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Abstract: Human land-use activities induce substantial changes to the biophysical attributes
of earth’s land cover, thereby modifying structures and functions of terrestrial ecosystems
(Vitousek et al. 1997). Their present manner led to significant decreases in ecosystems’
functionalities, which entails major losses of goods and services for human needs on local
scales (MA 2005). Furthermore, given ecosystems’ global importance for biogeochemical
and energy fluxes, land use is a key driver of global change issues. It contributes
considerably to climate change (Chase et al. 1999), loss of biodiversity (Sala et al. 2000), as
well as soil degradation (Lambin et al. 2001). The project’'s main goal is to model land-use
decisions with respect to ecosystem services, which will provide a tool for optimizing
landscape management applied to a case study region in South Korea. As land-use decision
making is part of a multilayered human-environment system, the model will incorporate
social, economic and ecological considerations of local actors.
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1. Introduction

The project evolves from findings stating that ottee last 50 years humans have changed ecosystears t
extent unparalleled by any other period of timehirman history. According to the Millennium Ecosyste
Assessment (MA), nearly two thirds of the world&systems are declining in productivity due to wtainable
land use and degradation (MA 2005), which impliegeptially high costs to society and diminishesdhéity to
benefit from ecosystem services for the presentfatute generations. The direct and indirect bés@fnportant
to people include provisioning services, such aslfand timber production, regulating services, saslwater
and climate regulation, cultural services, sucheagseation and scenic beauty, and supporting ssyv&uch as
nutrient cycling (MA 2003, 2005).

In order to successfully address the issue of iedding ecosystems, there are several difficultieevercome.
Thus, it is necessary to improve the understandfrtpe relationship between human land use decisiaking
and the provision of specific ecosystem servicear{tiér et al. 2008). Especially important in thistext is the
consideration of spatial interdependencies, sinotiorss always affect multiple ecosystem services
simultaneously in accordance to their locus of enpdntation (Daily et al. 2009). Furthermore, ectesys
management and different ecosystem services atddi¢rade-offs, but a systematic planning framdwibiat
may identify synergies is mostly lacking (Daily ahthtson 2008). The value of these trade-offs tdetpds
often unknown, and particularly in the case of mairketed ecosystem services, no monetary dataaitable
that would allow for the assessment of their dem@EFRA 2007).

In the end, substantial interventions will be regdito address the above given reasons for degletosystem
services. They have to be implemented consideriignglimits in budgets, political constraints aslines
concerns of social equity. Thus, decision makeesreliant on comprehensive high-quality informatias well

as on appropriate tools for selecting between eppli sites that process complex information onrauing
ecosystem services in a practical manner. A prowiapproach in that context is the developmentodl luse
models such as Bayesian Belief Networks (BBN). @ldeantage of BBNs is that land use decisions can be
modeled in a realistic way based on a probabilegtigroach, e.g. changes in market prices for adtwiel goods

or implementation of a policy instrument like payrtgfor ecosystem services which influence the @hodlhy of

land use change for a specific land management dwst BBNs are based on multivariate probability
distributions of model variables and define relasibetween different variables in terms of theindibonal
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distributions (Haas 1991), they allow reasoning amdhe uncertainties associated with the conditiona
distributions (Hornberger 2001). In addition, cdmtial probability distributions in BBNs can be e from
both qualitative and quantitative information, whianakes them highly recommendable for working
interdisciplinary. Another explicit advantage i®tBBN’s ability to learn from newly-available datize. the
probability distributions in the model can be updbas soon as improved evidence is found.

The potential of Bayesian methods has been exploradhumber of contexts concerning land use and lese
change (e.g. Marcot et al. 2001). Rather few pabbos, however, dwell on the capabilities of BBMs
investigating spatially-explicit land use decisimaking (Aalders 2008), let alone linking it withetprovision of
ecosystem services (Grét-Regamey 2007). Thus, lifextives of this study are (a) analysis of loaainfers’
land use decision-making with respect to ecosystemices, (b) development of a Bayesian belief ostvwo
model land use decisions, which serves as a supamrfor improved landscape management, and @diad}y-
explicit illustration of the impacts of land usectons on the provision of ecosystem services.

