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Abstract
Background and Objectives : The research objective was to develop a warning system for monitoring drought using
Geo-Information technology in Nakhon Sawan province based on multi-source satellite data
Methodology : The study divides the factors used for analysis into three main groups. The first group consists of
meteorological factors, including daily rainfall data from the Himawari-9 satellite, as well as air temperature and
relative humidity data from the Aqua MODIS satellite. The second group includes biospheric factors, such as the
Normalized Difference Vegetation Index (NDVI) and the Normalized Difference Water Index (NDW!I) obtained from
the Terra MODIS satellite. Both meteorological and biospheric factors are processed in real-time daily using Python
script. The third group comprises physical factors of the area, including proximity to watercourses, soil drainage,
slope, elevation, stream density, and sub-watershed size. All these factors are then used to analyze drought-prone
areas. Furthermore, an automated drought risk area warning system was developed to provide geospatial
information services through a website. The data is served by a Geo-server, and maps are displayed using
Openlayers, a JavaScript library.
Main Results : The study found that Nakhon Sawan province has a moderate drought risk area covering 2,114,591
rai, or 35.05% of the total area, with the high drought risk area covering 1,810,103 rai, or 29.87%. Most of these
areas are outside the irrigation zone, including Tak Fa District, Takhli District, Tha Tako District, Chum Tabong
District, Lat Yao District, and Phaisali District. On the other hand, the low drought risk area, covering 918,031 rai, or
16.12% of the total area, is primarily found in Mae Wong, Chum Saeng, and Mae Poen districts.
Conclusions : The warning system can display daily drought risk areas, rainfall, air temperature, relative humidity,
NDVI, and NDWI via https://hss.nsru.ac.th/droughtNS/, providing essential information for decision-making and
water management authorities.

Keyword : warning system ; drought ; geo-information technology
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(Borbas et al., 2011) mea‘uL‘ﬁﬂuﬁuqmmﬁmmﬂmnmmﬁqﬁ;uﬂm%mﬁmum? (Equation 4)

T, = (Scale factor = (DN — Of fset)) — 273.15 (3)

AirTem = 11.975 + 0.573(T,) (4)
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Table 1 Statistics for adjusted meteorological factors from satellite in Nakhon Sawan (Phengphit, 2024)

Factor R2 RMSE Equation for calibrated
Rainfall 0.510 +-7.55 mm/day R=-4.068+4.324(R )
Air Temperature 0.7227 +1C° AirTem=11.975+0.573(T)
Relative Humidity 0.7283 +-1.08 % RH=37.927+0.4886(RH_,)

Table 2 Constants value for e_ equation (Valsala, 2013)

A m Tn Max error Temperature range
6.116441 7.591386 240.7263 0.083% -20...+50°C

6.004918 7.337936 229.3975 0.017% +50...+100°C
5.856548 7.277310 225.1033 0.003% +100...+150°C
6.002859 7.290361 227.1704 0.007% +150...+200°C
9.980622 7.388931 263.1239 0.395% +200...+350°C
6.089613 7.33502 230.3921 0.368% 0...+200°C

dl a cY = % 1 % £ [ [ a t:ll £ [
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Aund (pRed) HANDEITUING -1 e 1 AruanuldAsannng (Equation 9) (Tucker, 1979)

NDVI = PNIR—-pRed (9)
PNIR+pRed

2. N9ANHIATHAF19A9I8 T NDWI (Normalized difference water index) andagaainanaiiay Terra
72UU MODIS ganansinet MOD13Q4N Gaiiudayadaiinanssninuusadu Tudesszazioan 8 41 udwnsnesd
R RAIUTTNINNNTAE A ULRITENI TR URUNTUIA NG (Near infrared band: pNIR ) WATTMARLEUNTLIANAN

(Mid-infrared: pMIR) AnuaaulAma@sn1g (Equation 10) (Gao, 1996)
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pa = DN * Scale Factor (11)

Table 3 Layers / Variables for MODIS Hierarchical Data Format (Didan & Munoz, 2019)

Satellite Product Name of dataset (DN) Spatial Scale factor Offset
name Resolution

Aqua MYD_07L2 Retrieved Temperature 5x5 km 0.009999999776482582 -15000
MODIS Profile
Agua MYD_07L2  Retrieved Moisture Profile 5x5 km 0.009999999776482582 -15000
MODIS
Terra MOD13Q4N 250m 8days NIR reflectance  250x250 m 10000 0
MODIS
Terra MOD13Q4N 250m 8days red reflectance  250x250 m 10000 0
MODIS
Terra MOD13Q4N 250m 8days MIR reflectance 250x250 m 10000 0
MODIS
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(Table 4) 1M3LAszFaUTLIAERE Weighted sum aMniudanguiuiidesiauds Aadedaaandia (X) uazdau

Deauuninsgu (S. D.) Avsialil

|
o ¥ o

Nufidesdoudes Wiy X < X —S.D.
Nufideedoudalmnans windu X +S8.D.>X < X
Mudsaioudege whiu X >X < X +S.D.
‘ﬁuﬁ?@'mﬁmlﬁq@ﬂqm whiu X > X + S.D.
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Table 4 Scores and weight values of factors for drought risk assessment

