MIATIMENANARTYINN TN 20 (aTU7 2) WomAAN — RINAN WA, 2567

BURAPHA SCIENCE JOURNAL Volume 29 (No.2) May — August 2024 UNANNIAE

n15dsuunANLauLagsraIlsnnanig i 1aINga1924 (ETo) 18LAaULLUNSA
Tunmawtiaaaslnamaeds Quantile Mapping
Quantile Mapping for Bias Adjustment of Gridded Monthly Reference Crop

Evapotranspiration (ETo) in Northern Thailand
UNUNT Yeyfin'? infasn Anslan® Souns aanaean’ way TAuG 1ununs

Nopnapa Boonpin1‘2 , Ketvara Sittichok®, Thundorn Okwala” and Chuphan Chompuchanz*
" guehlfuEniseluvaciniamile Sausaman Usznalng
? NMATTIIAINTINTALIENY ARLSIAINTINANAATINUNIUAY WU INEARINEATAART LUszinalng
" Northern Royal Rainmaking Operation Center, Tak, Thailand
2Deparz‘mem‘ of Irrigation Engineering, Faculty of Engineering at Kamphaeng Saen, Kasetsart University, Thailand
Received : 3 April 2024, Received in revised form : 4 July 2024, Accepted : 14 July 2024

Available online : 25 July 2024

UNARED

TngUszasAnazing : YSuiunisldunaesiadnsde (ETo) WudayadrAnylunisuinsdanisunlaaianiznng

Uzl HUANABINI U TALIITNIULAZNNTINUNUARATIUN uaan1Hnadn ETo Tuszinalnadianuauanin ga

o a = \ X = o = 9 ' @

daya ETo WILNTAAINAZIBEAE 11 CHELSA uay TerraClimate avifludayantaidaniunisldanm edslsfiniugs

3 o = = s A2 qe - BT = 3 N & 4

fayanINa1981a AN UL 41UIAEH Al dngUszasAie UiuuiAvnewReedaya ETo huunsa buiui

mMAwtaresingdieis Quantile Mapping

A8ANTUNNSIAY : NAFRUNITUANUAIAINDLeITaYA ETo aniulddaya ETo s1aihau ananitaniauingn

7 witlunawiieaasingidudeyadiededuiudiuuiaoiuewassaasgadaya ETo LuuN3A CHELSA uae

TerraClimate #2135 Quantile Mapping Usziiumrnuinmeiesesdayanaunaznainisdiuudiaeldein e fifusf

AHLELLBEN (PBIAS) UarAdN1svAnbanduus ()

NANTSIAE | NANNINUNUFIAT ETo 2a99a3arianuaiinisuanuasiiy Gumbel distribution Adu1lsyAnBandunug
Ly = > = v & 1 = = 3 o . o oy .

seudedayaannaniiuardeyasuunsauansiindniaumestesdayaseAuganin (r>0.8) neulfuuinudg

19 CHELSA uaz TerraClimate 13z1diuAn ETo gand1aaniiuase annistfuuianinieulaenaunsnansn PBIAS

Ifag ludaaniaendy £10% wansliiiiudnlanuusiugssduaNIn

agluanisian : uan19AnagU1A913% Quantile Mapping a1xsndiuuiacniewdasesgadeya ETo wuunin

Ihatn9fldsz@nsnan Getaeniuasnuinaede luniealdaudusiag o iu nasansuaugalszniu n1sfanN

oy o dd e
anunanlieudauarnisAneniineadessialy

AdA - natfuudmanuewdes ; Bununisldunaesiesneds ; 78 Quantile Mapping ; CHELSA ; TerraClimate

