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Abstract Ecosystem services that sustain human well-

being depend on the continued functioning of ecosystems,

proper management and supporting institutions. However,

the interaction between these factors and ecosystem ser-

vices is poorly understood. Therefore, we assessed how

ecosystem services are represented in policy measures,

recognized by local population and affected by weather

extremes. We studied the Hungarian and Romanian parts of

the flood-exposed Tisza River Basin, where all these fac-

tors are relevant for regional land and water management.

Our qualitative assessment shows that, although the two

regions share similar environmental conditions, the dif-

ferent social and institutional settings of the two countries

cause a divergence in ecosystem services. Locally pro-

duced provisioning services are better recognized in

Romania, while regulating (particularly water-regulation)

and cultural services are better recognized in Hungary.

Food supply is most affected by climate-related weather

extremes and most strongly controlled by policy measures

in both countries. However, especially in Romania, policy

measures support medicinal and genetic resources, and

some regulating (e.g. pest regulation) and cultural services,

only weakly or indirectly. We conclude that the analysis of

ecosystem services in relation to climate-related weather

extremes, policy measures and people’s recognition can

contribute to a better management of the Tisza River Basin.

We suggest that a better incorporation of ecosystem ser-

vices in policy and management strategies could enhance

and diversify the ecosystem service supply. A further

quantification of ecosystem services can, therefore, provide

a base for targeted and integrated planning and improved

regional policy making.
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Romania

Introduction

‘‘The ecosystem service approach is different from

other approaches to natural resource management

because of the focus on managing natural assets for the

values they provide, rather than focusing on the

problems that arise from inappropriate natural resource

management. It also highlights the interdependence of

ecological processes and the need to adopt holistic

management strategies…’’ (Binning et al. 2001)

The increasing number of ecosystem service assess-

ments and valuation studies (De Groot et al. 2010a; Hein

2010; MA 2005) shows the growing awareness of the

benefits provided by ecosystems. Ecosystem services can

be defined as the contribution of ecosystems to human

well-being (De Groot et al. 2010a). To sustain a longer-

term supply of ecosystem services, it is essential to inte-

grate them into decision-making (Daily et al. 2009; Folke

et al. 2004). However, ecosystem services are often

neglected in management and planning (De Groot 2006). In
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many cases, the combined effect of inadequate manage-

ment and altered natural regimes has degraded the capacity

of ecosystems to supply services (Folke et al. 2004).

This study focuses on the Central-Eastern European

Tisza River Basin, where the historically shifting land and

water management regimes have altered the ecosystems

and their services (Bellon 2004). The Tisza River springs in

Ukraine and is the longest tributary of the Danube River.

Its basin is shared between Ukraine, Serbia, Slovakia,

Romania and Hungary. This paper studies only the Hun-

garian and Romanian parts of the Tisza River Basin. In the

second half of the nineteenth century, the Tisza River was

straightened and forced into a dyke system to meet the

increasing demand for protected cultivated land. This

regulation changed the water regime and resulted in more

severe and faster floods (Bellon 2004). The regional geo-

graphical characteristics together with these anthropogenic

factors lead to increased exposure to floods and droughts.

In recent decades, an increasing warming trend with

more frequent floods and droughts has been observed in

Hungary and Romania (Bihari et al. 2005; Government of

Hungary 2007b; Ciulache and Ionac 1995). The exposure

to these nationally recognized, climate-related weather

extremes (EEA 2007; Hungarian Academy of Science

2006a) is likely to increase with future climate change

(Badica 2007; Hungarian Meteorological Service and

Eötvös Loránd University 2006). Successful adaptation to

these changes depends on the extent to which climate and

ecosystem concerns are integrated into planning and on the

implementation of land use and water management plans

(Werners et al. 2009).

We selected and compared two case study regions in the

lower Tisza River Basin: the Hungarian Bereg Region and

the Romanian Crişul Negru Plain (Fig. 1). Both regions are

located in the vicinity of the river and are partly former

floodplains. They comprise grassland, arable land and

forests with patches of wetlands. Furthermore, they are

both pilot areas for new land and water management plans

that aim to reduce water risks, conserve biodiversity and

introduce multifunctional land use by re-naturalizing for-

mer waterways (Dimache 2007; European INTERREG

Neighbourhood Programme of Hungary and Ukraine

2006). Minca et al. (2008) assessed the influence of these

land and water management plans on ecosystem services

from local peoples’ perspectives. They found that the

current management regime impaired the natural capacity

of ecosystems to provide water regulating services, but that

there is potential to capitalize on natural water retention.

This paper focuses on the socio-political and climatic

factors that support land and water management and

influence ecosystem services in the lower Tisza River

Basin. We assessed how ecosystem services are repre-

sented in policy measures, recognized by people and

affected by weather extremes.

