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Abstract. The 2004 Indian Ocean tsunami caused damagesould be visualised. While some patches of coastal forest
to coastal ecosystems and thus affected the livelihoods ofvere fully recovered after 3yr, other patches were still af-
the coastal communities who depend on services providedected and thus had a reduced capacity to supply ecosys-
by these ecosystems. The paper presents a case study tem services. The ecosystem services maps can be used to
evaluating and mapping the spatial and temporal impacts ofjuantify ecological values and their spatial distribution in
the tsunami on land use and land cover (LULC) and relatedhe framework of a tsunami risk assessment. Beyond that
ecosystem service supply in the Phang Nga province, Thaithey are considered to be a useful tool for spatial analysis
land. The method includes local stakeholder interviews, fieldin coastal risk management in Phang Nga.

investigations, remote-sensing techniques, and GIS. Results
provide an ecosystem services matrix with capacity scores

for 18 LULC classes and 17 ecosystem functions and ser-

vices as well as pre-/post-tsunami and recovery maps indicatl  Introduction

ing changes in the ecosystem service supply capacities in the

study area. Local stakeholder interviews revealed that manl.1 Ecological impacts of the Indian Ocean tsunami in
groves, casuarina forest, mixed beach forest, coral reefs, tidal ~ Phang Nga

inlets, as well as wetlands (peat swamp forest) have the high- . . .

est capacity to supply ecosystem services, while e.g. pIantaThe 2004 Indian Ocean tsunami Iefti a path of destruction
tions have a lower capacity. The remote-sensing based dan#/ong the Andaman_ Sea coast of Thailand. The anstal areas
age and recovery analysis showed a loss of the ecosysteRf Phang Nga province suffered from an extraordinary high
service supply capacities in almost all LULC classes for mosttumber of fatalities, structural damages and economic losses
of the services due to the tsunami. A fast recovery of LULC that affected or destroyed the livelihoods of coastal commu-
and related ecosystem service supply capacities within on@ities (United Nations and Worldbank, 2005). Although fa-
year could be observed for e.g. beaches, while mangrovetlities and damages to buildings and infrastructure were the
or casuarina forest needed several years to recover. Applynost striking consequences of this tsunami disaster, envi-

ing multi-temporal mapping the spatial variations of recovery 'onmental impacts and damages to ecosystems and related
land use/land cover (LULC) also occurred. These included
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uprooted coastal forests, beach erosion, impacts on coracosystem service supply capacities to spatially explicit bio-
reefs and sea-grass, pollution, contamination from tsunamphysical units in maps provides useful aggregated informa-
deposits, and salt infiltration in ground- and surface wa-tion on current supply conditions and changes over space
ter as well as in soils affecting vegetation and soil fertility and time (Haines-Young et al., 2012; Burkhard et al., 2012a;
(Choowong et al., 2009; DMCR, 2005a, b; Massmann, 2010Kienast et al., 2009). Spatio-temporal changes can be in-
Paphavasit et al., 2009; Pongpiachan et al., 2013; Roemer efuced by human LULC changes, climatic change, or dis-
al., 2010; Szczucinski et al., 2006; UNEP, 2005; Vosberg,turbances due to natural disasters. These visualisations of
2010). While the impacts on coral reefs and sea grass bedscosystem services and their dynamics are useful tools for
in the region were comparably small, the damages to coastalecision makers and environmental managers (Swetnam et
forests, e.g. mangroves, and plantations varied spatially, wittal., 2011). However, before ecosystem services maps finally
more severe destruction close to the shore (FAO and MOACcan be used for environmental risk management and related
2005; Romer, 2011). spatial planning, the methods need to be developed further

Since the interconnection between coastal ecosystemand respective data and information have to be acquired in
degradation and communities’ vulnerabilities has beenfurther studies (Daily and Matson, 2008; Burkhard et al.,
widely recognized (Adger et al., 2005; Kallesge et al., 2008;2012a).
IUCN and UNEP, 2006), negative consequences were sup- In this case study, we map ecosystem services in con-
posed to arise from the tsunami impacts due to the deperaection with impacts of the 2004 Indian Ocean tsunami
dency of the coastal communities in Phang Nga on the loin Phang Nga, Thailand. The aim is to identify tsunami-
cal ecosystems. The economic, social and ecological linkinduced LULC changes and to assess and evaluate related
ages in the region are manifold, comprising fishing (e.g. shellalterations in ecosystem service supply capacities. The work
fish, crab fish, oyster), aquaculture, agriculture, and tourisihas been conducted in the framework of the research project
(Haitook et al., 2011; Willroth et al., 2011). It is therefore “Tsunami Risks, Vulnerability and Resilience in the Phang
important to assess and quantify the ecological values anéliiga and Phuket Provinces, Thailandl'sunamiRisk And
damages together with the socio-economic ones to evaluatinformationTool (TRAIT)” and results will be integrated in
the overall tsunami impact in the framework of a tsunami risk an impact and vulnerability assessment for the region.
assessment and management. An approach is applied that indicates different LULC

A way to account for values of ecosystems is the consid-classes’ capacities to supply ecosystem services on a rel-
eration of the functions and services they provide as benefitative scale, integrating local expert assessments (based on
to humans (MA, 2005; Daily, 1997; Costanza et al., 1997).Burkhard et al., 2009, 2012a; MA, 2005; de Groot, 1992;
The concept of ecosystem services (de Groot et al., 2010Costanza, 1997). A similar approach was used by Maes et
Burkhard et al., 2012b) offers a methodological frameworkal. (2011) to map ecosystem services on a European scale, by
for the identification, quantification, evaluation and map- Nedkov and Burkhard (2012) to map flood regulating ecosys-
ping of land use change on human societies (Burkhard etem services in Bulgaria, by Kroll et al. (2012) in a central
al., 2012a). It has evolved to a common framework in inter-German peri-urban region, and by Vihervaara et al. (2010)
disciplinary ecological and socio-economic research and hastudying the linkages between land use changes and ecosys-
high potential to be implemented in management and plantem services in Lapland, Northern Finland. The approach
ning (Burkhard et al., 2012a; Kienast et al., 2009; MA, 2005; is considered suitable here since people at the Phang Nga
Miiller and Burkhard, 2007). Ecosystem services also playcoast benefit from ecosystem services provided by the coastal
an important role in risk mitigation of natural hazards and areas, e.g. for eco-tourism, diving tourism, local farming,
post disaster recovery. Costanza and Farley (2007) emphand fishery (IUCN and UNEP, 2006; Rémer, 2011). Hence,
sised that part of the reason for the severe impacts of coastalbcio-ecological aspects play a major role in the region’s vul-
disasters is the disregard of ecosystem services in coastalerability and coping capacity.
planning. Ecosystems with their functions and services are The case study refers to changes in ecological integrity,
indeed supposed to reduce disaster impacts by providing naprovisioning, regulating and cultural ecosystem services on
ural capital that is essential for the preservation of livelihoodsa local scale at three different points in time. Altogether,

