GIS based DSS for Optimal Erosion Management: A
Case Study of the Huai Talupkup Watershed, Thailand

rms,‘shﬂ-,n.r Schmidt-Vogt, D.,? Clemente, R.,} Tripathi, N. K. Trels-Ges,Y.,!
and Parames, &.°
1MafEummmmLRmmmiDawhmtﬂmhﬂMmomehmhgy,Pﬂ.M4,
KhngLumg.]"uﬂmnﬂlm.Thnﬂmd,E—mnﬂ sommuek.pongai@aitac.th

*Centre for Mountain Reorystem Studies, Kumming Institute of Botany, Kunming, China
*School of Engineering and Technalogy, Asian Fngtitute of Technology, PO, Box: 4, Klang Luang
Patlnmmthani, Theiland
*Department of Land Resources and Environment, Faculty of Agriculture, Khon Knen University, Thailend
*Departnent of National Pad, Wildlife and Plant Conservation, Minigtry of Natural Regources and
Enviromment, Thailsnd

Abgiract

A Geographic Information Systems based Decision Support System (GIS based DES} was developed for
evainaiing the optimal erosicn momagement fwhich nchder 2ol ond water corservation: SWC and oop
managema sysiem: CMS) alternatives watsrshed bazed upom the multi-oljectives such ax greatesi physical
affectivencss, cost-benefit retsrn and social berefit acceptance. The syshens has been develaped by buregrarving
the decirion clemerd modes: erovion model (Umbversal Soil Loss Equation: USLE, Modified URLE; MUSLE,
Potentlal Nutrierd Loss Model}), economic model (Cost-Bengfii Analyzis: CBA), and social benefit model (Net
Beneflt Tndee: NBI), with o SWC buowledpe dased spriem (SWC-EBS) and multi-obfectives optimization
approach, inte are oyeten, wing Aro-Fiew GIS and VPisual Basic programming. The application waw lested in
the Hual Talupkup mall weiershed, Thailand, an area of 1,550 ha. The selecied aptimal erosion managemeasi
Jor 10 land closr weite (LOUs), which were baced upon the similarity of Lowd management regime which
include a variely of terrace proctices and suitable orop managemend systons, The sefecied optimal erovion
numagemanst from the sysiem, using a discoumt rate of 8 % and 2 project Hietime of 1 vears, was fourd io
have a net present valve (NPF) of about 9.52 milfion Thal badt, evosion {soil loax) could be reduced about 73
%% witile the social net bengfii index ivcreqwed by 47 % from corrent conditions, The system proposed in this
research enables quick review of resulis for different srozion menagemernt alternatives uxing preference
criteria setitngs, which sight net be poscidle with a dicpereed analytival spshems computation. Jt i sugpested
that this system can be applied fo other walersheds for evalusting and enhancing the scowacy in effective
decisicr-making in the opfimal erozlon management of the small watersked level.

1. Intraduction
Mountainous terrein  covers 72% of northem
Thalland, Momtainons arees foom parts of the hed-

Sadaghi et al, 2007), a problem which — combined
with damage by co-gite ad off-sity eroelon — will

witerghed, have mlling topogephy and were
formerly covered with forests. Unsusteineble lsnd
uupnnﬂmhmdngradndmufﬂﬂshnd,

canxing accelerated erosion problems for centuries
ﬂ-l'nnmn,iﬂﬂl LDD, 2002 and Foreyth, 2007).
While erogion problems on faom fedds reduce
poirniial crop production by altzring soil chemical
and physical properties (Lal, 1998, Tenge et al,
1998 and Arlepw and Lowsty, 20033, the most
importent conasequences of ameion mre polhiion end
sadimentstion downetream. Thess conssquences
mcinde sittation of canals, reseevoirs sedirnesdation,
flooding digsster, cic., wther them loss of
productivity on-gite alone {Vanoni, 1982, Morgan et
al, 1998, FAO, 1999, Mihaa of al, 2005 and

