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Abstract

Estimation of regional evaporation is one of the major challenges in hydrology and water resources
management. In this paper, the applicability of the latest generalized complementary principle (GCR) is
tested in China. Based on the China Meteorological Forcing Dataset (CMFD), long-term land surface daily
actual evaporation in the past 37 years (1979~2015) is estimated using the GCR with a spatial resolution
of 0.1°. Results show that the latest GCR established at the global scale performs well in China. The mean
RZ and root-mean-square error (RMSE) between the observed and estimated evaporation are 0.62
(0.39~0.83) and 1.04 (0.69~1.62) mm d-! at 9-flux stations, respectively. The 37-year mean annual eva-
poration of China estimated by GCR is 486.24 mm. Both spatial distribution and magnitude of estimated
evaporation are well consistent with the other six independent evaporation products. Estimated evapora-
tion indicates that land surface evaporation has increased significantly during the period of 1979~2015
with a rate of 1.33 mm a-1. This study provides a method and data set for regional evaporation in China,
which can support regional water cycle research and water resource management.
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1. 5|8

Bili THI 28 R 21 FE T A BRFl . 70% 1 FEKFT 60% 1R PH ST RER[1], & EE/KIEIF R B8 & 0 L OB &
SAFEAE SN, BRI K G IR RN B8 B 2 FO & AR e AR 2], vHEfff M AV B ki b 28 % P K AR ARG IE SR TG IR . g
BTV, R AR AR B+ EEN R . BB R E A DRSS sr sl R e, AKigsh
DRZIBUE T BT S AR RO KGR I AR, 45 TR ISR AIE PR BEALL AN 75 2R B THIAS 2SRl B X 78 e (1 7 Vi R
TR .

H 1802 LK, ZBARTHHELE T Dalton 28 K iHH A L. Penman A3, Penman-Monteith AL &, [
EWFCIIARWIRN , AT OIR B 78 R St FERHLER (R AT 5836 . I EL7E FH R) RBE 38— N 3 25 K (1
EACA AN T, AR AE S IR 28 R 70 H AT 2 — /M si[3]. H T B IX R R EE %, W
Penman-Monteith 77772 13 T 38 B S I 28 R 7530, AN T 5 -0 SR R 700 DX 3o e s R 6 S Al VR S B N
1M 75 2 SR RRAE S BOR TR S GO AT AR 72 [4] [S][6] [7], * LAVHEAff b il B [X s 7% o (1 K A8
FaF[4] [5]. BB Z AR TR, BT XA K S5 KRG E R R ML ZE R BANEIS, AT H
UG GERE,  EHER Al S XS A28 R B a3 . BOK SR ARG 7 T A B 7181, H 1963 4F Bouchet
AR BEANTR LR, S EANZHAM kg, 2R EANES AN & —Fa SRy E LS ) 75 R 2 is
[9] [10] [11] [12]o TEREERM-T24EE, SPRRILNEZE R TANES BT & 56 38 AR XS RRAR 2R PR I X ek 25 & H b
HAR[12] [13] [14] [15] [16]. 2015 4%, £ Han SF[15]°F - TR EEA AN |, 256 208 BANEIR M YN 3l
F4AF, Brutsaert [17]#E S H T T X% & H #b >k & (Generalized Complementary Principle, GCR), %< R #EUESLRE
S AR LT A5 B X 328 A & [18] [19]. 1H GCR HFT & S 2548 SRR ] 7 AR )2 Xk HIRI A . H 2015
SELLR, WTEHEEBOITAAERNE L R EANERI N, FHIF T — R5I0E[12] [20]. Brutsaert
EN[20]7E4 3K 500 AN A5 2] T@EH TR LA K TR
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GCR JHEMN 5 ZIRA T GHIEAAG FLPRA A, ALBENS A ROE IR SEE Bl 22 xt 2 i B 2% A ok BA
SR, T H I E AR D, RS FOCE BRI e PRk k. T, B P E R AR R, K2
2 e o, TR R, I A E MR s . MAE T EANEIR AR AT T, K2 AR T X — 2
RERIK[21] [22], £ 4G B Y REAT B AOBIE T8