Fig. 1 Map of the Tisza River

Basin. The squares indicate the

two case study regions:

Hungarian Bereg Region

(upper) along the Tisza River

and Romanian Crişul Negru

Plain (lower) along the Crişul

Negru River being a tributary of

the Tisza River. Both areas

cover about 100 km2 and are

pilot areas for new land and

water management plans

(Dimache 2007; European

INTERREG Neighbourhood

Programme of Hungary and

Ukraine 2006). Map source:

Slovak Hydrometeorological

Institute (2003)
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Methods

We conducted an ecosystem function analysis. Function

analysis is a tool to break down complex ecosystem pro-

cesses into tangible ecological functions and services, and

subsequently to analyse all their relationships to different

drivers (De Groot 2006). Drivers are natural or human-

induced factors that directly or indirectly cause a change in

ecosystem properties (MA 2005). We selected the factors

of ‘policy measures’, ‘people’s recognition’ and ‘weather

extremes’, because they are relevant for the region and its

management (Werners et al. 2009). They represent politi-

cal, social and environmental changes, respectively, and

each influences or supports land and water management in

the two regions. Policy measures are taken by European,

national and regional decision-makers; they generally

control ecosystem services indirectly, and they involve

different institutional dimensions. The local people, on the

contrary, manage ecosystem services directly and thus have

a more direct relation to ecosystems services and their

supply. They are aware of a wide range of local ecosystem

services. We call the perception of ecosystem services by

the local people ‘recognition’. People’s recognition thus

shows to what extent which services are important to local

people (Minca et al. 2008). Both ‘policy measures’ and

‘people’s recognition’ give information on the degree to

which a service is appreciated and used by society.

Stronger support by policy measures and higher recogni-

tion can enhance ecosystem services. In turn, the awareness

of ecosystem services can improve policy measures and

can increase recognition. Climate-related ‘weather

extremes’ relate to environmental factors, such as droughts

and floods. These are (partly) caused or enhanced by

changing climate (Badica 2007; Hungarian Meteorological

Service, Eötvös Loránd University 2006).

The composition, structure and condition of ecosystems

determine their capacity to generate services (De Groot

et al. 2002). Climate-related weather extremes can alter the

dynamics and structure of ecosystems and, therefore, can

trigger changes in ecosystem services (Schröter et al.

2005). Droughts and floods may affect ecosystem services

negatively. Most land and water management plans also

include policy measures to respond to weather extremes

and cope with them. Therefore, policy measures, people’s

recognition and weather extremes all affect the supply of

ecosystem services (Fig. 2).

We adopted the comprehensive terminology and clas-

sification of ecosystem services from the Millennium

Ecosystem Assessment (2005): provisioning services, reg-

ulating services, cultural services and supporting services.

Supporting services are the basis for the production of all

other ecosystem services and often overlap with them (De

Groot et al. 2010a). We have, therefore, excluded

supporting services from our study to avoid double

counting. The ecosystem services used in this study include

the provision of food, raw materials, genetic and medicinal

resources, water regulation, water purification, natural

hazard regulation, pest regulation, soil quality regulation,

recreation and ecotourism, aesthetic value and cultural

value. These ecosystem services were selected because:

• they are likely to change with changing land and water

management within a time scale of 20–30 years (e.g.

‘spiritual and religious values’ and ‘air quality regula-

tion’ are unlikely to be affected by the factors we

considered and were, therefore, omitted);

• they are present and can be measured on a regional

(river basin) scale (e.g. ‘climate regulation’ is more

important globally and was, therefore, omitted);

• there is sufficient information available (e.g. the

‘nutrient supply’ and ‘erosion-control’ services were

omitted due to the lack of available data).

We reviewed scientific literature (e.g. De Groot 2006;

De Groot et al. 2010b; Hein et al. 2006; MA 2005; World

Resources Institute, United Nations Development Pro-

gramme, United Nations Environment Programme, World

Bank 2000), policy reports (e.g. Jolánkai et al. 2004;

Crişuri Water Directorate 2006) and articles specific to the

study area (e.g. ‘Agro-21’ Brochures) to identify indicators

that measure different aspects of the selected ecosystem

services. These indicators needed to be clearly defined,

measurable in qualitative or quantitative terms, achievable

with the resources and time available, relevant for the issue

and sensitive to changes within policy and management

time frames (Niemeijer and de Groot 2008). In some cases

several indicators were selected to measure a specific ser-

vice, whereas in other cases, only one indicator was

selected as a measure for several services. For example,

land use provides information on both water regulation and

food provision. The indicators selected provide information

about the biophysical characteristics (e.g. forest area, soil

Land and water 

management 

Ecosystem 
Services

Political: Policy measures

Environmental: Weather extremes

Social: People’s recognition

Drivers

Fig. 2 Schematic overview of the research with the focus on how

ecosystem services are represented in policy measures, recognized by

people and affected by weather extremes (three horizontal arrows).

All three factors are relevant for regional land and water management.