Bakmariamal Jowwal af Geatyfeemmarcs, Waol. 6 Mo 3, Septermber, 2010
ESH 16%6-6576 JIC) eonformetict htenational

require s lorge amomnt of money to solve. Proper
Implementation conld prevent thess peoblems, The
main ohjective in crosion mensgement is to increase
agricnttural prichaction while minimizing erosion to
an acceptables level {Tenge ¢t al, 2004), In the past,
crosion control mensgement madnly mmed st
reduction of erosion accuring in the highlands and
petetally teglected the  ecotomioffhuceisl
uup]mlnumufﬂ::pmpmedmmmmd
formerefother rsiakeholders® parficipation in

planning stgm (Conte, 1999). Howvver, ﬁ:-rtha
cropion control menagement to be stiactive, its
coste ehonld not exceed the banefite. Translating the
eroslon lowses wnd bernedits of srosion manegement
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sitractve (Rensud, 1995 end Tengs ot sl, 2004),
D38 are developed ning GIS mder the belief that
there eyeteme are ahle to improve cur onderstanding
of the itvee-rolationabilps betwoet tutoral and socio-
economic variables and, hence, resmlt in mprowed
decigion maling (Fabbe, 1998, Westmacott 2001
mdl!mu‘tnl. 2005). A.GIS-buaudDSﬂmdndau

M}h&myhundﬂﬂﬂuhmbmdﬁmlupnd
for warious cpatinl decigion probleme in the
environmental domsin, such sy for soil end weter
congcrvation mesmmes on 2 watershed (Sarangi et

al, 2004), for precies best management practice
selection (Gitan ot sl, 2004 and Muleta end
Nicklow, 2005), and for precision agriculhme
{Wang, 2001), Based on the above, 3 GIS based
D85 has great potzmtisl for use in devizion making
for enxininahle land nse ing. However, there
are qnly a ferr GIS baged DES systems for optimal
crodgion mansgement ¢valustion in terms of Fite-
apecific multiple chiectives that inchde the grestest
effectiveness, copt-benefit mmurn, The objectives of
fiia resemch are to explore the posaibilitics of
developing GIS-based DSS technology s 2

participatory way R decislon making about the

benefit returtt of bnd category and watershed level
to pesist planners in optimal erosion management.

2. GIS based D33 Devedopmient Approach and
Precednre

The concept of developing a G5 based DSS for
evalvating the opiimel eroslan cortrol manegemestd
is to wrestz & new Eystzmatic tool o cvelmate the
for the L unit clags (LUC) in o walershed,
Erosion comtol mmagement is defimed in this siudy
az a combinetion of eoil and weter coneervation
peactice (SWC) md cop manepsnent sysban
{CMB). There are 3 decizion clements to be
evalmatnd in the sat of opfimal SWC and CMS:
erogion level, scomomds retum end social benefit
reinm 88 well a8 ondering the best options of wser
decision ecoves by the analytical hisrarchy process
{AHP} spprosch. The system was dewveloped in e
vector-based GIS environment wsing ArcView 3.2a
eofterare, and ie operated wia a user intarface writhen
it Visual Basic. A tight coupling method (Butrvugh,
1986 and Weaseling et al, 1996) was employed for
data exchange betosen the GIS, the decision
clement models, end optimization model. The
detrile of the rystem cen be summarized &

2.1 User Interfoce Development

The D85S syiiem conaigir of four mein mems,
which am operaisd via e graphical meer interface
{GUI). The tudn mams e Declslon EBlemetd
Modele-Datn Input; SWC-Enowledge-Baged
System, Data-Analesie, and DSS-Report, The main
menn for the Declslon Blanent Models-Dete 1tigaat
ie designed for users to nprit/edit the parmmeters
remirement of decision elsment modsle and
peelivence crteris seifings in the optimizetion
approach. The SWC-Knowledge-Based System
menn it desipned o collact the database and the
regolations requirement of varioos SWC and CMB
in termp of physical sctting. The D88-Dats Annlyrix
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menu is designed for entomatic simuletion of the
decixion clement models and fhe hest SWCE CMS
selection by optimization model, Finally, the DSS-
Report merm displays & tabular quantitative decision
clement models pirmilation that reporix the optimal

srogion management option for each LUC and
watershed level

2.2 Decizion Element Modely

Three decision eloments to be evalusted io select the
potential muirient loss model), the economic maedel
(Cowt-henefit analyuin: CHA) and the aocial henefit
refumn (net benefit incremat Index: NEI), The
deteila of esch decision clement models e 21
follows:

2.2.1 Bodi ioas modsi

The Tnivereal Soil Loes HBquationr USLE
(Wischmeier and Smith, 1578) hae beent veed
predict soil los snd rank alternstive prectioes with
regard to their likely impact on onsite crosion
(Loflenn o al, 1991; Rosa et al, 2005) fo
of SWC & CMS options in each LIIC. The equation
sttables plantiens to predict average rate of aodl logs
for each slternate BWC & CMS on sny parficulsr
pie. A eoil-loes tolersnce level then can be
sstablished by comparing the accepted valus with
the predicted scil logs. The detsils of the TUSLE
mode] are geen in the equation.

