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Standardized Precipitation Index (SPI) Map for Drought Monitoring

Case Study: Upper Ping River Basin
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Abstract

Drought is the cause of many problems affecting the likelihood and
food safety for mankind. Thailand has been facing drought
continuously, especially during the dry season. Drought can be
evaluated using Standardized Precipitation Index (SPI). This research is
therefore initiated with the objective to evaluate SPI for the Upper Ping
River Basin (UPRB). Monthly rainfall depth between 1978 and 2009
(30 years) at 38 rainfall stations covering the UPRB collected by the
Meteorological Department and Royal Irrigation Department was used
for an investigation. Generally the SPI values varied between -3 and 3.
Drought can be specified once the SPI values are lower than 0 and the
values close to -3 represented an extreme drought. However, the
estimated SPI only represent the values at each rainfall station. In this
study is therefore applied three areal interpolation techniques consisting
of Weighted Moving Average, and Kriging to interpolate the SPI values
for the UPRB. The interpolated SPI values were checked for their
accuracy using the cross validation technique by comparing between the
SPI values interpolated by different techniques and the SPI values
calculated using monthly rainfall depth at each station. The validation
processes cover the drought period of the basin between 2000 and 2001.
The results of the study reveal that Kriging yields more accurate
prediction than other techniques. Kriging is therefore suitable to be used

to prepare the SPI map for drought monitoring of the UPRB.

Keywords: Drought, Standardized Precipitation Index (SPI), Weighted

Moving Average, Kriging, Upper Ping River Basin.
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11w | 115 (31.94%) | 26(7.22%) 5(1.39%) 5(1.39%) | 151 (41.94%)
31feu | 129 (35.83%) | 33(9.17%) 11 (3.06%) 5(1.39%) | 178 (49.44%)
Gifieu | 99 (27.5%) 42 (11.67%) 18 (5%) 7(1.94%) 166 (46.11%)
91fieu | 118 (32.78%) | 30(8.33%) 21 (5.83%) 5(1.39%) | 174 (48.33%)
121hou| 116 (32.22%) | 33(9.17%) 17 (4.72%) 8(2.22%) [174 (48.33%)
f*hméﬂ 115(32.06%) | 32(9.11%) 14 (4%) 6(1.67%) | 169 (46.83%)
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Kriging (KG) Weightd moving average (WMA)
SPI oranls — =—
Spherical | Exponential Gaussian BGE] n=6,u=1 n=6,u=2 n=7,u=1 n=7,u=2 AuNaY
MAE 0418 0.416 0418 0417 0.426 0.442 0.426 0.440 0.434
1 MBE 0.000 -0.003 -0.002 -0.002 -0.022 -0.022 -0.019 -0.020 -0.021
RMSE 0.532 0.530 0.536 0.533 0.549 0.562 0.548 0.560 0.555
MAE 0.460 0.459 0.464 0.461 0.463 0.466 0.460 0.465 0.464
3 MBE -0.010 -0.014 -0.005 -0.010 -0.009 -0.008 -0.009 -0.009 -0.009
RMSE 0.580 0.583 0.580 0.581 0.596 0.603 0.591 0.600 0.598
MAE 0487 0.490 0.482 0486 0.486 0.504 0.486 0.502 0.494
6 MBE -0.022 -0.028 -0.018 -0.023 -0.051 -0.055 -0.052 -0.057 -0.054
RMSE 0.610 0.616 0.599 0.608 0.617 0.634 0.616 0.633 0.625
MAE 0.546 0.552 0.541 0.546 0.548 0.573 0.545 0.569 0.559
9 MBE -0.030 -0.035 -0.026 -0.030 -0.066 -0.079 -0.063 -0.078 -0.072
RMSE 0.666 0.676 0.654 0.665 0.678 0.703 0.676 0.700 0.689
MAE 0.561 0.567 0.554 0.561 0.559 0.588 0.555 0.584 0.572
12 MBE -0.029 -0.037 -0.028 -0.031 -0.069 -0.081 -0.068 -0.081 -0.075
RMSE 0.699 0.706 0.689 0.698 0.696 0.719 0.693 0.716 0.706
MAE 0.494 0.497 0.492 0.494 0.497 0.515 0.494 0.512 0.504
?’hméﬂ MBE -0.018 -0.023 -0.016 -0.019 -0.043 -0.049 -0.042 -0.049 -0.046
RMSE 0.617 0.622 0.612 0.617 0.627 0.644 0.625 0.642 0.635
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2 a4 o o A ' R ~ 5w ) Ao &
MINN 4 AURAYUDIATY SPI ﬂ&umuiuumx@um&mﬂuﬂ A.71. 2001 A1MIVNTU SPI NUBIIDT 1 1ADU

ey Mol SPI
qanindon

19,8, n.A. .. n.0. an. n.8. a0, el 5.0, 3.0, .. fi.a. Amde

e .4 -1.17, -1.36 0.89, 1 -0.76, -0.83 | 0.63, 0.55 0.45,0.48 [-0.54, -0.66 | 0.42, 0.38 -0.35, -0.43 1, 1.01 0.99, 1.03 | 0.81,0.84 ]-0.06, -0.06 | 0.19, 0.16
wihilkdaui 1
(16.11%) (11.94%) (9.35%) (-11.57%) (5.47%) (22.94%) (-10.86%) (22.93%) (1.55%) (4.08%) (3.83%) (-8.9%) (5.57%)