(IUCN and UNEP, 2006). 17 ecosystem services of 18 LULC classes were assessed for
pre-tsunami conditions and tsunami induced LULC change
1.2 Mapping of ecosystem services and related changes in ecosystem service supply capacities

were mapped based on stakeholder interviews, field investi-
A common way to assess ecosystem services is the ecaations, remote-sensing and GIS techniques in order to an-
nomic valuation (Costanza et al., 1997; MA, 2005; Batemanswer the following research questions:
et al., 2010; Kumar, 2010). Beyond that the spatial analy-
sis of ecosystem service values (Troy and Wilson, 2006) or
the analysis of temporal dynamics of ecosystems services
(Kroll et al., 2012) is used. Especially the assignment of
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The paper is structured as follows: in Sect. 2 the study
area is introduced. Section 3 describes the methodologica i
approach comprising the development of an ecosystem ser i
vices matrix, remote-sensing based damage and recovery as g
sessment of LULC, and the development of multi-temporal
ecosystem services maps. The resulting matrix and maps ar e
presented in Sect. 4, followed by a discussion in Sect. 5 and

conclusions in Sect. 6.
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Ban Tha Digdaeng
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2 Study area

Legend

The study area covers a 50 km long, flat coastal stripe from . .. )
Thai Mueang in the South to Ban Nam Khem in the North T_Jmme A
in the Phang Nga province, Thailand (Fig. 1). The whole
area was devastated by the 2004 tsunami. Settlement struce 2s s 10 Kiometers
tures and ecological characteristics in the area are diverse """
Ban Nam Khem is a small community dominated by fishery
and agriculture. Further south, Khao Lak has increasinglyrig. 1. The study area from Ban Nam Khem in the North, to Thai
developed quality tourism structures including eco-tourismmueang, Phang Nga in the South. The 18 villages where interviews
and is positioned in the global tourism market (Willroth et took place are included in the map.
al., 2011). The Khao Lampi — Hat Thai Mueang National
Park north of Thai Mueang city is located on a spit with
a tidal inlet surrounded by mangrove belts, and populatedoreover, due to the growing tourism sector, many natu-
by indigenous people. In all parts of the study area peoplgal forests have been cleared for development of large hotel
live in close relation with their environment in terms of agri- complexes. In particular mangroves and coral reefs are under
culture, fishery, or tourism. Dominating LULCs are casua- pressure due to marine and coastal development, including
rina forest, mixed beach forest, melaleuca forest, coconufor example the expanding shrimp farm industry (Baird et
plantations, mangroves, and grassla@dsuarina equiseti- al., 2005; UNEP, 2005; IUCN and UNEP, 2006). The tiger
folia forms 20-50 m wide mono-specific stands at sandyPrawn industry, which developed in the 1990s, has led to a
coasts (Cochard et al., 2008). Mixed beach and melaleucdramatic reduction of the mangrove area in South Thailand.
forests Melaleuca leucadendrgrare located in the Hat Thai By the mid 1990s the initial mangrove area was reduced by
Mueang National park in the south. Coconut plantati@s-(  about 33 % (FAO and MOAC, 2005).
cos nuciferyare spread all over the study area. Accordingto The 2004 tsunami led to a further impact on coastal
Yanagisawa et al. (2009) dominant mangrove species foun@cosystems by destroying large patches of the exposed man-
in the study area arRhizophorasp. andBruguierasp. Be-  groves, casuarina forests, and coconut plantations and by
yond that grassland, open woodland, beaches, ponds, arfusing indirect impacts such as defoliation or yellowing of
build up areas are present (cf. Fig. 3, in Sect. 3.1). leaves of mixed beach forests and melaleuca forests (Roemer
The landscape in the study area is strongly shaped by huet al., 2010). IUCN and UNEP (2006) estimated the overall
man activities such as tin mining, shrimp aquaculture, and in€conomic loss due to damages on coastal ecosystems in the
tensive agricultural use, dominated by the cultivation of rub-Phang Nga province to about USD 11 million, mainly arising
ber, oil palm, coconut, and cashew nut. Fishing and agriculfrom the destruction of mangroves.
ture are a major source of income with 45 % of the population
of Phang Nga employed in this sector (Willroth et al., 2011).
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3 Methods
LULC classification based on Field data from post-tsunami Interviews with
A ) . i IKONOS satellite images H and recovery phase local stakeholders
The methodological approach for mapping tsunami impacts
on ecosystem service supply includes three steps (Fig. 2): e, ( S ™
\ detection analysis
\

1. LULC classification based on IKONOS satellite im-
ages (2003), and change detection analysis of LULC
to detect tsunami damages after the event (2005) as ‘ |
well as recovery processes (2008). !

GIS - spatial

2. Interviews with local stakeholders from coastal vil- \j/
lages in Phang Nga as well as Thai governmental and
non-governmental organisations to evaluate ecosysternr
services in the study area using a scoring approach.
Development of a matrix for selected ecosystem func-Fig. 2. Methodological approach for mapping changes in ecosystem
tions and ecosystem service supply capacities in theservice supply due to the impact of the 2004 Indian Ocean tsunami.
study area based on a statistical analysis of the data
gained from the interviews.

