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ABSTRACT

In this paper environmental problem attitude of SME decision-matkers will be introduced on South
catchment area of Lake Balaton. The main point of this research was a company survey of 100.
That means a result introduction of this survey made among managers/ owners of local SMEs. Based
on the results we can declare that managers consider environment- and nature protection as an
important public purpose. SME managers do not see contradictions between CSR and profitability.
They usnally believe that SME has an important role in CSR, and their profitability conld be
improved by these kinds of activities. Despite this thonght conscious CSK activity is not very typical
Jfor these companies, environment awareness activities are mostly ad hoc measures with econonzic
interests.
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INTRODUCTION

In this paper environmental problem attitude of SME decision-makers will be
introduced on South catchment area of Lake Balaton. The main point of this research
was a company survey of 100. That means a result introduction of this survey made
among managers/owners of local SMEs. This analysis will help to uncover how local
managers consider environmental aspects in their business decisions.

In our company sample micro and small enterprises are over represented: 50% of
the sample is micro enterprise and 42% is small enterprise while 6% is medium sized
company. From the total (100) 65 company have coastal headquarter and 35
company have headquarter on non-coastal area. Most of the companies (41%)
situated on settlements with 2.000- 10.000 population. Companies on settlements
under 2.000 population represented by 30% and 29% of the sample consist of
companies on settlements over 10.000 population. 65% of the companies were
founded before 2000 and from them 28% were established in 1990 or before.

We intended to combine the sample on main business activity like SMEs on South
catchment area of Lake Balaton. Overrepresented companies with tourism and
environmental activities were chosen by deliberately.

First we shortly introduce the main economic factors of Balaton region. After that
we outline the results of the survey and we draw our conclusions.
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ECONOMIC ENVIRONMENT FACTORS IN THE REGION

Buday-Santha (2008) in his comprehensive analysis “Balaton region” gives a detailed
outlook from the region’s economic. According to him this region is a medium
quality agricultural area, but the natural conditions for viticulture and fruit production
are better than the average. Industrial production is not common on coastal
settlements (apart from some exceptions), it is more typical for non-coastal areas.
This study of Buday-Sdntha point to the fact that a synergic duality of tourism and
agricultural production would establish the economic development, but real
cooperation can be experienced only in case of vine production. Considering other
sectors agriculture could not adapt to seasonal movements. The main economic
problem of this region is the coastal advantages of tourism and non-coastal
settlements have weak efficiency on tourism benefits.

A publication of Hungarian Central Statistical Office (2011) gives a detailed picture
from the economy of Lake Balaton Resort Area (LBRA). Here are the main points
described below:

- The tourism of the border counties of Balaton mainly concentrated on LBRA
settlements.

- Entreprencurial activity in LBRA is higher than the country average, the
entrepreneurial environment is favourable.

- In sectors connected to tourism (provision of accommodation and catering) the
rate of active companies is 6% which is double as the Hungarian average.

- In sectors connected to tourism employment rate has grown (contrast with other
sectors)

- According to the above capacity utilization of tourism is 50-60% in high season,
but it decrease one half in the other part of the year.

Opverall these two cited publications both emphasize the priority of tourism in the
region’s economy. Furthermore Lake Balaton is the most popular destination in the
country after the capital city (Marton, [dnds-Berki, 2010).

Kabai (2014) reflected the other part of the high significance of tourism. He calls
the unified economic-tourism function as a coherent strength of Balaton society, and
he emphasizes that tourism was a forming strength which homogenized the society
of this area in the last 150 years. Kabai also consider natural environment as a coherent
strength. This opinion is important for us because companies input usage and
product-, waste-, noxious emission effect the nature environment (Péter et al., 2011).
Besides mass tourism affects the image of Lake Balaton (Su/ok, 2010). Considering
this few thoughts above economic environment has not only a direct effect on social
cohesion but it also influence social cohesion through the natural environment.

PERCEPTIONS OF BUSINESS MANAGERS AND OWNERS ABOUT
SETTLEMENT SPECIFIED ECONOMIC-SOCIAL ENVIRONMENT

It is important to say that in case of SMEs real manager and owner functions are
mostly in one hand or maybe in a small family business. Apart from some exceptions
owners-managers are residents in the headquarter settlement, in fact “headquarter
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choice” (if it is a real choice) is defined by their residence. If this “headquarter choice”
still do not attain, the possibility of a strong “daily” relationship between SME
managers and everyday life of headquarter is rather high. This means also that beside
owner-manager aspects “local resident” aspects are experienced in the identity-,
attitudes- and answers of the company responders. Though answers of managers can
not consider as similar to responds of resident survey, because entrepreneur attitude
and business success play important role in managers’ settlement
attachment/relation. In the first part of the company survey we intended to reveal
what kind of perceptions this complicated interest related responders have about
headquarter-settlement specified economic-social environment. Table 1 shows the
results of satisfaction about settlements.

Table 1

Headquarter-settlement satisfaction among managers and owners
(5-point Likert scale)

As a manger/owner . .
how satisfied fre you with ... N Average Std. Deviation
Settlement accessibility 100 4.45 0.833
Settlement notoriety 100 4.33 0.877
Natural environment beauty 100 4.29 0.808
Energy supply 99 4.12 0.895
Public (communal) supply 100 4.07 0.891
Internet bandwidth 98 3.60 1.155
Public safety 99 3.58 1.031
Built environment beauty 98 3.53 0.933
Medical treatment 99 3.45 1.072
Municipal environmental policy 95 3.33 1.026
Education and culture opportunities 97 3.23 1.036
Qualification of employees 97 3.22 1.043
Residents environment awareness 97 3.08 0.975
Residents relations 99 3.02 0.880
Business profitability 97 2.86 0.924
Entertainment and recreation facilities 99 2.81 1.175
Overhead expenses 100 2.44 1.192

Overall managers are satisfied with settlements on South catchment area of Lake
Balaton. Only three areas got worse than medium, though two from them (business
profitability and overhead expenses) are determinant elements of company efficiency.
Responders are very satisfied with settlement accessibility and notoriety, natural
environment beauty, energy supply, public (communal) supply. However we have to
mention that this satisfaction range based on average values is just an indication
because standard deviation values are very high. At the same time apart from this
information it is meaningful that managers mostly satisfied with “local conditions”.
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Therefore these are those factors which are/were mostly not a result of the current
local society. A settlement accessibility and notoriety, a natural environment beauty
are those values that local society owns mostly as a cultural-infrastructural heritage
and they only participated in the establishment within narrow bounds. Become aware
of the fact that settlement factors endogenously determined (on short-term) by local
society participants (municipal environmental policy, education and culture
opportunities, qualification of employees, residents environment awareness,
residents relations, business profitability, entertainment and recreation facilities) are
in the second half of the range. It seems that the biggest attractions of analysed
settlements for decision-makers are the given and past inherited conditions.
Therefore the local economy can not produce social-economical values that would
generate similar high satisfaction. This duality can also be found in chapter 4
(residential survey).

From the analysed satisfaction factors environment awareness and environment
activity have a distinguished importance for us. It was mentioned before that
managers are very pleased with the natural beauty of their settlement. It is more
expressive that 84% of the responders gave minimum score 4 (on Likert-scale) for
natural environment satisfaction. At the same time they are less satisfied with resident
environment awareness (36% gave minimum 4 and 26%gave worse than 3) and with
municipal environmental policy (43% vs. 18%). Parenthetical percentage values show
how opinions are divided about these two questions and the rate of “neutral” (score
3) responders are rather high. It is worth to analyse if there is any geographical
connection of these expressive satisfaction difference. To be more accurate: would
settlement size (in population) and coastal/non-coastal localization affect satisfaction
on environment activity? Our research (ANOVA, Welch, and Brown-Forsythe tests)
shows that manager responds of coastal and non-coastal settlements have no
significant differences between satisfaction average and resident environment
awareness or municipal environmental policy. Therefore in this question coastal -
non coastal duality can not experienced like in case of many other social-economic
questions in Balaton region. However between settlement size and satisfaction
averages significant difference was observed, results shown by Table 2.

Table 2

Environment awareness and environment activity satisfaction averages
by settlement size

Manager satisfaction
Settlement size . . .
. N resident environment municipal
(population based) . .
awareness environmental policy

under 2 000 28 3.072 3.592
2 000 — 10 000 38 3.472 3.53
over 10 000 30 2.59v 2.79b

Note: Based on ANOV A, Welch, Brown-Forsythe, and Tukey post-hoc tests significant averages
(p<0.01) were marked with different letters (a,b) in superscript.
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The average value of manager satisfaction about municipal environmental policy was
significantly lower in case of settlements over 10.000 population than settlements under
10.000. This outcome becomes interesting if we consider Vayz’s (2010) results.
According to him larger settlements attach more importance to strategic environmental
analysis (SEA) in municipal activity planning. He says that the backgrounds of this
privileged SEA are the growing development and investment capacity (when settlements
are expanding) and the accompanying increasing environmental hazards. We have to add
that in Iarji’s view smaller settlements means villages under 1.000 population. According
to his results commitment about SEA is the highest in case of settlements with 5.000-
10.000 population, but at the same time settlements over 10.000 believe SEA application
in their planning process as rather important. Therefore we have to emphasize that in
case of our survey relative dissatisfaction in the largest settlement category does not mean
fewer municipal environmental efforts. These unfavourable manager perceptions could
come from higher environmental risks and their effects (on larger settlements) in spite of
more intensive municipal environmental activity. At the same time on smaller settlements
municipal environmental activity is more “visible” and level of environment hazards and
their harmful effects are much lower.

This above mentioned coherency is a partial explanation for differences of resident
environmental satisfaction. In this case satisfaction average at settlements with over
10.000 population was the lowest as well. In case of settlements of 2.000-10.000
population satistaction average was significantly higher. Outstanding satisfaction average
in the “medium” settlement category can be explained with the previously mentioned
logic. Environmental risks may have already realized remarkably on these settlements,
but at the same time resident environmental activities are more efficient and visible than
in larger settlements. Satisfaction average value of settlements under 2.000 population
place between the two other average value but it had no significance difference. On these
settlements environmental hazard is much lower, therefore resident environmental
attitude is also less visible. So manager satisfaction average value approached 3 (medium)
score. Settlement size effect degree on variables was analysed by Eta. This Eta value was
0.344 in case of municipal environmental activity, while resident environment awareness
produced 0.377 Eta value. Both values mean quite weak influence. This means that beside
settlement size some other factors have influence on environmental activity- and
awareness satisfaction of local social participants.

So we can see that manager satisfaction on municipal environmental activity and
resident environmental awareness is weak, but settlement size has a significant effect.
What is more in table 1 from the satisfaction areas only environment attitudes and
overhead expenses have statistically proved effect. It is surprising that settlement
population has no effect on business profitability satisfaction.

We mentioned before that settlement size itself has a weak effect on
environmental activity satisfaction of local participants. So here is the question: are
there any other factors which have influence on these two satisfaction areas? We
looked for the answer with some cortelation relation (with other satisfaction ateas),
therefore we used Pearson correlation coefficient in order to determine which other
satisfaction areas significantly correlate with environment satisfaction variables
(beside r>0,4, p<0,05 minimum expectation). These results are shown by Figure 1.



Csontka et al.: Environmental and Nature Conservation Attitude Survey of Business Decision ...

Figure 1

Influence factors of manager satisfaction on municipal and local resident
environment awareness
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Values on Figure 1 show weak-medium correlational relationship between certain
satisfaction areas. Beside this criterion, responder perceptions were:

- Resident environmental awareness is higher on settlements with more active
municipal environment activity;

- Entertainment, educational-cultural opportunities are better and built
environment is more beautiful on settlements with more active municipal
environment activity;

- Employment qualification, public safety and resident environment awareness
are areas that strengthening each other;

- The better residential relations could be estimated, the better judgement
municipal environment activity and residential environment awareness have.

Based on the above mentioned, (for managers) satisfaction on municipal
environment activity can not be completely separated from other service (which
responsibility is primary municipal) satisfaction. Similatly to resident environment
awareness, it can not be separated from other positive social attitudes (for
responders).

Beside current settlement satisfaction we assessed expectations about future
settlement economy. Responders could answer with 5-point Likert scale to the
following questions:

1. Settlement and the outskirts will not change considerably, current features will
remain.

2. Mostly major investment projects will be realized on the settlement and
outskirts (hotels, multinational companies).
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Services based on nature values will develop on the settlement and outskirts.

4. Mostly small (family, small, medium) businesses will expand on the settlement
and outskirts.

5. Economic condition will decrease on the settlement and outskirts and even

some currently active companies will wind up.

Original answers were collected into three categories: “Agreed, Neutrals, and
Refusals”. From these only “Agreed” and “Refusals” groups will be introduced by
statements in Table 3.

Table 3

Rate of “Agreed” and “Refusals” in case of economy vision statements

Statement N | Agreed (%) |Refusals (%)
No change for current features, they will 97 484 216
remain
Economic C(?ndltlon Wll.I deqeasg some 97 247 454
currently active companies will wind up
Primarily services based on nature values will 08 37 40.8
develop
qutly srnall.(farmly, small, medium) 08 307 367
businesses will expand
Mostly major investment projects will be 99 16.2 63.6

realized

The results show that a quarter of managers rely on local economy condition to fall
and on business to wind up. Contrasts with this, half of the responders predict
stagnant situation and no major change for current economic features. In case of
statements about development “Refusals” are the major responder part. From them
fewest responders believe in major investment projects. Apart from the moderate
economical expectations three-quarters of the responders would operate in the
current headquarter in the future as well. Therefore the majority of managers are
committed to headquarter settlements.

DECISION-MAKER ATTITUDES OF ENVIRONMENTAL PROBLEMS
AND ENVIRONMENTAL PROTECTION

In our survey we asked what source they use for environmental knowledge. Figure 2
shows the rate of source usage.

Decision-makers obtain environmental information from the internet mostly and
from television after that. Any other source usage has lagged behind from these two
information channels. Deik’s (2012) general view is harmonizing with these source
usage results, because he also emphasizes the high role of internet as a source of
environmental information.
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Figure 2

Rate of source usage about environmental questions
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In the next question section we asked about how responders perceive their own and
other social participants’ responsibility about emergence of environmental problems in
their settlements and Balaton region. Beside responsibility we asked about how they
perceive environmental problem solution activity. The involved social participants were
the followings: Hungarian Government, local government, holiday home owners,
tourists, permanent local residents, and local businesses. In the original assessment list
we involved the European Union, but at every question we get a very low average
(under grade 2 on 5-point Likert scale). Therefore considering environmental problems
of Balaton region and residence responders regard EU responsibility and activity as
insignificant. Table 4 and Table 5 contain participant average (except EU).

