized data by
means of z-scores.

As it was already stated, aggregation was done in two steps — firstly within the pillar
and after that aggregation of the three pillars. By applying above mentioned techniques
we constructed ten different composite indicators. Table 5 shows all ten tested
combinations.
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Table 5
List of 10 tested combinations
Normalization Weighting Aggregation in pillar Aggrfv%?:}ilzztojvg;;iiSl;mars
CL1 Min-max EwW Arithmetic mean Arithmetic mean
CI 2 Min-max EW Arithmetic mean Geometric mean
CL3 Min-max EwW Geometric mean Arithmetic mean
CL 4 Min-max EW Geometric mean Geometric mean
CLS Min-max PCA/FA Arithmetic mean Arithmetic mean
CL6 Min-max PCA/FA Arithmetic mean Geometric mean
CL7 Min-max PCA/FA Geometric mean Arithmetic mean
CL8 Min-max PCA/FA Geometric mean Geometric mean
CL9 z-scores EW Arithmetic mean Arithmetic mean
CL_10 Z-scores PCA/FA Arithmetic mean Arithmetic mean

Source: Own construction.
Note: EW stands for equal weights within the pillars, PCA/FA for weights derived from principal component analysis and
factor analysis.

More techniques were used in order to assess the robustness of ranking. We are aware
of the fact that this is not the exhaustive list of techniques for normalization, weighting
and aggregation. Our aim was to select only methods which are simple, easily
understandable and only data driven. Used methods cover two main issues during
constructing a composite indicator — correlation and compensability between various
indicators (Paruolo et al., 2013). The differences in results as well as suitability of each
CI are discussed in the next section.

Computations, results and discussion

This section introduces the main results. After normalisation of an indicator, the ranking
of the districts remains the same regardless of chosen method of normalisation (min-max
or z-scores). However, the values are different and further analyses are influenced by the
chosen normalisation method.

Even more important is the weighting scheme. Table 6 shows weights derived from
equal weighting and PCA/FA weighting within each pillar.
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Table 6
Equal and PCA/FA weights within one pillar (in %)
Economic pillarl  EW | PCAFA | Socidl EW | PCA/FA [ERVIroNmel gy peppa
pillar ntal pillar
ECl1 7.69 4.10 SO1 5.88 4.53 EN1 7.69 10.82
EC2 7.69 3.27 SO2 5.88 8.36 EN2 7.69 10.42
EC3 7.69 9.71 SO3 5.88 5.83 EN3 7.69 3.85
EC4 7.69 4.94 SO4 5.88 4.15 EN4 7.69 11.60
ECS 7.69 5.23 SO5 5.88 3.39 ENS 7.69 10.41
ECo6 7.69 7.24 SO6 5.88 5.32 EN6 7.69 6.16
EC7 7.69 10.00 SO7 5.88 6.73 EN7 7.69 6.81
EC8 7.69 8.86 SO8 5.88 8.45 EN8 7.69 0.64
EC9 7.69 7.05 SO9 5.88 9.48 EN9 7.69 9.68
ECI10 7.69 9.73 SO10 5.88 9.46 EN10 7.69 9.82
ECI11 7.69 11.09 SO11 5.88 8.69 EN11 7.69 8.75
ECI12 7.69 9.55 SO12 5.88 1.47 EN12 7.69 7.98
EC13 7.69 9.21 SO13 5.88 3.75 EN13 7.69 3.05
SO14 5.88 5.58
SO15 5.88 6.56
SO16 5.88 1.91
SO17 5.88 6.35

Source: Own computation.
Note: EW stands for equal weights, PCA/FA for weights derived from principal component analysis and factor analysis.

In the third step it was essential to decide about the most proper aggregation methods
inside a pillar and of all three pillars. For aggregation within a pillar we used the weights
computed in Table 6. We calculated all ten CIs presented in Table 5, i.e. all possible
combinations of aggregation methods. However, we can conclude that especially
geometric aggregation at pillar level produced unreliable results. Therefore, as a final
ranking we decided to use combination recommended by Joint Research Centre®.
Tarantola (2011) suggests using arithmetic average to combine indicators within a pillar
and geometric average to merge pillars into one single composite indicator. The idea is
simple: within one pillar there can be considered trade-off between indicators but the
pillars should not be fully compensable. Final ranking in Table 7 is based on min-max
normalization, weighted arithmetic average at pillar level and geometric average for
combining three pillars. Two combinations meet these conditions, one with equal weights
(CI_2) and one with PCA/FA weights (CI_6). Results for these two Cls are shown in
Table 6. Unlike in cluster analysis in section 2, here is the capital city of Prague (Hlavni
mesto Praha, hereinafter Prague) included in order to bring complete ranking of Czech
districts. Number of cluster corresponds with results in section 2 (Prague was labelled as
Cluster 7).

g Joint Research Centre provides scientific and technological support to European Union policies. It’s Econometrics and
Applied Statistics Unit aims besides other issues as well at composite indicators and ranking systems (see
http://ipsc.jrc.ec.europa.eu/).
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Table 7
Final rankings (including Prague)
Cluster EW [PCA/FA Cluster EW [PCA/FA

