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observation methods of evapotranspiration

WANG Zhoufeng?, WANG Wenke'”, LI Junting'”
(1. Key Laboratory of Subsurface Hydrology and Ecological Effects in Arid Region, Ministry of Education, Xi’an,
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Abstract: Evapotranspiration is the link of water and energy transfer in the continuum of groundwater, surface
water, soil, plants and the atmosphere (GSSPAC). Evapotranspiration is also a key in the study of land surface
water balance. Affected by meteorological conditions, geological landforms, hydrogeological conditions and
human activities, the mechanism of evapotranspiration process is complex, and its temporal and spatial variability
is quite large. Based on many published journal papers, this paper comprehensively analyzes water resources and
observation methods for evapotranspiration proposed by scholars at home and abroad. The results show that (1)
surface water (rivers, lakes, etc.), soil water, groundwater and vegetation intercepted water are the major water
sources of evapotranspiration. (2) The methods for measuring evapotranspiration can be divided into hydrology
method, plant physiology method, micro-meteorological method and isotope method. These methods have

advantages in studying the process and driving mechanism of evapotranspiration. (3) Different evapotranspiration
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measurement methods are suitable for different spatiotemporal scales, and more reliable evapotranspiration data

can be obtained by integrating various measurement methods. According to the current situation of

evapotranspiration researches, the next step is to strengthen the coupling mechanism researches of water transport

in the GSSPAC system, and strengthen interdisciplinary researches to further clarify the interaction mechanism of

water, energy and material cycle and flow. In addition, through the construction of monitoring network on

different climate and geomorphic units, we can gain basic data of evapotranspiration variation under the

interaction of multiple influencing factors, which can support large-scale and refined evapotranspiration

researches.

Keywords: evapotranspiration; water cycle; water source; observation methods

75 B S A Il v R P CHEE L TR L T 4% ) 7K
O3 A A AT R AR P K 3l i 28 A T LKA
AR 2, B Bl AR Gk o I RE R R 2P
A T A A B AR B DY el 2 R o R A
IKARZE K (AT VKT TR | 3926 K LA S AR Wk T 1Y
Py SR M1FY ORI =P yicR 7/ R D X (EEPUR L
W W (4K 73 28 AR P R ALY B o b, R 2%
o 2 i K A3 AR B

KAk
KAk

TR

/N

B1 REAOESRAR (%H Zhang ")
Fig.1 Evaportranspiration composition of the land
surface ( modified from Zhang et al."")

1 Sy f5 T BE  K R BR O AR, ZE R SR RO
W K A R R T T AL, 2R
il b 60% £ 19 7K 3 3 25 10k T itk A R 1
TR TR U X, X — 0 f ik 95% UL ", 2%
B R e R T K T B IO DA TS B X R O i O RE
Bl R R . I, ZEHOR B MR R 4
AR, FIn, SR EER . FHRE . KA
T I D7 A A ER AL A 4 2 Bl B R S 2 2
Bk AR RS T I e T LN | 3 SR A £
A X ZE B R i AR AT T ORI BESE, (HR R
FETEmS 28 ROEEDC G . RS 4R FF o KGR i . 0 Se P A

W AR 2 ()RR e Ak AT, S IR %
B e A s DR 2, R 0 A R A B 2 R kT
AN S K IR IR B | b K &L K
PRI R SR B RO KRR SR B
X[l, 1= 12]C

A I ORF (8] A A2 Ak & 171 & B 43 (IPCC) e BT
A5 F5 i BECH AT A BOR, 4 BRSO K AE 2030—
2050 4 FAN I Z FFELIA 1.5 L AR p T s e g
BCR R, 51 KA R P R 0, 5 1) K S
i A, 0 I SO o A A T (U R TR | o+
) K A AR N, 51 K R BT L R A T A b
GE, A S RGN Y SRR, I — 2 B
B4 k%4 NEMEMA TS [
A, 3T Ak . A B 3 Bl DL AR RS T AR e S ARG
Bl K T A b R O 2, 5 E A R L R
HE 5 R, R 3 56 26 W ) B IR 1) i A, i e
ZEHCR A EE A B s £ W, 2001—
2014 4F T B I 4 U IX ZEHLE S 0 1 3L 100 mm,
FLYR TR 1 B AR AR A TR S s A
ERAEER G, BEIN T K YR IR B = XA ZE R, in i g
b DX 7K VR 1 i TR 0 38 T A g R A A R
BRI . KA CO, ¥R T, 52 2] J) Hu K 76
PR, 3 R T B O L T g R Y b R ik s
AR A G R T K SO IR S AR, S BOK B IR 14 I 25 A
Jay % A RO, Sk K G TR A AT R 4 e R AT SR B A [l A
R, 76 SRR ARG sh G RS T, TR Ak X 2%
BUOR LR L M R AR B T VR AR, A Bl XK
YR A A BT & R L RS A E AN A T

