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EVALUATION OF SOIL EROSION
SENSITIVITY USING REMOTE SENSING
AND GIS . A CASE STUDY IN
KANCHANABURI, THAILAND
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ABSTRALCT
The sdvantage of 4 combination of Remole Sensing (RS) and Geographic Infommation Sysem
{G18) techniyues has great potential for supptying dutabases on natural resources management, In this
sfody, the area 15x13 km 0 Thong Pha Phom district, Kanchanaburi provinee was investigated for
soil erosion sensitivity. Five erosion factors were used for the production of an erosion hisard map,
It cansists of: 1} slope pradient; 27 soil ecodibility; 3) drainage density; 4) vegetation cover; and 3}
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conservalion proctices. The mlerpretaion of LANDSAT TM dated 12 December 1989 for the
delineation of land uss patterns provided o vegetation fctar, Field rips were also conducted for map

verification and dute collection. The integration of these five erosion factors wag performed on the
digital GIS. The results showed that 63.5% of this area was flag (0-2% slope) and the land use types

mostly dominated by the intensive of sgricultoral crops withoul o conservation practices, The final

eTosion sensilivity map mostly showed a low and mederate level which correlated very well 1o the

Field wbservation. Since. there are signs of rill eresion and shifting cultivation in this study wrea,

wie suggested that the serinus amsion problems may occur in the near Dulure,

INTRODUCTION

Remote Seosing (R5) technology has developed
very rapdly dunng the past decades. Tt provides an
apportunity o view or te acalyme nanral resources in
naccessible arcas art any season of the year,
This techralogy is impoctant lor acquiring mfonmation
which is needed for beter management of ool
resources. The activities of remote sensing range from
satellle dala seguisition, cdisiribution, analysis and
finally map production

Another techoolopy, Geogruphic  Informiticn
Sostermn (G15), have also developed durmg the pad
decides, This technolopy 3s the data base lor the ok
nution of varicus geographic und/or patetal Tesource
clintis. The sdvantages of G115 in comnputer-neadable form
has grear patential for supplying resource management
inforrmation maee than the map from remote sensing
technigques. Mowadays, the resource monogers nesd
more and betber resource dote than ever before for
comsidermg ind making resource decisions, Thus, the
combinations of RS and GIS technigoss iz a very
important tool for narural rescurces manngors.

Omn the global skin, the land depradation is a
serious phenomenon especially in the developing coun-
tries, The rupid birth rate of population indicares o need

lr mure Tand te be brought uoder cultivation oo all

contnents. Large arcas of land have been destroped and
exploited for the production of products for agoo-
inchastries. This has ofien cansed the rapid decerioratiom
of land resources (Bimvanich, 19881, The by -product of
such extensive land wse is the ccourmence of soil erosion
preblems, resulling in the depesition of sediment in
fivess asd rescovolrs,

[rs Thailund, the prohlem of soil erosion is also
of major concemn, From a study carried oot in 1989 by
the: Royal Forest Department, it was estimated that 295
of fhe total area of u::siu_.-,na.md forest land hod besn
enroiched, Deforestation in hilly arens, whers the risks
ol soil erosion ane high, bas reached disturhing propoc-
ticins eviiy anly e the Last decade, The immporiance of the
proper utilization of renewable moturel resouce s
conphasized to be a policy of numenous agencies. They
are responsinle for proposing the measases o imple-
meznit the developrrent of land cescurces including land
use planning and soul and water conservation. The
rrapping of soil erosion is the one way to provide the
nlirmation data before the planning stage, Thus, the
main poal of this study is w0 wse the apolication of B3
an €315 fechmigues Nor producing and erosion sensitivity
minp. The specific objectives are: 1) to retrieve Land use/
Tand sover data fooen satellite data, 2) to overlay various
infarmation data by vsing GIS for coming out wilh

dilTerent classes of soll crosion sensitivity,



MINFINAART 11 : 3345 (2535) %5

Table 1. Some references of the application of BS and GIS for erosbon mapping/assessment

Ersion Mapping/fssessment l
References K& lechnigues GIS USLE

Aerial Sarellie techniyues

phitos imnges
Fenton {19827 v - L i
Stephien and Cihiar {192 « v - -
Trustrm ¢ 1943} » - -
Cuff and Trustrum (19873 W = - -
Sayogo (1986) ¥ ¥ ¥ ¥
Meyers and Putte | 1987 ¥ s v -
Pivapangse {1447} o v W -
Eiumnoh { 1988) v v =
Tivar: (1990 - W v v
Cifren (15513 - v s

e : il SNEET) ENE

REVIEW OF LITERATURE

The application of remobe sensing technigues
for stadying the erosion have besn dome in the past
decades. Same of references are summirized in Table
1. It shows that the acrial photographs had been widaly
wsesd for erosion assessment and mapping during the
tirstern of RS and are still considevsd o be of great help.
Aller the development of digital B8 in varwous spectral
signatures and more decail in grownd ceselution (vary
mg from S0 meters 10 10 meters], the combination of
aereal pholee amdl satellite images are also widely in used
after 1980, Due 1o the recent development of GIS
wchiique, this Neld of study has been started since
1987, The mwsdel based on a G185, designoted as a basis
for soil ercsion and comservation, can be able e
smulate soil erosion processes and preciction af soil
lews im o certnin area (Loran et al, [9R%).

