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Anotace 
 

Změna klimatu a změny ve využití území jsou vnímány jako jedny z největších globální 

environmentální problémů, které významně ovlivňují dodávky klíčových ekosystémových 

služeb, jako sekvestrace uhlíku, regulace odtoku vody, kontrola eroze, produkce potravin a 

vlákna.  

Pomocí propojení projekcí ALARM scénářů budoucího vývoje (pro roky 2020, 2050 a 2080) 

a modelování ekosystémových služeb, si práce dává za cíl zhodnotit dopady změny klimatu 

na vybrané ekosystémové služby (ukládání a sekvestraci uhlíku, kontrolu eroze a zadržování 

sedimentů) v České republice. Práce zároveň poskytuje kvantitativní a prostorově specifické 

zhodnocení těchto dopadů na vybrané ekosystémové služby v České republice. 

Výsledky hodnocení ekosystémových služeb ukazují, že prostorové rozložení dodávek 

ekosystémových služeb, jako je ukládání a sekvestrace uhlíku, zadržování sedimentů, 

reflektuje budoucí projekce změn využití území. V případě sekvestrace uhlíku, scénář SEDG 

vykazuje nejnižší hodnoty sekvestrace, 37.03 milionů tun uhlíku za období 2000-2080.  

Vliv stálého pokryvu vegetace je jedním z faktorů, které hrají důležitou roli v množství 

zadržených sedimentů a kontrole eroze. V návaznosti na výsledky modelování pro jednotlivé 

scénáře, se roční průměrné množství sedimentů zadržených v sub-povodí pohybuje v rozmezí 

10.1-363.5 t ha
-1

 v roce 2080. 

Modelování dodávek ekosystémových služeb v návaznosti na budoucí scénáře změny klimatu 

a využití území poskytuje přínosné kvantitativní a prostorově specifické poznatky v oblasti 

budoucího vývoje dodávek ekosystémových služeb v České Republice. 
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Annotation 
 

Climate and land use change are recognized as the greatest global environmental problems. 

Both considerably impact delivery of crucial ecosystem services, such as carbon 

sequestration, water flow regulation, erosion control, and food and fibre production.  

By combining future projections of ALARM scenarios (for years 2020, 2050 and 2080) with 

modelling of ecosystem services, the study aims to evaluate climate change impact on 

selected ecosystem services (carbon storage and sequestration, erosion control and sediment 

retention) in the Czech Republic. This study provides quantitative as well as spatially explicit 

analysis of the impacts on selected ecosystem services in the Czech Republic. 

Performed ecosystem service assessment indicates that spatial distribution of provision of 

ecosystem services, such as carbon storage and sequestration, sediment retention reflects the 

projected future land use changes. In case of carbon sequestration, SEDG scenario shows the 

lowest carbon sequestration rates accounting for 37,029.6 Gg C within the period 2000-2080.  

Stable vegetation cover is one of the factors that play important role in amount of sediment 

retained and avoided erosion. In general, annul mean sediment retention in sub-watershed 

ranges between 10.1-363.5 Mg ha
-1

 in 2080.  

Application of future climate and land use projections together with ecosystem services 

modelling provide interesting quantitative and spatial insights into future trends in delivery of 

these services in the Czech Republic. 
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1. Introduction: Ecosystem services and climate scenarios 
 

 

1.1 Concept of ecosystem services  

 

The ecosystems provide goods and services that have considerable contribution to human 

welfare and provide an environment, in which ecological processes take place (Costanza et 

al., 1997; de Groot et al., 2002). Ecosystem services can be applied as measurable indicators 

of the functioning and change in the land system, and therefore provide tools for 

management-relevant communication concerning recent, past or potential future states of 

human-environmental systems (Rounsevell et al., 2012; Muller and Burkhard, 2012). 

 

Millennium Ecosystem Assessment and classification of ecosystem services 

 

Millennium Ecosystem Assessment (MA, 2005) brought up and anthropogenic concept of 

ecosystem services. The ecosystem services approach is based on a “utilitarian” concept of 

nature, which supports the idea that nature is valuable because of its usefulness to humans. 

However, if humans were not present, nature would nevertheless have a “value.” This is 

“intrinsic value” of the nature in the strictest sense. Millennium Ecosystem Assessment does 

not dismiss the existence of the intrinsic value as these values are complementary, but states 

that it is unable to quantify and assess the intrinsic value (Ash et al., 2010). 

Taken together, ecosystem services are crucial to survival and the social and economic 

development of human societies (MA, 2005; Harrison et al., 2010).  

Due to the comprehensive integration among various factors, this concept provides a valuable 

framework to define and analyse linkages and interdependencies between natural and human 

systems (Burkhard, 2010). 
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Figure 1: Ecosystem services framework 

 (source: MA, 2005) 

 

Ecosystem services are defined as benefits that people obtain from ecosystems. These include 

provisioning, regulating, cultural and supporting services.  

Provisioning services are defined as the products people obtain from ecosystems, such as 

food, fuel, fibre, fresh water, and genetic resources. Regulating services are the benefits 

people obtain from the regulation of ecosystem processes, including air quality maintenance, 

climate regulation, erosion control, regulation of human diseases, and water purification. 

Cultural services are the nonmaterial benefits people obtain from ecosystems through spiritual 

enrichment, cognitive development, reflection, recreation, and aesthetic experiences. And 

lastly, supporting services are those that are necessary for the production of all other 

ecosystem services, such as primary production, production of oxygen, and soil formation 

(MA, 2005).  

The human well-being the Millennium Ecosystem Assessment has several dimensions that are 

connected with provision of particular ecosystem services. Dimensions of human well-being 

cover following components: security (personal safety, secure resource access, security from 

disasters), basic material for good life (access to resources to sustain livelihood, income), 

health (nutrition, exposure to diseases, access to clean air and water), good social relations 

(social cohesion, absence of conflict). Freedom of choice is largely predicated on the 

existence of the previous components of well-being (see Figure 1). The components of well-
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being, experienced and perceived by people, are situation-dependent, reflecting local 

circumstances, such as geography, culture, and ecology (MA, 2005). 

 

TEEB typology of ecosystem services 

 

TEEB (The Economics of Ecosystems and Biodiversity) study is currently a major 

international initiative that draws attention to the global economic benefits of ecosystem 

services and biodiversity.  Moreover TEEB brings together expertise from the fields of 

science; economics and policy to enable implementation of the ecosystem services concept 

moving forward (Ring et al., 2010).  

TEEB (2010) follows on Millennium Ecosystem Assessment, ecosystem services are defined 

as “the direct and indirect contributions of ecosystems to human well-being”. Within the 

TEEB, typology of 22 ecosystem services have been established, which have been divided 

into four main categories: (1) provisioning, (2) regulating, (3) habitat and (4) cultural and 

amenity services (see Table 1).  

Compared to MA classification, supporting services were omitted as in TEEB, services such 

as nutrient cycling and food-chain dynamics are seen as subgroup of ecological processes. 

Meanwhile, TEEB identifies separate category of habitat services in order to highlight the 

importance of ecosystems providing habitat to migratory species (e.g. as nurseries) and to so-

called gene-pool protectors (natural habitats that allow natural selection process to maintain 

the gene pool vitality (TEEB, 2010). 

 

 

Table 1: Typology of ecosystem services in TEEB  

(source: TEEB, 2010) 

 

 PROVISIONING SERVICES 

1  Food (e.g. meat, milk, honey)  

2  Water (e.g. for drinking, irrigation, cooling)  

3  Raw Materials (e.g. fodder, fertilizer, bioenergy)  

4  Genetic resources (e.g. medicinal purposes, gene banks)  

5  Medicinal resources (e.g. biochemical products, models & test-organisms)  

6  Ornamental resources (e.g. decorative plants)  

 REGULATING SERVICES 

7  Air quality regulation (e.g. capturing (fine)dust, chemicals, etc)  
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8  Climate regulation (C-sequestration and storage, greenhouse-gas balance)  

9  Moderation of extreme events (eg. flood prevention)  

10  Regulation of water flows (e.g. natural drainage, irrigation and drought prevention)  

11  Waste treatment (especially water purification, nutrient retention)  

12  Erosion prevention (e.g. soil loss avoidance, vegetated buffer strips) 

13  Maintenance of soil fertility (incl. soil formation)  

14  Pollination (e.g. effectiveness and diversity  of wild pollinators) 

15  Biological control (e.g. seed dispersal, pest and disease control)  

 HABITAT SERVICES 

16  Maintenance of life cycles of migratory species (e.g. bio corridors and stepping stones)  

17  Maintenance of genetic diversity (especially in gene pool protection)  

 CULTURAL & AMENITY SERVICES 

18  Aesthetic information (e.g. harmonic agricultural landscape) 

19  Opportunities for recreation & tourism (e.g. agro-tourism) 

20  Inspiration for culture, art and design  

21  Spiritual experience  

22  Information for cognitive development  

 

 

 

Classification of ecosystem services - the CICES proposal  

 

Recently, proposal for a Common International Classification for Ecosystem Services 

(Haines-Young and Potschin, 2013) has been made regarding the revision of the SEEA 

(System of Integrated Environmental and Economic Accounting). CICES suggests 

hierarchical approach describing different ecosystem service themes and linking service 

assessment to data on economic activity. Moreover, if we accept the existence of different 

levels of ecological functions and processes that underpin final services, then the supporting 

services category is redundant as synonym for ecological functions and processes (Haines-

Young and Potschin, 2010). 

CICES (Haines-Young and Potschin, 2013) identifies provisioning services as all nutritional, 

material and energetic outputs from the living systems. Material outputs arising from 

biological or organic materials (biomass) and water are distinguished. Moreover, materials 
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can include genetic structures. Energy is divided on biomass based energy sources, where the 

organic material is consumed (e.g. fuel wood) and power provided by animals. 

Regulation & maintenance services are defined as all ways living organisms can mediate the 

ambient environment and consequently affect human well-being. The service covers 

degradation of wastes and toxic substances, mediation of flows in solids, liquids and gases as 

well as the ways living organisms can regulate the psycho-chemical and biological 

environment. 

Cultural services are all non-material and non-consumptive outputs of ecosystems that affect 

physical and psychological states of people. Moreover, cultural services are physical settings, 

locations or situations that are dependent on living processes. The classification divides 

between physical activities (e.g. hiking, fishing), intellectual or mental interactions involving 

analytical, symbolic activities as well as spiritual and religious settings (see Table 2). 

 

Table 2: CICES ecosystem services classification proposal 

(source: Haines-Young and Potschin, 2013) 

 

Section Division Group 

Provisioning Nutrition Biomass 

Water 

Materials Biomass, Fibre 

Water 

Energy Biomass-based energy sources 

Mechanical energy 

Regulation & 

Maintenance 

Mediation of waste, toxics and 

other nuisance 

Mediation by biota 

Mediation by ecosystems  

Mediations of flows Mass flows 

Liquid flows 

Gaseous/air flows 

Maintenance of physical, chemical, 

biological conditions  

Lifecycle maintenance, habitat and 

gene pool protection 

Pest and disease control 

Soil formation and composition 

Water conditions 

Atmospheric composition and 

climate regulation 

Cultural Physical and intellectual 

interactions with ecosystems and 

landscapes  

Physical and experiential 

interactions 

Intellectual and representative 

interactions 
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Spiritual, symbolic and other 

interactions with ecosystems and 

landscapes 

Spiritual and/or emblematic 

Other cultural outputs 

 

 

In general, CICES and TEEB classification have quite similar categories. Although CICES 

classification introduces energy category of provisioning ecosystem services that cover 

biomass-based energy sources (plant, animal) and mechanical animal-based energy (physical 

labour provided by animals, e.g. horses). Moreover, TEEB categories of raw materials, 

genetic, medicinal and ornamental resources can be distinguished as CICES division of 

materials.    

Moreover, CICES terminology have been selected to be as generic as possible in order to 

define other more detailed categories, currently twenty two “service groups” and fifty three 

“service classes” have been proposed (Haines-Young and Potschin, 2013). 

 

 

Ecosystem functions, services and benefits 

 

While dealing with complex relationships such as coupled socio-ecological systems, it is 

essential to define clear terminology and classification to describe the system different 

features and interactions. However, it is necessary to accept that no fundamental categories or 

unambiguous definitions exist for such complex systems, it is still important to be clear about 

the meaning of particular terms (TEEB, 2010). 

Chyba! Chybný odkaz na záložku. shows the ecosystem service cascade that distinguishes 

“functions” from even deeper ecological structures and processes. Function is defined by the 

potential of ecosystems to deliver a service, which depends on ecological structure and 

processes. For instance, process of nutrient cycling is needed for water purification (function) 

that provides clean water (provisioning service). The benefits of these services are diverse, 

clean water can be used for drinking and also for swimming (pleasure) and other activities 

contributing to human well-being. Besides, by value is meant the economic assessment of 

ecosystems benefits to human wellbeing (de Groot et al., 2010). 

To conclude, it is fundamental to understand the mechanisms that link ecological systems to 

human well-being. The aim of the cascade is to highlight the essential elements that illustrate 

these links and are perceived as a cascade or sequences of transformations rather than discrete 

steps (Potschin and Haines-Young, 2011). 
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 (adapted from de Groot et al., 2010; Haines-Young and Potschin, 2010) 

 

 

1.1.1. Selected regulating services – Carbon sequestration 
 

Climate regulation is a final ecosystem service, which provides goods and services that 

regulate climate and so adverse impacts on human well-being and biodiversity are avoided 

(UK NEA, 2011). Regulating ecosystem service - climate regulation is an important 

component of all commonly used classification of ecosystem services, such as Millennium 

Ecosystem Assessment, TEEB or CICES (see section 2.1 above).  

In this study, climate regulation is expressed by indicator carbon storage and sequestration of 

terrestrial ecosystems in the Czech Republic. 

In general, carbon sequestration is defined as transfer of atmospheric CO2 into biotic and 

pedologic carbon pools, where the carbon is stored (Lal, 2008). Of the 9.47 Pg C yearly 

emitted to the atmosphere, 2.63 Pg C is sequestered by oceans and 4.09 Pg C by terrestrial 

ecosystems that are a major sink due to the photosynthesis and storage of CO2 in live and dead 

organic matter (Boden et al., 2011). Terrestrial carbon sequestration is supposed to bring 

several benefits, such as improved soil and water quality, restoration of degraded ecosystems 

or increased crop yield (Lal, 2008). 

 

Ecosystems 

Biophysical 
structure or 
process 
  
(eg. Vegetation 
cover, Net 
Primary 
Production, 
nutrient 
cycling) 

Function 
 
(eg. water 
purification, 
biomass) 

Human well-being  
(socio-cultural context) 

Service 
 
(eg. clean water 
provision, flood 
protection) 

Benefit(s) 
 
(eg. 
contribution 
to health, 
safety) 

Value 

 
(eg. WTP for 
protection or 
products) 

Figure 2: The ecosystem service cascade 
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Carbon sequestration has been chosen as one of the key ecosystem services as carbon 

sequestration is currently becoming one of the leading regulating ecosystem services 

accounted at the national level and has increasing attention in the international context of 

climate change mitigation. Carbon stored in ecosystems is an important indicator of regulation 

services potential, which is directly related to land use disturbances and land management 

practices (Vačkář et al., 2011).  

Other important site conditions effecting carbon sequestration include climate and soils as 

well as natural disturbances. Moreover, potential of terrestrial ecosystems to sequester and 

store carbon depends on the type and condition of the ecosystems, such as species 

composition, structure and in case of forest age distribution (IPCC, 2000b). 

In Europe, terrestrial ecosystems play a major in climate regulation. In particular, peat soils 

contain the largest single store of carbon on the continent (EEA, 2010a). 

In the context of climate change mitigation the Czech Republic, as a Party to the United 

Nations Framework Convention on Climate Change (UNFCCC) is required to regularly 

update national greenhouse gas (GHG) inventories. Land Use, Land-Use Change and Forestry 

(LULUCF) sector includes emissions and removals of greenhouse gases (GHG) resulting 

from the six categories: forest land, cropland, grassland, wetland, settlement and others that 

are linked to Czech cadastral classification. Current inventory includes CO2 emissions and 

removals, as well as non-CO2 gases emissions (CH4, N2O, NOX and CO) from biomass 

burned in forestry and disturbances associated with land-use conversion (CHMI, 2012). 