Ecosystem services map
pre- tsunami

Ecosystem services map
recovery phase

Ecosystem services map
post-tsunami

for the forest ecosystems mangroves, casuarina forest, co-
3. GIS-based mapping of tsunami-induced changes ofconut plantations, mixed beach forest, and melaleuca forest.
ecosystem service supply capacities in the different For a recovery map 3yr after the tsunami (2008), the re-
LULC classes. covery rate was calculated based on multi-temporal Trans-
formed Normalised Vegetation Index (TNDVI) images from
3.1 LULC classification, damage and recovery mapping  three acquisition dates in 2003, 2005 and 2008 (for details

) ) ) see Romer et al.,, 2012a). The recovery rate was then bi-
The LULC information for the study area was derived from nary coded in order to distinguish between areas that have

high-resolution satellite images (IKONOS), taken before thergcovered or were in a recovery state and those areas indi-

tsunami in January 2003, using remote-sensing techniqueg.aiing persistent situations or even post-tsunami degradation

For the multi-temporal analysis on damages and recovery,ot showing any recovery patterns. Field measurements from
IKONOS images from January 2005 and February 2008 werégng on vegetation recovery and succession were used for

included in the analysis. A rule-based object oriented ClaSSi'vaIidating the change detection results (Rémer et al., 2012a).

fication approach was performed for the pre-tsunami imagesjnce the recovery assessment was conducted based on the
of 2003. The final classification has an overall accuracy (_)fNDVI, non-vegetated areas were notincluded in the analysis.
93.6% and a Kappa of 0.90, and can therefore be considrhe analysis included mangroves, casuarina forest, coconut
ered as very accurate. The resulting map for the coastal Zor;ﬁantations and grassland.

between Ban Nam Khem and Thai Mueang city consists of 1gynamiimpacts on the beaches as well as beach recovery
37 different LULC classes including plantations, beaches,,ere added to the damage and recovery maps by applying a

buildings and infrastructure, grassland, water bodies, an¢yog;.cassification change detection analysis for beach areas
natural forests, such as mangroves, casuarina forest, or pr Vosberg, 2010).

mary rain forest (Fig. 3). Details of the remote-sensing based rom the LULC classification and the damage and re-

LULC classification are provided in Romer (2011). covery assessment, three maps were generated: (a) a LULC
To derive LULC maps that show the ch'a'nges that occurreqﬂap representing LULC before the tsunami (2003) (Fig. 3),
due to the damaging effect of the tsunami, impacts and recov b) a damage map including a quantification, classification,
ery processes were analysed for selected LULC classes byng spatial distribution of damages to LULC directly after
applying digital change detection techniques based on multizg ;nami (2005) (Fig. 4), and (c) a recovery map quantifying

temporal IKONOS imagery (Roemer et al., 2010; Romer ety cjassifying the spatial distribution of recovery from these
al., 2012b). A damage map (Fig. 4) was generated for Jandamages until 2008 (not shown in this paper).
uary 2005 (post-tsunami) using the direct multi-date classi-

fication (DMC) method, which includes a supervised clas-3.2 Stakeholder interviews and ecosystem services
sification of a multi-temporal band composite (Roemer et matrix

al., 2010). Damages to LULC classes were categorised in:

type 1 = no damage (no identifiable damage), type 0 = totalOn a local scale the value of ecosystems is closely related
damage (e.g. uprooted or removed vegetation), type 0.5 = into the dependencies of coastal communities on ecosystem
direct damage (degradation of understorey vegetation andervices for their livelihoods. Therefore, to gain informa-
soils, applicable to foliage of woody vegetation and to all tion on the ecosystem services provided and used in the
non-woody vegetation). The damage analysis was conducterkgion, interviews with local stakeholders and experts in

Nat. Hazards Earth Syst. Sci., 13, 3095411, 2013 www.nat-hazards-earth-syst-sci.net/13/3095/2013/
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Fig. 3. LULC map exemplified for Khao Lak, based on IKONOS imagery from 13 January 2003.

the field of environmental management were conducted irpersons from non-governmental international organizations.
18 villages in the districts of Takuapa and Thai Mueang, The standardised questionnaire included an empty ecosystem
Phang Nga Province (Fig. 1). Criteria for village selection in- services matrix (see Table 2), where scores had to be given
cluded (a) a high degree of impact by the 2004 tsunami, andor each LULC class and each ecosystem service according
(b) a high degree of diversification of occupation and liveli- to the respondents’ local knowledge and experience.
hoods of the people with a close link to coastal and marine The study covered 17 ecosystem functions and services
resources (Haitook et al., 2011). of 18 LULC classes (Tables 1 and 2). The 18 LULC

A questionnaire was distributed to 33 local stakeholdersclasses were (partly) merged from the original 37 LULC
whereof 18 persons were village chiefs or village chief as-classes identified by the remote-sensing based classification
sistants from Ban Nam Khem, Khao Lak, and Thai Mueang,(Fig. 3). The following ten LULC classes were excluded
nine persons were from governmental organisations and sikrom the analysis: plantation buildings, shrimp farm industry

www.nat-hazards-earth-syst-sci.net/13/3095/2013/ Nat. Hazards Earth Syst. Sci., 13, 3C@BH, 2013
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F— et al., 2009, 2012a). Ecological integrity refers to ecosys-

damag(i :Lafzfcation tem structures and processes responsible for ecosystem func-
e tioning and self-organisation (Mdller, 2005; Mduller and

g Burkhard, 2007; Barkmann et al., 2001). From the eight
ecological integrity indicators initially suggested by Miller
(2005), the ecosystem structure indicator “biodiversity” and
the process indicator “nutrient cycling” were selected to be
assessed in this study. The authors are aware that there are
manifold categorisations for ecosystem functions and ser-
| vices and the related scientific debate, for example concern-

Damage classification ing problems of potential double counting, is not finished

*| Damage type

964000

" [ yet (Wallace, 2007). However, related studies are so singu-
R o waerormua-ypeo lar, question- and context-related, so that perhaps a common
‘:A I e =02 classification framework is neither feasible nor really neces-

o I e sary (Burkhard et al., 2012b; Costanza, 2008). In this study,

] understory/sail degradation - type O

the focus was on illustrating spatial distributions of ecosys-
tem function and service supply and their temporal changes.
No “total ecosystem values” have been summed up in the
end. Moreover, the two assessed ecological integrity compo-
nents “biodiversity” and “nutrient cycling” are not consid-
ered in any of the other ecosystem service categories here.
Therefore, problems of double counting were not involved.
Provisioning services include products that humans can
derive from ecosystems, e.g. food or raw materials. Regu-
lating services are ecological regulation mechanisms (such
as coastal protection by coastal forests or ground water
recharge) that are important for human activities. Cultural
services are important for the quality of life and for spiri-

960000

956000

A tual inspiration, but also for economic aspects, i.e. tourism.
o e e The selection of ecosystem services in the three categories is
Projection: WGS 1984 UTM 47N .
g . Bl repsKONCR O mainly based on de Groot et al. (2010), Burkhard et al. (2009,

2012a), MA (2005) and suggestions from local stakeholders
Fig. 4. Tsunami damage map for Khao Lak showing the spatial dis-and experts for site-specific services. For example, the ser-
tributioq .al'ld the type of damfige§ to vegetation Qirectly after theyjce “provisioning of shade” was highly recognised by the
tsunami in 2005. Beach erosion is not included in the map. Ar-|cqs for their daily activities. Therefore, it was included in
eas with no/low damage are transparent. The method (Direct Multi-,

L h new and innovativ mpar Xist-
Date Classification) and data are described in Roemer et al. (2010t. e study as ane .a dinno a.t e' aspect compared to exist
19 ecosystem service categorisations.