793



MIATIMENANARTYINN TN 20 (aTU7 2) WomAAN — RINAN WA, 2567

BURAPHA SCIENCE JOURNAL Volume 29 (No.2) May — August 2024 UNANNIAE

Abstract
Background and Objectives : Reference crop evapotranspiration (ETo) is essential for water management,
especially for determining irrigation requirements and planning water allocation. Due to the limited number of ETo
monitoring stations in Thailand, high-resolution gridded ETo datasets, such as CHELSA and TerraClimate, serve as
alternative data sources. However, these datasets may contain biases. This research aims to correct the bias in
gridded ETo data in northern Thailand using the Quantile Mapping method.
Methodology : The probability distribution of the ETo data was tested. Monthly ETo data from seven meteorological
stations in northern Thailand were used as reference data for the bias correction of the CHELSA and TerraClimate
gridded ETo datasets via the Quantile Mapping method. The reliability of the gridded ETo datasets before and after
correction was evaluated using percent bias (PBIAS) and correlation coefficient (r).
Main Results : Results showed that all ETo data followed a Gumbel distribution. The strong positive correlation
between station and gridded data (r > 0.8) indicated high precision. Before correction, both CHELSA and
TerraClimate overestimated ETo compared to observations. Bias correction successfully reduced the PBIAS to
within £10%, indicating good accuracy.
Conclusions : The study concluded that Quantile Mapping effectively corrects bias in gridded ETo data, enhancing
their reliability for applications such as irrigation planning, drought monitoring, and related studies.

Keywords : bias adjustment ; reference crop evapotranspiration ; Quantile Mapping ; CHELSA ; TerraClimate
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Figure 1 Northern region of Thailand
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lauLBeNTetaya ETo Luunda dounaashadeyadost] w.a.2559 - 2561 (A.A. 2016 — 2018) ldiNanismssaganiaay

awRaNNa (Validation) 199n1915uuiAauewdasaesdasys (Table 1)

0.408A(R, — G) + y%uz(es —e,) (1)
ET, =
A+vy(1+ 0.34u,)
ot ET, - Bnamsldiresiadnegs [mm day']

R, = wﬁqmumﬂm‘iﬁ?ﬁmmﬁm’zgm’%ﬁﬁuﬁq MJ m? day']
G = WdsuANN Uit ne ARy MJ m? day']
T = gEuu)ienA [°CJ
u, = ﬂmuﬁfmmﬁiwﬁmmqq 2 LWWAT ANNRIAYW fm s]
e, — e, = A" Vapor Pressure Deficit (VPD) mmmméfﬂ@ﬁ’] [kPa]
A - pnuureslAspanuiletinau s [kPa °C"]
Y = AN Psychrometric Constant [kPa °c’y

Table 1 Monthly climate data from Thai Meteorology Department (TMD) stations

Code Station Name Elevation (M.S.L) Available Data Calibration Data Validation Data
48303 Chiang Rai 312 2000 - 2018 2006 - 2015 2016 - 2018
48327 Chiang Mai 390 2000 - 2018 2006 - 2015 2016 - 2018
48333 Nan Agromet. 264 2006 - 2018 2006 - 2015 2016 - 2018
48334 Lampang Agromet. 315 2006 - 2018 2006 - 2015 2016 - 2018
48373 Si Samrong Agromet. 54 2006 - 2018 2006 - 2015 2016 - 2018
48378 Phitsanulok 44 2000 - 2018 2006 - 2015 2016 - 2018
48387 Doi Mu Sue Agromet. 863 2000 - 2018 2006 - 2015 2016 - 2018

2.2 gadaya ETo s18uAnuuLuninnaINaziaenga

ﬂgmil"m:nl@ CHELSA (Climatologies at High-resolution for the Earth’s Land Surface Areas) Weu11a ¢l
anniudse bl Buy wazgiivimlata (wsL) iugadeyaanineiniAsiaihan auansatlszann 1 nu. X 1 na. aald
AINN7aRIUIA (Downscaling) TAdayaanIwaIn1A ERAS (ECMWF Reanalysis v5) H1unszuaun1stiuuiaois
ﬂmmﬂ?ﬁ'@mmgﬁﬂizmﬂ (Orographic Correction) Aat1da3a72ALAI1NEY GMTED2010 (Global Multi-resolution

Terrain Elevation Data 2010) wazUfUuAANLELR e (Bias Correction) a’hﬂﬂqmﬁ’@gmmﬁ GHCN (Global Historical
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Climatology Network) (Karger et al., 2017) laqiiugadaya CHELSA dn1sulfuilgaiilu Version 2.1 arunsnanayd
Tuandayalaain URL https://chelsa-climate.org/downloads/

ﬁm‘ﬁ’ﬂﬂgj@ TerraClimate Wenun1mgl Climatology Lab, University of California, Merced Lﬂuﬂ;m"ﬁﬂg‘mmw
anTATIEReU IUANIAlszINn 4 na. X 4 na. Tdannsuanugadagaanwainid CRU Ts4.0 (Climate Research

