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Comparison of the Evapotranspirations in Monsoon Asia
Estimated from Different Methods

Akihiko KONDOH*

Abstract

Monthly evapotranspiration over Monsoon Asia is calculated by Thornthwaite method,

Penman method I, Penman method II, Modified Brutsaert-Stricker method and Morton method
using FAOCLIM agroclimatic database. Penman method 1 uses the albedo value of 5%, which
represents the albedo of open water, and the monthly values are multiplied by empirical coeffi-
cients to get potential evapotranspiration. Penman method 1I uses the albedo of vegetation, which
is assumed Lo be 15% in a low latitude. Brutsaert-Stricker method uses the albedo of 15%, and
is modified for wet environment evapotranspiration not to exceed potential evapotranspiration in
humid condition.

The distributions of evapotranspirations over tropical area are compared to evaluate the

methods. The results are described below.

1

(2)

(3)

(4)

(5)

The difference of the evapotranspiration by each method is small in a mid latitude. It becomes
large in a low latitude. Tt suggests the limitation of the semi-empirical methods developed in
the mid latutude.

Penman method [ gives lower evapotranspiration than other methods in a low latitude.
Application of the empirical conversion coefficients derived in a mid latitude seems to be
misleading.

The difference between the evapotranspiration estimated from Thornthwaite method and
Penman method II or modified Brutsaert-Stricker method becomes large in a low latitude,
especially in the station where the amount of precipitation is large. This confirms that the air
temperature is not a proper indicator to express net radiation in a low latitude.

Morton method overestimates the evapotranspiration in humid tropical area. It is because the
Morton method overestimates the net radiation due to the underestimation of the albedo.
In term of the criterion of maximum annual evapotranspiration in the tropics, Thornthwaite
method, Penman method II and modified Brutsaert-Stricker method give reasonable results
for annual values. Monthly evapotranspiration can be evaluated reasonably by Penman
method II and modified Brutsaert-Stricker method. In case of semiarid area is included,
modified Brutsaert-Stricker method seems much better because it considers the effect of soil
-water deficiency on evapotranspiration by complementary relationship. It requires, however,
the correction for the underestimation of evapotranspiration in winter season.

Further field investigation should be made to get actual evapotranspiration in the Monsoon

Asia.
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ERBEBHFOANT—2% & L TFAO(Food
and Agriculture Organization of the United
Nations) & EE I 2 vl & L TULEE L 72
REMDABIET—F €~ + (FAOCLIM) %4
HUL”z, FAOCLIM iz 7 v v E—7 4 A 7 THth
&, Table 1 iz/RT11FEENIEE @ A FHEH
BHEN T3, 2 b6DHHO—FIxFENTlE
], HEERICL2b DL h B, 2L 2iE, BHE
it (No. 9) K SHd Ttk - 2tk IBMRG, £
D 3 DOMB T L ICREES LA L 7

Table 1 List of variables in FAOCLIM agro-
climatic database.
No. Weather Elements Unit 2
01 | Average monthly precipitation mm
02 ! Mean monthly temperature T
03 | Mean monthly maximum tem- ko
perature
04 | Mean monthly minimum tem- C
perature
05 | Mean monthly water wvapour |hPa (or mb)
pressure
06 (reserved)
07 | Average monthly wind speed at m/s
2m above the ground
08 | Relative sunshine fraction %

09 | Global incoming radiation cal/cm?/day

10 | Mean monthly evapotranspira- mm
tion

11 | Mean monthly day-time tem- €
perature

12 | Mean monthly night-time tem- T
perature




BEOFECLDEYA—2 T V7 ORFEMEHREEEOLE
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B L Thd. TNLOHHBDFHFEIZ
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Table 2 {7 ¥ 7 HURN18 4 ElIz Dv THREK
BOFHHICLEYL 5 HE OBNEENRER, R

B L U % 77, FAOCLIM T3 #IBE 4445
BXUERHHPITE - AR AHESRINT
BY, HAT—3 a3 ricBiT 5 EMEMERIE
MBHZERTELD . T8, BAEEGTHD R
7—3i 3 > Table 2 OFFHFEDHIZBRAL T
H5,

iz L7z & 92 FAOCLIM Tk 5B EH
DHETHIRIE, 27— s B IUBRAMAT
LICRY - TwD, MBI RELEZEIE, &
Bfil & L T ORI 3 H B B A OfaT i B
LTHETH» 2., LirL, ERBEEIIMBOAKIE

Table 2 Observation periods (years) of four weather elements in FAOCLIM.