For the damage map applied in the ecosystem services maps, da bl . h f . d
age types have been summarised to type 1 (no damage), type O (total In Table 1, an overview on the ecosystem functions an

damage), and type 0.5 (indirect damage). services assessed in this study is given. .
The respondents were asked to rate each ecosystem service

according to its overall importance in and for the communi-
ties in the region.
buildings, build up areas high density, build up areas low For the assessment of different LULC classes’ capacities
density, prepared land, boats, clouds, shadow, roads, anh support ecosystem integrity or to supply ecosystem ser-
rocks. Some of the other categories were merged as followsrices, the following rating scale was applied (after Burkhard
beach (sandy beaches, sandbanks), tidal inlet (mudflat, inteet al., 2009, 2012a): & no relevant capacity, £ low rel-
tidal areas), rubber (rubber plantation, younger plantation)gvant capacity, 2 relevant capacity, 3 medium relevant
coconut plantation (coconut, other plantation), natural grasseapacity, 4= high relevant capacity, and=5 very high rele-
land (dense grassland, scrubland, sparse grassland, sparsegnt capacity.
covered by vegetation, open woodland), oil plantation (dense In addition, for a better interpretation of the results, further
palm plantation, oil palm), mixed beach forest (rain forest, questions were included in the questionnaire on the respon-
other forest, mixed outer beach forest, natural beach forest)dents’ evaluation of tsunami impacts on LULC and ecosys-
The ecosystem functions and services were organised item service supply and their observations regarding the re-
the four categories: ecological integrity, provisioning ser- covery progress in the region. The respondents were asked
vices, regulating services, and cultural services (Burkhardo categorise the damages to each LULC class according to

Nat. Hazards Earth Syst. Sci., 13, 3093411, 2013 www.nat-hazards-earth-syst-sci.net/13/3095/2013/
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Table 1. Ecosystem functions and services investigated in this study.

3101

Short description

References

Ecological functions and integrity

Biodiversity The presence and absence of selected species,
(functional) groups of species, biotic habitat
components or species composition.

Nutrient cycling The capacity of an ecosystem to cycle nutrients
and matter and thereby preventing the irreversible
output of elements from the system.

Muller (2005), MA (2005),
Muller and Burkhard (2007),
Burkhard et al. (2009),

De Groot (1992),
Forbes and Broadhead (2007),
Kandziora et al. (2013)

Provisioning services

Food Food obtained from: crops, livestock, captured fisheries,
aquaculture, wild-foods and oil as well as presence of
edible plants and animals.

Wood/fibre/oiltimber Timber and fibre harvesting, e.g. for ornament making
and tools. Presence of species or abiotic components
with potential use for timber, fuel or raw material.

Medicine Production of bio-chemicals, medicines and presence of
species or abiotic components with potential chemical
and/or medical use.

Energy/biomass Presence of trees or plants with potential
use as energy source, e.g. wood fuel cooking.
Freshwater supply Presence of fresh water from coastal aquifers

or groundwater reservoirs.

Burkhard et al. (2009),
de Groot et al. (2010)

Burkhard et al. (2009),
de Groot et al. (2010)

Burkhard et al. (2009),
de Groot et al. (2010)

Burkhard et al. (2009)
Burkhard et al. (2009),

Haitook et al. (2011),
Graterol (2011)

Regulating services

Local climate regulation  Changes in land cover can locally affect temperature,
wind, radiation and precipitation.

Coastal protection Refers to natural elements that reduce the impact of extreme
flood events, e.qg. the role of forests in dampening
wave impact.

Erosion regulation In this study referring to the vegetation cover

at the coast and the patches of sea-grass offshore
that prevent beach erosion.
Water purification Refers to the general capacity of ecosystems to purify fresh water.
Provisioning of shade Presence of trees along the streets and beaches and
along the coastline that people use to protect
themselves from the intense solar radiation.
Pollination Ecosystem changes affect the distribution, abundance,
and effectiveness of pollinators. Wind and bees are in charge of
the reproduction of a lot of plants of cultural importance.
Ground water recharge Changes in land cover strongly influence the timing and
magnitude of runoff, flooding, and aquifer recharge.

Burkhard et al. (2009)

Burkhard et al. (2009),
de Groot et al. (2010)

Haitook et al. (2011),
Graterol (2011)

Burkhard et al. (2009)
Haitook et al. (2011),
Graterol (2011),
de Groot (1992)
Burkhard et al. (2009),
de Groot et al. (2010)

Burkhard et al. (2009)

Cultural services

Aesthetic value Refers to the visual qualities of the area (beauty of the place). de Groot (1992)
Aesthetic information has considerable influence on the quality of life.
Recreation and tourism Refers to the recreational activities that people can enjoy in the area de Groot et al. (2010)

(fun activities for relaxation, e.g. nature walks, hiking, snorkelling,

guided tours, elephant rides) and available facilities

(e.g. hotels, parks, restaurants, stores, swimming pools).
Education/research Features with special educational and scientific value/interest,

i.e. referring to the extent to which the area attract scientist

to study certain phenomena and to the opportunities

that area offers to teach about the natural system.

de Groot et al. (2010)

www.nat-hazards-earth-syst-sci.net/13/3095/2013/ Nat. Hazards Earth Syst. Sci., 13, 3C82BH, 2013
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their local knowledge in “no/minor damage”, “polluted/salt
intrusion”, and “destroyed/washed away/broken”. Moreover . _
they were asked to estimate the duration of the recovery pro- B s
cess (Table 4). In addition, group discussions were conductec mengrove srea=3 % pre-tsunami (2003)

in some villages with about four to eight persons in each

group to discuss these questions (Haitook et al., 2011).