According to the National Inventory Report (CHMI, 2012), in 2010 LULUCF sector shows 

net removal of GHG gases accounting for 5.519 Mt CO2 eq. in the Czech Republic. With 

respect to the emissions of others sectors in the Czech Republic in 2010, the LULUFC 

removals decreased total national GHG emissions by 3.97%. In the base year 1990, the total 

removals in the LULUCF sector amounted 3 618 Mt CO2 eq. (see Table 3). However, due to 

high inter-annual variability, the values should not be interpreted as trends. 
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Table 3: GHG estimates LULUCF sector in 1990 and 2010 in the Czech Republic 

(source: CHMI, 2012) 

 

Sector/category Emissions/removals 1990 

Gg CO2 eq. 

Emissions/removals 2010 

Gg CO2 eq. 

 

Total Land-Use Categories -3618 -5519 

 

A. Forest Land 

 

-4947 

 

-5400 

1. Forest Land remaining Forest Land -4667 -5132 

2. Land converted to Forest Land -280 -308 

 

B. Cropland 

 

1337 

 

139 

1. Cropland remaining Cropland 1089 38 

2. Land converted to Cropland 247 101 

 

C. Grassland 

 

-128 

 

-371 

1. Grassland remaining Grassland 59 2 

2. Land converted to Grassland -187 -373 

 

D. Wetlands 

 

23 

 

34 

1. Wetlands remaining Wetlands  (0) (0) 

2. Land converted to Wetlands 23 34 

 

E. Settlements 

 

86 

 

118 

1. Settlements remaining Settlements  (0) (0) 

2. Land converted to Settlements 86 103 

 

F. Other Land 

 

(0) 

 

(0) 

 

 

In addition to land use and land-use change, several other factors affect large-scale sources 

and sink of atmospheric CO2. For instance, changes in climate and climate variability 

influence sources and sinks of CO2 from vegetation and soils and vice versa, these might have 

natural or anthropogenic causes. Carbon sequestration rate of vegetation and soils might be 

also influenced by other factors, such as increase in atmospheric CO2 concentration, during 

1750-2012 from about 280 to 392.6 ppm (NOAA/ESRL, 2013). 

 

 

 



19 
 

1.1.2. Selected regulating services – Erosion control and sediment retention 

 

Erosion and sedimentation are natural processes contributing to healthy ecosystems, but 

exceeding amount can have severe consequences. Soil erosion is a main factor contributing to 

the degradation of agricultural land and failure of erosion regulation service impose additional 

costs downstream in water reservoirs and settlements. Particularly, excessive erosion might 

reduce agricultural productivity, increase flooding and pollutant transport. Erosion can lead to 

sediment build-up, increased sediment accumulation and therefore increase water treatment 

and dredging costs. Moreover, sedimentation is particularly issue for reservoirs that are 

designed to retain sediment as water is released (Tallis et al., 2011a). 

Intense soil erosion on arable land cause many environmental impacts that are on-site as well 

as off-site. On-site impacts related to soil erosion are the loss of topsoil and fertilizers, the 

decline in supply other ecosystem services, such as food production (decrease crop yield 

where plants are eroded or covered with sediment deposits) and decrease in soil productivity 

in the long-term. The off-site problems are often more obvious and include the pollution of 

surface water with suspended sediment and other pollutants attached to the sediment particles 

like phosphates or heavy metals, silting of riverbeds, silted reservoirs and ponds with high 

sediment volume, that require costly dredging operations (Verstraeten et al., 2002). 

Average annual rate of erosion is usually calculated by the Universal Soil Loss Equation 

(USLE) that is based on rainfall pattern, soil type, topography, crop system, and management 

practices. Tolerable erosion rate or soil loss tolerance (T) is defined as the amount of erosion, 

which is still acceptable and potentially does not threaten the ecological production (Vačkář et 

al., 2011).  

In Europe, 0.3 – 1.4 Mg ha
-1

yr
-1

 of soil loss is recommended as sustainability limit of tolerable 

erosion rate. Though soil type, slope and climate are important factors, soil cover, soil and 

crop management play key role in actual soil erosion rates (Verheijen et al. 2009).  

Moreover, the mean erosion rate in Europe is 1.2 Mg ha
-1

yr
-1

, estimated mean regional 

erosion rate in the Czech Republic is 2.6 Mg ha
-1

yr
-1

 (Cerdan et al., 2010) 

Furthermore, landscape dynamics are one of the key factors affecting soil erosion and 

sediment delivery to rivers and reservoirs. According to Van Rompaey et al. (2007), current 

land use changes in the Czech Republic are characterized by split of large collective fields 

into smaller units, increase of the area of set-aside land. Additionally, the area of pastures 

increases by 150% between 1990 and 2000. These land use changes result in some cases of 

retention ponds in 75% decrease of the mean annual sediment export since 1990. 
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1.1.3. LU categories and selected ecosystems services  

 

Based on the land use categories of ALARM (Assessing Large-scale environmental Risks for 

biodiversity with tested Methods) scenarios, ecosystem services assessment of the selected 

socio-ecological systems will be performed. The selected socio-ecological systems consist of 

(1) Urban systems, (2) Agricultural land, (3) Permanent crops, (4) Grasslands and (5) Forest 

that have particular characteristics with regard to the prevailing ecosystem services as well as 

ecosystem services that are analysed in the Czech Republic: 

 

(1) Urban systems 

Ecosystem services derived from urban systems arise mainly from cultural services and 

include good physical and mental health, recreation as well as community cohesion. In urban 

areas, human population density is considerably higher than it is in all other habitats, thus 

cultural services are particularly important. Regulating services are essential for urban 

environment, such as water purification, climate regulation through green spaces and 

avoidance of climate stress. Provisioning services do not play extensive role in urban systems 

as these are mainly dependent on other adjacent ecosystems (UK NEA, 2011). 

 

Analyzed ecosystem services: 

• Carbon sequestration 

The so-called urban heat islands show an extreme case of land use modifying regional 

climate. Reduced vegetation cover together with impervious surface area is resulting in 

evaporative cooling, store heat and warm surface air (UK NEA, 2011).  

 

• Erosion control and sediment retention 

In case of urban systems, erosion and sediment retention is not taken into account as in this 

case it is not possible to differentiate between paved and for instance green areas. Urban areas 

are mostly paved and therefore have no filtering capacity as well as sediment retention (Tallis 

et al., 2011a). 
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(2) Arable land and (3) Permanent crops 

Most of the agricultural land is managed primarily for a single ecosystem service, the 

provisioning of food, either directly for human consumption or feed for livestock. On the 

other hand, unsustainable agricultural management can bring a broad range of ecosystem 

disservices, for instance negative carbon sequestration rate due to emissions of greenhouse 

gases and depletion of soil carbon, increasing soil erosion, downstream flood risk, decreasing 

water quantity (UK NEA, 2011).  

Additionally, permanent crops, such as vineyards, traditional fruit orchards, represent 

important areas of conservation value and can provide multiple ecosystem services as well as 

vital habitat refuges for endangered species (Poláková et al., 2011). 

According to Harison et al. (2010), provisioning services, such as food and fibre, timber 

production have key contribution to agro-ecosystems. With respect to regulating services, pest 

regulation and pollination plays key role.  Regarding cultural services, ecotourism, cultural 

heritage and sense of place are identified are as relevant for agro-ecosystems. 

 

Analyzed ecosystem services: 

• Carbon sequestration 

According to Janssens et al. (2005), croplands are carbon sources in European countries; 

arable land in the Czech Republic releases 0.358 Mg C ha
−1

 year
−1

. With respect to national 

inventories in the Czech Republic arable land emitted 1337 Cg CO2 eq. in 1990 and 139 Cg 

CO2 eq. in 2010, which illustrate the decline in arable land area (CHMI, 2012). 

 

• Erosion control and sediment retention 

According to Verheijen et al. (2009), actual rates of soil erosion in Europe on arable land have 

range between 3 – 40 Mg ha
-1

yr
-1

. Moreover, actual soil erosion rates in Europe for tilled 

arable land are on average 3 to 40 times higher than upper limit of tolerable soil erosion 

(accepting spatiotemporal variations). 

According to Cerdan et al. (2010), the mean erosion rate in Europe is 1.2 Mg ha
-1

yr
-1

, 

estimated mean regional erosion rate in the Czech Republic is 2.6 Mg ha
-1

yr
-1

, while total 

erosion rate is 202 x 10
5
 Mg ha

-1
yr

-1
. Total erosion rate in the Czech Republic accounts for 

3.7% of the total European erosion, which is considerably high. 
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 (4) Grasslands 

Grasslands play important role in provisioning services such as food and fibre, and genetic 

resources, regulating services, pollination and invasion resistance and in cultural services 

education and inspiration, ecotourism, cultural heritage. Additionally, grasslands contribute to 

water flow, erosion regulation as well as carbon sequestration (Harisson et al., 2010; 

Hönigová et al., 2012).  

Ecosystems services provided by semi-natural grasslands has declining or mixed trend, 

mainly due to intensive decrease of European grassland area. This is related to the 

abandonment of traditional small-scale farming during the last century and the intensification 

of agriculture (Harisson et al., 2010). 

 

Analyzed ecosystem services: 

• Carbon sequestration 

Grassland carbon sequestration can be considered as one of the key regulation services in the 

face of climate change vulnerability, adaptation and impacts. The potential to sequester 

carbon by improving grassland conservation, management and restoration of degraded 

grasslands is substantial, approximately of the same order as that of agricultural and forestry 

sequestration. Carbon sequestration practices in grasslands also tend to enhance resilience to 

climate variability, and are thus likely to enhance adaptation to changing climate.  Grassland 

can sequester between 0.6 and 0.8 Mg C ha
−1

 year
−1 

(Vačkář et al., 2011).  

With respect to national inventories, in the Czech Republic grasslands are carbon sink, with  

128 Cg CO2 eq. and 371 Cg CO2 eq. in 1990, respectively 2010 (CHMI, 2012). 

 

 Erosion control and sediment retention 

According to Cerdan et al. (2010) grassland erosion rate estimates are 0.29 Mg ha
-1

yr
-1

.  

On the other hand, Bazzoffi (2009) considers soil erosion tolerance for natural grasslands of 

0.5 Mg ha
-1

yr
-1 

and 0.8 Mg ha
-1

yr
-1 

for permanent grasslands. While considering the most 

conservative limit of average actual erosion rate 3 Mg ha
-1

yr
-1

, grasslands save 2.2 – 2.5 Mg 

ha
-1

yr
-1 

of soil. In total, grasslands in the Czech Republic yearly save 2.1 million Mg of soil 

when compared to cropland erosion rates (Vačkář et al., 2011).  
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(5) Forests 

Forests are important natural ecosystems that provide vital ecosystem services. A wide range 

of ecosystem services include provisioning (e.g. timber and fuel), regulating (e.g. climate, 

erosion, flood hazard, noise, and air quality regulation), and cultural (e.g. cultural heritage, 

amenity, health, recreation and tourism) services. Provision of these ecosystem services is 

sensitive to land management objectives (UK NEA, 2011). 

 

Analyzed ecosystem services: 

• Carbon sequestration 

Forest ecosystems are significant carbon sink. Globally, the total forest carbon sink is 2.4 ± 

0.4 Pg C year
–1

 for the period 1990 to 2007. Besides harvestable timber, forest carbon is also 

stored in dead wood, litter, soil as well as wood products (Pan et al., 2011). In the Czech 

Republic, forest carbon sequestration rate is 0.494 Mg C ha
−1

 year
−1

 (Janssens et al., 2005).  

With respect to the national inventories, forests are the largest carbon sink in the Czech 

Republic, with  4947 Cg CO2 eq. and 5400 Cg CO2 eq. in 1990, respectively 2010 (CHMI, 

2012). 

 

• Erosion control and sediment retention 

Permanent vegetation cover, such as grassland and forest has the lowest erosion rates. Forest 

erosion rate accounts for 0.003 ± 0.0018 Mg ha
-1

yr
-1

. In general, forest soil losses are 

substantially lower than those on arable land. Although disturbances of permanent vegetation 

by fire can temporary lead to higher erosion rates, these are still lower than rates measured on 

arable land (Cerdan et al., 2010). 

 

1.2 Climate change impact on ecosystem services  

 

Anthropogenic climate change is one of our greatest environmental, social and economic 

threats (Stern, 2007). Moreover, climate change is an important driving force in the 

distribution and functioning of natural ecosystems (Parmesan and Yohe, 2003). 

Europe has warmed more than global average; in 2009 the land area annual average 

temperature was 1.3 °C higher than the 1850–1899 average. Regarding the land area, nine of 

the twelve warmest years since 1850 have occurred in the past twelve years (1998 to 2009) 

(EEA, 2010b). 
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Mean winter precipitation has increased in most of western and northern Europe by 20 to 40 

%, while southern Europe and parts of central Europe were characterised by drier winters 

(EEA, 2010b). 

Over the Czech Republic, the increase of mean annual air temperature is almost constant 

(+3.25–3.5°C in the distant future 2071-2100 compared to the reference period). However, the 

frequency of heat spells (defined as days with daily maximum air temperature above 30°C) at 

lower elevations increases from 5–8 (reference period) to 30–40 (distant future), with less 

intensive increase at higher elevations. Total precipitation during the vegetation season are 

projected to increase in the near future (2021-2050) by up to 10% and to decrease in the 

distant future by up to 10% over all the vegetation zones (Hlásny et al., 2011). 

Climate change resulting in milder winters is responsible for the observed northward and 

uphill distribution shifts of many European plant species (Feehan et al., 2009). Moreover, 

climate change is affecting species distribution and range, the timing of life stages and the 

ecological interactions of predator and prey (EEA, 2010a). The stability of ecosystems as well 

as ecosystem services they provide will become increasingly affected by climate change due 

to species-specific responses and the disruption of established biotic interactions (Feehan et 

al., 2009). 

As agricultural practices are climate-dependent and yields vary over years depending on 

shorter term weather patterns, the agricultural sector is particularly exposed to climatic change 

(Moriondo, 2010).  

Žalud et al. (2009) describes the main climate related risks posing significant hazard for agro-

ecosystems in the Czech Republic. These risks include: (a) hydrometeorlogical extremes 

(such as storms, short periods of very warm weather in winter, spring frost, flood, heat wave, 

etc.), (b) occurrence of harmful agents (pathogens, pests, weeds), and (c) change of farming 

conditions (changes and shifts in production regions). Climate change is expected to lead to a 

northward expansion of suitable cropping areas and a reduction of the growing period of 

determinate crops (e.g. cereals) (Olesen et al., 2002). The shortening of growing periods is 

likely to reduce yield. With regard to the Czech Republic, certain changes in conditions can 

be expected rather in advance of cropping in higher altitudes, where soil conditions are much 

less suitable than in the lowlands (Žalud et al., 2009). 
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1.3 Modelling ecosystem services: InVEST tool 

 

According to Nelson et al. (2009), there are two paradigms regarding ecosystem service 

assessments and decision making. First paradigm produces multiple services broad-scale 

assessments to extrapolate a few value estimates based on habitat type to entire regions or 

even entire planet. However, the benefit transfer incorrectly assumes that every hectare of 

given habitat has equal value. Example of this approach is Costanza et al., 1997; Troy and 

Wilson, 2006; Turner et al., 2007. In the second paradigm assessments are generated, 

modelling particular service and its dependence on ecological production function (e.g. Kaiser 

and Roumasset, 2002; Ricketts et al., 2004) at a very small scale, lacking broader scope on 

multiple services and scale (geographic, temporal). In order to gain benefits these two 

paradigmatic approaches, it is necessary to combine them into an integrated assessment, such 

as Integrated Valuation of Environmental Services and Tradeoffs (InVEST) model. 

InVEST have been applied in several studies worldwide at global, regional, local level 

(Nelson et al., 2009; Goldstein et al., 2011; Cardinale et al., 2012; Johnson et al., 2012; 

Nelson et al., 2012) in order to analyse future scenarios and project changes in provision of 

particular ecosystem services.  

For instance, Nelson et al. (2012) performed a global analysis projecting global land-use 

change effects on provision of ecosystem service and biodiversity. Changes in global area of 

urban land and cropland for two scenarios of 2000 to 2015 have been assessed. Besides, 

consequences of these changes on ecosystem service provision, particularly on crop 

production, water availability, carbon storage and species habitat as well as trade-offs among 

these services, have been analysed. Trade-off analysis indicates that due to land-use change in 

country scenario 5.2 grams of carbon stored in biomass is released for every additional calorie 

of globally produced crop, under regional scenario 13.7 is the trade-off rate. 

Example of applying in InVEST modelling at local scale is ecosystem service trade-offs 

analysis performed to assist private landowner in Hawaii in decision making regarding design 

of a land-use development plan (Goldstein et al., 2012). In this case study, InVEST was 

applied to evaluate environmental and financial implication of seven land-use scenarios, 

which shows trade-offs between ecosystem services such as carbon storage and water quality 

as well as environmental improvements and financial revenues.  

