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nWITIAEN HRA) GH B 19,794 " 19,794
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UNNTY \oaTay3 1,152 : 1,152
ARDIFNT \Waazay3 14,275 - 14,275
wilay WoaTay3 13,081 . 13,081
Thuin \oar)3 2,856 - 2,856
waonzd HRAY R B 13,422 - 13,422
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Yy LN R 3,370 - 3,370
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UNLET qARL 36,188 - 36,188
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URNENT RARY 11,461 . 11,461
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1ULE0 GG 3,311 - 3,311
WU3IN Wialaw 15,897 - 15,897
NUDUUN Wiaha 32,304 - 32,304
gzAnaL Wiaiha 24,956 . 24,956
Jaluad wiaiay 9,727 8 9,727
nghs WiERau 4,216 - 4,216
WINUU WHRHAL 14,274 - 14,274
YNt WA 18,004 - 18,004
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R[N FLNREILN 12,226 3,301 15,527
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UIAVIRY \Waaszeay 22,501 1,328 23,829
iuwee Wiaszyas 5,074 2,848 7,922
nziaa \ia9vzaes 60,311 509 60,820
NN \a9sze9 19,011 514 19,525
wnen Waeszues 4,714 { 4,714
NLAING \Wavszead 41,557 5,259 46,817
fUNNY SILNREAILN 27,303 38,323 65,626
Uhnin Wadszoad 2,878 i 2,878
Wl \Wasszaes 39,014 ] 39,014
fUnvian Tnuag 38,990 1 38,990
WA TIUaN 24,361 1 24,361
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nlan WN&d 17,733 58 17,791
ST UWNad 22,920 . 22,920
n$ W&o 12,416 3,351 15,767
TINWI UNaY 19,661 16,609 36,270
miﬂ{uﬁwaamsﬁﬂmwmﬂssumnmﬂﬂﬁwuﬂmgﬁmmﬂluﬁuﬁmmlim:tamﬂm:i’uaan: - i

sTaWYWﬁmﬁ 52884 5’qu§ LRZATIA



149

a7 n-3
) . Awimanzaa (19)
AUA a1Lne
Talwanzaa LA E 328
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ARDIYU WNQd 18,502 - 18,502
WITI9 Unad 19,240 = 19,240
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VTR Unad 21,601 - 21,601
ROIFAY LNad 32,929 . 32,929
FIUNT WIUNS 26,930 = 26,930
TUUF WIUNT 83,772 69 83,841
thoulu Ta9uns 72,612 15,656 88,268
WRIALDY TN 34,264 - 34,264
Tuee Tuee 8,619 - 8,619
NUBIRZRAN 1uAe 60,988 - 60,988
NUHDIATNIW e 15,420 . 15,420
AT Uueg 17,993 - 17,993
YA uae 73,037 - 73,037
ITGRITD g 89,426 . 89,426
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Uainue Uainues 46,654 - 46,654
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2,097,596 176,720 2,274,316

o o 3 4 a & 2 b o -
ﬂ’l?l]ﬁ.]@'l’)’ﬂE]\‘m']ﬂ’l']Lﬂiﬂﬂiﬂiiwﬁﬂﬂﬂ'ﬁtﬂNU%LLUG\‘]Q&JG’IHW?I‘L%W%Y]%’]UBJO‘Y]:LQIT]FIG]:’J%BE]H:

WAIATAYT 289 a"qu% LATHTIN



= & 4 o a o o @
§139N N-4 wu'ﬂmm:aummumsﬂgﬂmmmwﬂaawmmmq%

151

ko

Annnnnzas (13)