A large number of models for the prediction of

erosion and soil loss have been designed and new
developments are still in propress. One of them is the
empirical appeoach which based oo the statiarical
amalysis of i larpe data sed vields mathemorical expres-
sions withowt :Ll:m:rihmx; T exrll..timntl; the ProCEsses
myverlved (e Coursey, [W85), A prime example of this
eenpivical e of model is CSLE, This was developed
for the midwesiern Lnited States (Wischmeier and
Srnith, 1978}, and has been applied in many souniries
with varying degrees of success, Althought, statistical v
based rwsdisls requite long term reconding of rwinfall
aniel sonl Iosa data, after the estahlishment, chis mode] cin
prowide an casy and quick method for water erosaon
prediction {Hussein, 19871, Besides this, the modifiea-
tion of LISLE for local conditions has been adapied by
many tesearchers (Mulchler and Murphree, 1983;
Elwell, 1975),
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The LISLE hax been used in Thailand for over a
decade [Land Developmment Depatiment, 1983) The
applied LISLE bos also been done by many eseasclhers
(Srkhagm ey, al, 1984 Pivapakor, 19811 However,
most of them employed for & provinee io che porth
(Piyapongse, 1987; Harper, 1986 Omakupt el al. 198H;
LD, 19851, the northeast (Piyapakomn, 1981) and a
fow of them in the enstern Thailand (Lorcharseacat,
1 5,

STUDY AREA

The study arez ds located i Thang Pha Phum

district, Kanchanaburi provinee, western Thailand, It is

12"48 W and 08755 - 98°

rouglly betwsen 147 37" -

45" E, and traversed by te main highway roule 321
between Km, 102-Em 126 and Bwae Noi river {see
Fig1}. The aree is approximately 15515 kilometer Le,
222 aq. kan. The annuzl reindasl | range from 1600 1o 200K
rillimeters and the parent materials of this area are
muastly lireestone and smdstome (LDD, 1987, For the
severity of sol erosion, o reports have hesn done in
this study area. The ceasom may ke the lesser of the Tabe
af snil erosion than the nonhem region becanse the
geogragphical claracterisie of Kanchanabun is beabed

berween the moentain and sitcated in the rein shadow

area (Srikhajorn 19, personnl commuanicarion’.

Cidags
SOATICE LW
s

Figure 1,

PESALEE aEaE

Laowation of study area,

[
=
HATA B7ar =
—=




TTEVTTUATERS 11 ; 33-45 (2535,
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MATERIALS
I Pomary dita
- LANDSAT T8 dara, from CCT dated 1 2¢12/559
- False Color Compoaibe
2, Suppaort daca
= Aerial photographs (015000 19789
- Topopraphic map 1250000 19464
- Gealogical map 1:1 KK 1969
- Bl map 110000 1986
- Land wse Map 1100000 1983
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METHMMILOGY
Tmage processing for land use and land eover

The detasl of image processing is shown by
flow chart it Figure 2. A compater compatible tape
(CET) of LANDSAT TM was analvzed by the MLIL-
TISCOFE (ver 2.0 lmauge Processing (1P] software o
enhancs False Coles Composite (FOC imaye, Principal

Compimant Analysis [FCA) imoge and Nomzalized
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Figure 3. Flow chart of GI5 overday for erosion mapplng.

Dhfference Yegetation Index (MDY image at the scale
of 1:50,000, The combinudiom ol these iniages o -
ritbed with the trpographic map and aerial photopraph
assist mothe sebectom of traning arca. After the ficst
jround trutl, the classification was performed using the
imaximmum likelibond algorithm. The resclis of this sep
peovicled the representing 16 alosses which defined by
spectral signatures, However, from the second grownd
truth, we found the problem of misclassification. The
adapgation of classes und |maiming areas were also
renssigned again. The final nsulis of cover oype were
5 classes and overiay with the DTM slope map in onder
o correct the wrongly elassified class in a wrong place
b using ERTFMAS [ver 7.5) [P & Gl S software. After the
filbering, therd ground tath was done for map verifica-
tiony, Figure 4 shows the resolting land usedand cover

[T

RS and 15 approach for soil erosion mapping

The empirical; approach Like as USLE method
has Besn weesd Tor mappang of soil erosion sensibivily n
this study, Five erosion parameters are slope steepness
sl erudibility. drainage density (stands for rueoff
erosivily ), vepetaton factor and conservision practices.
Tu wertify the soil erosion sensitivity area, four base
faps are nesded to overlay, The methadology for
owerlaying each map explain by fow chart in Figure 3
v using the MATRIX program in ERDAS software.