The analysis of land use decision-making examihesrole of four services, namely biomass productsmil
erosion, water purification and biodiversity witbspect to their influence on farmers’ decision kanprice,
annual dryland crops, or perennial crops, respelgtivi he approach is implemented in a watershedimtted
by agricultural land use in South Korea, where npodicy measures to mitigate environmental degiadat
show little success. In this light, the attempetocidate determinants of farmers’ decision-makifased on
following hypotheses: farmers’ attitudes towards éfiorementioned ecosystem services are more it (a)
those cultivating perennial crops in comparisomi¢te and annual crops, (b) organic farmers in campa to
conventional farmers, and (c) those owning the ldmy cultivate in comparison to those that ledmeland.
Although studies from the same field of investigatiunderline the importance of these variables. (eogke
2006, Zubair 2006), the ecosystem services, crppstyand cultivation methods of the research desigre
above all chosen in accordance to the charact=rigfithe study area, which will be described itail&ereafter.

2. Research Area

Data for analyzing land use decision-making is gagti in Haean watershed, South Korea, a basinrassid) as
a pollution hot spot by the Korean government (lhre 128° 5’ to 128° 11’ East and latitude 38° 1(3'38°

20’ North). This catchment in Yanggu County, GangWyovince, contributes to the Soyang River, wiiédds
one of the two main tributaries of the Han RiveheTkettle-like topography of the Haean Basin haange in
altitude from 500 to 1,100 m a.s.l. and the arepjsearance can best be described by its local tzm@unch
Bowl'. Land use is dominated by agricultural protioic, which accounts for approximately 40% of theaa
Another 55% are forests while the rest is mainlgidential area. Crop choice roughly follows theraar's

gradient: from rice paddies in the flat core aneadryland crops and some sites of perennial cirotise steeper
outskirts, until finally land cover changes to fetr@n the rims of the catchment where steepnessupies

agricultural activities. Besides rice, the mainldng crops are radish, cabbage and potato, wheerasnial
crops are mostly Ginseng, various fruit tree vaggeand Bonnet Bellflowers$Codonopsis spec.).

With Haean'’s lower tree line being continuously lpacs uphill to make room for agricultural land usesmer
forest soils on the slopes are rendered vulnetabdeosion processes. Especially during heavyaaénts in the
monsoon season, soil loss can be tremendous asainstrbecome heavily loaded with eroded sediment. To
compensate the loss from their fields farmers o#tdd sandy soil as new top layer, since it is aafigavell
suited for growing root crops. At the same timewlwer, it is very prone to abrasion, hence theecgélsoil loss
and renewal starts over again. Although farmersaarare of their large contribution to water polutiand the
associated consequences, initiatives by the Kogarernment to change their behavior or mitigate the
consequences show little success. Policy prograensfeen considered useless, legal prohibitionodfaddition

is widely disregarded, and officially endorsed dods prevention facilities seldom built (EnvironmieCulture
and Tourism Bureau of Gangwon Province 2006). Mesént governmental endeavors aim at fosteringnicga
farming as well as introducing perennial cropsgsihoth are deemed less environmental harmful.

3. Methods

It is against this background that we implemenirdarview-based behavioral study to gain betteighmisinto
farmers’ decision-making. We use the term behaliorathe sense of Burton (2004), who defines stsidie
following this approach as those that (a) seek mdewstand the behavior of individual farmers disect
responsible for the land, (b) focus on psycholdgioastructs such as attitudes, values and goaislso
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commonly gather additional relevant data on farrocstire, economic situation, etc., and (c) empkrgéely
guantitative methodologies, in particular psychainescales such as Likert-type scaling procedumas f
investigating psychological constructs. Generalstjoas of our interview comprise information abgplace of
residence, farming experience, age, gender, yéagehold income (divided into six classes covedhgM,
10-20M, 20-30M, 30-40M, 40-50M, >50M Korean Wonjlueation as well as several items referring to the
particular crops cultivated.

