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Table 1 Experimental design of soil evaporation and grass evapotranspiration measurement
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Fig.2 Installation and arrangement of small lysimeters

=
4

2 BT RE VA 0V 7R 2% AR R T A A

T HIEWLE Y2014 428 A 1 HZE 2015 48 A 31 HEY/K T L MM GERL, A CHEAS T % 18 e & -
IV AE ZE R THA A (LY-ET #28)) |
2.1 BRBEETEAXNES
28 WA /D o i AR T A AR AR LT AR, MR BT 0T LIS R
R =M, +H+G (1)
X ROWFNGEM R MGG, MI/(m® - d); A, AEHRGESE, M)/(m® - d); HRRPESE, M)/ (m® -
d); G AMEREE, 6=0.1R,, MJ/(m*> -d),

A FUH AT H R AR
Ay = pCy ey — e, (2)
Y T,
To - Tz
H = pC, (3)

L. p HEREE, kg/m’; CoHEERME, J/(kg K) 5 vy MREITHE, SEAX, RifERS
JEF 2 0.066 4 KPa/C ; e, Fil e, 535l 7&K A1 2 m &5 BEAL /KRR, kPay T R0 T, 20 0l 28 A T F 2 m
JEA AR, Ky r, s S BT,
BT SE e r B ELEE DT AN A AR R R, R s A A PG AR = (2) M (3) i
L, — BT I R AR DG BR BRI, PIE Z RIS (B) -
H T, - T,
B=—=y—— (4)

Agy € — €6



%5 BREE, AF. BETRE BT IR A VR TR 2R AR R A 797

P, 25630 (1) By Be i TR 2 A= (4) A9 38 SC U A & 15 21 v Phom 1 i T H 3B
N R, -G
T 1+ B

(5)
2.2 MEBEREETHTEARXMEE
2.2.1 FREFHH AR

WA A (A(5)) BARE TRER P 2SR 3 % B L HER MK J7 [ B RE S He, W51 A

— A S W (E,) . 5 Dalton 2307 EBESEAL, E, B R KOE | K PR 25 FE BE X2 B 1Y
W, A .

Sfu) (e, —e,)
(TR A A ©)
f(u) =X1(1+X2u2) (7)

Aoy T R T A3 A R IR R, °C ;e O M ERIE B X I AU FIUK YRR, kPay e, R A IR X R Y 2
FRAKIRH, kPa; uw, 82 m AERGE# | m/s; X, 1 X, MHL& REL,
2.2.2 WERGRIEERK

F(5)H M R,— AT B Penman £ 28T,

R, =R, -R, (8)

L R OWE GRS, MI/(m® - d); R VKIS, MI/(m® - d), FE40THE A0Sk [24-25]

L TE ) S0 U AT AT I Y L R BT, % AR G0 0T DL O M e R . A — 25 B0 IF 3 5T Pen-
man 23 3T F AR B I T SRR AR SORE I8 B I R B UL I B HE (2014 4E 8 1 HE 2015 4E8 A 31 H) 5
Penman 2~ T EAE AT b8 Hr, S5 K 3 Fion, MEI 3(a) i LLFE H, Penman 23208 7H 8 (E 5 i B 55 0L
DA LR 1P R HT, M ERB(R) 1K 0.93; R 1Y Penman AR B AH CEIIME N 7. 54 ) AR KT 15 8 8500 I
CEME R 6.74) , HIHEMERZSIRE (A 2Z R E Cv =0.52) /N T WA (Cv =0.71) . BRI RIE Y, a0 i
K HAE S Penman 2436 R EATIHE, & SFEORAEEML WG RMK, XE—ERE LBl TAX
P b G R B I R B C) Bk

ROLEEEE s
oIt e MME .. %%

RCLES i

R /(MJ-m2-d

0 —
20 2014-08-01 2014-11-09 2015-02-17 2015-07-29
2014-09-20 2014-12-29 2015-04-08 2015-08-31
B )

P30 e v A S L {5 1 51 L A

Fig.3 Comparison of observed R, and simulated R

B H] Penman 28 345 B By R T 5 (E AR A 8 B LI AR O O, DR G A 1 A B nT BE 5 Ml 3% 4 A IR BAAH S Y
REBRAR, GEHEMMNRE | KPEZMREFIRERE R WMARIER, A8 R, 5HXHEE EAM
K, EARCRBAN 0.13, S EMIRLEEX AT TR, A5 7K 22 F EE AR 5 2R %000 1 i 0. 81 Al
0.80, AHICMEARELF . UL, SR AT SC e i B2 22 5 /K 9T 22 O AR A9 B 3R B it JEE MK P 22 3% R,
MLZEA M, it s, RS BMAMXREEE0.79, FEERENRMELER, BIERBTH FTE.