Table 4

Responsibility and activity of some social participants about emergence and
solving of local environmental problems (decision-maker responds)

Social participants Responsibility average Activity average
Local residents 4.17 3.46
Local government 4.07 3.41
Local businesses 3.98 3.44
Tourists 3.38 2.22
Hungarian Government 3.23 2.59
Holiday home owners 3.21 2.42
Civil organizations 3.03 2.66

Local managers believe that mostly local residents and then local government are
responsible for environmental problems. Local companies are in the third place after
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them. Tourists are fourth in that range and finally Hungarian Government, holiday
home owners and civil organization follow them. It is important to notice that
according to this result the main responsible participant for environmental problems
are those permanently groups that live/work on the settlement. Temporatily staying
tourists and holiday home owners are less responsible compare to them. Range of
activity average on environmental problem solving is quite the same as responsibility
perception. In case of every participants responders feel rather responsible than
active about environmental problems. Rate of activity and responsibility average is
the worst in case of tourists (65% while for other groups it is between 75% and 88%).
This result shows that according to manager perceptions tourists’ — who are the
biggest users of nature environment — environmental problem solving is in less
proportion to the damage they cause. Activity/responsibility ratio is the best in case
of civil organizations.

Table 5

Responsibility and activity of some social participants about emergence and
solving of Balaton region environmental problems (decision-maker responds)

Social participants Responsibility average|  Activity average
Local residents 4.40 3.69
Local government 4.18 3.47
Local businesses 4.18 3.57
Tourists 4.12 2.70
Holiday home owners 4.10 3.23
Hungarian Government 3.53 2.65
Civil organizations 3.38 2.93

Almost parallel range was worked out concerning emergence and solving
environmental problems in the whole Balaton region as in case of settlement results.
The main difference is that responders gave higher responsibility and activity values
for each group in case of Balaton region. We made a conclusion of better perception
of global problems and environmental activities in overall Balaton region than
individual problems in the settlements. Nature environment activities of Balaton can
be observed more globally than locally (settlements).

Responsibility and activity averages indicate responder perception of the region’s
environmental problems; furthermore they can associate these problems with causer
groups. It is also true for activities of problem solving. Despite this, the majority of
responders do not percept conflicts between social participants in their own
settlement about environmental questions. Rates of responder perceptions about
conflicts between participants are the following:

- between local residents and holiday home owners: 25%

- between local residents and tourists: 29%

- between different groups of residents: 21%

- between residents on coastal area and other residents: 30%
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- between local residents and local government: 30%

- between local residents and environment protectors: 27%

- between local residents and companies: 28%

- between companies with different interests: 20%

- between local entrepreneurs and local government: 25%

- between local entrepreneurs and environment protectors: 21%
- between local government and environment protectors: 18%

- between local governments on different settlements: 22%

Depending on the context fifth-third part of responders’ percept conflicts about
environmental issues on their settlements. This low rate needs some explanation,
because responders could clearly identify the responsible participants of
environmental problems and the environment activity of these participants was
evaluated lower than their responsibility. For this paradox situation we have two
possible explanations. On one hand it is possible that environmental problems do
not induce real frustration — in spite of the perceptibility - among social groups. On
the other hand another explanation could be that environmental problem inducing
and inappropriate environmental activity are causing some frustration, but it do not
realized perceptibly therefore it is a latent conflict in settlements’ life.

The letter explanation is more confirmed by the fact that management of
environmental problems is at the first place concerning problems to solve (by local
community) and areas to develop. In our survey the following question was asked:
“Let us assume that You have to make a decision on municipal budget! How
important do you think the development of the following areas?” 5-point Likert scale
was used to mark the importance of areas. Table 6 contains the average results.

Table 6

Importance of public (municipal) source subsidized development areas
(5-point Likert scale average and std. deviation)

Development areas Average Std. Deviation

Nature and environment protection 4.36 0.759
Basic infrastructure 4.36 0.798
Medical supply 4.35 0.936
Waste management 4.31 0.907
Tourism issues 4.15 1.058
Social and child well-being services 4.14 0.975
Culture and sport 4.06 0.962
Nursery services and education 4.05 1.298
Drinking water supply 4.02 1.146
Waste water system 4.00 1.181
Public sanitation, insect and rodent 3.89 1254
control program

Public employment 3.66 1.130

10
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Nature and environment protection activity and basic infrastructure stand out from
development areas with two aspects: the averages of these two areas are the highest
and their std. deviation is the lowest (relative std. deviation is under 20%).
Concerning the importance of these questions this means a relative low divide is
experienced among responders. Medical supply and waste management have quite
high average as well, but their std. deviation values are higher (relative std. deviation
is over 20%). Development areas after that have even much higher std. deviation.
Based on the results above according to responders environment protection and
basic infrastructure development have prime importance compare to other areas.

In the next subchapter we analysed how managers apply social-environmental
responsibility in their business decisions.

SOCIAL-ENVIRONMENTAL RESPONSIBILITY APPLICATION IN
MANAGER BUSINESS DECISIONS

First of all we will introduce what opinion managers have about the connection of
social responsibility and profitability aims. Therefore we asked responders to evaluate
two opposite statements. Table 7 shows the distribution of answers.

Table 7

Social responsibility influence on business profitability according to
managers (distribution by evaluation classes, %)

Profitable business is mostly | Profitable business is mostly
blocked by social contributed by social
responsibility (N=87) responsibility (N=92)
1 19.5 2.2
g 2 18.4 7.6
3
£ 2 3 35.6 34.8
o g 4 18.4 34.8
ol 5 8.0 20.7
Sum total 100.0 100.0

It is true for both statements that more than third of the responders gave score 3
therefore they do not take a stand on social responsibility (positive or negative)
effects. At the same time it is expressive that 55.5% gave at least score 4 for positive
statement, while this ratio is only 26.4% for negative statement. 9.9% do not agree
(value 1 or value 2) with positive effects of social responsibility and concerning the
negative assertion it is 37.9%.

So overall concerning profitability social responsibility is not rejected by responders.
The question is how managers regard this area as SMEs’ (their own) responsibility. To
answer this question we used two other statements for conjunction analysis. Our first
statement was: ,,SMEs do not have important role in global environmental- and social
problems, so participation in solving these problems is not expected.” Only 23.2%

11



Csontka et al.: Environmental and Nature Conservation Attitude Survey of Business Decision ...

disagree and 36.1% agree with this statement. 40.7% have no special opinion because
they gave score 3 for this question. According to the other statement: “Social
responsibility of SMEs is at least as important as large companies’ ” 18.2% gave score
3 (non-committed). For this statement 63.6% agree and less than 19% gave refusal
answer. Therefore decision-makers have a double-approach to SME responsibility. On
one hand they do not refuse the thought that solving global social- and environmental
problems is a duty of large companies (which actually causing the problems). On the
other hand in their own sector they consider social responsibility similar important as
in case of large companies. From this observation we suspect that responsibility is
considered as a SME sector duty because of its positive influence opportunity of the
local environment and not because it is problem causing.

From motivation side attitude to CSR activity is positive. Responders consider
CSR as an important activity of SMEs which mostly do not paralyse profitability. In
spite of this result only 11% preform CSR activity in their business. We will
understand later that this do not mean the lack of voluntary environmental activities
among analysed companies at all. It is more likely that these kinds of activities are
not part of a conscious CSR strategy and they are not even meant to do as CSR
activity. SMEs react ad hoc to opportunities and challenges and they sometimes
preform CSR activities without formal CSR conception.

Based on our whole analyses so far it is exciting to ask which are those obstacles
(at the analysed companies) that hinder CSR activity extension. In the survey we
specified nine factors that need to be evaluated on Likert scale by managers. They
had to decide how these factors hinder their own CSR activity and CSR extension.
The results are showed by Table 8. We can see that CSR “mood” is mostly hindered
by additional financial resources (no external subventions are available). The least
impeding factor is lack of market expectations. Therefore voluntary CSR activities
are either acknowledged/expected by the matket or (we suppose this is more likely)
despite market “indifference” decision-makers ready to do CSR activity (in case of
enough time and resource).

Table 8

Importance of CSR activity hindering factors among analysed companies

Hindering factors N |Average Std. deviation

Lack of financial resources and time 89 4.44 .825
Lack of_ external §ubvenUons (government, 90 437 314
professional bodies)

Additional CSR expenses 91 4.18 926
Volatile regulatory environment (laws, standards) | 91 4.08 1.088
Lack of employee commitment 90 3.69 1.196
Lack of information. 84 3.61 1.336
Lack of experiences and organization skills 89 3.01 1.134
Market do not allow this kind of commitment 85 3.48 1.269
Business pattners do not usually expect from us 89 3.35 1.109

12
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As we mentioned before despite apparent lack of CSR activity most of the analysed
companies have some steps to solve or control environmental problems. In our
survey we created a nine element list and companies could choose a degree of their
activity (1="we do not make any steps on this area”, 5="we made significant and
determinant steps”). The average values and std. deviation are contained by Table 9.
In case of these variables standard deviation values are fairly high as well.

Based on preformed non-parametric tests like Wilcoxon-test we can say that
compare to other measures companies pay significantly more attention to energy saving
than renewable energy. According to Friedman tests no significant differences are
experienced among medians of mobility management - waste recycling - and reducing
chemicals. The situation is the same concerning greenhouse gas emission reduction —
environmental administration system application — environmental friendly product.
Use of sustainable/recyclable package is between these homogenous groups.

Table 9

Intensity of certain environmental measures in case of analysed companies

Environmental protection activities N | Average | Std.deviation
Energy saving 99 4.10 1.074
Mobility management (common car use and 95 357 1342
share)

Waste recycle 81 3.54 1.255
Reducing chemicals 91 3.33 1.325
Use of sustainable/recyclable package 66 2.88 1.271
Greenhouse gas emission reduction 83 2.49 1.301
Env{rogmental administration system 71 2,49 1217
application

Environmental friendly product evolution 62 2.47 1.183
Use of renewable energy 86 1.86 1.118

SUMMARY

Based on the results we can declare that managers consider environment- and nature
protection as an important public purpose. In public fund usage they deem
environment- and nature protection as very significant; moreover they reckon this
area among the most important development aims. Mostly a clear and realistic image
was formed from the importance of environmental values.

SME managers do not see contradictions between CSR and profitability. They usually
believe that SME has an important role in CSR, and their profitability could be improved
by these kinds of activities. Despite this thought conscious CSR activity is not very typical
for these companies, environment awareness activities are mostly ad hoc measures with
economic interests. According to managers lack of resources and subventions are the
main obstacles of CSR. Concerning environmental measures resources and subventions
of (mostly) voluntary CSR could be incentive for companies.

13
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ABSTRACT

Previous studies have shown that organic farming is a widely accepted and acknowledged method.
The way of farming plays an important role nearby onr fresh waters, since — besides influencing the
environmental conditions — it affects the local people’s and the visitors’ judgment, and plays a role
in preventing the development of societal conflicts. The aim of our study was to evalnate the
potential in organic farming at the Sounthern Watershed of Lake Balaton. Our hypothesis was that
the production of organic food in the studied area could contribute to an increase in the employment,
the region’s attractiveness (measured in the number of guest nights), as well as in the earnings spent
in the region (reproduction). Secondary and primary information collection was performed. A
questionnaire-based study was conducted by interviewing the management of local organic and
conventional farms (dep interview), as well as local people and the tourists. Results show that
consumers considered purchasing organic food as a possibility, however it was accomplished only to
a limited extent. According to the management of organic and conventional farms, there is a lack
of effective strategy. Critical points were the well-organized local sales activities and communication,
which shonld be improved. Results also revealed that there was no difference in buman capital
supply, but the environmental conditions were more favorable compared to other regions in the
country. Taking advantage of that should be also part of the region’s strategy.

Keywords: Local people and tourists, organic foods, consumer behavior, marketing
strategy

INTRODUCTION

There is a strong relationship between agriculture and the environment, as the first
takes direct and significant event on the latter. However, this also works the other
way around, as the components of the environment generally determine the
characteristics, success and the buildup of the agricultural activity. We cannot forget
about the fact that agriculture is one of the most important and most basic human
activities, which — mainly for supporting self-sustaining — generates major changes
in the state of the environment by applying its resources. Agricultural activity had
always been accompanied by effects forming the environment, but intensity and
effects may vary by time and area (Tar, 2008).

The traditional and industrialized model of agriculture has led to rapid deterioration of
the environment (Sdntha, 1993). As an alternative for these integrated and ecological
was initiated; and we examined the opportunities of the latter in the southern
watershed of Lake Balaton. Our strategic aim was to contribute to the increase of
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the current production and consumption rates. According to outr assumptions the
production of eco-products on this atea may contribute to increasing employment,
growing the attractiveness of the region (may be measured in overnight stays) and
the money spent here (reproduction).

We regard the focus of the research especially actual, as the development plan of
the region puts emphasis on boosting tourism and health industry and forming the
built environment and the minds of the people living in it to be more conscious
about healthy, lively environment and contributing to maintain the natural environment
(Balaton Fejlesztési Tandes, 2014). No doubt, there is a need for the contribution of
multiple areas, and the focus is on realizing eco-farming and developing the
distribution channels in order to increase consumption.

This paper presents part of the results obtained from the questionnaire-based
analysis of various actors and stakeholders of the southern catchment area of Lake
Balaton, where further aspects and the role of these actors are analysed by
researchers (Horvithné Kovdces and Nagy, 2013; Torma and Horvdthné Kovdes, 2014).

MATERIALS AND METHODS

The research is based on both primary and secondary methods. Our secondary
researches included analyzing databases, statistical data collected by self-
governments and data of national organizations and previous researches, which are
applied for both scientific and social researches.

We carried out empirical research around the agricultural areas in the southern
watershed of Lake Balaton, in the form of questioning the leaders of the enterprises
(deep interviews). We chose the participants by judgment, we contacted the farmers
in the public database of the Hungarian Bioculture Federation and via personal
contacts, differentiated by size and area of activity. We included farmers in the
research, who already apply the methods of eco-farming, but we also contacted
conventional farmers on the spring of 2014. The sketch interview applied — which
had been sent to the farmers prior to the interview — contained 9 general and 7
farming-specific questions. Thanks to the unstructured method, in many case
further questions were also clarified.

Quantitative primary methods were applied upon questioning the local
inhabitants and tourists. We asked 500-500 people among the locals and tourists
about the consideration of eco-farming and ecological food and their sales
possibilities. The fieldwork of the research was carried out by the Szocio-Graf
Market Research Institute in the first half of 2013 in settlements around Lake
Balaton, where the number of urban inhabitants was slightly overrepresented. (Only
the sample of local inhabitants was representative.)

When taking the sample from the local inhabitants — within a given settlement —
the method of systematic random sampling was applied: the so-called random
walking guaranteed complete randomness upon the selection of the respondents.
The members of the visited households were still further filtered by the birthday-
key method in order to ensure complete randomness (Malhotra, 2008). The research
carried out on tourists happened on often-visited spots of the settlements of Lake
Balaton (beaches, restaurants, markets).
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During the creation of the questionnaire we strived for understandability above all,
trying to include the possibility of any multiple meanings, and were careful about
the sequence of the questions as well.

The analysis of the questionnaires happened by a statistical program matching
the needs (SPSS 18.0). During the analysis, first of all we introduce the frequencies
in the whole sample. Among the groups made up based on the background
variables we analyze only those, which showed significant relationships with 95%
confidence level. The analysis contained mainly means and petrcentages in the case
of interval scales; and for other variables we analyzed the data by crosstabs, and in
percentages. In the case of percentage distribution we carried out significance
analyses with Chi-square tests and in the case of multivariate statistical analyses we
checked variance (ANOVA). It is important to mention that there may be +0.1-
0.2% difference from 100% because of the calculation methodology of SPSS.