CEANI T, ZE UK B E vk R BT A R R
HAEZS 2R | KSR MR Sk Y RE Xk
5 T SRR E /N RUBE U R A AR ST, (HR B e
it 7% BN VA AT S, () 3 R WL B AL 7 i B
A AR AR RE Ty kAR S R B



2021 4F

R, G5 28O KR ZE 5 W58 B Tt R -3

BLES &, WAl Sy R R BE 26 R F e $ B AR B . ] AL,
i 3t A I R I S 2 TR i R TR 7R A8 B L
R B WIS IR AL . R T, A SO 7R
B R o A IR S AL i RE AT 1 W 3A, X R 28 1Ok
14 5 2 7 YA AR AR R AT I AR 4G, THE T
X BET7 I I PR A Bl A Rt R B A T 1Y
S T 1w, LAS] S il AT 5 i 1A 2 A I 2 9 A Rl
T 7K B 4R 3t Sy

1 ZABEBKGRBEREARHTE

TER FRAR ST Bk 5] S S5 B9 HESh T, ek b K
TEER R — LR S A B o PR T 28 R I KR
PATR AR 3t 7 U HE A Bl 3, 9K J5 368 3 e oK (e e e
) BAR MR . 25, PLKIR ., #2K G
WINAAE) . KB T K B8 S TRl 1, 78
B G AB X ILMOK I Sh B R Al o LA
FEF W, Il T 7% A R 2 B K T 2R . R AR R
GER7/ B R i A P d o e ) T Y Ry
9% S M 2K A T K HEE 9 B R b B
IR, e B0 Hi 28 AR A3 0T e K o A — 5 1) 4B A
S BT J I [R] A A S8 K A 23 A B L AR ) 3 i (i
B ZERFRRALAE ), X 843 K 3 AN BERAE P A, o ik
ANRT LIEEE M K&K, e it 72 K EH
DI PIE i AR Bl R B A
I 3 78 e 22 R 22, L R Il M 2 IO A T 2 A
1

FE— L0 N KR BRIX, M T 7GE 1 =B 40 78
ANBLE, 50 B b R oK g3 64 3 A R PR R AR
K, ST A T KSR ZE R " R e s
240 307 T 3 3 F 5 2 T, RN b X M R K /N T
5.5m i, MR ORKAEEIR S H AR BCE A . Ma
A4 3 31 37 M 5 5 RUB RS IR 58 %% B, EReL b
Tl DX 3T KR A BR 2% T TR 2 B AR L T Y
248 o USRI ANGREA T2, IR 4 R 28 N
A — R AR (A AE . WA BETEIA N, 7Eik
T 5 X R KBERECRE BLF (5200 m), #+5X
i . iR A S R A2 T B K B IK 2
BRI ZE R BG H R T R OB A R
Mo R KRR K S B A, A AE ALt AN, i
ity S HLEE R IEATHLE] E AT AR . 4R e, B
A TSI BEATRE R A AL R | 3t R /K 2Z ]
(4 555 BT N, AT VE RTR R BTN R Dlis
Xt LK s B IR R 7 AR, HOATE B

AHICHRIA o

FE YA A AT DL ) 78 s A I AR L R /K . BF
FRREM, T2 LT RHX, 1T KSR SN E
TR, HAFE— AR K G R ™ T3
oKL R RO S A X E T R
HHTE - Y - KRR S8 (SPAC) Hifs 2275 18 b R 7K
(VT o 1E LA 1, A 804 25 Y AR 2% 52 D X <<y
TR A I AE 58 R, B U4 HS b 7K - B A A - R
K i 22 K ( groundwater aquifer-soil-plant-atmosphere
continuum, GSPAC) WM& o 3 24 Hb 7K XoF h 5% 5 A
1) 52 M HLERAF 9T, DA BB bR K 94 A\ ZE R o R e it
TR SR LA

GSPAC H 4t B 22 52 M\ 3 [] £ 2 25 JEOK 43 19 4% i
Mzt fE o SR, Hb 3K 3K T 52 M 5T b 350 52 ), oK
P AR AR S K, K A3 A ) 3 Bl R — AN AN AT Z A
R TERNE 2B R B v, AR 1] b T 7K
Wt 2 SR AN Bl 16 25 FCRE 209 Ze A7 AR TR IR A
T2 2 1) A A R 2 ] B B B R R
HBAEFE K 53 B 1) £ 25 o DA 7 AR I AT 2 52 B
LTRSSV, R P T B0 T 2K DY
B, X 4 M X ER A ] e B0 T K B 2 ERAE .
Wang % 5 F W, AT R K 22 IR 47 7 3 0 2
M C R . AT LUE I, NS mf EEE, # R K.
L FRK . B AR R R R — S A R
BT, KATEXERG Z ME T L ABEE
AT 0 B R, SR T R K - 2R K -
+ HE H W) - KR % 224K ( groundwater-surface water-soil-
plant-atmosphere-continuum, GSSPAC) .,  GSSPAC
RY NI AT E G A0 TR 3, K o M BE = T
GSSPAC RGEHiish, sl 1 C. N, P FER,
AT — RN AR E R, AR XD REN
HRIK 43, Wy BT RN fig 1 B IR B 0 T2 R b B
EAEH