A =RKILSCP
Equation 1

wheare A i3 the computed =oil loss per umit area
(tone/hafyr), R in the rainfhll factor (arosivity in
units of mettle auhalyr), K is the soll aodiblity
factor (tons/hatyr), L8 & the slope gmdient end
elops length factor (dimensionlses), © is the crop
menegersent factor (dimotwicnless), and P 19 the seil
gnd  waler comservelion  practice  fcior
{dimenaionisag).

2.2.2 Sedimemt yleled model

Sedimest yield from upland areas is the net result of
detachment, tenspori, and deposition processes
ocomring from the waterghed divide down to the
point of interest where sediment yield information is
necded (Sedeghi et sl., 2007), The MUSLE has been
uged to rank alternative practces with regerd to their
liknly impact on offeite erosion, The MUSLE hae
been widely nsed end validsted to estimete sediment
yicld in mmny coumiries (Johmsom et al, 1986,
Epifanio et al,, 1991, Clenwnte, 1991, Clemants ot

sl, 1993, Kinnell and Riss, 1998, Erskine et al.
2002, Fombes et ol., 2004, Esndrika =md
Venkataratnam, 2005 and Sadeghi ot al,, 2007). The
MUSLE developed 85 8 watershed-based model to
individual siorm event (Williams, 1975, In
MUSLE, the reinfall {R) factor is replaced with 8
tﬂmﬂldmhmmnmnﬁ'whm:(qvmm’]
and peak runoff rate (g, in m’ §), and interprets the
other USLE faciors om & waltrabed-wide and
individinal storm event bests. The model ia
cakeulated as:

Xo= 1LMQw ) “KLSCP
Equation 2

where X, is the ud:mntjueldﬁ'umamnﬁllm
in metric tone, Q. is the numoft volome ’}.

the peak rnoff mte (m' '), md K, LS, C,Pmﬂm
mnmuﬁlﬂ.ﬂ,uﬂmnmuffvnlmg
given by 100AQ, q, ia the peak nmofF rate (m’s™
Th:mnﬂ'whm{lmumdmgﬂm
SCE method UEDA-SCS, 1972):

= (Re— 0.ZBY'A(R + 188
Equaticn 3

where €); ia the storm nmoff depth {em), R; ix the
plorm raindall {em), and S; is the retention potential
(cm.) which can bo expressed in taoms of Curve
Number (CM) 28 8; equal {2540/CN) — 25.4.The
peak runoff i sstimated uging the SCS method
(USDA-SCS, 1972):

g = G028 A (R/TH*(QYER - 025)
Equstion 4

where g, is the peak ronoff {m? ¢™), A inthe ama
(he.}, R is the daily total renfsll (cm), T; i the
rainfall duretion (hr), Q, ia the gtorm runoff deph
(em), and 5, is the retention potentizl (o),

213 Potential wetrient loss

Brogion camisg away soil particles amd organic
mmtter with their sssocisted nntrients, mnd fevtilizer
(FAD, 1999 and Mihara et al, 2005); genemilly the
mytrient losses come with soil lnse which reflects the
loss of soil prostuctivity (Lal, 1987). Assessing the
rudrient loes is cesembial for effective plaoming of
goil ergpion control strategies,

The potential muirient loss in this resesrch i
computed based on the ammnmption of Troch t al.
(1998 that smtient logs depends m  the
characteristice of eroded sodl, and that 0-3% of total
eoll is organic matber {OM) consisting of shout 5%
N {olrogen), 0.5% P (pbhogphoros) and trace
emomis of K (potessinm), combined with mineral
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between the omrent end Dew mEnagement sywtema.
The important indicators of CRA are NFV, B/C amd
EIRR, which an be expressed as Sollows:

n
NPVE(By-C)/(14)"
t=1
Equaticn 5
n n
BACHE(BM(1 )V E(CM (1)
t=1 t=1
Equaticn &
n
EIRR=E(B-Co(141)'=0
tm]