RESULTS

According to the researches the main advantages of ecological foods are the
favorable environmental effects, such as restoring biodiversity and the landscape,
decreasing environmental pollution and energy usage, while applying more
renewable resources (sun, wind, water) (Scalabba, 2003; Gabriel et al., 2009).

During our research we asked about the consideration of environmental effects
as well among local inhabitants, tourists and people working in the areas of
farming, processing and retail. Our results are introduced in the following,.

The possibilities of farmers in the southern watershed of Lake Balaton

The set of activities of the companies asked were broad, we could see some
primarily focusing on agricultural activities (growing plants on fields, plantations
and animal breeding), fishing and hunting, processing (syrups, honey, wine, meat)
and retailers. The activities typically started 20-30 years ago, but there were some,
who started about 3-4 years before. The area of the production was just as
diversified as the set of activities: it ranged between 1-9000 hectares. The products
produced ranged from sunflower, wheat, corn, rape, cherry, peach, grapes, line,
triticale, fish, and neat for meat production and breeding animals. Further activities
included hunting, fishing and touristic activities (catering and accommodation
services). It is favorable that all of our interviewees decided for at least keeping the
current production level, but many of them are even planning expansion. Among
animal breeders the most popular aims were cutting animals and processing meat
(e.g. steak), while for those who grow fruits and vegetables, the directions — besides
extending storing capacity — went towards preparing jams, dried fruits, liqueurs,
palinka and wine. The improvement and widening of distribution channels (e.g.
web shop, package services) were also listed among the short term plans.

The interviewees are generally satisfied with their production possibilities, but
the Balaton-area does not mean any further advantage for them. The general
problem in all areas is to find the right number of well-qualified workforce; all the
respondents agreed that it is a challenge to find engaged employees. But this is not
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a challenge characteristic only in this region, so the solution of it does not mean
extra-burden compared to other regions either. Those operating a small business try
to solve their problem by involving family members, which however means huge
boundaries from economic perspective.

They regard their ecological possibilities as average (except for apiarists, who
think it is above average), luckily geographical location does not cause any
drawbacks. Generally we can conclude that the respondents do not clearly feel the
advantages of being close to Lake Balaton, only the potential in touristic activities is
higher. In their production systems they try to adapt to the local circumstances as
much as they can. Environmental characteristics influenced the methods of farming
a great deal, this is why many started to engage in producing eco-products, which
could be a good basis for attracting more farmers to the area..

Concerning sales the responses are rather pessimistic. They do not enjoy the
benefits of selling locally, the majority of the products are not purchased in the area
of Lake Balaton. The amount of products sold as eco-products is especially low; as
for the opinions of the farmers it does not mean real attractiveness for the
customers, so they are not hoping for a huge price gap. One example for this is the
case of wineries that may only sell their bio-wines on festivals on identical prices as
the traditional ones. The real advantage only appeared in the case of those, who are
engaged in producing, processing and sales (within the hotel) as well, whose
customers justify the acceptance of higher quality, higher value products. The
others mostly target the capital and foreign partners with their special products
(honey, palinka, wine, liqueurs and meat products).

Among the necessary changes the improvement of local distribution channels
was mentioned on first place; which was supported by all members of the product
path. There are good possibilities in the direct communication to the customers as
well, but even in spite of being present on multiple festivals they still do not feel
this is enough; and they expect more turnover from the yearlong presence in larger
stores. They think it is important to improve both horizontal and vertical
cooperation. Laws and legal regulations often cause problems: they would welcome
more accountable regulations supporting the development of their farms more
clearly.

The possibilities of environmentally friendly (ecological) farming from
consumer perspective

In this section we highlighted those questions, which tell us details about the
attitudes of local inhabitants and tourists concerning environmentally friendly,
ecological farming and its products and their willingness to consume them.

First of all we examined the satisfaction of the locals and tourists concerning the
natural environment (Tuble 7). They could express their opinions on a scale from 1
to 5 (1=not satistied at all; 5=completely satisfied).

The general level of satisfaction among the 500 local respondents was 4.44,
which shows that they are generally satisfied with the natural environment of Lake
Balaton. The same value in the case of tourists was 4.73, which shows that they
perceive the natural environment of the area nicer than the locals. It is a positive
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phenomenon that over half of the locals (59.8%) is completely satisfied, and further
almost one third is rather satisfied. The response of those coming here only for
holidays is almost totally homogeneous: they are completely satistied with the
natural environment.

Table 1
Satisfaction with the natural environment
among the inhabitants (N=500) and tourists (N=250)
Distribution among Distribution among
Category inhabitants tourists
Person % Person %
Not satisfied at all 2 0.4 0 0
Rather not satisfied 6 1.2 0 0
Neutral 51 10.2 7 2.8
Rather satisfied 139 27.8 53 21.2
Completely satisfied 299 59.8 190 76.0
N/A 3 0.6 0 0

We found significant relationship (p=0.002) between satisfaction and gender in the
case of locals only: women (62.4%) are more satisfied with the natural environment
of their place of living than men (56.3%).

During our research we examined how much the respondents feel themselves
responsible for the environmental problems (Tabl 2). This question was replied
rather neutrally both by locals and tourists — represented by marking 3 on the five-
level scale. However, it is interesting to observe that among toutrists the proportion
of the positive replies, marking 4 and 5 was higher: 46.6% of the locals, while 52%
of the tourists thought they were responsible for environmental problems.

Table 2
Feeling of responsibility for environmental problems
among locals (N=500) and tourists (IN=250)
C Distribution among Distribution among
ategory . . .
inhabitants tourists
Person % Person %
1 do not agree at all 39 7.8 10 4.0
2 70 14.0 32 12.8
3 157 31.4 78 31.2
4 147 29.4 77 30.8
I completely agree 86 17.2 53 21.2
N/A 1 0.2 0 0
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Concerning the feeling of responsibility there was a significant relationship
(p=0.001) among the local inhabitants concerning qualifications: among those
having a university degree 506.6% thought that they are responsible for
environmental problems (marking 4 or 5), while among those having less
qualification than primary school 31.6% market 4; and there was no one completely
agreeing. There was high rate of agreement among those with skilled labor
education (51.2%) or specialized schools (49.6%). Among tourists there was no
such a relationship visible.

It is important to highlight that the sample of tourists is half as big as that of the
local inhabitants, therefore the small sample often made it harder to carry out the
analyses. The Chi-square test showed relationship in two cases, concerning family
status and current workplace, but unfortunately over 20% of the cells showed
expected count less than 5%, so these data are not reliable.

The next question focused on how much the respondents feel they could
personally do something for their environment (Table 3). As in the case of the
previous question, here also the neutral responses dominated, and again it is visible
that tourists (42.8%) gave a larger proportion of positive answers that the locals
(33.4%)).

Table 3

Perception of being able to act actively to solve environmental problems
among local inhabitants (N=500) and tourists (N=250)

Distribution among Distribution among
Category inhabitants tourists

Person Yo Person Yo
I do not agree at all 56 11.2 9 3.6
2 92 18.4 38 15.2
3 184 36.8 96 38.4
4 114 22.8 63 25.2
I completely agree 53 10.6 44 17.6
N/A 1 0.2 0 0

Again there was a relationship concerning the local inhabitants in the case of school
qualifications (p=0.000). In this case those with a university degree were the most
positive (42.2%), the proportion of positive (4-5) replies of the ones with high
school degree (32%) and skilled labor education (38.6%) were again similar, while
those with primary school qualification (25.5%), or less (15.8) were again much less
positive about the issue than the rest. As before, no such relationship could be seen
among tourists.

The Chi-square test showed a relationship among tourists with family status, but
because of the small sample size we cannot speak about a trustworthy relationship
again.
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In the next question we examined how actively do people act in favor of solving
environmental problems (Table 4). Once again, the vast majority of the responses
were neutral concerning the issue, and all in all tourists (36.4%) proved to be more
positive than the locals (30.2%). The proportion of those not doing anything to
solve environmental problems is higher among the local inhabitants (9.4%); among
the tourists this number was just a bit over the half of the previous (5.2%).
Compared to the other questions the proportion of people not responding was
much higher among the locals, in 15 cases (3%) there was no reply to this question.

Table 4
Acting in favor of solving environmental problems
among locals inhabitants (N=500) and tourists (N=250)
Category Distribution among inhabitants| Distribution among tourists

Person % Person %
Nothing 47 9.4 13 5.2
2 110 22 49 19.6
3 174 34.8 97 38.8
4 128 25.6 72 28.8
Very much 26 52 19 7.6
N/A 15 3 0 0

In the case of this question the samples of local inhabitants and tourists show
similarities, as in case of both of them there is a relationship between the responses
and school qualification (locals: p=0.007, tourists: p=0.037). In both cases the ones
with university degree were the most active against environmental problems (locals:
44.6%, tourists: 41.8%), and no one of the group with less qualification than
primary school replied 5 for this question.

Concerning specific activities we also asked if the respondents buy products
coming from qualified eco-farms (Table 5).

Table 5
Buying products coming from qualified eco-farms
among local inhabitants (N=500) and tourists (N=250)
Category Distribution among inhabitants| Distribution among tourists
Person % Person Yo
Never 258 51.6 95 38.0
2 103 20.6 39 15.6
3 81 16.2 69 27.6
4 32 6.4 23 9.2
Always 25 5.0 23 9.2
N/A 1 0.2 1 0.4
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In this question neither local inhabitants, nor tourists were neutral: the majority of
both samples never buy eco-products, but while among the locals this proportion
was 51.6%, among tourists it was only 38%, their responses were more often
neutral (27.6%). In this question there was a relationship between gender and
buying food from qualified eco-farms (p=0.089) in case of tourists; men replied
‘Never’ more often (45.2%), than women (31.9%). Though it is still a low
proportion, 10.4% of women answered ‘Always’ on contrary to only 7.8% of men.
There was no such a relationship visible among the local inhabitants.

CONCLUSIONS AND SUGGESTIONS

As a summary we can conclude that though there is consumer interest towards eco-
food in the region, it is still slight. This result is especially unfavorable for those
producing and selling eco-products in the area, as it is hard for them to find a
market locally. This undesirable tendency is assumedly driven by the high prices
and the missing or often wrong information about the products produced by this
method.

The solution could be an overall campaign: transmitting information forming
consumers’ knowledge in the area by significant social support. This could mean
opening small and mid-sized eco-farms for those, who are interested, probably
complemented by organized programs as well. From the results it is visible that the
respondents’ feeling of responsibility is significant, so the campaign should be
started based on this. The Krishna Valley in Somogyvamos could also be an active
member of this campaign, as it is already a well-working community focusing on
the sustainability. The Valley is located close to the area examined and provides a
wide range of programs as well.

What is missing is a platform where local inhabitants and tourists could be
informed about the eco-products produced in the area. This could be solved by an
online platform, or what is even better, a mobile application, which provides exact
information about the products, prices and availability (with the help if Google
Maps). This service could be efficient to fight the problem of high prices as well,
since the prices are easily comparable.
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ABSTRACT

The authors addressed the spatial analysis of the human capital of settlements in the South
Transdanubian region. It is widely agreed by researchers that especially endogenons regional
development relies highly on local assets, among them local human capital. On the other hand there
are several indicators in use for measuring spatial allocation of local capital or human capital withont
a consensus among researchers. Human capital has already been studied from several aspects and
reviewing these studies made us confident to work on the topic further. The anthors focused on the
Jeasible development of a complex: indicator which reflects the spatial allocation of human capital
potential in the South Transdanubian region in order to identify the settlements with pulling effect on
their surrounding settlements and those areas which are either outliers or negatively affect their
neighbonrhoods. It was found that local human capital of the Southern Transdanubian settlements
had to some extent clear spatial patterns, which is mainly induced by the role of central settlements.
Although in some cases the pulling effect of these bigger cities is not unambignons, not all of their
neighbouring settlements benefit. On the other hand, the majority of the settlements does not belong to
either positive or negative clusters, and only a few cases were seen as outliers, too.

Keywords: spatial autocorrelation, Hungarian settlements, local human capital index

INTRODUCTION AND AIM OF RESEARCH

The authors focused on the development of a potential indicator which, according
to our initial intention, describes the local human capital of settlements in the
Southern Transdanubian region.

The aim of the research was to compose a complex indicator which contains
several pieces of information of the human capital - starting from the population
base up to the availability of local jobs.

It can be seen that due to the selective pattern of regional growth various
development paths of single regions are emerging even wotldwide. Definition of possible
growth strategies for each territorial unit must necessarily rely on local assets (M'I:A4, 2001)
and potentials and their full exploitation: in short, on what is called ‘territorial capital’.
(OECD, 1999; OECD, 2010) The literature of endogenous development is wider than
what is possible to overview in this article, but it can be agreed that increasing attention is
paid to ,,intangible, atmosphere-type, local synergy and governance factors”. In the last
few years these theories were re-interpreted as social capital, relational capital or
knowledge assets (Camagni, 2008; Camagni and Capello, 2008).
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Camagni in his work attempting to incorporate the elements of territorial capital
(Figure 1) into a materiality — rivalry matrix — rates human capital as a factor with
private and intangible goods.

Figure 1

Camagni’s classification of Local Capital elements

High rivalry Private fixed capital Relational private Human capital:
stock services operating on: - entrepreneurship
(private - external linkages for - creativity
goods) Pecuniary externalities firms - private know-how
(hard) - transfer of R&D Pecuniary
results externalities
Toll goods (excludab.) University spin-offs (soff)
c i f
(club Proprietary networks Cooperation networks: Relational capital:
goods) - strategic alliances in - cooperation
o R&D and knowledge capability
; Collective goods: - p/p partnerships in - collective action
o> . - landscape services and schemes capability
.~ (impure - cultural heritage Governance on land and - collective
& public (private “ensembles™) cultural resources competencies
goods) b h e
Resources: Agencies for R&D Social capital:
- natural transcoding - instifutions
(public - cultural (punctual) o ‘ - behavioural
i Sads) Receptivity enhancing models. values
- Social overhead tools - trust, reputation
capital: Connectivity - associationism
- infrastructure a Agglomeration and d
Low rivalry district economies g

Tangible goods
(hard)

Mixed goods
(hard + soft)

Materiality

Intangible goods
(soft)

Source: Camagni (2008) p. 6

Human and social capitals are defined more deeply in a research focusing on the
identification of patterns of economic growth and tetritorial capital growth (Jdna, 2015).
The author formulated available variables in the two forms of capital among others in
order to find out the interrelationship of stable and rapid growth of regions with local
capital forms. The author underlines that in many cases interactions for policy objectives
are contradictory to stable growth and it is seen from his work that human local capital
and more over social local capital serves stable growth better than rush economic growth.