798 KoOBE ¥t R %33 %

c =22 (9)

K. X, AR5
2.3 LY-ET #&%

X s s B A ((5)) BIACFRE s 8 It ((6) . 3U(7)) Fg bR GHEIE R 8 (0(9)) )5,
LKA F] LY-ET K% Yy

Ay = EEL;;E—FEH (10)
1+B

2.4 RBETMIER

55 Y 1) 3 FH M 32 B S AT ROCR R (E ) I TR 25 (E ) AT . DL B FBARYE, E B
1, FORBEBELE RO, A EEim/NT 0, W%Fﬁ%ﬁ%TTﬁ,éKHﬁ&MEM%ﬁH R
it B G EHIE, E BN, WAL G RO B LT A8 25 RBOR M i B0 2 50O B R dE A, T T RS (R
AR RO 22 57, Cv BORAREE s BORE B2 UK . 98 bRt sy s h .

Z (ETnhs,i - ETsim,i)z

Ey=1-"2 (11)
z (ET(\I)s,i - ETnI»)z

Rws /\/Z(ETI - Tlml 2 (12)

Cv=" (13)

S, RS B, R E,, A3k A 2 e i WL AVBEADL (s, k18 R L (A T
fiis o WIFFIRIE; © RIFFIHIMH.,

3 iR 511e

3.1 TEHEEEENKBEHESHT

BTN ZE B AR 28 BRI s I R] P 510 O 2014 42 8 1 H 22015 428 J1 31 H, KRS0yl 575
BN [R5 HEAT o MK 28 158 A3 S 0 5040 0 53 2 180 % e oR R OK RS- R B, T

(M, - M,)
By = 10— (14)

Krpy ECNWRTEZRECE , mmy M M0 05 1T RIS 2 RIZEBMN RN KW ETE, ¢ S HEBN
JEE AL, em®,

S ZE A& K T 7 K (E601 A1) Xt e an &l 4 Fin . WEIRF YR E, 2 45 B B R B K
] 5 B (19 E14 415 [ € KAL) £25 HAR b R A — B0, MOCHERSF, R 5% 0.95; #R L2 K1 E36 4H
52 AR HE N E14 1 E25 A S A XTEE55, R 2094 0.83 F10.89; 1l E601 2l 3 £ 2% 3 52
SR PSR RAS, R MYEREIN 0.73 ~0.79, 5 E36 HM X RERm, E25 ik, El4 =, N
FHRPER ZEN 040 Lok B (E15), 3 AU LB ARE " | MBEAM LR, & BFERE,



%5 BREE, AF. BETRE BT IR A VR TR 2R AR R A 799

8-
—A— El441 —o- E364
7r -= E2541 - E60141
5 El4—E36 [ZZ E14—E25 E25—E36
4 10 093093 (9309995 04
4 0.8 7 3
& % 0.63) 57
2 k\?{,{}.() /::
I K04 %;
=z "
dl i g @ 5 ONE W o g 4§ 5 02 /
2014-08 2014-10 2014-12 2015-02 2015-04 2015-06 2015-08 0 i 25k I X
2014-09 2014-11 2015-01 2015-03 2015-05 2015-07 5=E e BE L
i 1) B 1)
Pl 4 2298 300 7E 25 1R 12K 30 L0 {0 R K T8I Z8 & LI R0 Lo 15 A [ 6 2 08 00 45 SR 9 R OG5 &R
Fig.4 Comparison of observed E, of different Fig.5 Correlation between observation results

groups and pan evaporation of different groups

3.2 HBEIXRFREIE

3.2.1 AH%EgHR

N T LEA T RIS EZEBUR AR N ARk, R RS N I SO B HE 400 2 B, LR 2R R B L
Bs e W, ERBCIN B IR . Blan, FFEG—S5 H)EE3 A1 HE 4 A 15 H AR GE Y,
4 16 HE S5 H 31 HRBIRE IR, oz DI LISt SERUE ¥ 7 2 5%/ BAR k%L, & 56
MVESE X, . X, X,R0ME, RIFITRMACKE ., D3 A2 B0 28 /U B R E S8 X /X, D
[ 30 304 3 SR R X, AR ESRIEMRASE T EN: X, =0.77, X,=0.54, X, =0.49,

LY-ET fA 358 WA B 25 R 5 6 fros, AN E14(R =0.92) F1 E25(R =0.93)2 419 SE{E
SR A DG OC R BT, AR R IE Y E36 A SCNE S EBUEAH CPER MK (R =0.86) . HULATLIFE N, &TF
Al 12 S A7 1) 0 AR 2R R B R A — R B D S T B A DL T Y 2R O AL

12 12 12

Ejol R=092 go E ol Rr=093 Elo R=0.86 o

= - - (=]

o 8f = 8f =kl

g i i

= 6r = 6 = 6r

o m 23]

> 4r - 4 o 4t

=T = =)

& 2 (a) E14 = 28 52 (c) E36
0 e 1 1 1 ] 0 - o i | 0 o 1 1 |

2 4 6 8 10 2 4 6 8 10 2 4 6 8 10
E{E14)/mm EA(E25)/mm EAE36)/mm

P 6 A TR AE 25 B S5 DN M55 AU Ll A

Fig.6 Comparison of observed E, and simulated £, during calibration period

3.2.2 BEAARABEPMARGBIEREY A

MG F IR SHCRE S BT IE E,, WSSIE S BRUE MR (B 7) KA, 50 F 5 i 52 {5
SRPMETR BRI R, AR HE A E14 F1E25 2 HA C 250 TH L RmK E36 41, Hi,
5 KA K 7 2 E25 AR IL(R =0.93) R TREE & E14 41 (R =0.88), JfF HIuE#I Py 2 414
ARG Z 22 5 R e W, R KSR A IR 2B — @R R AT 2 78 5% 10 i 2 115 Bl
T, A ZE R I e R A R R G i R o, N UL R 22