Equation 7
where NPY,, BAC; and EIRR; mre the net present
of etum of SWC & CMS of optim i; By is the
benefit from decressed potentie]l notrient loza amd
the henedit from CMS of option i ad year t, Cy ia the
cout of SWC & CMS of option 1 et year %; r is the

opporhmity coel; mmd € is the year of effective SWC
& CMS of option i,

2.2.5 Soclal bemefit mad=]

Ansalysss of the social bensfit component are a
complex process. Farmers mre the key fgures
mvolved in the decision procese of soil and water
Thus, the cost shering sysiem (peple participation}
i very casential for the success of eoll and water
conservation in Thailand, Normally farmers pay for
the practices thet produce short e profit
Investment n practicea with Iarge direct coxt, that
require leng tenn bo beceme profiteble, may he
shered betweem lendowners, s government agenoy,

and the opeesting and maintpining agency, So, the
suitable houschold mcomes from a pew cropping
gyatem mre the only pomaible conxiderstion of the
copt gharing of the forers, The pocial benedfit modal
in this research s 8 simple socisl benefit index
adepted from the comcegt of Schacfer-Kechmert
{1981}, using net benefit increment (NBI} to
determine the difference between the net benefit
increment of the current and proposed new CMS
ccndition in units of ares, The NBI adapted in this

MNBI=NBMNCME-NBOCMWE, * 10l NENCME,
Equation &

where NBOCMS; is the net benofit ineement of
cach LUC per ha from cauremt CMS oplion i, and
NENCMSE; is the net cost henedit per ynit area frgm
the proposed new CMS option i.

2,3 Soil Water Conservation Knowledge Based
Sysiem (SWC-EBS)
The SWC and CMS detsharex were evalusted by
reviewing relevant ressarch comducted by FAD
{1993) md LDD {2003). Mechanioal SWC
meamres are adapted to sloping lands; they inchnde
texracing to allow the agricultural use of sieep slopes
with modified slopes to comtred soil exosion. These
arc oeed in conjonction with vegetative meamires
such o steip cropping and crop rotetion, with proper
crop types. The rules or the requirement of SWC in
term of phyeical setting can be defined in
quantitsive terme guch a8 slope clagees, ecil depth
and smiteble soil tewime. The details ocam be
Enmmarized as:
« Terracing in gentle slopes: is sultable for & glope
of 5-12%._ This techmique reduces slope length
and minimizes soil emeion, imercepts manoeff
ﬂ‘mmhivﬂadlmdatﬁqmtinunahmd

txrace and the ddgs of the o T prowing
crope. This cem be classified into level temcing
and graded terracing {Table 1).

s Terracing in Kigh slopes: 18 suitable for a slope
of 12-47%. These techniques me o reduce nm-
off or ite velocity and to minimize soil erosion,
to cotgerve soll molstore and ferdlity and o
poncte intensive lmd mse ol permament
colivetion. This can be classified Ino
continoue type termacing ix the ecries of lewel or
virtoally Isvel strips roming ecross the slope at
vertical imtervala, sopporied by stecp bemka or
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risera, It is snitable for a slope of 12-47% with
dexp scil depth (level bench terraces, upland
bench terraces), Discontincons type terracing is
deptha Bnd 2 slope between 12-46% (hillside
ditchee, crchard bench terrace, and individnal
bagin).

for agriculture, marketing and free trade anes (FTA)
apreements (OAE, 2007), and the requirermnent of
soil end weter conservetion practives (FAG, 1993)
The CMS detshase of the gystem can be established,
84 hown in Fipure 1. Thass SWC and CMS data are
then input into the SWC knowledge-based ayalem
(Figure 2).

