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Abstract

Flood susceptibility map is one of the important tools for flood management planning. Therefore, the
objective of this study was to produce a flood susceptibility map for the Lang Suan Watershed, Southern
Thailand, by using Geographic Information System (GIS) and Frequency Ratio analysis (FR) a well-known
statistical method for susceptibility mapping. In this study, 116 (70%) floods were used as training data
and 8 flood conditioning factors, including 30-yr mean annual rainfall, road density, slope angle, elevation,
drainage density, land use, soil drainage and distance from drainage for analysis, and 50 (30%) floods
were used for validation of model by using the Area Under a Curve (AUQ). The results showed that the
very low flood susceptibility area was the most area (47.78%) whereas the very high flood susceptibility
area was the least area (7.39%). On the other hand, the very high flood susceptibility area was the most
community area (76 communities) whereas the low flood susceptibility area was the least community area
(2 communities). Moreover, it found that the model was highly efficient. It produced a high accuracy value
of AUC which had the success rate of 88.98% and the prediction rate of 84.98%. Hence, it confirmed that
the result could be used for supporting flood management planning to administration and organization
in the Lang Suan watershed, especially the local administration and organization in high and very high
flood susceptibility area that was the dangerous area and population density (115 communities), such as

Hat Yai, Wang Tako, Pho Daeng, Na Phaya and Ban Khaun Sub-District, Lang Suan District, Chumphon Province.

Keywords: Geographic Information System (GIS), Frequency Ratio, Risk Area, Flood, Disaster

Please cite this article as: S. Duangpiboon, T. Suteerasak, R. Rattanakom, and W. Towanlong, “Flood susceptibility
mapping using geographic information system and frequency ratio analysis in the Lang Suan watershed, Southern
Thailand,” The Journal of KMUTNB, vol. 28, no. 2, pp. 259-272, Apr.—Jun. 2018 (in Thai).
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< 2,100 843 1 0.05 0.86 18.79
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267



a3 failyad uazey, “n13diaesiuiiaesgnnaelaeltszuvarsaumagimansuasnsiesigiensidiunug luiuigui

pagwaIaIL 7eld Ussinalve.”

Ad a

ﬂ'ﬁ’IQ‘VI 1 ﬂ’JWiJﬁllWHﬁ“UENWUVWlLﬂﬂEJ‘VIﬂﬂEJLLa inLﬂVIGUEN{]ﬁ]ﬁ]EJ dom

a

a

Snarensiingnnay (se)

Iuuas (Wniwa) Sowaz Adns1EIU
Uade/Uszianvastady y
Uszinnilady annsiy Ussiandady anndiy Aud (FR)
5. amnavutiuvesdumah (Alawms/msng
Alaluns)
< 0.35 70879 3 3.86 2.59 0.67
0.35-0.70 325624 6 17.72 5.17 0.29
0.70-1.00 486405 15 26.47 12.93 0.49
> 1.00 954696 92 51.95 79.31 1.53
6. mslifinu
U (ﬁuﬁsqwuw,l,axéqua%w) 15828 9 0.86 7.76 9.01
A (fufiinwmsnssu) 671000 9% 36.51 82.76 2.7
F (ﬁuﬁﬂﬂﬁ) 1042302 2 56.72 1.72 0.03
WM (undniuasiuiidawde: vmdh 17| 108471 9 5.90 7.76 1.31
awiuny Wufiqy vowmiloar fuitoy manse
wawiiiiaey)
7. emuannsalumsszueivesiu
VP (sxUn8thiann) 5640 1 0.31 0.86 2.81
P (WU’]FJ‘&’]L@’J) 65113 21 3.54 18.10 5.11
M (sz1griiunans) 87670 40 4.77 34.48 7.23
H (szu1etind) 250458 32 13.63 27.59 202
SC (ufiisdou lalanansassypnuannsa | 1428717 22 7775 18.97 0.24
Tunsszuieild)
8. svupviamnmath (uas)
< 500 1395641 100 75.95 86.21 1.14
500-1,000 367671 12 20.01 10.34 0.52
1,000-2,000 70342 4 3.83 3.45 0.90
> 2,000 3948 0.21 0.00 0.00