Hlavni mésto Praha C7 1 1 Most C2 40 55
Brno-mésto C6 2 2 Usti nad Orlici C3 41 37
Usti nad Labem C2 3 8 Sokolov Cc2 42 40
Praha-zapad C5 4 3 Nachod C3 43 29
Novy Ji¢in Cl 5 6 Tachov C4 44 50
Zlin Cl 6 5 Blansko C3 45 54
Karvina C2 7 12 Znojmo Cl 46 43
Plzen-mésto C3 8 7 Trutnov C3 47 36
Olomouc Cl 9 10 Prostéjov Cl 48 56
Hradec Kralové C5 10 13 Jihlava C3 49 41
Liberec C4 11 4 Kolin C3 50 58
Bieclav Cl 12 18 Zdar nad Sazavou C3 51 52
Pardubice C5 13 14 Rychnov nad Knéznou C3 52 47
Ceska Lipa C4 14 19 Bruntal C4 53 60
Uherské Hradisté Cl 15 20 Jicin C3 54 51
Praha-vychod C5 16 11 Tabor C3 55 44
Brno-venkov Cl 17 21 Cesky Krumlov C4 56 46
Cheb C4 18 9 Svitavy C3 57 62
Ostrava-mésto C6 19 45 Semily C3 58 49
Litoméfice C3 20 27 Sumperk C4 59 61
Opava Cl 21 15 Domazlice C3 60 63
Mlada Boleslav C5 22 33 Benesov C3 61 48
Vyskov Cl 23 26 Jindfichiiv Hradec C3 62 57
Frydek-Mistek C4 24 24 Louny C3 63 66
Kladno C3 25 35 Havlickav Brod C3 64 65
Pferov Cl 26 30 Rokycany C3 65 70
Hodonin Cl 27 38 Pfibram C3 66 59
Vsetin C4 28 31 Ttebi¢ C3 67 74
Mélnik C3 29 28 Chrudim C3 68 71
Beroun C3 30 32 Plzen-sever C3 69 69
Krométiz Cl 31 39 Klatovy C3 70 64
Décin C4 32 25 Prachatice C4 71 73
Teplice C2 33 42 Pelhfimov C3 72 67
Jesenik C4 34 16 Kutna Hora C3 73 72
Karlovy Vary C4 35 22 Pisek C3 74 68
Chomutov C2 36 53 Plzen-jih C5 75 76
Ceské Budgjovice C5 37 23 Rakovnik C3 76 75
Nymburk C3 38 34 Strakonice C3 77 77
Jablonec nad Nisou C4 39 17

Source: Own calculation.
Note: EW stands for equal weights within the pillars, PCA/FA for weights derived from principal component analysis and
factor analysis.
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We can see that Prague is at the first place in both cases. This might be a little bit
surprising, because capital cities usually perform economically good, do not have so
many social problems (low unemployment, high pensions, high life expectancy etc.), but
the environmental pillar may not perform so good. Brno as the second biggest Czech city
occupies second place. The main surprise for us was the third place of Usti nad Labem
district, because this district is in the long term connected with damaged environment and
social problems with higher unemployment. On the other hand, quite a disproportion can
be seen in case of Ostrava-mésto (ranked 19" and 45™), which was supposed to perform
rather worse being a structurally affected LAU 1 region. In case of equal weights
probably compensability of indicators causes relatively high ranking of this district.

The remaining rankings including Prague (for CI 1, CI 5, CI 9 and CI 10) are
introduced in Appendix 2. All rankings (6 CIs) excluding Prague are listed in Appendix 3.

In order to summarize all results we decided to evaluate 77 Czech districts from the
point of view of clusters established in section 2. Median seemed to be a suitable
indicator for this target properly eliminating outlying values. Table 8 shows the outcomes

including and excluding Prague (Cluster 7).
Table 8

Cluster medians

Cluster Including Prague Excluding Prague
Cl 20.0 19.5
C2 40.0 39.0
C3 55.5 55.0
C4 345 345
C5 14.5 11.5
C6 10.5 6.0
C7 1.0 X

Source: Own calculation.

The resulting district rankings are not generally unexpected. Districts belonging to the
same cluster very often reach similar ranking, i.e. in the overall order they are ranked
close to each other. Considering cluster medians, Prague (C7) achieves the first place,
followed by big cities (C6), which benefit from the fact that they usually perform well in
two pillars (economic and social) having slightly worse results in the third
(environmental) pillar. Districts classified to cluster C5 are surroundings of big cities,
districts with smaller university cities or prospering industrial branches, so there is no
astonishment this cluster is ranked the third. The fourth place take Moravian districts
(C1) which have a slightly better performance in environmental pillar, there is lower
share of bigger cities and they are more focused on agriculture. Clusters C2 and C4 (both
border regions) have almost the same results; their common disadvantage can be seen in
the distance from centres of economic performance. The worst result achieved cluster C3.
The reason for this may lie in the fact that this cluster covers many diverse regions, i.e.
when dividing the indicators into pillars this may play an important role.

Comparing the results when both including and excluding Prague brings almost no
differences. Only small changes in values can be noticed in C6 and C5 when Prague is
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not part of the analysis. The differences are caused by definition of used methods which
are endogenous.

Conclusion

As we aimed at the analysis of LAU 1 regions, we had to decide, how to assess
sustainability there. Finally we chose useful indicators, though different from indicators
used at the national or NUTS 3 level, with data available for all LAU 1 regions. We
succeeded in filling all three pillars of sustainable development (economic, social and
environmental) with sufficient number of suitable indicators. We found coherences
among LAU 1 regions that were affected by similar problems. Cluster analysis was
applied and six quite homogeneous clusters were identified (seven when including
Prague respectively). After that, all 77 districts were ranked (both including and
excluding Prague) according to sustainable development. Several normalisation and
aggregation methods were used to compare selected indicators having diverse units of
measurement. The results show the ranking of LAU 1 regions in the Czech Republic
from the economic, social and environmental point of view (i.e. these three perspectives
are aggregated into composite indicator). It was proved that the results obtained from
cluster analysis performed in section 2 (all indicators together) correspond with the final
rankings based on composite indicators computation (indicators separated into
corresponding pillars).

Although we obtained exact rankings, our aim was to assess approximate rankings of
the districts. The results should indicate the rough position of particular district among all
other districts. Each method gives slightly different results, the suitability should be
determined according to the aim of single analysis, i.e. if we want rather to assign the
equal weights to all indicators or take into account correlations among indicators. In the
same way the compensability when choosing the proper aggregation method should be
considered. The proper methodological approach (i.e. proper composite indicator) should
be selected according to specific requirements of the analysis.