Y -1.25,-1.32 1 0.86,0.83 |-0.36, -0.48 | 0.85, 0.81 0.7,0.72 -0.45,-0.34 0.5, 0.43 [-0.33,-0.33 [0.85,0.92 ]0.95,0.95 | 0.85, 0.88 0, -0.01 0.26, 0.25
WA
(6.17%) (-3.26%) (32.07%) (-4.74%) (3.36%) (-24.83%) | (-13.63%) (-2.7%) (7.82%) | (-0.51%) (3.25%) (201.35%) (17.03%)

Ly -1.16,-1.34 1 0.78, 0.83  |-0.89, -0.89 0.8,0.54 | 0.58, 0.52 |-0.57,-0.72 0.62, 0.5 1-0.3,-0.33  10.99, 1.01 |1.05, 1.08 | 0.93,0.99 ]-0.04,-0.13 | 0.23,0.17
HUULILON
(15.19%) (6.18%) (-0.84%) (-32.26%) | (-11.85%) (26.32%) (-18.77%) | (11.66%) (2.05%) | (2.57%) (6.15%) (203.56%) (17.5%)

e 4 |10s-104 | 027,008 |-088,-09 052,052 093,097 |-0.88,-1.02 | 084,075 |-0.24,-0.28 |0.63,0.65 |10, 1.01 | 113, 118 |-0.13,-0.11 | 0.18,0.16
wihileaui 2
(-1.24%) | (-33.3%) | (2.83%) | (-021%) | (4.32%) (15.56%) | (-10.08%) | (14.85%) | (2.52%) | (-0.15%) | (4.49%) | (-11.03%) (-0.95%)

. -1.15,-1.23 [0.96, 1.08  [-0.92,-0.91 0.74,0.5 | 0.81,0.85 |-0.72,-0.89 | 0.97,0.77 |-0.11,-0.18 |0.83,0.86 |1.12,12 |[1.13,1.24 [-0.07.-0.09 | 0.3, 027
i (6.6%) (13.25%) | (-0.78%) | (-31.93%) | (4.64%) | (24.53%) | (-20.68%) | (62.81%) | (3.87%) | (7.19%) | (9.84%) | (37.11%) (9.7%)
. -1.07,-1.06 | 046,028 |-0.68,-0.73 | 0.61,0.63 |0.99,1.08 |-0.79,-0.9 |0.85 078 [-03,-031 [0.62,0.64 |0.86,0.85 | 0.92,0.93 [-0.09,-0.1 | 0.2,0.18
s (-0.97%) | (-38.02%) (7.9%) (2.92%) (9.32%) (13.1%) (-8.37%) (4.78%) (3.68%) | (-0.54%) | (1.04%) (6.75%) (0.13%)
. -0.98,-1.05 [059,0.72 |-0.74,-0.73 | 0.72,0.53 | 0.97,093 |-0.67,-0.82 | 1.02,0.85 [-0.15,-0.24 [0.96,0.85 |1.16,1.18 | 1.14, 1.18 |-0.04,-0.07 | 0.33,0.28
s (7.15%) | (21.92%) | (-0.94%) | (-25.93%) | (-3.92%) | (22.15%) | (-16.24%) | (62.04%) | (-11.67%)| (1.98%) | (3.55%) | (67.28%) | (10.62%)
. -1.17,-1.23 | 0.44,0.37 |-0.65,-0.67 |-0.58,-0.55 | 0.61,0.66 |-1.02,-1.01 |0.84,0.82 [-0.18,-0.21 | 0.67,0.6 [0.88,0.86 | 0.96,0.97 |-0.17,-0.2 | 0.05, 0.04
e (5.49%) | (-15.06%) | (2.64%) | (-377%) | (9.55%) | (-036%) | (-1.45%) | (1621%) | (-1035%) [ (-1.53%) | (1.83%) | (16.15%) (1.61%)
. . -0.94,-0.97 [0.11,0.05 |-0.86,-1.02 | 0.37,0.49 |0.92,0.91 |-0.62,-0.58 | 0.94,0.86 [0.04,-0.15 [0.79,0.73 [1.08,1.14 | 1.23, 1.18 |-0.08,-0.17 | 0.25,0.21
Hman (3.75%) | (-51.8%) | (18.4%) | (32.87%) | (-04%) | (-5.49%) | (-8.03%) | (-488.74%) | (-8.43%) | (5.25%) | (-4.04%) | (125.35%) | (-31.78%)
, o |-1.09,-1.14 ] 0.13,0.09 [-0.66,-0.71 |-0.34,-0.39 [0.53,0.59 |[-0.87.-0.88 [0.64,0.65 [-0.12,-0.19 [0.55 057 | 09,088 | 1,1.01  [-0.04-0.13 | 0.05,0.03

wihtldaui 3

(4.88%) | (-26.7%) | (6.96%) (13%) (12.85%) | (1.02%) (0.56%) (60.87%) | (4.43%) | (-2.18%) | (0.99%) | (213.92%) | (24.22%)