Unit time series data version 4.0) Larqadaya JRA-55 (Japanese 55-year Reanalysis) $a1fiugndayaniainis

v ¥

AINATIBEAEY WorldClim Tnein19naaauANaNinnanus (Validation) 2a9dasya TerraClimate Aoagndaya

Q ]
v

an1% GHCN, SNOTEL, RAWS uaz FLUXNET (Abatzoglou et al., 2018) faqiiudasya TerraClimate Tiu3n19viang
aallnanlnensalsain URL https://climate.northwestknowledge.net/TERRACLIMATE/index_directDownloads.php
79U IHLEFN19111 THREDDS Data Server (TDS) wag Google Earth Engine

o

3. TUARLNITANLUNLIAE

3.1 mMstsziduautndeneresgatoya ETo wuunia: Widaya ETo wuuninangadeya CHELSA uaz

1 k7

TerraClimate lwWnznianiiianssiuantgniianine i sauiisuiudaya ETo 1esanniilaanadndaya ETo 184

al
%

@ﬂﬁﬁLﬁuﬁ@H@ﬁQﬂMQQ AATZANNNEN (Precision) WATAINNLNY (Accuracy) AReAdNLseAnanduwus (1) uaz

ANUBFFUFAIINLELLRLN (PBIAS) 94NN 2 kA 3 ANNAAU Iagarlss iU unananauLasuaanig

fuudaaueuaes
= LS =9 G -6 (2)
[[Z1(Si — DAEL (G — B2
NG =S
ppias = 2= G5 0., )
i=1 Si
[T = A1 ETo Anan1il (Station) 284n3gsHesanen

S = ALaAY ETo Ananiil (Station) 284nsngeliesanen
Gy = A1 ETo wuunsm (Grid) mﬂm%’mﬂ@ CHELSA / TerraClimate
G - AR ETo LuunsA (Grid) angadeya CHELSA / TerraClimate

A1 rifuduensyAuANdNTusIzudNedaya ETo ananniiuazdeys ETo wuunsalagsn r Ay 1
=X = ¥ a A o [ v ISP g ¥ 1’/
azuNned ETo anannduazdeyauuuniadaaudiiusiaense 61 r A1y 0 unaacudn deaya ETo anvisaes

! s o o o 1 o ) ! o A a ' 1 ¥ a =
ﬂQNVLNNﬂQWN’&NWMﬁMQﬂu @21A1 PBIAS luaTissiluAuuanF1Nsenans ETo AMNVBYALUULNTAURZANIU AN

' o

aun199 3 Wanvualidasys ETo ananiiifadniudeyaaseingmadald feiu PBIAS NlA WAL 0 uansdndoya
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wuundaianindena (lddaauiewdes) dau PBIAS AdaAduuan azuunaiadayauuuniailsyidiu ETo lagandd
A uLTUASY (Overestimate) uaz PBIAS AidAduauazunnaistayauuunialsviiiu ETo ldaindnaauiiuass

(Underestimate) #5Ln1suianinumangsedan r uaz PBIAS Wuseausng < slauandlu Table 2

Table 2 Performance rating as a function of r and PBIAS (de Oliveira-Junior et al., 2021)

Correlation Coefficient (r) Rating PBIAS Rating
0.0-0.1 Very Low
0.1-0.3 Low PBIAS < +10% Very Good
0.3-0.5 Moderate +10% < PBIAS < +15% Good
05-07 High +15%< PBIAS < +25% Satisfactory
0.7-0.9 Very High PBIAS < +25% Unsatisfactory
0.9-1.0 Almost Perfect

\iasanndeyanin ETo 989 CHELSA uaz TerraClimate Hau1an3alaiivinfiu (Figure 2) Astiuiiinanaauiow
a % = a ' a R gy P o o a ° '
\Be9789daya N1 INANINUANAINTRIUIANTA A TENN98F9NUN Buffer 7uAFAN 10 AlaLNATAINATUML
winanitgaionanantealdllsunsn QGIS e unvaLngnsLAWIMd AR ETo ldlunui Buffer sag
P43 Zonal Statistics wariNFaLaLiLdayanmadhuesaniil