Kk, ASCHE Brutsaert 55 N[20] 5T FTHIFEAL L, BOAETF PPl BB ) SO LA R R AE [ X I
FE, S HAE SRS 0.5° 2% 18] 73 FE AR I ) AR AN IR F8 R il B o [ DX 3 it 1) (HORUBE) AT 23 11 (0.1° %
0.17) 7 HEA I II(1979~2015 4F)SEPRZ& A, VT h E XL 40 SERAE A RIS, Dyl 5 [ DX ) 2%
FRKAEIAIE TEFE P4

2. BRFIF*
2.1. ARFAZE

7&K HANK Z H Bouchet [2317F 1963 fE#H, “PAMELLER, CARAME XS KRB —. 72
REANEL RE MR AR KSR R B REE KR, . BT BIE 78 K X BT,
Wi T S PR 28 R oG, T BIRE R RE I2 FK. Z R RIIR 7 AR 1 T € S =M 2R Z T8 [ 2R
Fo MR R IX IR S2PR & K (Actual Evapotranspiration), 0N E; 5 FE XIFE 0K &04F F KA 2%
K, PRONIEEAEZE K (Potential Evapotranspiration)it A E,,; 55 = F&SEBR &M T, X —AN/ NIRRT ER AR
&, WTRZERILNAS, FRAFRMIELEZE K (Apparent Potential Evapotranspiration), 12K E,4.

TEKAF TR AT, BT SR S 3 2 R T, PR K E RWIBTEAK E,, SEEREK E,,
&, Bl: E=E, =E,; fERDTERN, SEERAEK E BN, 50 RPGEIFEHU R e A oy R Ak 8 75
BMEAEIER Epa I, =FHZIKAN: E<E, <E,,

2015 4 Brutsaert 2 T PG, HESH 7T XK TANKR[1T], EZRAELRN:

2
E 0
E:[é} (2£,,-E,,) (1)

Brutsacrt 45 \JHT (K 9 #1 [20]46 H 24 R SERR PR EE 4 P (0T A5 BRI LAY, E,, R qh i, PRBLEL
FESBRRIT S, RAE RN RETHERR, B o E,, Hh o WERTIMRRIOSE, E HTHER
(Equilibrium Evaporation), JU1F:

A
:A+7
Ko A HEAK SRR RS R R, MR kPa C sy RIBEEER, AL kPa Ty O, ST RS,
0. =(R,~G)/L, » FIKIKBMER, R, NFES, G R TEHME, L NFERIER . T EREL E,, 7T
LTSS, AR Penman AT A5, B

A
:A—i-;/

o 2

e

(R, =G)+ =S (1)D 3)

pa

R f(uy) RREEG wp R 2 m (PR, B m s DRI 2 m AR UEZE, HAL hPa,
REFSELEGRNQMA Q) Q) Epy il Eyy FALEFUKRZ R, Bl mm day ' ARG EUE
BRI GOWIAE & (uys R, A1 G D) RILABAT U E A TS EU(A « 7)) b, KBNS A A S A 2
e, BRQG)TREEL [ (u,) AT HISH oo

JREREL £ (u,) KF Penman HEFEZ, BI: f(u,)=0.26(1+0.54u,), Q)T HIZH o, , RH 2020 4 Brutsaert
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%EéﬁﬂmﬁﬁﬁﬁﬁﬁEML@ﬁ%%ﬁﬁ@pm,W:%szyﬁﬂﬁw%Mfmqﬁﬁﬁﬁ,ﬁ¢Al
NTFAEH, R R (E) 5 F KR (Pa) W H . 3T T R4 500 52, 430 413 Brutsaert [20]0
R, BT R T R B

Al=E,, [P, &)

At BEM (P05 H KR ZRIIE RN P,,m.”=(1+a{tanh[b(7;—c)]—d}>, Hra=0496, b=0215,
c=0.622, d=0958, T, NHTVEE, X4 T,/ NF-8CH, Py N0, % T, KT 6CH, Po,%T P. ETLL
BT, R A E XA O MR R T R R R IR B AR N, W] DU R S AN B L o [
S PR T K
2.2. MREIE