Finally, it is necessary to add, that statistical approach to sustainable development
(analysis of indicators) performed in this paper represents just one possible perspective. It
may not (and usually does not) fully correspond with the feelings of people in the regions
or with their subjective assessment of quality of their lives (different from sustainable
development). Such analysis would exceed this paper, not only due to the necessity of
vast time- and cost-demanding research and qualitative analysis of questionnaires or in-
depth interviews but also due to uncertain data representativeness.
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Appendix

Appendix 1
77 Czech LAU 1 districts
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Appendix 2

Final results of analysis of 77 Czech LAU 1 regions (including Prague)

Cluster LAU 1 Region CL9 CL_10 CL 1 CLS
Cl Breclav 6 3 4 8
Cl Brno-venkov 9 13 9 14
Cl1 Hodonin 21 29 19 24
Cl Znojmo 31 27 29 25
Cl Uherské Hradisté 18 20 14 17
Cl Olomouc 11 8 11 10
Cl Zlin 10 7 8 6
Cl1 Vyskov 24 24 20 20
Cl Novy Ji¢in 12 10 6 5
Cl Kroméfiz 33 43 32 39
Cl Opava 25 18 23 16
Cl Pferov 32 38 30 34
Cl Prost&jov 52 54 49 49
C2 Usti nad Labem 5 12 5 11
C2 Karvina 15 21 13 18
C2 Sokolov 42 46 42 51
C2 Teplice 36 53 39 55
C2 Chomutov 35 56 41 60
C2 Most 44 68 43 67
C3 Litométice 19 25 16 22
C3 Beroun 23 19 27 21
C3 Meélnik 26 22 28 19
C3 Kladno 22 30 26 32
C3 Nachod 41 31 35 28
C3 Blansko 46 55 44 56
C3 Kolin 45 47 48 48
C3 Jindfichiiv Hradec 55 51 55 50
C3 Usti nad Orlici 37 37 36 38
C3 Chrudim 64 64 59 63
C3 Ttebi¢ 62 65 58 64
C3 Zdar nad Sazavou 53 48 50 44
C3 Rychnov nad Knéznou 48 39 47 40
C3 Nymburk 39 34 37 36
C3 Jicin 54 52 51 47
C3 Plzen-mésto 7 6 12 9
C3 Jihlava 50 40 53 42
C3 Rokycany 58 63 62 66
C3 Havli¢kav Brod 66 58 65 58
C3 Rakovnik 75 74 74 74
C3 Svitavy 61 61 57 57

(Table continued the next page)
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(Continued)
Cluster LAU 1 Region CL9 CL_10 CL 1 CLS
C3 Benesov 56 44 56 46
C3 Klatovy 71 59 71 59
C3 Domazlice 60 60 61 61
C3 Trutnov 51 41 52 41
C3 Semily 59 49 60 45
C3 Louny 70 75 67 72
C3 Plzen-sever 63 62 68 69
C3 Kutna Hora 73 70 73 71
C3 Tébor 57 50 63 52
C3 Pelhfimov 74 66 75 68
C3 Pfibram 67 57 70 65
C3 Strakonice 77 77 77 77
C3 Pisek 76 73 76 75
C4 Ceska Lipa 17 23 18 30
C4 Vsetin 30 36 31 33
C4 Frydek-Mistek 27 33 25 31
Cc4 Cesky Krumlov 49 42 54 43
C4 Prachatice 68 71 69 73
C4 Liberec 16 4 17 4
C4 Dé&¢in 38 35 34 35
C4 Cheb 20 14 24 13
C4 Tachov 40 45 46 54
c4 Sumperk 69 67 66 62
C4 Jesenik 43 32 38 26
C4 Jablonec nad Nisou 47 28 45 27
C4 Bruntal 65 72 64 70
C4 Karlovy Vary 34 26 40 37
C5 Praha-zapad 3 3 3 3
C5 Hradec Kralové 8 11 7 12
C5 Praha-vychod 4 5 10 7
C5 Pardubice 13 15 15 15
C5 Ceské Budgjovice 28 16 33 23
C5 Mlada Boleslav 14 17 21 29
C5 Plzen-jih 72 76 72 76
C6 Brno-mésto 2 2 2 2
C6 Ostrava-mésto 29 69 22 53
C7 Hlavni mé&sto Praha 1 1 1 1

Source: Own computation.
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Appendix 3
Final results of analysis of 77 Czech LAU 1 regions (excluding Prague)
Cluster LAU 1 Region CL9 CL_10 CL 1 CLS CI 2 CL6
Cl1 Zlin 5 6 3 3 5 4
Cl Olomouc 7 7 9 5 6 6
Cl1 Brno-venkov 8 11 6 11 11 15
Cl Bieclav 10 13 4 15 9 16
Cl1 Novy Ji¢in 12 12 12 7 8 7
Cl Uherské Hradisté 18 19 15 16 18 19
Cl1 Hodonin 23 27 20 25 22 36
Cl Opava 25 18 22 20 17 17
Cl Vyskov 28 28 25 26 28 31
Cl Prerov 31 37 29 27 34 33
Cl1 Znojmo 32 29 32 45 31 44
Cl1 Kroméfiz 34 41 31 30 39 39
Cl Prost&jov 51 56 48 48 53 54
C2 | Ustinad Labem 9 14 5 13 9
C2 Karvina 15 17 13 16 13
C2 Chomutov 33 53 38 35 56 48
C2 Teplice 35 49 35 32 47 41
C2 Sokolov 40 48 41 40 51 43
C2 Most 42 61 43 41 64 58
C3 Plzen-mésto 3 3 8 6 4 5
C3 Litoméfice 20 26 17 19 24 26
C3 Kladno 22 24 23 23 29 25
C3 Beroun 26 22 27 31 25 32
C3 Meélnik 27 25 28 29 23 29
C3 Usti nad Orlici 36 32 34 36 37 35
C3 Nachod 39 30 37 38 30 28
C3 Nymburk 41 39 39 39 38 38
C3 Kolin 43 50 46 50 48 55
C3 Blansko 44 55 42 44 55 52
C3 Jihlava 46 36 50 47 41 40
C3 Rychnov nad Knéznou 48 42 47 52 42 47
C3 Trutnov 49 38 51 46 40 37
C3 Zdar nad Sazavou 50 45 49 49 43 49
C3 Ji¢in 53 54 52 53 50 53
C3 Jindfichiiv Hradec 54 52 54 59 54 57
C3 Benesov 55 46 56 57 46 46
C3 Tabor 56 47 55 51 45 42
C3 Semily 57 51 60 58 52 51
C3 Svitavy 58 60 57 55 57 59
C3 Rokycany 59 67 63 66 66 71

