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Tab. 1 Different arid and humid regions and corres ponding meteorological stations

W+ FX(EAR) FRX(AR)

T R IX(SAR)

WEIRE X( SHR) WIHX(HR)

il A 16 15

31 49 116
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Tab.2 Methods of estimating potential evapotranspiration
S 577 % A SR
Blaney- Criddle( BC) ( 1959) Ep=kp(0.46T,+ 8.13) k= 0.87
ol 57— Ty
Linacre(1977) Ep= 100- ?807 T T.= T+ 0. 006k m= 500
IR i -
Kharrufa (1985) Ep=apT}?3 a=0.34
(0. 0627 )
Ham on(1961) Ep= bD?P, P,= %ﬁ b= 0.55
Rohwer(1962) Ep=c¢(1+ 0.27U,) (e ea) c= 0.44
Jo B AL ik
Penm an( 1948) Ep= d(1+ 0.98/100U; ) (es— e,) d=0.35
s A (R G -
Priestley- T aylor( P T) ( 1972) Ep=f VY 3 f=1.26
Makkink( Mak) ( 1957 Ep= A ‘R”—OIZ = 0.61
akkink( Mak) (1957) e B )- 0.
R
Abtew(1996) Ep= K 5+ K=053
LALIRES
Hargreaves(Harg) (1975) Ep=n(T+ 17. S)R—}; n=10.013 5
Doorenbos Pruitt( Door) (1977) Ep= a[ﬁRJ + B B=-10.3
Jenserr Haise(Jensen) (1963) Ep= C(T-T,) RT‘ C,= 0.025
900 B
LRk Monteith( P M) ( 1965) 0. 408 MR = G)+ Y 7oz lales e

Ep= A+ Y(1+ 0.34) U,

T TR R RS — MRS O TT R 1 5 (5 TR R B ) s k ARSI IR BB p WA RPN B & AR B E S T N
& R, Cs b Ol FOSAE, my A NS S PRERIAE, ) s D NA RN K, by PO WAKYRE BTG R, R S8 4T, MJ/ (m2  d); Doorenbos
Pruitt(1977) A H a= 1. 066- 0. 13x 10-2RH + 0. 045U~ 0. 20x 10-3RH x Uy~- 0. 135% 10-4RH2- 0 11x 10-2U3; T, NREFHH, &3
- 3 C; BREILEE KR I BRS B ORIV AR0 R KD , HAb 4T 55 L R(3); Er A FEARBUR B(FE S5 2224 3Urh e ke ik Ui Wi, Ee
S mm/ d; 6 A LIEPGE R, MY/ (m? » d); Ry AAEVIRTEMFERG, MI/ (m? > d); Y BFRIEHEL kPa/ C; Ty 82 m b A
SRR, Cs e, ABAIKIRIE, kPas e, ASEFRAKIRIE, kPa; ARIREE WAKSERR ML T AHIRIZE, kPa/ 'C; Uy 92 m @A RGE, m/s; 1
G EBUN, TR RS

3 PM
Tab. 3 Correlation coefficients of different methods and P-M method
I EEVE SRR AR A i LiEP AR
577 % R b 57 % R 57 % R
BC 0.91 Rohwer 0. 89 PT 0.97
BC-ap 0.91 Rohwer ap 0. 89 P-T-ap 0.97
Linacre 0.95 Penm an 0. 89 Mak 0.98
Linacre ap 0. 89 Penm arr ap 0. 89 Mak ap 0.98
Kharrufa 0.90 Abtew 0.96
Kharrufa ap 0.92 Abtew-ap 0. 96
H amon 0.91
H amorr ap 0.91
Harg 0.98
Harg ap 0.98
Door 0.99
Door ap 0.99
Jensen 0.96
Jenserr ap 0.96

e Al SR - ap AL S 7
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P-M J7ERTUE S 9 1R 25 BURAR I e 5)) (288 7~
135 5 1 mm), S GE £ 7EE P-M 75T
AR R AL (K 4) . HPHSH, HPT
FIFEES M 5k ok 5 E Bl (M £
43 4 mm), Hamon JJiETHHINES PM J7iEIHHE
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VA2 I 5 TE ZEBUR 1) 250 B DL eSO T 4y L BRI
BT EN . BEEPE Hamon N EEH £ 8
T 600 mm, BRI H 2 Bt = IE 200% LA, oA
(PO PV AN A 2 B8 T Rohw er AP A 757204
R T 200 mm H o0 B 4 Hedb e £100%
THE SHE B Abtew VAU & #1300 mm #b, H 4
BITE 200 mm DL R, S0 H 4 LB 7E £50% LA
(E1).
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Tab.4 Annual values before and after adjusting parameters when using different methods to calculate potential evapotranspiration
IRV J AL v LR IR