vpaRuls (FR=0.24) fiA15esasuesUssinnvastady
77.75 Jusu vasiivsnadiiussomiladudvswarenis
Wngnnsesn (A FR 3NN 1) (51971 1) ATBUARY
ﬁuﬁa'auﬁaamaaﬁuﬁdmﬁmaawé’ﬁmu CREREALN
Ussnnilasedion) (ms19fl 1) Wy eermpuaIndy
1U8NIN 2.86 091 NIDAUANTULDENINSBEAY 5
(FR=4.51) fif3evazvastszaniady 5.93 msldiinu
Lﬁuﬁuﬁﬁgmmmzﬁw@ﬂa%a (FR=9.01) uawfiuiluvdith
waiuiiinndn (FR=1.31) fidesazvawszamiade

0.86 kA 5.90 AuaRU Wudu
WIaNINTUINANTITAS 1 UUIIADIFINAITIUNY

o

futudeyasmumiavginudaguil 4 (1) aswud wui

D

desgnndeszavgunndaduvinudiuiesfianves
Y & v

Wunty naudnsnsdugruvesmyUiuanian (76
73

' a a

1) mmwmnmwwLamawﬂmi“mwmﬂaw

a

YU

ﬁuﬁmmammmmum Wumasmawﬂmmmum LAy
d
il

u LﬁENE]Vl ﬂﬂEJSu(ﬂ‘UGﬂiﬂﬂ %QM?JH’]G]WUV]&J’]ﬂﬂ’J’Wﬂ&J

a0y ﬂa‘UJJﬂ'lWNOug?u‘UENW%I‘UWUL‘U‘UEJL!WU‘VISENGQM']

268



MFANFIVINTNTTIDUNAMTEUATIHTD TN 28 aUufl 2 w.8.-.e. 2561

The Journal of KMUTNB., Vol. 28, No. 2, Apr.-Jun. 2018

({13 19 vty 39 vty 10 vty wag 2 vgddau
MUAAU) LLazLﬁaﬁa]’m:mai’mauﬁuﬁl,?imqﬂmmamﬁu
ﬁuﬁlﬁmqmﬁmzﬁuqq fensanssziulussiuany
\doaiusumsesensiingnnste [3U7 4 ()] agmui
fruumytufieglusiiuiidunme S1uuidu
115 vyt ImaehuimgawmLLﬂuag”LumeﬁuﬁéﬂLﬂa
vdsenu Smingams (S 65 vythu) leeiamzegbs
Tuniiuilvesuamnets Yamsne founs wimg
wazUuAIu

3.2 Us2aN5ANUB9LLUUINADY
UszanSninvesuuusians fildann1siasizs
el (Area Under a Curve; AUC) wans
ﬁagﬂﬁ 5 WU A18R51ANEST (Success Rate) 1158
MsUsTEILAUEINTTRIN TN UsSELaMA LAY
Tuvdnaidiumiangnisalgnndslusfinveaiuy
$raeatiu Ty 0.8898 viedouay 88.98 waiil
A18MSIN5YIUNY (Prediction Rate) wisanisuseLiiy
UseAVEA1nvIeANgNABIYaUUTIBI T UA WML
wanssignnsluefntu fawiniu 0.8498 wie¥osay
84.98 %nﬁﬂisﬁm’%mw‘%ammgﬂéfmqaﬂ’jmumi’waaa
voaATusug Ausudiudedsituildns (AUC)
WulAeIAY 819148 Intarawichian and Dasananda
(FAnUszAnSnmmIeaugndeareiuuInaesseeny
84.82) [12] Jaafari et al. (AMsz@vSanvizenugneies
YoIuUUT1a09saay 81.69) [24] waz Wu et al.
(FAnUszAnSammIeaugnieaaiuuItaesseny
75.71) [25]
msaauuuiaesiufidssgnnfovosiiufiqumi
AapwmdaluuATefiu nsunSnensiiuas
uAngndusssumand [14] 18iinsl43Ennslaimin
wazdIAUALLUUBENIU (Simple Ranking and Rating;
SRR) s gnsidiuszuuasaumnaniiaans J5aanan
WumsliargduuazimtnvestasouasUssan

a

Yadeidndnanenisiinanndeduavdiuiuby

Success Rate
(AUC=0.8898)

Prediction Rate
(AUC=0.8498)