When analysing the results it should be taken into account e, 027 2=
that the scoring was often difficult for the respondents and . 30%715' ________
answers can be very subjective depending on peoples’ per i ESSC score for the LULC class mangroves

post-tsunami (2005)

Post-tsunami

sonal experience (Fagerholm et al., 2012), e
A descriptive statistical analysis was conducted to anal-
yse the data from the scoring of the local stakeholders. For Recovered area

all LULC classes and all services, the scores were analysec 88 gy, 0276

using the statistical median. It has to be mentioned here, o - )

that not all 33 respondents ranked all services for all LULC el ESSCME:'; ESSC score for the LULC class mangroves
classes. Very few answers were given for melaleuca forest Derise0s ot Crerrecoveny(2008)

09+43.5-44

(9), aquaculture (7), and natural grassland (2).

3.3 Creation of ecosystem services maps _ .
Fig. 5. Sketch describing the approach to calculate the ecosystem

To create the maps with the spatial distribution of ecosystenteVice supply capacity scores for the post-tsunami and the recovery
service supply capacities (pre-tsunami ecosystem service%h"’lse (cf. Bgs. 1.and 2).
maps), the matrix (Table 2) was linked to the pre-tsunami
LULC map in GIS by assigning the ecosystem service supply4 Result
capacity scores to each polygon (biophysical unit) in the esufts
LULC map (after Burkhard et al., 2009, 2012a). . .
. . . 4.1 [Ecosystem services matrix
The post-tsunami ecosystem services maps were derived

by combining the pre-tsunami ecosystem services MaPResults show, that the Phang Nga coast has a high capacit
with the damage classification, which was derived from the ' g™ d paclty

h d ? s h Qt}) support ecosystem functions and to supply services from a
change eteptlon analysis (Sect. 3.1). The _pe_rcentage ariety of LULC classes (Table 2). These can be considered
the damage in each LULC polygon was multiplied by the

i . | ) hof great importance for the livelihood of the local people and
pre-tsunami ecosystem service supply capacity score. Thg\co tor tourism and the economy of the region.

ecosystem service supply capacity score of the damaged part The ecosystem services matrix (Table 2), derived from

was then subtracteq from the ongmgl score in order 10 9€%he statistical analysis of the local stakeholder scoring shows
the ecosystem service supply capacity score, which was Ie[I[hat, according to the respondents’ perception, mangroves,
after the tsunami (Eq. 1, Fig. 5). casuarina forest, mixed beach forest, coral reefs, tidal in-
ESSGost= ESSG - (1—d) (1) lets, and wetlands (here peat swamp forest) provide the high-

) ) est overall ecosystem service supply capacity. Lowest scores
where ESSGost= Ecosystem service supply capacity Score \yere given to plantations and aquaculture. In general the

post tsunami, ESSG= ESSC scoref = damage in 2005.  ¢,nction “biodiversity” as well the services “food provision-
Recovery refers to the potential and the rate at which vegy,q» «coastal protection” and all cultural services are con-
etation reclaims its habitat by natural succession processe§yered to be particularly important in the region. This re-

after being degraded or removed by the tsunami in 200465 the character of the study area, which is dominated by
(Romer etal., 2012a). To derive the ecosystem service SUPPly, rism and related activities, small business of local people

capacity scores during recovery in 2008, the recovery was,; the beach, as well as fishery and agriculture.
multiplied by the damages and the pre-tsunami ecosystem Mangroves, which are known to be among the most valu-
service supply capacity score, and added to each ecosystefye coastal ecosystems in the world (ten Brink, 2011), are
service's post-tsunami ESSC score. This operation provided, s, considered to be particularly important in almost all ser-
the respective ecosystem service supply capacity scores fQfices. For mangroves the ecosystem functions “biodiversity”
2008 (Eq. 2, Fig. 5). and “nutrient cycling” have been ranked with the highest
ESSGec= r*d*ESSG + ESSGost 2) score of.5. Mangroves are also considered to provide regulat-
] ) ing services, such as “climate regulation” or “coastal protec-
where ESStec = Ecosystem service supply capacity SCore tion” (also ranked with 5) by stabilising sediment and partly
after recoveryy = recovery in 20084 = damage in 2005,  attenuating wave energy. Moreover, mangroves are an im-
ESSGost= ESSC score post tsunami. portant food source as well as of cultural value for locals and
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Table 2. Ecosystem services matrix for the coastal areas of the Phang Nga province, Thailand linking LULC classes to their capacities to
support ecosystem functions and to supply ecosystem services on the scale: 0=no relevant capacity, 1 =low relevant capacity, 2 =relevan
capacity, 3=medium relevant capacity, 4 = high relevant capacity, 5 =very high relevant capacity.

n: Mangroves =24, Casuarina forest=21, Rubber plantation=20, Coconut plantation=23, Orchard/Cashew nut=12, Oil palm plan-
tation =20, Mixed beach forest=21, Melaleuca forest=9, Beach=23, Tidal Inlet=26, Coral reefs=21, Sea grass =19, Aquaculture=7,
Natural grassland =2, Wetlands =12, Ocean= 21, Pond =20, Stream/river/channel=17.

c
S
5 c
2 3 : g = 3 2 g
£ B S € S I < ¢ e & g 5
g 5§ o g £ p > P & g2 s 2 g & £ %9
g £ £ £ 3 g & = §§ § § °© =2 3 7 3§
= 2 8 £ B § 5 =2 & 8 58 & 2 g€ 8§ &8 & £
[ i %) = @ k=l L c = <4 = = £ 5 %s n > s =
2 2 E B c ¢ &£ £ § 5 52 2 2 8 £ 2 8 g £ ¢
g £ ¢ ¢ 5 3 8 8 2 3 § § € 8z ¢ E S5 3 £ § §
g8 &£ 3 £ 8 £ & 2 & § 8 8§ e & & I 2 3 & 8 =3
Code LULC class U4 © 2z a £ =2 5> § ¥ @ 3 O @O 2 & £ 6 O < @ &
1 Mangroves B BN : 2 o 4 4 4 4 4 4
Casuarina forest 3 4 2 3 0 2 0 4 4 3 4 4 4 4 4
3 Rubber plantation 1 4 o Bl o 2 o 4 0 2 2 4 2 3 3 3 3
4 Coconut plantation 2 3 4 3 2 1 0 3 3 3 3 8 3 3 4 3 2
5  Orchard/Cashew nut 1 3 3 0 0 0 0 3 0 2 2 3 3 2 3 2 2
6  Oil palm plantation 2 2 1 0 0 0 0 3 0 3 3 4 2 3 4 3 3
7 Mixed beach forest 4 4 4 3 2 2 0 - : ¢ 4 4 e -
8 Melaleuca forest 8 4 8 3 1 1 0 4 8 4 3 8 3 4 4 3 3
9 Beach 3 3 3 0 0 0 0 3 3 4 4 0 3 3 I -
10 Tidal inlet 4 0 0 0 4 4 4 3 3 2 4 3 4 4 3
11 Coral reefs 4 0 0 o0 0 4 3 4 4 1 N s 5057 57
12 Seagrass 4 0 1 0 0 4 3 4 3 1 4 3 4 3 4
13 Aquaculture 2 3 4 0 0 0 0 3 2 1 1 1 0 3 2 2 3
14 Natural grassland 3 4 4 0 0 0 0 4 4 4 4 1 4 4 4 4 4
15 Wetlands 4 4 2 2 1 3 4 3 3 4 3 3 4 4 3 4
16 Ocean Bl o o o IER BBl o o 2 o 3 o0 4+ I 3
17 Pond 4 3 3 0 0 0 4 4 0 0 3 0 4 3 4 gl 2
18 Stream/river/channel 4 4 3 0 0 0 4 4 0 2 3 0 4 3 4 4 3