AR 2Lna
Tahwmanzaan  wanzan STV
alg \ioaduny3 3,495 - 3,495
1alna \laaduny3 2,917 - 2,917
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IGER \Woaduny3 32,330 1 32,330
TGRIND \oedunya 11,906 ] 11,906
WRUNA \WasTunys 22,190 1 22,190
Y VY 7,876 22,190
18 VY 64,083 - 64,083
INILURN 2R 21,816 - 21,816
aztan U§ 13,103 - 13,103
UNTU N 84,527 : 84,527
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Uaiwn VY 117,621 - 117,621
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RISV il 44,960 ] 44,960
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I lnal 20,569 . 20,569
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ARDIYA lna 16,300 4 16,300
RTale il 90,112 ] 90,112
viv'lng Tindou 179,153 ] 179,153
Tlinsou Tolavingan 205,483 ] 205,483
RUBIANAY Tssindou 81,049 4 81,049
mniia Towinseu 46,934 ] 46,934
anaslng Tuviinfau 121,920 ] 121,920
FIEATREY P\EATREY 31,520 . 31,520
YINRAN ARV 24,567 - 24,567
Vo3 Y 100,402 : 100,402
T VT EY 35,837 - 35,837
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anaIILEY UARUEIR 7,941 . 7,941
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NIz AR 20,914 - 20,914
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ABSTRACT

Climate change is an important problem of nation and international which impacts on
environment, livelihood, economic, especially agriculture. The objective of the research was to
develop the Agricultural Vulnerability Index (AVI) in the eastern part of Thailand, namely Chon Buri,
Rayong, Chanthaburi and Trad provinces. The AVI was calculated and mapped in ArcGIS Desktop.
The AVI included three components : Exposure, Sensitivity and Adaptive capacity which collected
from 1982-2011. Each was comprised of several sub-components : average monthly minimum
temperature, average monthly maximum temperature, annual runoff, annual soil water, number of
flood, land slide, storm and drought, distance from well and water body. The results showed that the
highest average AVI of Chon Buri was found in Najomthien sub-district and it was accounted to
0.4087. In Rayong, the highest average AVI was found in Bankhai sub-district and it was accounted to
0.5112. In Chanthaburi, the highest average AVI was found in Khaowongkot sub-district, which was
accounted to 0.7397. Finally, in Trad, the highest average AVI was found in Huayraeng sub-district
and it was accounted to 0.5112. This index can inform decisions about agricultural adaptation
responses and it may prove a useful tool for policy analysts interested in how to ensure poor
adaptation in these agricultural areas.

Keywords: agriculture, vulnerability, index, climate change, GIS

INTRODUCTION

Agriculture is the main occupation of Thailand and also the main incomes of exports of
agricultural products. According to the statistic in 2009, land tenures for agriculture were equal to
210,552.88 km? or 41.03 % of all areas (National Statistical Office, 2009). The study area, Chon Buri,
Rayong, Chanthaburi and Trad, is located in the eastern part of Thailand. It has the potential to be a
leader in economic, industry, tourism and agriculture. Considering in agricultural sector, the
agricultural land tenures of Chon Buri were 2,099.36 km® or 48.12% while Rayong had 1,873.50 km?
or 52.75%, Chanthaburi had 2,601.96 km? or 41.05% and Trad had 858.49 km? or 30.45% (National
Statistical Office, 2009).

Climate Change is an importance of national and international issue that impacts on the
economic, social and livelihood. The main causes of climate change, nature is a part of changing itself
and another is from the human activities which are the cause of the various elements in the atmosphere
increases such as greenhouse gas emission. If the climate of global changed faster, it would cause a
negative impact on the environment (Thai Meteorological Department, 2007). Both direct and indirect
impacts of climate change on water quantity and quality, water is an important resource for agriculture
(Rosenzweig et al., 2004; Guo-yu et al., 2012). Since rainfed agriculture areas are accounted to 78
percent of all agricultural lands. If rainfall increases or decreases, it will affect the water quantity
especially, the impact on yield (Chikozho, 2010; Vermeulen et al., 2012). In the current climate of the
world is likely to change in a negative way and directly affect the water cycle such as the amount of
water vapor in the atmosphere and the patterns of rainfall (Bates et al., 2009; Quevauviller, 2011).
With the influence of monsoon, rainfall will increase in some areas such as lower south and east, while
some areas are decrease such as northeast, central and upper south. Increase or decrease of rainfall will
affect the water for agriculture, especially in rainfed agriculture. Impacts of climate change on water
resource may appear in the form of flood or drought and will result in a direct impact on productivity
and food security at both national and international (Snidvongs, 2011).
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The Livelihood Vulnerability Index (LVI) (Hahn et al. (2009), Mohan & Sinha (2009) and
Heltberg & Bonch-Osolocskiy (2010)) is applied in this research for calculating the Agricultural
Vulnerability Index (AVI) caused by climate change in the eastern provinces of Thiland. The variables
relate to water resources and natural disasters are selected and combined in Geographic Information
System (GIS) and the final results are shown in the map of AVI.