PR AT W5 vp SF
COUNTRY NAME | UNDP
NS CODE | MIN-MAX(AVG) | MIN-MAX(AVG) | MIN-MAX(AVG) | MIN-MAX(AVG) | NIM-MAX(AVG)
NS NS NS NS NS
JAPAN JEN 8- 70( 28.7) 8- 30027.4) 6- 74{13.5) 8- 70(28.0)° 8- 70(28.3)
139 135 128 138 139 139
SOUTH KOREA ROK 30- 86( 38.9) 30- 30030.00 6 30027.3) 30- 30(30.00 30- 30(30.00
9 9 9 9 9 9
CHINA CPR 20- 200 20.0} 20- 20020.0) 20- 20020.00 2- 20(20.0) 2- 20(20.0)
149 149 149 149 149 149
TAIWAN CPR 20- 200 20.0) 20- 20(20.00 20- 20(20.01 20- 20(20.0) 20- 20020.0)
3 3 3 3 3 3
PHILIPPINES PHI 7- 78( 24.2) 7- 30(19.9) f- 30(21.0) 7- 30(19.9) - 83(52.2)
52 5 52 6l 52 52
INDONESIA INS 3170 32.8) 3 30(14.5) 3- 56(12.6) ¥ 30(15.6) 3- 52(16.6)
4 43 3 7 17 3
MALAYSIA MAL 13- 98( 45.4) 2-400.3) - 1008.7) 2- 32(11.5) 10- 25(19.5)
3 3 b 18 2 14
SINGAPORE SIN 100-100{100.0) - 34034.0) NK 10- 10(10.0) 32- 32032.00
1 1 | 1 1
CAMBODIA KAM 10- 65( 24.7) 8 30{12.4) NK 9- 10( 9.6) 5= 5(5.0)
9 7 7 9 2
LAOS LAD %- 90 45.5) 9 10( 9.3} NK 9- 10( 9.3) 5 70 6.0)
4 4 3 3 2
THAILAND THA 10- 78( 34.5) 4- 78(15.8) 9- 78(15.7) 9- 78{15.7)- 9- 78(16.7)
64 62 53 17 3l Kl
MYANMAR BUR 10- 200 18.3) 10- 20(19.3) 10- 20(19.3) 10- 20(19.3) 10- 20(19.3)
3 34 34 34 3 3
BANGLADESH BGD 11- 73( 27.8) 11- 73(32.0) NK 11- 30(25.8) NK
T 12 11 li
INDIA IND 25-120( 40.0) 10- 30(29.3) 10- 30(29.2) 10- 30(29.3) 10- 30(26.8)
161 161 161 157 157 156
PAKISTAN PAK 8-120( 43.1) - B0LD) 3 60(21.9) 5 60(33.0) - 1309.2)
U 19 14 11 10 6
AFGHANISTAN AFG 5 130 8.9) 3 1309.9 1399 5 13(9.9) 5 13(9.8)
19 19 : 19 19 19 18
SRI LANCA SRL 30-111( 49.5) 30- 30030.0) 4- 30027.1) 30- 30030.00 - 30030.0)
14 13 10 9 4 1
NEPAL NEP 20- 20( 20.0} 4 W0 4.5) 20- 20020.0) 19- 19019.0) NE
33 B "8 1 1

Note) NS: Number of stations. NK: Not known.
PR: Precipitation, AT: Air Temperature, W5: Wind Speed. VP: Vapor Pressure, SF: Sunshine Fraction.

MIN, MAX, AVG: Minimum, maximum and average observation periods,

S | e
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N, 91.73E) »11,016mm TH 5, ZZTlx 6 H®
Bk RI22,67lmm I2ET 55 12H Iz H T

B

79 mm (2 E e,

. REBBOFTHFE

FAOCLIM 7— % & | 11O R FHH o
D 42NHE (A¥¥SIE, REHKkESAE A
EE A ERE, H¥EREE) 2HwWTY—r 27T
A b #:(Thornthwaite, 1948), ~<: =3 ik (Pen-
1948), Brutsaert-Stricker # (Brutsaert
and Stricker, 1979) & k ¥ €— b > #:(Morton,
1983) Iz & A ERKEDFSEE T 10, & B, T—

b ETIRERARLENT 5, £TFH0MHHIC
VB AHT— % % Table 3 12777,

V—r A7 x4} BRI & AR I A A
F—Yaricbits A EHAREEZHVTHEL
72, EH# 20t Thornthwaite (1948) & 2 v [ X HEME
(1980) % >3k % £ 88 & A7 v», Thornthwaite
(1948) I3 &L L TRENTWw A RENHIE

man,

Average Annual Precipitation
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Fig. 1

Distribution of average annual precipitation (Pa).
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BHcit, £AT— v a3 »OEELZHWTERDIZ,
c&FKDANELUTICTT,

c =(SD/12) * (NM/30) (2)

ZZT, SDR#EE,ILKHLENEEHNISHD
AT, NMIZHOHETH 5.