(Table continued the next page)
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(Continued)
Cluster | LAU 1 Region CL9 CL 10 CL 1 CLS CIL 2 CL6
C3 Ttebic¢ 60 65 58 65 61 68
C3 Domazlice 61 62 61 61 63 64
C3 Chrudim 62 64 59 67 62 70
C3 Havli¢kav Brod 63 58 62 62 58 61
C3 Pfibram 64 57 67 63 60 56
C3 Plzeii-sever 65 63 69 69 69 67
C3 Klatovy 67 59 70 68 59 60
C3 Louny 70 73 66 64 72 66
C3 Pelhiimov 72 66 73 72 67 65
C3 Kutna Hora 73 70 72 71 70 72
C3 Rakovnik 74 74 74 75 74 74
C3 Pisek 75 72 75 73 73 69
C3 Strakonice 76 76 76 76 76 75
C4 Liberec 16 4 16 12 3 3
Cc4 Ceska Lipa 17 23 19 17 26 21
C4 Frydek-Mistek 21 21 18 18 19 18
C4 Cheb 24 15 24 22 14 11
C4 Karlovy Vary 29 20 33 34 27 20
C4 Vsetin 30 35 30 28 35 34
C4 Dé&¢in 37 34 36 33 36 27
C4 Tachov 38 44 44 42 49 45
C4 Jesenik 45 40 40 37 33 23
C4 Jablonec nad Nisou 47 31 45 43 32 22
C4 Cesky Krumlov 52 43 53 56 44 50
C4 Bruntal 66 71 64 54 68 62
C4 Sumperk 68 68 65 60 65 63
C4 Prachatice 69 69 68 70 71 73
C5 Praha-zapad 2 2 2 2 2 2
C5 Praha-vychod 4 5 10 14 7 8
C5 Hradec Kralové 6 8 7 8 10 10
C5 Pardubice 11 10 14 10 12 12
C5 Mlada Boleslav 14 16 21 21 21 24
C5 Ceské Budgjovice 19 9 26 24 15 14
C5 Plzef-jih 71 75 71 74 75 76
Co6 Brno-mésto 1 1 1 1 1 1
C6 Ostrava-mésto 13 33 11 13 20 30

Source: Own computation.
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Sustainable consumption — consumers’ reactions
to CSR activities in Hungary

Abstract

The significance of socially responsible consumption as well as the question of the
knowledge and information that consumers may have about producers of consumer
product are increasingly appearing in the literature. In the case of companies, responsible
corporate operation and to examine how information could be transferred to consumers
from companies have become key issues especially in the last decade.

Socially responsible consumption, which is the incorporation of social and
environmental concerns by individuals in their consumption choices, is growing. The aim
of this research is to verify the existence of different profiles of socially conscious
consumers and to study their social representation of consumption.

Keywords: sustainable consumption, conscious consumption, Corporate Social
Responsibility, consumer segments, degrowth, sustainable development.

Introduction

Promoting corporate social responsibility (CSR) and sustainable consumption are parts of
the European Sustainable Development Strategy. There are several programmes aiming
at shaping the attitude of consumers for promoting sustainable consumption. Targets of
these programmes can be facilitating conscious product choice and frugal consumption.
Corporate social responsibility and conscious product choice can have a common
beneficial effect towards sustainable consumption.

In our research, we have concentrated on two aspects: first the attitudes that
Hungarian consumers have for the activities of socially conscious companies, and second
we have examined whether there are separate consumer segments that are receptive to
certain areas of CSR.

Sustainability and degrowth

Sustainability has become one of the leading political priorities in the EU recently. An
important policy guiding principles of the EU is the involvement of business and social
partners and to “enhance the social dialogue, corporate social responsibility and private-
public partnerships to foster cooperation and common responsibilities to achieve

a Marketing Institute, Szent Istvan University, 2103 Godolls, Pater Karoly 1t 1., Hungary, E-mail:
valko.kovacs.ildiko@gmail.com
b Hungarian Central Statistical Office, 1024 Budapest, Keleti Karoly ut 5-7., Hungary, E-mail: Gabor.Valko@ksh.hu
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sustainable consumption and production” (EU 2006). Sustainable consumption and
production is one of the seven key challenges in the EU SDS. An objective related to this
challenge is to keep development within the carrying capacity of the earth that can be
achieved by decoupling of growth from environmental pressures.

Economic growth itself has never been the most important source of human well-
being. According to Ayres, technological development is the main driver of development
of wealth and also of economic growth (1996). Nowadays, the development of
technology mainly serves environment protection and efficient management of resources.
The companies do not only protect the environment as a consequence of external
regulators, but environmental care has also become a must for companies to remain
competitive (Faucheux—Nicolai 1998).