. L -0.97,-0.92 | 052,068 |-0.71,-0.69 | 1.09,0.94 | 1.14,1.03 |-0.47,-0.57 | 1.13,1.02 [0.21,027 [0.86,0.85 |1.14,1.25 | 1.05, 1.13 | 027,023 | 0.4, 0.44

UHLAUADUDU

(-4.96%) | (31.91%) | (-3.01%) | (-14.19%) | (-9.41%) | (2L.11%) | (-9.6%) | (26.13%) | (-0.48%) | (10.24%) | (7.85%) | (-14.48%) | (3.43%)
.o  |-088.-08 |0.09,0.16 |-0.52,-0.55 |0.53,0.53 |0960.96 |-0.57.-0.67 |0.96,0.97 |048,036 |0.87,0.77 [LOL LIl | 108, 112 |0.35029 | 036 0.35
HIUWHLANADUA N
(-8.87%) | (67.8%) (5.56%) | (-0.33%) | (-0.19%) | (16.49%) | (1.09%) | (-26.68%) | (-11.36%)| (9.97%) | (3.68%) | (-17.74%) | (3.28%)
. 112, -1.19 [ 024,016 |-0.52,-0.54 |-0.93,-0.82 | 0.69,0.7 |-1.1,-1.01 |0.76,0.72 [-0.3,-0.26 | 0.65, 0.6 |0.86,0.83 | 0.9,0.9 |-0.18,-0.25 | 0,-0.01
e (6.04%) | (-34.27%) | (4.42%) | (-1224%) | (2.02%) | (-7.80%) [ (-5.05%) | (-12.55%) | (-8.73%) | (-4.16%) | (0.31%) (35.69%) | (-3.03%)
. -1.03,-1.08 | 0.4,041 |-0.66,-0.64 |-0.12,-0.3 |-0.12,0.03 |-0.96,-1.06 | 0.38,0.45 [-0.04,-0.09 |0.76,0.75 |0.98,0.97 | 0.88, 0.8 0.24,0.2 | 0.06, 0.04
i @n2%) | @21%) (-2.03%) | (142.53%) | (-126.45%) | (9.96%) | (17.31%) | (118.08%) | (-0.35%) | (-1.37%) | (0.82%) (-18.67%) | (12.23%)
.4 -1.07,-1.12 [ 048,049 |-0.7,-0.74 | 035028 |0.72,075 |-0.73,-0.79 | 0.78,0.71 |-0.12,-0.17 [0.79,0.77 | 1, 1.02 1,1.03 0,-0.04 021, 0.18
RIIEE w20 | 331 (5.9%) Gs7e) | (7.19%) 961%) | (-7.42%) | (-931%) | (-1.82%) | (2.2%) (3.11%) | (59.74%) (4.97%)
, -0.88,-0.8 |0.96,1.08 [-036,-048 [1.09,094 |1.14,1.08 [-045-034 |1.13,1.02 |048036 | 1,101 |116, 125 [123,1.24 |035029 | 057,055
s (16.11%) | (67.8%) (32.07%) | (142.53%) | (12.85%) | (2632%) | (17.31%) | (118.08%) | (7.82%) | (10.24%) | (9.84%) | (213.92%) | (56.24%)
A -1.25,-1.36 [ 0.09,0.05 [-0.92,-1.02 |-0.93,-0.82 |-0.12,0.03 |-1.1,-1.06 |0.38,0.38 [-0.35,-0.43 |0.55,0.57 |0.86,0.83 |0.81,0.84 [-0.18,-0.25 |-0.18,-0.19
maga

(-8.87%) (-51.8%) (-3.01%) (-32.26%) | (-126.45%) | (-24.83%) | (-20.68%) | (-488.74%) | (-11.67%)| (-4.16%) | (-4.04%) (-18.67%) | (-66.27%)

' { o s ' o w
HAY: -1.17,-1.36, (16.11%) Wlﬂﬂaﬁ ANRAYUDIAYT] SPI Tae3% KG, WMA uag wefruanuIANA N UEIAY

134.8. w.a. uy. n.a. a.n. n.y. a.0. w.e. 5.A. u.n. N u.a.

| B g N
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1.0t0149
1.50 to 1.99
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D
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