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ABSTRACT: Bang Rakam district in Phitsanulok is located at the lower Yom River Basin, and holds excess water
from upstream districts, resulting in a persistent annual flood. The Thai government has declared flood management
a national priority and as a result, this study area was chosen for this pilot project. The Bang Rakam Model 60 was
established at the left bank of the Yom River and covered an area of 265,000 rai (424 km?). This study aims to evaluate
the flood hazard posed to the area using geographic information systems (GIS) and the fuzzy analytic hierarchy
process (Fuzzy AHP). Parameters were created and classified using GIS, and the preference weights of the alternative
decisions were calculated using a Fuzzy AHP based on Chang’s Extent Analysis. The findings showed that the most
significant predisposing parameter to flood hazard is average annual rainfall. The results of our analysis have shown
with levels of very high flood hazard, high hazard, moderate, low, and very low flood hazard accounted for 8.31%,
23.83%, 30.47%, 26.52%, and 10.87% of the total area, respectively. The results of our proposed GIS analysis concept
in this study can be applied in real situations to help government agencies to put in mitigation measures for saving
lives, properties, and money spent on reliefs and compensation campaigns for suffering people.

1. INTRODUCTION

In 2011, floods caused 95% of Thailand’s economic losses (AHA Centre & JICA, 2015). The Thai government
attempted to implement flood mitigation measures as a result of this occurrence. As a result, the “Bang Rakam Model
54” was developed to serve as a guideline model (Promma, 2013) that non-structural and structural measures are both
available. Afterward in 2017, the new project was evolved and given the name “Bang Rakam Model 60.” It is an
integrated water management project in the extension area (Trakuldit, 2018). The supply of water for rice crop
planning and diversion of water into the three monkey cheeks are the flood problems solving of this project (RID,
2018).

Assessment of flood hazard is essential for assessing flood risk and is important for human lives, the natural
environment, and the social economy (Liu et al., 2015). Hazard assessments can be carried out successfully with the
help of tools that deal with spatial data, for example, geographic information systems (GIS). GIS was recommended
by Wang, Li, Tang and Zeng (2011) for assessing spatial data and has an important role to play in natural hazard
management. It not only creates visuals of the flood but also allows for technical estimation of the potential flood
hazard (Sanyal & Lu, 2006).

The analytic hierarchy process (AHP) created by Saaty (1987) forms the basis for the use of multi-criteria evaluation.
However, subjective expert judgments gained by using crisp numbers (precise values) may produce less accurate
results (Ekmekcioglu et al., 2020). “Fuzzy analytic hierarchy process (Fuzzy AHP)” is able to reflect human thought
in that it employs approximate information and uncertainty to make decisions (Kahraman et al., 2004).

The flood hazard map at the Bang Rakam Model 60 project will be assessed utilizing the GIS process in conjunction
with fuzzy AHP in this study. This study is based on the improvement of research work proposed by Yodying et al.
(2019).
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2. MATERIALS AND METHODOLOGIES

The study was carried out at Phitsanulok and Sukhothai provinces in 5 districts, 20 sub-districts, 93 villages based on
Bang Rakam Model 60 project as shown in Table 1 and Figure 1. We used the following three-process methodology
for the study: (1) collection of data and creation of parameter maps, (2) assessment of flood hazard map, and (3)
validation of flood hazard map as shown in Figure 2.

Table 1 Study area of Bang Rakam Model 60.

Provinces Districts Sub-districts Village No.
Sukhothai Kong Krailat Ban Mai Suk Kasem 1-8
Dong Dueai 2,4,6-7,9-10
Kok Raet 1-12
Krai Klang 1-2,4,8
Krai Nai 9
Krai Nok 2,5,7-8
Phitsanulok Bang Rakam Bang Rakam 15
Chum Saeng Songkhram 1-3,9
Tha Nang Ngam 3,5,8-11
Mueang Phitsanulok Ban Krang 6-8, 10
Phai Kho Don 3,4,6
Phrom Phiram Dong Prakham 10
Ho Klong 57
Matong 2,5,8-10
Nong Khaem 2,5-10
Phrom Phiram 1, 10-13,15
Tha Chang 7-12
Thap Yai Chiang 3-6
Wang Won 3-7,9
Wat Bot Wat Bot 3,47
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Figure 1 Location of the study area.
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Figure 2 Methodology for the study.
2.1 Collection of data and creation of parameter maps

Eight flood hazard parameters were selected by literature review. Different data were used to create parameter maps
and classify for generating a flood hazard map. Rainfall data from Northern Meteorological Center were used to
derive average annual rainfall (mm) in 30 years, using interpolation methods in GIS. Soil group and land use data
from Land Development Department (LDD) were used to create soil water infiltration and land use parameters,
respectively. River data from Regional Water Resources (Office 9), and Yom-Nan Operation and Maintenance
Project were used to create drainage density (km/km?) and distance from drainage network (m) parameters. Digital
elevation models (DEMs) were used to derive flow accumulation (pixels), elevation (m), and slope (%) parameters.
The resolution sizes of these parameters were at 30 m and were classified using Natural Breaks (Jenks) method in
GIS. All of the data preprocessing of the selected flood hazard parameters was performed in GIS software, which is
required in the next process to analyze and execute fuzzy AHP.