Snilmag is produced by digitizing of the soil map
(1:100,000) 1386, The 22 soil series i this stody arca
from the o pinat source are recoded for the purpose of
soil eroditality (K-factor in USLE). Based on the wnl

series, the sl testure was determined from the charie
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Figure 5. S0l mup of the stody area

fsgitizesd Loapmoeg i P

Figore fi, Slope map of the study area.
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DRAINAGE DENSITY MAP
THOMG PHA PHUM : KANCHANABLUR)

SCALE 1:50,000
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Biow

CHOTE: Boased on Tops map + AP + Lardsat TH

Figure T, Drainage density map of the study area,
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Figure 8. Erosion sensitivity map of the study ares
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leristic of that soil senes. And the K-value can directly
abtan from the soil tfexture (LD, 1983 LD, (WA
The sonl texiure in the study acen has only thiee classes,
clay loam, sandy ciay loam and sandy loam, For the
chesilication, chiy Joam hos also diviged mio e
groaps, one hoa lew or ab aten and the other s a
monritainous o undulating or il ares, Therefone, the
il o b rechisitied inio 4 classes as clay loam (in
flar azea), sarudy clay lewm, sandy oam and clay leam
dnhigh, rollone arcad st the K ovalue 0019, 0,20, 0,26
umt [ 28, respectively, (LOTL 1983), Figure 5 shows the
reuin g soil e

Slape moap e produeed by dighzing the rops-
praphic map 10:50,0000 1953, By using the ERIIAS
saltaare, the digital elevation model (DEM) was
calewlated and the slope mag had been procuced, Five
clizses of slope map wiere determzined Friom the ks ol
lamd wse classiticavon (LODD. 19871 10s 0-2% sloge,
30% slope, 6-1 2% slope, 13-33% slope and nsode than
350 saope. The veaultng s lipe map i shown in Fipure 6

Crrainage density nuap o prodused by digelising
che drainnge map which made from the wpographic
map.actial platogrgphand FOC image, LUsing the DEM
to calzulate the density of dramage, thiree Cclisses were
cetermined os low ﬂCI'l.l.i'E}' P e, rediun e iy
A 20 mvhn ang hiph deasioy (= 1200mdha) The resul-

Lig miap s shown in [:Ill'.lj:; T

Lind cover map, sesuled from the remnlely
ettt duby intgrprelation, provided & vegetation facton
Creskupt et al, 1958, The conservat.on practces fac
i oltamed Trom the lield observation and inereiew
mide with local residears. Finally, the erosion sensitv-
ity magp had been produces into 4 closses as luw e
s, mondersle 1islends for low o moderate cordatian,
moerate 2 {slands lor maderace 4o bigh conditienn and

migh crosian 2y cown n Figure &,

RESULTS AND DISCUSSION
RS analysis

The resclimp 5 classes of land cover map from
the remate sensing imerpretation showed the percent of
coverage are £3, 3R, 156, 294 and L5 in onchard,
maseland, farn crups, forest and water qody, rEsqeG-
tivelv, Boreland mostly agpear in the sdy aca
IEI.I”LIW'.I:_I:_ will Torest and farm crips, This resulis ane
rezsonable bocause, after the groumd cleck. barelasd
nné farm crops disribuce all over the ares along the both
sade ol Bowae Booi miver. Porest locade in the west, ceniral
noith and northeast of the study asea.

The pesules of the land cover maap from this study
show o high percentige of bare Jand. This result seem
lix b orver estireated, However, From the field abserva-
tions, we found the real probleas that the sareland is not
amly Bare soal ot inciudes the many types of land cover/
lumel wse such as mangoe plantation. less kealthy grass-
lincl, abandimend ey Delds, bore soil after harvested
of agricultural coops. For further undesstandieg, the
resules of land coverfland use classification of remotely
sensed dale interpresation 1w exploned in Taxle 20 The
‘mare soil incziprefaton includes the mango plantation,
grasslangd, b=k plantatzon, fullow land and zare soil dus
o the crop harvest, This result can be explained by the
pencenl ul bal vover 16 less (such as mango s 138% ol
the wegetation cover). However, the mango plantstion
or: the larpe area locared in the ceatral north of the stady
aren. Thus, we can classify the erchard caregories, [n
vise of the beak pluntation, we already classify to the one
citegary, bul the resull indicobes over estimatzon due b
the chsizibution aloeg the mouetein aren, 5o, we
|\.'I.'iH$hir_'|' it the forest cufepory, Bor the cillEguTy ol
fanm crops. i show i e type of mised vegetatin in
healthy condittom. Then. we can classify in the other
aroup. The problem of this results is che bare land after

hiurvested crops, This orea should classified as a fanm



42 Thai J. For. 11 1 33-45 (1992}

Table 2, Cobor in FOC, PCA and NTYT From RS analysis.

