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1981-2012, using linear trend and EEMD (ensemble empirical mode decomposition), this study focused on the changes in
the proportion of stations with abnormally high (95th percentile and above) precipitation and precipitation days in
multiple grades in Thailand as a whole and its five geographical regions and further analyzed the annual precipitation and
the variation trend of the relative contribution of annual persistent and nonpersistent precipitation to annual precipitation
above heavy rain level. The main conclusions are as follows: (1) Annual precipitation is the strongest in eastern and
southern Thailand and the weakest in northern Thailand. Additionally, during the 32-year study period, it shows an
increasing trend at 87% of the stations (with 22 stations reaching the 90% confidence level), showing the fastest increase
in South Thailand and the slowest increase in eastern Thailand. In Thailand, annual precipitation at the Bangkok and
Nakhon Si Thammarat stations on the coast of the Gulf of Thailand shows the most significant increasing trend. (2) The
proportion of stations with abnormally high annual precipitation, annual precipitation days, and mean precipitation
intensity increase significantly in North Thailand, which indicates that the range of extreme precipitation is expanding,
while in southern Thailand, only the range of extreme precipitation for precipitation above storm rain level increases
significantly. (3) In Thailand, precipitation above heavy rain level varies significantly in different regions. In North,
Northeast, and central Thailand, precipitation-heavy is more of a nonpersistent form, while in East and South Thailand,
two forms (nonpersistent and persistent) of precipitation are balanced. The proportion of stations with abnormally high
persistent precipitation above heavy rain level has a significant expansion trend in North and South Thailand, which
indicates that the range of heavy precipitation under the influence of the stable system has a significant expansion trend.
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Fig. 1 Geographical distributions of (a) the 32-year average and (b) linear trend (b, units: mm/a) of annual precipitation (R, units: mm) in Thailand

during 1981-2012. The shadings indicate the terrain (units: m), the red lines divide Thailand into five regions (North, Northeast, Central, East, and

South Thailand). In Fig. b, the triangles indicate that the linear trends for stations reach the 95% confidence level using the # test
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Table 1 Names, abbreviations, and calculation algorithms of the 12 precipitation statistics
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Fig. 2 Variations in the coverage rate of positive abnormal (a) annual precipitation amount and (b) annual precipitation days in whole Thailand during

1981-2012. The red line indicates the linear trend reaching the 90% confidence level using ¢ test
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F2 1981~2012 EREEGRENKE 12 MEKGHEHNERE L RBEROEMERE (Bf:a ')
Table 2 Linear trend (units: a ') of coverage rate of positive abnormal values of the 12 precipitation statistics in whole

Thailand and its regions during 1981-2012

IE S5 36 o T 2 S O 2R P 3

AP PD  AP-moderate PD-moderate AP-heavy PD-heavy AP-storm PD-storm MI AMD APP ANP
Ak 0.16% 0.1%  0.13% 0.12% 0.15%"  0.13% 0.04% 0.04% 0.09%  0.05%  0.09% 0.06%
Je# 033%  0.08%  0.26%" 0.29% " 026%  025% 0.05% 0.07% 0.27%  —0.07% 0.16%  0.12%"
It 0.11% 0.03%  0.07% -0.01% 0.12% 0.12% —0.07% 0.06% 0.05% 0.11%  0.08% 0.15%*
FE —0.01% 0.04%  0.05% 0.01% 0.06% 0.09% -0.05%  —0.01% 0.01%  0.03% —0.09% 0.04%
K 0.09% 032%  0.05% 022% 0 0 0.08%  0.05% —023% 022% —0.09%  —0.08%
3 I‘)JE . (0] . (0] . (0] B () . () B (0] . 0** . (0] . () . (0] . 0“ —0. ()
B 0.16% 0.18%  0.15% 0.06% 0.19% 0.05% 0.24% 0.04% 0.12%  0.14%  0.28% 0.06%

T RRIBIT 0% BAE KT M R EMEAG K, " RRIBIT5% B AR AT 1 R E VA K .