2.2 Assessment of flood hazard map

Four experts as shown in Table 2, evaluated flood hazard parameters by pair-wise comparison relied on the AHP
method as well as considered the class and the rating. The rating was divided into five rates consist of very high (5),
high (4), moderate (3), low (2), and very low (1). Consistency Ratio (CR) was checked and calculated as follows: CR
= CI/RI where; CI represents consistency index and RI represents the mean random index, which was 1.41 for matrix

8x8. ClI was calculated as follows: CI = A":l“%l_” where; imax represents eigenvalues and n represents the number of
parameters. It was acceptable when CR < 0.10.

Table 2 Expert lists for evaluating pair-wise comparison.

No. Workplace Position Work experience
1 Disaster Prevention and Mitigation Office Chief of Strategy and 30 years
(Phitsanulok) Management
2 Engineering Division, Regional Irrigation Office 3 Irrigation Engineer 29 years
3 Faculty of Agriculture, Natural Resource and Lecturer 22 years
Environment, Naresuan University
4 Phitsanulok Meteorological Station Director of 36 years

Meteorological Station

Fuzzy AHP analysis based on Chang’s extent analysis (Chang, 1996) with triangular fuzzy numbers or TFNs (Table
3) was used in this study.
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Table 3 Importance levels in pair-wise comparison.

Importance levels Linguistic scale Triangular fuzzy numbers (I,m,u)
9 Extremely more important (7,9,9)
7 Very strongly more important (5,7,9)
5 Strongly more important (3,5, 7)
3 Moderately more important 1,3,5)
1 Equally important (1,1,3)

There are four steps to calculate (Jongpaiboon, 2015) as follows: (1) calculate the fuzzified pair-wise comparison
matrix. m extent analysis values for each object was reached as Mli, Mji, -« Mgt i =1,2,...,n where; all the Méi @
=], 2,...,m) are TFNs (equation 1).
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Where; (lij,mij, ui]’) = <uiﬂ'miﬂ’l]il) fori = 1,2, W, n, and ] = ], 2,...,m, and i :/—'] ) (lij,mij,uij) = (1,1,1) for

i = j. Next step (2) calculate the fuzzy synthetic extent with regards to the i alternative (equation 2).
m j n m jqt
Si = X2, Mg, x [, X2, Mgi] 3

where; S; represents the pair-wise comparison’s synthetic extent value and »7.; M;i represents the total of the TFNs.
. . coo-1
}n=1Méz = [Z;n=1lj, j=1 M) Z;n:1uj] , Nie1 27;1Méi =k S am, X uy) , and [ i=12)=1 Méi] =
( nl y = ! , n1 ) Followed by (3) calculate the degree of possibility S; > S; when S; = (li,m;,u;) and S; = (1j,m;,u;)
Yicgli Timgmi” Xim wi

where; i=1.2,...nandj = 1,2,...,m as well as i #j (equation 3).

1 £ m; = my
i
0 i =y
V(Si = Si) = I . othe;wise1 9
(mj—uj)—(mj-1)

For S; greater than S; was expressed as  follows: V(S;>Si|j=12,...mi#j)=
min V(S; > S;|j = 1,2, ...,m; i # j). Last step (4) calculate the weight vector and normalization of the non-fuzzy
weight vector (equation 4).

w{ = min V(S; > Sj|j =1.2,..,m;i#j) 4)

!

The weight vector is defined as follows: w; = nw—‘w, and normalized weight vectors as follows:
i=1"i

W = (wy,wy, ...,w,, )T where; w; represents a non-fuzzy number. Finally, the non-fuzzy number that is the weights

of each parameter were obtained.

A combination of the GIS process and fuzzy AHP was calculated using the flood hazard index or FHI (Kazakis et al.,
2015) as follows: FHI = Y-, r; X w; where; r; = rating of the parameter in each point, w; = weights of each
parameter, and n = number of parameters.