2 EBMEAAREZMNETIE

HLAE 200 4F 0T, Bl2# R8T 28 BUR X KA
PR B, JFJR T B0 I WFSE . Dalton™ B IR &
MZEB K GREHWFXRZEY), #r 1HTIHRAKS
T 22 W 38 R W 2% K o i, R OGRS i S
. Bowen" JE T iy 3 b B - 47 07 B R L TS0
RE B VMV, e T i SC LU R T A 25 K T E &R
5. Swinbank! $5 H I8 5 R 5E vk, T 5T WS 0 3T b T 40
JOTRE i R L TR T R IOE R . BT IR



4. K SCH I T AR

5534

JEERE OG5 A T B AH OCAY, PR T LR A R S, R
H W IR [ AR 28 R G 6 i £ )7 . Wang 45
P& T A DN R A AT 38 UL Y R AR, IR AE 20 1
20 90 AFAR T 1 b FH , 33X Sy Bl R B 7% 1 A 5 T R
TIE

AW TR AR SR B, /NB— A
| R R 2 AN A B = 0 S ST T U
D), 3 0 RS U A R H TR Y ZE B AR A Y
S5, BB AR HE TN L AR S iR
AR R M ZE B O R s . AN RIS D7 1,
DU A L, GO E AR E Y 2R s L SR
T EIK A3 BT FE B, R 08RG B ML 5 ECEA 57 A ) A L g
f K S RE R TR, S RN ROBE RS AT LA W )
XF G2 B HAH S EE R A THE B 2 , 8 7R ZE TR 1 5K 3
BU SO R 22 . An SR o8 B ooy e 21 0 BL9R, #E
R NG A 0 o= O N2 DAY K L R i JE e Y G ER R
W74k o AR SO H T 32 A 28 B W Tk kAT T
S, RG] T HAE AL Bk
2.1 KT

(1) K%

7K 357 i o 3l Ak TR RE E BsF TR) R 2 TR] P K 43 R I
AN 2250, ¥ 78 B A M ATk Y R A7
KRG AT W, 7K 251 2 5080 AR Ui o B 53
fa B, AR /N ROBE AR ROBEWF 98 b 3% HoA 3 s 1k
P 58 11 4% 4 GRACE( Gravity Recovery and Climate
Experiment) T3 52 [ {8 [ifi 7K it 5, 7K 329 465 15 e 8 I 45
AR R W Z O, S R RS B 9 ol T 7% 10 1 A &L
#4%5, 2018 4, GRACE Follow-on TL& % 4, gk —
S AT 9T A Rk B 28 B S T 2 g AT e .

(2)ZEBAE

ZEB AN HE T K A A D B S X R SR 4
i R o SR T W, AF Y - S R ) ) 2R
. BB LA AR E AR R R AT
AR L ZR BN, PR 27505 A AR % T I 1 1 3R
PR ZE B .l EE T R BN, HE T L
(R 1VB L b AN N BT 1731 - U e A7 Y [
B PG A A T AT DA A s A N 1) 2R i, HR i A
23 BRI PR R A, B TR BE 308 L A
N, IKZE G 6 N RE S o BFFEAR T ZE 180 i), A RE
300 B AR T LR S e N, B TR B TR Y
MR IR, a4 K i RE A, i, S 58 5 v
R R 2 5 WAL PRE DA TE 22 Stk . IRIEE, R
B AR E R B AR AR A XS B 5%, 3% | i fe

A T 252 4, 16 R R B 7 A HA 3R,

2 R AAE 5L XK 43 25 180 W D55 B 4007 T A
T RGN TR, flin. R 2% & T M2 R B RLR
R YA KK 28 e R S K28 &5 RS
R R R CHE SR B 5 78 TR R 3K Sl ML AL T
W RS N e S N 2 70 AR K 1 D B
AT T A8 TR A s ik e, h R 4 B a2
KRR 2 B R RORG B R R ] 43 B R R 2R R
I A (o ¥ 2 TE RS N P L R ) v
TR G IHREEANE A IR I, FFR T KEA X+t
HezE K MW ZEME | KT 25 A 09 ALEEAL R A TAE,
AT A b g s,
22 FHYIEMEE TR