Limiting economic growth has become a leading aim of environmentalists recently.
The representatives of degrowth paradigm desire to halt economic growth in the
developed part of the world. The degrowth concept is created by Nicholas Georgescu-
Roegen (Georgescu—Roegen 1995), and is further developed by Serge Latouche.
Degrowth means the creation of a society where life is better, there is less work and
consumption is limited (Latouche 2010). Latouche emphasizes the local scale where
solutions should be found for most of the problems. The way to diminishing consumption
leads through returning to local economy and the consumption of local products
(relocalization). Another important point of the concept is the reduction of energy
consumption. Degrowth should not affect the world equally; resources should be
redistributed in line with the sustainability concept. Degrowth is defined by Kallis as a
,socially sustainable and equitable reduction (and eventually stabilization) of society's
throughput” (2011) where throughput refers to materials and energy taken from and waste
returned to the environment. The reduction of consumption leads to the use of less energy
and less materials as well as the production of less waste which eventually means the
decrease of throughput. “Degrowth is impossible to achieve without a turn towards strong
sustainable consumption”, which is defined as an approach that focuses on appropriate
levels and patterns of consumption compared to the weak sustainable consumption, which
has the technological improvements in its focus (Lorek—Fuchs 2013).

Sustainability requires not only a change in the production of goods and services but
the concept also contains the change in the consumption patterns. The consumption level
of developed countries can not be compared to that of the third world countries. There are
enormous differences between the consumption of the rich and the poor. About 20% of
the world population is responsible for 80% of the total world consumption. Therefore,
taking into account the intention of reaching equity in the sustainability concept, it is
straightforward that the reduction in the consumption of the rich countries would be the
way to achieve sustainability (Malovics et al. 2008).

Corporate social responsibility and consumption

The main idea of the corporate social responsibility (CSR) concept is that there are other
roles of the companies in the society beyond manufacturing products, providing services
and making profit. These roles include society and environmentally driven actions and
commercial activities that increase the well-being of the community (Robins 2005).
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However, the companies have to achieve these goals at the same time, one related to
profit making and the other to social interests.

The proliferation of corporate social responsibility leads to a cohesive society and a
sustainable economic system. Therefore, the European Commission has created a new
definition of CSR as “the responsibility of enterprises for their impacts on society” (EU
2011).

The EU also recognized the importance of consumer decisions: ,,Consumer attention
to CSR-related issues has grown in recent years, but significant barriers remain, such as
insufficient awareness, the need sometimes to pay a price premium, and lack of easy
access to the information necessary for making informed choices. Some enterprises play
a pioneering role in helping consumers to make more sustainable choices. The revision of
the Sustainable Consumption and Production Action Plan may provide an opportunity to
identify new measures to facilitate more responsible consumption” (EU 2011).

In the last decade, due to regulations and market expectations — beside financial
performance reports — statements on CSR have appeared in which the companies report
on their social and environmental performance. Several researchers agree that CSR
investments and attitudes will eventually help the company to perform better economic
performance. (Metaxas—Metaxas 2010, Granek—Hassanali 2005, Hall 2000, Rondinelli—
Berry 2000).

Several researches argue that the most important stakeholders of the European
companies are the employees and so they are the main target group of the CSR activities.
Therefore, the CSR activities towards the consumers are of secondary importance and those
aiming at the consumers are regarded to be rather PR activities (Dawkins—Lewis 2003).

Doane (2005) argues that CSR is not efficient because the companies imitate the CSR
activities of other companies instead of finding there own pattern of CSR. Voluntary
reporting of the companies would lead to the recognition of socially conscious companies
and it would change the consumption pattern of them. So, the consumers drive the
change of businesses to perform in a more sustainable manner. Doene is sceptic in this
sense because of the imitation of other companies that makes CSR inefficient.

Socially responsible consumer

Definitions in the literature are not consistent in the content of social responsibility. Some
sources argue that only environmentally conscious purchase and social responsibility are
related to the concept of social responsible consumption while others say that reducing
the volume of consumption should also be part of the responsible consumer behaviour.

The definition of socially responsible consumer and the importance of research in this
area came up first in the seventies when Anderson and Cunningham separated the
consumers with high social consciousness according to demographic and social-
psychological characteristics in 1972. They express that the socially conscious consumers
are consumers who consider not only their own satisfaction but they also take into
account the social welfare when making purchase decisions.

Roberts (1996) defined the socially responsible consumer as “one who purchases
products and services perceived to have a positive (or less negative) influence on the
environment or who patronizes businesses that attempt to effect related positive social
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change”. This definition assumes two dimensions: environmental concern and a more
general social concern.

Although consumption in general is in itself harmful to the environment, even those
who are committed to sustainable consumption recognize that reduction of consumption or
additional costs in order to lower the environmental pressure are not likely (Lang 2003).

Sustainable consumption is interpreted to mean consuming less and a kind of
alternative or conscious consumption (Jackson 2004). The authors express that welfare
does not depend on the volume of consumption. The expenditure of consumers has more
than doubled in the UK in the last thirty years, but life-satisfaction does not show a
significant change (Donovan et al. 2003). Various previous researches argue that more
and more consumers consider “green” and socially conscious consumption important
(Vagasi 2000, Pakainé Kovats—Herczeg 1999, Borsi 1997).

Mohr et al. (2001) defined socially responsible consumer behaviour based on the
concept of CSR. An approach to define CSR involves an attempt to list the major
responsibilities of companies. According to Pepper et al., the pillars of sustainable
consumption are as follows: pro environmental, pro social, and frugal (2009). Other
researchers (McDonald et al. 2006) also argue the decrease of consumption and the
Hfrugal lifestyle” (Lastoviczka et al. 1999). Webb et al. (2008) distinguish between three
possible dimensions of socially responsible consumption: (1) purchases based on the
corporate social responsibility activities of the companies, (2) recycling, (3) avoiding and
reducing products harmful to the environment. Based on these dimensions, the Socially
Responsible Purchase and Disposal (SRPD) scale has been developed. This scale
measures four dimensions of responsible purchase: 1) influence of the companies’ CSR
performance on the purchases, 2) recycling activity of the consumers, 3) beside the
traditional procurement criteria (price, availability, quality), other concerns related to
responsibility emerge (e.g. environmental issues), 4) purchase criteria based on the
environmental effects of the products.