2.3 Validation of flood hazard map

The flood hazard map generated was validated using shape factor (f) (Sriariyawat et al., 2013) with repeated flooding

area from the Geo-Informatics and Space Technology Development Agency (GISTDA) as follows: f = W
sat fh

where; Ag,, N Apy, indicates the intersection of areas by repeated flood areas (Asar) and flood hazard map (Am). Agqe U
Agy indicates the union area for both repeated flood areas and flood hazard map. The flood hazard map is totally
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compatible with repeated flood areas when f equals 1. Flood levels were divided into three categories based on LDD
(2014) as shown in Table 4.

Table 4 Classification of the repeated flood.

Flood hazard levels Repeated flood (times in 10 years)
High >8
Moderate 4-7
Low 1-3

3. RESULTS AND DISCUSSIONS
3.1 Flood hazard assessment

Based on fuzzy AHP analysis to obtain parameter weights as shown in Table 5, found in an order of importance,
average annual rainfall (0.1879), flow accumulation (0.1667), drainage density (0.1611), elevation (0.1423), slope
(0.1206), soil water infiltration (0.0988), distance from drainage network (0.0632), and land use (0.0594). As a result,
the most important parameter triggering flood hazard was average annual rainfall. Flood hazard map creation as
shown in Figure 3 revealed that Bang Rakam, Phrom Phiram, and Mueang Phitsanulok districts in Phitsanulok
province were largely very high flood hazard levels. Likewise, the Kong Krailat district was mostly very low to
moderate levels. Flood hazard area at each level showed that moderate level covering the most an area. This was
followed by low level, high level, very low level, and very high level, respectively (Figure 4).

Table 5 Parameter weights from four experts.

No. Parameters Fuzzy AHP weights
1 Average annual rainfall (mm) 0.1879
2 Soil water infiltration 0.0988
3 Land use 0.0594
4 Drainage density (km/km?) 0.1611
5 Distance from drainage network (m) 0.0632
6 Flow accumulation (pixels) 0.1667
7 Elevation (m) 0.1423
8 Slope (%) 0.1206

600000 610000 620000 630000 640000 650000 660000

3 o~
W+E

X s \
IS 0 3 6 12 Klometers ~
2 b
B Ll % I T | J

W

< A

1891000
1891000

1882000
1882000

&

1873000

Legend
—— Drainage network

| District boundary
[ village No. boundary
Flood hazard map
Level
I Very low
0 Low

Moderate

I High
I Very high

1864000
1864000

1855000
1855000

. ' ' st N Ly ' '
600000 610000 620000 630000 640000 650000 660000

Figure 3 Flood hazard map at the Bang Rakam Model 60 project.
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Figure 4 Percent of flood hazard areas at each level.
3.2 Validation of flood hazard map

Flood hazard levels (shown in Figure 3) were divided into three classes. The classes were low (i.e. very low and low
group), moderate, and high (i.e. very high and high group). This was validated with the repeated flood as shown in
Figure 5. It was revealed that shape factors were 0.21, 0.18, and 0.34 at high, moderate, and low levels, respectively.
Despite shape factor values are not close to 1 but flooded areas in Bang Rakam district, as visible on both the flood
hazard map and the repeated flood areas are at nearly the same point. It revealed that parameter weights and ratings
acquired are determined at the discretion of experts, implying that flood map creation using fuzzy AHP heavily relies
on expert discretion. In this study rainfall data is so important as input factor to the method. In this study, rainfall data
is so important as an input parameter to the method. However, the rainfall data used here is considered as an
insufficient spatial resolution to resolve the study area. It is interesting to investigate the effect of using rainfall
estimated by ground-based radar (Mahavik et al., 2021) and also rainfall products estimated by satellite products such
as TRMM (Mahavik et al., 2021; Mahavik & Tantanee, 2021; Mahavik & Tantanee, 2018).
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Figure 5 Repeated flooding from GISTDA.
4. CONCLUSIONS
The most influential parameter is average annual rainfall, which has a weight fuzzy of 0.1879. The majority of the

areas on the flood hazard map (30.47% of the total area) are at a moderate level and very high flood hazard are along
drainage network. We interrogated the experts for evaluating suitable weight parameters, which were used to map
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the flood hazard zone with the fuzzy AHP concept. The proposed concept of GIS analysis in this study is considered
to be useful for the budget allocation and water planning at the Bang Rakam Model 60 project. It can also be applied
to other projects in the future.

5. ACKNOWLEDGMENT

The Science and Technology Research Partnership for Sustainable Development (SATREPS), JST-JICA advocated
this study. The authors would like to thank “Advancing Co-design of Integrated Strategies with Adaptation to Climate
Change in Thailand (ADAP-T)” under Grant Number: JPMJSA1502.