MATERIALS AND METHODS
Research framework

The framework of research can be divided in the following;
1. Sub-components were prepared in raster based model with the grid size 40x40 meters and AVI
was calculated in vector based model in ArcGIS Desktop software.
2. Three components and ten sub-components were comprised to calculate the AVI namely,
Exposure, Sensitivity and Adaptive capacity;
2.1 Exposure : average monthly minimum and maximum temperature
2.2 Sensitivity : annual runoff and soil water and number of flood, land slide, storm and
drought.
2.3 Adaptive capacity : distance from well and water body.
3. Study area
The four eastern provinces are considered as study area including Chon Buri, Rayong,
Chanthaburi and Trad with an area of approximately 17,072 km®. Figure 1 shows the study area.

700000 760000 820000 880000 240000
1 1 1 1 1
; _—5 T T
A Y L\ ,} \\
5 o#8e, Chachoengsao  f —_— i Study area
N . 5 Srakaew \( N . Chon Buri

" - : b z % . Rayong

%§o s E BBl cranthaburi

& - o Trad

y Province boundary
A A .

§ : Combodia =4

8 Gulf of Thailand L8

g 8

2, ﬁ" Faculty of Geoinformatics

g ] 1 8 Burapha University

g s B % Thailand Research Fund (TRF)

bl I 1 [ TKil a

0 125 25 50 75 100 e
/
2o
L} T 1 T L]
700000 760000 820000 880000 940000

Figure 1. Study area : Chon Buri, Rayong, Chanthaburi and Trad
Components and sub-components for calculating AVI

AVI was comprised of the following three components and ten sub-components as shown in
Table 1.
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Table 1. Components and sub-components for calculatmg the AVI

Components _ - Sub-components ;
1. Exposure 1.1 Average monthly minimum temperature each year
1.2 Average monthly maximum temperature each year
2. Sensitivity 2.1 Annual runoff

2.2 Annual soil water
2.3 Number of flood

2.4 Number of land slide
2.5 Number of storm

2.6 Number of drought

3. Adaptive capacity

3.1 Distance from well
3.2 Distance from water body

163

AVI is required to calculate the initial data included temperature, rainfall and evapotranspiration
that was collected from 1982-2011. Since three data sources were stored in the form of attribute data
with coordinate system of stations. Therefore, it was conversed to point feature and then the spatial
interpolation technique was applied to transformed point feature to raster with 40x40 maters of grid
size. Finally, all three data has been used to calculate the annual runoff and soil water.

Estimating the annual runoff

The annual runoff was estimated in raster based model as equation 1.

R=P * Rc * Area

when R is runoff (cubic meter)
P is rainfall (millimeter)

Area is grid size (square meter)

Rc is runoff coefficient.

Rc can be calculated from Equation 2.

Re=(@*P)+b

when a and b are the coefficients of Rc which depend on the slope of area as Table 2 (Homhual,

2005).

Table 2: Runoff coeffic1ent‘ v

| Terrain type Slope | . ; . b
Flat area 0-5% 0.1293 -6.2370
Gentle slope area >5-15% 0.1293 -3.0540
Rolling area >15-30% 0.1295 1.4890
Steep area >30% 0.1295 5.7160

Estimating the annual soil water

The annual soil water was calculated by using water balance equation as equation 3.

SW=P—(R+D+E)

when SW is annual soil water (cubic meter)
P is annual rainfall (cubic meter)
R is annual runoff (cubic meter)
D is annual deep percolation (cubic meter)
E is annual evapotranspiration (cubic meter)
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To calculate the annual deep percolation is the basis of the ability of soil to absorb water at a
depth of 0.50 meters as equation 4 (Homhual, 2005).

D=(P-(E+R))—(Spore * Area * 0.5) 4
when Spore is coefficient of soil porosity that shows as table 3 (Homhual, 2005).