AR A B S B 78 R P AsE P I AR A D DX I 0 R M 1 R R 3 IR BN 44 5 (China Meteoro-
logical Forcing Dataset, CMFD, http://westdc.westgis.ac.cn), ZEHHEA ST M THUE <& T =S
PO JTHb T RGE I ) R A AR b ) R A AR M PR AR 7 AN EEER . CMFD g [E R T i
= JFAIT T T IT R —EL T AR S B R i 2 (25], HTR) 73 5 09 3 /NmE, A pHEE 0.1°. 1%
48 DL bR B3I R BB 9 R, RG 7 EAS R R E RIS AE, KL T O 1 HAR o A R

AR SCHAR ] X3 9 N S R A 6 FhaT DL FFSREIE T2 R (R 28 = St B 6 T AR R B R FR
ATIAEFI LLER oy Mo FH T 300 F AR V8 A B P A P 0ol A0 850 A2 ok B B AR 28 R Go WIIT 72 I 26 (CNERN) )
L 38 & UL $ (http:/www.chinaflux.org/), ZEIR ARG KAWL, SHILEE 9 AN &b H 8
WA E AT ZWMGR, s fEEWE 1. BRI IZAAE T @l E W RS 1R 8-F AN & i, 7
{5 FH @ SR I, S P 8 R B 0 W0 e 3R AT R BT PR AR B, K AL IR S (9 vl B AR D S PR 2K R ) FLAE
H5HANMES A E G FIATH R . ER ST TR, GCR J7 ik R A sl s ) S I, B WIS 5 4% 5
{8 13577 B A% 25 (RMSE)RIZE ML A RE VR TN bR . A SCIAER 6 Bl 2% R B 38 Eoream~ Emres Epuis
Eera~ Emerra A1 Evrewse Egream (Global Land Evaporation Amsterdam Model)/& —Fh i B Wi 28 K77 i, &7 M
R PR FEHUASE A T 24 i S AR TR 2 7 i [24] 0 A 3 2 V3a hieas, i [E)ES B2 1980-2012
H, KA HEEE 0.25° % 0.25%0 Eyrg 25 T AR 885 757 (Model Tree Ensemble, MTE) ¥4 4> 3K &3k /] 1]
WL ECHE TR ) 4R [26], %R A 1982~2011 4ERIABR A KK, ZSASFEEN 0.5 % 0.5 Epy KH]
Penman-Monteith-Leuning (PML)A (G 3 25 30 AFFlitin H 28 & 7 ([27], 183 = iy (B 55 1981~2012,
IR HEFEN 0.5° % 0.5 Byprra & HI NASA FIFEHT77 [ 28], (5 1980~2014 4 5 2 Kk Bl , 25 (8)70 M3
0.5° x 0.5° Egga 2B IR SHHR O IF R I 43RO 20877 i ERA-Interim [FAGEHE[29], 7~ a8 4
BR 1979~2014 FFRI HZEREHE, RIDPFEN 0.5 x 0.5°0 Eyrpws /&2t T A2 A0 S0 1 8 B /K &Pt
RURAN S A ER 1982~2013 £ A 28 K K5 [30], 273 #5580 0.5° % 0.5%,

3. BR 51118
3.1. &K EHMRIPuE R IEiE

J7 X GE R BANEWR I E AR RS 9 AN & 5 00 H ORI L s R a1 1 o, kRS BAEAR
Fabr il 1. A 1R 1l LB, BREAEIRENECE RAF. 78 9 Mo Az s, W 5 Al 5 E 0 2%
HRLA R? PN 0.62, F/MR 0.39, £k 0.83, g 6 Mulisire 0.53 LLE. K@i, dwdb#EM. T4
S FBSUCR RS, RAE 0.73 DAL, AN SE 5000 0 =109 R %7 0.83 1) 1.12 208, G5+
AUIAE; ARG S, PO SIRAIBREPICRA 2, R 225108 0.43. 0.39. H A WIIAE 5 4l S5 i 3507
AR ZE /N T 1.62 mm d ™', 9 ANk RMSE ¥{E8 1.04 mm d™', A5 XA 0.69~1.62 mm d™', %45 R
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G b, FEAERE LI 2K AN R AR AE [ DX It Rl e RO SR R, REfE R A 5 R X3
HEZARKE.