The arrows indicate effects
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type and presence of pest predators) and the management

of the area (e.g. crop rotation and protection of species), the

relevant sub-services (e.g. fruit and crop as food, and

timber and reed as raw material) and/or the human use of

services (e.g. crops harvested and medicinal plants col-

lected) (c.f. Table 1). Although these indicators do not

fully describe all aspects of ecosystem services, they allow

the services to be measured and assessed and they can also

link services to policy measures, people’s recognition and

weather extremes.

By using these indicators, we assessed how the eco-

system services are represented in policy measures, rec-

ognized by people and affected by weather extremes. We

used both secondary (i.e. literature, policy documents,

Table 1 Examples of indicators used to assess ecosystem services

Ecosystem services Indicators

Provisioning services

Food Land use type

Crops and fruit harvest

Area under cultivation

Grazing domestic animals

Fish catch

Hunting, game management

Utilization of forest products
(mushrooms, berries, seeds)

Measures supporting food production

Raw materials Land use type

Tree, timber harvest

Reed/sallow harvest

Measures supporting raw material
production

Medicinal resources Medicinal plants collected

Medicinal plants protected

Measures supporting protection or use
of medicinal resources

Genetic resources Regional species

Species and area protection

Measures supporting protection or use
of genetic resources

Regulating services

Water regulation Land use type

Presence and extent of canals and
sluices

Groundwater level

Genetic soil type

Problem of inland water stagnation or
flood

Measures supporting natural water
retention

Natural water inundation or drought

Water purification Land use type

Concentrations of nitrogen and
phosphorus in the surface water/
groundwater

Sustainable concentrations of nitrogen
and phosphorus

Plans on wetland creation/protection

Communal sewage treatment by
natural system

Measures supporting natural water
purification and wetland
establishment

Pest regulation Presence and abundance of pests

Presence of pest predators

Crop rotation/monoculture

Natural water inundation or drought

Measures supporting natural pest
control

Table 1 continued

Ecosystem services Indicators

Soil quality regulation Use of fertilizers

Natural water inundation

Number of days with flood water
cover

Crop rotation/monoculture

Measures focusing on soil productivity

Natural hazard regulation
(floods and droughts)

Frequency of floods/droughts

Forest covered area

Measures for flood management

Measures supporting natural water
retention

Cultural services

Aesthetic value Diversity of landscape (mosaic land
use, church towers, etc.)

Presence of abandoned land

Measures supporting non-productive
investments and alternative
management methods

Recreation and ecotourism Land use type

Visitors, tourists

Ecopaths/bicycle roads

Recreational facilities (beach, fishing
places, spa etc.)

Area protection

Presence of fishing/hunting
association/fishing pond

Measures supporting non-productive
investments and alternative
management methods

Cultural value Cultural, historical sites

Regional products

Regional customs/traditions

Measures supporting traditional
farming or regional products
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reports and statistics) and primary (i.e. interview) data

sources. Each data source provided information on the

indicators and ecosystem services themselves. Literature

and policy documents, furthermore, gave insight into pol-

icy measures and climate-related weather extremes,

whereas interviews gave insight into people’s recognition

and climate-related weather extremes. We obtained quali-

tative and quantitative data, both of which were assessed

and synthesized qualitatively.

The indicator list served as the backbone for the

interviews. Interviews were the main information source

to evaluate people’s recognition, which was assessed

qualitatively. Using the indicator list, we presented

examples and asked interviewees which ecosystem ser-

vices they value or appreciate the most and the least. In

this way, we determined the relative importance of all

services. The interviewees ranged from scientific experts

(e.g. climatologists, ecologists and hydrologists) to

regional and local authorities (e.g. water management

boards members, mayors and NGO representatives). We

conducted 20 interviews in each country. The experts

were consulted on land and water management issues, the

way local people living in the region perceive and use

ecosystem services, and their experiences concerning

weather extremes. We used a semi-structured interview-

ing technique with open questions, such as: ‘Which land

use type provides most benefits?’, ‘How does flooding

affect the food provisioning?’, ‘What effect does water

management have on the benefits provided by the land?’

and ‘Do local people collect medicinal plants?’ The in-

terviewees and local institutions also provided policy

documents (e.g. a flood and drought risk report by the

Upper-Tisza Environment and Water Authority) and sta-

tistics (e.g. crop yields from the Agrarian Chamber),

which we used as additional input for the qualitative

ecosystem services assessment. An informal field obser-

vation across the study area confirmed and validated the

information collected from interviews, for example, the

condition of canals/sluices and state of different land uses.

This field observation confirmed the data collection and

will not be discussed further.

We analysed policy documents to assess whether policy

measures include and support ecosystem services. A

number of European, national and regional policy docu-

ments were selected on the basis of their relevance and

analysed for their support of ecosystem services (summa-

rized in Table 2). In each document, the policy target and

the number and content of the measures that (could) have

an effect on the delivery of ecosystem services were con-

sidered. For instance, in the New Hungarian Rural Devel-

opment Programme (RDP), we selected the agro-

environmental payment, which is ‘devoted to the promo-

tion of environment friendly farming practices with respect

to biodiversity preservation, nature, water and soil pro-

tection and genetic resources’ (Government of Hungary

2007b). The nutrient management suggested in the agro-

environmental payment scheme can improve the soil’s

physical and chemical attributes and soil water manage-

ment (Government of Hungary 2007b). It, therefore,

enhances the soil quality regulation service. We analysed

all measures from the selected policy documents following

this approach.