InVEST modelling tool can be applied to model the climate change impacts on ecosystem 

services. For instance, in the Willamette Basin of Oregon, climate change impacts on 
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ecosystem services, particularly water availability and carbon sequestration together with 

biodiversity, has been assessed utilizing InVEST (Lawler et al., 2011).  

To conclude, spatially explicit quantification of ecosystem services and analysis of tradeoffs 

between them have the potential to make natural resource decisions more effective, efficient, 

and defensible (Nelson et al., 2009).  

 

 

1.4 Scenarios: Tools for depicting the future trends  

 

Climate change scenarios as approaches to assess and project future trends are valuable source 

of information with regard to the suitability of adaptation and mitigation options as well as 

decisions that need to be taken. Figure 2 illustrates the difference of scenarios versus facts, 

projection, prediction and speculation. Scenarios are associated with high uncertainty and 

known causality. They do not provide any information with regard to probability of 

occurrence of specific event. 

Moreover, scenarios are not predictions; they are means to illustrate possible future 

developments taking into account uncertainty and different interpretations of the current 

situation. Scenarios should provide a consistent and plausible insight into a possible future 

that informs the main issues of a policy debate (EEA, 2009).  

When addressing the considerable uncertainty about trajectories in complex systems, 

scenario-based approaches are particularly convenient. Uncertainty may arise from 

complexity of the system or could be associated with identification of future developments 

(see Figure 3). If a relative uncertainty concerning future developments is relatively low, 

scenarios allow projecting future implications (usually involving reference scenarios). On the 

other hand, if high uncertainty exists regarding long-term future developments, this results in 

sets of contrasting scenarios that frame a of plausible futures (Zurek and Henrichs, 2007). 
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Figure 3: What are scenarios? 

(source: Zurek and Henrichs, 2007) 

 

The purpose of scenario development is to explore future possible states, particularly to 

estimate future states of the environment and society, to test specific strategies. Moreover, 

scenarios assist in responding to questions like “what is needed to reach certain goals, what 

could be the performance of strategies against future developments of environment and 

society, etc. 

Alcamo (2001) identifies broad variety of potential scenarios application: (a) Through so-

called baseline, scenarios provide insights into future alternative states of environment with 

lack of additional environmental policies and therefore point out the need for implementing 

environmental policies to avoid the negative impacts. (b) Scenarios raise awareness regarding 

future interconnection between different environmental problems (for instance climate change 

and food security). (c) Scenarios can illustrate how alternative policy pathways achieve 

certain target. (d) Scenarios combine qualitative and quantitative information about future 

development of particular environmental problem. (e) Scenarios detect robustness of 

particular environmental policies under different future pathways and therefore can for 

instance test the best available technology. (f) Scenarios can contribute to decision making, 

assist policy maker to “think big” about environmental problems, while taking into account 
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large time and space scale. (g) Scenarios assist to raise awareness about newly emerging or 

intensifying environmental problems over the period of several decades. 

 

 

1.4.1 Millennium Ecosystem Assessment: Scenarios focused on ecosystem services 

 

The Millennium Ecosystem Assessment (MA) developed four internally consistent scenarios 

that explore aspects of plausible global futures and their implications for ecosystem services. 

Scenario development is a way to explore possibilities for the future that cannot be predicted 

by extrapolation of past and current trends. Each of the scenarios represents specific way of 

future development in the time frame 2000 – 2050, respectively 2100. The purpose of 

developing the stories is to encourage decision-makers to consider some positive and negative 

implications of the different development trajectories. MA identifies the main direct drivers of 

change in biodiversity and ecosystems that include habitat change, climate change, invasive 

species, over-exploitation together with nutrient pollution (MA, 2005). 

 

 

 

The following section provides an overview of MA scenarios (MA, 2005): 

 

 Global Orchestration  

Global Orchestration scenario is characterized by globally connected society that focuses on 

global trade and economic liberalization. In this scenario, society takes a reactive approach to 

ecosystem problems and takes strong steps to reduce poverty and inequality to invest in public 

goods such as infrastructure and education. Economic growth in this scenario is the highest of 

the four scenarios, while it is assumed to have the lowest population in 2050. 

 

 Order from Strength 

 This scenario is characterized by regionalized and fragmented world that is concerned with 

security and protection, emphasizing primarily regional markets, paying little attention to 

public goods, and taking a reactive approach to ecosystem problems. Economic growth rates 

are the lowest of the scenarios (particularly low in developing countries) and decrease with 

time, whereas population growth is the highest. 
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 Adapting Mosaic   

Adapting mosaic is characterized by regional watershed-scale ecosystems are the focus of 

political and economic activity. Local institutions are strengthened and local ecosystem 

management strategies are common with a strongly proactive approach to the management of 

ecosystems. Economic growth rates are initially low but increase with time. Population in 

2050 is nearly as high as in Order from Strength. 

 

 TechnoGarden  

TechnoGarden scenario depicts a globally connected world that strongly relies on 

environmentally sound technology, using highly managed, often engineered, ecosystems to 

deliver ecosystem services. Proactive approach to the management of ecosystems is taken in 

an effort to avoid problems. Economic growth is relatively high and accelerates, while 

population in 2050 is in the midrange of the four scenarios. 

 

 

Based on MA scenarios, Order from Strength scenario projects all provisioning, regulating 

and cultural ecosystem service to be in worse condition in 2050 than they are today (year 

2000 as a baseline). On the other hand, Adapting Mosaic shows improvements in all 

ecosystem services by 2050. In Global Orchestration, provisioning ecosystem services 

improves, regulating and cultural services decline. In TechnoGarden scenario, delivery of 

cultural services decline, while provisioning and regulating services improve. 

 

 

1.4.2 Climate scenarios:  IPCC SRES scenarios 

 

In order to assess impact of climate change, it is obviously essential to have projections of 

future climate change that among other things depend on the future trends of greenhouse gas 

(GHG) emissions. Therefore, emissions scenarios play key role in climate change studies 

(Alcamo, 2009). 

IPCC Special Report on Emission Scenarios (IPCC, 2000a) represents scenarios that cover a 

wide range of the main driving forces of GHG emissions and sulphur emissions, such as 

demographic change, economic development, and technological change.  
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In the SRES scenarios, the model calculations produce numerical estimates of future 

emissions. While storyline has supporting role to justify the selection of emissions driving 

forces. Each SRES scenario represents a specific quantitative interpretation of one of four 

storylines with regard to the degree of globalisation versus regionalisation, relative emphasis 

on economic growth, and level of environmental protection (Alcamo, 2009). The SRES 

storylines do not take in account explicit mitigation or adaptation policies (IPCC, 2000a). 

 

 

 

 
 

 

 

 

 

 

 

Figure 4: IPCC SRES Scenarios framework  
(source: IPCC, 2000a) 

 

 

 

Figure 4 illustrates these fundamental scenarios as well as the main driving forces. All the 

scenarios based on the same storyline constitute a scenario “family”. Each storyline assumes a 

distinctly different direction for future developments; together they describe divergent futures 

that encompass a significant portion of the underlying uncertainties in the main driving forces. 

The time frame of IPCC SRES scenarios is 1990 - 2100 (IPCC, 2000a).  

 

 A1 

B2 B1 

A2 

Economic 

Environmental 

Regional Global 

Driving forces 

Population Economy Technology 
Agriculture 
(Land Use) 

Energy 
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Table 4: Summary of scenario characteristics with regard to the driving forces  

(Source: IPCC, 2000a) 

 

Family A1 A2 B1 B2 

Scenario group A1FI A1B A1T A2 B1 B2 

Population 

growth 

low low low high low medium 

GDP growth very 

high 

very 

high 

very 

high 

medium high medium 

Energy use very 

high 

very 

high 

high high low medium 

Land-use 

changes 

low-

medium 

low low medium/high high medium 

Resource 

availability (oil 

& gas) 

high medium medium low low medium 

Pace and 

direction of 

technological 

change 

rapid rapid rapid slow medium medium 

favouring coal, oil 

& gas 

balanced non-

fossils 

regional efficiency & 

dematerialization 

“dynamics 

as usual” 

 

 

The main characteristic of the scenarios storylines and described below (IPCC, 2000a): 

 

 A1 scenario 

 The A1 storyline and scenario family has global economic focus, which describes a future 

world of very rapid economic growth, global population that peaks in mid-century and 

declines thereafter, and the rapid introduction of new and more efficient technologies. Major 

underlying themes are convergence among regions, capacity building, and increased cultural 

and social interactions, with a substantial reduction in regional differences in per capita 

income.  

The primary dynamics of the A1 scenario are: (a) strong commitment to market-based 

solutions, (b) household level high savings and commitment to education, (c) high rates of 

investment and innovation in education, technology and institutions at the national and 

international levels, (d) international mobility of people, ideas and technology. 

The A1 scenario family is divided into three groups that describe alternative directions of 

technological change in the energy system.  
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Several scenario groups have been developed within A1 scenario family reflecting uncertainty 

in the development of energy source and conversion technologies in the rapidly changing 

world. Among others, A1 scenario groups contain:  

 fossil intensive (A1FI) – carbon-intensive energy path that is consistent with the 

current development strategy of countries with large domestic coal resources;  

 non-fossil energy sources (A1T) – a stronger shift toward renewable energy sources 

and possibly also toward nuclear energy;  

 a balance across all sources (A1B) – balanced mix of technologies and supply sources, 

with technology improvements and resource assumptions that no single source of 

energy is overly dominant   

 

 A2 scenario 

The A2 storyline and scenario family has regional economic focus and describes a very 

heterogeneous world. The underlying theme is self-reliance and preservation of local 

identities, international cooperation is lesser, technological change is more heterogeneous. 

The global population is continuously increasing. Economic development is primarily 

regionally oriented and per capita economic growth and technological changes are more 

fragmented and slower than in other storylines. World is divided into series of economic 

regions, with uneven economic growth and the income gap between now-industrialized and 

developing parts of the world. 

The fuel mix in different regions is primarily defined by availability of resources. Regions 

rich in energy resources have more resource intensive economies, while regions with scarcity 

of energy resources utilize technological innovation to improve resource efficiency. Although 

there have been attempts to bring regional and local pollution under control, global 

environmental concerns are relatively weak.   

  

 B1  scenario 

The B1 storyline and scenario family has global environmental focus. It describes a 

convergent world with the same global population that peaks in midcentury and declines 

thereafter, as in the A1 storyline. The B1 scenario illustrates rapid changes in economic 

structures toward a service and information economy, with reductions in material intensity, 

and the introduction of clean and resource-efficient technologies (“dematerialization”). 

Economic development is balanced; priorities remain in improving resource use efficiency, 

equity, environmental protection. 
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As this scenario has global outreach, emphasis is on global solutions to economic, social, and 

environmental sustainability, including improved equity, but without additional climate 

initiatives. The key elements of the B1 scenario are a high level of environmental and social 

consciousness combined with a global attitude to a more sustainable development. Increased 

public attention is paid to environmental and social aspects of development. The proactive 

local and regional environmental measures (such as sustainable land use management, 

incentives in sustainable agriculture) lead to relatively low GHG emissions. 

 

 B2  scenario 

The B2 storyline and scenario family has regional environmental focus; it describes a world in 

which the emphasis is on local solutions to economic, social, and environmental 

sustainability. Global population is continuously increasing at a rate lower than A2, economic 

development has intermediate levels, and technological change is less rapid and more diverse 

than in the B1 and A1 storylines. While the scenario is also oriented toward environmental 

protection and social equity, it focuses on local and regional levels. Environmental protection 

is one of the few remaining international common priorities. Due to its regional approach, 

technological change is uneven. Some regions with limited natural resources emphasize 

technological development, while others do not.  Regional cooperation results in successful 

management of some transboundary environmental problems (e.g. SO2 acidification, lower 

emissions of NOX and volatile organic compounds).  
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Figure 5: Past and future global surface temperature change for selected IPCC scenarios 

 (source: IPCC, 2007) 

 

 

Solid lines on Figure 5 show future global averages of surface warming (relative to 1980-

1999) for the SRES A2, A1B, B1 scenarios. The pink line shows experimental scenario where 

concentrations were held constant at year 2000. The bars on the right side indicate the best 

estimate (solid line) and likely range (lighter colour) for the SRES scenarios (for detailed 

information see Table 5 below). 

Furthermore, Table 5  shows GHG concentration levels, temperature change and sea level rise 

for the six SRES scenarios. B1 scenario indicates the lowest GHG concentration levels (600 

ppm) as well as other indicators as it has global environmental focus. On the other hand, A1FI 

the fossil intensive scenario, has the highest emissions scenarios (1550 ppm), resulting in 

highest temperature change (4.0 °C) and the sea level rise ranges from 0.26 to 0.59 m.     
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Table 5: Global GHG concentrations, temperature change and sea level 

rise of the SRES scenarios  

(Source: IPCC, 2007) 

Scenario GHG 

concentration 

level 

ppm CO2-eq         

(in 2100) 

Temperature change (°C at 2090-

2099 relative to 1980-1999) 

Sea level rise 

 (m at 2090-2099 relative 

to 1980-1999) 

Best estimate Likely change Model-based range 

B1 600 1.8 1.1 - 2.9 0.18 – 0.38 

B2 800 2.4 1.4 - 3.8 0.20 – 0.43 

A2 1250 3.4 2.0 – 5.4 0.23 – 0.51 

A1FI 1550 4.0 2.4 – 6.4 0.26 – 0.59 

A1B 850 2.8 1.7 - 4.4 0.21 – 0.48 

A1T 700 2.4 1.4 - 3.8 0.20 – 0.45 

     

 

 

 

 

1.5 Research objective and research questions 

 

Changes in atmospheric composition and climate together with socio-economic, land use, and 

biodiversity changes crucially affect the capacity of multifunctional landscapes to provide the 

array of vital ecosystem services (Rickebusch and Metzger, 2011). At present, climate change 

and land use change are recognized as the most pressing global environmental problems 

(Pielke et al., 2005; Boyd et al., 2008) as they significantly influence ecosystem services like 

carbon sequestration, water flow regulation, food and fibre production and others.  

 

By applying ALARM land use scenarios that are based on climate change projections, the 

research focuses on identifying climate change impacts on ecosystem services in the Czech 

Republic. The two selected ecosystems services (1) carbon storage and sequestration and (2) 

erosion control and sediment retention are modelled using InVEST, tool for Integrated 

Valuation of Environmental Services and Tradeoffs. 
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Research objective: 

To assess climate change impacts on selected ecosystem services (carbon storage and 

sequestration, erosion control and sediment retention) in the Czech Republic by application of 

ALARM land use  scenarios that are based on climate projections.  

 

Research questions: 

1. What are the most significant trends in land use change within analysed ALARM 

scenarios in years 2020, 2050 and 2080? 

 

2. How does climate change affects carbon storage and sequestration within analysed 

ALARM scenarios in years 2020, 2050 and 2080? 

 

3. How does climate change affects erosion control and sediment retention within 

analysed ALARM scenarios in year 2080? 
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2. Methods 

 

 

2.1 Application of ALARM scenarios 

 

This section presents ALARM scenarios that land use change climate projections for years 

2020, 2050 and 2080. ALARM scenarios are analysed with respect to particular land use 

changes. Moreover, these scenarios are also utilized as inputs for modelling climate change 

impacts on ecosystem services. 

 

2.1.1 Characteristics of ALARM scenarios 

 

The scenarios used to assess and project future trends are a valuable source of spatially 

explicit information with regard to the suitability of adaptation options. Moreover, scenario 

analysis aims to explore the long-range possibilities of complex socio-ecological systems and 

to provide policy guidance on the consequences of alternative actions and choices (Raskin, 

2005). 

The ALARM scenarios are land use scenarios based on IPCC SRES scenarios, which have 

been downscaled from European to country-specific level, for the years 2020, 2050 and 2080 

(Spangenberg, 2007; Spangenberg et al., 2012; Fronzek et al., 2012).  

For land-use modelling MOLUSC (Model of Land Use SCenarios) was applied, an automated 

European land-use change model. MOLUSC model uses interpretations of future trends in 

current European policy that impact land use, such as the European Spatial Development 

Perspective (ESDP) and its role in planning policy, the Common Agricultural Policy (CAP) 

effects on agricultural production and rural development and through NATURA 2000 site 

network, the nature protection policies (Spangenberg et al., 2012). 