Y ZE B FE T, R ABZWIBK S SEZET R
BB R B, R EL P AR AR Bl AR R
W 7K o R 29 1% F T A0 1A 00 48 G, & R 4 3
o ZE I A T AR Y S I S AL 2R TR 4 B K 4y
VT LS B A A 00 8 Y 2T 2 Ak o
T BT IOV A i PR TR T B VR R,
WA ZE R L XA TR RS T T,
RE A% 0 S U A 1Y R AR R 25 . TR By sk S R H g ik
178 LI, Jovk Y e R s R RO AT 5T
23 MR HIE

(1) P 3C He e - i ik

W SC L B T A 15 2 T Bowen” 41 M 4 U SC
HOABE A8 A R e Sk 1), B8 il e i Y- A D BRI
EY RS . A% EURUR I ST LG A T M 3R B T
Jr Ry PG i 5 G R 2 b A D Hl R
Ph b )2 2 SRR B ROKR R, TR e A sS B R
BORK R B i U 28 $ R ECH S5 9 T 82 T, 4 g i -
7 R e SC He ek 2B ST SR A T A5 R P
I RERE TR, M S D, XA B m i E
T R BT, (H 2 X HE Y50 S Th i 58 2 7= AR 3
KirZ

(2) 1 BEAH G

i B A e 3 R (Eddy Covariance, EC) il X2 Z€ B &
Sl i = KA L £T AN AR A S S D ok
Wy B P K SN E S 2 1 RGBS P O 250 R
oy B 0 e L3 O A 6 E AT, 20 HE 4D 50 AR AR TE
R T R, A5 5] P R . 4T, 2ERE
ZR3ENT T 500 AU S, T R T B 5 A EK 0 38 5 W)
%% Fluxnet . H[E 3 T 42 37 () CERN [ £, 437 T
[l 1) ChinaFlux, & E AN [A] AR 28 R G0 728 WUk = A 9%



2021 4F

R, G5 28O KR ZE 5 W58 B Tt R -5

PR T 0 ST R SRR I RN O M R S HE AT
P[] 43 9 25 g 2 e i ORI B G g K Y ) S A 7
RE AT ()R, 1207 R0 28 B HGE 25 5% ~ 20%
it

(3) INBRA

228 S EE KRR BE S ), TR A AP G ik &
7E AT SRR . R R FLAR TN RRAS, 422 32 B 8 38 U
FE S & B G ER AR A TR A A AT AR, i —25
TR ZS SO BE S RS A0 R B, 456 AL B IR A S
gapkfitE R ivEsE". CAPRE, NIRYL
BAEAR Y — B9 5 2% N AT S5 T Canpk il . Ak L R
AR . ST ) B B E Y %07 AT
PEAT 2N LG RUBEE b A 2 I 00 5 Y, e )R A U R
FE 1, Al HEAT AR G M9 ZEHOUR WF 5™, AT L T 25
AR (8 B Ik, Sk I R RORLEE Bl G B AL T SR
2.4 [Ff;RITIE

AR, BT AL 2R B R 38 K, A R A 3R 4
ARG A2 BN R R AR PO R
AR A R, Ol 1 LA B3 A 07 3R AR5 2% . XT3
BR SR R (A R Sy R ) S A A S A B AR T
ATAER — B A, A AR R M 4 K S 2 v R 2
iRt R O s SN N 0 i K A 7 N s o ST e w4
2R R 2 R BOK B E AR LR 08, X — Rtk R
IX 23 7% kR M) 76 M B4 T FAE RS A I,
T A AN R R R K 43 SR R 2R I E , 3 R D kAT 25
Bk AR K A SR G X 4T TR 2 i AT L)
4 R 3T KA K43 ) Keeling Plot J5 i il gk F + 3K
[F] o R J57 5t ~F 15 e /K iP5 7 o Keeling Plot J5 25 ¢
Keeling™ 1] 57 1 Keeling Plot ] 2% J5 38 #l Craig”” %
S TR 2 i R SE AR O RS A, R 2R R KR
75 B 7K RO ZE HUAIR A 7K VR R AL 28 20 R A9 75 1 1
19170 28 K Lo A3, a3 53 01 R 2 I L 28 O i 2R R
B R K R R RS K R R
2 JE K B e I AR R K R 2R A A
3V RN L SR R FE G A5, e S R R S
e K e P A B R ST PR R S 7 e R I
iy rR7
3 MRA@MSH

R & B AR Gk 43 R R B 20 A E A AR
Py PR R, S8 I ASCES I R R R R AR ORI
Bz — o SRR Jr 2 BB TE /N R BE S
HEATOESE, (ER P e Bl ™ % | B VA T 5, AR

AL 5 T H AT PE . A AN [R] ] R A
) ] BE 25 & O 55, RE RS A KO0 R A B R AR
b, AR 9 W I LA K A M v TR 25 48 R ) B i S
. CBRE S REMIE TH RZER LN EH ARSI
o X BT YL N ZE UL BE R IK Sh HIL A A 5T 0L
T E RO S, B, R A W vk T £ M
FHF R LRI, T R i dul R 2 0K RO i A 5,
o B 38 Ao T WO D 2 AT R AN o DR, K S RIS
FITE JBAH 25 5 1T BB VR AMX — S AR 1A B0 .