Several researches argue that there is a gap between the attitude and behaviour and
also between the values and actions (Young et al. 2010, Spaargaren—Koppen 2011,
Obereder et al. 2011). Young et al. claim that the ‘attitude—behaviour gap’ or ‘values—
action gap’ is present at 30% of consumers who are concerned about environmental
issues very much but they do not realize this in their purchases. Companies should have
an active role in turning consumers socially conscious. For more sustainable consumption
patterns, consumers need new ideas and information. The producers and retailers of
products have a responsibility in providing the consumers with information and
orientation on the possibilities of green consumption. (Hume 2010)

According to analyses of consumer attitude, there is positive motivation and
willingness towards socially responsible companies but the actual consumption is lagging
behind. Several researches, that include analyses of both attitude and consumption, have
reached the same conclusion (Devinney et al. 2006, Eckhardt et al. 2010). CSR still has a
minor affect on consumption decisions (Mohr et al. 2001).
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Previous researches on the effect of CSR on purchasing decisions

There are not too many researches in the literature on the effect of CSR on consumer
decisions. Several researches reveal that consumers attach more and more importance to the
consumption of responsible products and monitoring of CSR activities of the firms.
(Carrigan—Attalla 2001, Maignan 2001). Increased attention on CSR has a considerable
effect on purchases (Brown—Dacin 1997, Sen—Bhattacharya 2001, Mohr—Webb 2005).

There is a considerable difference between the supply and demand sides of the
market. On the supply side, firms are more and more engage themselves in CSR activities
while on the demand side, consumers pay more attention to irresponsible corporate
behaviour (Snider et al. 2003). Irresponsible corporate actions have a greater impact on
consumers’ purchases than responsible behaviour (Biehal-Sheinin 2007, Brown—Dacin
1997, Marin—Ruiz 2007, Bhattacharya—Sen 2004).

The survey methodology

The aim of the survey was to analyse the attitude of Hungarian consumers to CSR. The
survey was carried out in Hungary on a sample of 510 respondents. The responses were
weighted according to regions, types of settlements, age, sex and level of education and
therefore are representative for these variables. 11 variables of the research model
contained Likert scale questions on consumer opinions about the socially responsible
activities of the companies. Based on the survey, latent variables could be created about
the description of themes of responsible consumption. The awareness of social
responsibility was surveyed by nominal scale while the importance of its areas by ordinal
scale. The survey contained the following personal characteristics: sex, age, age group,
level of education and residence.

The age of respondents was between 18 and 69 years. The distribution of respondents
according to age groups was as follows: 18-29 years (26.1%), 30-39 years (20.4%),
40—49 years (21.0%), over 50 years (32.5%). Bearing in mind the topic of the survey, a
core aspect of the selection of respondents was that they should take part in the decisions
related to purchase of goods and services. 46.9% of the respondents were men and 53.1%
of them are women. Primary school was the highest level of education for 10.2%,
vocational training school for 24.7%, secondary school for 40.2% and higher education
for 24.3% of the respondents. The place of residence is Budapest for 12.6%, county
towns for 17.6%, other towns for 28.3% and villages for 41.4%.

Consumer segments created according to the variables of CSR and their
characteristics

According to the responses for the questions related to social responsibility of companies, the
respondents have a positive attitude towards the responsible activities of companies (Table 1).
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Table 1
Characteristics of the variables
When possnbl;, I'by from Mean S.td.. Variance | Skewness | Std. Error | Kurtosis | Std. Error
companies. .. Deviation
that take care of local
products 4.40 0.85 0.72 —-1.48 0.11 1.93 0.22
that take care of
environment 4.51 0.74 0.54 -1.59 0.11 2.45 0.22
that take care of working
conditions and health
protection 4.72 0.53 0.28 -2.00 0.11 5.06 0.22
that take care of local people 4.41 0.77 0.60 —1.44 0.11 2.57 0.22
that are fundraiser and
supporting 4.28 1.01 1.02 -1.39 0.11 1.28 0.22
that take care of costumer
complaints 4.47 0.77 0.59 -1.64 0.11 3.12 0.22
that recycle 4.28 0.99 0.98 -1.41 0.11 1.62 0.22
with responsible behaviour 4.65 0.59 0.35 —-1.64 0.11 2.32 0.22
that take care of employees
with disabilities 4.27 0.87 0.75 -1.04 0.11 0.63 0.22
that take care of satisfaction
of employees 4.47 0.77 0.60 -1.53 0.11 241 0.22
that take care of working
conditions 4.32 0.76 0.58 -1.03 0.11 1.18 0.22

Source: own elaboration.

The analysis of social responsibility of the companies was carried out by factors of
variables. According to Cronbach’s alfa and Kolmogorov—Smirnov tests (these tests
show the reliability of the scale), the variables were suitable for the conditions of factor
analysis. The KMO test showed that the data were suitable for factor analysis
(KMO=0.755). According to the Bartlett test, the correlation matrix was significantly
different from zero (Sig=0.000). The communality of variables contributes to the
explanation of factors at a strong or medium level. The total variance explained by the
factors is 74.59%, which is acceptable.