2.4 Analysis for selecting the opiimal SWC & CMS
Inﬂuxy:tm:.aw:tﬂuhndildividndintnm]ﬁplc

= consisting of homopeneons existing tand
me.r‘muppmg sysiems mnd #o0il, slope and rainfall
chamcterietice — based npon the similarity of land
managemett systom v weos of physical sstting
(elope clags, seil depth, scil texture, etc.)-

mdudmdinbueqnmﬂynndm&mbeﬂ
swc&msmlmqmmmswc&

mmmMmMmh

pnmhmthnrdumsmnﬂmtu,thewmghtufﬂm
decigion element ie determined by the relstive
importence of e cver amother weing pade wise
comparison. Finally, the best SWC & CMSB are the

finnl owtput (Figure 3).

Table L Potesitial sofl and water comgervation of the Huoal Talupkap watershed
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Figure 1: Potentinl cropping eysiem mmd vegetative SWE meamires of the Huni Tahmioon sraterehed
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Figure 2: Soil e weter conservetion knowledge-based system
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Figure 3: Data anslysis flow disgrem of GIS-based DSS for optimal SWC & CMS selection

(G5 based DS for Optimal Frosiow Masgemert: & Case Study of the Fioed Tahgap Witershed, Thadand




3. A Case Study of the Huad Talopkop Watershed
3.1 Study Area

The pilot ares selected for thie study i the Husi
Talnplkop watershed, located in Nan proviece,
novthern Theilend, covermng an eres of 1,550 ha.
The topography of the watershed ranges from flat
terrain toy momtaing, with an elevation of 330 m to
530 m sbove meen sea level, mmd 4 slope range of 5
to 35 % Over 80% of the waterahed area lies within
the high slope teresin, The clitnate is moreocnal,
May-October), the cold-dry scamon (November-
Janmary), and the bat-dry season (February-sacly
Mbay). The lmd wse of the ares consists mainly of
dtpddfuutmduplmdmcn]tum with upland
tice it both chifting culfivation and permonent
cultivation pattems (LDD, 2007). The toisl
populaticn of the sindy area is 852 (91 honrcholds)
within Khmngaten villages, Mot of the deellerg are
farmers. Average famm size is sbout 1-2 ba. Average
hounchold incomea range from 175 to 350 USS per
year (CDD, 2007}, which is classified as lower then
the avarage incoms of the northern region. The main
LCUa of the Huai Telupknp watershed, categorized
by soil type, current land wee in 2007 {LDD, 2007
aod feld sorvey, 2007), end slope <lasza
(FAD, 1993): A (0-5 %), B (5-12%), C {12-35 %)
and D (>35%), inchede 12 1O, Of the 12 LCUe,
10 mre agriculinrnl lond use arems which consist
mainly of oplend colivation (uplend rice), and
vorikous goil textmres, cloy losm, eilt loam and silty
clay with vemious soil deptha: 25-50 om (shellow),
50-100 cm (moderstcly deep) snd >150 em (very
deep), These weas are vsed o svaluate the optimel
SWC mnd CMS, 21 shown in Table 2.

1.2 Decizion Element Models Parameterization

The USLE pammeters requirament ie the R fiotor
besed on anmual raindall from the Huai Elun Satan
teseaich stetion lcaied neaby the study aea, The
K valne was based on eoil emmples at deptha of 0-30
cm for each soil type according to a eoil map of Nan

provines (LDD, 1995),

Scil organic metter was enalyzed vsing the method
recommended by Black {1965), while soil texiure
ahalynic was made neing the pipetts nwdhod [(Gee
end Bender, 1986). BSoil pormesbility wmmder
distorbed conditione {poil core) was meanmred using
eatyrated hydeenlin: conduetivity (E-gaf)
measmrement in 8 laborstory (Elute end Dirksem,
1986). Iofltration wer messnred in the field
(nnedishrched} naing doubls ring infiltestion (Kints
end Diksen, 1986 The K veloe wes computed
from the nomograph of ITSLE (Wischmeier and
Smith, 1971}, The twpographic factar (I3 factor)
was eatablished in the (IS pletform using 8 digisl
clevation model (DEM) derived from contonr
itewals of 20 m, The LS fuctor wag anatyzed using
the method recommended by MoCool et al. (1987)
under exigting conditions and potential SWC
mepgures, O and P owvahues, under curent and
potentia]l SWC and C5 conditions, were referenoed
from LDD {2000 end Wischmeier and Smith
(1973). The potemtial nutrient loss model ie baged an
Iaboratory tests of the total N, P and K of each soil
type in the watershed, collected from soil samples at
depths of -3 cm fw each g0l type, The MIUJSLE
parEmeters requirement is the raimfhll smomt and
intennity to simmlate the nmoff depth and nmoff
panke. Pifty-two rainfall eventte reccded o 4 dadly
basia by antomstic man genge fom July to
Novemher 2007 were used. The total of 52 minfall
dey evenis wag 1410 nom The CN valoss for
computing nmoff depth snd pesk {Bquation 3, 4)
were calimated from land use congervation practice,
hydrelogle conditions, snd bydrologic sofl group.
The BCS (1972) olmsmifies sl soils imo fomr
hydrologic roil groupe scconding to their infiliration
raie which iz obtained fiven bare soil sfter prolonged
wetting. Boil hydrologic graup slic depends en
antecedent welness of the watershed, thres classes
of antecedest modstoe codition (AMO) are
defined: dry, everage, md wel; or AMC I, I, and
. The sconomic modal inchidss cost and bensfit
Daramsises.