Psychological questions about - o

decision-making are based on the Behavioral Tﬁe:‘:;::dr% g EREA A« Yhie:
Theory of Planned Behavior (TPB) il &
(Ajzen 1991), which postulates
intention as proximate anteceden . _ ]
for the decision whether to engagd efs | i re SN = Y nm;
in a behavior or not. It measures =
intentions  based on three
components: attitudes towards the
behavior (A), subjective norms

(SN), and perceived behavioral
control (PBC). A strong intention

thus depends on a positive
outcome evaluation of performingFigure 1. Components of the Theory of Planned Behavior (Ajzen 1991)

the behavior, the appreciation o.

important reference persons, and volitional contnatr the behavior’'s performance. The magnitud¢hege
components, in turn, follows an expectancy-valleutas consisting of one belief based and one tireasure.
Thus, attitudes are determined by the belief strefig) about the subjective probability that a giveehavior
will produce a certain outcome, and the outcomduati@an (e) which reflects the utility derived frothe
occurrence of that outcome. Both measures are ptiettiand the result summed up over all attitudeden
consideration (i). In a similar fashion subjectiverms are obtained from the summed products of ativen
belief strength (n) and motivation to comply (mindly, perceived behavioral control consists ofittol belief
strength (c) multiplied by perceived power of coh{p) and summing the results (Figure 1).

Following recommendations by Ajzen (2006) salieglidis associated with the behaviours under coresiga
were elicited during a pre-survey field trip. Interws with five government officials and twelve rfagrs were
used to identify the four most important attitudesntrol factors, and reference groups in termsuttivating
rice, annual and perennial crops, respectively. Mbst frequently named attitudes associated withédas’ crop
choice were summarised under the topics (a) biomastuction, (b) soil erosion, (c) water qualityda(d) plant
and animal conservation. Social reference groupstified as having stakes in crop choice behavioured out
to be (a) household members, (b) fellow farmerspéople living further down the river outside Hagand (d)
environmental protection agencies. Finally, the thioffuential control factors were (a) availabiliof money,
(b) skills and knowledge, (c) plot characteristasd (d) given legislation.

All questions following the TPB were measured ohyfanchored 5-point unipolar Likert-type scalestwa
range from 1 to 5. Thus, maximum value for the pataf belief based and direct measure is 25. Sxat@ors
gave a verbal description of the possible respopsiens. The belief based question about the effeptanting
rice on soil loss, for instance, was ‘Does plantinge in Haean lead to a reduction of soil lossthe
corresponding response options were described)agery unlikely, 2) rather unlikely, 3) not sure) ather
likely, and 5) very likely. The direct measure the same topic was formulated as ‘How importanhéseffect
of planting rice in Haean on the reduction of $odls for you personally?’. Wording for the scalelrs were:
1) very unimportant, 2) unimportant, 3) irrelevad},rather important, and 5) very important. Daelte non-
parametric, ordinal nature of the interview datalc@kon rank-sum tests were used for statisticallysis of
group differences. Furthermore, latent class reigwasmodelling was applied to reveal underlyingphserved
latent variables that explain patterns among oleseraanifest data. Latent class models probabdiyigroup
observations into latent classes, in order to sylmgly calculate expectations about the respoffisthat
observation on each manifest variable.

Programming of the Bayesian belief network willdmne with the help of Hugin, a decision support tming a
graphical interface to display probabilistic redaiships between variables. Finally, the spatiakpheit

illustration will be implemented with INVEST; an é®IS toolbox to spatially map and value changethé
provision of ES under varying scenarios of land alsnge.

Perceived
havioral
Control

Contrel
Beliefs
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4. Results

Although every interviewee was
asked the behavioural questions about
all crop types, most were only willing _ |
to answer with respect to the specifig
crops they currently cultivate. Thus,
behavioural data exists for 125 rice , | | l
farmers, 143 dryland crop farmershm | oS e
and 87 perennial crop farmers. As a |

. . . Water quallty improvement
result, medians of stated intentions tog | ... o T— L L S
plant the respective crop type in thém | | ‘:'z“—] e ' ?
following year are very high, with the
maximum of 5 for rice and annuals, g | o Tme—J : A
and 4 for perennial crops. Significanfy 1 5 e T :
differences exist between farmers o 5 10 15 20 25
with respect to their attitudes towards Crehmdo,epkacarch
ecosystem services. Biomass
production is ranked lowest for rice Perceived behavioural control
cultivation, followed closely by Money availability
annuals dryland crops with mediang®r.| & Co g
of 10 and 12, respectively. Perennialser | - Hrds et s ]
in contrast, are deemed most Skills/Knowledge
productive with a behavioural scorg,R | [l e ;
median of 16. Annuals are evaluateder-| " e
as least capable of reducing soil loss Plot characteristics
(median = 5), followed by rice with a,®1 =t —— T BRSO
median of 12 and perennials ranker] 1 (s e
highest at 16. The pattern of attitudes Given legislation
towards improvement of water quality, X1 1 e A —— &
iS Slmllar as far as the ranklng isper_ _i | , ‘ | EEIRE I... .‘.. o L B ,