95%) HIF ki, HABHLX B BB
M AP-moderate 1F 5 i (1) 55 0T 7 BE 451 A2 44 8
(£ 2) KE, FEHBEEMSADHXEWAESG EAE
#, JRHEAEEA (0.13%/a) FLEE (0.26%/a) Hh
X 17 90% i) B 15 K-F. M PD-moderate IE 5
WHEERELNES (R RE, BRARILHIX,
IR [H BAR A X IR BA B, Hrhsik
(0.12%/a) AL (0.29%/a) FIARFE (0.22%/a)
X T 90% M EEKF. AP-heavy IF 57 # 1)
Pk iE oS L BRI ZRALL, T AP-storm IE 7 1% L
RAEER A R E Y K%, 1 Bt X004 o 5% R
SCMAE A T K. 28 %K1 AP-moderate. AP-
heavy. PD-moderate /% PD-heavy ([&] 3a. b) IER
W TR 78 5 R AR URAE B /K B (R AR I DU — B
HBAEER &S, RENEHLL L (K 3e)
IR AT R B

9 T HEFE AP-heavy IE 5 5wk s BT o L4522 4L,
M E A, K EEMD J7 %) 7= [F %k AP-
heavy 1E 5% i SUFT o LGS ) 72 51 34T 20, 15
B 3 NMEGIASEKEL (Intrinsic mode functions, IMF)
1A AT (B 4). IMF A& B A A [F = g A8
R H, ARG E 5 7 N E g
FIFAZ G, FIM&REE 7 f# (empirical mode
decomposition, EMD) #4155 H A 5] JUEE 1) 38 5l Al
AR R R, AT B AS B RBE £z 1y 21,
A DA WA [ Bf 8] ROBE (R SR AE .- ANIEL 4 AT DL
t, IMF 73 & 200 WSS ENEs, Fge o [ERY
KA. Hd, IMFI B ANRED&E, )
ZEOBREN 51%, EE s EDRIER K, HAE
2009 FELLE, AEORES): IMF2 47 BRI
FEXTAE K, 7 ZTTHREN 9%, HRIEAXTEN, 20

tH4d 90 FEAR LTSN EL/DN, 90 ARG s hn il ;
IME3 43 &SN N B 2 I IE . 470R0 IE (A7 A 49
i, JTETTEREN 6%, RIEAXTE/N; AT
T Z TR E AN 32%, X Ui AP-heavy IE 7 % [
HEBEY K@ES . ah, mTEA IMF &2 R
AARMEE A (IMF1. IMF2 4> 82 5 £ 301
2~3 afl 7~8 a R HAMEGFME ), (HIFA R #,
B AP-heavy 1FE 57 3l £ BT o5 HOAG) 76 A2 B R I
1) JEBAASAHEABR . BART S, AP-heavy 1E ¢
w3l ST 7 A AR A T 5 — N A A
ATy B TR E (1)
3.3 PEIKSRE

MBI KSR (MD (£ 2) k&, RAdk
H X MI IE 535 sl s BT o b B B3 1 sk e
W, IR F) 0.27%/a, HARHL X YK B G Ot
ANEZE . WZREFKR MI IE 55 78 5 R0 B kA
RN (B 5) K&, 1993 LRI, FEXHEA R
e s, 19934 L, B R Eugn, £
2011 “Fik 5] 0.14.
34 SKIFEEKBH

&2 M KREEEEKHES (AMD) XE,
Brbaish X, 7% E AR &N HIX AMD IE 5% 7
mRWBAAY K, EFRAEE, R EREAm
5 (E6), HEHER 1999 4 L5 5 LLATAH Eb
AN, P 1999 4 5 s K H Bk
iy it 2 (A 100 R BIAE 1 58 22 Rk i
3.5 FMWEH LA EFFEEREKEMIEFRFEEREKE