Cumulative Percentage of Flood
Occurence,%

T T T T T T T T T
0 10 20 30 40 50 60 70 80 90 100

Flood Susceptibility Index Rank, %

3UN 5 UsgdnBnmuasanugnaeavewuudnaesivum
\deagnnde

ag9de (Ardwuvesladedrneysening 1-8 uay
@i’]ﬁmﬁﬂﬁuawizmmﬂﬁaagiwiw 1-4) Imglaain
N153ATIERINUUUABUDIUAIUTUVDIL T8y
Pnmhsuluaneeg Mfedes uasanudiuan
ymthulugey fe91nissnsdunnad Mduisi
SmuaAininvesteduanmsiasigiaudusiug
sywimuafiufivesseiandedeiiisnsnasonisiin
qwﬂﬁaﬁw‘hLmu'mams;m*szﬁqmnﬁ&ﬁmmﬁm%uﬁ&
Tuiluft Fsoraillemaiianaintiosninainnisussidiu
InAuEaiy yenaniinanisussiiudseavsnim
suaame‘i’lawﬁuﬁL?imquf&ﬁw%’%ﬁmﬂdaummﬁ
fanaminssudaandidiui Ussavsamueauudnans
fufldsgnndefiadradneissnsdunuisauiy
wwaﬁaummﬁmamﬂuﬁuﬁdufwaawé’ﬂmuﬁu’u
HUsyAnsnmvsennugnaesroudieg

4. a3
1% o & A4 1Y &4
nuansaisuuaesiiuidegrnde Tuiun
quunARemasaIL nald Useinelng laenisldssuy
asaumnANIimansTINAuNITIATIERAILT5enT1d
Al Iuandliiiud winideenndelussiugann
anuvinudutosvesiufiquiinasmadaiy nals
Usemelne (Sevay 7.39) uifiluundafinsemyinu
! LA = o % a o
71149°) Iuwwmmqm (AU 76 NYUI) hazEILie

269



a3 failyad uazey, “n13diaesiuiiaesgnnaelaeltszuvarsaumagimansuasnsiesigiensidiunug luiuigui

pagwaIaIL 7eld Ussinalve.”

#TUnTAURUNFesgnnigseauas (Sovavvas

=]

WU 13.00 Iwungtiu 39 ytw) ddiedndnegly

e

nauiuNduaswrenIsinanndedusiediu aevinl

q
3 '

mumﬁﬁwmw;&%uﬁagﬁluﬁuﬁé’um’]mﬁuﬁ%mumm
(115 wgftw) Tnoanzegredsluwniiuiivessiua
WINYIY AU TINZND AMUATNDLAL FUALNNEY LazFUa
UUAI SNNBNAIEIU TINIAYUNT Faduituiivaneh
Fusnadlvaduiiuiisusasiruaadush g
nsAluNITIEULaE MUALLINSlUNSALEUNS
U399 Lﬁa%’mmiqwﬂﬁwaaﬁuﬁdmﬁmam
e Semssusdumsluituiisenanduituiiusn
Taasdu sumsnaaudosiunasussimnanseny
vsenstewdevseenengusyausis lnga1adiunis
ﬁamﬁuﬁu%’aaﬂaiwumiaumﬁwmgﬁmam%ﬁuq pgil
WU Joyaldun1enuIANNIIaUY Gi’faaﬂasm,wiqﬁc??q
Trudousiag uasdeyafumisidaesmhenuvie
DIANTAIN) Tuituit vonaninansUszRuUsEavEn N
¥38AUYNABIVDIUUUTIRDIT AU UMILVR N5l
gnnvlusnvosiiuiisauandldifuiuuuiiaes
Aana1 danugnaesegluseiugs (Anuawnsalunis
ai’%mmhzmmaaLLUUf\i’waaﬂuﬁuﬁﬁLﬁmqmnﬁaagjﬁ
Touay 88.98 uazUsyAnSnmvIenNgNARIURILUY
ﬁﬂaaqaejﬁ%’aﬁaz 84.98 mud1u) Fududeisusy
191 wuudaesdsnanaunsalddmsvatvayuns
AiiunsNuaunsInnsleymenndeveaisnu
uavessnsiiiatedluituiiquihaasmdsauld oy
Lawwwu'aEmuLLasaaﬁﬂiixé’uﬁmﬁuﬁa&imﬂuﬁuﬁ
ﬁﬁﬂ?”mL?%IENE;V]ﬂﬁﬁi%ﬁu@lﬁLLazi%ﬁUQQM’]ﬂﬁﬁﬂ’]igﬂ
fugiuvesUssrnsegtaiuiutiy Suldun shuamngne
FUATINEND AIUANBLAY FIUAUINEYN Lazduatiu
AU BUNBVAIEIU JINTAYUNT