Assessment scale

0 No relevant capacity
Low relevant capacity
Relevant capacity
Medium relevant capacity
High relevant capacity
Very high relevant capacity

a s W N

tourists in the area. The other coastal forests, i.e. casuaringervices as well as ecological integrity. Grassland is consid-
forest or mixed beach forest, are considered to have a higlered to protect from erosion and flooding, but also to con-
ecosystem service supply capacity, especially in the regulattribute to the aesthetic value of the region.
ing and cultural services. Coral reefs, the ocean, long tropical beaches, and water
According to the respondents, also local peat swamp forcourses are important for recreation and tourism in the study
est (wetlands) is important for the supply of regulating ser-area. Seaside tourism contributes significantly to the devel-
vices, such as “climate regulation”, “water purification”, or opment and the income of the region (Willroth et al., 2011).
“ground water recharge”. Moreover, local people use the beach for their daily small
Plantations are widely distributed in the study area. Theybusiness, e.g. selling of fruits or for relaxing from the heat
are not natural forests and are considered to have only lovin the shade of trees. Besides the cultural services coral reefs
and medium relevant capacities in most of the services. Thewre considered to provide important regulating services.
are an important food source, though, and therefore play a Coastal aquacultures are increasing in the area and are
major role for agriculture in the study area. Moreover, planta-therefore included in this study. They provide mainly food
tions are considered to provide cultural services as they conand are considered to have a function for education and re-
tribute to the tropical scenery. search.
Grassland (open woodland, scrubland, dense and sparse
grassland) makes up a large part of the study area. It was
ranked high by the respondents in regulating and cultural
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Table 3.Damage and recovery rates of coastal forests in the study area (derived from remote sensing techniques).

Ecosystem Total area 2003 (ha) Direct tsunami impacts Recovery processes

area (ha) % of exposed area area (ha) % of impacte& areacovery rat@
Mangroves 980.17 59.59 6.15 33.49 54.10 Slow
Casuarina 98.06 37.24 37.98 20.78 61.60 Fast
Coconut plantation 494 124.61 25.22 97.32 78.10 None
Melaleuca forest 49.13 0.56 1.14 n/a n/a Fast
Mixed beach forest 193.05 1.72 0.89 n/a n/a Fast

2Derived from TNDVI-approach (Rémer et al., 2012'%1Estimated from field observations conducted in 2009.

4.2 Pre-, post tsunami and recovery ecosystem services Lak mangroves showed almost no recovery until 2008, while
maps other patches completely recovered. Results also suggest that
rubber and coconut plantations had a faster recovery or reaf-

Damage and recovery rates for coastal forests in the studforestation rate than mangroves and casuarina forest. The re-
area from the change detection analysis (Sect. 3.1) are showgtlts gained from the multi-temporal satellite analysis and
in Table 3 (for details see Roemer et al., 2010; Rémer et al.ecosystem services mapping match with the results from the
2012b). Casuarina forests suffered the greatest damage wifAterviews conducted with local experts on damages and re-
38% of trees destroyed in the inundated coastal zone. Als§0Very processes in the region (Haitook etal., 2011, Table 4).
25 % of all coconut plantations in the exposed area and about Comparing the pre-/post-/ and recovery maps for the ser-
6% of the mangroves, but only small patches of melaleucaice “coastal protection” (Fig. 6) shows high to very high
and mixed beach forest were destroyed. There has been®/Pply capacities in the pre-tsunami state, where coastal
rapid recovery of casuarina forest and more than 60 % hadorests are located. Casuarina forests are located parallel to
recovered by 2008. Plantations are not natural ecosystems, $8€ coast, building a natural green belt that shields the hin-
that recovery is related to undergrowth recovery or the planierland from impacts from the sea. Two mangrove patches,
tation of new trees. A natural recovery of plantation patchegocated in tidal inlets are also supposed to serve as protec-
would lead to a growth of casuarinas. tion.

Based on the ecosystem services matrix (Table 2), the The post-tsunami map shows that all biophysical units
damage analysis, and the recovery analysis, pre-, posih the inundated area suffered from a decrease or loss of
tsunami, and recovery maps were produced using the methowe coastal protection service. The overall reduction of the
described in Sect. 3.3. The maps show the spatial distributiogoastal protection service is mainly due to the damage of
of ecosystem service supply capacities before the tsunami, &Pastal forests.
well as spatio-temporal changes of the supply capacities due The recovery map indicates that large parts of the study

to the tsunami impact. area recovered to some extent until 2008. However, the
Maps for the services “coastal protection” and “food pro- coastal protection service of the casuarina forest and the
visioning” for Kao Lak are shown in Figs. 6 and 7. northern mangrove patch is still significantly reduced, while

The post-tsunami maps show that almost all biophysicalthe southern patch is fully recovered. Beaches have recov-
units located in the inundated area were affected by a los§red in almost all parts of the area, but are still smaller in
of ecosystem service Supp|y Capacities_ Since the Study ardxore exposed areas in the North. Moreover tidal inlets were
was flooded up to 1km inland (Romer et al., 2012b), vastnot fully recovered in 2008 (Vosberg, 2010). Therefore, also
patches of coastal forest have been washed away or danfor beaches the coastal protection service supply capacity in
aged, beaches were eroded and there was intrusion of sa#008 varies locally.
water into the ground. With the loss of vegetation and soil, Many LULC classes in the study area supply food (Fig. 7).
the services provided by the affected LULC were reduced. Coconut plantations and mangroves have shown to have a