Table 2
Factor structure matrix
Social Environmental| Employees Costumers

Variance explained, % 37.8 15.0 11.6 10.2
When possible, I buy from companies. ..

that take care of employees with disabilities 0.823 0.166 0.339 0.021

that are fundraiser and supporting 0.816 0.317 0.262 0.307

that take care of local people 0.672 0.236 0.293 0.467

that take care of local products 0.185 0.904 0.312 0.257

that take care of environment 0.397 0.860 0.274 0.312

that take care of satisfaction of employees 0.210 0.367 0.876 0.172

that take care of working conditions 0.536 0.147 0.785 0.221

that take care of costumer complaints 0.242 0.291 0.197 0.955

Extraction Method: Principal Component Analysis. Rotation Method: Promax with Kaiser Normalization.
Source: Own elaboration.
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Table 2 shows the factor structure. The Social factor has high coefficients in case of
companies that take care of employees with disabilities and that are fundraiser and
supporting. At the Environmental factor, both variables are important: the companies that
take care of environment and of local products. The factor of Employees has high
coefficients for the companies that take care of both employees’ satisfaction and working
conditions. The coefficient of the companies that take care of costumer complaints is
important for the Costumer factor. Table 3 presents the correlation matrix between the
factors.

Table 3
Component Correlation Matrix
Component Social Environmental Employees Costumers
Social 1.000 0.268 0.381 0.286
Environmental 0.268 1.000 0.297 0.306
Employees 0.381 0.297 1.000 0.204
Costumers 0.286 0.306 0.204 1.000

Extraction Method: Principal Component Analysis. Rotation Method: Promax with Kaiser Normalization.
Source: own elaboration.

Distinction between the CSR consumer groups by cluster analysis

In our research, we have tried to analyse whether the respondents can be grouped
according to their characteristics. For this purpose, the data from factor analysis was
used. The cluster analysis was carried out with K-means clustering. As a result, 4 clusters
were separated, which are described below.

Cluster centres and the analysis of variance are presented in tables 4 and 5 and in
Figure 1. Description of the segments by their demographic characteristics is summarised
in tables 6—10.

Cluster 1 — Socially sensitive and urban

Ratio in the sample: 16.7%.

This group mainly relates the social responsibility of the companies with the
importance of social aspects. They consider taking care of the working conditions very
important. They also consider the two other characteristics, fundraising and supporting
the local people very much likeable. The group evaluates environment protection neutral
while the satisfaction of employees gets lower scores and the costumer relations higher
scores than the average.

Most of the respondents in the group live in Budapest and in large cities; their age is
typically over 40 and they have higher education.

Cluster 2 — Environmentalists

Ratio in the sample: 51.5%.
The group considers the manufacturing of environment friendly products (99.3%) and
the use of local products (95.3%) essential. 87.1% of the respondents think that it is
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important to reuse materials. Social concerns are also important and the responsible
behaviour with employees and costumers is regarded to be valuable compared to other
groups.

The respondents in the group mainly live in Budapest and in other major cities;
59.2% of them are women and the majority has secondary or higher education.

Cluster 3 — Neutrals

Ratio in the sample: 12.1%.

Social responsibility of the companies is considered to be less important in this
cluster. The only environmental characteristic that is regarded to be important is the reuse
and recycling of materials. Handling of customer complaints is of less or neutral
importance for 81% of the respondents in this group.

The respondents in this group are close to the average sample population in terms of
age structure. Respondents with secondary education and those living in small towns are
overrepresented while there is an equal number of men and women in the cluster.

Cluster 4 — Working conditions in rural areas

Ratio in the sample: 19.7%.

Social concerns are of less importance in this group. Within social concerns,
supporting the local people is regarded to be less important. Fundraising and supporting
is considered to be neutral or less important for 57.4% which is under the ratio of other
clusters. Satisfaction of employees receives the main attention in this cluster.

The typical respondent in this cluster is a man under 40 years with primary or
secondary education and lives in a small town.

Table 4
Final Cluster Centres

.Cluster 1. . Cluster 2 Cluster 3 Cluster 4. .

Component Socially sensitive . . Working conditions

Environ-mentalists Neutrals .

and urban in rural areas
Social 0.214741 0.57107 -0.51098 —-1.35947
Environmental -0.41514 0.465954 -0.86624 -0.33501
Employees -1.32807 0.636551 —-0.12469 —-0.46235
Consumers 0.164561 0.429667 —-1.99985 -0.03648

Source: Own elaboration.
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Cluster centres

Figure 1

-2,5

cluster

B Social @ Environmental & Employees @ Consumers
Source: Own elaboration.
Table 5
Analysis of variance
Cluster Error
Component F Sig.
Mean Square Df Mean Square df
Social 98.034 3 0.430 510 228.239 0.000
Environmental 43.433 3 0.751 510 57.869 0.000
Employees 93.775 3 0.455 510 206.293 0.000
Consumers 99.934 3 0418 510 238.874 0.000
Source: Own elaboration.
Table 6
Description of clusters by types of settlement
(%)
Clugter 1 Cluster 2 Clustef 4
Socially . Cluster 3 Working
Types of settlement e Environ- e o Total
sensitive and . Neutrals conditions in
mentalists
urban rural areas
Budapest 12.9 10.9 8.1 18.8 12.5
County towns 24.7 19.2 113 11.9 17.7
Other towns 23.5 21.5 46.8 39.6 28.5
Villages 38.8 48.3 33.9 29.7 41.3
Total 100.0 100.0 100.0 100.0 100.0

Cramer's V=0.151, sig=0.000.