Table 1. Basic information and statistics of performance of the flux stations used in this paper

= 1. AR TRIENBE S R EAESRITFEIER

3 25 R RGHA AR G 5 ZAEPHAE(CC) FMKE(mm) R RMSE (mmd™)
PR LN Ay AR el 2 KA 21°55'39"  101°15'55" 21.8 1493 043 1.39
KEld R R R R R 42°24'9" 128°5'45" 3.6 713 0.73 0.81
S WM PR RRRIEAE 23°1024"  112°32'3.8" 20.9 1956  0.53 129
LY Hifa i L2 VA A 30°29'50.21"  91°3'58.90" 1.3 450 0.70 1.04
AL | e JE K I =k 37°39'54.6"  101°19'52.2" -1.2 5352 0.83 0.77
AR E KA e R K i A=A 37°36'30.6"  101°19'38.4" -1.2 5352 0.56 0.95
WEEE R RAETFRREEAE 43°19'31.8"  116°24'14.4" -5.3 338 0.61 0.69
T AT A By 2 A 26°4429.1"  115°329.2" 17.9 15424 0.81 0.83
Ao BAERH bin ki S SUTALE| 36°49'44.4"  116°34'12.72" 13.1 582 0.39 1.62

T30 23 A1 D0 AN BV A S5 SR AR 0 UL U ) 7 00 5l I B R AR P A A R UG . 2 RE R
PH A 1E Je o A I 2R 48 ) RE B P i AR AR SR (e s . TR, REECPEAR IERLG R 0 HN
0.84. 0.83. 0.0.85), EAMEISHIBINCRERGT; [z, I ZR S0 BE & A Ak 2 FERE 22 (P XU AN A B3k, fig
PR EE R 73070008 049, 0.68), L AMEIR MBS IR 25 . (LR & T P& RO Z2 3l i, P m i a8
FHHER, Bl MAMENEH R /N, B s, KE S IE L RNNE TTE A SURIE, BEHEGR
TEHR B AR, 00 DU FRRS B AN R A 3 R

3.2. SEPHERROTE I HIHE

KA Brutsaert 55 N [20] @S2 X &K B K FR, BT 9 EH &K E AR (CMFD) g4 & 1 4 [H
1979~2015 4 H R SEBRRG T 25 K 5 (10N Eger), 20 -3 RETH SL bR 208 B2 [ 7 A in 18] 2 B . AN AL 55
SERFHFE 1979~2015 FEZ G FHER KR TN 482.64 mm, E-L AKX, ZRdb. b, B4, Erg. B,
Fadt. PFEE4 0N 449.87 mm. 322.64 mm. 807.73 mm. 1049.92 mm. 822.8 mm. 246.99 mm. 610.08 mm. M
2T LR Y, 7R A3 ) b, o AR 2R R B [ AR I PG G IR, 2% R A A1 P 1 X R LR 2 (<50 mma ),
FRR BRI X 7RI 55 (2 1300 mma '),

Kl 3 o T HAMRRM R AR ESHR/SMZER T METE 7 ROy X 2 EFHFEEREMIE, EdiR
ZELI BN BR S BUONIIE N WA R R T 7. R E 7 Ko X, P X R R RN, ARF 300 mma,
M4 X 22 R Bk, KT 1000 mma ' M Eqer BRI 20 ERE, HAMEIR AL L5 BB SR E 5.
MEIFRTELE H, AR REREIERE-L RS X, BANEIR AL B A S R/ INE T HoAth 75 P & BFsf 2 (1) [X (8]
W, Ha B S HT NI oA B i) — Bk .

AR 0% B 2 SR DX PR P 40 R XT38 /NS B A FE SR A A, LIU 55 A\ [12] 2016 FAEC
5 RO [ P AR A R A B 4 A s ) AR TR GO, SRS (A R SRV 1318 mm a” IR B BT S A
ST ILERI 236 mma ' AU U3 1)) R OB A et B kb X B T AR R AT TR, A 5 BN A A
ST o 43042232 H R IR S S B0 S GO TH R Pa AL X 78, A3 (] o0A 5 AP B B AN
fhEE R —3.
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Figure 1. Hexagon binning plots showing the comparison between estimated evaporation using the GCR method and observed eva-
poration using the eddy covariance technique at 9 flux stations. Color of hexagon indicates the number of points
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3.3. BREIRRENFHER S LR