6. REFERENCES

AHA Centre, & JICA., 2015. Natural Disaster Risks. In: Country Report Thailand: Natural Disaster Risk Assessment
and Area Business Continuity Plan Formulation for Industrial Agglomerated Areas in the ASEAN Region.

Chang, D. Y., 1996. Applications of the extent analysis method on fuzzy AHP. European Journal of Operational
Research, 95(3), pp. 649-655.

Ekmekcioglu, O., Koc, K., & Ozger, M., 2020. District based flood risk assessment in Istanbul using fuzzy analytical
hierarchy process. Stochastic Environmental Research and Risk Assessment, 35(3), pp. 617-637.

Jongpaiboon, M., 2015. Green supply chain management triple bottom line and organization theory- prioritization
with fuzzy and method. (Master), Thammasat University.

Kahraman, C., Cebeci, U., & Ruan, D., 2004. Multi-attribute comparison of catering service companies using fuzzy
AHP: The case of Turkey. International Journal of Production Economics, 87(2), pp. 171-184.

Kazakis, N., Kougias, I., & Patsialis, T., 2015. Assessment of flood hazard areas at a regional scale using an index-
based approach and Analytical Hierarchy Process: Application in Rhodope-Evros region, Greece. Sci Total
Environ, 538, pp. 555-563.

LDD., 2014. Repeated flood areas, Retrieved January 18, 2020, from
http://sql.ldd.go.th/KMBIlog/Content.aspx?BlogID=112

Liu, R., Chen, Y., Wu, J., Gao, L., Barrett, D., Xu, T., ... Yu, J., 2015. Assessing spatial likelihood of flooding

hazard  using naive Bayes and GIS: a case study in Bowen Basin, Australia. Stochastic Environmental Research
and Risk Assessment, 30(6), pp. 1575-1590.

Mahavik, N., & Tantanee, S., 2018. Comparison of spatial error structures between TRMM products and
APHRODITE over the Indochina Peninsula. In Proceedings of the 39™ Asian Conference on Remote
Sensing, Kuala Lumpur, MY, pp. 1754-1763.

Mahavik, N., & Tantanee, S., 2021. Seasonal characteristics of precipitating cloud properties and structures in the
inland of the Indochina Peninsula: a legacy of 16 years of the tropical rainfall measuring mission (TRMM)
satellite. Geographia Technica, 16(1), pp. 48-66.

Mahavik, N., Tantanee, S., & Masthawee, F., 2021. Investigation of Z-R relationships during tropical storm in GIS
using implemented mosaicking algorithms of radar rainfall estimates from ground-based weather radar in
the Yom River basin, Thailand. Applied Geomatics, pp. 1-13. doi: https://doi.org/10.1007/s12518-021-
00383-2

Promma, K., 2013. Elevated Detached House for Handling Repeated Floods Based on Sufficiency Economy: A Case
Study of Bang-Rakam Model. Naresuan University Journal, 21(3), pp. 139-147.

RID., 2018. Bang Rakam Model 2560 Project and resultant expansion in 2018, Retrieved November 27, 2019, from
http://water.rid.go.th/hwm/wmoc/download/bangragamé1.pdf

Saaty, R. W., 1987. The Analytic Hierarchy Process- What it is and how it is used. Mathematical Modelling, 9(3-5),
pp. 161-176.

Sanyal, J., & Lu, X. X., 2006. GIS-based flood hazard mapping at different administrative scales: A case study in
Gangetic West Bengal, India. Singapore Journal of Tropical Geography, 27(2), pp. 207-220.

Sriariyawat, A., Pakoksung, K., Sayama, T., Tanaka, S., & Koontanakulvong, S., 2013. Approach to estimate the
flood damage in Sukhothai Province using flood simulation. Journal of Disaster Research, 8(3), pp. 406-
414,

Trakuldit, T., 2018. Analysis of Public Participation in the design of Flood Expansion Areas in Nakhon Sawan
province and Phitsanulok province, Thailand. (Master), Asian Institute of Technology.

Wang, Y., Li, Z, Tang, Z., & Zeng, G., 2011. A GIS-Based Spatial Multi-Criteria Approach for Flood Risk
Assessment in the Dongting Lake Region, Hunan, Central China. Water Resources Management, 25(13),
pp. 3465-3484.

Yodying, A., Seejata, K., Chatsudarat, S., Chidburee, P., Mahavik, N., Kongmuang, C., & Tantanee, S., 2019. Flood
hazard assessment using Fuzzy Analytic Hierarchy Process: a case study Bang Rakam model in Thailand.
In Proceedings of the 40 Asian Conference on Remote Sensing, Daejeon Convention Center (DCC),
Daejeon, KR, pp. 1891-1900.