Scenarios developed with ALARM (Assessing LArge-scale environmental Risks for 

biodiversity with tested Methods) FP6 project explore possible risks to biodiversity in 

terrestrial and freshwater ecosystems (Spangenberg et al., 2012). The ALARM scenarios have 

been statistically downscaled to national level (spatial resolution 250 x 250 m) within 

Ecochange (Challenges in assessing and forecasting biodiversity and ecosystem changes in 

Europe) FP6 project.  
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The three major scenarios analysed cover a broad range of social, economic, political and 

geo-biosphere parameters, and also conflicts of interest between the different aspects of 

sustainable development (Kaivo-oja, 1999). BAMBU scenario Business-As-Might-Be-Usual 

is based on A2 IPCC SRES scenario. While, GRAS scenario Growth Applied Strategy is 

based on A1FI IPCC SRES scenario and SEDG scenario Sustainable European Development 

Goal is rooted in B1 IPCC SRES. Figure 6 provides an overview of the ALARM scenarios.  

For all of the three scenarios, climate models of atmosphere–ocean general circulation model 

projections (2001–2100), in particular HadCM3 (Hadley Centre for Climate Prediction and 

Research), have been applied. Moreover, BAMBU scenario also applies regional climate 

model (1961-2100), specifically RCA3 model (Rossby Centre Regional Atmosphere Model). 

The ALARM climate scenarios only cover a part of the range of uncertainty of climate model 

projections, though the atmosphere–ocean general circulation model projections were selected 

to be representative of European larger ensemble of temperature and precipitation projections 

(Fronzek et al., 2012). 

 

Apart from these three major scenarios, three “shock scenarios” have been developed: CRAS-

CUT – Environmental Shock Scenario, BAMBU-SEL – Shock in Energy price level and 

BAMBU-CANE – Pandemic shock scenario (Spangenberg, 2007). These “shock scenarios” 

are more or less complementary to the first three scenarios, assuming unexpected events, 

therefore have not been used in the case of the Czech Republic ecosystem services 

assessment. 

Moreover, the ALARM scenarios proof applicability as they have been adopted within the 

wider research community and applied by several European Commission funded projects as 

well as national research programmes. The IPCC SRES scenarios will in a near future 

(2013/2014) be superseded by a new set of global socio-economic, technological, land-use, 

emissions and climate scenarios developed within IPCC Fifth Assessment Report. However, 

this should not suggest that ALARM scenarios will not be valid. Rather the new IPCC 

scenarios should be seen as complementary, providing richer, more regionally specific socio-

economic characterization than SRES scenarios (Settele et al., 2012). 
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Figure 6: ALARM scenarios storylines 

 (source: Spangenberg, 2007) 

 

To assess the impact of climate change on the selected socio-ecological systems in the Czech 

Republic, downscaled ALARM scenarios have been applied. The scenarios used to assess and 

project future trends are a valuable source of information with regard to the suitability of 

adaptation and mitigation options. Moreover, scenario analysis of this kind aims to explore 

the long-range possibilities of complex socio-ecological systems and to provide policy 

guidance on the consequences of alternative actions and choices (Raskin, 2005). 

The ALARM scenarios are land use scenarios based on IPCC SRES scenarios, which have 

been downscaled from European to country-specific level, for the years 2020, 2050 and 2080. 

These scenarios are applied in our study to allow the analysis of relations between climate 

change impact and land use trends on ecosystem service availability. Each ALARM scenario 

consists of a storyline or narrative (see Table 6), of which several elements are quantitatively 

illustrated by different, partly integrated models (Spangenberg, 2007).  

The three scenarios analysed reflect a broad range of social, economic, political and geo-

biospheric parameters, and also conflicts of interest between the different aspects of 

sustainable development (Kaivo-oja, 1999). The following scenarios have been analysed and 

are further characterized in Table 6 below: BAMBU (Business-As-Might-Be-Usual), GRAS 

(Growth Applied Strategy) and SEDG (Sustainable European Development Goal).  

 

 

 

Economic shock  

BAMBUSEL 

BAMBU: Business 
as Might Be Usual 

Social shock  

BAMBU-CANE 

GRAS: Growth 
applied strategy 

Climate shock  

GRAS-CUT 

SEDG: Sustainable 
European 

Development Goal 

Narratives, Storylines 
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Table 6: Characteristics of ALARM scenarios  

(modified from Spangenberg, 2007) 

Scenario Based on 

IPCC 

SRES 

scenarios 

Scenario description 

BAMBU A2 BAMBU (Business-As-Might-Be-Usual) is a policy driven scenario that 

extrapolates expected trends in EU policies and includes both, climate 

mitigation and adaptation measures as well as biodiversity protection 

policies. Moreover, environmental policy is perceived as another 

technological challenge. 

 

GRAS A1FI GRAS (Growth Applied Strategy) is a liberal, free-trade, globalization 

and deregulation scenario that focuses mainly on adaptation. 

Environmental policies focus on damage repair, with limited prevention 

based on cost benefit-calculations. Biodiversity protection occurs only 

when the problem emerges. 

 

SEDG B1 SEDG (Sustainable European Development Goal) is a backcasting 

normative scenario, designed to meet specific sustainable development 

goals and deriving the necessary policy measures to achieve them, with 

the aim of 75% reduction of CO2 emissions by 2050. SEDG is a 

normative scenario, which aims for a competitive economy, healthy 

environment, gender equity and international cooperation. IPCC SRES B1 

scenario used as kind of “climate envelope”, while ignoring 

socioeconomic consideration of SRES B1. 

 

 

GRAS, BAMBU and SEDG scenarios characteristics of diverging policies in areas of EU 

Common Agricultural Policy, EU funds, energy policy, transport policy and trade policy that 

are central for biodiversity and ecosystem services pressure generation are summarized in 

Table 7. Within each scenario, policies have different pathways ranging from more 

sustainable approach in SEDG scenario to less environmentally friendly approach in GRAS 

scenario. 
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Table 7: Summary of ALARM scenarios diverging policies  

(based on Spangenberg et al., 2012) 

 

Scenario 

 

 

GRAS 

 

BAMBU 

 

SEDG 

EU Common 

Agricultural 

Policy 

Dismantling payments for 

production (1
st
 pillar) and 

for rural development and 

environment (2
nd

 pillar) 

Shift from 1
st
 to 2

nd
 pillar 

results in polarisation: 

intensification of high 

yielding locations, 

neglecting of low yielding  

Spatially explicit support 

to (organic) agriculture 

throughout the landscape 

(only the 2nd pillar 

transfers remain) 

EU funds Phasing out, considered as 

subsidies 

Focused on infrastructure 

development and growth 

in poor regions 

Local green development 

and opportunities, 

education and 

employment focus 

Energy policy Efficiency, some 

renewable energies based 

on cost calculations 

Efficiency, aiming at 20% 

reduction of GHG 

emissions by 2020, 

80% by 2080. Increase in 

nuclear and renewable 

energy 

Aiming at 75% reduction 

of CO2 emissions by 2050 

through savings, changing 

consumption patterns and 

renewable energies 

Transport 

policy 

Increased efficiency due 

to market pressure, no 

policy to shift the modal 

split or even reduce 

transport 

Technological 

improvements, change in 

share of different modes 

of mobility (walking, 

cycling, trains, cars, 

boats, planes)  

Transport reduction 

priority, plus modal split 

change (through pricing 

and infrastructure supply), 

technical improvements 

Trade policy Strong support for World 

Trade Organization and 

free trade 

Promoting free market 

except in ‘strategic areas’ 

Global sourcing reduced 

for cost reasons 

 

 

ALARM scenarios that have been downscaled to the national level for the EU 25+2 (Norway 

and Switzerland) countries. The downscaled scenarios were derived from original ALARM 

scenarios with a 10′ grid cell resolution, which have seven land use categories: built-up, 

cropland, permanent crops, grassland, forest, biofuels (liquid, non-woody, woody) and land in 

succession (Spangenberg et al., 2012). 

ALARM scenarios downscaled on country level were derived by Ecochange project 

combining ALARM land use scenarios and CLC 2000 using statistical algorithm that 

generates maps in CORINE resolution (250 x 250 m). Corine Land cover is in ALARM 

scenarios referred as baseline, used as a reference data layer representing actual land cover for 

the year 2000. 

For four land use classes (liquid, woody and non-woody biofuels, land in succession) no data 

were available, therefore these classes were aggregated into existing land use categories. Final 
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categories of the downscaled scenarios cover six land uses: built-up, arable land, permanent 

crops, grasslands, forest and other land uses. 

Table 8 describes main categories of CLC with the area of particular land cover class for the 

year 2000. Corine Land Cover (CLC) is a basic data source on land cover for the European 

countries and classifies land surface into 43 categories of land cover, of which 30 occur on the 

area of the Czech Republic. Reclassification of CLC categories into ALARM scenario land 

use categories, which have been analysed in the Czech Republic, is presented in Table 8. 

 

Table 8: CLC categories and corresponding ALARM categories in the Czech Republic 

CLC 

code 

CLC class CLC 2000 

(ha) 

ALARM LU 

category 

111 Continuous urban fabric 1 464 Built-up 

112 Discontinuous urban fabric 362 585 Built-up 

121 Industrial or commercial 

units 

54 773 Built-up 

122 Road and rail networks and 

associated land 

5 273 Built-up 

123 Port areas 150 Built-up 

124 Airports 5 627 Built-up 

131 Mineral extraction sites 17 102 Built-up 

132 Dump sites 13 887 Built-up 

133 Construction sites 858 Built-up 

141 Green urban areas 6 555 Built-up 

142 Sport and leisure facilities 12 733 Built-up 

211 Non-irrigated arable land 3 262 160 Arable land 

221 Vineyards 11 942 Permanent crops 

222 Fruit trees and berry 

plantations 

32 644 Permanent crops 

231 Pastures 531 705 Grassland 

242 Complex cultivation 42 954 Arable land 

243 Land principally occupied by 

agriculture, with significant 

areas of natural vegetation 

674 768 Grassland 

311 Broad-leaved forest 252 740 Forest 

312 Coniferous forest 1 699 256 Forest 

313 Mixed forest 604 224 Forest 

321 Natural grassland 39 204 Grassland 

322 Moors and heathland 2 739 Grassland 

324 Transitional woodland shrub 186 941 Grassland 

332 Bare rock 210 Others 

334 Burnt areas 116 Others 

411 Inland marshes 5 336 Others 

412 Peatbogs 3 711 Others 
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2.1.2 ALARM scenarios in the Czech Republic 

 

With regard to the study performed, land use categories of arable land, grasslands, together 

with forest and built-up and permanent crops are analysed in the context of the Czech 

Republic.  

In order to evaluate the impacts of climate change on ecosystem services, crucial ecosystem 

services have been identified and assessed related to the above mentioned land use categories. 

Land use categories have been analysed within particular BAMBU, GRAS and SEDG 

scenarios for years 2020, 2050 and 2080 in the Czech Republic. Furthermore, results of the 

scenarios for the particular year have been quantitatively and spatially compared with the 

baseline, represented by current land use Corine land cover (CLC 2000). 

BAMBU, GRAS and SEDG scenarios are applied in this study to allow the analysis of 

relations between climate change impact and land use trends on ecosystem service availability 

in the Czech Republic. 

Based on the BAMBU, GRAS and SEDG scenarios, we quantitatively and spatially analysed 

changes in arable land, forest, built-up and grassland categories for years 2020, 2050 and 

2080 in the Czech Republic. These scenarios are compared with the baseline, which is 

expressed by current status - Corine Land Cover 2000 (CLC 2000). Outcomes of the land use 

change analysis are summarized in the chapter 3 Results. 
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2.2 Assessing effects of climate change on ecosystem services 

 

Currently, one of the greatest challenges is to develop and use predictive models founded on 

empirically quantified mechanisms that forecast changes in ecosystem services at policy-

relevant scales (Cardinale et al., 2012).  

Due to the predominance of socio-ecological mosaics that are a patchwork of landscape units 

where social and ecological systems interact by various management levels, fine-grained 

spatial analysis should be a fundamental for any ecosystem assessment (TEEB, 2010). 

Moreover, there is already a growing demand among stakeholders for spatially-explicit 

information regarding vulnerability to climate change at regional and local scale (Preston et 

al., 2011). This research therefore seeks to reflect this need and the spatial variability of 

climate impacts by analysing trends in climate and land use change at national level. Utilizing 

an ecosystem services framework, climate scenarios, and land use changes analysis, this study 

introduces a spatially explicit regional assessment of climate change impacts on selected 

ecosystem services.  

The scenarios described in section 2.1 have been combined with ecosystem service modelling 

using InVEST model. Combination of ALARM scenarios and InVEST modelling was 

enabled by land use modelling by MOLUSC (section 2.1.1.).  

Integrated Valuation of Environmental Services and Tradeoffs (InVEST) are models that 

quantify and map values of environmental services. The modelling set is suited for analyses of 

multiple service and objectives (Tallis et al., 2011b).   

Moreover, InVEST is spatially explicit modelling tool that predict changes in ecosystem 

services, biodiversity conservation and commodity production levels. This approach of 

quantification and spatial determination of ecosystem services provision, can assist in 

conservation and make decisions in natural resources more effective, efficient and defensible 

(Nelson et al., 2009).  

InVEST intends to incorporate biophysical and economic information about ecosystem 

services, focuses on ecosystem services themselves rather than on underlying biophysical 

processes alone, is spatially explicit and scenario driven and reveals relationship among 

multiple ecosystem services (Tallis and Polasky, 2011). 

InVEST utilize scenarios to project the change in ecosystem services provision under the 

changed climate, population and so forth. Based on the scenarios, a set of models quantifies 

and maps ecosystem services that informs managers and policy makers about the about the 

impacts of alternative future pathways (Daily et al., 2009). 



45 
 

InVEST allows to model impacts of climate change on ecosystem services by analysing 

scenarios that combine land use and land cover data with climate projections. Climate change 

will alter provision of ecosystem services we nowadays rely on. In order to design suitable 

adaptation and mitigation responses, it is necessary to understand how ecosystems and 

ecosystem services respond to climate change (Lawler et al., 2011).  

Concerning the assessment of ecosystem services in the Czech Republic, InVEST is applied 

to model particular regulation services, such as carbon storage and sequestration and sediment 

retention. Moreover, ALARM scenarios are applied in order to model environmental 

implication of these climate scenarios.  

 

 

2.2.1 Carbon storage and sequestration  

 

Terrestrial ecosystems are vital to influencing carbon dioxide-driven climate change, as they 

store more carbon than atmosphere. The InVEST Carbon storage and sequestration model 

estimates the amount of carbon currently stored in a landscape or the amount of carbon 

sequestered over time by utilization of four carbon pools: aboveground biomass, belowground 

biomass, soil, and dead organic matter. Aboveground biomass includes all living plant 

material above the soil, while belowground biomass comprises living root system of 

aboveground biomass. Soil organic matter is defined as the organic component of soil, dead 

organic matter includes litter as well as lying and standing dead wood. Additional optional 

carbon pool applies for parcels that produce harvested wood products, such as firewood, 

charcoal, house timber, etc. The model aggregates the amount of stored carbon according to 

the land use maps and their particular classification. If the current and future land use and land 

cover (LULC) map is provided, then the net change of carbon storage over time (sequestration 

and loss) and its social value can be calculated (Tallis et al., 2011a).  

The amount of sequestered carbon within a particular time period is calculated by subtracting 

carbon stored at the beginning of the period from the carbon stored at the end of the time 

period.  

The application of multiple future scenarios provides potential for comparison between 

current status and scenario development as well as explores the spatial patterns of ecosystem 

service provision across the landscape (Nelson et al., 2009). 
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The carbon stored Cxt on a parcel at time t is equal to the carbon stored in each pool in the 

parcel (Conte et al., 2011a): 

 

         ∑    

 

   

                     

       (1.1) 

 

where      is parcel x´s harvested wood products (HWPs) pool-storage level at time t 

     is the area of LULC j in parcel x at time t 

                  are metric tons of carbon stored per hectare (Mg of C ha
-1

) in the 

aboveground, belowground, soil and other organic matter pools of LULC, where J indexes all 

LULC found in the landscape 

 

To determine the metric tons of carbon stored across landscape, all parcel-level carbon 

storage values are summed up (Conte et al., 2011a): 

 

    ∑   

 

   

 

       (1.2) 

 

To determine the amount of carbon sequestered when the LULC changes from year t to year T 

(t < T), we subtract carbon stored in      from      (Conte et al., 2011a): 

 

                  

       (1.3) 

 

 

     gives the carbon sequestration from t to T over entire landscape (Conte et al., 2011a): 

  

      ∑     

 

   

  

       (1.4) 
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Data inputs: InVEST carbon storage and sequestration in the Czech Republic 

 

 Current and future land use/land cover (LULC) 

In order to assess future climate impacts, ALARM land use scenarios together with the 

baseline (CLC 2000) were used as LULC input. 