~2> 2 i3 Penman (1948) ? it frsic o n»
TAT» 20 G ELUFISRT,

Et=fXE, (3-1)
A
=t { Rat——E.}  (3-2)
Dty Aty
Z =T, E, : WHEESEE (mm/day),
E, : W& Y T & 3R AKTE
N #EFER (mm/day),
f o EEUKFEZESRR 2 THEREEICE
¥ 5 BBk,

A AR B 3 ieHKES RSO
)fz(hPa’C™"),
y [ EERES (hPa'C?),
R, IEBEKUH i (mm/day),
E.  BANFEEHHBIZ L HEREERT
T (mm/day),
Th b, (3-2) XAl o N O 5 — 5 & B
H, HNERNEE S,
Rn O #iE A2 Penman(1948) # Jfiv», Ea &3
{2 Dunne and Leopold(1978) (= & % ikt # v
Pz, 7272, W2 zHic10% 40T Th 5,

Eg=lﬂx(0.013+0.0UUIGUE) {953_93) (4)

ZIT, u, k2 mizdst) B R (km/day),
e, . AiRIC BT 2 MAKESIE (hPa)
e, I KIESE (hPa),

Thb,

~y 2y ikoFt TR (-2) R L 2l
BKmiZESRICA T itz b BBel f
Hht Cked B ik &, (3-2) A hIFIA o X IChl
HWER DT N~ F F 5 2 THEHBEWREESRR % K>
2NN S B, WIHENDHETIIKED T N~ F
ELT5%%5 2, HHNEMAKEZERERIC Pen-
man (1948) 1= & 5% f (Table 4) ##F TWHE
IR & L7z, #8913 Chang(1970) 2¢
DN TPl LTEH27215% % H
WTHRLR, ThEnr=rikl, “r=r
00 &4, 7eds, FAOCLIM icix~<>r=ik%
—MMEIEL 72 & 2 ERBMEF B Z N T
WA, HTEHEOENSAHETH B zHIAIC
AR T 12,

Brutsaert-Stricker 513, #i5¢ B £ (Bouchet,
1963; Morton, 1978) £ v 3 Z k12 &k » THFEM
ADIKDOBAE 54T 2 % VWi E D ZRSEHHIZ R
#EB L HETH S, MEBRIc D) EEREK
& HEE T AR % LLUF iz 25 9 (Bouchet,
1963; Morton, 1978, 1983), -

Euc: 2 XEw_Ep {5)

22T, Eu: #5EHHC & 2B HEHEEH
(mm/month),

Table 3 List of input parameters for evapotranspiration calculations.

Elements Units Thornthwaite Penmanl PenmanIl  Brutsaert-  Morton
Stricker

1) Average Annual mm/year . + S SR O
Precipitation

2) Air Temperature i o O o] O @] O

3) Wind Speed m/s e @] O O L

4) Vapour Presure mb e O O O O

5) Relative Sunshine % === O O O O
Fraction

6) Albedo % s 5 15 15 i
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Table 4 Empirical coefficients (f) to convert
evaporation from an open water surface
to polential evapotranspiration (after
Penman, 1948).
Month f
11~ 2 0.6
3~4, 9~10 0.7
5~8 0.8
E. | iBFBREE0AEZE R (mm/month),
E, : [fig S HcE (mm/month),
Thd,

Brutsaert-Stricker # Tt Ejld <> = L1,
Eulx Ik & Iz 77 ¥ Priestley-Taylor #: (Priestley
and Taylor, 1972)ic & & WTHE# S 4t (potential
evapotranspiration) # flv» %,

Ew=aE“=12&—5—Rn (6)

A+y

I I T, Eeold - # 7 5 & (mm/month) T 2
(Slatyer and Mcllroy, 1961). 7275L, HuhZAR
FITEERR L 22, N e BORHTHICH ST 5
BT EC H# D 5 (R ¥ o o f]1.26(2 Priestley
and Taylor (1972) #* “AE iz —H T, Bifin
T, &ML Tw3" B Ffis LT
ROIETH 5. KARAY L, WEDFHH
GBI TIY, ARG LREA(6)N D THE
gEat, THRHEAEEARERTERENSG Z L%
LT3 (), 1982),

Ep b LT_r=rikIl, E, & LTB)A#(6)iz
fCAT 3 LI T#b & 115 Brutsaert-Stricker
ENEBEAH LN S,