(1) ZEWUR K 4338 AL 1 FE A B9

K 43 B AL B P Ko GSSPAC 3 S5 44 1) 4% A 4 i B
TCo B WA K G i ZE B 1 72 KoK 3 7E GSSPAC
TR G I B AL, T R X R G AT — IR Ak F
5o XL LR B BT ER X K A3 A% i AR
AL o R AT AU B dn, 3 Ao R4 3R AR
FAUYZE NG FIK 9 28 kb B, dEAT AN TR AR 2R R g bk
Oy W ZEHR 47 B, 45 A T 5 A O 45 o 25 0L I 1 55 i
A REXT 8 75 K 43 (0 A i 5 28 U A B BOR S B)

(2) ARl ROBE AR 5 2 1y Rl i T

T W T A DG R | T A Bl R AR R R
T B AR A5 G, N A RS B A 3R 2 Ok D A 4R
BT A T, Rk 2 ) RO Rl A 34 T )
I, 33X AT RE I B R KR BE 25 I B 5 v 4 ORG BE G
Oy HERAL LI P 22 B R 22—

(3) ZE 0 Wi D0 o) 4% 3 18

FRHCEW R T K, ek, 3 Mgk, RA%
LAY B TT, 16 R ] Y M5 BT A S, HE
TN AR, T A A b X ST AR W s
HEAT GSSPAC Z 4t PN 3B AN [] B I 7K 43+ il i 2 A4 0800
JHEL Y B 1 X ZE HIOR (VR FH G R A B IR R, T
R 11 388 SR ATE 5 2 I L ik BBt . HEBIRTE AR A
PF . b AR ARG S SRR I BEAERR, %
AR B4R 7 2 () AH B AR 2 2 bEss o, £ 8
S R 2R A8 BF 1 2R 80k AR A IR AIF 5, 7 2 S
F14) 1 D 540 o

(4)GSSPAC R Gi/K 4y . Wi FlRE ARG 5T

GSSPAC RN L. Ko Y. k. &
WL A SRR AR AR R, W KBRS | R R R
C.N. PEY IR HAEF, T5 B4 b 2% | 7K SCHb BT
L e MR KRR AREF RN
SR, JEE K43 | RE R G PR R B 9 AR AR
FABIL, by £ T 78 it B 23 RUBE AR AR AF 5% 2 418 5 i 1
S Bl



“6 - K ST S5 TR 5T o5 3 44
4 it (7). M 538 3F , 2019, 65(6): 1473 — 1486. [ GUO
Xiaojiao, SHI Jiansheng. Global review of the research

e AN R Lok 2 e B P ey g . H
AR SCHE 5y IS RAAR AR ORI 7 O 3k (9 A 1, 753 progress and trend of evapotranspiration[J]. Geological
PLF g A Review, 2019, 65(6): 1473 — 1486. (in Chinese with

(1) MoK (T3 WA 45« 3K b 7K Fiki
BRI K A R R R EE A K A R UR, K A AE
GSSPAC # Gt N Al i 28 Wi & - A B S5 2L AT 4 4
PR T RGN CO N, PEYRIEER .
58 GSSPAC R 4t /K43 Wy ot Al AE 2 #8 A BF 5%, 8 2
LR A X, BEREIE— 25 I K 4 . BB = A T 2R
IV h A AR ELAE AL

(2) Z& W A B9 22 5 1 ml LI 9 4 K2, /K S
Tk OK vk | 28B40 - AH Y A= 3124 7 1 ORI
‘721:)\ TG 2 O 1 (I SC HE BB B 5P 9 L 30 B AH 56

PRVRRASCE) AR 2 i o ANTR) D vk 38 A 1A
|_J7«/T:| W 22 i 6 2R R o B E AT AR, AR
B AT ) 2R R R, R T R ORISR B A
Mgtz —.

(3) AN [7) 7% 803t O 2 7 k3 FH i e 28 ROBE AN ],
GV NG R CE 1B LR A SRR | 2
ool e 77 32 A X 22 E s e IR R 38 HAE T 28 i AR
PR 5 LR B, SRR | RS A Ak 2 B0 A o 4 it
.