The support and effect of policy measures, people’s

recognition and weather extremes on the provision of

ecosystem services were described and evaluated qualita-

tively by assessing and synthesizing all the information

collected. We illustrate the combined effects of these fac-

tors mainly on the food provision service because more

information was available about this service than the

others.

Table 2 A summary of the

analysed policy documents at

European, national and regional

levels

* Sign refers to period

2007–2013

Policy

level

Hungary Romania

European Water Framework Directive

Ramsar Convention

Natura 2000

National New Hungarian Rural Development Programme*

(Government of Hungary 2007b)

Romanian National Rural

Development Programme*

(Government of Romania 2007a)

Environment and Energy Operational Programme*

(Government of Hungary 2007a)

Sectoral Operational Programme

for Environment*

(Government of Romania 2007c)

Policy on National Protected Areas Policy on National Protected Areas

Regional North Great Plain Operational Programme*

(Government of Hungary 2007c)

Regional Operational Programme*

(Government of Romania 2007b)
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Results

Policy measures

The EU Water Framework Directive (WFD: http://ec.europa.

eu/environment/water/water-framework/) advocates the

achievement of ‘good status’ for surface and ground waters

together with the protection of aquatic ecology and drink-

ing water resources. Furthermore, the UN Ramsar Con-

vention (www.ramsar.org) aims to conserve wetlands and

use them wisely, which is defined as maintaining their

ecological character through the implementation of eco-

system approaches. An adequate integration and imple-

mentation of both acts could support ecosystems in

providing services such as water regulation, water purifi-

cation and natural hazard regulation. There are twenty-

eight Ramsar sites in Hungary including the floodplain of

the Tisza River. However, there are only five Ramsar sites

in Romania, none of which is located in the study region.

The Ramsar targets, furthermore, are not mentioned in any

of the national, sectorial and regional development pro-

grammes in either of the countries.

Hungary intends to achieve the WFD objectives in the

frame of its New Hungarian RDP through agro-environ-

mental payments, measures of compensatory payments to

less productive areas and compensatory payments for envi-

ronmentally sound land use in Natura 2000 areas (Govern-

ment of Hungary 2007b). Romania intends to achieve the

WFD objectives in the frame of the Romanian National RDP

through agro-environment payments, but does not consider

other measures (Government of Romania 2007a). Moreover,

in both countries, the sectorial programmes only briefly

mention the WFD (Government of Hungary 2007a; Gov-

ernment of Romania 2007c), and the regional programmes

fail to include the WFD and Ramsar targets (Government of

Hungary 2007c; Government of Romania 2007b).

The Natura 2000 network (http://ec.europa.eu/environment/

nature/natura2000) focuses on the protection of Europe’s

most valuable and threatened species and habitats through

sustainable ecological and economic management. 21% of

the area of Hungary was designated as Natura 2000 sites,

which consist of pastures, arable lands and forests (Gov-

ernment of Hungary 2007b). In general, the Natura 2000

network is well incorporated in the New Hungarian RDP

and is mentioned in the sectorial programmes, but the

network’s monitoring still lags behind. Approximately half

of the Hungarian study region falls in the Natura 2000

network (Upper-Tisza Environment and Water Authority

2007). Farmers adopted the Natura 2000 guidelines in 2004

and changed to environmentally sound grass mowing

methods to protect corncrakes (Crex crex). The compen-

satory payments for sustainable grassland management

were introduced in 2007 (Molnár et al. 2007). Furthermore,

the European LIFE-Nature instrument (the EU’s financial

instrument for environmental projects that contribute to the

implementation of the Natura 2000 network, ec.europa.eu/

environment/life/) finances the restoration of formerly

drained, but now protected and endangered peat-bogs and

wetlands.1 The aim is to establish and manage sustainably a

network of natural wetland, grassland and forest patches to

protect endemic species. Therefore, Natura 2000 policies in

the study area can support the functioning of grassland and

wetland ecosystems, their biodiversity and their services,

such as genetic and medicinal resources, and water- and

soil-related regulating services.