Table 2: Land claas unit {IL.CUT} of the Husi Talnpkop-Khnneatan sratecshed

e Leviume Sollreeoarces
Conde H0A} ol acmzoma UHDA clesificstion. T E[:u} Ewin _ clmow
m Fimc fnsk Iok Tkt Baplaralle  Cleyloen  25-$ o1 =m0
1+ Mfusk Lak Uhtic Haplustalis Cley lowen  25-50 013 514
1) Buak Lok Uhtle Hapluatalis Cloy lownn  25-54 01% 12555
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The imvegment cost of sight potential SWC was
referenced Fom FAO (1993), which was based on
men-days of mamal lshor work. These inclnde
initial costs and maintenanca costs. Initial costs are
muinly based on the out g fill (m’) calonlstion,
wherear anmusl maintenance costs mre derived as
fixed percesstages of the initial costs (LIDD, 2003).
The eight potentis]l oropping sysiems oodta {crop
budget per he)y were referenced from OAE (2007).
The benefits of soil arosicn control in this reesarch
mended only op-site benefite, based oo potential
murient loss per each eroded soil vermus the benefit
from new cropping systens, The price of fertiliner
n 2007 {OAE, 2007) was used to evalusie the price
equivalemt fo the rmirient lose value. The parameter
megoirament in the social model, based o pet
benefita per ha wnder current cropping systems and
evaluation of potential cropping eyeteme, ix the crop
budget per he.

3.3 AHP Setttny

The preference criteris for optimal SWC selection in
SWC & CMB pelection for each IO has evolved
from & mechapism for the selection of the best
alterostive firom a set of competing options, making
it poseible to analyze the trade-off betwreen different
obtjectives, The trede-off between the mexinr=stion
of gl benefiin i the foons of AHP setting. The AHP
approach (Saaty, 2000) was emploved for
pricitzing md wedghting the decision elemess,
Each element is composed from sub-clements. Both
farmers and govermment agente in the area heve
interacted and partlcipated in defining the objoctives
and criteria o EpprEise erosion measures; the
cartcome hag smphasized the impontance of redncing
aodlon et potentlal botiest loss whils earing
the best economic rebum on mvestment, &8 well 88
goetaining the livelihesde of local peopls and

3.3.1 Selecting the optimal SWCA CAMY
To select the opimel SWC & CMS for sch LCU,
the AHFP proccascs the datm paing the following
exquaation.,
W S AR Wiy, *S vy Ef Warom S ncom)

+E{ Wieoe, o)

Equsation %
Where, Fenv, Is the weight of sodl loss and poteatial
nutrient less decision clement; Facon, is the weight
of cconomic decision clement NPV, BAC and

EIRR); Wsoc, is the welght of the soclal decision
element (NBI); $Cerrv in the score of the soil loas

and potential mmirient loes decigion elsment {poaved
according to severity level); SCecon; is the score of
the economic decirion element {geored necording o
suitability level) and 8Croc, is the sccre of the
sociel decizion olement (poored socording fo
suitability level). The score setting of each decision
element wrag based on the T Ievel and the smitability
clement ia the moat imporient {0.58 or 58%), the
ecanomic decigion slement is 0.31 or 31% while the
least fmportent decision clememt s the sovial
decizion clement &t 0.11 or 11%. The sacorc sctiing
of each decigion slement was based on the tolergnt
level and smitability level.