5. inAinssuUszne
YavaUAN AlEALLLABUAYAI DN UVINe TRy
awauAsuns Inenuagiin Aldlinisatuauuy

dmiunsdniiunide veveuan nsuUHUTNMST
R AAy nsumdnensi NSUEANENINET
AsuvausEMU nsuUoaiularuIImaIsnsune way
Land Process Distributed Active Archive Center
(LPDAAQ) él’m%’u%’a;&aﬁi“ﬁumiﬁwLﬁumi%'a uay
qmﬁwﬁy suaﬁuauQmﬂizmﬁauﬂqﬂﬂuiuﬁuﬁajmfmam
wasau netd Usenalve dmsuanunganiunisi
Toya LavdrunsaETmIniunsasiuiiiedsauas
Juiindeyanipauny

LONEITB9D4

[1] D.Guhar-Sapir, P. Hoyois, and R. Below, Annual
Disaster Statistical Review 2010: The Numbers
and Trends, Brussels, Belgium: Centre for
Research on the Epidemiology of Disasters
(CRED), 2011, pp. 11-32.

[2] Thaipublica. (2012, Oct.). 10 Years Annual Disaster
Statistical Review (1989-2009). Thailand [Online].
Available: http://thaipublica.org/wp-content/
uploads/2012/10/adaneRvRveslne. pdf

[3] Office of the National Economics and Social
Development Board, Disaster Management
and Recovery: A Case Study of Thailand and
Other, Nonburi, Thailand: Petchrung, 2011,
pp. 8-101.

[4] M. Lee, J. Kang, and S. Jeon, “Application
of frequency ratio model and validation for
predictive flooded area susceptibility mapping
using GIS.” in IGRASS 2012 IEEE International
Geoscience and Remote Sensing Conference,
Munich, 2012, pp. 895-898.

[5] M. Sriwichai, “GIS for the preparation of disaster
risk reduction, case study lakhok community,
Muang Pathumthani,” Rangsit University Journal

of Engineering and Technology, vol. 16, no. 2,

270



MFANFIVINTNTTIDUNAMTEUATIHTD TN 28 aUufl 2 w.8.-.e. 2561

The Journal of KMUTNB., Vol. 28, No. 2, Apr.-Jun. 2018

(10]

pp. 1-9, 2013 (in Thai).

S.Lee and T. Sambath, “Landslide susceptibility
mapping in Damrei Romel area, Cambodia using
frequency ratio and logistic regression models,”
Environmental Geology, vol. 50, no. 6,
pp. 847-855, 2006.

S. Lee and B. Pradhan, “Landslide hazard
mapping at Selangor, Malaysia using frequency
ratio and logistic regression models,” Landslides,
vol. 4, no. 1, pp. 33-41, 2007.

M. Mohammady, H. R. Pourghasemi, and B.
Pradhan, “Landslide susceptibility mapping at
Golestan Province, Iran: A comparison between
frequency ratio, Dempster-Shafer, and weights-
of-evidence models,” Journal of Asian Earth
Sciences, vol. 61, pp. 221-236, 2012.

A. Ozdemir and T. Altural, “A comparative
study of frequency ratio, weights of evidence
and logistic regression methods for landslide
susceptibility mapping: Sultan Mountains,
SW Turkey,” Journal of Asian Earth Sciences,
vol. 64, pp. 180-197, 2013.

A. D.Regmi, K. C. Devkota, K. Yoshida, B. Pradhan,
H. R. Pourghasemi, T. Kumamoto, and A. Akgun,
“Application of frequency ratio, statistical index,
and weights-of-evidence models and their
comparison in landslide susceptibility mapping
in Central Nepal Himalaya,” Arabian Journal of
Geosciences, vol. 7, no. 2, pp. 725-742, 2014.
N. Intarawichian, “A comparative study of
analytical hierarchy process and probability
analysis for landslide susceptibility zonation
in lower Mae Chaem watershed, Northern
Thailand,” Ph.D. dissertation, School of

Geoinformatics, Suranaree University of

(16]

271

Technology, 2008.