Approximately 18% of the area of Romania was des-

ignated as Natura 2000 sites (Government of Romania

2007a; Stancioiu et al. 2010). The Romanian National RDP

only indicates a possible inclusion of Natura 2000 into the

national policy. However, the lack of financial resources,

strategic policies and the designation of areas already

protected as Natura 2000 sites might lead to gaps in the

network (Groza et al. 2006). Our interviews show that the

local representatives are unfamiliar with the Natura 2000

concepts and their consequences. The network is imple-

mented without a thorough field analysis or proper stake-

holder consultation, and sites were declared protected

although there is no compensation system for owners

(Stancioiu et al. 2010). In the Romanian study region, there

are two Natura 2000 sites. These are the Crişul Negru,

which is essential for the mussel (Unio crassus) population,

and Goronişte Forest, which is important for maintaining

the protected, but still intensely collected, narcissus (Nar-

cissus spp.) (Government of Romania 2005). Therefore,

Natura 2000 policies in the study area support the func-

tioning of forest and riparian ecosystems, their biodiversity

and their services. The mussel and daffodil populations, for

example, not only have intrinsic biodiversity values but

also provide genetic resources, which can be sustained by

protecting these species. Species collection, on the other

hand, represents a provisioning service (either food or

ornamental resource). This illustrates the trade-offs

between different ecosystem services. The full implemen-

tation and monitoring of Natura 2000 policies could ensure

a balance between all services through the sustainable

management of these ecosystems.

The most important measure of the national rural

development programmes, the agro-environment payment

schemes, supports mainly grassland ecosystems, food

provision and water- and soil-related regulating services

(Government of Hungary 2007b; Government of Romania

2007a). In addition, the Hungarian arable land, orchard and

wetland ecosystems and their services are also sustained

1 Project name: Complex Habitat Rehabilitation of the Central Bereg

Plain, Northeast Hungary, www.lifebereg.hnp.hu.
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through specific measures, which focus on the preservation

of genetic resources and on agro-forestry systems by forest-

environmental payments and other non-productive invest-

ments (e.g. in aesthetic values and recreation) (Government

of Hungary 2007b). The extra measures in Romania sup-

port less favoured mountain areas and Natura 2000 pay-

ments for forestry lands (Government of Romania 2007a).

The nature protection areas are protected by specific

national laws and are mainly owned by the state in both

countries (Government of Hungary 2007a; Government of

Romania 2007c). In the past, the policy on national pro-

tected areas was more conservation oriented and aimed ‘‘to

protect and maintain the protected plant and animal spe-

cies, natural plant communities, the specific scenic fea-

tures, the landforms…’’ (www.lifebereg.hnp.hu). However,

there is a shift in approach towards restoration and sus-

tainable management as the European targets (such those

specified by Natura 2000) are being incorporated. For

example, the policy of the Szatmár-Bereg Nature Protec-

tion Area in the Hungarian study region aims to restore

peat-bogs, wetlands and forests, whereas the protected

Goronişte Forest in the Romanian study region maintains

forest species and ecosystems.

The sectorial programmes of the Environment and

Energy Operational Programme and Sectorial Operational

Programme for Environment focus on the conservation of

natural habitats (including protected and Natura 2000

areas) and on sustainable water management (Government

of Hungary 2007a; Government of Romania 2007c). The

only measure to receive a substantial financial share is the

‘wise management of waters’ (almost 30% of the overall

budget, whereas all other measures are below 5%) (Gov-

ernment of Hungary 2007a). This measure promotes the

use of ecosystems to provide natural flood protection and

water retention.

People’s recognition

Local authority representatives and experts (e.g. mayors,

NGO representatives and members of agrarian chambers

and water boards) provided information about their areas of

expertise and their knowledge of the local population. This

was used to assess the population’s general recognition of

ecosystem services in the two case study regions. The

interviews showed that food provision is by far the best

recognized service: local people value food from arable

land (wheat, maize, sunflower, legumes and potatoes) most

because it is linked to a major economic activity. The

average wheat yield in both regions is 3,500 kg/ha,

whereas the maize is 5,500 kg/ha in the Hungarian study

region and 4,200 kg/ha in the Romanian. The Hungarian

crops are not used locally but sold outside the region, while

in Romania most crops are used locally. Yields are highest

and most stable along the primary floodplain of the Tisza,

thanks to continuous water and nutrient supplies. Grass-

lands are characterized by extensive animal husbandry

providing milk (and meat). Animal husbandry is as

important as crop production in the Romanian study region,

but it is only marginal in Hungary. The number of grazing

animals has declined significantly in the last decades, and

milk production serves mainly local needs. Hungarian in-

terviewees also claim that about 30% of the grassland is

abandoned, and its condition is poor. The apples, cherries,

plums and nuts grown in orchards are highly recognized in

the Hungarian region. Fruit are consumed locally or sold by

small local companies as brandy, desiccated fruit, juice and

jam. Other land uses are less recognized as food sources:

fish from streams, berries and mushrooms from forests

(especially porcini—Boletus Edulis) are collected only for

personal consumption and in small amounts. The only plant

species gathered for trade in Hungary is the elderberry

(Sambucus nigra, flowers and fruits). Rose hip (Rosa

canina) is collected for local consumption in Romania. The

other provisioning services (e.g. raw materials, medicinal

resources and genetic resources) are less appreciated and

used. Local people seem to have limited knowledge on the

benefits of medicinal plants, and only few people collect

them. The medicinal plants that occur in the Hungarian

area (e.g. German camomile (Matricaria chamomilla),

comfrey (Symphytum officinale) and celandine (Chelido-

nium majus)) are no longer collected. In Romania, people

still collect German camomile, St. John’s wort (Hypericus

perforatum) and hawthorn (Crataegus pentagyna), but only

in small amounts. Collection and use of local raw materials

is no longer important in the Hungarian region, but people

still collect hay, wood, reeds and willow rods in Romania.