S E Xk ( References ) :

[ 1] ZHANGJH, BAIY, YAN H, et al. Linking observation,
modelling and satellite-based estimation of global land
evapotranspiration[J]. Big Earth Data, 2020, 4(2): 94 —
127.

WANG K C, DICKINSON R E, WILD M, et al. Evidence

for decadal

[2]

terrestrial
Model

variation in global
evapotranspiration between 1982 and 2002: 1.
development[J]. Journal of Geophysical Research
Atmospheres, 2010, 115(D20): D20112.
JASECHKO S, SHARP Z D, GIBSON 1J I,
Terrestrial water fluxes dominated by transpiration[J].
Nature, 2013, 496: 347 — 350.

MAXWELL R M, CONDON L E. Connections between

et al.

[4]

groundwater flow and transpiration partitioning [J].

Science, 2016, 353: 377 — 380.

[5] SWINBANK W G. An experimental study of eddy

transports the lower atmosphere[M]. Melbourne:

Commonwealth Scientific and Industrial Research

Organization, 1955.

Lol S/, A . R ITZEHCR I [ A i i 5 3

[7]

[9]

[10]

[11]

[12]

[13]

[14]

English abstract) ]

Wige, B ety FEAMm, R F R ZEH0R A
J5 W 10 L B e B (0], b Bk B ;.-n—a%&, 2020, 11(1):
31 — 44. [ YANG Hanling, LUO Weijun, WANG
Yanwei, et al. Application and prospect of
evapotranspiration measuring methods under different
scales[J]. Journal of Earth Environment, 2020, 11(1):
31 —44. (in Chinese with English abstract) ]

S, BRBR L, A58, &5 XN BE 7% 1l 8 IR Al
;%7 B85 B W) A T 58 R R (7). BE A 2
2018, 38(3): 448 — 456. [ YIN Jian, OU Zhaofan, FU
Qiang, et al. Review of current methodologies for regional
and data
assimilation[J]. 2018,
38(3): 448 — 456. (in Chinese with English abstract) ]
TR, B 0T 0T, XA R, 45 R RN O SRR Uk S
M 56 F 5 E R (7). 3% IR AF 4R, 2020, 24(8): 975 -
999. [ ZHANG Yuan, JIA Zhenzhen, LIU Shaomin, et al.

evapotranspiration  estimation:  inversion

Scientia Geographica Sinica,

Advances in validation of remotely sensed land surface
evapotranspiration[J]. Journal of Remote Sensing, 2020,
24(8): 975 —999. (in Chinese with English abstract) ]

LI X, LIU S M, LI H X, et al. Intercomparison of six
upscaling evapotranspiration methods: from site to the
satellite pixel[J].
Atmospheres, 2018, 123(13): 6777 — 6803.

XUY, XU Y P, WANG Y F, et al. Spatial and temporal

Journal of Geophysical Research:

trends of reference crop evapotranspiration and its
influential variables in Yangtze River Delta, Eastern
China[J]. Theoretical and Applied Climatology, 2017,
130(3/4): 945 — 958.

IR, THEK . ZRHUR AN T IR 3 1 B e itk
&0 T 8 X WF 5%, 2020, 37(1): 26 — 36. [ LI
Xiaoyuan, YU Deyong. Progress on evapotranspiration
estimation methods and driving forces in arid and semiarid
regions[J]. Arid Zone Research, 2020, 37(1): 26 — 36.
(in Chinese with English abstract) |
MASSON-DELMOTTE, ZHAI P, PORTHER H O, et al.
Global warming of 1.5 °C[R]. 2018.

BERH, G EUH, AR, T BT 2 U X AR 2 oy
iE B 7K 5346 J 3% 96 UE [T 7K Sl Jo T A2 M %R, 2017,
44(3): 27 — 32. [ XUE Yang, JIN Xiaomei, ZHU

Xiaoqgian. Variation of evapotranspiration of Ningxia


https://doi.org/10.1080/20964471.2020.1743612
https://doi.org/10.1029/2009JD013671
https://doi.org/10.1029/2009JD013671
https://doi.org/10.1038/nature11983
https://doi.org/10.1126/science.aaf7891
https://doi.org/10.1029/2018JD028422
https://doi.org/10.1029/2018JD028422
https://doi.org/10.1080/20964471.2020.1743612
https://doi.org/10.1029/2009JD013671
https://doi.org/10.1029/2009JD013671
https://doi.org/10.1038/nature11983
https://doi.org/10.1126/science.aaf7891
https://doi.org/10.1029/2018JD028422
https://doi.org/10.1029/2018JD028422

2021 4F

R, G5 28O KR ZE 5 W58 B Tt R -7

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

Yellow River economic zone and the validation using
water budget method[J]. Hydrogeology & Engineering
Geology, 2017, 44(3): 27 — 32. (in Chinese with English
abstract) ]