After having already spoken about the regional context of territorial capital, we
want to refer here to Bodndr’s point of view (Lengye/ and 1as (eds), 2013). The
special approach of endogenous development and its concept for rural regions is
important because these are unique territorial spaces in terms of economic abilities,
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social features and the settlement structure. We agree Bodudr that the meaningful
changes have taken place, having created functions other than agrarian production
for rural regions, they highlight the role of territorial capital in the development of
rural areas such as the Southern Transdanubian Region.

Despite the fact that human factor is an important element of local capital and it can
be seen in many aspects of it — social, human, infrastructural, relational, cultural, etc. —
there is not any agreement or common way to measure it. T. Kiss (2012) classifies
various indicators that are more or less widely used to measure the embodied
knowledge and skills of individuals but at the end she emphasises that such indicators
are always tailor-made for individual research objectives, but still rely on the most
important factor of it, namely the schooling, the educational level of the population.

Among the methods and complex indicators developed for measuring local
human capital the most inspiring for us was the Local Human Development Index of
Szendi (2015). The author made attempts to develop a complex indicator for local
territorial units in order to see centre — periphery relations and to identify the ‘pulling’
regions with the means of spatial autocorrelation method. In her work she adopted
the UNDP methodology (UNDP, 2013 38-44. p.) for the indicators available at
regional level. The author found that the education level besides life expectancy had a
significant effect in the two Central Eastern European countries analysed.

Further studies dealt with the education level and its spatial imbalances (just to
mention the most known research groups, Forray and Hives 2013; Newzes Nagy 2003;
Rechnitzer 2009; Rechnitzer—Smahé 2005; Kertesi—=1 arga 2005; Obddovies-Kulesdr, 2003).
Most importantly we refer here to the paper of Sdnta et al. (2015), because they
regard qualified human capital as one of the most important economic
development theories, especially those with endogenous trend (Gd/ et al, 2010;
Stimson et al., 2006; Todaro and Smith 2009; 1V arga 2009; Romer, 1994). Other authors
also used the simplification that human capital of a given region is best described
by the education level of the population, but agreed with the phenomenon that the
educational level is in close relationship with better jobs, at the end with higher
employment (Ambrus and VVarsanyi 2011, Kézdz, 2004) among other benefits.

As we have seen above, imbalances of educational level lead to disparities in the
local human capital on one side. It made us interested in whether the local
population’s availability and employment indicators in a complex way are
influenced by a spatial pattern, too.

The authors of the current paper have been committed to that the analysis
should focus on the settlement level and we chose our wider region for the study.
The focus on the settlement level for studying imbalances was not only a
continuation of earlier researches (Sarudi et al., 2011; Honfi and Horvdthné Kovdcs,
2008) but was justified by the extremely detailed and wide review of methods for
the classification of regional units in the work of Pénzes (2014) reviewed by Nagy
(2015), too. In his work Pénzes warns that micro regional level of analysis is not easy
if the researcher wants to see chronological changes due to the continuous changes
of the administrative units.

It was not a question to use a complex or composite indicator for the objectives
of our study. The literature and development strategies, papers (e.g. OECD, WHO,
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Worldbank, etc.) developed and applied various complex indicators with the
intention to incorporate a number of important pieces of information in a single,
interpretable indicator for policy uses (Horvdthné Kovics and Nagy, 2015). Pénzges also
introduces and compares the benefits of various methods for complex indicator
development and he regards standardization method as most ideal. We agree that in
case of high number of original variables factor reduction is necessary to eliminate
autocorrelation of factors. After having studied the settlement level data (T-STAR)
of Hungarian Central Statistical Office (HCSO, 2014) and due to the limited range
of variables we decided on a reasonable selection of those variables which we
wanted to test against spatial autocorrelation in the Southern Transdanubian region.
We agree with Pénzes that the spatial autocorrelation results may reveal deeper
relationships and believe also that it contributes to the understanding if and how
certain regional centres influence their surroundings in terms of their local human
capital, which - as we have seen previously - in the end is an important factor of the
regions’ endogenous development from several points of view.

MATERIALS AND METHODS

The territory of the research was analysed on the basis of the settlement data
available in Dissemination Database of the Hungarian Central Statistical Office
(HCSO, 2014). It covered the settlements of the Southern Transdanubian region
and included a set of panel data regarding population, population movements and
employment figures for year 2014 (Tuble 7).

Table 1

List of variables, n=612

Geographic area T-Star 2014

Area of the settlement

Resident population at the end of the year (data calculated further from finalized
data of the population census) (capita)

Number of live births (capita)

Number of arrivals due to migration (permanent and temporary together)
(treatments)

Number of departures due to migration (permanent and temporary together)
(treatments)

Number of children and children that have come of age, found to be
disadvantaged

Number of registered enterprises - GFO'14

Number of registered limited liability companies (pieces)

Number of registered job-seekers, total (capita)

Number of job-seekers registered over 180 days, total (capita)

Number of registered job-seekers, manual workers (capita)

Number of registered job-seekers, non-manual workers (capita)
Source: Filtered from HCSO online database
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The database was aligned in the following structure (Tuble 2).
Table 2

Structure of initial database

Area Variable 1 Variable 2 Variable 612
1 Settlement 1
Settlement 2

612 |Settlement 612

The methodology of data processing consisted of two steps: in Step 1 the variables were
composed into a joint index. The Index composition followed a standardi-zation process
of the initial variables; then a composite indicators of the so called Population Power and
Employment Power were created, which two indicators were used in the Composite
Index of Local Human Capital (LHCI). In Step 2 the LHCI variable of settlements were
used in GIS based analysis (Anselin and Bera, 1998) (spatial autocorrelation), where we
wanted to point out the clusters of settlements with stronger human capital power and
whether there is a relationship (Dusek, 2004; 1Varga, 2002) between the geographical
location of settlements and their human capital supply. On the other hand, this tool
enables us to identify the areas lagging behind, where both the settlement and its
surrounding suffer from low LHCI. Further results of the applied spatial autocorrelation
method were expected to highlight the outlier settlements of the region.

RESULTS

Index composition for local human capital
The aim of index composition was to compose various pieces of information into
one single indicator that is easy to interpret and illustrate, also appropriate for
further numeric methods. The method index composition is widely spread from
field-to-field (e.g. environment, innovation capacity, Bajmdezy et al, 2010.) and
institution-to-institution, but all of them have a concern to create a single variable
(key variable, head variable) which carries several pieces of vatrious information at
the same time. We followed basically the methodology described by Szend: et al.
(2015), mainly because the similar topic of interest (human indicator).
By calculating the standardized variables we created a dimensionless variable set
taking on values between 0 and 1 (1).
i T min
x?’!ﬂ?"m = (1)
Xmax — Xmin
In the further steps we incorporated the standardized variables into composite
indicators. The method used in the formula was the weighted average (Mo/ndr,
2015). In order to make our standardized variables applicable in the formula they
had to be transformed in a way to take on values between 1 and 2 (in order to avoid
multiplying with a zero value).
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The initial set of indicators were either individually used in the standardized
variables (ratio kind variables) or two or three of the individual initial variables were
jointly used (Table 3) in order to compose the information content into one-one
indicator (index).

Table 3

The composition of indicators

Composite | Sub | Standardised

. . . Initial variables
index index variables

¢ Population at the end of the year (data
calculated further from finalized data of the
population census) (capita)

Birth Ratio e Number of live births (capita)

e Number of arrivals due to migration
(permanent and temporary together)

Population Index

Sub index for Population
Power

o (treatments)
) Migration Balance |9 ¢ Nymber of departures due to migration
T (permanent and temporary together)
Lg (treatments)
% Disadvantaged e Number of children and children that have
= § Child Ratio come of age, found to be disadvantaged
E e Local Emol e Number of registered enterprises - GFO'14
8 b= ocal Bmploymentiy: o Number of registered limited liability
a8 3 Power Index . .
g g companies (pieces)
o ] e Number of registered job-seckers, total
g" (capita)
Uj Unemployment K ® Number of registered job-seekers, manual
& Ratio workers (capita)
g e Number of registered job-seekers, non-
g manual workers (capita)
é Long Unemploy- | ® Number of job-seekers registered over 180
ment Ratio days, total (capita)

Finally we created 7 kinds of derived variables and these were used in the
composition of sub-indices for Population Power (1, 2, 3, 4, 5) and for
Employment Power (6, 7, 8, 9, 10).

The formulas used in the creation of standardized variables as well as of the sub
indices are shown respectively in the following session.

Formulas used in composition of sub index for Population power (PPI)

In the first step the population sub index (2) was calculated:
on. — no .
P =1+99 2 PoPmin @)
POPmax — POPmin
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In calculating the birth ratio index, first the ratio of number of live births and
population was calculated. After it the birth ratio index (3) was used according to
the formula below.

br,— br,,;
BR, = 1—|——Ib E = ?3)
Tmax — brmin
The migration balance index (4) used the immigration and migration values as its ratio.
mb, —mb,, ;..
MB, = 1+mb )

mizx min
The complex: index of population power (5) was then the geometric average of the three

indicators derived above.

PPI = /P, = BR, * MB,

®)

Formulas used in composition of sub index for Employment power (EPI)

Prior to calculating the disadvantaged child index (6), the ratio of disadvantaged
child and population was calculated.
der, — der, ;.

D,=1+ (©)

dwm ax dwmin

In a similar way, the unemployment index (7) and the long unemployment index (8)
were calculated.
UET; — UET ;.

UE, =1+ )
ue’rmﬂx —_ 'H.E'rm:-n
Ir. —Ir, .
LUEI -1+ i min ®)
i"rq:"nr.t:r - if"ﬂ:vru':'-:

As the number of local companies and the number of private companies were
separately available, we first added the two numbers, and the ratio of the total
companies and population gave the local employment power index (9).

le, —le, .
LEI=1+9H L TILT (9)
The complex index of employment power (10) was then the geometric average of
the four indicators derived above, where the reciprocal values of the disadvantaged
child index and the indexes of unemployment were put in the calculation.

ilE?:"J'u'.t:r - i"FI':"J'u'n

.,||1_ 11

EPI =
NID*, UE, LUE,

x LE, (10)

In the final step the Composite index of Local Human Capital (LHC) was
calculated (11).

LHC =1/ EPI <2/, PPI (1
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In the end of the process all settlements in the initial database were assigned with
the LHC indicator (Figure 2).

Figure 2

Individual values of Local Human Capital of the settlements of the South
Transdanubian Region

Source: Based on HCSO data

Spatial autocorrelation of local human capital of settlements in the Southern
Transdanubian Region

In Figure 2 the reader may recognize groups of settlements with substantially darker
or lighter colours, which raises the issue of spatial autocorrelation. Originally,
autocorrelation is detected in time series but later spatial analysis overtook the tool
in order to reveal geographic patterns in socio-economic indicators (O Sullivan and
Unwin, 2003).

Basically three kinds of spatial autocorrelation exist. Autocorrelation is positive
when similar values cluster together and negative when dissimilar objects form
groups. The third case is when there is not autocorrelation or it is very low (close to
zero), which means that the objects analysed taking on values randomly, without
any geographically significant pattern. The three types of spatial autocorrelation are
schematically shown in Figure 3.
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Figure 3

Schemes of spatial autocorrelation cases

a) positive spatial b) ncgative spatial c) zcro spatial
corrclation corrclation | corrclation

Source: O’ Sullivan and Unwin, 2003

The fundamental issue of the analysis is that the autocorrelation measure is a
‘regression’ type of measure, where the explanatory variable is the Initial variable of
the spatial units and the result variable is the so called ‘lagged’ variable calculated
from the Initial variable of the neighbouring spatial units. The method applied is
the weights matrices, in this process we need to define the weights referring to the
neighbourhood. The design of neighbours may follow a bishop, queen or rook
contiguity or £ nearest neighbours or by considering the distance of spatial units.

The measure indicator for spatial autocorrelation can be the Moran’s statistics.
Local Moran’s I indicate the slope of the regression line fitted in the Initial variables
and the lagged variables, in case of strong autocorrelation the statistics is close to 1
or -1.

Various pieces of software exist for the analyses of geographic information
systems. We chose the free download open source software GeoDa for our aims.
In the first step a shape file was created for Southern Transdanubia by using
administrative shape file for Hungarian settlements (data2.openstreetmap.hu). After the
merging of the shape file of settlements with the database of LHC indicator (see
Chapter Index Composition for Local Human Capital) we created and used a weights file
(.gal extension) with the method of Queen Contiguity.

We used Moran’s statistics as the measure indicator for spatial autocorrelation.
Local Moran’s 1 indicates the slope of the regression line fitted in the initial
variables and the lagged variables (derived from the weights and Initial LHC). The
following diagram (Figure 4) indicates the relationship of initial and lagged LHC and
the Local Moran’s statistics on a Moran scatter plot.

The variable of our interest is on the x-axis, while the spatial ‘lag’ on the y-axis.
The slope of the regression line (0.16) is the Moran’s 1 statistics for LHC using a
queen contiguity weights definition.

We can state that the Southern Transdanubian settlements have very little
clustering features regarding their local human capital and neither there are many
outliers.

Figure 5 llustrates the further results of the spatial autocorrelation analysis of the
Local Human Capital of South Transdanubian settlements. Basically, there was not
any autocorrelation found for the majority of the 612 settlements.
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Figure 4

Local Moran’s scatter plot on spatial autocorrelation
of local human capital of settlements

Moran's | 0.180831
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Source: Based on HCSO data
Figure 5

LISA Cluster Map and Significance Map of LHC

nam
[ | | |uls]

Source: Based on HCSO data

Our results — although on a different regional level — are only little in line with the
results of Szendi already mentioned above. In her work she found that the spatial
autocorrelation LHDI (Local Human Development Index, built on the health,
education and well-being dimensions) is basically not significant in the micro
regions of Southern Transdanubia. However Sgendi’s analysis was not sensitive
enough to clarify the role of central settlements and reflects only that Pécs micro
region is a positive outlier.
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We found that there are clear but smaller clusters of settlements with higher human
capital potential — basically these are micro regional centres and the capital cities of
the three counties. Szekszard together with 12 settlements forms the hot spot of
the region, as well as Pécs plays a pivotal role in the life of the surrounding
settlements. Surprisingly, some of the shore settlements of Lake Balaton (Zamardi,
Balatonboglar, Fonydd) and their neighbours also have higher potentials, but
Siéfok as the ‘capital’ of the southern lake shore has not got a significant role in
grabbing upwards its neighbours regarding their local human capital. Another
surprise in this term was Kaposvar that was found to have no significant effect on
its surrounding settlements as a few of its neighbours were found with lower while
another ones with significantly higher LHC potential. It can be explained in a way
that the proximity of a town on its own does not provide an adequate pulling
effect, another factors play a role in the diverse potential of the neighbouring
settlements.

In the future our LHC indicator can be tested for the whole of Hungary and it is
reasonable to develop it further in terms of complexity in order to incorporate
further dimensions of human capital.