Table 3. The coefficient of soil porosity

Soil type Coefficient of soil porosity of soil
Clay 0.60
Clay loam 0.60
Coarse 0.40
Loam 0.50
Loamy sand 0.40
Sand 0.40
Sand clay loam 0.50
Sandy clay 0.40
Silt loam 0.50

Number of natural hazard

The number of flood, land slide, storm and drought were compiled from 2002 to 2011 and then
each was averaged per year and identified in each sub-district.

Calculating the AVI

The AVI includes three components and each is comprised of several sub-components (Table 1).
The AVI formula used an equal weights to all components and it was calculated in vector based model.

Since the scale of each sub-component was different, it was necessary to standardize each as an
index using scientific principles of Human Development Index (UNDP, 2007) as equation 5.

— 5 ~Smin

Index
%t &~ Smin

6)

when Index is the standardize of sub-component S for sub-district t
Siis the value of sub-component S for sub-district t

Smin and Sy, are the minimum and maximum values of sub-component S for all sub-
districts, respectively.

After each was standardized, the sub-components were averaged using equation 6 to calculate the
value of each component.

n
Zi_‘. lndexﬂti

when M, is one of three components for sub-district t
Index; represents the sub-components S, indexed by i
n is number of sub-component in each major component.

Finally, the AVI was calculated as equation 7.

L:_l "VMi?"t'l
AVl =& LT 0

T 3
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when AVI, is Agricultural Water Risk Index for sub-district t, equals to the weighted average of
the three components.
My is determined by the number of sub-components that make up each major component
and are included to ensure that all sub-components contribute equally to the overall AVL.

RESULTS AND DISCUSSION

In this study, the AVI was averaged from 1982-2011. The highest AVI was found in Chanthaburi
and it was scaled from 0.1136-0.7397. About 15% of sub-districts were found the AVI was higher than
0.5000. The most vulnerable area was Khaowongkot (Kanghangmaeo district) with 0.7397 while the
lowest AVI (0.1136) was found in Klongnamkem (Laemsing district). The AVI of all sub-districts is
presented in Table 4. Figure 2 presents the AVI map for each sub-district, the high AVI was mostly
found at the upper and central part of province which was presented as dark blue color. At the highest
AV area, there are many kinds of agricultures for example rice, cassavas, rubber trees and fruit trees.
This area had high intensity of rainfall meanwhile the number of floods and landslides were also high,
indicating relatively vulnerability to climate change impacts. On the other hand, the low AVI which
was 75% of sub-districts were found in the whole province (light blue color). These areas had the low
intensity of rainfall as well as runoff and also storms and other natural disasters were found a few
number or almost none at all.

Secondly, the AVI of Rayong was scaled from 0.1510-0.5112 and it is presented in Table 4. In
Bankhai (Bankhai district) had the highest AVI with 0.5112. High values of drought, storm and
temperature were the prime reasons of this sub-district being highly vulnerability. Normally, almost
agricultural areas of Bankhai are irrigated rice areas therefore it had a low or moderate vulnerability. In
addition, more than 0.5000 of AVI value were found only two sub-districts in which they located in the
south of province. The lowest AVI was found in Banna (Klaeng district) and its value was 0.1510.
Almost all areas of province had low AVI because of the short distance from well or water body and
moderate rainfall, runoff and soil water. These low AVI areas were presented by light blue color in
Figure 2.

Thirdly, Trad province, the value of AVI was scaled from 0.2722 -0.5110 and it is presented in
Table 4. The highest AVI (0.5110) was found in Huayraeng (Muang district) and it had high intensity
of rainfall, runoff as well as soil water volume. The sub-districts with the high AVI value were
accounted to 13.88% of sub-districts and mostly found at the eastern part of province with the dark
blue color in Figure 2. These areas experienced several times of storms and floods. On the contrary,
the lowest AVI (0.2722) was found in Thasom (Khaosaming district) since it had moderate rainfall,
runoff and soil water and also no storm. The low AVI areas were found throughout the areas
especially, the southern part of province.