RIGEAE, S WEUR, SR W, 45 A% IR ATAT Ui ek 1L 7P B
X 78 HCHE 14 53 A7 R AE [T K SCHb 5 TR 4 5, 2019,
46(5): 55 — 64. [ ZHU Xiaoqian, JIN Xiaomei, ZHANG
Xucai, et al Distribution  characteristics  of
evapotranspiration in the valley piedmont plain of the
Golmud River Basin[J]. Hydrogeology & Engineering
Geology, 2019, 46(5): 55 — 64. (in Chinese with English
abstract) |

MIRALLES D G, BRUTSAERT W, DOLMAN A J, et al.
On the use of the term “evapotranspiration” [J]. Water
Resources Research, 2020, 56(11): e2020WR028055.
WEI Z, YOSHIMURA K, WANG L, et al. Revisiting the
contribution of transpiration to global terrestrial
evapotranspiration [J].
2017, 44(6): 2792 - 2801.

e, 2RI, X, 4. H T KO Ak g it
YE R 5T 2 i 00, ARl TR 2% 4, 2000, 16(4): 45 —
49. [ YANG lJianfeng, LI Baoging, LIU Shiping, et al.

Geophysical Research Letters,

Review on progress of effects of groundwater on
evapotranspiration in farmland[J]. Transactions of the
Chinese Society of Agricultural Engineering, 2000,
16(4): 45— 49. (in Chinese with English abstract) ]

JE PR, OB, X BH, S FD AN AT 1L o R X AR
B 1k 2 S 3 A (0] 7K SCH o T b, 2020,
47(2): 25 — 34. [ XI Dan, WANG Wenke, ZHAO Ming,
et al. Analyses of the spatio-temporal heterogeneity of
evapotranspiration in the piedmont of the Manas River
Basin[J]. Hydrogeology & Engineering Geology, 2020,
47(2): 25— 34. (in Chinese with English abstract) |

MA Z T, WANG W K, ZHANG Z Y, et al. Assessing
bare-soil evaporation from different water-table depths
using lysimeters and a numerical model in the Ordos
Basin, ChinalJ]. Hydrogeology Journal, 2019, 27(7):
2707 — 2718.

LT, WETTAR, SREME, 45 T HEM X iR T R X
GSPACIK 73 iz % w9 73 #r U], + 5 X 5, 2010,
33(4): 572 — 579. [ LI Hongshou, WANG Wanfu,
ZHANG Guobin, et al. GSPAC water movement by
greenhouse method in the extremely dry arealJ]. Arid
Land Geography, 2010, 33(4): 572 — 579. (in Chinese
with English abstract) ]

VESCEE, FA i, BLE, & MR R B S R b

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

L0 T I I 1Y 52 W 23 BT (00 7K S M BT TR ML
2018, 45(2): 102 — 108. [ XU Wenhao, YIN Lihe, JIA
Wuhui, et al. Impact of environmental factors on the Sap
flow of willows in the Muus Sandland[J]. Hydrogeology
& Engineering Geology, 2018, 45(2): 102 — 108. (in
Chinese with English abstract) ]
X E B SR - R R GRS as AT Y ST R
g% (0], Hb B 2% di2, 1997, 52(4): 366 — 373. [LIU
Changming. Study on interface processes of water cycle in
soil plant atmosphere continuum[J]. Acta Geographica
Sinica, 1997, 52(4): 366 — 373. (in Chinese with English
abstract) |
Wi, 2K, FRIE A, L TR R KSR XV K X
SPACH GeAE W6 W5 [J]. KR 2412, 1999, 30(7):
27 — 32. [ YANG Jianfeng, LI Baoging, LI Yunsheng, et
al. Preliminary studies on groundwater effects on SPAC
system in shallow groundwater field[J]. Journal of
Hydraulic Engineering, 1999, 30(7): 27 — 32. (in Chinese
with English abstract) ]
WANG W K, LI J T, WANG W M, et al. Estimating
streambed parameters for a disconnected river[J].
Hydrological Processes, 2014, 28(10): 3627 — 3641.
DALTON J. Experimental Essays[M]. USD: University of
Hawaii Press, 1802: 392-395.
BOWEN I S. The ratio of heat losses by conduction and by
evaporation from any water surface[J]. Physical Review,
1926, 27(6): 779.
WANG T I, OCHS G R, CLIFFORD S F. A saturation-
resistant optical scintillometer to measure Cn’[J]. JOSA,
1978, 68(3): 334 —338.
TR, B, ZEERR. S VTR PRI I K i R
Ko Bt 25 REAE 43 M7 [3]. 7K Bl 24 30E J2 , 2020,32(2):182-191.
[ ZHANG Ke, JU Yan, LI Zhijia. Satellite-based
reconstruction and spatiotemporal variability analysis of
actual evapotranspiration in the
China[J]. Advances in Water Science, 2020,32(2):182-
191.(in Chinese with English abstract) ]
CHEN J L, TAPLEY B, SEO K W, et al. Improved

Jinshajiang basin,

quantification of global mean ocean mass change using
GRACE gravimetry
Geophysical Research Letters, 2019, 46(23): 13984 —
13991.