CONCLUSIONS

It can be seen that, due to the selective pattern of regional growth, various
development paths of single regions are emerging even worldwide. The definition
of possible growth strategies for each territorial unit must necessarily rely on local
assets (M1A, 2001) and potentials and their full exploitation: in short, on what is
called ‘territorial capital’. (OECD, 1999; OECD, 2010). It is widely agreed by
researchers that especially endogenous regional development highly relies on local
assets, among them on local human capital. On the other hand, there are several
indicators in use for measuring spatial allocation of local capital or human capital
without a consensus among researchers. Human capital has already been studied
from many aspects and reviewing these studies made us confident to work on the
topic further. The authors focused on the development of a potential indicator
which, according to our initial intention, describes the local human capital of the
settlements in the Southern Transdanubian region. The aim of the research was to
compose a complex indicator which contains several pieces of information of the
human capital - starting from the population base up to the availability of local jobs.
It was found that the local human capital of the Southern Transdanubian
settlements has to some extent clear spatial patterns, which is induced mainly by the
role of central settlements. Although in some cases the pulling effect of these bigger
cities is not unambiguous, not all of their neighbouring settlements benefit. On the
other hand, the majority of the settlements does not belong to either positive or
negative clusters, and only a few cases were seen as outliers, too. In the future our
LHC indicator can be tested for the whole of Hungary and it is reasonable to
develop it further in terms of complexity in order to incorporate further
dimensions of human capital.

35



Koves et al.: Local Human Capital Index in the South Transdanubian Region

REFERENCES

Ambrus, Z-né, Varsanyi, T. (2011): Az egészség és az életmdd regionalis
kilonbségei. In: Terileti Statisztika 51. 3. 227-244. p.

Anselin, L., Bera, A.K. (1998): Spatial dependence in Linear Regression Models
with an Introduction to Spatial Econometrics. In: Statistics textbooks and
monographs 155. 2-3. 237-290. p.

Bajmoécy, Z. (ed)(2010): A Dél-Alféldi régié innovacids képessége. Elméleti
megkozelitések és empirikus elemzések. SZTE Gazdasagtudomanyi Kar
Kozgazdasagtani és Gazdasagtejlesztési Intézet Szeged, ISBN: 978-963-3006-
066-7

Bodnir, G (2013): Endogenous Development: Role of Territorial Capital in Rural
Areas. In: Lengyel, 1., Vas, Zs. (eds.) Regional Growth, Development and
Competitiveness. University of Szeged, Doctoral School in Economics,
Szeged, 13-25. p. ISBN 978-963-306-222-7

Camagni, R. (2008): Regional competitiveness: towards a theory of territorial
capital. In: Capello, R., Camagni, R., Chizzolini, P., Frasati, R. (eds.) Modelling
regional scenarios for the enlarged Europe: European competitiveness and
global strategies, Berlin : Springer-Verlag

Camagni, R., Capello, R. (2008): Knowledge-based economy and knowledge
creation: the role of space. In: Fratesi U., Senn, L. (eds.) Growth and
innovation of competitive regions: the role of internal and external
connections, Berlin : Springer-Verlag

Dusek, T. (2004): A tertleti eclemzések alapjai. In: Regionalis tudomanyi
tanulmanyok 10., ELTE Regionalis Féldrajzi Tanszék, MTA-ELTE
Regionalis Tudomanyi Kutatécsoport, Budapest.

Forray, R K., Hives, T. (2013): Az iskolazottsag térszerkezete. In: Educatio 13. 4.
493-504. p.

Gal, Z., Ptacek, P., Horvathné Kovacs, B. (2011): The role of mid-range universities
in knowledge transfer in non-metropolitan regions in Central Eastern Europe.
[online] <URL: http://www.regional-studies-assoc.ac.uk/events/2011/apt-
newecastle-papers.asp> [11.05.2016.]

HCSO, 2014: Hungarian Central Statistical Office Regional statistics database. [online]
<URL: http://statinfo.ksh.hu/Statinfo/ themeSelector.jspPpage=2&szst=T>
[21.05.2016]

Honfi, V., Horvathné Kovacs, B. (2008): Analysing settlement level data with
dynamic indicators based on GIS database. In: Acta Agraria Kaposvariensis
12. 2. 221-226. p.

Horvathné Kovics, B., Nagy, M. Z.: Alkalmazott Regionalis Elemzések. Kaposvar :
Kaposvari Egyetem, 2015. 178 p. ISBN: 978-963-9821-73-6

Jona, Gy. (2015): Determinants of Hungarian sub-regions’ territorial capital
European Spatial Research and Policy 22 (1): 101-119. Regional Statistics, 5. 1.
121-136. p.

Kertesi, G., Varga, J. (2005): Foglalkoztatas és iskolazottsag Magyarorszagon In:
Kozgazdasagi Szemle 52. 7— 8. 633—6062. p.

36



Regional and Business Studies 170/ 8 No 2

Kézdi, G. (2004): Iskolazottsag és keresetek. In: Fazekas, K., Varga, |. (eds.): Munka-
erépiaci titkér 2004. 43—63. p., Budapest : MTA K6zgazdasigtudomanyi Intézet

Molnar, T. (2015): Empirikus tertleti kutatdsok. Akadémiai Kiado, 2015. 175-200 p.
ISBN: 9789630595988

MTA (2001): OECD Tertileti Vizsgalatok — Magyarorszag. Translation of OECD
Territorial Reviews: Hungary (Paris, OECD, 2001). Magyar Tudomanyos
Akadémia Regionalis Kutatasok Kézpontja: Pécs

Nagy, A. (2015): A mérhetetlen elmaradottsig mérése. Ismerteté Pénzes Janos:
Periférikus térségek lehatarolasa — dilemmak és lehet6ségek. Debrecen : Didakt
Kiado, , 2014. In: Teriileti Statisztika, 55. 1. 88-92. p.

Nemes Nagy, J. (2003): A fekvés és az iskolazottsag hatdsa a teriileti egyenlStlen-
ségekre Magyarorszagon. In: Fazekas, K. (ed.) Munkaerépiaci tiikér 2003.
133-143. p., Budapest : MTA Kézgazdasagtudomanyi Intézet

Nemes Nagy, J. (2005): Regionalis elemzési modszerek. In: Regionalis tudomanyi
tanulmanyok 11., ELTE Regionalis Féldrajzi Tanszék, Budapest : MTA-ELTE
Regionalis Tudomanyi Kutatécsoport

Obadovics, Cs., Kulesar, L. (2003): A vidéki népesség humanindexének alakulasa
Magyarorszagon. In: Tertileti Statisztika 43. 4. 303—322. p.

OECD (2000): The OECD Territorial Reviews: a conceptual framework.
Document [DT/TDPC(99)11]. Paris : Territorial Development Service

OECD (2010): Conceptual Framework For National Urban Policy Reviews.
[GOV/TDPC/RD(2010)3]. [online] <URL: http://www.oecd.org/
officialdocuments/publicdisplaydocumentpdf/?cote=GOV/TDPC/RD(2010)
3&docLanguage=En> [12.05.2016.]

O’Sullivan, D., Unwin D.J. (2003): Geographic information analysis. New
Jersey : John Wiley and Sons, Hoboken

Pénzes, J. (2014): Periférikus térségek lehatirolasa — dilemmak és lehetSségek.
Debrecen : Didakt Kiadé

Rechnitzer, J., Smahd, M. (2005): A human eréforrasok regionalis sajatossigai az
atmenetben. In: KTI kényvek 5. Budapest : MTA Ko6zgazdasag-tudomanyi
Intézet

Rechnitzer, J. (2009): A felsGoktatds térszerkezetének valtozasa és kapcsolata a
regionalis szerkezettel. In: Educatio 18. 1. 50-63. p.

Romer, P.M. (1994): The Origins of Endogenous Growth. In: Journal of Economic
Perspectives 8. 1. 3-22. p.

Santa, E., Szakéalné Kano, L, Lengyel, 1. (2015): Csokkennek az iskolazottsag tertileti
egyenlStlenségei? A fels6foku végzettségliek teriileti eloszlasa a népszam-
lalasok adatai alapjan, 1990-2011. In: Teriileti Statisztika 55. 6. 541-555. p.

Sarudi, Cs., Molnarné Barna, K., Horvathné Kovacs, B. (2011): Regional
differences in the European Union. In: Deturope: Central European Journal
of Tourism and Regional Development 3. 1. 55-75. p.

Stimson, R., Stough, R.R., Nijkamp, P. (2011): Endogenous regional development
In: Stimson, R., Stough, R.R., Nijkamp, P. (eds) Endogenous Regional
Development Perspectives, Measurement and Empirical Investigation,
Cheltenham : Edward Elgar

37



Koves et al.: Local Human Capital Index in the South Transdanubian Region

Szendi, D. (2015): A lokalis human fejlettségi index eloszlasa és teriileti
autokorrelaciéja Németorszag ¢és  Magyarorszag esetében. In: Terileti
Statisztika, 55. 6. 556-591. p.

T. Kiss, J. (2012): A human téke statisztikai mérhet&sége. In: Statisztikai Szemle. 90.
1. 65-88. p.

Todaro, M.P., Smith, S.C. (2009): Economic development. (10* ed) Harlow :
Addison Wesley

UNDP (2013): National Human Development Report Poland 2012: Local and
Regional Development, UNDP Project Office in Poland, Warsaw

Varga, A. (2002): Térokonometria. In: Statisztikai szemle 80. 4. 354-370. p.

Varga, A. (2009): Térszerkezet és gazdasagi névekedés. Budapest : Akadémiai
Kiado, 146. p.

Corresponding author:

Bernadett HORVATHNE KOVACS

Kaposvar University,

Department of Regional Studies and Statistics
H-7400 Kaposvar, Guba Sandor 40.

Tel.: +36 82 505-800 3505

e-mail: kovacs.bernadett@ke.hu

38



Regional and Business Studies (2016) Vol 8 No 2, 39-63
Kaposvar University, Faculty of Economic Science, Kaposvar

ROLE OF HUMAN IMPACTS ON DRASTIC CHANGES
OF INFLOW TO LAKE BALATON — POTENTIAL HYDROLOGICAL
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2Central Transdanubian Water Management Ditrectorate, H-8000 Székesfehérvar, Balatoni 1t 6.
3General Directorate of Water Management, H-1012 Budapest, Marvany u. 1/d.

ABSTRACT

Latke Balaton is an important natural and economic asset of Hungary. In the past, sinrilarly to other
large lakes, it provided habitat for wild life as well as livelibood and drinking water for the people
living in its neighbourhood. In the second part of the last century, water related tourism developed a
great deal and Lake Balaton became an important economic factor of the national economry. A
necessary condition to maintain or develop the tourism industry in the Lake Balaton Resort Area it
is enough to have good quality water in Lake Balaton and a pleasant and rich natural environment
in the region. The extended dronght period from 2000 to 2004 underlined the vulnerability of the
water resources of Lake Balaton to changing hydro-meteorological conditions. 1t is well known that
the water balance of the lake was changing to the worse in the last 3 decades. In this study, human
activities affecting the water balance of the lake were investigated. It was found that annually 210 to
230 lake mm of water was deterred from the lake due to buman impacts such as the
construction/ restoration of the Balaton Minor Water Protection System, reservoirs and fish ponds
constructed in the watershed, disturbance of the main karstic reservoir by bauxite mining, direct water
use from the lake, changes in the land use pattern in the watershed, and already manifested impacts of
climate change through decreasing discharges of the tributaries of Lake Balaton. Based on the findings
of the study, recommendations were made such as launching a complex: water resource preservation
program for the whole watershed including rain water management and ntilization, land use planning
giving priority to water resource management, elimination of illegal water withdrawal, banning the
construction of further shallow reservoirs and fish ponds and the improvement of the hydro-
meteorological monitoring systen.

Keywords: Lake Balaton, human impacts, water balance, climate change

" This article is based on the presentation held at the Conference “100 Year of the Hungarian
Hydrological Society - National Wandering Meeting” 6-8 July 2016, Debrecen, [online] <URL:
https:/ /www.researchgate.net/publication/312121204_A_Balaton_es_teljes_vizgyujto-teruletenek_
atfogo_hidrologiai_vizsgalata_kulonos_tekintettel_a_lefolyasi_viszonyok_drasztikus_valtozasara_es_
a_hozza_folyas_csokkenesere
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INTRODUCTION

Lake Balaton is a natural asset of Hungary. It is a multiple-use water body: drinking
and irrigation and industrial water resource, food resource, a navigation medium,
and last but not least, supporter of tourism industry in the region. Lake Balaton
region (,official” name: Lake Balaton Resort Area, LBRA) is a legal entity
consisting of 180 municipalities and the lake surface itself. With more than 6
million commercial guest nights recorded annually, LBRA is the second most
important tourist destination after Budapest, both in terms of guest nights and
tourism-related income. However, when non-commercial guest nights spent in the
more than 70 thousand holiday-houses are counted, LBRA well exceeds the figures
of Budapest. For at least two months in summer, Lake Balaton is ,,the second
largest city” in Hungary with an estimated population exceeding 500 thousand.

Tourism related income of LBRA may be estimated at 283,000 million HUF/year
(a share of 25% of the national figure) (estimated based on HCSO, 2016a and HCSO,
2016b). It may be interesting to know what the potential value of the whole Lake
Balaton would be as a drinking water resource. The regional price of drinking water is
around 500 Ft/m3. Lake Balaton volume at 100 cm water level is 2,130 million m3.
Therefore, the potential value is 1,065,000 million HUF. It is almost 4 times larger
than the tourism income per year. Such calculations can be performed in case of
other hypothetical uses, such as irrigation water, fisheries water, and even the case of
draining the lake and using as an agricultural area can be (and was!) imagined. All
these other uses would provide only a small fraction of the tourism related income.

The good environmental status of Lake Balaton is a necessary condition for the
tourism industry to thrive and provide livelihood for the permanent population as
well as significant revenues for the local governments.

Lake Balaton is an extremely shallow lake with 3.5 m average depth. Such lakes
are very sensitive to environmental changes both in terms of water quantity and
quality. Sensitivity of water level to water quantity is caused by natural variability of
water budget elements together with changes caused by human interventions to
them. Water budget related processes of the last one and a half decades provided
several premonitory signs. Mostly due to the more and more extreme
meteorological events the extreme water budget condition increase occurs.

In order to track the changes in the water level of Lake Balaton (or any lake) it is
essential to have reliable and comprehensive knowledge about the factors affecting
water budget.

The water balance of a lake for a certain period of time reads as follows:

AB = (PR+IF) — (EV+OF+WU) 1)

where
PR direct precipitation to the lake surface,
IF  inflow from the watershed,
EV  evaporation from the lake surface,
OF outflow (in case of Lake Balaton controlled outflow through the Si6
canal sluice),
WU water use from the lake,
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AB  change in water budget,
ABx natural change of water budget ABn = (PR+IF) — EV.

In case of Lake Balaton, reliable and verified monitoring data on water budget
elements have been available since 1921, resulting in a 94 year long time series
(1921-2014).

In Table 1, mean, minimum and maximum values of water budget elements are
summarized for the entire period.