Among the exposed forest ecosystems in the study area/€ry high relevant capacity for food provisioning, but also
mangroves and casuarina forest were mostly affected by théidal areas and coral reefs are important food sources, e.g.
tsunami. When washed away, their coastal and erosion prdfish. The post-tsunami map reveals that the service supply
tection service was lost after the event. Moreover their ca-capacity for the provisioning of food has been strongly re-
pacity to provide food and other goods was disrupted. Alsoduced, mainly due to the damage to agricultural areas (e.qg.
large patches of grassland lost some of their services due tBlantations). Some of the plantations have been completely
damage to vegetation and salt water intrusion. The recoveryeforested by 2008, but many still have a reduced service sup-
maps show a recovery in all biophysical units in 2008. How- Ply capacity. The spatial variations can be seen in Fig. 7.
ever, recovery rates vary spatially. In some areas in Khao
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Fig. 6. Map showing the spatial distribution of the ecosystem service “coastal protection” for Khao Lak before the tsunami 2003 (upper
panel, left), after the tsunami (01/2005, upper panel, right), and after a recovery time (02/2008, lower panel). White areas represent areas no
included in the analysis or no data available on damages or recovery of LULC classes (e.g. ocean, coral reefs, and sea-grass, rubber).
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Fig. 7. Map showing the spatial distribution of the ecosystem service “food provisioning” before the tsunami 2003 (upper panel, left), after
the tsunami (01/2005, upper panel, right) and after a recovery time (02/2008, lower panel). White areas represent areas not included in the
analysis or no data available on damages or recovery of LULC classes (e.g. ocean, coral reefs, and sea-grass, rubber).
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Table 4. Damage and recovery of ecosystem service supply capacities due to the tsunami. The values of the ecosystem services by LULC
class are derived from the matrix in Table 2. Type of damage and recovery and duration of service reduction were derived from stakeholder
interviews using the statistical median for all answers (modified from Haitook et al., 2011).

LULC Value of ecosystem services Type of damage Duration of service  Ecosystem service supply

class based on the matrix in Table 2  to the ecosystem reduction due capacity in 2010 (% of
to the tsunami pre-tsunami conditions)

Mangroves High relevant capacity Destroyed/washed away/broken  1-5yr 75.83

Casuarina forest High relevant capacity Destroyed/washed away/broken  1-5yr 85.24

Rubber plantation Relevant capacity No/minor damage No influence 99.00
Coconut plantation Medium relevant capacity Pollution/salt intrusion 2 weeks—1yr 89.13
Orchard/Cashew nut  Relevant capacity Pollution/salt intrusion 2 weeks-1yr 82.50
Oil palm plantation Relevant capacity No/minor damage No influence 99.00
Mixed beach forest High relevant capacity Destroyed/washed away/broken  1-5yr 77.62
Melaleuca forest Medium relevant capacity Pollution/salt intrusion 2 weeks—1yr 95.56
Beach Medium relevant capacity Pollution/salt intrusion/erosion 2 weeks—1yr 93.04
Tidal inlet High relevant capacity Pollution/salt intrusion/erosion 2 weeks—1yr 88.46
Coral reefs High relevant capacity Destroyed/washed away/broken  1-5yr 66.19
Sea-grass Medium relevant capacity Damage 1-5yr 65.26
Aquaculture Relevant capacity Destroyed/washed away/broken 2 weeks—1yr 97.14
Natural grassland High relevant capacity Pollution/salt intrusion 1-5yr 100.00
Wetlands Medium relevant capacity Pollution/salt intrusion No influence 97.50
Ocean Medium relevant capacity Pollution 2 weeks—1yr 100.00
Pond Medium relevant capacity Pollution/salt intrusion 1-5yr 90.50
Stream/river/channel  Medium relevant capacity Pollution/salt intrusion 2 weeks—1yr 96.47

Similar maps can be produced for all ecosystem services. Our results show, that the methodology of combining re-
With these maps spatial variations in changes of ecosystermote sensing techniques, field investigations, stakeholder in-
service supply capacities for single biophysical units can beterviews and GIS was a useful tool to (a) quantify the dam-
visualised and monitored. The additional questions in theages to ecosystems and related LULC in a spatially explicit
questionnaire revealed that, according to the local responway, (b) provide ecosystem service supply capacity scores
dents’ experience, among the forest ecosystems, mangrovefgr single LULC classes, and (c) visualise changes of ecosys-
casuarina forest and mixed beach forest had the longest péem service supply capacities (losses as well as recovery pro-
riod (1-5yr) of reduction of ecosystem service supply ca-cesses). This yields a specific analysis of the local situation,
pacities after the tsunami (Table 4). Also coral reefs and seathe benefits local communities obtain from their environment
grass beds are considered to have a long recovery period. las well as the losses of these benefits due to a tsunami impact.
contrast, a shorter recovery period of less than two weeks to GIS and remote-sensing based data and maps showing
maximum one year has been observed for salt water intruthe spatial distribution of ecosystem services can be used
sion or pollution in coconut and cashew nut plantations, orin land-use planning and management (Troy and Wilson,
melaleuca forest. 2006; Grét-Regamey et al., 2008). The ecosystem services

At the time of the survey in 2010, more than 5yr after maps derived in this study can in addition be integrated
the tsunami, the respondents stated that most of the ecosys tsunami risk assessment and mapping since they can be
tems were able to supply 80 % of their pre-tsunami servicesused to quantify ecological values and their spatial distribu-
They describe remaining ecosystem service supply capacittion in the framework of an exposure analysis. In this way
deficits for mangroves, mixed beach forest, coral reefs andhe maps can be combined with other spatial data such as
sea grass. maps with the distribution of economic values in a flood
prone area. Moreover, the post tsunami mapping approach
suggested in this study allows the quantification of damages
to LULC by means of loss of ecosystem service supply ca-
In this study, we used detailed high resolution spatial datapaCities and rglated soicio—economic_conse_quencgs. Since the
and conducted stakeholder interviews to acquire very accup abs provide information for every blophysmal unit, dynam-

) ics in LULC change and related potential losses of ecosys-
rate spatio-temporal landscape patterns. Based on these da% a

tsunami impacts on ecosystem service supply at the Phang - service supply can be monitored for larger areas ap-
P y PPy glying multi-temporal image analyses. This makes the maps
Nga coast could be mapped.