I P ZEHORA mm T 5 2 BOR A/ mm I B 2 O A/ mm
BC 631.1 Rohwer 934.3 BT 841.0
BC-ap 883.9 Rohwer ap 885.5 P Fap 885.4
Linacre 1355.1 Penman 491.0 Mak 683.9
Linacre ap 885.1 Penmarr ap 886. 1 Mak ap 885.4
Kharrufa 631.7 Abtew 1187.0
Kharrufa ap 884.6 Abtew-ap 885. 1
Hamon 288.7 Harg 997.0
Hamorr ap 884.2 Hargap 885.5
Door 989.9
Doorap 885.4
Jensen 1018.2
Jenserr ap 885.9
G ST - ap” NS 5
p )
i 1 2w 3 L 1]
: i 11 S e
= Hi} —| | = e =
™= it 2 1 (LU i i =
& 1 { il Loy B 3 WE g Ales Haw  liss  Jpjesy =
k ‘1“ | dbwiicie L H | 1 4] - ; : - - - i i
1 : i e - Pttt T = i f o P=T Ml gl =
= _jin i w.lull |;- II- == oo i -T = E i o =
T { e : i
-i 1% i i
s b - b ) ==l BT —TE R
o bV BIFEVIEE NGRS Iy WEHEIL

1

Fig. 1 Variation value and variation percentage before and after adjusting parameters using differ ent methods
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Fig.2 Annual distribution of potential evapotranspiration using different methods
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12 ik 7E 2 HIOR fl 3 7k T I AEE AR v B AR,
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AHATR

2 5 A/ &, RA Hamon ¥ % 2500 {42
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Tab.5 Adjustment values of parameters using different methods
AL %

3 RIS SEOREME (|3 AT SEREE
BC 41.92 BT 6.87
i Linacre - 64.37 Mak 24.03

% ~

5 Kharrufa 63.78 E? Abtew - 25.71
Hamon 223.91 5 Harg - 10.02
g Rohwer 1.22 Door 98. 86
R Penman 90. 06 Jensen 15.53
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Fig.3 Month correlation coefficients of different methods which calculate potential evapotranspiration and PM method in different

arid and humid regions (correlation coefficients are the average value of all stations in every single arid and humid region)

6 PM
Tab. 6 Distribution of potential evapotranspiration calculated by

the formula PM in different arid and humid regions

AL mm
FHEX EAR AR SAR SHR HR
PM 73 1133.21 1046.32 857.78 845.39 852.75
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PMIPVESE A A A — B (2) BE i 1
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Fig. 4 Annual average variation values of potential evapotranspiration in different arid and humid region using a different method
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Fig.5 Annual distribution of potential evapotranspiration calculated by different methods in ex treme arid region
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Fig. 6 Annual distribution of potential evapotranspiration calculated by different methods in arid region
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Fig.7 Annual distribution of potential evapotranspiration calculated by different methods in subarid region
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Fig. 8 Annual distribution of potential evapotranspiration calculated by different methods in subhumid region
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Fig.9 Annual distribution of potential evapotranspiration calculated by different methods in humid region
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Tab.7 The best methods of annual distribution

in different arid and humid regions

FHX AW H T %
T IX Rohw er, Penman, Mak
FEIX Rohwer, Penman, Harg, Door
TFE2KX Rohwer, Penman
3 X M ak
R X Abtew

3.2.4 SHUFE

HH# 8.9 73 &1, BC VAE AR T X 2 87 %
WL BOFE LR /NRAE Z2 0N 3. 36% , R BC i
A I R A Bl R AR AR T AE 4. Linacre.
Kharrufa.P-T - Rohwer.Door 1 Mak 7 kZ 5 BE
R FEEIN, S50 ER B JE W )y, 31X 6
TV AR v M X 3E P S 1 Penman 750 5
A =, B8 AT R RGN, 7 U R S T R,
Rl AET 5 X 308 FHPESE 47 A btew 5T 52 Al
TR A [X 7] 0 23 S X 2 75 R 3 [
BK, B2IETEAS; Harg 75 TSR 1E (1 3
X [r) TR 53 S X 2 i 75 U B 1 Y L T ),
SEINLARIEE . Bl FIX SRS K] 4 i RS L
RAAE I AR L P — .
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Tab.8 Adjustment values of parameters using different
methods based on temperature and mass transfer

AL %

in different arid and humid regions

Tl X BC  Linacre Kharrufa Hamon Rohwer Penman
WTRIX  44.05 - 106.57 76.17 211.89 —32.09 34.26
FERKX 39.63 - 88.12 61.75 194.16 -27.26 47.80
TTHX  40.96 - 74.77 135.49 251.13 -9.50 85.18
WX 3551 - 59.56 81.38 219.66 - 3.04 90.29
T X 44.89 - 54.73 35.74 223.93  14.16 104.43