. . o] 5 10 15 20 25
concerned; the median of 6 for Behatiolal scores
annuals is significantly lower than the
ones of rice and perennials (10 and
12, respectively). None of the crops is
ranked high for conservation of plants i _—
and animals with medians of 4 for riceﬁpr;r;; e I b
and annuals and a slightly higher
value of 5 for perennials (Figure 2 A). | 7777 - | =

Farmers feel tremendously restricte@er 1 I S
by their financial capacities when it
comes to cultivating perennial and R. 1
annual crops, which is reflected byper:-
medians of 25 and 20. Although still
high with a median of 16, money is R
perceived as a smaller obstacle forer | = e :
rice cultivation. With respect to ° = 1°Behauwalsco:5 20 25
required skils and knowledge,

perennials are seen as moFigure2. Mediansof behavioral scoresfor AttB (A), PBC (B) and SN (C).
complicated with the highest mediaiNumber of symbols indicates significance level (1, 2 and 3 symbols for p<5%,
of 16 in comparison to the low value<1%and <0.1%, respectively)

of 4 for annuals and 2 for rice . ' :
- * Satistical difference between rice and annual crops
Demands about plot characteristics a

+ Satistical difference between annual and perennial crops

deemed equal for rice and annui istical diff b ! q il
crops with medians of 9, which ar(~Sat|st| i fference between rice and perennial crops

lower than for perennials with a valut
of 12. No significant differences exis

Attitudes towards the behaviour

Biomass production

Soil loss reduction

Social norms

Household members
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in terms of perceived legislative restrictions, ethirank low between medians of 2 and 4 for all ctyes
(Figure 2 B).Household members play the most ingrdrtole of all investigated social referents witkdians
ranging from 12 to 15, followed by fellow farmersthwvalues between 6 and 8. None of these variatibffer
significantly. People living further down the stre@utside Haean as well as environmental protectgencies,
in contrast, matter very little to the farmers. Bgroups were evaluated by the same scores: a meflia by
rice and perennial, and 4 by annual crop farmersiléMhis divergence was significant with respeat t
downstream people, this only holds for annual desmers in comparison to perennial crop farmeneims of
environmental protection agencies (Figure 2 C).

Juxtaposing organic and conventional farmers, dsaseowners and leasers very much reflects theeiet of
comparisons between crop types. Biomass produatimks highest in the category of attitudes, money
availability is the most restricting obstacle of ttontrol factors, and household members are thst imiduential
social referents. Significant differences betwerganic and conventional farmers are only found wétpect to
availability of money, where organic farmers feabrm restricted than conventional farmers. More ifigant
results are present between the groups of ownetdemsers. Biomass production is less importamvtoers,
which to a smaller extent is also true for the epwation of plants and animals. This relation hdtisthe other
significant divergences, too. Owners feel lesgiastl by money availability as well as by skillsdaknowledge.
Also, they care slightly less about downstream feapd environmental protection agencies (Tablel).

Table 1. Medians of behavioral scores divided by organic vs. conventional farmers and ownersvs. leasers
Number of asterixes indicates significance level (1, 2 and 3 symbols for p<5%, <1% and <0.1%, respectively).

Attitudes tow. behaviour

Biomass production 12 12 10%* 158
Soil loss reduction 7 8 8 9
Water qual. improvement 9 9 9 10
Plant and animal conserv. 4 4 4% 5:5%*

Perceived beh. control

Money availability 5% 20% 20* 25%
Skills and knowledge 4 4 G T
Plot characteristics 6 9 9 8.5
Given legislation 4 2 2 4
Social norms

Household members 12 13.5 12 15
Fellow farmers 6 8 6 8.5
Downstream people 3 3 2k JHEF
Env. prot. agencies 3 3 2EEE At

Latent class modelling of attitudes towards thesgstem services of soil erosion, water quality pfaiht and
animal conservation reveals a clear distinction whiéesided by 2 classes. Class 1 summarizes obsengat
having a high probability of loading low on the be&loural scores, thus indicating a negative atéttmvards
the considered ecosystem services. Class 2 grogpsher those likely to hold a positive attitudeolbilities
of respective class membership are 0.67 for classidl 0.33 for the second class (Figure 3). In EigBir
behavioural scores were collapsed to a range @flitt order to ease visual interpretation.