Y

R E
n Aty a

A
BS — = 7
E (2 a—1) (7)

+y
Z Z T, EBS | Brutsaert-Stricker ki & % %
HREEBHEMT, Rok Edd~<r=rIl L
LRXFHwWa, &3, a & L TPriestley and
Taylor (1972) A*:keh 7z 1ti1.26 % Mv+ 7z,
Brutsaert-Stricker il - 2o B, +
b BAIEIRIC & 2 EFEFATFIRI AL B L

B

BEDZEFEMEIIO0)R D E . TR EN DB, Z DR,
E,=E. T4 2O TIPHERE (=45 0.26
faEn R ATHICHN T 2z b, LirL, Euld
N2 I ERWE D, e, & e,DFEDNE L
b ERNEDMANE L %N, E,NFTHEEL %
DI LEOBHME DI e, A HEL 72 a(=
1.26) % TW A Z &dH 5, Z0Ha, B)NOHISE
BOG 2 48R MR+ 2 - THEARIE 2R 2 5
FERMIRSTRONDE Z Eich B,

F 2T, a8 Ben-Asher (1981) %0413
A (1984) L ERRZ LA Fooifil# & 5.2 5,

E.=E, (8)

ZOFMIIRE L ST T a OMEREL, a
FHWLZ LR ERT 2, T4bb, wieBER
IZBWT, EFRIEEZIRD TN L WL &0
LETREELTRr=riEll 2 HWRZ i
b, BHHTEENS drying power 25k E ¢
T AAICRAIERERFEH I NG D, TOBE
@ E,l2 Priestley-Taylor #: T4 %, LIF TI3(8)
Al & 2 7245 % A5I1F Brutsaert-Stricker
I,

i 5 3 o« OB L T, )11 (1982)
3R KRR > 7 — kI - SR E
B B0 5 20t &, ARREA L ,
DG H B4 e RO KT E o =114 THEE
WL LTwa, 72, Kayane and Nakagawa
(1983) iz AN F> A DTz v PV =iz B
BN A0 b W REZE SEECE: & L T1,450~1,550
mm/year DL & Ko, ThHFEHERED
1.04~1. 1265icMi4 2 Z L Z2HEL T3, W
THOHEED al2l.26L D /8,

E— b kISR R & BV TR TR 2 oK
HLFETHD, AFEFOBNGE DA 5K
AR ERDL I ETELDTHBZ Er b,
Z{ OBBRAHIWM) ANLNTWA, TNz,
FPEII M TH 5457, Morton(1983) (= APPEN-
DIX & L CitSEFIEA R E N T 5. % d5, (8)
KB # &M 12 APPENDIX thicidid 2 T d
N, 7977 AP HAAATH B,

if E, > E,
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YariZowTIToloh, EXA—TI¥TEN
&L L Mh#sFR % Figs. 2~6 12k d, HTIIE
IR 2 BRI L T v 2 2O ZeiE v 13 30
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TwWd,
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Distribution of annual evapotranspiration km
L I
Thornthwaite Method 0 1000
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Fig. 2 Distribution of annual evapotranspiration (Et) by Thornthwaite Method.
Distribution of annual evapotranspiration KM

Penman method I
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Fig. 3

Distribution of annual evapotranspiration (Et) by Penman Method .
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Distribution of annual evapotranspiration
Penman method II
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et L
Fig. 4 Distribution of annual evapotranspiration (Et) by Penman Method II with albedo of 15%,.
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34 TIIAXF, THYEE» L% 2 F > ich
T TRE L FERMEIHRL TV BHY, FREK
REazMIcLhwv, 2L, X250
KARACHI @K R (320dmm TH 5 5%, ~<>
v ikl BIUIIC L 2FEETBREIIZTNFN
1,650, 2,08lmm T&H 5. MBIz E W TkAE

7 SN HEE (& 2 RIS, £ 2 TSR DT
HBETWZonFER L L TEL Ty 3 (1R, 1989) .,
Lhi- T, RERBKREZHET 251218, K
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Distribution of annual evapotranspiration
Modified Brutsaert—Stricker Method
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Fig. 5 Distribution of annual evapotranspiration (Et) by modified Brutsaert-Stricker method.

Albedo (p) and & are setted to 15%, 1.26, respectively.
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Fig. 6 Distribution of annual evapotranspiration (Et) by Morton method.
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Latitudinal distribution of annual evapotranspiration (Et).

+ : Thornthwaite method, @ : Penman method [ (p (albedo)=5%, f=06~0.8) O :
Penman method II (p=15%,1=1.0), A& : Modified Brutsaert and Stricker method (p =15%,
a=1.26), B . Morton method.