N. Intarawichian and S. Dasananda, “Frequency
ratio model based landslide susceptibility
mapping in lower Mae Chaem watershed,
Northern Thailand,” Environmental Earth
Sciences, vol.64, no. 8, pp. 2271-2285, 2011.
Bureau of Research, Development and Hydrology,
The Division of Basin and Sub-Basin of Thailand,
Bangkok, Thailand: Department of Water
Resources, 2007, pp. 33.

Department of Water Resources and Thammasat
University, Research and Development Roles
and Life of Community in Flood Area: A Case
Study of Lang Suan Watershed, Southern
Thailand, Bangkok, Thailand: Thammasat
University Research and Consultancy Institiute
(TU-RAC), 2013, pp. 148-174.

Thai Meteorological Department. (2015). The
Weather in Thailand. Climatological, Bangkok,
Thailand [Online]. Available: https://www.tmd.
go.th/info/climate_of thailand-2524-2553.pdf
O. Rahmati, H. R. Pourghasemi and H. Zeinivand,
“Flood susceptibiltiy mapping using frequency
ratio and weights-of-evidence models in the
Golastan Province, Iran,” Journal Geocarto
International, vol. 31, no. 1, pp. 42-70, 2016.
D. T. Bui, B. Pradhan, O. Lofman, I. Revhaug,
and O. Dick, “Landslide susceptibility mapping
at Hoa Binh Province (Vietnam) adaptive neuro-
fuzzy inference system and GIS,” Computers
& Geosciences, vol. 45, pp. 199-211, 2012.

A. K. Jha, R. Bloch, and J. Lamond, Cities and
Flooding: A Guide to Integrated Urban Flood Risk
Management for the 21" Century, Washington
DC, U.S.A.: The World Bank, 2012, pp. 55-63.



a3 failyad uazey, “n13diaesiuiiaesgnnaelaeltszuvarsaumagimansuasnsiesigiensidiunug luiuigui

pagwaIaIL 7eld Ussinalve.”

(19]

M. Sh. Tehrany, B. Pradhan, and M. N. Jebur,
“Spatial prediction of flood susceptible areas
using rule based decision tree (DT) and a novel
ensemble bivariate and multivariate statistical
models in GIS,” Journal of Hydrology, vol. 504,
pp. 69-79, 2013.

S. Duangpiboon, T. Suteerasak, and W. Towanlong,
“Effects of geographical and topographical
co-variables on rainfall interpolation in Lang
Suan Watershed, Thailand.” in the 36" Asian
Conference on Remote Sensing Conference,
Quezon City, Metro Manila, Philippines, 2015,
pp. 1-9.

Land Development Department. (2016). Land
use of Southern Thailand, Bangkok, Thailand
[Online]. Available: http://www.ldd.g¢o.th/
web_ OLP/report research_S.html#south
Office of Soil Resources Survey and Research,
Characteristics and Properties of Established

Soil Series in the Peninsular and Southeast Coast

(23]

272

Regions of Thailand, Bangkok, Thailand: Land
Development Department, 2005, pp. 1-98
(in Thai).

A. M. Youssef, B. Pradhan, M. N. Jebur, and H. M.
El-Harbi, “Landslide susceptibility mapping
using ensemble bivariate and multivariate
statistical models in Fayfa area, Saudi Arabia,”
Environmental Earth Sciences, vol. 73, no. 7,
pp. 3745-3761, 2015.

A. Jaafari, A. Najafi, J. Rezaeian, A. Sattarian, and
. Ghajar, “Planning road networks in landslide-
prone areas: A case study from the northern
forests of Iran,” Land Use Policy, vol. 47,
pp. 198-208, 2015.

Y. Wu, W. Li, Q. Wang, Q. Liu, D. Yang, M. Xing,
Y. Pei, and Sh. Yan, “Landslide susceptibility
assessment using frequency ratio, statistical
index and certainty factor models for Gangu
County, China,” Arabian Journal of Geosciences,
vol. 9, no. 2, pp. 84-100, 2016.