In addition to merely differentiating groups, latetlass regression modelling reveals factors thalaén
divergences. Using income level as regression fadtdds a possible explanation for the differenbesveen
farmers with negative and those with a positivéuate to the ecosystem services displayed in Figuielotting

the probabilities of class memberships over thestigated income levels shows that with increasingme the
probability of belonging to class 1 decreases, avhilincreases for class 2 (Figure 4). This effagn makes
membership to class 2 more likely after a pointwieeth income levels 5 and 6 where probabilities kqua
approximately 50%.
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Class 1: negative attitude tow. ES (p=0.67)

p—F

¥'q
Soil erosion Water quality Plant/Animal
conservation

Probability

Class 2: positive attitude tow. ES (p=0.33)

P

1
Soil erosion Water quality Plant/Animal
conservation

Probability

Figure 4. Latent class regression model with income level as predictor
of attitudes towards ecosystem services

Income level as predictor of attitude towards ES

1.0

1

Negative attitude tow. ES

-
-~

08

06
1

04

Probability of latent class membership

L

Positive attitude tow. ES

0.2

Income level

Figure 3. Probability distributions for the latent classes of 1) negative
and 2) positive attitudes towards ES

5. Discussion

Missing data for farmers with low intentions duett® unwillingness of respondents to answer belalvio
qguestions about crops they do not cultivate dodsatiow the usual way of analyzing Ajzen's TPB,.i.e
conducting a regression analysis of attitudes,robfactors and social norms over intentions. Thsrtcoming
forbids proving the TPB’s supposition that intensoact as proximate antecedent of a behavior'paence.
However, Ajzen's theory has been confirmed in & asly of literature, which is why we deem it reaable to
assume its applicability for our study. The sigrafit differences between farmers of the three rdiffecrop
types confirm our first hypothesis. Perennial cfapmers have the highest attitudes towards all ystem
services considered. This is especially strikingcomparison to annual crops, which except for bisna
production are ranked lowest on all other servitedication why perennial crops are not yet culiéhmore
extensively comes from the results for farmers’cpared behavioral control. Perennials score highéti
respect to restrictions by money availability adlvas plot characteristics, and are by far peraigs most
demanding in terms of required skills and knowledge

Poppenborg — Land Use Decisions 30



2011 TERRECO Science Conference
October 2 — 7, 2011; Karlsruhe Institute of Tecbggl Garmisch-Partenkirchen, Germany

No significant differences turned out between thikuales of organic and conventional farmers, wididproves

our second hypothesis. Organic farmers do not geechoose this cultivation method out of an envinental
concern. What rather seems to influence farmetgude is their income level, as shown in the latelass
regression analysis. Only the wealthiest farmeesns® be able to afford considering environmergsiliés. This
idea is further supported by the higher financistrictions that organic farmers indicated (Tab)e Also
hypothesis 3 was not approved as expected. Inasintit was not the farmers that own their agtical land
who care more about ecosystem services, but the thae lease it. At least this holds for the adiétsi towards
biomass production, which might be explained by #uglitional costs leasers have to pay as land rent.
Underpinning this argument is again the obstaclkmarey availability, which leasing farmers perceéies more
restrictive (Table 1).

In the end, it seems to be mainly finances and kebge that decide about farmers’ attitudes towadsystem
services and their choice of crop type. As sootthase is a sufficient monetary foundation, farmeas start
considering environmental effects of their agriotat production, rather than first and foremostirgarabout
their monetary returns. Moreover, even if financméans allow choosing more environmentally friendly
cultivations schemes, there is still the barrienefessary expertise that has to be overcome. Trtastions to
foster the cultivation of perennial crops would uigg both financial support as well as capacitylding
measures. Results so far are encouraging with ce$pehe planned steps of our project, since hfiees in
crop choice will allow a meaningful decision-modseliunder varying scenarios.
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