B 2 H 0 2 W 0 DA b )RR 2k v PR K &
(APP) ml%n, FREBAA, Jb30. ARACH AR HEHb
DX IE S il T o EE B B ko s, (R AR DL
FEG IS T 90% HBAF K HRl 2R i th [X



2 Wl I 32 AR [ PR I 32 ZAR AL T 7T
No. 2 YANG Wenting et al. Study of the Main Trend of Precipitation in Thailand over the Last 32 Years 269

K3 1981~2012 FFHEANRE (a) PWHHLL L (b) BWIUNELL L. (o) REMPINLLERKE OREARD KK HH CREHIRD
ERFHEGERNEN. Ea, brh, 4 (B S&nBKE (KHED mgkibésy, gdb@iimd 00% BEKCr K8 EE Aok

Fig. 3 Variations in the coverage rate of the positive abnormal annual precipitation amount (gray bars) and precipitation days (black bars) above (a)

moderate rain level, (b) heavy rain level, and (c) storm level in whole Thailand during 1981-2012. In Figs. a and b, the blue (red) lines indicate the

linear trend of precipitation days (precipitation amount), linear trends reaching the 90% confidence level using ¢ test
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i 4 3T EEMD (Ensemble empirical mode decomposition) 75724 fif 1981~2012 AR EH B WH A LA LFF/KE (AP-heavy) IE 7%
55 R E]7 5145 B AT =4 IMF (Intrinsic mode functions) #7& (a) IMF1. (b) IMF2. (¢) IMF3 K& (d) &350
Fig. 4 The first three IMF (Intrinsic mode functions) components (a) IMF1, (b) IMF2, (¢) IMF2, and (d) the trend component of the coverage rate of

positive abnormal annual precipitation above heavy rain level in whole Thailand based on EEMD (ensemble empirical mode decomposition ) method

during 1981-2012

B5  1981~2012 FEHANFERFFIHIPE KL E 55 B o R0k, ik (a4 KRBT 90% BA5/KFIEENE 1%

Fig. 5 Variations in the coverage rate of positive abnormal mean intensity in whole Thailand during 1981-2012. The linear trend (red line) fails to

reach the 90% confidence level using ¢ test
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APP SRR 52T, 731k 2] 0.46 F1 0.44, X B 7 243, ZRRI R 0 DX 5% WY 20 BA_E AR FEEOK
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Fig. 6 Variations in the coverage rate of positive abnormal annual maximum duration in whole Thailand during 1981-2012. The linear trend (red

line) fails to reach the 90% confidence level using ¢ test

Bl7 1981~2012 ‘AR E M0 LA ARG CREAR) RAF8E OROERD BOKEIEREH HRNAMN. BORFRRNHR
A A EARRREEE R B 2B, A OLRRBNIE R U EFEERK B LIEGY, LB ERE 90% EEK 1251 10k

Fig. 7 Variations in the coverage rate of positive abnormal annual nonpersistent (black bars) and persistent (gray bars) precipitation above heavy rain

level in whole Thailand during 1981-2012. The blue (red) line indicates the linear trend of the covering range of positive abnormal annual

nonpersistent (persistent) precipitation above heavy rain level. All linear trends fail to reach the 90% confidence level using ¢ test
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(Sharma and Babel, 2014).
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Fig. 8 Relative contributions (left y-axis) of annual persistent (black bars) and nonpersistent (gray bars) precipitation to annual precipitation above
heavy rain level in (a) northern, (b) northeastern, (c) central, (d) eastern, and (e) southern Thailand during 1981-2012. The black lines represent the

ratio of persistent to nonpersistent precipitation, the red lines indicate linear trends, corresponding to the right y-axis
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Fig. 9 Relative contributions of annual persistent and nonpersistent precipitation to annual precipitation above heavy rain level in different regions of

Thailand during 1981-2012
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