Table 1

Characteristic values of water budget elements of Lake Balaton

Water budget element Minimum | Mean | Maximum
Lake mm/year*
Direct precipitation (PR) 309 618 929
Inflow (IF) 293 858 1974
Evaporation from the lake (EV) 723 898 1073
Change in natural water budget (ABr) -281 578 2031
Outflow (OF) 0 558 1791
Water use (WU)** 15 28 51

*1 Lake mm ~ 600,000 17 water volume; ** values refer to the 1971-2014period
It can be concluded that evaporation (EV) shows the least variability while inflow (IF) shows the

greatest one.

Long term averages show that Lake Balaton has outflow, i.e. it is an exorheic lake.
The annual outflow is approximately equal to the volume of direct precipitation.
Outflow from the lake has been controlled since 1863. Discharge and period of
outflow are determined by actual demands and the water level control regulations
in force.

Changes in the natural water budget mean the algebraic sum of natural water
budget elements, i.e. precipitation + inflow — evaporation. This calculated amount
(ABn) indicates the impact of natural pressure on the water budget.

Figure 1 shows the time series of the annual values of ABx. It should be stressed
that it was positive in every year for the period between 1921 and 1999. However,
there were 7 years between 2000 and 2014 when the value of ABx became negative.

In order to explain the changes in the value of ABx in time 30-year averages of
precipitation, inflow and evaporation were analysed (in accordance with the
recommendations by the World Meteorological Organization, WMO, 1983).
Results are shown in Figure 2.

As it is shown in Figure 2 the inflow is the budget element that shows strong
declines starting from the 1970s. Therefore, it can be concluded that the inflow is
the dominant factor controlling the changes in the natural water budget. Based on
this finding, inflow to Lake Balaton has been analysed to reveal the causes of the
decline in inflow.
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Figure 1
Time series of the natural water budget values of Lake Balaton
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Figure 2

30-year averages of natural elements of the water budget of Lake Balaton
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ANALYSIS OF DISCHARGES OF THE TRIBUTARIES OF LAKE
BALATON AND BALATON MINOR

Regular hydrological monitoring of the tributaries of Lake Balaton and Balaton
Minor (,,Kis-Balaton” in Hungarian) started in the 1950s. The longest time series of
daily mean discharges are available for the Zalapati section of River Zala. In the
second half of the 20t century, more and more tributaries were included in the
level/discharge monitoring system. Data used for analysis are shown in Table 2.

Table 2
Available discharge data used for the analysis
. . . .. No. of
No. Tributary/station Period Missing data
years
1 Lesence reed field western outflow, 20032014 12
Balatonederics
5 Lesence reec.l field eastern outflow, 2003-2014 12
Balatonederics
3 | Tapolcacreek, Hegymagas 1986-2014 29
4 | Eger creek, Nemesgulacs 1986-2014 29
5 | Burnét creek, Abrahimhegy 1970-2014 45
6 | Orvényesi creek, Orvényes 1970-2014 45
7 | Kéki creek, Balatonfired 1983-2014 | 1986 31
8 | Western belt canal, Balatonkeresztur* 1992-2014 [2011-2012 21
9 | Hatarkilviz canal, Csomend 1985-2014 | 1998 29
10 | Ké6roshegyi creek, Kéréshegy 1979-2014 ;??2682?26%%, 12%%97_ 27
11 |Tetves creek, Visz 1964-2014 | 2000, 2004, 2009 48
12 | Keleti Boz6t canal, Pamuk 1988-2014 27
13 | Bidosgati creek, Szélad 1967-2014 | 1980, 1994, 2010 45
14 | Boronkai creek, Boronka 1986-2014 ;3?3’ 1991-92, 2003, 29
15 | Zala river, Zalalové 1980-2014 35
16 | Zala river, Zalaegerszeg 1970-2014 45
17 | Zala river, Zalabér 1962-2014 | 1975 52
18 |Zala river, Zalaapati 1952-2014 63
19 | Zala river, Balatonhidvég 1985-2014 30
20 |Zala river, Fenékpuszta 1976-2014 39
21 | Egyesitett-6vcsatorna, Fenékpuszta 2005-2014 | 2014 9
22 | Esztergalyi creek, Esztergalyhorvati 1999-2014 16
23 | Orosztonyi creek, Garabonc 2003-2014 12
24 | Kiskomaromi creek, Zalakomar 1970-2014 | 1977 44
25 | Zala-Somogyi border ditch, Székedencs| 1996-2014 19
26 | Marotvolgyi canal, Fényed 1996-2014 | 2003-2004 17

* For Nyugati dvesatorna, only monthly average discharges are available therefore, only mean
discharges conld be determined.
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Analysis of the discharge time series

For all tributaries and years shown in table 2 daily average, minimum and maximum
discharges were determined for a given year and respective hydrological half years
(summer half year (November 1 to April 30) and winter half year (May 1 to
October 31). In this way, 228 time series were produced. For all-time series, the
linear correlation equation and the respective coefficient of correlation were
determined. Pearson’s test was performed for the correlation coefficients at three
levels of statistical significance (90, 95 and 99%, or p values of .1, 0.05 and 0.01). In
addition, signs of the slopes of the correlation equations (or trends of changes)
were also analysed. Examples of the results are shown in Table 3 for River Zala and
tributaries of Balaton Minot.

Table 3
Statistical indicators of the discharge monitoring stations
of Zala river watershed based on annual medium discharges
. Changes|Significance level (%)
2
Water course/station N R R +/ 920 95 99

Zala river, Zalalévé 35 10.1093 | 0.3306 - + - -
Zala river, Zalaegerszeg 45 10.0191|0.1382 - - - -
Zala river, Zalabér 52 10.2086 | 0.4567 - + + +
Zala river, Zalaapati 63 |0.1251 | 0.3537 - + + +
Zala river, Balatonhidvég 30 |0.0835|0.2890 - - - -
Zala river, Fenékpuszta 39 {0.0194]0.1393 - - - -
Egy?smett—ovcsatoma, 9 10.0078 | 0.0883 ) . . .
Fenékpuszta

Esztergilyi creck, 16 0.0211 01453 - -] -
HEsztergalyhorvati

Orosztonyi creek, Garabone| 12 |0.0300 | 0.1732 - - - -
Kiskométomi creck, 44101293 0.3596 | - + o+ -
Zalakomar

Za{a—Somogyl border ditch, 19 10,0472 102173 i i i i
Sz6kedencs

Marétvolgyi canal, Fényed | 17 |0.0659 | 0.2567 - - - -

Statistics were prepared for all discharge indicators of the watershed. Summarizing
the results it can be stated that negative (decreasing) trends in the discharges were
found in 166 cases out of 228, i.e. in 73.1% of the cases. Positive trends were found
only in 61 cases and no change in 1 case.

When statistically significant trends are considered (at least 90% significance
level), negative trends dominate even more: 71 (or 84.5%) out of 84 significant
trends and as few as 13 trends were positive.

Results of statistical analyses are summarized in Table 4 and Table 5.
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Table 4

Number of statistically significant decreasing discharges

LKQ* KOQ** LNQ***
. w S8 8 & |« 88 8 & |« 88 8 &
Water course/station ;'-a’ E é :% % é :% g E % g E’ é E ;:;T
PEREE[FHIEEPEig 2
Lesence reed field western outflow,
. 1111
Balatonederics
Lesence reed field eastern outflow,
Balatonederics
Tapolcacreek, Hegymagas 11111
Eger creek, Nemesgulics
Burnét creek, Abrahimhegy 111|111 ]1t]1]1
Orvényesi creek, Orvényes 1 111 1
Kéki creek, Balatonfired
Western belt canal, Balatonkeresztur
Hatarkulviz canal, Csémend 1
Koroshegyi creek, Kérdshegy 1 11111
Tetves creek, Visz 1 (1
Keleti Bozot canal, Pamuk 1
Bilidosgati creek, Szolad 1 111
Boronkai creek, Boronka 1 1
Zala river, Zalalovs 1 (111 1
Zala river, Zalaegerszeg 1|11
Zala river, Zalabér 1 1 (11|11
Zala river, Zalaapati 17111111
Zala river, Balatonhidvég 1 1
Zala river, Fenékpuszta 1111
Egyesitett-6vesatorna, Fenékpuszta 1
Esztergalyi creek, Esztergalyhorvati 1 1
Orosztonyi creek, Garabonc
Kiskomaromi creek, Zalakomar 1 (1|1 (1]1](1
Zala-Somogyi border ditch, 1
Sz6kedencs
Marétvolgyi canal, Fényed 1111
Total 31711109 |7 | 8| 5|35

* LKQ: smallest discharge, ** KOQ: mean discharge, *** LNQ: largest discharge
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Table 5

Number of statistically significant increasing discharges

LKQ* K(")Q** LNQ***

| IR 1 ™ L=1E -] ]

. - S0 S & [ S|l & R |= Slo & <

Water course/station S LE Y ¢ |8 gE Y 98 YE Y g
R R

g2 & & |7 &2 8 &% EEESE

Lesence reed field western outflow,
Balatonederics
Lesence reed field eastern outflow,
Balatonederics

Tapolcacreek, Hegymagas

y

Eger creek, Nemesgulacs

Burnét creek, Abrahamhegy

Orvényesi creek, Orvényes
Kéki creek, Balatonfired
Western belt canal, Balatonkeresztur

Hatarkulviz canal, Csémend

Kér6shegyi creek, Koroshegy
Tetves creek, Visz

Keleti Boz6t canal, Pamuk JJJ

Budosgati creek, Szélad

Boronkai creek, Boronka

Zala river, Zalalové

Zala river, Zalaegerszeg

Zala river, Zalabér

Zala river, Zalaapati -I

Zala river, Balatonhidvég

Zala river, Fenékpuszta

Egyesitett-6vesatorna, Fenékpuszta

Esztergalyi creek, Esztergalyhorvati
Orosztonyi creek, Garabonc -I
Kiskomaromi creek, Zalakomar

Zala-Somogyi border ditch,
Sz6kedencs

Marétvolgyi canal, Fényed
Total 212131021111
* LKQ: smallest discharge, ** KOQ: mean discharge, *** LNQ: largest discharge
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Based on the discharge monitoring data of several decades, it was found that
negative trends dominate in the changes of discharges of watercourses in Lake
Balaton watershed.

There are two discharge monitoring points on Lake Balaton watershed that have
suitably long time series of daily mean discharge values: one on river Zala at the
village of Zalaapati (63 years long) and another on Kiskomaromi canal at the village
of Zalakomar (45 years). When these time series were divided into two
(approximately) equal periods, and means as well as trends of change were
determined, the results shown in Tabl 6 were obtained. The linear correlation
equations are statistically significant. Discharges for the ends of the periods were
also estimated by these equations. For both watercourses, the discharges show
significant decrease. The difference for the two periods in case of River Zala is 1.06
m3/s corresponding to a decrease of 56 lake mm/year.

Table 6

Long term changes in the discharges of River Zala and Kiskomaromi Canal

Zala, Zalaapati Kiskomaromi-csatorna, Zalakomar

Period | KOQ* mean, m3/s Period | KOQ* mean, m3/s
From measured data From measured data
1952-1983 5.56 1970-1992 0.369
1984-2014 4.48 1993-2014 0.325
Change, % -19.4 Change, % -11.9
From trendline equation From trendline equation
1952 6.01 1970 0.466
2014 3.95 2014 0.325
Change, % -34.2 Change, % -30.2

* KOQ: mean discharge

ANALYSIS OF THE EFFECT OF BALATON MINOR ON THE
CHANGES IN THE WATER BUDGET OF LAKE BALATON

Analysis of time series based on hydrological analogy
The Balaton Minor Water Protection System (BMWPS) is a kind of restoration of
former wetlands that extended to several tens of square kilometres near the mouth
section of River Zala (Figure 3). The primary purpose of the restoration was the
eutrophication control of Lake Balaton. Stage I. of BMWPS (The 19.6 km? surface
area Lake Hidvég) was inundated in July 1985. Part of Stage II (Ingd swamp with
16 km? area) was inundated in October 1992. Finally, Stage 11 was finished at the
end of 2014 with the construction and inundation of the Lake Fenéki with a surface
area of 35.5 km?2 Total surface area of BMWDPS is 71.1 kmZ, i.e. some 12% of the
surface area of Lake Balaton.

BMWPS is situated in the downstream section of River Zala, between the village
of Zalapati and the river mouth. The sub-watershed area of BMWPS is 1094 km?,
belonging entirely to the Lake Balaton watershed.
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(Re)construction of BMWPS significantly modified the hydrological processes of
the affected area. The open water surfaces created evaporate more water than that
(evapotranspiration) of the mostly dry land that had existed there before the
inundations.

According to annual water balances calculated for BMWPS evaporation is about
900 mm/year (source: WIDWMA) while, according to literature data (Noviky,
1984), evapotranspiration was only 550 to 600 mm/year. This means that the
evaporation excess is 300 to 350 mm/yeat.

In addition to evaporation excess, seepage from the lakes (that are actually
reservoirs) to the ground water on the eastern, peaty side of BMWPS may also be
important. The seepage may affect (practically increase) the evapotranspiration of
the area around BMWPS.

More detailed analysis of the modification effects of BMWPS on the
hydrological processes and water budget of Lake Balaton were carried out by two
methods described below.

Annual specific runoff of the sub-watershed of River Zala between the Zalapati
water gauge and the river mouth was determined using hydrological analogy based
on the discharge data of Kiskomaromi canal (one of the largest tributaries)
measured at the Zalakomar water gauge. Processed data of the Hungarian
Hydrological Database (MAHAB) were used. Annual runoffs for the sub-watershed
(assuming that BMWPS does not exist) were estimated as the products of annual
specific runoffs and the area of the sub-watershed.

Results showed that in 23 out of 29 years the difference of measured and
estimated discharges for the mouth section of River Zala were negative. The
multiannual average is -34 lake mm/year, indicating that BMWPS has a negative
impact on the water balance of Lake Balaton. It should be mentioned that there is a
great yeat-to-year variability in the value. The largest deficit is -108 lake mm/yeat,
occurring in 2004.

The negative effect of BMWPS on the water balance of Lake Balaton is most
obvious when dry periods with below-average annual precipitation are considered.

E.g. in the period from 2000 to 2003, the four-year average of annual
precipitation was 521 mm/year as compared to the average (660 mm/year) of the
whole period examined (29 years from 1986 to 2014). Although in year 2004 there
was 6% more precipitation than the average, the water abstraction effect was twice
of the average (-67 lake mm/year) for the 4 years.

Analysis of runoff based on multiannual averages and area delineation

After the inundation of Phase I (19.6 km?) of the BMWPS in 1985, its water surface
changed in three steps. The total water surface increased to 35.6 km?2 in 1992 and
to 71.1 km? in 2014. Water balances have been done for Balaton Minor (BM) every
year since 19806, though with changing methodology that resulted in inconsistent
results and made year-to-year comparison difficult. Therefore, these annual water
balances are not used in this study. Instead, we used a new approach of area
delineation to deal with the whole BM area.
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Figure 3

A schematic map of Balaton Minor Water Protection System
with the objects used for the calculation of water balance
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There are 8 discharge monitoring points around the whole area of BM (Figure 4).
The polygon determined by these 8 points encloses an area being considerably
larger than the area of the BMWPS. Therefore, natural internal flows between
Phase I and Phase II as well as discharges of pumping stations inside the polygon
did not have to be dealt with. Steps of the method are as follows:

1.