Lastly, table 4 shows the AVI of Chon Buri. Chon Buri was an only one where the AVI dropped
below 0.5000 and it was ranged from 0.0895-0.4087. The highest AVI was found in Najomthien
(Banglamung district). The main causes of Najomthien had high vulnerability were high temperature
with 34.09 degree celsius and far from well and water body. However, almost agricultural areas in
Najomthien are coconut, cassava and eucarliptus therefore these plants don’t require much water. In
figure 2, the dark blue color presents the high AVI and it located in the south of province. The lowest
AVI was found in Nongplalai (Banglamung district) with 0.0895. In other words, the low AVI was
mostly found in the whole province.

CONCLUSION

The Agricultural Vulnerability Index or AVI has been calculated for each sub-district in the four
eastern provinces of Thailand by combining all three components. The AVI was presented as
alternative methods for assessing relative vulnerability of agricultural areas to climate change impacts.
Comparing the AVI in each province, the highest AVI was found in Khaowongkot in Chanthaburi,
followed by Bankhai in Rayong, Huayraeng in Trad and Najomthien in Chon Buri. These sub-districts
were highly vulnerable because of high rainfall as well as runoff and number of natural disasters. The
results showed 19 sub-districts had the AVI more than 0.5000, especially, Chanthaburi while all sub-
districts in Chon Buri were lower than 0.5000. However, the AVI values indicated that the government
or development planners should to accompany and monitor for coping vulnerability.
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Table 4. The average AVI (1982-2011) for each sub-district in Chon Buri,