Factor Weight Score Value
Accumulate Rainfall in 7 Days 11 <5mm=4;5-10mm=3;10-35mm =2; >35mm =1
Soil Drainage 10 Excellent = 4; Good = 3; Moderate = 2; Poor = 1
Average Relative Humidity in 7 Days 9 < 58% = 4; 58%-65% = 3; 65.1%-72% = 2; > 72% =1
NDVI 8 0-0.470=4; 0.471-0.547 = 3; 0.548-0.624 = 2; > 0.624 and <0 =1
NDWI 7 <0.224 =4, 0.224-0.350 = 3; 0.351-0.456 = 2; > 0.456 =1
Proximity to Watercourses > 2000 m =4; 1001-2000 m = 3; 500-1000 m = 2; <500 m =1
Slope >15% =4;10.1%-15% = 3; 5%-10% = 2; < 5% =1
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Figure 2 A bar graph showed drought risk areas for each district in Nakhon Sawan province
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Table 6 Drought risk levels for each district in Nakhon Sawan province

The drought risk levels (Unit: Rai)
Amphoe Total
Low (%) Moderate (%) High (%) Critical (%)

Banphot Phisai 65,538  11.52 293,309  51.58 199,119 35.01 10,719 1.88 568,784

Chum Saeng 145,223 3242 278,426  62.16 22,973 5.13 1,333 0.30 448,053
ChumTaBong 25436 10.74 51,000 21.53 139,378 58.83 21,086 8.90 236,991
Kao Liao 37,507 23.38 99,609  62.08 22,642 14.11 687 0.43 160,545
Krok Phra 40,487  21.80 105,940  57.03 37,124 19.99 2,195 1.18 185,845
Lat Yao 31,653 7.33 180,341 41.75 137,376 31.80 82,565 19.12 432,016
Mae Poen 56,139 34.52 64,668  39.77 41,737 25.66 81 0.05 162,725
Mae Wong 220,379  45.98 119,716 24.98 92,094 19.22 47,066 9.82 479,345
Mueang 53,213 11.38 95,155  41.73 153,358 32.79 65,941 14.10 467,753
Nong Bua 4,200 0.82 188,268  36.76 230,244  44.95 89,479 17.47 512,273
Phaisali 25,037 4.09 128,407  20.98 268,437  43.85 190,279 31.08 612,230
Phayuha Hkiri 76,485 16.52 113,957  24.61 140,666 30.38 131,888 28.49 463,068
Tak Fa - - 13,438 3.77 80,956 22.70 262,288 73.54 356,709
Takhli 88,850 16.65 112,457  21.07 131,479 24.63 201,003 37.66 533,851
Tha Tako 47,884 12.62 169,809  44.77 112,520 29.65 49,213 12.97 379,603
Total 918,031 16.12 2,114,591 35.05 1,810,103 29.87 1,155,822 18.96 5,998,629

Table 7 The comparison between drought risk areas identified in the research and recurrent droughts reported by

the Land Development Department

Recurrent drought in 10 years (number of point)

Drought
No phenomenon Under 3 events 4-5 events 6+ events Total
Low 22 (88%) 2(8%) 0(0%) 1 (4%) 25
Moderate 8(32%) 12(48%) 3 (12%) 2 (8%) 25
high 2(8%) 1(4%) 9 (36%) 13 (52%) 25
Critical 0(0%) 1(4%) 2 (8%) 22(88) 25
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Figure 3 Map of drought risk areas in Nakhon Sawan province, Thailand

99“] 5E 99/’?0'E 99‘?5'E 100i’0‘E 100]1 5E 100“?0'E 100:r35'E

Z Z
& K
2 = Recurrent Drought Risk Map of Nakhon Sawan Province e
z w<> E Z
o s e
e
z 2z
2 H
e e
z z
3 &
Z z
3 -3
© o
_ | Legend 5
o o
| Drought level =
e 2
A * Low
@ Moderate
= i 4
g A High | 5
o ¢ Critical 10
Drought area under 3 events in 10 years

= Drought area with 4-5 events in 10 years S & B ; =
iQ_ @€ Drought area with 6+ events in 10 years l:l:_:— —ﬁ
3 3

99“{5'E 99‘£O‘E 99"*5'E ’IOOLU'E 100415'E 100J30'E 100‘145'E

Figure 4 Recurrent drought risk map of Nakhon Sawan province (Land Development Department, 2021)
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Figure 5 Example of drought areas from a drought warning system

1111



A9ENTIMENAARTYINY TN 29 (1107 3) Muenew — FwIAN WA, 2567

BURAPHA SCIENCE JOURNAL Volume 29 (No.3) September — December 2024 UNAINIRY

o~
e

dundeiud <
LK

to 2 duninoadu _
A —e

2 wourvecunn

[ Auvedusduudoiud
—

[2 uvhdusouds

2 usuitn

Figure 7 Example of a drought warning system with Interactive features on a Website
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