YH: Yokohama (JPN), KG: Kagoshima (JPN), IS: Ishigaki-jima (JPN), CS: Casiguran
(PHI), CT: Catarman (PHI), HI: Hinatuan (PHI), SD: Sandakan (MAL), MI: Mili (MAL),
KU: Kuching (MAL), BU: Buluh Tumbang (INS), BO: Bogor (INS). Abbreviation of the

countries is UNDP 3-letter country code used in FAOCLIM.
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Fig. 8 Latitudinal distribution of net radiation (Rn).

@ : Penman (1948) p (albedo)=15%, O ' Penman (1948) p=5%,

H: Morton (1983), A: Fitzpatrick and Stern (1965) p = 15%.
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YH: Yokohama (JPN), KG: Kagoshima (JPN), IS: Ishigaki-jima (JPN), CS: Casiguran
(PHI), CT: Catarman (PHI), HI: Hinatuan (PHI), SD: Sandakan (MAL), MI: Mili (MAL),
KU: Kuching (MAL), BU: Buluh Tumbang (INS), BO: Bogor (INS).
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Table 5 Input parameters to calculate the evapotranspirations at three representative stations.

MONTH
STATIONS [tem ANNUAL
1 2 3 Ll 5 6 7 8 9 10 11 12

KUCHING PR | 643 537 333 283 272 202 191 220 265 326 333 447 40532
(MAL) AT |25.0 25.3 25.7 261 26.4 263 2.2 25.9 257 256 25.4 95.3 25.7
VP 27,7 28.3 28.4 290 29.5 289 27.7 27.8 27.5 28.4 284 28.3 28.3

148N WS | 1.8 1.7 1.5 1.2 141 1.2 1.2 1.3 13 1.3 13 14 1.4
110.33E SF 28 M 1 47 a0 48 47 46 38 38 39 H 41
a | LI6 1.13 1.12 110 110 112 115 1.4 1.4 1,11 1.1 1.12 1.13

. CHIANG MAI PR 14 ] 19 49 169 146 181 242 258 128 7 13 1262
(THI) AT (200 222 25,6 283 28.0 27.1 26,7 262 26.2 255 23.4 206 25.0
VP |16.7 165 17.7 21.6 266 27.9 278 28.3 284 266 22.7 175 23.2

18.78 N WS| 07 08 1.0 1.3 1.2 11 09 08 08 08 06 0.6 0.9
98.98E SF 82 8 7 72 Ll 43 35 35 45 60 72 80 62
a | 122 1.25 130 1.29 1.8 115 L4 1.1 110 1.2 1.4 1.22 1.19

NEW DELHI PR 22 19 13 7 13 67 202 197 123 18 2 9 692
(INDy AT | 146 185 245 311 354 352 316 30.3 30,0 27.1 21.0 159 26.3
VP91 80 1000 102 135 2.1 297 208 254 156 95 8.9 16.0

28.58 N WS 16 19 20 20 24 27 19 L7 16 1.2 1.2 13 1.8
TT.20E SF 73 M 69 3 7l 54 47 49 62 79 87 80 69
apy | 243 2,23 209 2.02 1.9 L.79 1.32 1.27 1.37 1.66 2.69 3.16 2.00

PR: Precipitation (mm), AT: Air Temperature (C), VP: Vapour Pressure (hPa)
WS: Wind Speed (m/s), SF: Relative Sunshine Fraction (%), a: the ratio of potential evapotranspiration
to its radiation term, which corresponds to the & in Priestley-Taylor method.
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Fig. 9 Monthly evapotranspitation (Et) at Kuching, Malaysia.
[1: Monthly Precipitation (PR),4+: Thornthwaite Method, @: Penman Method [, O:
Penman Method II, A: Modified Brutsaert-Stricker Method, l: Morton Method.
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Fig. 10 Monthly evapotranspiration (Et) at Chiang Mai, Thailand.
[]: Monthly Precipitation (PR),+: Thornthwaite Method, @: Penman Method [, O
Penman Method II, &: Modified Brutsaert-Stricker Method, l: Morton Method.
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Chiang Mai, Thailand.

Components and input parameters of evapotranspiration calculation by Morton method at

[J: Monthly precipitation, ll: Morton method (Eac), A: Wet environment evapotranspira-
tion (Ew), O: Potential evapotranspiration (Ep), @: Solar elevation, @: Albedo.
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Fig. 12 Monthly evapotranspiration (Et) at New Delhi, India.
[: Monthly Precipitation (PR), +: Thornthwaite Method, @: Penman Method I, O
Penman Method II, A: Modified Brutsaert-Stricker Method, ll: Morton Method.
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