Rayong, Chantaburi and Trad

Sub-district | District | Average AVI Sub-district District _ Average AVI
Chon Buri Panusnikom Panusnikom 0.2514
Koh Chan Koh Chan 0.2058 Watbot Panusnikom 0.2082
Thaboonmee Koh Chan 0.2214 Watlung Panusnikom 0.2044
Khoakansong Sri Racha 0.2965 Srasiliem Panusnikom 0.1320
Borwin Sri Racha 0.3233 Nonghieng Panusnikom 0.2071
Bangphra Sri Racha 0.2310 Nongkhayad Panusnikom 0.2460
Bueng Sri Racha 0.1473 Nongprue Panusnikom 0.3112
Sri Racha Sri Racha 0.2201 Naphrathad Panusnikom 0.2310
Surasak Sri Racha 0.1182 Monnang Panusnikom 0.2514
Nhong Kham Sri Racha 0.2051 Huathanon Panusnikom 0.1106
Tha Thaewawong Koh Sichang 0.3566 Namatoom Panusnikom 0.1076
Samed Muang 0.2884 Kohloy Phanthong 0.1923
Mhueng Muang 0.1872 Kokchinon Phanthong 0.2973
Saensuk Muang 0.2202 Bangnang Phanthong 0.1982
Klongtamru Muang 0.3161 Banghak Phanthong 0.2847
Don Huaror Muang 0.3432 Bankao Phanthong 0.1915
Napa Muang 0.3156 Phanthong Phanthong 0.2648
Bang Sai Muang 0.4070 Mabpong Phanthong 0.2833
Bangplasoi Muang 0.4054 Nongkakha Phanthong 0.3436
Bankhod Muang 0.3339 Nongtamlueng Phanthong 0.2560
Banpuek Muang 0.3274 Nonghong Phanthong 0.2831
Bansuan Muang 0.2138 Napradoo Phanthong 0.3603
Makhamyong Muang 0.4017 Samaesan Sattahip 0.2986
Samnakbok Muang 0.2914 Bangsarae Sattahip 0.2349
Nongmaidaeng Muang 0.3218 Plutaluang Sattahip 0.2677
Nongkangkok Muang 0.2816 Sattahip Sattahip 0.3703
Nongri Muang 0.2975 Najomthien Sattahip 0.4087
Huaykapi Muang 0.3036 Khaosok Nongyai 0.2048
Angsila Muang 0.2687 Klongphlu Nongyai 0.2039
Kasetsuwan Bothong 0.3066 Nongsuechang Nongyai 0.3181
Tadthong Bothong 0.1955 Nongchang Nongyai 0.2104
Bokwangthong Bothong 0.3018 Hangsoong Nongyai 0.3297
Borthong Bothong 0.2157 Rayong
Phluangthong Bothong 0.2368 Khaonoi Khaochamao 0.3782
Watsuwan Bothong 0.2534 Chamkhor Khaochamao 0.2770
Khoamaikaew Banglamung 0.1811 Nampen Khaochamao 0.4310
Pong Banglamung 0.1716 Huaytabmon Khaochamao 0.2403
Takiantia Banglamung 0.1853 Nikhompattana Nikhompattana 0.3985
Naklua Banglamung 0.3960 Phananikom Nikhompattana 0.2606
Nongprue Banglamung 0.2691 Makhamkoo Nikhompattana 0.1573
Nongplalai Banglamung 0.0895 Mabkha Nikhompattana 0.2451
Huayyai Banglamung 0.1885 Chuengnern Muang 0.5079
Banglamung Banglamung 0.1192 Nernphra Muang 0.2914
Khlongkew Banbueng 0.3914 Phae Muang 0.1909
Banbueng Banbueng 0.3507 Klaeng Muang 0.4787
Mapphai Banbueng 0.2949 Kached Muang 0.2439
Nongphaikaew Banbueng 0.2204 Taphong Muang 0.4720
Nongchak Banbueng 0.2919 Tabma Muang 0.2469
Nongsamsak Banbueng 0.1247 Thapradu Muang 0.3157
Nongbondaeng Banbueng 0.3100 Natakhwan Muang 0.3163
Nongerun Banbueng 0.2117 Namkok Muang 0.3168
Kokphoh Panusnikom 0.2706 Banlaeng Muang 0.3170
Railakthong Panusnikom 0.2395 Maptaphut Muang 0.3171
Kud Ngong Panusnikom 0.3862 Samnakthong Muang 0.4717
Thakham Panusnikom 0.1312 Paknam Muang 0.2805
Thungkhwang Panusnikom 0.3723 Huaypong Muang 0.2807
Naruek Panusnikom 0.2088 Nernkhor Klaeng 0.1693
Nawanghin Panusnikom 0.2710 Krasaebon Klaeng 0.3520
Bancherd Panusnikom 0.2306 Kram Klaeng 0.4118
Banchang Panusnikom 0.2920 Kongdin Klaeng 0.4567
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Table 4. (continued)
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Sub-district District Average AVI _Sub-district District Average AVI
Khlongpoon Klaeng 0.3771 Klongyai Pongnamron 0.5208
Chakdon Klaeng 0.2313 Tabsai Pongnamron 0.5980
Chakphong Klaeng 0.3831 Nongtakong Pongnamron 0.5695
Thangkwean Klaeng 0.3973 Klung Klung 0.3171
Thungkwaikin Klaeng 0.2264 Kweanhak Klung 0.2831
Banna Klaeng 0.1510 Sueng Klung 0.2947