Source: Own elaboration.
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Cramer's V=0.140, sig=0.000
Source: Own elaboration.
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Table 7
Description of clusters by regions
(%)
Clugter 1 Cluster 2 Clustef 4
. Socially . Cluster 3 Working
Region Iy Environ- LS, Total
sensitive and . Neutrals conditions in
mentalists
urban rural areas
Central Hungary 31.4 242 279 31.1 27.2
Central Transdanubia 3.5 8.0 13.1 15.5 9.3
Western Transdanubia 8.1 7.2 13.1 4.9 7.6
Southern Transdanubia 10.5 13.6 16.4 18.4 14.4
Northern Hungary 20.9 23.1 13.1 9.7 18.9
Northern Great Plain 5.8 8.7 9.8 8.7 8.4
Southern Great Plain 19.8 15.2 6.6 11.7 14.2
Total 100.0 100.0 100.0 100.0 100.0
Cramer's V=0,142 p=0,029.
Source: Own elaboration.
Table 8
Description of clusters by sex
(%)
Cluster 1 Cluster 4
Socially Clus.ter 2 Cluster 3 Working
Sex . Environ- " . Total
sensitive and . Neutrals conditions in
mentalists
urban rural areas
Men 43.0 40.8 50.0 63.7 46.8
Women 57.0 59.2 50.0 36.3 532
Total 100.0 100.0 100.0 100.0 100.0
Cramer's V=0.178, sig=0.001.
Source: Own elaboration.
Table 9
Description of clusters by age
(%)
Cluster 1 Cluster 4
Socially Clus.ter 2 Cluster 3 Working
Age e Environ- o Total
sensitive and . Neutrals conditions in
mentalists
urban rural areas
18 — 29 years 19.8 29.2 30.6 47.5 314
30 — 39 years 9.3 12.5 17.7 15.8 133
40 — 49 years 25.6 17.8 12.9 17.8 18.5
Over 50 years 453 40.5 38.7 18.8 36.8
Total 100.0 100.0 100.0 100.0 100.0
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Table 10
Description of clusters by education
(%)
Clugter 1 Cluster 2 Clustef 4
. Socially . Cluster 3 Working
Education . Environ- o Total
sensitive and . Neutrals conditions in
mentalists
urban rural areas
Primary school 50.0 44.7 27.5 40.0 42.5
Vocational training school 20.9 17.8 33.9 14.0 19.5
Secondary school 20.9 24.6 322 33.0 26.5
Higher education 8.1 12.9 6.4 13.0 11.3
Total 100.0 100.0 100.0 100.0 100.0

Cramer's V=0.133, sig=0.008
Source: Own elaboration.

Validation of the segments by discriminant analysis

In order to validate the segments created by cluster analysis, a canonical discriminant
analysis has been carried out. The aim of the analysis was to control if the respondents
fall in the same groups. The significance levels of the functions are presented in Table 11.
Table 11
Wilks’ Lambda, Chi Square, degree of freedom and significance levels of
the discriminant functions

Component Wilks' Lambda F Dfl Df2 Sig.
Social 0.427 228.239 3 510 0.000
Environmental 0.746 57.869 3 510 0.000
Employees 0.452 206.293 3 510 0.000
Customers 0.416 238.874 3 510 0.000

Source: Own elaboration.

The results of the discriminant analysis are summarised in tables 12, 13 and 14.

Table 12
Pearson correlation coefficient matrix
Component Social Environmental | Employees Customers
Correlation Social 1.000 0.004 0.248 0.048
Environmental 0.004 1.000 0.015 0.003
Employees 0.248 0.015 1.000 0.152
Customers 0.048 0.003 0.152 1.000

Source: own elaboration.
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Table 13
Eigenvalues, variances and canonical correlation values of
the three discriminant functions
Function Eigenvalue % of Variance Cumulative % Canom?al
Correlation
1 2.217 54.376 54.376 0.830
2 1.151 28.244 82.621 0.732
3 0.708 17.379 100.000 0.644
a) First 3 canonical discriminant functions were used in the analysis.
Source: Own elaboration.
Table 14

Wilk’s Lambda, Chi-square, degree of freedom and Significance values of the
discriminant functions

Test of Function(s) Wilks' Lambda Chi-square Df Sig.
1 through 3 0.085 1257.920 12 0.000
2 through 3 0.272 662.918 6 0.000
3 0.585 272.762 2 0.000

Source: Own elaboration.

The results of the classification were validated by discriminant analysis, which
showed that the regrouping only resulted minor differences compared to those of the
cluster analysis. The two classifications resulted the same group for 95.4% of the
respondents. The classification according to the cluster analysis was justified; because the
two methods gave almost the same results (Table 15).

Table 15
Classification results according to cluster and discriminant analysis

Cluster 1 Cluster 4

Socially Clus.ter 2 Cluster 3 Working
sensitive and Envnrqn— Neutrals conditions in Total

mentalists
urban rural areas
Original
1 84 0 0 2 86
Count 2 9 250 4 3 265
3 2 1 59 1 62
4 1 0 1 100 101
1 97 0 0 3 100
% 2 3 94 1 1 100
3 2 1 95 1 100
4 1 0 1 98 100
Cross-validated

1 84 0 0 2 86
Count 2 9 249 4 4 265
3 2 2 58 1 62
4 1 0 1 100 101
1 97 0 0 3 100
% 2 3 94 1 1 100
3 2 2 94 1 100
4 1 0 1 98 100

Source: Own elaboration.
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Conclusions

In this research the attitudes related to the CSR activities of the firms was analysed on a
representative sample of respondents in Hungary. The value structure of consumers is
presented by factor analysis. The four factors are the social, environmental, employees
and costumers factors. The consumers were segmented according to these factors and
their demographic characteristics. The segmentation was carried out by cluster analysis
and the success of the classification was validated by a discriminant analysis.

In our research it is proved that it is possible to separate and describe those consumers
who are receptive to certain areas of the CSR activities of companies. Four segments are
discriminated: socially sensitive, environmentalists, neutrals and those who find the
working conditions the most important. There is generally a positive attitude of the
consumers to the socially responsible companies.

Decision makers in the business sphere more and more take into account the attitudes
of consumers related to corporate social responsibility of the firms. It is a competitive
advantage if a firm can identify consumers likely to respond to socially responsible
corporate behaviour.
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