Overall, the interviews show that provisioning services

are more frequently recognized than regulating and cultural

services. The natural water regulation, pest regulation, soil

quality regulation and purification capacities of ecosystems

are, for example, poorly acknowledged by local people.

However, Hungarian experts are aware of the positive

effect of regular water inundation and crop rotation on soil

productivity and pest control (rodents and gypsy moth

(Lymatria Dispar)), while pests are not considered a

problem in Romania because of the balanced natural con-

trol provided by regular flooding and predators. Intervie-

wees stated that wetlands, natural waterways and canals are

important for collecting run-off and inland water and

retaining water supplies, thus mitigating the effect of the

uneven water distribution. Nevertheless, the condition of

the canals is fairly poor, and they are often filled with

sediment and are overgrown. Wetlands are either drying

out or are characterized by shallow and eutrophic water

(overgrown with water chestnut (Trapa natans) and com-

mon duckweed (Lemna Minor)), because of the poor
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maintenance and lack of regular water flow. Romanian

experts stressed the pollutants carried by the river and the

dominance of regulatory engineering measures that lead to

high water speeds along the river.

Among the cultural services, recreation and ecotourism

are the only ones valued. Local people use the Tisza River

in Hungary and the forests of the Crişul Negru Plain in

Romania for recreation. In addition, ecotourism is starting

to gain in popularity in Hungary, as indicated by a few

ecopaths, bicycle roads and fishing ponds. Aside from a

few annual cultural events (such as in the Harvest Day and

Plum Day in Hungary), the cultural value associated with

the landscape has been diminished, and local people are not

aware of the cultural and aesthetic value of their land. In

Romania, traditions related to sowing and harvesting and

the manufacture of buttons made from river shells, which

used to be important, are not practised anymore.

In Hungary, local people generally recognize ecosystem

services better than in Romania. This was very clear from

the interviews. In Romania, only locally produced provi-

sioning services, such as wood, reed, willow rods and to

some extend medicinal resources, are appreciated. The

regulating and cultural services are less respected than in

Hungary, although they are equally present and enjoyed.

Hungarian interviewees indicated plum products and

wicker baskets as cultural services, whereas in Romania,

such products were referred to as provisioning services. In

general, local people attribute the highest value to arable

lands, which are the main source of food and economic

activities, and the lowest value to wetlands, which are often

considered non-productive, difficult to access or unpleasant

(mosquitoes).

Weather extremes: floods and droughts

Weather extremes, changes in land use and habitat frag-

mentation represent huge pressures on ecosystems (Hun-

garian Meteorological Service, Eötvös Loránd University

2006). In the Tisza River Basin, drought occurrences seem

to show a more predictable, increasing trend than floods,

which follow a more random pattern (Bihari et al. 2005).

Floods and droughts have major effects on wetland, arable

land and water body ecosystems. All these systems are

highly sensitive to water dynamics. Wetland is considered

as a ‘transition’ ecosystem between water bodies and

grassland, and even small disturbances in the water supply

can turn it into one or the other (Hungarian Academy of

Science 2006a, 2007; Hungarian Meteorological Service,

Eötvös Loránd University 2006).

The yield of arable land is sensitive to weather extremes.

Small variations in water supply can already cause a sig-

nificant change in agricultural production, and drought can

cause yield losses of up to 40% (Szász 2005; Vermes

2006). Grasslands and orchards can adapt to new, drier

conditions better, than arable lands (Benedek 2005; Hun-

garian Academy of Science 2006a; Hungarian Meteoro-

logical Service, Eötvös Loránd University 2006). However,

a severe summer drought can induce significant losses in

Hungarian fruit production (Vermes 2006) and Romanian

livestock production (Chiriac et al. 2005; Vermes 2006).

Depending on their species composition, location and

management regime (e.g. natural, planted or intensively or

extensively managed), large variations in the resilience

towards weather extremes may occur in forests (Hungarian

Academy of Science 2006a; Hungarian Meteorological

Service, Eötvös Loránd University 2006). In general,

weather extremes seem to affect the following ecosystems

in decreasing order: arable lands, orchards, wetlands and

forests.

Local experts pointed out that the less recognized

services, such as water and soil quality regulation, are also

affected by weather extremes. The warming trend and the

more frequent weather extremes have had an overall

negative influence on soil productivity (Hungarian

Academy of Science 2006a). Another example is the pest

regulation service. Droughts, for example, raised the

rodent population in the Hungarian study region. In gen-

eral, extended dry periods are favourable for new agri-

cultural pest species (Benedek 2005), and with climate

change, the damage they cause is expected to increase in

frequency and intensity (Blujdea 2005). Changing water

conditions also affect medicinal resources by influencing

the active substances of medicinal plants (Hungarian

Academy of Science 2006b).