3.4 Current Condition of Erosion

An overview of the Huai Teluplarp watershed of
1,550 ha fonund gross eoil lose of 54576 tons per
yoar (everapes of 64.03 and 3521 tooehefvr for
agriculiom] land emd for the owersll watershed,
respectively), which is less than the awvemnge for
highlend cultivation in northern Thelland (76 tons
per ha per y1) (Eongkeew et 8l., 2002). However,
fhis mie in higher than the tolerance level of 12
trsthalyr (FAO, 1996), The total sediment yleld
was 12803 tona’yr. The total potential mutrient loss
wae ET74.04 tonefyr High rates of soil loms snd
godiment yield occntred In highland sgtenltoeal
arces not subject to eoil end waler conservation
measurss. The egoil loss rete from  highland
cnltvaton (upland rice) in LUC 1 to LUC 10 vaded
from 16-131 tonehafyr, depending on soil type mnd
the elope gradient classes. However, thees rates of
goll lods me clessifed & a sevie kwel (LDD,
2004). The soil loss in each LCU under cmrent
conditions i shown in Table 3.

indicated thet gross erosion could be reduced to
11,842 toneyr (an average of 7.64 tonwhaiyr),
which is within the twolawance level (Teble 3).
Nuirient loas wounld be 23735 tomefyr, which
represents 2 decreasw of about 78 %% fihom curment
camnditions. The differences of erosion kevel betweoen
optimal SWC & CMS mnd the current condition of
each LCT depend on their phrysical characteristica
atd SWC practice mequitenents, Iowever fof sane
LCU;MQHMSWC&CLIShvmgnm
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Table 3: Soil loss, mvestment cost end benefit retum of s0il erosion sontrol i the Hus Talupkop watebed
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The results of economic anslysis of the watershed
foumd that the propomed optimal SWC and CMS
tequired 2 budpet fhvestment of & fest-ve
oonstroction oost of 10.48 million Thai baht {meinly
Ishor cost). Using & disconnt mete of & % and &
project Histdme of 10 yeas, it was found that NPV,
BiC, EIRE. =nd NBI were about 9.52 mwillion Thei
baht, 4.88, 39.05 % and 47% respectively. These
findings show thet this eeosion conteol project is
quite sttractive in terms of eoonomio feasibility mod
retum on investment An overview of the Hued
Talopkup watershed shows thet meny ssstvation
practices are cconomically desirable for soviety =1 a
whole, even thongh their cost exceeds the on-fhrm
benefits. The sody has desnonstraned the
cupubﬂﬂuufmgﬁl&mﬂﬂ&ﬂforﬂmﬁﬂmg

the optimal soil erosion maensagement imvolving
nltiple requiremests, A developed system adoe o
in wrogion control in line with the greatest phyeical
sffectivenegs, topether with a cost-beneflt
mmtﬁnunpnmjunﬂbnhd‘bymm
factors within the atrvironment.
The Ondings of this stody aw in sgmanst with
several previous shxdies, for inatence, Tenge ef al.,
(2004) and Cleneletti {2004) who state tha MCA
atalysis can peorvide moom K both farmers and
govenment agents to imberact and parficipate
defining the objectives and criteris to approise
woslon mwasnres. The DSS also have been
mccessfil in heandling some watershed mansgement
ismes, which agrees with Sarangi ot sl (2004) and
Mbilittyi et al,, (2007). Ateruprting o toisric e
decision-making in & computer system is therefore
likely to be achievable and DSS should he seen 24

supparting svatoms deciaion-rakesy,

4, Comclpglong

GIS besed DSBS for optimal exvosicn manegament
vereion 1.0 i3 a combinstion of a apatial decigion
slement modsl and an optimization spprosch that
are inporparated into one simnlstion peckege of on-
gite ®oil eromion and the benefit of eoil ercaion

pubject to i
pystam is that it doss not inclods off-site sffscts snd
the ocet-benefit eveluation of seil erosion (sediment
yieldi ench ms benefin from reduced flocdmg
dizsster and siliation of reservolrs, which are found
thronghont the wzmsll watersheds in northem
Theilsnd Theee should be inchided to better mapport
offectve dedsion meking In soll erosion contol
project imvesiment.
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