2.

The polygon enclosing the area was determined based on the geo-coordinates of
the discharge monitoring stations.

Direct watersheds as well as watersheds of small watercourses located outside
the polygon were determined (altogether 8 “outlying” areas).

The average specific runoff was calculated for 7 sub-watersheds based on the
inflow discharge data of the monitoring stations for the 1986-2014 period.

For the “outlying areas, the average specific runoff was calculated as the
weighted average of the two neighbouring sub-watersheds.
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5. The average specific runoff for the polygon was determined as the weighted
average of the known data of the 7 sub-watersheds.

6. The predicted discharge of river Zala at the mouth of river Zala (outflow of the
polygon, and inflow to Lake Balaton) was calculated using the specific runoff
data of the 7 known sub-watersheds and the 8 “outlying” areas, and the
predicted figure was compared to the monitoring data of the station at the river
Zala mouth.

Figure 4

The polygon enclosing Balaton Minor
(tips are the discharge monitoring points)
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This estimate of the discharge of River Zala is considered as a “conservative” one
since the specific runoff data of River Zala (calculated from the data of the
Zalaapati monitoring station) were also included in the estimation of the runoff of
the polygon. Since the runoff figure of Zalaapati is smaller than that of the smaller
tributaries of BM, the calculated “theoretical” discharge at River Zala mouth is
smaller than it would be by the omission of the Zalaapati data.

In order to study the sensitivity of the estimated discharge to the method used,
two estimations were carried out with slightly modified methods. As one
modification, the runoff of the polygon was estimated as the weighted average of 4
medium watercourses (Kiskomaromi Canal, Zala-Somogyi Border Ditch,
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Marétvolgyi Canal és Hgyesitett Belt Canal). This is considered to be the
“maximum” scenario in terms of the discharge estimate at Zala mouth. The other
modification was based on the specific runoff of Kiskomaromi Canal, a medium
sized watercourse. The runoff of this watercourse is smaller than the other medium
sized watercourses, so this estimate was considered as “minimum” (Table 7).

Table 7

Estimation of the effect of Balaton Minor on the discharge of River Zala and
on the water balance of Balaton Minor and Lake Balaton

Quantity Conservative| Maximum | Minimum
Calculated discharge, m3/s 8.00 8.10 7.81
Measured at Zala mouth, m3/s 7.04 7.04 7.04
Deficit, m3/s -0.96 -1.06 -0.77

Deficit as BM water level (71.1 km?)
lake mm/year

Deficit as Lake Balaton water
level (600 km?) lake mm/year

428 ~469 342

-50.7 -55.6 -40.6

Based on the estimations by these methods, it can be concluded for the 29 year
period studied that the annual average deficit caused in the water balance of Lake
Balaton by Balaton Minor is some 40 to 60 mm /year in terms of Lake Balaton
water level.

The two different methods (annual analysis based on hydrological similarity as
well as multiannual analysis based on territorial delineation and hydrological
similarity) resulted in estimates of 34 to 51 mm/year as deficits in terms of Lake
Balaton water level.

EFFECT OF RESERVOIRS AND FISH PONDS ON THE LAKE
BALATON WATERSHED ON THE WATER BUDGET OF LAKE
BALATON

Reservoirs and fish ponds in the watershed

Based on data of year 2015, the number of reservoirs and fish ponds exceeding the
1,000 m?2 area is 405 with a total water surface area of 37.2 km2, The distributions of
these water bodies by size and number are shown in Figure 5.

These free water surfaces constructed on the water courses of the watershed are
extremely shallow and they increase evaporation (water temperatures exceeding 30 °C
are not rare in summer) as compared to the evaporation of small rivers and creeks.
The excessive evaporation appears as deficit in the water budget of Lake Balaton.

The excess in evaporation of these water bodies was estimated as the difference
in the evaporation of free water surfaces and that of grass covered (meadow,
pasture) areas. The long term multiannual (from 1951 to 2014) average was 8
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mm/year in terms of Lake Balaton water level. When the petiod of the existence of
BMWPS is considered (from 1986 to 2014), the deficit caused by these water
bodies is 10 mm/yeat. The year-to-year figures show great variability (e.g. 1 mm in
1996 and 21 mm in 2000).

Figure 5

Distribution of number and surface area of reservoirs and fish ponds in the
Lake Balaton watershed (without Balaton Minor)
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The average water deficit caused by the BMWPS and all the other stagnant surface
water bodies is estimated as some 44 to 61 mm/year.

During the extended drought period from 2000 to 2004 the stagnant surface
waters alone (including the BMWPS) caused as much as 406 mm deficit in the
water budget of Lake Balaton. This figure compares to the 3500 mm average depth
of Lake Balaton.

Climate change scenarios referring to Lake Balaton predict increasing
temperatures and evaporation (both from the lake and the watershed). In mult-
decade lookout, it is probable that the frequency and length of periods with water
deficit increase. These findings suggest that the creation of new stagnant water
surfaces in the watershed is definitely not recommended.

ANALYSIS OF WATER USE FROM LAKE BALATON
Water withdrawal now and its expected future change

Water use is the difference of withdrawn (drinking, irrigation, industrial, cooling
water) and returned (treated effluents, used cooling water, etc.) water volume.
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Reliable data for water use from Lake Balaton have been available since 1971. The
greatest figure was 51 mm/y in 1989 while the smallest one was 11 mm/y in 2014.
Trend of water use in the last 23 years is shown in Figure 6.

Figure 6
Trend of water use from Lake Balaton
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An important reason for the decreasing trend is that while the consumer price
index increased “only” 7.3 times during the period (HCSO, 2016c), the drinking
water and sewer prices increased 16 times. The high water service price is a strong
incentive to water saving. At the same time, environmental awareness may also play
some part in the reduction of water use. While water use in the Lake Balaton
watershed was 180 litre/person/day in 1997-1999 (in JICA project), it decreased to
less than 100 litre/person/day by 2014.

The installed water withdrawal capacity of the Transdanubian Regional Water
Works (DRV) corresponds to 41 lake mm/year, but it uses only a fraction of it, i.e.
9 to 11 lake mm. The company plans to switch its water base from Lake Balaton to
karstic water wells.

The Water Framework Directive of the Huropean Union states that the
principle of the recovery of water service costs should be taken into consideration.
Therefore, it is not expected that water prices would decrease in the future, and as a
consequence, water use would not increase either. The dissemination of
environmental and climate awareness as well as the corresponding programs of
municipal governments also have an effect to reduce water use.

Act CXII. of 2000 on the Regional Development Plan of Lake Balaton Resort
Area (so called “Lake Balaton Act”) prefers environmental and nature protection to
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industrial development, so it is not expected that industrial water withdrawal would
increase to any significant level.

The lack of funds in agriculture at the beginning of 1990 resulted in radical
drops in the use of irrigation water and fertilizers. However, in the last decade,
fertilizer use increased moderately (Kuzzcs, 2015). It is expected that irrigation water
demand would slightly increase in the next decades.

In summary, water withdrawal is not expected to increase, and it probably stays in
the 10 to 20 mm range.

Water returned into Lake Balaton in the form of treated sewage effluent is
19,098 m3/day (2014) cotresponding to 11.6 lake mm.

The total water withdrawal hardly exceeds the amount of returned water, so
water use from the Lake results in a mere 6 to 7 mm deficit in the water budget of
Lake Balaton.

EVALUATION OF THE EFFECT OF THE INTRODUCTION
OF WATER WITHDRAWN FROM MINES

The most important subsurface water storage formation of Lake Balaton region is
the main karstic water reservoir of the Transdanubian Mountain Range. Of the
anthropogenic impacts on the reservoir bauxite mining is the most influential one.
Most of the bauxite deposits at the north-western edge of Bakony Mountains were
positioned below the original (natural) karst water level constituting a threat to the
mining activities. Since 1963, the mining company applied the active water level
reduction technique in the mining area around the villages of Nyirdd and
Nagytarkany. Water withdrawal from the main karstic water reservoir affected the
water level in a wide area at the north-western part of the northern sub-watershed
of Lake Balaton. Karstic water level dropped significantly (in some areas as much as
150 m) and the subsurface flow direction of karstic water changed (Lorberer et al.
1980). Several springs dried up or their discharges were reduced radically. Some
smaller water courses dried up seasonally or even for longer periods (Vildgos creek,
Lesence creek, Eger creck) so the mining activities fundamentally modified the
surface water runoff as well (Kravinsgkaja, 1986). The water withdrawal from the
mines around Nyirad village exceeded as much as 5 m3/s (i.e. some 70% of the
discharge of River Zala, the largest tributary of Lake Balaton. Most of the
withdrawn water was discharged into another watershed (River Marcal), but a still
significant part (in the order of 1 m3/s) was discharged into the Kétoles creek, a
small tributary of Lake Balaton.

Bauxite mining and water withdrawal from the mines came to an end in 1990,
and introduction to the withdrawn water to the tributary of Lake Balaton was
radically reduced, though some fractional amount from the wells around the mines
were introduced to Kétbles creek up to 2009. The introduction of mining water
into Lake Balaton was completely stopped in that year.

After ending water withdrawal from the main karstic water reservoir, a natural
regeneration process started and this process has been going on since then in front
of our eyes. In some areas the karstic water reached the level that was typical before
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the human interventions, but the regeneration process has not been finished yet

(Figure 7). However, the depletion and recharge processes differ in terms of
duration, intensity and amount.

Figure 7
Calculated and predicted karstic discharges
of the Transdanubian Mountain Range from 1951 to 2030
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Mining activities influenced mostly the water courses and springs of the Tapolca
Basin (NW of Lake Balaton). “Natural” (i.e. free from the effects of mining) runoff
time series of the Tapolca Basin were estimated for the 1970 to 1990 time period,
as well as for the 1991-2014 time period (actual monitoring data). The results are
shown in Figure 8.

The two separate natural runoff time series were analysed statistically and average
rates of decrease and increase of runoffs were determined. The rate of decrease was
found to be -1.44 million m3/year, while that of the increase was 1.38 m3/year.

The increasing natural runoff reached the 40 million m3/year value in 2014,
equalling to the figure of 1970. However, in 1970 some 60 million m3/year water
withdrawn from the mines added to this figure. This latter amount, corresponding
to about 100 lake mm is missing from Lake Balaton’s water budget at present.
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Figure 8
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IMPACTS OF CHANGES ON LAND USE

The most significant changes in land use in the Lake Balaton watershed was the
increase of the area of forests in the last 4 decades. The reasons of change are erosion
control and abandoned tillage and vineyard following political changes in 1990 and
subsequent reprivatisation of land confiscated during the communist period. Since
forests retain precipitation and increase evapotranspiration, excessive forestation may
have a negative impact on the water balance of the Lake. Effect of land use change
was analysed by the DIWA hydrological simulation package ($zabd, 2015). Results
showed that the impacts of changes in land use on runoff were almost negligible. The
deficit caused is some 3 to 4 mm/year in Lake level, close to the uncertainties of the
figures of meteorological and hydrological monitoring stations (Table 8).

Table 8

Change of land use in the watershed of Lake Balaton (data in per cent)

Category 1977 2006 Change
Tillage 38.0 36.0 -2.0
Forest 23.4 28.3 5.0
Meadow, pasture 15.1 12.3 -2.8
Vineyard, orchard 6.1 3.9 -2.2
Water surface 10.5 11.1 0.5
Other 6.9 8.4 1.5
Total 100.00 100.00 0.00
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CLIMATE CHANGE IMPACTS ON THE WATER BUDGET
OF LAKE BALATON

Lake Balaton Development Coordination Agency, the operative arm of Lake
Balaton Development Council dealt with the problem of climate change and its
impact on Lake Balaton (Lake Balaton Adaptation Project, UNDP-GEF, 2006-
2008, EU-Lakes Project “010-2012, Lake Admin Project, 2011-2014).

The objective of the EU-Lakes Project was to study the impacts of climate
change on European lakes. A high resolution regional climate change model was
developed by one of the project partners (Ziger and Knoflacher, 2011, 2012) that
provided meteorological data for the 21st century for the Lake Balaton watershed.
Data of this model were used to predict changes in the water budget of Lake
Balaton.

Results of the predictions on the elements of the water budget are shown in
Figure 9. The graph indicates that inflow is expected to be greatly reduced and Lake
Balaton may become an endorheic lake in the second part of the century. It should
be stressed that such modelling carries a great deal of uncertainties, but the results
suggest that precautionary measures should be planned on the long term.

Figure 9

Changes of water budget elements of Lake Balaton in the 215t century.
Results of climate change simulations based on scenario Alb
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Results of climate change impact predictions are not included in the evaluation of
human impacts, since the objective of this study was to uncover the human impacts
that have already been manifested.

In summary, recognized effects of human influence on the water budget of Lake
Balaton are shown in Table 9.

Table 9

Effects of human activities on the water budget of Lake Balaton

Water resources
Human activities reduction
Lake mm/year
Restoration/Creation of the Balaton Minor Water Protection _ (34-51)
System i
Formation and operation of fishponds -10
Changes in land use (forestation) -(3-4)
Diversion of STP effluents to other watersheds -(6-7)
Discontinuation of the introduction of water extracted from 100
mines
Significant reduction of the discharges of River Zala and 59
Kiskomaromi Canal
Total -(212-231)

SUMMARY AND RECOMMENDATIONS

Long time series of discharges for whole years as well as summer and winter
hydrological half years were produced and trends of changes were analysed for the
tributaries of Lake Balaton. Trend of change was found to be decreasing in 73.1%,
increasing in 26.5% of the cases. There was no change in 0.4% of the cases.
Pearsons tests were performed and it was found that out of the statistically
significant (p < 0.05) trends, 84.5 % were decreasing ones. In case of River Zala
discharge monitoring stations (River Zala carries some 60% of all discharges into
Lake Balaton), as much as 93.8 % were decreasing and a mere 6.2% were increasing
trends at p < 0.01 level. For the two monitoring stations (River Zala at Zalaapati
and Kiskomaromi Canal at Zalakomar) having the longest time series of daily
discharge monitoring data, the time series were divided into two, approximately
equal length, series and it was found that in the last 31 years the annual mean
discharge of River Zala at Zalapati was 19.4% smaller than in the preceding 32
years. In case of Kiskomaromi Canal, the time series was only 45 years long, and it
was found that in the last 23 years the annual mean discharge was 11.9% less than
in the preceding 22 years.

The water budget elements of Lake Balaton were analysed for the 1921 to 2014
period (94 years). No statistically significant trend was found in direct precipitation
onto the lake surface. However, it should be mentioned that both the greatest and
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smallest annual precipitation sums occurred in the last 5 years. In the water budget,
decrease of inflow is the most serious negative factor. As far as the output side of
water budget concerned, statistically significant trend was not found in evaporation
time series. Changes in the water budget of the Lake show warning signals. On one
hand, frequency of unusual/extreme meteorological conditions has increased. On
the other hand, in 7 of the last 15 years the natural water budget (direct
precipitation + inflow — evaporation) was negative, while such figure never
occurred in the previous 79 year period from 1921 to 1999.