Combined effect of factors: food provision service

Among all services, food is the best documented and most

valued service. In both countries, food provision is nega-

tively affected by water extremes (which are related to

current water management), lower arable soil qualities or

poor maintenance and abandonment of grassland. The

policy measures of the national RDPs (e.g. agro-environ-

mental payments) primarily target arable land through

imposed tillage methods and crop rotation (Government of

Hungary 2007b; Government of Romania 2007a). In the

policy documents, the food provided by forests (berries,

mushrooms, game), water bodies (fish) and wetlands (fish)

is not supported. The interviews showed that in Hungary,

the production of cereals on arable lands and fruit in

orchards are the most recognized service, while in Roma-

nia, it is the production of livestock and cereals. Further-

more, some Romanians still rely to some extent on fish,

berries and mushrooms as a secondary food source.

According to local Hungarian experts, weather extremes

can reduce food production by up to 40%. The large

696 K. Petz et al.

123



variations in yields observed are primarily caused by the

variability of the water supply (Szász 2005). Although

orchards and grasslands are more resistant to weather

extremes than arable land, drought may also cause signif-

icant losses in fruit production (Vermes 2006). Interviews

suggest that drought and floods cause bigger concern and

lead to higher cereal and fruit yield losses in Hungary than

in Romania.

Discussion

Policy measures

Policies influence ecosystems and their services. Liu et al.

(2008), for example, highlighted that targeted and effective

ecosystem service-focused policies in China can be eco-

logically and socio-economically beneficial. We investi-

gated the support of ecosystem services in Hungarian and

Romanian policies. We found that the concept of ecosys-

tem services is not mentioned in any of the policy docu-

ments. Nevertheless, the documents indicate possibilities

for enhancing some services through various measures.

The Romanian legislation is generally unspecific and not

measure-focused. The European policy acts are better

integrated into the Hungarian national plans, with more

targeted measures and higher budgets. This can be partly

explained by the fact that Hungary joined the European

Union earlier (2004) than Romania (2007). The national

RDPs, which reflect European legislation, mainly support

water-related provisioning and regulating services. Cultural

services have so far received little attention, but aesthetic

values and recreation could possibly be enhanced through

non-productive investments (Government of Hungary

2007b).

The shift from conservation to sustainable management

in the nature protection areas in Hungary could enable a

sustainable use of ecosystem services in the future. The

implementation of the sectorial programmes could affect

water regulation and natural hazard regulation services

positively, though this is more likely in Hungary than in

Romania. However, the traditional trust in hard, structural

water infrastructure and the small financial share of the

other measures may form a barrier to achieve this.

The ecosystem service provision might be impaired by

the exclusion of European and national policy measures at

the regional level. Our literature review showed that policy

measures are starting to include, albeit in very vague for-

mulations, some measures that may help to enhance eco-

system services. However, we recognize that there are also

other factors that may influence ecosystem services supply.

Our findings can be used to further promote policy mea-

sures that have a positive influence on ecosystem services

(e.g. support of water-related provisioning and regulating

services by agro-environmental payments) as well as to

better include poorly addressed services (e.g. non-water

related regulating and cultural services).

People’s recognition

A better knowledge of the services that are important for

local people can improve decision-making (Sheil et al.

2006). We introduced the ecosystem service approach to

local people and assessed how they perceive services. The

interviewees’ responses reflect a combination of their

expertise and perception, and their knowledge of local

people’s perceptions of the importance of ecosystem ser-

vices. In addition, our results also reflect how effectively

the indicators and our description could represent the

ecosystem services themselves. Some services, such as

food provision and recreation, could more easily be

described and represented by tangible specific indicators

than the more abstract services, such as natural hazard

regulation and aesthetic value. Therefore, the selection of

services, indicator list and interviewees also can influence

the results. An alternative method of obtaining additional

information would be the use of questionnaires, which

allows to consult many more people and, therefore, could

provide a more comprehensive picture. However, we

believe that our interviews provide a general overview of

the recognition of ecosystem services in the two study

regions.

Our analysis shows that local people’s recognition is an

important aspect of ecosystem service analysis. Informa-

tion on people’s specific relationship with their surround-

ings, for example, can be used to establish better, location-

specific management plans. Ecosystem service assessments

applying a similar, interview-based methodology underline

that local people’s perceptions and experts’ knowledge can

be beneficial for local policy and management (c.f. Burk-

hard et al. 2009; Kosoy et al. 2007; Sheil et al. 2006).