 

 Carbon pools of LULC categories 

In order to estimate carbon storage and sequestration in the Czech Republic under above 

described ALARM scenarios, data concerning carbon pools of particular LULC categories 

(built-up, arable land, permanent crops, grassland, forest and others) were gathered. Data 

collection is based on available national data as well as literature review (e.g. IPCC AFOLU 

Guidelines), see Table 9. The unit of carbon stored in each of the four fundamental pools is 

Mg of elemental carbon ha
-1

.
 
 

 

Table 9: Carbon pools of LULC categories in the Czech Republic 

 

LULC category Carbon pools Amount of 

carbon (Mg C 

ha
-1

) 

References and notes 

1 Built-up - - carbon storage insignificant, not covered 

2 Arable land 

 

Carbon stored in 

aboveground 

biomass 

0 

 

 

 

Based on Tallis et al. (2011a), the 

aboveground herbaceous material (e.g. 

grass, flowers, non-woody crops) does not 

represent a potential source of long-term 

storage. 

 Carbon stored in 

belowground 

biomass 

0 

 

Difficult to estimate (IPCC AFOLU) 

 Carbon stored in 

soil 

-1 Freibauer et al., 2004 

 Carbon stored in 

dead organic matter 

0 Generally, croplands have little or no dead 

wood, crop residues or litter (IPCC 

AFOLU 5.2.2). 

3 Permanent 

crops 

 

Carbon stored in 

aboveground 

biomass 

5 InVEST data set – vineyards & hops 

 Carbon stored in 

belowground 

biomass 

4 InVEST data set – vineyards & hops 

 Carbon stored in 

soil 

20 InVEST data set – vineyards & hops 

 Carbon stored in 

dead organic matter 

0 InVEST data set – vineyards & hops 



48 
 

4 Grassland 

 

Carbon stored in 

aboveground 

biomass 

0 Based on Tallis et al. (2011a), the 

aboveground herbaceous material (e.g. 

grass, flowers, non-woody crops) does not 

represent a potential source of long-term 

storage. 

 Carbon stored in 

belowground 

biomass 

1 Conversion, IPCC table 6.4 belowground 

biomass 11.2 t d.m. ha-1, conversion factor 

biomass to carbon 0.5 

 Carbon stored in 

soil 

1 Freibauer et al., 2004 

 Carbon stored in 

dead organic matter 

0 Tallis et al., 2011a 

5 Forest 

 

Carbon stored in 

aboveground 

biomass 

102 CzechTerra, tab. 54 

 Carbon stored in 

belowground 

biomass 

20 Calculated based on CzechTerra 

aboveground biomass 204 Mg ha-1, root to 

shoot ratio 0.2 (NIR, 2012), conversion 

factor biomass to carbon 0.5 

 Carbon stored in 

soil 

1 CzechTerra, tab. 112 

 Carbon stored in 

dead organic matter 

2 Standing + lying dead wood, CzechTerra, 

tab. 92, 94 

6 Others - - not covered 

 

 

 

 

2.2.2 Sediment retention  

 

Erosion and sedimentation are natural processes contributing to health ecosystems, but 

excessive rates may have severe consequences, such as reduction of agricultural productivity, 

increase flooding and pollutant transport, threaten transport and power infrastructures. 

Moreover, erosion can lead to sediment build-up, which put pressure on water infrastructure 

(reservoirs, flood control systems) and increase water treatment costs. Regular removal of 

sediment can mitigate some of these issues, however involves expensive maintenance costs 

(Tallis et al., 2011a). 

Transport of sediment from upstream to downstream location is of particular importance to 

society. More than 0.5% of global reservoir storage is annually lost due to sedimentation, in 

Europe the loss is a bit lower reaching 0.17-0.2%. Globally, nearly US$13 billion per annum 

would be needed to replace the storage loss (Palmieri et al., 2003). 
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The surface flow sediment removal and delivery to downstream locations is highly dependent 

on the landscape pattern, in particular land use and land cover (LULC), as vegetation can 

retain portion of sediment released. The quantity of sediment retained by vegetation is 

dependent on slope, vegetation type, water flow volume as well as location of vegetation 

within the watershed (Conte et al., 2011b). 

The InVEST sediment retention model uses the Universal Soil Loss Equation (Wischmeier 

and Smith, 1978) in order to calculate the average annual soil loss erosion in particular area. 

In the model, the rate of soil erosion is function of LULC, soil type, rainfall intensity and 

topography. Greater soil losses are predicted in agricultural areas and sites with steeper 

slopes. On the other hand, lower soil losses are in forested areas and paved areas (Nelson et 

al., 2009). 

In the sediment retention module, hydraulic connectivity is used to account for the location of 

sediment generation, retention and transport in the landscape. Model outputs consist of 

sediment retention maps, and maps of cumulative amount of sediment exported downstream, 

model account for on-parcel and cross-parcel retention. In order to calculate total amount of 

sediment retention at parcel x, we need to calculate both, erosion avoided from parcel x, and 

amount of sediment reaching parcel x from upslope parcels that has been retained by x (Conte 

et al., 2011). 

 

To calculate the amount of sediment originating from parcel x,       is defined: 

 

                             

       (1.5) 

 

where    is the rainfall erosivity, which is ability of rainfall to move and erode soil, is 

function of average regional rainfall intensity and duration 

   is the soil erodibility, representing soil´s susceptibility to erosion, is function of soil texture 

and characteristics 

    is a slope-length index,    is the crop/vegetation and management factor and    is a 

management factor that accounts for specific erosion control practices (e.g. contour tilling or 

mounding) 

 

      sediment retention of parcel x´s LULC of sediment originating on parcels higher 

upstream (Conte et al., 2011b): 
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           ∑      ∏        

   

     

   

   

 

       (1.6) 

 

where     is parcel x sediment retention efficiency,       is the sediment generated on 

upstream parcel y and     is the sediment retention efficiency of upstream parcel z. 

 

 

         is the potential  amount of sheetwash sediment captured by vegetation and best 

soil conservation management practices upstream of reservoir D. It can be estimated by the 

difference between the geomorphological characteristics of parcel x that might promote soil 

loss and the retention properties of parcel LULC and upstream transport        (Conte et al., 

2011b): 

 

                                          

   (1.7) 

 

The first term on right hand side of equitation is the amount of sediment originating and 

retained by parcel x, while second term defines the amount of sediment originating on upslope 

parcels retained by parcel x. 

 

Data inputs: InVEST sediment retention in the Czech Republic 

The following section presents various data and sources that were gathered as required data 

inputs for InVEST sediment retention module. 

 

 Digital elevation model (DEM) 

DEM of the Czech Republic was extracted from ASTER global digital elevation model, 

version 2 (released in 2011). ASTER GDEM is a product of METI and NASA. Pixel size of 

GDEM is 1 arc-second (approximately 30-meters at the equator). Overall accuracy of GDEM 

2 is around 17-m at the 95% confidence level, and a horizontal resolution on the order of 75-

m. 
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 Rainfall erosivity index (R-factor)  

The rainfall erosivity index is function of average regional rainfall intensity and duration. R-

factor represents the ability of rainfall to move and erode soil. According to Janeček et al. 

(2012) it is recommended to use average value of rainfall erosivity index 400 

MJ*mm*(ha*h*yr)
-1

. 

 

 Soil erodibility (K-factor) 

K-factor measures the susceptibility of soil particles to erosion, detachment and transport by 

rainfall and runoff. Soil erodibility is function of soil texture and characteristics (organic 

matter content, soil structure, permeability).  

Panagos et al. (2012a; 2012b) calculated soil erodibility using measured soil data, collected 

during the 2009 LUCAS (Land Use and Cover Area frame Survey) soil survey campaign 

across the member states of the European Union. The map provides a complete picture of the 

soil erodibility in the EU (pixel size of 10 km) applicable for soil erosion estimation on local, 

regional, national or European scale (JRC – European Soil Portal, 2013). The unit of soil 

erodibility (K-factor) is (t*ha*h)*(ha*MJ*mm)
-1

. 

 

 Land use/land cover (LULC) 

In order to assess future climate impacts, ALARM land use scenarios together with the 

baseline (CLC 2000) were used as LULC input. 

 

 Watersheds and sub-watersheds 

Shapefiles of polygon layers of watersheds and sub-watersheds are publicly available data 

gained from DIBAVOD (Digital database of hydrological data, www.dibavod.cz). As 

watersheds were classified watersheds of second level (31 sub-watersheds) and as sub-

watersheds watersheds of third level (120 sub-watersheds). 

 

 Biophysical table 

Table 10 contains information on C-factor (cover and management factor for the USLE) and 

P-factor (management practice factor for the USLE) corresponding to each LULC category. 

 

 

 



52 
 

Table 10: Sediment retention biophysical table  

 

LULC category C-factor References and notes P-factor References and notes 

1 Built-up 0 Not covered 0 Not covered 

2 Arable land 0.500 Krása et al., 2005 0.4 Tallis et al., 2011a 

3 Permanent 

crops 

0.200 Rosendorf et al., 2001 0.3 Tallis et al., 2011a 

4 Grassland 0.005 Krása et al., 2010 0.2 Tallis et al., 2011a 

5 Forest 0.003 Gabriels et al., 2003 0.2 Tallis et al., 2011a 

6 Others 0 Not covered 0 Not covered 

 

 

The model sets up threshold flow accumulation default value 1000, slope threshold is 75%. 

 

 Sediment threshold information 

Sediment threshold table contains information on annual sediment load regarding reservoirs 

of interest. In this case 202 reservoirs were selected with area higher than 0.5 km
2
. Also 

reservoirs smaller than 0.5 km
2
 but larger than 0.1 km

2
 with hydropower usage were selected. 
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3. Results 

 

3.1 Analysis of ALARM scenarios 

 

In this section results of ALARM scenarios are presented. Firstly, the attention is given to the 

land use change analysis of particular scenario for years 2020, 2050 and 2080. Thereafter, 

land use change within the group of BAMBU, GRAS, SEDG scenarios is analysed. 

Moreover, spatially explicit comparison of land use change within particular scenarios 

compared to the baseline (CLC 2000) is performed. 

 

 

3.1.1 Analysis of ALARM scenarios for the year 2020 

 

Spatial illustration of the particular scenarios and baseline land use categories in 2020 is 

presented by Figure 7.  

Compared to the baseline, BAMBU 2020 scenario shows slight decrease of arable land and 

grassland area in the southern part of the Czech Republic, which is mostly replaced by forest. 

Moreover, BAMBU 2020 indicates small decrease of arable land area in the northwest of the 

country that is one of the agricultural regions. Area of permanent crops also slightly decreased 

to 0.4%. 

BAMBU and GRAS scenarios show very similar pattern in 2020. However, compared to 

BAMBU, GRAS scenario indicates decrease in arable land area by almost 1.5% that is mainly 

situated in the northwest and south of Bohemia. As arable land decreases, forest area 

increases by 1.6% compared to BAMBU scenario. 

SEDG scenario shows the largest land use change with regard to baseline scenario. 

Substantial increase in arable land area is distributed across whole Czech Republic, spreading 

even to mostly mountainous, borderline areas. While the arable land area increases, grasslands 

show very significant decrease compared to baseline scenario that reaches over 15%. These 

land use changes are caused by the nature of the SEDG as it is focused on sustainable 

development, sustainable management as well as agricultural production. 
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Figure 7: ALARM scenarios future land use in 2020  

a) BAMBU, b) GRAS and c) SEDG scenarios in 2020, d) CLC 2000 as baseline 

a) 

d) c) 

b) 
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In 2020, BAMBU and GRAS scenarios show similar pattern in land use categories 

representation (see Figure 8 below). In BAMBU and GRAS scenarios, the built-up area 

amounts to 6.8%, grassland area to 14%, respectively 13.9%, forest area to 34%, respectively 

35.6% and arable land to 41.8%, respectively 40.3% of the total area of the Czech Republic. 

Area of permanent crops is close to zero in all three scenarios. 

SEDG 2020 scenario indicates substantial decrease in the area of grasslands (to only 0.3%), 

while increasing the arable land area that amounts to 55.2% of the total area of the Czech 

Republic. Built-up area in the SEDG scenario is comparable to baseline (CLC 2000), 

accounting for 5.9%, respectively 5.8%. Forest area in the SEDG is similar to GRAS scenario, 

reaching to 35.6%. 

 

 

Figure 8: Land use categories in the Czech Republic - BAMBU, SEDG and GRAS scenarios in 

2020 and baseline (CLC 2000) 
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3.1.2 Analysis of ALARM scenarios for the year 2050 

 

Figure 9 shows the spatial distribution of the BAMBU, GRAS and SEDG scenarios for year 

2050 with regard to the baseline scenario (CLC 2000).  

BAMBU and baseline scenarios have very similar representation of land use categories, 

which is reflected by resembling spatial arrangement of these two scenarios. However, 

BAMBU scenario shows decline in arable land area in the northwest and northern part of the 

Czech Republic and overall increase in forest area. 

GRAS and BAMBU scenarios have very comparable area of grassland, permanent crops and 

built-up categories. Compared to BAMBU, GRAS scenario shows decrease in the arable land 

area, mainly in the northwest, south of Bohemia and borderline area in the eastern part of the 

country. This arable land area is in most cases replaced by forest. 

SEDG scenario indicates substantial increase in arable land area and slight increase in 

grassland area. Arable land is spreading even to the regions that have not been predominantly 

agricultural, due to not very suitable geographical and soil conditions. Within the SEDG 

scenario, in 2050, grasslands and permanent crops have almost disappeared in the Czech 

Republic. As this scenario is highly oriented on sustainable development; built-up area in 

2050 remains similar to the baseline scenario. 
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Figure 9: ALARM scenarios future land use in 2050  

a) BAMBU, b) GRAS and c) SEDG scenarios in 2020, d) CLC 2000 as baseline 

a) 

d) c) 

b) 
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Quantitative representation of the built-up, grassland, forest, arable land and permanent crops 

categories for particular scenarios in 2050 shows Figure 10.  

As previously mentioned, BAMBU and baseline scenarios have relatively similar 

representation of the land use categories that differs mainly in forest and arable land areas. 

Compared to GRAS scenario, BAMBU shows lower area of forest and increase in arable land 

area. SEDG scenario is substantially divergent than the other three scenarios. 

The area of grasslands is declining in all three scenarios compared to the baseline. The highest 

decrease is in SEDG scenario, where only 0.3% of grassland area remains. Grassland area in 

GRAS and BAMBU scenarios is 13.6%, 13.8% respectively, which is still lower than 15.4% 

of the baseline scenario.  

In the contrast to the grassland area decline, arable land increases substantially in the SEDG 

scenario. SEDG indicates the highest increase of arable land, amounting to 55.2% of the total 

area, compared to 42.6% of the baseline scenario. GRAS and BAMBU scenarios show 

decline in the arable land area to 37.1% and 40.1% respectively. 

Forest area increases in all the three scenarios compared to the baseline, which accounts for 

32.6%. GRAS scenario shows the highest increase in forest area, by 6.6% in comparison with 

the baseline. BAMBU and SEDG scenarios have relatively similar forest area, amounting to 

36%, 35.6% respectively. 

Built-up area in SEDG and baseline scenario is comparable, accounting for 5.9%, 5.8% 

respectively. BAMBU and GRAS scenarios show increase in built-up area by 1%. 

Permanent crops area ranges from 0.5% in baseline to 0% in SEDG scenario. Others land use 

category (e.g. water bodies, inland marshes, bare rocks, sparsely vegetated areas, etc.) has 

approximately 3% in all of the scenarios. 
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Figure 10: Land use categories in the Czech Republic - BAMBU, SEDG and GRAS scenarios in 

2050 and baseline  

 

3.1.3 Analysis of ALARM scenarios for the year 2080 

 

Figure 11 illustrates spatial changes in these six land use categories for year 2080. The 

BAMBU 2080 scenario shows a comparable arable land area with current levels, although the 

northwest of the Czech Republic shows a substantial decline in arable land area. Moreover, 

the BAMBU scenario shows a decline in grassland area that is mainly in the northern and 

southern parts of the Czech Republic. 

The GRAS 2080 scenario indicates a decline in arable land area when compared with current 

levels, specifically in the northwest and south of the Czech Republic. Grasslands are also 

declining in this scenario, reaching a similar area as the BAMBU scenario, with particular 

decline in border mountain areas. 