* 8- KK EIR
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Tab.9 Adjustment values of parameters using different methods

based on radiation in different arid and humid regions

AL %
FIRX PT Mak  Abtew  Harg Door  Jensen
WFRX  43.30 42.81 - 15.42 9.68 151.74 21.04
FRKX 39.78 42,14 - 18.75 7.40 119.42  16.46
TFRX  20.42 28.75 - 31.89 4.12 144.90 142.72
TWIREX  10.39 26.00 -29.37 - 7.81 92.79 28.01
W X - 7.52 17.00 - 24.84 - 19.70 79.17 - 24.62

VE: 2 PO RIS XA B T

ASCARYE SRR 22— WA B BT X X
P NS5 ATIRX, LA P-M 7 R, B i 4
il FE V5 2 Bl SR AR FE A 6 FhAR SNEBEAT T id&

FIPE 38T, 45 i T4 8.

(1) BRI S A, a7k 5 P-M 773 H A G
PRI OF, W JE VR 2, ot B AR R B 2 . R
fiti 5 20 SR T AR 2RO S B W B 4 TR R VR A o
ik, Horh BT ¥l H AR F4F, Hamon ¥ #
2, ZHNEBE, I 7Y es g5 pM 7kl
AR BB« o Hamon 312 16 Bl R K, & H
P 7, Rohwer F1 P-T J7 3518 236 Bl /), 1& H
PEE T

(2) BEXFANE - X, i Bk T A% ik AT
B X5 PM J79 A S SO0 e SR TR X, 48
SHEET B X AR X 5 M J7 A S
FEAR—F. Penman VLA H KNS A BURELLE T F
WX 5 P-M J5iETHEAE SO . FRATE (BR 2
Jensen I£) TEAS AT 98 XA 4 23 A0 350 T i B v A
i ALk, A Rohwer 55 P-M J7 1L 7EAN A T
M I N A JLF — 2, Abtew VEFET FHEIX LA
J P-T \Mak \Harg fl Door J7VE{EIR M X5 P-M
TEFEN 534 — 2L, T Jensen Al Kharrufa 75 V5 7E
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ERATVE(BR 2% Jensen 1) A WF AT X NP2 HA X
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Application of 12 potential evapotranspiration estimation methods under changing environments

in different arid and humid regions
WU Hai*?, XTIA Jun!'2, ZHAO Lingling®, SONG Jinxi', LT Tiansheng?
(1. College of Urban and Environment Science, N orthw est University,Xl[ an 710127, China;
2. State Key Laboratory of Water Resources and H ydropower Engineering Science, Wuhan University,
Wuhan 430072, China; 3. Guangz hou Op en Laboratory of Geospatial Inf ormation Technology and A pp lication,
Guangz hou I nstitute of Geography, Guangdong A cademy of Sciences, Guangzhou 510070, China)
Abstract: T aking the International Food and Agriculture Organization ( FAO) Penmarr M onteith method ( P-M method)
as a benchmark, the study area is divided into 5 arid and humid regions based on humidity. From the four aspects of cor
relation, multt year average, spatial distribution within the year, and parameter characteristics, and 12 potential evapo
transpiration methods, including tem perature method, mass transfer method, and radiation method, it is deeply divided i
to three types. The applicability of the estimation method was carried out in different climate zones in 31 provinces ( awr
tonomous regions and municipalities) in China. The results show that: within the research area, the monthly correlation,
and multt year average potential evapotranspiration value between radiatiorr based methods and the P M method is signift
cantly better than tem perature based methods and mass transfer based methods, among them, the P-T method has the
best estimation effect while the Hamon method has the worst; for different arid and humid regions, the correlation be
tw een tem perature based methods and P-M method, mass transfer based methods, and P-M method is better in arid re
gions than in humid regions; the potential evapotranspiration estimated by the Penman method is closest to that calculated
by the PM method in arid regions; radiatiorr based methods (excluding the Jensen method) are better than tem perature
based methods and m ass transfer based methods in different arid and humid regions, rohw er method has the best annual
distribution in all arid and humid regions. T he Abtew method is the best in arid regions. PT, M ak, Harg, and Door metlr
ods are best in humid regions, while the Jensen and K harrufa methods are the w orst in all arid and humid regions. T aken
together, theradiation method performs best in the research area, w hen the study area is humid, tem perature based metlr
ods and mass transfer based methods are selected, if the study area is arid, Penman and A btew methods may be pre
ferred.

Key words: pot ential evapotranspiration; climate change; arid and humid regions; applicability
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