also useful tools for tsunami risk management and coastal
planning, for example by showing the correlation between

5 Discussion
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bio-shields and settlement structures, or by demonstratingeefs or sea grass, for example, are actually known to provide
the potential losses of services from mangroves when aquasubstances that can be used for medical purpose (Ali et al.,
culture or hotel complexes are planned to substitute them2012; Birkeland, 1997; Whistler and Elevitch, 2006). Also
This phenomenon has also been addressed by Tallis and Pthe service “energy” provided for example by rivers was not
lasky (2009) who stated that decision-makers might overlookmentioned here, most likely because rivers in the region are
the variety of ecosystem services, when developing manageaiot used to gain hydropower. The provisioning of wood and
ment plans. The interviews with the local stakeholders andother goods was perhaps underestimated by the locals since,
discussions with the local people in our study area revealedccording to their statements in the group discussions they
that people do not use mangroves for wood as much as beforgo not cut trees to derive wood for construction and there-
the tsunami due to laws and management regulations as welbre do not consider the service important. They also do not
as the increased awareness of the bio-shield function of manise corals as market goods. “Pollination” was assessed very
groves and other coastal forests (Haitook et al., 2011). Théuigh from the locals also in water bodies, from coral reefs
maps produced in this study could contribute to this kind ofand sea-grass. However, pollination does not occur in water
management regulations. bodies or is known to be negligible (see also Costanza et al.,

Another example where the maps could be used is related997). Therefore, we assume a misunderstanding in the in-
to the growth of the shrimp farm industry and of tourism terviews here. Despite this mismatch with literature in some
in Phang Nga which implicates direct short-term economicpoints, we find the locals’ perspective relevant for a local as-
profit for the region, but does not consider the value lossesessment of tsunami impacts as perceived by those people
by clearing coastal forests, which might cause negative ecowho experienced the 2004 tsunami disaster and its conse-
nomic consequences in the long-term perspective, for examguences, e.g. in terms of loss of ecosystem services, for their
ple, reduced flood protection or loss of food sources. personal livelihood.

During this work some limitations of the methodology = Burkhard et al. (2009) emphasised that one weakness of
became obvious. The matrix is subjective which cannot bethis approach is, that it has so far been overlooking important
avoided because the interviews reflect the respondents expaspects such as scale-dependencies (temporal and spatial),
rience, knowledge and attitude. Some services might havecale-interactions, and habitat heterogeneities. The method
been underestimated because the scores assigned by the sof-calculating ecosystem service scores in the post tsunami
vey's participants indicate the services they know and useand recovery maps, is based on the assumption that the loss
but these scores do not necessarily consider the full potenand the recovery of ecosystem service supply capacities is
tial of the ecosystems to supply their services, as proposed idirectly related to the amount of damage of the biophysical
the literature. This makes the matrix somewhat vulnerable taunits, i.e. a forest patch destroyed by 50 % of its area has also
misinformation and misinterpretation (Burkhard et al., 2009; a reduction of its ecosystem service supply capacity by 50 %.
Hou et al., 2013). However, when comparing the scoring of This assumption neglects the complexity of the biophysical
the local stakeholders with a comprehensive literature reviewprocesses and spatial gradients and is only true for some of
in Graterol (2011), a general good agreement could be obthe services.
served for most of the LULC classes and their service supply Like in all integrative interdisciplinary landscape assess-
capacities with other studies. Nevertheless there were somments, uncertainties originate due to human-environmental
discrepancies. The local stakeholders ranked the coastal pr@ystem complexity as well as data and methodological uncer-
tection service of coastal forests, especially mangroves, veryainties (Hou et al., 2013). For the interviews, more specific
high (score = 5) in the study area. This was also confirmedjuestions could be asked in order to effectively produce eval-
by local experience during the 2004 tsunami (Haitook et al.,uations that are, for example, comparable from one ecosys-
2011). However, on the other hand, there is an ongoing contem service to another. On the other hand, when carrying out
troversial discussion on the protective role of coastal forestdnterviews on such rather complex issues with the target to
against tsunami waves (Cochard et al., 2008). Although exaddress all most relevant ecosystem functions, services and
periments and field investigations proved that there is a potheir linkages to land cover types, we argue that several gen-
tential to reduce wave energy and flow velocities, itis still not eralisations and lack of some detail need to be accepted in
clear to what degree and if this actually prevents severe damerder to gain thematic diversity. The use of additional spa-
ages (Dahdouh-Guebas et al., 2005; Danielsen et al., 200%ial information such as maps or satellite images presented
Das and Vincent, 2009; Kathiresan and Rajendran, 2005to0 the interview respondents could have been used in order
Kerr et al., 2006; Strugska-Correia et al., 2013; Tanaka, to facilitate the assessments or to calibrate the results after-
2009). wards. Fagerholm et al. (2012) proved that stakeholders are

The local respondents gave very low scores for the serable to identify and map different landscape-related values,
vices “medicine”, “energy/biomass” and “fresh water sup- perceptions and services.
ply” for almost all LULC classes. This is assumed to be ei- Moreover, the use of binary damage and recovery maps
ther due to a lack of knowledge or because people do not us® classify damages and recovery of LULC is a rather sim-
these services in the region. However, casuarina forest, corglle approach which does not include all processes of change.
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Damage and recovery was indirectly estimated based on thitom WWF Thailand for their support in extensive field surveys

spatial changes in LULC. These changes describe only thend for giving us insights into the socio-ecological structures
loss or increase of biomass but they do not indicate the qua|i.n the region, all the local stakeholders, NGOs and institutions
ity of these changes (species composition, nutrient CyC|ing,involved in the interviews and group discussions for their support
etc.). A more detailed damage analysis can be performed usa-”d contributions, as well as Birger Dircks and Johannes Tiffert for
ing sophisticated remote-sensing techniques, which allow éhhe GIS support. We gratefully acknowledge the support given by

verv accurate damage and recoverv classification for SmaIE) e Norwegian Geotechnical Institute (NGI) for the writing of this
y . g y aper. Finally, we would like to thank the anonymous referees for
areas (as described in Roemer et al., 2010).

. T their helpful comments to improve the paper.
Despite this simplification the advantage of the approach

is its applicability and transferability to other areas and otherggited by: K. Schwarzer

natural hazards as well as its potential to integrate additionaReviewed by: four anonymous referees
data as soon as they are available. Moreover, it provides a

spatial distribution of changes in ecosystems service supply
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