Lanid o Color in Finnl
Land wse clnssity
FCC BCA M|
[Eame snil
- mango plantation dars preen dack blue black Circhird
- grassland blue gicea red pink black
- teak planention Lght Ialue ied ey
fullow Land whir pink light prey Bareland
aftes harvested light blue pink Black
e dhiplerocarg forest resd tiark blwe light prey
Plised deciduos forest recl preea lack Fuireat
Mixed vegesniion dak preen pink laght grey
- orchard. cothon, supar care. com Farm
ali. ;;I'l,IFIK

cropa. In this stage, the techniques of spectzal sipna
tures for making the muore conires between the bare il
allow land) and bace soil tafter harvested field crops)
15 needed 10 solve thas problem s possible s i s, Adler
the clearanes of this problem. the prrosnt of hare land
will reduce and he percent of form crons incoease which
it s reasonable from the feld ohservanicn.
GIS analvsis

The resu'ting 5 classes of slope map showed the
peraent ol each slope classes ws 035, 16.2, 124, .2 and
0.7 in 02, 35, 612, 12-3%, »15% slope. repectively
[t indicates thar this aven ave mostly St (225 slope].

The pereent of sack ol clases in soil map
{Fig.5t are 6.4, 33.1, 33,1, and 25,58 in clay loam dow ),
samsdy clay loam, sandy e aed clay Ioam (highy,

respectively, Most of soil lextune ase sandy clay loam

and sandy leam which logate an the mcontaie and
hillslope atea. Clay loam also find along the miver ard
the undulating area.

The three classes of drtinage deosity map i
Figure T showed the pervent of each classes as 532,
3l and 107 in lew, rmedivn and high droinags
densivy, I incisates et iz ares is maostly low dmmage
density,

Froan the erasicn sensitivity map, the sl
ingicze tiat 33.9% of this study ares san low ciogica
sesisitive, 23018 in the moderite 1 corstition, 17.9% in
the moderate 2 cordition and 7.1% i the high erosion,
Mostly high erosion sensitive arca locace in the wes!
side af Kuae Mol siver because of the kigh degree of
slope ardd fntensive land use (shitting cultivation}, The

sipep soope on the northeast of ssudy ares i also hegh



A1 ﬁ'lﬁ']'hlﬁ'lf'flﬂ?;' 11 : 3343 (2535 £

erasien sensitive arca tsee Fig.R). However, all of the
smudy aren can assume in the low and moderate |
camzitiom. This tesults agresd very well with o field
ahsesvation becaibse twene e o sevetely pronded ansas
in this field stody. From the groond check, we foaed
that 21l af the areas did not have any soll conservation
mebices. The local people mosty alough the soil
iLllage) up and down along the slege. Bspecially inthe
western gurl of Kwae Mol river, there ore intensive
i o Larah wse amd s s of Tl erosion cineisily
se il Lhe sleep slupe al berearnd Ueel b can consicler
as 0 sensitive sites o erosion and need a conservation

TTREEISUTE

CONCLUSIONS

I The combnaticn of RS amt GIS arovide a
paod cesults of mapping soil erosion. Hovwever. of SPOT
chits v cosnhinabion al the ST data ared LANDSAT
T3 daca i multidate is used, it may yield bener results
[& o TR TR TMUPRIRE anel uunsuqu:‘.nll}'. the affechve
crniteging of soil eeosson.

2. The =0l maenagement piactices and athe
carservikion measires in this aren ore negligible tha
wedicale the lack of ol corservation esiznsion, The
i fearwres of musmanagenent incloce shifting cul
Evntion along the slope, land clearing. We have the
opinion that if appropriate attention is not giver o the
ol comservation extension ond if contral is not achisved
aver Ihe shifting cultivation these twe problems may
change into Che real hig issee heloms the neal gecade

3 There are roseverely ericbed areas in s sudy
arca. however, we have the opinica thar there we
considezable sites i the aree which are senanve
erog:on due to the lack of soil conservation pracrices and
intensive lang use. There are also a signs of vidl erosian
which if mor controlled at the cight 1me, may develop

inlo i sericus prablem,
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