WA SRR S 5T 2 A F AR R 7= S AT LU, 4RI 1979~2015 4F i [H 28 R BN FRAE 1L, 25 KA 4(a)
From. HE 4@)m %, 4EFEE P, 7 F750IE 2000 TR KBS, BB mEas, 182000 4£)5,
Emerraas Eera~ Bure we 77 i 2 B0 H B M R B 3s, MR~ MAKRR I FoHass . & 400) I T -BF =
1982~2011 (LA BOFR K REFRESIN CVAE, Eger ™ dbE2E 135179 0.034, /T Epye (CV {H 9 0.04)
A Eure ws (CV {4 0.059). fE4EIE. Padb. ARAb. PR Egcr 7 dh IS0 B 42 [ B OGN %1(0.04~0.10), TIAEHE
AR Ry X B NONT 0.03). SHAR AL, 1979~2015 4E/8], GCR 7= MhET-5. FiEHE X ERE
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Figure 2. Estimated mean annual evaporation in China by the GCR method during the period of 1979~2015
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Figure 3. Bar and error-bar plots showing the comparison of mean annual evaporation estimated by the GCR method (Egcgr) with
other six independent evaporation products in both China and seven regions of China. The error bar represents the standard deviation

of annual evaporation
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Figure 4. Comparison of the interannual fluctuation and trends of annual evaporation estimated by the GCR method (Egcg) with the
other six independent evaporation products
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BWBIECARZL, TR X R R RN . B 4B T BRI R 1982~2011 4R R R HIE R AL
EBIRN, ZH0 i (Epme, Eumres Beras Ecers Eream) 28 K R % X IR 2 PG I, 19I5 1 X A= &
H5(0.14~2.46 mm a ). £ 2 E JEE N, Epvis Ewres Eeras Egers Egream VORI 5t S B4 Nk 3, Horr, 1982~2011
B, WINE R 5 0.97, 0.48, 024, 1.11, 0.56 mma ‘s AEEEANEL(1979~2015 4E) B Egep MG N 1.33
mma o fE-LKA X, FEdbH X 3 Nt D, SR T 0.56 mma™', £H1(0.65~2.11 mma™'). HE7K(1.46~2.35
mm a HE X BN

Kl 4 b T B ANEIS TR A5 RS H b S AR PR AR A RN S RRE, 45 R GCR 4 AL 5
KEZH= G —8 HRFERREENERL. Fdb. RACHIX P A= S TR, MR AR . e i X N R AT
B RE . HANEAR R DA B AL S AR R R PR AL i 3, (R BRI SN IR/ 5 3 XA K .

4. g

T IS 23 4 R R I 25 R K S AR A AR K IR BRI SR 2 — o ARSCIRAR T 9 AN 1 B0 56 E AT
fily T IRHTI T SRR AN R AE P E DO 3E F P, 5 b [ Xk i 25 e i T S R B R AR AR, (T
MR AN RME T HE 1979~2015 4 H R ERIZAR E. FEFTLEILE:

1) 7 X AR BAMERTE S E DXl &l AR AR R AT 76 9 MRUESS s, A 6 ANl s W INME 5 4k 5048
MR MERLA ROTE 0.53 Lk KA. HEAbHEA . T HHIM 5 AR R 7E 0.73 LA L. 78 BT 56 30E ol ik S {E 5 0
TR B[]V RO 0.83 F1) 1.12 2 18], RMSE ¥ N 1.04 mm d', Z5BEESIRE I UK HANE RAE
h EREAU R R 4T

2) BT UEREARAMGE T HREEE 37 4(1979~2015 F)R 4R HONHF 0.1 78 K75 b
(Eger)e 77 i Bon 2 4P 4R R K BN 486.24 mm, 724716 b, hEERKL B A RKE MR, 235075
ATRFAE S R/ IN S48 B2 1R FL At 6 hof N7 A B0 1) 28 J 7 i AR G Al X 3 7 45 SR — 20

3) PR AT, Boer 5 HAR = o 75 4 B AR A X R AR —5 . 7E 1979~2015 #E1A], Eger
SRR EOR TR EZ A R BN, HIEE AN 133 mma .

e HE

[ 5 3 AR 42(51879193; 41890822; 51961145104); BHEABHE R A ITH (2017YFC1502503); LK H o
IR FE AT 55 B L BT 4> 9% 31 (2042019k£0308)
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