3.2 msusfuuniaauieuBeNeesgadeya ETo WULNFAAILas Quantile Mapping: Tntn1snAgaLANNFIW
Y = ¥ a A 6o dl a o ?/ =2 % ]
drdaya ETo ananfuazdeya ETo wuunsaliaridunisuaniaiauiiuuieaii antuasaiensmpanuiiag
\uazan (Cumulative Distribution Function, CDF) waziszanupinslmasaes COF 193vaaesgndeaya Wagsia
Werdunnelau (Transfer Function) aAMntiudug CDF aasivaasgadayanirraulnadinaaiuuazyinnislfuuideya

ETo wuun3mmaaiendutnaleu (Velasquez et al., 2020) (Figure 3)
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Figure 2 Comparison of TMD station 48303 (Chiang Rai) 10 km. buffer and gridded ETo data.

1.01
0.8- Observed ETo
0.6- Bias-adjusted

gridded ETo P Gridded ETo

0.4+

0.2+

Cumulative Distribution Function

0.0+

Monthly ETo
Figure 3 Quantile mapping for bias adjustment of gridded ETo (Modified from Velasquez et al. (2020))
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nuddeilddays ETo 1ewnanifiuas ETo uuunsaluiui Buffer idnumsnseivaniiiniafrensiwuan
KAIANND UL Gumbel (Gumbel Distribution) weniusnenaunaziaanld One-simple Kolmogorov-Smirnov Test

a

(K-S Test) Fuiilupsasiiaatinnasuuuy lildnismmasntianldinavia il lunnsdnmdaudmisaniasineauas
gVINANEN (Alam et al., 2018) MMN13NAABL Goodness-of-Fit NzALIIAATY 0.05 wazwIAINIIHEeS Location ()
warw1Hwas Scale (B) va9daya ETo aAn1Huas ETo wuunsa iwernunawnsiaridudialau (n) Awisimes g

uaz B AIANNIN 4 uaz 5 antluiasAn ETo wuunaa iy CDF seaunns? 6 Tneldipsasiia Raster Calculator lu
Tusunsu QGIS uaaA wInt Inverse CDF daya ETo uuunialaeldiaridudaten h,uas hg Tunsdfuudan pg uay

B AaANNIN 7

Us
W hs (4)
g
Bs
L _Bs (5)
P Be
FG _ e_e-(XG-uG)/BG (6)
X’G = Fal = hp.uG — hBBGln(—ln(FG)) (7)

Toy Fguaz Fgl CDF ua¢ Inverse CDF 224 ETo a1ndasauuunia

xguar Xg = A1 ETo andayauuunsa was ETo fayauuuniandiuusmanuiaudouds
i WAY g = Awnadiwad Location andiaya ETo annfuazdaya ETo wuunin

Bs LAY Bg = A9Fmes Scale andaya ETo anniluazdaya ETo uuunsa

h,Uag hg = Weridunelau (Transfer Function) W1a&LeT w ey B

o o ° Y aa P AN e P D . ] =
ANUTLUAT 1 WA B ﬂquqmﬂQﬂQﬁINLNum DIAT L ASHANNINLATLRAE (Mean) TANUDHA ETo a21AN B TN

Adszann (t x 0) /6 lagl o ﬁ@mmwﬂmmummﬁm (Standard Deviation) 7@4d@a3a ETo

NAN152AE

o

HAN1INAAAL Goodness-of-Fit aael K-S Test NszauiadnAty 0.05 Aauansli Table 3 WLG1 NNTUANLAY

o

v
a o ¥

ANAKLL Gumbel WinzaNdmiudays ETo 1esanniigaloningvisunn wazdoya ETo Luunsanauiauum

Q- q

anidutag Calibration 4838 CHELSA inauilunanuazdass TerraClimate AAUAWIAN IEIUULAZAINAN NAFDL
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Goodness-of-Fit liunszALid1Aty 0.05 agnelafinn uddan1suaniataNdNIMNNzaNTIgATR9UFATIABUENA

wansinaiuhlanudsnisdszanadiuazaniil wiludupeunislfuutaouewdssesdeyauuuniadunisdsuudly

1%
o K

nMnsINTINUNTIarNasnandayadaulugl (Majority) (Wan Zin et al., 2009) fstiiastiadndaya ETo seipanlu
d” -ﬂl =) =
WunnAmteged main1suAnLaIuLY Gumbel