The effect of the Balaton Minor Water Protection System on the water budget
of Lake Balaton was analysed by two methods. It was found that the BMWPS
reduced the inflow into the Lake. The long term average figure is -34 to -51
mm/year in terms of Lake Balaton level. Consecutive years with drought conditions
may result in several times higher values than the averages.

Artificial stagnant surface water bodies (reservoirs and fish ponds) result in 8
lake mm/year deficit for the whole period that could be analysed while the figure is
10 mm/year for the 1986 to 2014 petiod.

Water use from the Lake, defined as the difference of withdrawn and returned
water volume, is not significant as compared to other elements of the water budget.
The figure is 6 to 7 lake mm/year, and it is not expected to increase in the future.

The introduction of water withdrawn from bauxite mines into Lake Balaton had
a serious influence of the water budget of Lake Balaton. Both introduction and
stoppage were abruptly decided and carried out. Reliable discharge data for the
water courses and springs affected by mining are not available for the period before
mining (and water withdrawal) activities started, therefore a genuine background
value for runoff of the affected area is not known. It can be concluded, however,
that the natural runoff of the area was 40 million m3/year in 1970. It was reduced
to about 8 million m3/year by 1990 (when mining was stopped), and increased
again to 40 m3/year by 2014. However, some 60 million m3/year (100 lake
mm/year) of “mining water” (in fact, drinking water quality karstic water) was
introduced into the Lake during the 1970 -1990 period that is missing from the
water budget at present.

The found impacts on the water budget of Lake Balaton either directly originate
from human activities or the manifestations of the global climate change. The
deficit caused by human activities in the water budget of Lake Balaton is roughly
210 to 230 mm/year in terms of Lake Balaton level, or 126 to 138 million m?3/year
(for comparison, Hungary’s total potable water production is 600 million m3/year).
Based on the results of this study our recommendations are as follows:

1. Discharge monitoring on the whole watershed should be developed both
quantitatively (more stations) and qualitatively (telemetric, continuous
monitoring) in order to increase reliability of the elements of water budget.

2. Construction of artificial shallow surface water bodies (i.e. reservoirs and fish
ponds) should not be allowed in the watershed. Expired licences should be
revised, extensions should either be refused or strict water management
conditions should be required.
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3. Manifested direct human impacts and the expected future impacts of climate
change indicate that a complex water resources preservation program should be
started in the Lake Balaton watershed. The elements of the program are:
development of rain water management/utilization on individual and
municipality level; improvement of the technical and safety conditions of water
storage in the Lake (i.e. maintaining higher water level to alleviate the impacts of
droughts); increase the level and efficiency of the activities of water authorities;
elimination of illegal water withdrawals; regulation of land use giving priority to
water resources management considerations.

ABBREVIATIONS
BM Balaton Minor
BMWPS Balaton Minor Water Protection System
DIWA Distributed Watershed
DRV Trans-Danubian Regional Water Works
EULAKES Project - European Lakes under Environmental Stressors
HCSO Hungarian Central Statistical Office
IPCC Intergovernmental Panel on Climate Change
JICA Japan International Cooperation Agency
KDT VIZIG  Central Trans-Danubian Water management Authority
STP Sewage Treatment Plant

UNDP-GEF  United Nations Development Programme — Global
Environmental Facility

US-EPA United States Environmental Protection Agency
VITUKI Research Centre for Water Sciences
WMO Wortld Meteorological Organization

WTDWMA  West Trans-Danubian Water Management Authority

REFERENCES

Hungarian Central Statistical Office (HCSO) (2016a): Turizmus-szatellitszamlak,
2014-2015, J[online] <URL: http://www.ksh.hu/docs/hun/xftp/idoszaki/
tutizmszatt/ tutizmszat14.pdf>

Hungarian Central Statistical Office (HCSO) (2016b): Fékuszban a f6szezon — a
Balaton idegenforgalmi régié vendégforgalma, Statisztikai Tikor, 2016. nov.
21., [online] <URL: https://www.ksh.hu/docs/hun/xftp/stattukor/regiok/
veszpremidforg/ veszpremidforg1608.pdf>

Hungarian Central Statistical Office (HCSO) (2016¢): Egyes termékek és szolgaltatasok
éves fogyasztdi atlagira (1996-), [online] <URL: http://www.ksh.hu/docs/
hun/xstadat/xstadat_eves/i_qsf003a.html?down=1487.>

Kravinszkaja, G. (1986): A Balaton északi parti vizfolyasainak hossz-szelvény
vizsgalata 1985-1986, KDT VIZIG, Székesfehérvar

60


http://www.ksh.hu/docs/hun/xftp/idoszaki/turizmszatt/
http://www.ksh.hu/docs/hun/xftp/idoszaki/turizmszatt/
https://www.ksh.hu/docs/hun/xftp/stattukor/regiok/veszpremidforg/
https://www.ksh.hu/docs/hun/xftp/stattukor/regiok/veszpremidforg/
http://www.ksh.hu/docs/hun/xstadat/
http://www.ksh.hu/docs/hun/xstadat/

Regional and Business Studies (2016) 170/ 8 No 2

Kravinszkaja, G., Varga, Gy. (2015): Viltozasok ¢és szélséségek a Balaton
vizhaztartasaban, A Magyar Hidrologiai Tarsasag XXXIII. Orszagos
Vandorgyilése, 2015. jul. 1-3, Szombathely, ISBN 978-963-8172-34-1, [online]
<URL: http://www.hidrologia.hu/vandorgyules/33/dolgozatok /word/0327_
varga_gyorgy.pdf>

Kutics, K. (2015): The History of Human Interventions in the Environment of
Lake Balaton — Downs and Ups —. In: Molnar, G., Kutics, K., Farkas, S.
(Eds.): Interaction of Natural and Social Processes in Shallow Lake Areas,
Kaposvar University, Kaposvar, p. 21-44, ISBN 978-963-9821-965 (Printed
edition), ISBN 978-963-9821-97-2 (Electronic edition)

Lotberer, A., Lotbererné Szentes 1., Mike K. (1980): A Balaton vizgyijt6 foldtani
kialakulasa, felépitése és vizfoldtani viszonyai. VITUKI

Novaky, B. (1984): Csapadék, parolgas,Vizgazdalkodasi Intézet, Budapest, pp. 107.

Szabd, J.A. (2015): in Kutics et al.: A Balaton és teljes vizgyQjtS-tertiletének atfogd
hidrolégiai vizsgalata, kilénds tekintettel a lefolyasi viszonyok drasztikus
valtozasara, és a hozzafolyas csékkenésére. Tervtanulmany, 6. Fejezet, 66-67. p.,
KEOP- 7.11.0./14-2015-0003 Projekt.

West Trans-Danubian Water Management Authority (2016): Annual Water
Balances for Balaton Minor (in  Hungarian), [online] <URL:
http:/ /www.nyuduvizig.hu/index.php/vizrajz/kis-balaton-tavmero-rendszer-
vizmerleg>

World Meteorological Organization (1983): Guide to Climatological Practices.
Second edition, WMO-No0.100, Geneva, ISBN 92-63-12100-1

Zuger J., Knoflacher M. (2011): Regional climate change scenario — Scenario
selection and preliminary results. Deliverable 4.3.2, Project EULAKES Ref.
No. 2CE243P3: European Lakes under Environmental Stressors (Supporting
lake governance to mitigate the impact of climate change). [online] <URL:
http://eulakes-model.eu/outputs/index.html>

Zuger, ]., Knoflacher, M. (2012): Climate Change Scenarios Simulation and
Exploration. Deliverable 4.3.3, Final Report4.3. Uncertainties of scenarios:
Regional climate change scenario Project EULAKES Ref. No. 2CE243P3:
European Lakes under Environmental Stressors (Supporting lake governance to
mitigate the impact of climate change). AIT Austrian Institute of Technology
GmbH. [online] <URL: http://eulakes-model.eu/outputs/index.html>

OTHER LITERATURES

Antal, G. (1994): A lefolyasi viszonyok valtozasa a Balaton vizgyGjt6jén 1994.,
MHT XII. Orszagos Vandorgyilés, Siéfok

Baranyi, S. (1975): A Balaton hidrolégiai jellemz6i 1921-1970, VITUKI
Tanulmanyok és kutatasi eredmények 45. Budapest

Baranyi, S. (szerk.)(1975): A Balaton kutatasi eredményeinek &sszefoglalasa. Vizlgyi
Miszaki Gazdasagi T4jékoztaté 112.sz., Budapest

Bendefy L. (1968): A Balaton vizszintjének valtozasai a neolitikumtél napjainkig.
Hidrologiai K6z16ny 48. 6. 257-263. p.

61


http://www.nyuduvizig.hu/index.php/

Kutics et al.: Role of Human Impacts on Drastic Changes of Inflow to Lake Balaton ...

HYDROSYS (Viz- és Kornyezetvédelmi Fejleszté Szolgaltaté Kft) (2014): A
Dunantuli-k6zéphegység fokarsztviz-tarolojanak 2013. évi allapotértékelése.
Kutatasi jelentés, KDT Vizigyi Igazgatdsag, Székesfehérvar

IPCC (Intergovernmental Panel on Climate Change) (2000): IPCC Special Report,
Emissions Scenatios, 2000. [online] <URL: https://ipcc.ch/pdf/special-
reports/spm/sres-en.pdf>

KDT VIZIG (2015): A Balaton vizgytijt6 vizgazdalkodasi terve (FOMI, CORINE
CLC50 alapjan) Székesfehérvar, 2015.

KDT VIZIG BVK (2006): A balatoni vizeresztés vizrajzi tapasztalatai. Témajelen-
tés, Sidfok, 2006. Februar.

KDT VIZIG:(1993...2016): A Balaton vizhaztartasi mérlegei. Témajelentés, Si6fok.

Kertész, A. (2011): A foldhasznalat véltozasa a Balaton vizgydjtén egy évszazad
soran, kulénés tekintettel az erdSkre, A Miskolci Egyetem Kozleményei, A
sorozat, Banyaszat, 82. 167-170. p.

Kornyezetvédelmi és Vizigyi Minisztérium (2008, 2014): Nemzeti Eghajlatvaltozasi
Stratégia 2008-2025. [online] <URL: http://www.kvvm.hu/cimg/documents/
nes080214.pdf>

Kravinszkaja G. (1989): A Balaton északi parti vizfolyasok és a Lesence nadasmezé
vizkészlet valtozasanak vizsgalata. Székestehérvar

Kutics, K. (2013): Development and running of EULAKES water Quality model,
Phase B, Final report. Project EULAKES Ref. No. 2CE243P3 European
Lakes under Environmental Stressors (Supporting lake governance to mitigate the
impact of climate change) K+F Consulting Kft. 110. p. [online] <URL:
https:/ /www.eulakes-model.eu/media/files/ Eulakes-Water-Quality-Model. pdf>

Major, P. (1974): Sikvidéki erd6k hatasanak vizsgalata a talajvizparolgds és a
tényleges beszivargas folyamataira. Hidrologiai K6z16ny, 54. 6. 281-288. p.

Mészaros E.-Schweitzer (szerk.)(2002):-Magyar Tudomanytar 1. kétet; Fold, viz
levegs. Kossuth Kiado, 512 p.

Nakicenovic N., Swart R. (Eds.) (2000): IPCC Special Report on Emissions
Scenarios. Cambridge: Cambridge University Press 570 p. [online] <URL:
https://www.ipcc.ch/pdf/special-reports /emissions_scenatios.pdf>

PRUDENCE (Prediction of Regional scenatios and Uncertainties for Defining
EuropeaN Climate change risks and Effects) (2005): Final Report. (EVK2-CT2001-
00132) [online] <URL: http://prudence.dmi.dk/public/publications/ PRUDENCE
Final report.pdf>

Roeckner, E., Lautenschlager, M., Schneider, H. (2006): IPCC-AR4 MPI-
ECHAMb5_T63L31 MPIOM_GR1.51.40 SRESA1B run no.l: atmosphere 6
HOUR values MPImet/MaD Germany. World DataCenter for Climate.
DOI:10.1594/WDCC/EH5-T631L.31_OM-GR1.5L.40_A1B_1_06H.

Soja, A.-M., P. Kinner, G. Soja (2012): Project report: 4.2.1 Impacts on Lake
Hydrology and Water Quality. Project EULAKES Ref. No. 2CE243P3:
European Lakes under Environmental Stressors (Supporting lake governance
to mitigate the impact of climate change). [online] <URL: http://eulakes-
model.eu/outputs/index.html>

62


https://ipcc.ch/pdf/special-reports/spm/sres-en.pdf
https://ipcc.ch/pdf/special-reports/spm/sres-en.pdf
https://www.eulakes-model.eu/media/files/EuLakes-Water-Quality-Model.pdf
https://www.ipcc.ch/pdf/special-reports/emissions_scenarios.pdf
http://prudence.dmi.dk/public/publications/PRUDENCE%20Final%20report.pdf
http://prudence.dmi.dk/public/publications/PRUDENCE%20Final%20report.pdf

Regional and Business Studies (2016) 170/ 8 No 2

Szilassi P (2006): A teriilethasznalat valtozas f6bb tendenciai a Balaton vizgytjtsjén
Kertész A, Dévényi Z, Kocsis K (szerk.) TI1. Magyar Féldrajzi Konferencia:
absztrakt kotet + CD-ROM. 238 p. Budapest: MTA Foéldrajztudomanyi
Kutatéintézet

Szlavik L. (szerk.) (2005): A Balaton. Viziigyi Kézlemények, Kilonszam, 87. 1. 477. p.

Tervez$ és Tanacsadé Agrober Rt. (1995): Balaton vizgyidjté vizminéségvédelmi,
komplex melioraciés és erddsitési tanulmany. Budapest: Foéldmuveléstgyi
Minisztérium

US EPA (2015): Addressing Climate Change in the Water Sector. [online] <URL:
https://www.epa.gov/climate-change-water-sector>

Virag A. (1997): A Balaton multja és jelene, Eger: Egri Nyomda Kft. 904 p.

Virdag A. (2005): A Sié és a Balaton kozos torténete (1055-2005). Budapest:
Kozlekedési és Dokumentaciés Kft.550 p.

VITUKI (1977): Vizrajzi Atlasz sorozat, 21. Kétet: Balaton, Budapest

VITUKI (1980): A Balaton kutatdsa és szabalyozasa, VITUKI Kézlemények 27.
Budapest, 1980.

VITUKI (2002): A Balaton ideiglenes vizszint-szabdlyozasi rendjével kapcsolatos
hatdsok és tapasztalatok elemzése II. titem. Témajelentés, tsz.: 714/1/5371-01,
Budapest

VITUKI (2003): A Balaton vizpétlasanak szikségessége: hidrolégiai elemzések
végzése. Témajelentés, tsz.: 721/1/6131-01, Budapest

Corresponding author:

Karoly KUTICS

K+F Consulting Llc.

H-8200 Veszprém, Rézsa u. 46.
Tel.: +36 20 313-0538

e-mail: kutics.karoly@chello.hu

63