In contrast to the relatively minor land use changes in the two previously described scenarios, 

SEDG 2080 indicates almost doubling of arable land area compared to the current levels. This 

increase in arable land area is distributed across the Czech Republic, whereas, grassland 

regions are retreating to marginal areas in southern and northeast parts of the country. 
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Figure 11: ALARM scenarios future land use in 2080  

a) BAMBU, b) GRAS and c) SEDG scenarios in 2020, d) CLC 2000 as baseline 

a) 

d) c) 

b) 
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The percentage proportion of arable land, forest, grassland, built-up and permanent crops area 

in 2080 is illustrated in Figure 12. Across all of the selected scenarios for 2080, the grassland 

area is declining the greatest, compared to baseline of CLC 2000. BAMBU together with the 

GRAS scenario show similar results in grassland area, amounting to 13.8% of the total area of 

the Czech Republic. However, SEDG shows a significant decrease in grassland area, reaching 

only 0.3%. As a consequence of this decline, the area of arable land in the SEDG scenario is 

considerably higher, amounting to 54.1% of the total area of the Czech Republic. The current 

area of arable land is comparable to the BAMBU scenario area for 2080, amounting to 42.6%, 

respectively 39%. Arable land area in the GRAS scenario declines to 32.6%. 

Forest area is increasing in all scenarios comparing to current status. GRAS scenario shows 

the highest increase in forest area, amounting to 43.4 %, SEDG and BAMBU scenarios have 

similar forest area 36.7% and 37.1% respectively.  

Compared to the baseline, built-up area in BAMBU and GRAS scenarios is moderately 

increasing to 6.8%, 6.9% respectively. SEDG scenario shows similar built-up area with 

respect to CLC 2000, 5.9%, respectively 5.8%. 

The area of permanent crops is rather insignificant for the baseline as well as BAMBU, SEDG 

and GRAS scenarios. BAMBU and GRAS has similar are of permanent crops, 0.3%, while 

current area is slightly higher, 0.5%. The lowest are of permanent crops shows the SEDG 

scenario, only 0.03%. 

The land use category of others, which in most case contain water bodies, inland marshes, 

bare rocks, sparsely vegetated areas, etc. (Dendoncker and Rounsevell, 2009) in all scenarios 

and baseline cover 3 to 3.1% of the area. 
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Figure 12: Land use categories in the Czech Republic - BAMBU, SEDG and GRAS scenarios in 

2080 and baseline (CLC 2000) 

 

 

3.1.4 Land use change within BAMBU scenario  

 

With regard to BAMBU (Business-As-Might-Be-Usual) scenario (see Figure 13), trend in 

between years 2020 to 2080 indicates almost 2% decline in arable land area from 41.8% in 

2020 to 39% in 2080. The arable land is on the decrease mainly in the northwest and northern 

part of the Czech Republic, where is mostly replaced by forest. Based on these spatial 

changes, forest area shows increase by 3% from 34% in 2020 to 37.1% in 2080. The area of 

grassland and permanent crops is between 2020 and 2080 slightly decreasing by 0.2%, 

respectively 0.1%. Built-up area remains the same during the whole time period, accounting 

for 6.8%. 
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Figure 13: BAMBU scenario land use in the Czech Republic in 2020, 2050 and 2080  

 

 

Changes between baseline (CLC 2000) and BAMBU scenario in years 2020, 2050 and 2080 

have been quantitatively as well as spatially analysed. The three major land use changes of 

respective BAMBU scenario years are presented in Table 11 below. In the BAMBU scenario, 

arable land to forest shows the highest rate of change that amounted to 5 % of the total area in 

2080. Other major changes include replacement of grassland to forest or arable land as well as 

forest to arable land, accounting individually for approximately 2 %. 

 

 

Table 11: BAMBU scenarios land use change compared to baseline (CLC 2000) 

CLC_BAMBU 2020 CLC_BAMBU 2050 CLC_BAMBU 2080 

LU change % change LU change % change LU change % change 

arable to forest 2.96 arable to forest 4.28 arable to forest 5.04 

forest to arable 2.32 grassland to forest 2.36 grassland to forest 2.48 

grassland to arable 2.16 forest to arable 2.12 forest to arable 1.97 
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Figure 14: Land use changes between baseline and BAMBU 

scenario  

a) CLC-BAMBU 2020 b) CLC-BAMBU 2050 and c) CLC-BAMBU 

2080 

 

Spatially explicit changes in land use comparing baseline (CLC 2000) 

with BAMBU scenario for particular year are illustrated by Figure 14. 

Compared to baseline, changes in 2020 are limited to small patches 

covering most of the Czech Republic, with some larger changes of 

arable land to forest in the north-west and in the area of Orlické 

Mountains.  

Changes in 2050 are more distinct spatially; arable land is being 

transformed to forest particularly in the north-west and northern parts, 

partially in the Orlické Mountains. Grassland to forest changes mainly 

in the area of northern border and southern area of the Czech Republic. 

In general, changes in 2080 resemble to 2050. In 2080, changes of 

arable land to forest are a bit larger, considerable in the north-west, 

northern and partially southern area.  

 

a) 

c) 

b) 
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3.1.5 Land use change within GRAS scenario  

 

GRAS (Growth Applied Strategy) scenario also indicates (see Figure 15) decrease by 7.7% in 

arable land area between 2020 and 2080, which is even more rapid decline than in BAMBU 

scenario. The decline is mainly in northwest, southern Bohemia and western area of the Czech 

Republic. Arable land is mostly replaced by forest, which increases from 35.6% in 2020 to 

43.4% in 2080. The area of built-up, permanent crops and grassland remain the same between 

the period 2020 to 2080, accounting approximately for 6.8%, 0.3% and 13.7% respectively.  

  

Figure 15: GRAS scenario land use in the Czech Republic in 2020, 2050 and 2080  

 

In comparison to the baseline (CLC 2000), changes in GRAS scenarios for years 2020, 2050 

and 2080 have been analysed. The major changes in land use include alteration of arable land 

to forest as well as grassland to forest area. These changes are largest in 2080, where 9 % of 

total area has been shifted from arable land to forest and over 3 % shifted from grassland to 

forest area (see Table 12 below). Moreover, GRAS scenario in 2080 shows increase in forest 

area by almost 11 % compared to the baseline. 

 

Table 12: GRAS scenarios land use change compared to baseline (CLC 2000) 

CLC_GRAS 2020 CLC_GRAS 2050 CLC_GRAS 2080 

LU change % change LU change % change LU change % 

change 

arable to forest 3.98 arable to forest 7.00 arable to forest 9.01 

grassland to forest 2.37 grassland to forest 2.68 grassland to forest 3.24 

forest to arable 2.15 forest to arable 2.09 arable to grassland 2.05 
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Figure 16: Land use changes between baseline and GRAS scenario  

a) CLC- GRAS 2020 b) CLC- GRAS 2050 and c) CLC- GRAS 2080 

 

Spatial changes in respective GRAS scenarios compared to the baseline 

(CLC 2000) are illustrated by Figure 16.  

In 2020, major changes of arable land to forest are mainly concentrated 

in north-west and southern parts of the Czech Republic, partially also in 

the area of Orlické Mountains. Shifts of grassland to forest area are 

particularly in borderline areas. 

Changes in 2050 are more rapid than in 2020, especially north-west, 

southern areas and northern part of Jeseníky Mountains shows larger 

changes from arable to forest land.  

In 2080 is the shift of arable land area to forest land largest, reaching   

9 % compared to the baseline (see Table 11 above). In contrast to the 

years 2020 and 2050, arable land is shifted to grassland within some 

patches in north-west part and southern Bohemia. 

Overall, in all scenarios major land use changes are showing similar 

features and take place in north-west and south of the Czech Republic.     

a) 

c) 

b) 
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3.1.6 Land use change within SEDG scenario  

 

SEDG (Sustainable European Development Goal) scenario substantially differs from the other 

two scenarios (see Figure 17) as this scenario is sustainably and environmentally focused.  In 

contrast to BAMBU and GRAS scenarios, area of arable land considerably increases in SEDG 

compared to the baseline, ranging from 55.2% in 2020 to 54.1% in 2080. Arable land is in 

SEDG scenario distributed across whole Czech Republic, spreading even to mountainous 

areas that are in general not so suitable for agricultural activities. As a result of arable land 

increase, grassland area declines to 0.3%, retreating only to marginal areas in the southern and 

northeast parts of the country. Area of forest slightly increases with respect to baseline 

scenario to 35.6% in 2020 and 36.7% in 2080. Permanent crops in the SEDG scenario almost 

disappear and built-up area remains similar compared baseline scenario.  

 

 

 
Figure 17: SEDG scenario land use in the Czech Republic in 2020, 2050 and 2080  

 

 

Major changes between baseline (CLC 2000) and SEDG scenarios in 2020, 2050 and 2080 

(see Table 13 below) are quantitatively similar in all years. Major changes with respect to the 

baseline cover substantial loss of most of the grassland area that is mostly replaced by arable 

land and forest; these changes in all years exceed 15 % of the total area of the Czech 

Republic. Moreover, shifts of forest to arable land account for approximately 4 % in all years. 
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Table 13: SEDG scenarios land use change compared to baseline (CLC 2000) 

CLC_ SEDG 2020 CLC_ SEDG 2050 CLC_ SEDG 2080 

LU change % change LU change % change LU change % 

change 

grassland to arable 9.86 grassland to arable 9.84 grassland to arable 9.51 

grassland to forest 5.56 grassland to forest 5.58 grassland to forest 5.91 

forest to arable 4.36 forest to arable 4.36 forest to arable 3.88 
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Figure 18: Land use changes between baseline and SEDG scenario  

a) CLC- SEDG 2020 b) CLC- SEDG 2050 and c) CLC- SEDG 2080 

 

Figure 18 shows spatial changes between baseline (CLC 2000) and 

SEDG scenario in respective years. As apparent from the Table 13 

above, changes in years 2020, 2050 and 2080 strikingly resemble, 

showing almost similar spatial pattern. 

In all years, substantial area of grassland and forest is shifted into arable 

land. In the SEDG scenarios, arable land covers approximately 55 % of 

the total area, which is considerably higher compared to 42.6 % in the 

baseline scenario. Spatially, arable land area increases mainly in the area 

of northern and southern borders as well as in the central part of the 

Czech Republic. 

Additionally, some grassland area is also shifted to forest, particularly in 

the borderline area of south-west, western and northern Bohemia, partly 

at eastern borders of the Czech Republic.  

In summary, shifts of grassland area results almost in disappearance of 

grassland area that is limited to small fringes covering around 0.3 %. 

 

a) 

c) 

b) 
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3.2 Results of the ecosystem services modelling by InVEST  

 

In this section, results of the ecosystem services modelling by InVEST modules on carbon 

storage and sequestration as well as sediment retention are presented.  

Section showing carbon storage results for particular BAMBU, GRAS, SEDG scenario 

together with baseline is followed by results of carbon sequestration that is analysed in 

relation to the scenarios land use changes (for more detail on land use changes see Chapter 

3.1).  

Second section on soil loss and sediment retention presents BAMBU, GRAS, SEDG scenario 

results for year 2080 compared with the baseline (CLC 2000). 

 

 

3.2.1 Carbon storage in the Czech Republic under ALARM scenarios 

 

Carbon storage of future ALARM scenario has been calculated using InVEST carbon storage 

and sequestration module. Carbon storage of respective BAMBU, GRAS, SEDG scenario in 

year 2020, 2050 and 2080 and baseline scenario is illustrated by Figure 19.  

Carbon storage of baseline (CLC 2000) accounted for 320,511 Gg C. Compared to the 

baseline, all scenarios have higher amount of carbon stored in all 2020, 2050 and 2080 years.  

All scenarios BAMBU, GRAS and SEDG shows the amount of carbon stored in 2080 

reaching 363,347Gg C, 424,736 Gg C, respectively 357,541 Gg C. 

The most significant increase in carbon storage shows GRAS scenarios, particularly in 2080, 

where amount of carbon stored increases by approximately 33 % compared to the baseline.  

On the other hand, storage levels of SEDG scenarios are more or less stable during the time 

period, showing only minor increase in carbon storage 8 % to 11 % compared to the baseline. 
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Figure 19: Carbon storage: BAMBU, GRAS, SEDG scenarios in 2020, 2050, 2080 and baseline 

 

 

3.2.2 Carbon sequestration in the Czech Republic under ALARM scenarios 

 

Carbon sequestration of future ALARM scenario has been calculated using InVEST carbon 

storage and sequestration module. The amount of sequestered carbon within a particular time 

period is calculated by subtracting carbon stored at the beginning of the period from the 

carbon stored at the end of the time period. In our case, baseline CLC 2000 is applied with 

particular BAMBU, GRAS and SEDG scenarios. The calculated time cover periods 2000-

2020, 2000-2050 and 2000-2080. Carbon sequestration of respective BAMBU, GRAS, and 

SEDG scenario in particular time periods is illustrated by Figure 20.  

In general, GRAS scenarios show highest increase in carbon sequestration within particular 

time periods. This is due to higher carbon storage of GRAS scenarios.  

Differences between sequestration level of GRAS and BAMBU scenarios and GRAS and 

SEDG scenarios in 2000-2080 are relatively high, 61,389 Gg C, respectively 67,194 Gg C. 
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Figure 20: Carbon sequestration of BAMBU, GRAS and SEDG scenarios compared to the 

baseline, for time periods 2000-2020, 2000-2050 and 2000-2080 

 

Table 14 illustrates the carbon sequestration annual rates, the scenarios time periods estimate 

annual C removals based on difference between specific scenario and baseline for particular 

time. The highest annual carbon sequestration rate indicates GRAS scenario in time period 

2000-2080 accounts for 1,302.8 Gg C yr
-1

. The lowest carbon sequestration rate shows SEDG 

scenario that account 462.870 Gg C yr
-1 

for time period 2000-2080. 

 

Table 14: Yearly carbon sequestration rates BAMBU, GRAS, SEDG scenarios (Gg C yr
-1

) 

 

 

ALARM scenario time period 

 

 

Sequestration rates (Gg C yr
-1

) 

BAMBU 2000-2020 665.545 

BAMBU 2000-2050 639.550 

BAMBU 2000-2080 535.444 

GRAS 2000-2020 1,430.660 

GRAS 2000-2050 1,261.792 

GRAS 2000-2080 1,302.800 

SEDG 2000-2020 1,291.875 

SEDG 2000-2050 518.242 

SEDG 2000-2080 462.870 
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Amount of carbon sequestered in particular scenarios is highly interconnected with land use 

change of these scenarios. The following section aims to analyse this connection with regard 

to the main land use changes and amount of carbon sequestered within these changes. 
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Figure 21: Carbon sequestration of BAMBU scenario 

a)BAMBU 2000-2020, b)BAMBU 2000-2050, c) BAMBU 2000-

2080  

 

Carbon sequestration of BAMBU scenarios is illustrated by            

Figure 21 that shows seven most expanded carbon sequestration 

rates connected with the land use changes.  

Interconnections between land use changes and changes in carbon 

sequestration rates are summarized in Table 15. 

Reddish areas of negative carbon sequestration rates (C source) 

mainly shows changes of forest to arable land or grassland area 

(between baseline and respective scenario), where carbon is lost. 

Highest carbon sequestration rates (C sink) are in the north-west 

area of the Czech Republic, which relates to larger changes of 

arable land to forest in this area that intensify from 2020 to 2080.  

 

 
 

a) 

c) 

b) 
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Table 15: Carbon sequestration rates related to LU change under BAMBU and GRAS scenarios 

BAMBU and GRAS scenarios 

 

LU change Carbon sequestration     

(Mg C ha
-1

) 

grassland to forest 123 

forest to grassland -123 

grassland to arable -3 

arable to forest 126 

arable to grassland 3 

forest to arable -126 

 

 

Most frequent carbon sequestration rates of BAMBU and GRAS scenarios that are related to 

particular land use changes are summarized in Table 15 above. Additionally, carbon 

sequestration rate of 0 Mg C ha-1 also appears frequently, as it shows no changes in land use 

between baseline and particular scenario. 

In Table 16, most frequent carbon sequestration rates for SEDG scenarios are summarized. 

Contrary to BAMBU and GRAS scenarios, substantial areas in SEDG scenario shows 

negative carbon sequestration rates, which are mainly caused by transformation of large areas 

of forest and grasslands to arable land. As result of these land use changes, carbon 

sequestration decreases. 

 

 

Table 16: Carbon sequestration rates related to LU change under SEDG scenario 

SEDG scenario 

 

LU change Carbon sequestration     

(Mg C ha
-1

) 

grassland to arable -3 

grassland to forest 123 

forest to arable -126 

arable to forest 126 

perm crops to arable -30 

perm crops to forest 96 
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Figure 22: Carbon sequestration of GRAS scenario 

a) GRAS 2000-2020, b) GRAS 2000-2050, c) GRAS 2000-2080 

The most frequent carbon sequestration rates of GRAS scenarios in 

particular years are illustrated by Figure 22. 