HaNT9UszuANNUN@an e TasAdRyanTA ETo naulazndsn1stiuuiaauieniass Aauanalu Figure 4

WU ANdNssAnBaNdNRUE (1) 3vudnen ETo arnanituazaindeyauuuniavialugas Calibration way Validation

v
o a '

MMNANAININNGN 0.8 WaNa19unAn r luwsazan tifsuanalu Table 4 WUT1AN r iSUNARAININNGT 0.8 viariau
wazndsn1sliuuiaoniewdesaveg lunusiponunasassdeyasedugennn adnglsfinnue r neuuazudsnis
dsuuimanuenassialiunnsteiuniniin iwesainlwnuddeisiuiines uaunsdfuuianuewdesaesdoyats

azyWidayadavuuiy (Accuracy) Nnnauusiazlidenasianauiies (Precision) 10edayanniin

Table 3 Goodness-of-Fit result using K-S Test

Calibration Data Validation Data
(2006-2015) Station CHELSA TerraClimate (2016-2018) Station CHELSA TerraClimate
san v v v Jan v v v
Feb v v v Feb v v v
Mar v x x Mar v v v
Apr v v x Apr v v v
May v v v May v v v
un v v v Jun v v v
Jul v v v Jul v v v
Aug v v x Aug v v v
Sep v v v Sep v v v
Oct v v v Oct v v v
Nov v v v Nov v v v
bee Y v v Dec v v v

&13uAn PBIAS flaunistfuufmonuieidasaesdeya ETo uuunsasialugas Calibration uaz Validation &

Ailuuansisunn (Figure 4) Taunnaap ETo angadeyauuunsalssiiiuligendndn ETo ananiil (Overestimate)

o & A o % = o Y o . . & 1 ad . . o v
YNU LN@‘]J?‘LJLLﬂﬂ’J’]NLﬂuL@ﬂﬂ‘ﬂ@QﬂlﬂH@LL@Q Tudumanng Calibration aZ1i13138 Quantile Mapping AU

PBIAS HA0el7 0.00% wazludumaunig Validation ialdwisdmes puas p uazieidudalaugapaaiudunau

802



MIATIMENANARTYINN TN 20 (aTU7 2) WomAAN — RINAN WA, 2567

BURAPHA SCIENCE JOURNAL Volume 29 (No.2) May — August 2024 UNANNIAE

n"3 Calibration NNARSLTNDATIAABLANANIGANKA WLINA PBIAS 283tadaya CHELSA HA1 -7.31% uay

¥ A '

gadaya TerraClimate 1A -8.74% T9Dadn PBIAS agludad £10% agflunuaiannuiuaesdoyassAunnin

=

ddupn PBIAS luusiazaniil (Table 4) wusnnieunistfuuimnueuenaasdayadouninilean PBIAS il

=

uan lnagadaya CHELSA & 3 an1HNHAT PBIAS guifiundn 25% aglunasinonuusiulusedulinaiiiasdniy

U

'
Aaa

il 1d9uls (Unsatisfactory) daugadaya TerraClimate § 2 an13NNAY PBIAS 531919 15% - 25% ag luinnsi
AU luszAuNa g iUt I 199w (Satisfactory) wsgladAaNawBaswaaagiig ‘1;”\1?: dleUsuudaanuen
\@enudanudnan PBIAS lunnaniiiiiAntioandn 15% aglunasinnuusineesdeyassiun wandliiing1ds Quantile
Mapping Hilsz@nsnmlunisdiuanaaueuidssaasadays ETo wuunsals

an Figure 5 uansliiuAaAtIEA au0e ETo angadeya CHELSA uat TerraClimate §195ULAAE
annfineunazuainigliuAtauamdes wudn Tnaniwsandaulugian ETo wuuniaanasunlndimasiy ETo a9
a01il uazanAIauansAn ETo laaamailnudn ETo fpdaya CHELSA anasann 1,469.9 - 1,758.6 Hadlumasiall
Wl 1,217.9-1,518.4 Raawunsfel (amas 13.7 - 17.1%) dau ETo fadasa TerraClimate AAAIAIN 1,385.5 —

1,506.8 NaAwNAIAal 1u 1,255.0 — 1,418.3 NaAMAIADLl (AAA9 5.9 — 9.4%)

Table 4 Reliability evaluation of gridded ETo datasets before and after bias adjustment at each TMD station.