Weather extremes: floods and droughts

The national policies on climate change and weather

extremes strongly stress the vulnerability of different eco-

nomic sectors (Hungarian Academy of Science 2006a;

Ministry of Water and Environment 2008). Our results

show that the relationship between weather extremes and

ecosystem services is complex, and that increased weather

extremes could lead to the impairment of services. There is

more information available about the influence of weather

extremes on certain services in Hungary (c.f. the ‘Agro-21’

and ‘Klı́ma-21’ Brochures and Hungarian National Climate

Strategy; www.vahavahalozat.hu) than in Romania. In

general, the local scientific literature touches upon flood
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and drought trends, but much less upon their influence on

ecosystem services. This shows the need for more focused

research on the relationship between weather extremes and

ecosystem services. A better understanding of these inter-

actions could help to adapt land and water management to

changing climatic conditions. Hungary’s ‘Climate change

and biodiversity—Assessments for creating a scientific

base for the adaptation strategy’ is one of the promising

national initiatives that assess the impact of weather

extremes on ecosystem services comprehensively (Hun-

garian Academy of Science 2007).

General discussion

We obtained general information about the biophysical

aspects of ecosystem services from the literature and open

interviews. The interviews provided essential information

on the social aspects of ecosystem services, that is, the

recognition of how local people perceive and use (or

ignore) these services. Finally, we also assessed the

‘external’ aspect of ecosystem services, that is, the influ-

ence of policy measures and weather extremes, which

occur in the whole river basin and not only in the study

regions. This information was mostly collected from the

literature and partly from interviews. In general, more

quantitative and representative data were available about

provisioning services (e.g. yield statistics) than about reg-

ulating services (e.g. statistics about flood frequency were

available, but not ones about pest numbers). For cultural

services, we obtained mainly qualitative information, pri-

marily from interviews. The different character of the

services and the stronger national and local interest in

provisioning (and some regulating) services than in (other)

regulating and cultural services justify the need for dif-

ferent approaches. Whereas food provision, water regula-

tion and natural hazard regulation proved to be the best-

documented, medicinal resources, pest control, waste

purification and aesthetic values were generally poorly

documented. Nutrient supply and erosion control services

were excluded from the study due to the insufficiency of

information available. Our approach emphasizes the dif-

ferent properties of the three influencing factors, the lack of

prior research and the limited availability of quantified

data.

Our qualitative assessment enables the comparison and

synthesis of a wide range of data and various ecosystems

and ecosystem services, some of which have been more

studied than others. This type of regional assessment

tackles specific problems and can provide information for

the management of a certain area (Nelson et al. 2009;

Peterson et al. 2003). Many earlier ecosystem service

studies target a specific land cover/land use (e.g. Turner

et al. 2000 on wetlands and Guo et al. 2001 on forests) or a

specific ecosystem service (e.g. Kremen et al. 2004 on

pollination and Guo et al. 2000 on water flow regulation).

Other studies focus only on a given factor and its effect on

ecosystems and their services (e.g. Nelson et al. 2009 on

land use and management, Thuiller et al. 2005 on climate

change and Willemen et al. 2010 on policy measures). We

used various sources to develop a more integrated quali-

tative approach assessing multiple factors and multiple

ecosystem services in the Tisza River Basin. We suggest

that by following an ecosystem services approach and

explicitly considering the role of different factors in the

provision of ecosystem services, more targeted and loca-

tion-specific policies and management approaches can be

formulated. These should sustain long-term ecosystem

service supplies. Our analysis supports recent scientific

discourses, which emphasize the increasing need to

understand both the relationships between multiple eco-

system services and the mechanisms behind these rela-

tionships, as well as mapping to analyse and communicate

these relationships in a spatially explicit way (Bennett et al.

2009; Nelson et al. 2009; Raudsepp-Hearne et al. 2010).

Conclusion

We assessed how ecosystem services are represented in

policy measures, recognized by people and affected by

weather extremes, all of which are reflected in land and

water management. Our research focused on the Hungarian

and Romanian regions of the Tisza River Basin. The

analysis showed a complex relationship between these

three factors and the provision of ecosystem services. Our

research also shows that the ecosystem service concept is

currently poorly integrated in the scientific literature, eco-

system management and decision-making in both Hungary

and Romania.

Overall, the supply of ecosystem services is similar in

the two countries. However, our results also show differ-

ences between services and countries. The two regions

share similar environmental conditions, but variations in

ecosystem services recognition and supply may emerge

from the different social, political and institutional settings.

In Romania, the provisioning services of food and raw

materials are more recognized, while in Hungary, the

regulating and cultural services (mainly recreation and

ecotourism) are better appreciated. We attribute this dif-

ference to the greater direct reliance on provisioning ser-

vices in Romania and to the more wide-spread knowledge

on the role of floodplains in water regulation and the

stronger need to address water-related risk in Hungary.

We conclude that the ecosystem service approach can

contribute to a better understanding of the role and influ-

ence of the different factors involved on ecosystem service
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supply in the Tisza River Basin. We suggest that the supply

of ecosystem services could be enhanced and diversified by

better integrating them into policy and management plans.

Although our analysis was mainly qualitative, it shows that

local people’s recognition and regional and national policy

perspectives are important aspects of ecosystem service

analysis. Information about people’s specific relationships

with their surroundings, for example, can be used to

establish better, location-specific management plans.
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Ştiinţifică, Bucharest
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