The rates of carbon sequestration in GRAS scenarios are similar to 

BAMBU scenarios. However, the spatial distribution of carbon 

sequestration rates, respectively land use changes differ.  

Major increases of carbon sequestration rates are mainly 

concentrated in north-west and southern parts of the Czech 

Republic, partially also in the area of Orlické Mountains. These 

increases are more rapid in 2020 and 2050 as arable land and 

changes to forest by 7%, respectively 9% and grassland changes to 

forest by 2.7%, respectively 3.2%. 

On the other hand, negative carbon sequestration appears mainly in 

2020 and 2050, where changes of forest and grassland to arable land 

more often appear. 

 

a) 

c) 

b) 
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Figure 23: Carbon sequestration of SEDG scenario 

a) SEDG 2000-2020, b) SEDG 2000-2050, c) SEDG 2000-2080 

The most frequent carbon sequestration rates show Figure 23. The 

carbon sequestration rates as well as spatial distribution of these 

changes substantially differ compared to the BAMBU and GRAS 

scenarios. This is mainly due to the nature of SEDG scenarios that is 

focused on sustainable development and agricultural production.  

SEDG scenarios shows the lowest carbon sequestration rates, as 

substantial area of grassland and forest is shifted into arable land and 

subsequently amount of carbon sequestered declines. In 2080 9.5% of 

grassland area and 3.9% of forest is replaced by arable land. Negative 

carbon sequestration rates appear mainly in the area of northern and 

southern borders as well as in the central part of the Czech Republic. 

Carbon sequestration increases particularly in the borderline area of 

south-west, western and northern Bohemia, partly at eastern borders of 

the Czech Republic, where grassland is replaced by forest.  

 

 

a) 

c) 

b) 
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3.2.3 Soil loss in the Czech Republic under ALARM scenarios 

 

InVEST ecosystem service modelling sediment retention tool initially use USLE to calculate 

potential soil loss (erosion). USLE takes into account management practice factor and cover 

factor, which are factors that can be altered by land use changes or changes in land 

management. Examples of changes altering USLE are forest clear cuts, changing crop type, 

expansion of urban areas. The model outputs show potential mean soil loss per sub-watershed 

on an annual basis (Tallis et al., 2011a). 

The following section presents results of InVEST application on baseline as well as BAMBU, 

GRAS and SEDG scenarios in year 2080. ALARM scenarios have been developed for years 

2020, 2050 and 2080. However, in this section only 2080 scenarios are analysed and 

compared with the baseline, as difference within the scenario years were relatively minor. 

Scenarios are analysed on the sub-watershed scale. 

As described previously, soil loss (erosion) depends on several factors that play key role in 

actual erosion rates, such as crop management, soil cover, soil management, other important 

factors include soil type, slope and climate (Verheijen et al. 2009). 

 

Results of the potential mean soil loss per sub-watershed are illustrated by Figure 24 below. 

Soil loss is expressed on an annual basis in tonnes per hectare. BAMBU together with GRAS 

scenario and baseline show similar range of soil losses, between 0.22 to 8.5 Mg ha
-1

. Baseline 

shows very similar patterns with BAMBU scenarios with larger soil loss in Moravia, as these 

scenarios have also very resembling land use.  

Soil loss in GRAS scenario is relatively lower compared to the baseline, particularly in the 

north-west, north and southern area, which is related to the decline of arable land area that is 

replaced by forest.  

SEDG scenarios in 2080 show the highest annual soil loss rates that are reaching up to 24 Mg 

ha
-1

. These largest erosion rates occur mainly in the areas of the substantial land use change – 

northern borderline region, Moravia, as in this scenario considerable portion of the Czech 

Republic (over 13%) is transformed to arable land. 

 

The potential soil loss map takes into account unified value of rainfall erosivity factor (R-

factor) that is 400 MJ mm ha
-1

 h
-1

 in the Czech Republic (Janeček et al., 2012). Therefore, this 

type of information is suitable for comparison of particular regions with respect to the soil 
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erosion threat, while taking into account similar rainfall conditions. Moreover, the results can 

be interpreted in the sense of the potential vulnerability to soil erosion risk.  
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Figure 24: Annual soil loss (Mg ha
-1

)  

a) BAMBU 2080, b) GRAS 2080, c) SEDG 2080, d) CLC 2000 as baseline 

 

a) 

c) 

b) 

d) 
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3.2.4 Sediment retention in the Czech Republic under ALARM scenarios 

 

The potential of sediment retention calculates sediment retained and originating on the 

particular parcel as well as sediment originating on upslope parcels and retained by the parcel 

landscape vegetation (Conte et al., 2011). Sediment retention has been calculated using 

InVEST tool, sediment retention module, and applied on baseline as well as BAMBU, GRAS 

and SEDG scenarios in year 2080. Although, ALARM scenarios have been developed for 

years 2020, 2050 and 2080, this section focus only 2080 scenarios, as difference within the 

scenario years were relatively minor. Outputs of sediment retention module – mean sediment 

retained and total sediment retained on annual basis is illustrated on the sub-watershed scale 

in the Czech Republic. 

 

Mean sediment retained  

This output shows amount (Mg ha
-1

) of mean sediment retained on each sub-watershed on 

annual basis that is adjusted by the water quality sediment allowable threshold. In fact, 

sediment retention (avoided erosion) related to the water quality is the sub-watershed measure 

of ecosystem service in biophysical terms (Tallis et al., 2011a).  

Based on the InVEST results, the mean sediment retention range in the sub-watersheds is 

between 10.7 – 363.5 Mg ha
-1

 annually. 

In contrast to the soil loss results, mean sediment retention does not show striking differences 

between particular scenarios and baseline, differences are within particular sub-watersheds. 

However, these changes are still connected with changes in land use and spatial distribution of 

reservoirs. While analysing amount of sediment retained in the context of prevailing land use 

of particular sub-watershed, we confirmed the strong relation of these two values.  

All scenarios shows similar pattern within sub-watersheds with the lowest mean sediment 

retained located in the central and southern part of the Czech Republic, where arable land 

prevails.  

On the other hand, areas with higher sediment retention are within the borderline region as 

these areas have mainly permanent vegetation, such as forest, which has considerably lower 

soil erosion and higher retention rates. GRAS scenario shows the highest sediment retention 

rate mainly in the sub-watersheds in the forested borderline regions. 
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Figure 25: Mean sediment retained (Mg ha
-1

)  

a) BAMBU 2080, b) GRAS 2080, c) SEDG 2080 and d) CLC 2000 as baseline 

a) 

d) 
c) 

b) 
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Total sediment retained 

InVEST results of sediment retention module show total amount of sediment retained within 

each sub-watershed, adjusted by water quality sediment allowable threshold. Total sediment 

retention (avoided erosion) related to the water quality is the sub-watershed measure of 

ecosystem service in biophysical terms (Tallis et al., 2011a).  

Total sediment retention is expressed in tons per sub-watershed and has broad ranges between 

830 and 29,636.844 Gg ha
-1 

per particular sub-watershed. 

Similarly to the mean sediment retention, the results do not show substantial differences 

between particular scenarios and baseline. Changes within particular sub-watersheds are 

relatively minor.  

Sub-watersheds with lowest mean sediment retentions in the central and southern part of the 

Czech Republic in most cases also have lower total amount of sediment retained.  

On the other hand, sub-watersheds in Moravian region together with north-west and south-

west borderline areas have one of the greatest amounts of total sediment retained due to 

prevailing agricultural land use. 
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Figure 26: Total sediment retained (Mg ha
-1

)  

a) BAMBU 2080, b) GRAS 2080, c) SEDG 2080 and d) CLC 2000 as baseline

c) d) 

b) a) 
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4. Discussion 

 

 

In this section, main findings of this study regarding scenarios, environmental policy context 

as well as related uncertainties are discussed. By applying ALARM scenarios in the analysis, 

the study aims to evaluate climate change impacts on selected ecosystem services in the 

Czech Republic. In order to evaluate the impact of climate change on ecosystem services, two 

crucial ecosystem services have been identified and assessed: (1) carbon storage and 

sequestration and (2) erosion control and sediment retention. 

 

4.1 Scenarios as images of future changing times 

 

As the present time is characterized by uncertainty, innovation and change, increasing 

attention is paid to scenario planning techniques due to its usefulness in times of uncertainty 

and complexity (Schoemaker, 1991). Moreover, scenario planning stimulates strategic 

thinking and by constructing multiple futures assists to overcome thinking limitations (Amer 

et al., 2013). 

Rubin (2013) suggests that the society resembles of hologram consisting of variety of small 

details, each interacting with another and the whole. The hologram is composed of 

phenomena such as social and natural events, human emotions and behaviour. We are used to 

call this holographic process reality. Compared to the historical times, reality is rapidly 

changing, with increasing complexity and abstraction of social events and on-going changes 

and impacts on natural systems.  

According to Spangenberg (2010), from the environmental perspective, human society during 

the 21
st
 century will be facing a number of scarcity problems (e.g. oil and gas, minerals 

shortages); essential ecosystem services (e.g. freshwater provision and soil fertility) are at risk 

due to drivers such as climate change and pollution. 

In order to explore possible future pathways in the context of these complex changes, 

scenarios are certainly helpful tool. 

Moreover, Spangenberg (2010) analysed four historical policy strategies: (1) the technology 

option, (2) the free market option, (3) the free trade option and (4) the imperial/neo-colonial 

option that could be potentially applied in future. With respect to the ALARM scenarios, the 
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free trade option focusing on increased supply and trade, open market, trade of emissions 

permit resembles with GRAS scenario that is liberal, free-trade, globalization and 

deregulation scenario. Combination of the free market option and the technology option is in 

BAMBU scenario that is free market oriented and environmental policy is perceived as 

another technological challenge.  

The analysis of past policy experiences shows that relying entirely on market can be 

economically efficient but might increase vulnerability of environmental and social systems. 

On the other hand, technological options are helpful when obtained; they might shift problems 

instead of solving. Fundamental alternative to these approaches is sustainable development 

that is transition process focused on demand management, integrating social, environmental, 

economic and institutional aspects (Spangenberg 2010). From the scenario perspective, this 

option is illustrated by SEDG scenario. 

 

4.2 EU and national policy context, climate change adaptation 

 

In the coming decades climate change impacts will increase due to the delayed impacts of past 

and current GHG emissions, independently of any future projections. Therefore, the need is 

recognized to take adaptation measures to inevitable climate change impacts (EU Adaptation 

Strategy, 2013).  

Climate change adaptation refers to adjustment in natural or human systems in response to 

actual or expected climatic stimuli or their effects, which moderates harm or exploits 

beneficial opportunities (IPCC, 2001). Additionally, adaptation measures cover responses that 

are so-called grey measures (technological solutions), green measures (ecosystem-based 

adaptation) and soft measures (managerial options and behavioural changes) (EEA, 2010). 

At the EU level, increasing attention has been paid to the need to adapt to changing climate, 

which can be illustrated by Green paper: Adapting to climate change in Europe (2007) that 

calls for early action within EU. Subsequent White paper on adapting to climate change 

(2009), presented a framework to reduce the EU’s vulnerability to the climate change impacts. 

Recently, in April 2013, an EU Strategy on adaptation to climate change has been launched. 

The Strategy aims to contribute to a more climate-resilient Europe, by enhancing the 

preparedness and capacity to respond climate change impact and developing a coherent 

approach. The strategy has three main objectives: (1) promoting Member State action, (2) 

better informed decision making, and (3) mainstreaming adaptation into EU policies. With 
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regard to the first objective, national adaptation strategies are recognized as the key analytical 

instruments to inform and prioritise action and investment. 

In the Czech Republic, national adaptation strategy is currently under preparation and focuses 

on relevant socio-economic sectors impacted by climate change. Moreover, State 

Environmental Policy of the Czech Republic (2012-2020) also stress the need for 

comprehensive approach to design and implementation of the adaptation measures and sets 

the aim to increase adaptive capacity in the Czech Republic.  National Program to Abate the 

Climate Change Impacts in the Czech Republic (2004) primarily focus on mitigation 

measures, but also introduce sectoral adaptation measures in water management, agriculture, 

forestry and health sectors. Strategy of Biological Diversity Conservation (2005) stresses the 

need to assess the potential of green adaptation to increase climate-resilience of the socio-

ecological systems. 

As vulnerability to climate change varies across sectors and regions, making adaptation 

context and location-specific pose the key challenge (EEA, 2010). 

With this respect, results of the study have the potential to identify the vulnerable regions 

concerning climate change impacts and delivery of particular ecosystem services (carbon 

sequestration, erosion control and sediment retention) in the Czech Republic. Moreover, 

spatially explicit results of this analysis can be used as valuable evidence base for the design 

of suitable adaptation plans and measures in order to provide better information for decision 

making.  

However, further research exploring future adaptation pathways, design and implementation 

of adaptation measures and strategies under changing climate needs to be conducted in the 

Czech Republic. 

 

4.3 ALARM scenarios analysis in the Czech Republic  

 

Scenarios are not predictions, but are rather tools to assess future trends and developments 

(EEA, 2009). Therefore, scenarios should be treated as potential insights into the future that 

could provide valuable information about future pathways. Scenario analysis aims to explore 

the long-range possibilities of complex socio-ecological systems and to provide policy 

guidance on the consequences of alternative actions and choices (Raskin, 2005). 

Initially, changes in BAMBU, GRAS and SEDG scenarios have been analysed for particular 

years 2020, 2050 and 2080. With regard to the study performed, land use categories of arable 
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land, grasslands, together with forest and built-up and permanent crops are analysed in the 

context of the Czech Republic. Furthermore, results of the scenarios for the particular year 

have been quantitatively and spatially compared with the baseline, represented by current land 

use Corine Land Cover (CLC 2000).  

The quantitative results illustrate percentage share of land use categories of BAMBU, SEDG 

and GRAS scenarios in 2080 as well as baseline (see Table 17). Compared to the baseline, the 

most striking changes shows SEDG scenario in 2080, where arable land substantially 

increases and grassland with permanent crops almost disappear. On the other hand, BAMBU 

scenario resembles to the baseline. 

 

Table 17: Share (%) of LULC categories under scenarios in 2080 and baseline 

 Baseline 

(%) 

BAMBU 2080 

(%) 

SEDG 

2080 (%) 

GRAS 

2080 (%) 

Built-up 5,8 6,8 5,9 6,9 

Arable land 42,6 39 54,1 32,6 

Permanent crops 0,5 0,3 0 0,3 

Grassland 15,4 13,8 0,3 13,8 

Forest 32,6 37,1 36,7 43,4 

Others 3,1 3,0 3,0 3,0 

 

 

The climate scenarios (BAMBU and GRAS) also indicate change in the borderline regions, in 

these fringe areas (in particular the north-west of the Czech Republic) is arable land replaced 

by forest and grasslands. This is valid particularly in case of GRAS scenario, focused on 

economic growth and damage repair in the environmental policy focus. As a consequence, 

GRAS scenario leads to decrease in arable land area and a potential decline in provisioning 

ecosystem services supply. Major land use changes in GRAS are showing similar features in 

all scenario years and take place in north-west and south of the Czech Republic. With respect 

to the baseline, the three major analysed changes cover 14.3 % of the total area in 2080. 

In general, BAMBU extrapolates current trends in EU policies. Besides minor regional 

changes, BAMBU shows relatively resembling trend as the baseline scenario. As previously 

mentioned, changes in BAMBU scenario are not so rapid; the three main analysed land use 

changes comprise in 2080 approximately 9.5 % of the total area of the Czech Republic. 

Due to its nature, SEDG scenario that is focused on the achievement of a socially, 

environmentally and economically sustainable development (Spangenberg et al., 2012) 

extensively varies from the BAMBU, GRAS as well as baseline scenario. In contrary to the 
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previous scenarios, the SEDG scenario indicates the replacement of grassland area by arable 

land, which is caused due to normative backcasting nature of the scenario that is designed to 

meet European sustainable development goals. In 2080 SEDG indicates an almost doubling of 

arable land area compared to the baseline, which leads to an increase in the provision of 

agricultural ecosystem services (Lorencová et al., 2013). The three major analysed land use 

changes in SEDG scenario are the most intensive; in 2080 19.3 % of the total area is altered. 