CHELSA TerraClimate
Station  Correlation Coefficient (r) PBIAS Correlation Coefficient (r) PBIAS
Code Before After Before After Before After Before After

Adjustment  Adjustment  Adjustment  Adjustment  Adjustment Adjustment Adjustment  Adjustment

48303 0.92 0.92 19.40% -0.53% 0.89 0.86 7.00% -1.53%
48327 0.89 0.90 4.51% -13.24% 0.90 0.87 -0.29% -8.43%
48333 0.86 0.92 35.54% 13.60% 0.87 0.88 22.9%0 13.25%
48334 0.86 0.93 26.45% 5.36% 0.87 0.89 20.00% 11.38%
48373 0.91 0.94 32.98% 14.36% 0.91 0.91 11.97% 5.21%
48378 0.92 0.93 9.61% -6.70% 0.92 0.91 -0.04% -5.30%
48387 0.93 0.93 20.60% 1.99% 0.93 0.90 12.45% 2.66%

803



250

Original Bias-adjusted

200 -

ETo - CHELSA (mm/month)
I @
[ =) o

50

y =1.19x
r=0.82
PBIAS = 20.31%

&

y = 0.99x
S S r=0.83
K PBIAS = 0.00%

&

(a)

250

50 100 150 200 250

ETo - TMD Station (mm/month)

N

o

o
1

ETo - CHELSA (mm/month)
) o
o o

Original Bias-adjusted
y=1.11x Pard
r=0.84 7 & v
PBIAS = 12.10% o
o’
peo:
Al >
8 XN y =0.92x
26 ] r=0.83
BTN S PBIAS = -7.31%
EE
v (c)

50

50 100 150 200 250

ETo - TMD Station (mm/month)

250

MIATIMENANARTYINN TN 20 (aTU7 2) WomAAN — RINAN WA, 2567

BURAPHA SCIENCE JOURNAL Volume 29 (No.2) May — August 2024

N

o

o
L

150 -

ETo - TerraClimate (mm/month)
o
o

50

Original Bias-adjusted
y = 1.09x ‘
r=0.84
PBIAS = 9.95%
\<.‘; Q ¢ g
o S o
% %
o8
y = 0.99x
y 5 r=0.83
. & PBIAS = 0.00%
% (b)

50 100 150 200 250

ETo - TMD Station (mm/month)

250

N

o

o
L

ETo - TerraClimate (mm/month)
= @
o o

[$)]
o

Original Bias-adjusted
y=1.01x
r=0.86 W
PBIAS = 1.65% -

y=0.91x
X r=0.81
ke PBIAS = -8.74%

it (d)

50 100 150 200 250

ETo - TMD Station (mm/month)

UNANNIAY

Figure 4 Relationship between gridded ETo datasets and ETo from TMD stations, calibration period of

2000-2015 (a), (b) and validation period of 2016-2018 (c), (d).

A1n Figure 6 LAAIA282N9AN ETo WuUn3adeiun lunauiuseu w.A. 2559 aziiiudngaenaunisdsuud

ANNNLEULEENTD9AT03AIRY CHELSA uaz TerraClimate A1 ETo Tuiuiniamilainisnszanaeg ludaatszunn

140 - 200 HARNAT ANLANANTEIA ETo Tudeiunazunnseiullnintadasing o iy dnwozniivszme nsld

a

M5 A NTwlum dlus (A et al., 2019; Mo et al., 2004) ndsanliuuianueudetesgadayaniassga wudn

A1 ETo HA1anas TneiA ETo 789 CHELSA azilANanadunnngn TerraClimate atin9dntan ilasann gadeyanes

CHELSA riaunisufuuiaaueuidasiinisdsziiiudn ETo gandiaauiiuasennnnda TerraClimate Niseidiuen ETo

InAtAsaiugnningmade faiu Wenin1sdsundnasieritunnalauasdenaliian ETo 489 CHELSA HANanadNInngn

TerraClimate asinaiuladn
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Figure 5 Monthly average ETo from CHELSA and TerraClimate datasets before and after bias adjustment
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Figure 6 Distribution ETo from CHELSA and TerraClimate datasets before and after bias adjustment
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