800 KB ¥ JE $33 %

12 12r 12
10 R=0.88 job  R=093 R 10 R=0.83
£ £ £
E 8 E 8 E 8 G
= 6 o 6 e 6
= 4t T 4t T 4f
(@ E(E14) 2r, (b) E,(E25) 25, (©) E(E36)
0 <M\ 1 L 0 -, 0 v L
> 4 6 8 10 12 > 4 6 8 10 12 > 4 6 8 10 12
EALY-ETHEZH))/mm EALY-ETHEZ)/mm EALY-ETHEH))/mm

PR 7 36 S R A 2 B S O S AU L A

Fig.7 Comparison of observed E, and simulated E, during verification period

IS 5 R RUE A 2 o0 A (18 8) Sk, AHXT AR MR I AY E36 41, 7 R b 19 E14 Al E25 2 4%
PUHE 5 S R L RAE 4 DR —8, HEE, EREHK, R, KRR, EdhE
JIZL(LY-ET BiRIE | B2 Cv=0.53); Bk, XFEM/NHFERHED(LY-ET BRI, £F Cv=0.34); 5
RSB AR LG, S0 {E B R AR R T K

I5F @ %% . B o EF
—LY-ETHH  « E254 LY-ETHE = E2541
o El4#] o E3641 o El4# o E3641
10 b 10 L
- E | o X a
= = ¥ 020 B
1 [£4] ® [+ 4]
l! oqo ‘oc;o - 3 % .. i : a .
03 .3 a g
0 1 0 1 1 1 ]
2015-04- 2|0w0| O‘lll 0521 05- 3| 2015-07-01 07-16  07-31  08-15  08-30
B [1) 1 1)
15 (c) Bk 15 (@) %%
— LY-ETER = E2541 —LY-ETH®  « E2541
o El4#H s E364H o El4# s E364H
10 - 10 F
£ £
£ £
Sg < .
L ]
o Mt s,
0 1 o 1 0 i
2014-10-18 11-02 11-17 12-02 2015-01-14 01-24  02-03  02-13 0223 03-05

i fh) I )
P8 S0 0 T 7 2 AR S DM AL A P 2 7 A

Fig.8 Seasonal distribution of observed E, and simulated E, during verification period

3.3 ®EFH

AT AR 22 WA ZE R A 305 145 A HOE TR AR BR A, S 13— 2534l LY-ET AL AT SE 1, A
PEHL 1948 Penman, FAO24 Penman, FAO56 P-M. Priestley- Taylor, Hargreaves-Samani Fll Irmark- Allen 3£ 6
HHTHR IR O S SRAE S b, A LY-ET R

2T AR AS RONE R R BB A RN E, Horh, e OB R 2 4 (E14 I E25)
LY-ET BB R B JRHE 1, R By B, KSR O BAE, BR  Priestley-Taylor 2458 . Pen
man F AN A AL 2245 20505 (2 LY-ET SRR R 1 1) E36 A RBIRCRAME, £ 0.46, 5 Pen-
man F 9N A SR AP R RER 228



%5 BREE, AF. BETRE BT IR A VR TR 2R AR R A 801

F2 REFEEETNIERSET

Table 2 Statistics of different method peformace indices
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Modeling potential evapotranspiration based on energy balance*

JU Qin', GAO Huibin', WANG Guoqing’, HAO Jie’, WANG Zhenlong’, DU Tongzhu', HAO Zhenchun'
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Nanjing 210029, China; 3. Anhui & Huaihe River Institute of Hydraulic Research, Bengbu 233000, China)

Abstract: To investigate a more accurate method for potential evapotranspiration estimation under climate change,
three sets of experiments were conducted using small lysimeters at Wudaogou experimental station on the Huaibei Plain
(China), and a new model of potential evapotranspiration was proposed by integrating the advection dynamics term
and introducing a correction parameter for surface net radiation fluxes on the basis of the energy balance principle.
The results revealed the following: (D The correlation between evapotranspiration of the grass cover group (E14 and
E25 ) with different measurement methods was better (R =0.95) among the three sets of experiments. ) The Nash-
Sutcliffe efficiency coefficient (0.85) and root mean square error (0.83) of the proposed potential evapotranspiration
model were better than those of existing empirical methods such as the Penman equation in the two experiments cov-
ered with gras. @ The model demonstrated capability for estimation of evapotranspiration under grass cover and
marked advantages in its application to the Huaibei Plain area. The proposed model can improve the accuracy of re-
gional potential evapotranspiration simulation, and provide scientific reference for water cycle process simulation and

water resources utilization.

Key words: potential evapotranspiration; energy balance; small lysimeters; Bowen ratio; Wudaogou hydrological

experimental station
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