With respect to the past land use changes, scenarios show rather diverse pathways. In the 

period 1990-1999 decrease of arable land occurred by 4%. On the other hand, meadows and 

pastures substantially increase by 15%, respectively 11%, followed by permanent cultures 

with rise by almost 5 %. The intensity of agriculture declined and forest increase slightly 

slowed down (Bičík et al., 2001). 

 

4.4 EU perspective of ALARM scenarios 

 

As mentioned previously (see chapter 2), applied ALARM scenarios have been statistically 

downscaled from the original wide European scenarios covering 27 countries (EU 25, 

Switzerland and Norway). Compared to the applied ALARM scenarios, original scenarios 

have eight land use categories including biofuels and land in succession (abandoned 

agricultural land). While scenarios were downscaled to the country level, biofuel category 

(liquid, non-woody biofuels) was aggregated back to the arable land, wood biofuels into 

forest. Category of land in succession became the original category (arable land, permanent 

crops, grassland, forest) based on initial proportions of particular category (Dendoncker and 

Rounsevell, 2009). 

Due to these differences in the land use categories, results of particular scenario in the Czech 

Republic do not always fully corresponds with the original wide European scenarios. 

For instance, in the European context GRAS scenario shows the largest change of 

abandonment of agricultural land (arable land and grassland), where almost 12% is assumed 

to be abandonment in 2050 (Spangenberg et al., 2012). 

Regarding agriculture, spatial patterns of land use changes differ across Europe. BAMBU 

scenario shows regional disparities, decline of agricultural areas caused by abandonment in 

southern and eastern countries. On the other hand, SEDG scenarios shows only slight changes 

with fewer regional disparities, which is in contrast with the substantial increase of 

agricultural land in the downscaled scenario in the Czech Republic. However, it is evident 
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that with respect to relative decrease and abandonment of agricultural land in the other two 

GRAS and BAMBU scenarios, SEDG shows highest agricultural area also within the 

European ALARM scenarios. 

Additionally, European scenarios also show some similar patterns with respect to changes in 

agricultural land. This can be illustrated by original European GRAS 2050 scenario, where 

decrease in agricultural area has similar spatial pattern (particular decline in the northwest and 

south of Bohemia) (Spangenberg et al., 2012) compared to the downscaled GRAS 2050 in the 

Czech Republic. Similar situation is also in BAMBU 2050 with decrease of agricultural land 

in northwest of the Czech Republic shown by both of the scenarios. 

 

4.5 Carbon storage and sequestration 

 

Carbon sequestration has been chosen as one of the key ecosystem services as carbon 

sequestration is currently becoming one of the leading regulating ecosystem services 

accounted at the national level and is increasingly gaining attention in the international 

context of climate change mitigation. Compared to other mitigation activities, carbon 

sequestration is natural and cost-effective processes with numerous ancillary benefits that are 

immediately applicable, but have finite sink capacity (Lal, 2008). Moreover, carbon stored in 

ecosystems is an important indicator of regulation services potential, which is directly related 

to land use disturbances and land management practices (Vačkář et al., 2011).  

Based on the analysis results, higher amount of carbon stored show all scenarios in 2020, 

2050 and 2080 in contrast to the baseline. The most significant increase in carbon storage has 

GRAS scenario in 2080, where amount of carbon increases approximately by 33% compared 

with the baseline. 

On the other hand, storage levels of SEDG scenarios are more or less stable during the time 

period, showing only minor increase in carbon storage 8 % to 11 % compared to the baseline. 

Moreover, difference between total carbon sequestration levels of GRAS scenario in 2000-

2080 and sequestration of BAMBU, respectively GRAS and SEDG scenarios in 2000-2080 is 

considerably high, accounting for 61,388,500 Mg C, respectively 67,194,400 Mg C. The 

significant increase of GRAS scenario carbon sequestration is reflected in substantial rise of 

forest land area. In 2080, the area of forest in GRAS scenario increases by 12.25% compared 

to the baseline. Former arable land and grassland is in GRAS scenario replaced by forest that 

has substantially higher carbon storage rate than other land uses. 
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In accordance, Schulp et al. (2008) identifies land use change as the most dynamic driving 

force of terrestrial carbon stock change that needs to account for the dynamics of land use 

change in carbon stock change modelling.  

Based on the National GHG inventory data, in 1990 Land Use, Land-Use Change and 

Forestry (LULUFC) sector removed 986.63 Gg C and 1,505.03 Gg C in 2010 (NIR, 2012). 

When estimating annual C removals based on the time period of carbon sequestration, 

scenarios show comparable results in the range of national GHG inventory data. In all cases, 

LULC under BAMBU, GRAS and SEDG scenarios in the Czech Republic represents a net 

carbon sink. For instance, SEDG scenarios annual removal is the lowest, estimated 462.87 Gg 

C. Conversely, GRAS scenario is estimated to stand for the largest sink with approximately 

1,302.80 Gg C removed annually. Although, it is necessary to be aware of the limitations 

while comparing these unlike approaches of carbon sequestration calculation, this is aimed to 

provide the context of results calculated. 

Interestingly, SEDG scenario shows the lowest delivery of carbon sequestration service, 

although this scenario is focused on sustainable development. SEDG scenario is normative 

backcasting scenario, which shows considerable increase in arable land area in the Czech 

Republic compared to the baseline (Spangenberg et al., 2012). The increase in arable land 

might lead to rise of agricultural ecosystem services (particularly provisioning services, such 

as food production), while regulating service, carbon sequestration substantially declines. 

 

4.6 Soil loss and sediment retained  

 

BAMBU together with GRAS scenario and baseline show similar range of soil losses, 

between 0.22 to 8.5 Mg ha
-1

 annually. Baseline shows very similar patterns with BAMBU 

scenarios, which is mainly due to relatively comparable land use representation. GRAS 

scenario has lower soil loss compared to the baseline, as forests have very high protective 

function against soil erosion (Cebecauer and Hofierka, 2008). Decline in soil loss is 

particularly in the north-west, north and southern area of the Czech Republic. These areas of 

decline are associated with land use change, where the arable land area is replaced by forest.  

According to Cerdan et al. (2010), the mean erosion rate in Europe is 1.2 Mg ha
-1

yr
-1

, 

estimated mean regional erosion rate in the Czech Republic is 2.6 Mg ha
-1

yr
-1

, which is 

relatively comparable to ranges of the baseline, BAMBU and GRAS scenarios. SEDG 

scenario shows significantly higher soil loss rates, which is mainly caused due to rapid 
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changes in the land use. SEDG scenario in 2080 has the highest annual soil loss rates that are 

reaching up to 24 Mg ha
-1

. 

With regard to the soil loss in the Czech Republic, Krása et al. (2008) calculated amount of 

sediment lost due to wash off from arable land. The total annual amount of sediment loss 

accounted for 3,175,280 Mg, which responds to the annual loss of 0.565 m
3
 of soil per arable 

land hectare. Furthermore, average long-term soil loss of agricultural land has been calculated 

approximately 2.34 Mg ha
-1 

annually, which is within the range of our soil loss estimates. 

In case of the sediment retained improved water quality modelled in the Czech Republic, the 

mean sediment retention range in the sub-watersheds is between 10.7 – 363.5 Mg ha
-1

 

annually. Total sediment retention expressed in tons per sub-watershed has broad ranges 

between 830 and 29,636,844 Mg ha
-1 

per sub-watershed.  

Similarly to the mean sediment retention, the results do not show substantial differences 

between particular scenarios and baseline. Changes within particular sub-watersheds are 

relatively minor. Sub-watersheds with lowest mean sediment retentions in the central and 

southern part of the Czech Republic in most cases also have lower total amount of sediment 

retained.  

Not surprisingly, the scale of modelled watershed plays a significant role in determining the 

extent to which LULC changes impact water quality. In large basins, landscape complexity 

can play important role in reducing the impacts of land use on the hydrologic regime and 

water quality through provision of storage capacity in the watershed and stream beds. 

Moreover, for the same percentage of LULC change, impacts will be much greater in smaller 

watersheds (Conte et al., 2011).  

Moreover, vegetation as well as management practices play important role in retaining 

sediment out of waterways and can provide ecosystem services including improved water 

quality, avoided flood risk, avoided infrastructure maintenance costs (silted reservoirs needs 

to dredged) (Tallis et al., 2009; Tallis et al., 2011a). Changes in management practices, 

abandonment of arable land and de-intensification leads to a more favourable landscape 

pattern concerning reduction of erosion and increase in sediment retention (decline in 

sediment yield) (Bakker et al., 2008). For instance in the Orlice drainage basin, Van Rompaey 

et. al (2003) calculated that random conversion of 20% arable land to grassland leads to 

reduction in average area-specific sediment yield (increased sediment retention) from 0.89 

Mg ha
-1

y
-1

 to 0.49 Mg ha
-1

y
-1

. 
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Relation between ecosystem services, trade-offs 

 

In order to provide suitable information on design and implementation of particular land-use 

policies, it is necessary to understand spatial patterns of individual services, how multiple 

services relates to each other and how these relationships varies across spatial scales. 

However, there are only a few studies mapping data on water quality and its relationship to 

other ecosystem services (Holland et al., 2011).  

Example ecosystem services relation are trade-offs, caused by management choices that might 

change type, magnitude and relative mix of ecosystem services provided. When the provision 

of particular ecosystem declines as a consequence of increased use of another, trade-offs 

occur (Rodriguez et al., 2006).     

Raudsepp-Hearne et al. (2010) confirm on landscape scale (analysing 137 municipalities in 

Quebec, Canada) trade-offs between provisioning and almost all regulating and cultural 

ecosystem services. Enhancing delivery of important provisioning ecosystem services, such as 

food and timber, often leads to trade-offs between regulating and cultural ecosystem services, 

such as nutrient cycling, flood protection, and tourism. Moreover the results indicate that a 

greater diversity of ecosystem services is positively correlated with the provision of regulating 

ecosystem services. Regulating ecosystem services lie behind sustainable delivery of 

provisioning and cultural services and play important role in resilience of social-ecological 

systems (Rodriguez et al., 2006).    

Holland et al. (2011) analysed spatial covariation between freshwater and terrestrial 

ecosystem services in Great Britain. Freshwater water quality (represented by environmental 

quality index) was positively correlated with carbon storage. In particular upland areas of 

Britain indicate potential for win-win situation in association between indicators of freshwater 

ecosystem services (such as water quality) and carbon storage. 

 

 

4.7 Limitations and uncertainties 

 

Uncertainties related to climate change scenarios, models, adaptation measures, needs to be 

dealt with in consistent manner as various types of uncertainty can be observed, including 

scientific and methodological ones (EEA, 2011).   
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In general, it is recognized that there will always be uncertainty regarding particular scenario 

assumptions. Particularly, uncertainty can arise from dynamics of the system or may be 

associated with assumptions on the future development of driving forces (Alcamo, 2009), as 

outcomes of human activities are by their nature highly unpredictable (Spangenberg et al., 

2012).  

Limitation also lies within the relatively broad classification of ALARM scenario land use 

categories that combine variety of LULC classes into one category. However, to best of our 

knowledge, climate land use scenarios with more fine land use categories distinction and 

resolution are currently not available for the Czech Republic. This limitation needs to be taken 

into account while analysing results. On the other hand, it also provides opportunity of further 

research needs concerning scenario development.  

 

Moreover, the study focused on analysis of two ecosystem services (carbon storage and 

sequestration, erosion control and sediment retention), which are considered as “umbrella 

services” (meaning that support of these services indirectly influence support of many other 

services) and are thus representative for the purpose of our study. 

Another uncertainty is introduced by an assumption of linear ecosystem services availability, 

while in reality delivery of services is rather non-linear as they are conditioned by highly 

dynamic processes in nature, quantitative measures to overcome this are generally unavailable 

(Koch et al., 2009). 

 

Application of InVEST carbon sequestration and sediment retention models has its limitations 

that need to be taken into account while considering the results. 

Regarding carbon storage and sequestration, Tallis et al. (2011a) mentions model limitations 

that originate in oversimplification of the carbon cycle that allows the model to run with 

relatively little information, but this on the other hand leads to limitations. It is assumed that 

all LULC types are at fixed average storage level; therefore changes in carbon storage over 

time are only due to changes in LULC type or from wood product harvest. The result detail 

depends on LULC classification used and another limitation is that it does not capture carbon 

that moves from one pool to another (e.g. if trees die). Besides that, carbon emissions due to 

management activities (e.g. tractors burning fuel, fertilizer additions, livestock use) are not 

included in the assessment. Finally, model assumes a linear change in carbon storage, while 

most sequestration follows a nonlinear path.  
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Due to data limitation, harvested wood products (HWPs) are not considered in the analysis, 

which could create some overestimation of carbon storage and sequestration results. The 

above mentioned limitations need to be taken into account when estimating the carbon storage 

and sequestration. However, considering the model limitation, it still has potential to provide 

reasonable spatially explicit information on ecosystem service quantity. 

Concerning InVEST sediment retention model, the USLE method is a standard way to 

calculate soil loss. However, it has several limitations as it predicts erosion from sheet wash 

alone (in-stream processes are ignored) and is more applicable to agricultural land and flatter 

areas because it has only been verified in areas with slopes of 1 to 20 percent. Another 

simplification is the grouping of LULC classes. For instance, if all forest is combined into one 

LULC class (which the case of ALARM scenarios), the difference in soil retention between 

and old and newly planted forest is neglected (Tallis et al., 2011a; Conte et al., 2011).  

 

For all the reasons discussed, it is important to regard values of ecosystem services provided 

by this study as indicative, not absolute. Despite the limitations, this approach enables us to 

simplify and translate complex processes into a common robust framework of spatially 

explicit assessment. Another added value of this study stands in combination of future climate 

and land use projections in the Czech Republic (ALARM scenarios) with InVEST modelling 

tool of ecosystem services. Combination of these methods allows us to provide analysis of 

long term land use trends with spatial changes in delivery of particular ecosystem services. 
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5. Conclusion 

 

Climate and land use change are recognized as the greatest global environmental problems 

(Pielke, 2005; Boyd et al., 2008), both significantly influence provision of crucial ecosystem 

services, such as carbon sequestration, water flow regulation, erosion control, and food and 

fibre production at a variety of scales (MA, 2005). This study aims provide quantitative and 

spatially explicit information regarding projected changes in land use as well as climate 

change impacts on selected ecosystem services (carbon sequestration, sediment retention) in 

the Czech Republic.  

 

Depending on the characteristics of the particular scenario analysis shows variety of trends in 

projected LULC in the Czech Republic that are spatially explicit. BAMBU (Business As 

Might Be Usual) scenario shows resembling spatial pattern with the baseline scenario. 

However, in 2080 7.52% of arable land and grassland is replaced by forest, mainly in north-

west and northern parts of the Czech Republic. Within GRAS (Growth Applied Strategy) 

scenario main land use changes are illustrated by substantial increase in forest area, in 2080 

12.25% of arable and grassland area is replaced by forest. Major changes in forest increase 

occur in north-west, southern part and eastern borderline of the Czech Republic. SEDG 

(Sustainable European Goal) scenario shows the largest changes with substantial increase in 

arable land area distributed across whole country. Arable land is spreading even to regions 

that have not been predominantly agricultural, due to not very suitable geographical and soil 

conditions. In 2080, arable land covers 54.1% of the Czech Republic, grasslands declines to 

0.3%, retreating only to marginal areas in southern and northeast parts. 

 

Performed ecosystem service assessment indicates that spatial distribution of provision of 

ecosystem services, such as carbon storage and sequestration, and sediment retention reflects 

the scenarios land use changes. In case of carbon sequestration, SEDG scenario shows the 

lowest carbon sequestration rates accounting for 37,029.6 Gg C within the period 2000-2080. 

Substantial increase of arable land area in this scenario leads to decline in carbon 

sequestration potential. On the other hand, GRAS scenario has the largest amount of carbon 

sequestered in the time period 2000-2080 reaching 104,224 Gg C that is almost three times 

higher than in SEDG scenario. Spatial distribution of carbon sinks and sources reflects the 

land use pattern of particular scenarios. In case of sediment retention, the link between land 

use and magnitude of ecosystem service delivered is not so straightforward. However, stable 
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vegetation cover is one of the factors that play important role in amount of sediment retained 

and avoided erosion. In general, annul mean sediment retention in sub-watershed ranges 

between 10.7-363.5 Mg ha
-1

. 

 

Although this study deals with integrated interdisciplinary approach that has several 

limitations and uncertainties as previously discussed, it has the potential to contribute to the 

on-going discussions concerning climate impacts on particular ecosystem services. 

Application of future climate and land use projections together with ecosystem services 

modelling provide interesting quantitative and spatial insights into future trends in delivery of 

these services in the Czech Republic. 
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