Paknamkrasae Klaeng 0.3120 Tokprom Klung 0.3371
Phangrad Klaeng 0.3995 Troknong Klung 0.3110
Wangwa Klaeng 0.4234 Tapon Klung 0.3555
Songsalueng Klaeng 0.4493 Bor Klung 0.3398
Huayyang Klaeng 0.4707 Borweru Klung 0.3687
Chakbok Bankhai 0.2402 Bangchan Klung 0.2898
Takhan Bankhai 0.2248 Mabphai Klung 0.4635
Bangbut Bankhai 0.2580 Wangsapparos Klung 0.3242
Bankhai Bankhai 0.5112 Wanyao Klung 0.3145
Nongtaphan Bankhai 0.1683 Khaokaew Thamai 0.3843
Nongbua Bankhai 0.3947 Khaobaisri Thamai 0.4114
Nonglalok Bankhai 0.2805 Khaowua Thamai 0.3227
Banchang Banchang 0.1645 Khamong Thamai 0.3115
Phla Banchang 0.3762 Klongkud Thamai 0.3661
Samnakthon Banchang 0.2724 Takad-ngao Thamai 0.4357
Maenamkhoo Pluakdaeng 0.2665 Thamai Thamai 0.3307
Tasit Pluakdaeng 0.2921 Thungbenja Thamai 0.4134
Pluakdaeng Pluakdaeng 0.4273 Bophu Thamai 0.3821
Mabyangporn Pluakdaeng 0.1888 Ploywaen Thamai 0.3053
Lahan Pluakdaeng 0.1841 Yaira Thamai 0.4132
Nongrai Pluakdaeng 0.2621 Ramphan Thamai 0.3714
Chumsaeng Wangchan 0.2916 Songpheenong Thamai 0.3958
Payubnai Wangchan 0.4376 Siphaya Thamai 0.3391
Plongta-iam Wangchan 0.2611 Krajae Nayai-am 0.4176
Wangchan Wangchan 0.1666 Changkam Nayai-am 0.3758
Chantaburi Nayai-am Nayai-am 0.4536
Klongphu Khaokitchakut 0.6666 Wangtanod Nayai-am 0.4220
Chankhlame Khaokitchakut 0.5435 Wangmai Nayai-am 0.4519
Chakthai Khaokitchakut 0.6331 Sanamchai Nayai-am 0.4049
Takianthong Khaokitchakut 0.4601 Chaman Makham 0.4013
Phluang Khaokitchakut 0.3401 Thaluang Makham 0.4795
Kohkhwang Muang 0.3497 Padthawee Makham 0.3903
Salaeng Muang 0.3832 Makham Makham 0.3898
Kombang Muang 0.3060 Wangsam Makham 0.3148
Klongnarai Muang 0.3931 Angkiri Makham 0.2959
Chanthanimit Muang 0.3888 Saikhao Soidao 0.6164
Talad Muang 0.3193 Tabchang Soidao 0.5031
Thachang Muang 0.2939 Thungkanan Soidao 0.4206
Bangkaja Muang 0.4168 Patong Soidao 0.5360
Phlabphla Muang 0.3631 Saton Soidao 0.5626
Watmai Muang 0.2913 Trad
Nongbua Muang 0.4010 Kohmak Kohkood 0.5022
Khaowongkot Kanghangmaeo 0.7397 Kohkood Kohkood 0.5180
Kanghangmaeo Kanghangmaeo 0.6299 Sator Khaosaming 0.3793
Khunsong Kanghangmaeo 0.4088 Praneed Khaosaming 0.3416
Phawa Kanghangmaeo 0.4969 Wangtakian Khaosaming 0.3769
Sampheenong Kanghangmaeo 0.4884 Thepnimit Khaosaming 0.3168
Kohperid Laemsing 0.3932 Saentung Khaosaming 0.3058
Kongnamkem Laemsing 0.1136 Thungnonsi Khaosaming 0.4273
Bangkachai Laemsing 0.2314 Khaosaming Khaosaming 0.3349
Bangsrakao Laemsing 0.4202 Thasom Khaosaming 0.2722
Paknamlaemsing Laemsing 0.3351 Huayraeng Muang 0.5110
Phliew Laemsing 0.2120 Thakum Muang 0.5103
Nongsuem Laemsing 0.2269 Nernsai Muang 0.3107
Thepnimit Pongnamron 0.4868 Wangkrajae Muang 0.3793
Pongnamron Pongnamron 0.4594 Thakang Muang 0.4282
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Table 4. (continued)
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Sub-district _ District Average AVI _Sub-district _ District | Average AVI |
Thaprig Muang 0.3647 Namcheio Laem-ngob 0.3030
Nongsanho Muang 0.3796 Laem-ngob Laem-ngob 0.3304
Chamrak Muang 0.4020 Mairood Klongyai 0.3351
Nongsamed Muang 0.3139 Klongyai Klongyai 0.3292
Nongkansong Muang 0.2851 Hadlek Klongyai 0.3864
Huangnamkhaw Muang 0.3946 Nongbon Borai 0.3435
Laemklad Muang 0.4690 Changtoon Borai 0.3504
Ao-yai Muang 0.3691 Boploy Borai 0.4251
Bangphra Muang 0.4427 Nonsi Borai 0.4618
Bangpid Laem-ngob 0.3411 Danchumphol Borai 0.5100
Klongyai Laem-ngob 0.3564
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Figure 2. The AVI for each sub-district in Chon Buri, Rayong, Chanthaburi and Trad
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