RO [ RS 2838 A 5 A I 26 R ) % L B o
JZ B 7 AL BT 5T (D], B AL B AU AR B LR KA,
2015. [ ZHAO Hua.

satellite measurements[J].

Measurement  of  crop

evapotranspiration via lysimeters with different diameters


https://doi.org/10.1002/2016GL072235
https://doi.org/10.1007/s10040-019-02012-0
https://doi.org/10.1002/hyp.9904
https://doi.org/10.1103/PhysRev.27.779
https://doi.org/10.1364/JOSA.68.000334
https://kns.cnki.net/kcms/detail/32.1309.P.20201022.1008.008.html
https://kns.cnki.net/kcms/detail/32.1309.P.20201022.1008.008.html
https://doi.org/10.1029/2019GL085519
https://doi.org/10.1002/2016GL072235
https://doi.org/10.1007/s10040-019-02012-0
https://doi.org/10.1002/hyp.9904
https://doi.org/10.1103/PhysRev.27.779
https://doi.org/10.1364/JOSA.68.000334
https://kns.cnki.net/kcms/detail/32.1309.P.20201022.1008.008.html
https://kns.cnki.net/kcms/detail/32.1309.P.20201022.1008.008.html
https://doi.org/10.1029/2019GL085519

7K SCHb BT TR b S

5534

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

and simulation of canopy resistance[D]. Nanjing: Nanjing
University of Information Science & Technology, 2015.
(in Chinese with English abstract) ]

ESCH, B, RTET, . R TR SCH RS
N5 AR 5 e B (0], M BR AR 7 HE R, 2018, 33(7):
702 — 718. [ WANG Wenke, GONG Chengcheng,
ZHANG Zaiyong, et al. Research status and prospect of
the subsurface hydrology and ecological effect in arid
regions[J]. Advances in Earth Science, 2018, 33(7):
702 — 718. (in Chinese with English abstract) ]

FE R, R, BEARIA, 5 R2E A N IZE R
i B &R 48 : CN202442980U[P]. 2012-09-19. [ WANG
Wenke, LI Junting, HOU Lili, et al. Evaporation
simulation test system under temperature difference
condition: CN202442980U[P]. 2012-09-19.(in Chinese) ]
EICR, RS, A, S UK K ZE A R
CN202442936U[P]. 2012-09-19. [ WANG Wenke, LI
Junting, WANG Zhe, et al. Water surface evaporation
testing system for salt water: CN202442936U[P]. 2012-09-
19.(in Chinese) ]

FRE, ECR, £, FOKI AR RS
CN202443138U[P]. 2012-09-19. [ LI Junting, WANG
Wenke, WANG Zhe, et al. Water surface evaporation
testing CN202443138U[P].  2012-09-19.(in
Chinese) ]

R R, 224250, £ 3CRE, 5. 4 A 32 R okt =
YL SR 4R B E . CN203721111U[P]. 2014-07-16
[ SHEN Yuanyuan, LI Junting, WANG Wenke, et al.

system:

Automatic data acquisition device for measurement of
evaporation and rainfall: CN203721111U[P]. 2014-07-
16.(in Chinese) ]

B TT. H T K B1R #Y 3R AR AR RN B AT e F
FE—— VAT R o ] [D]. 74 22 : 12K, 2004,

[ YANG Zeyuan. Study on supergene ecological effect
excited by groundwater and its evaluation — take Tuwei
river drainage as an example[D]. Xi’an: Chang'an
University, 2004. (in Chinese with English abstract) ]

X 5B IR 22 3T A M XD W M X A S K — MR
IKEEALHLILE 52 [D]. P52 K22 K2, 2011, [ ZHAO
Guizhang. Study on transformation mechanism of vadose
zone water-groundwater in the wind-blown sand area of
the Ordos basin[D]. Xi’an: Chang’an University, 2011. (in
Chinese with English abstract) ]

AR TR X FE R K b T K S Ak e sz AL ) A
5% [D]. P4 % : K % K 2%, 2013. [ HUANG Jinting. The

responses of evapotranpiration to the groundwater changes

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

in the semi-arid area[D]. Xi’an: Chang’an University,
2013. (in Chinese with English abstract) ]

KA KA R REY N M HSRXGERLR
5% [D]. VG % : & % K %, 2015. [ ZHANG Lei. The
relationship between the water surface evaporation scale
effect and its meteorological parameters[D]. Xi’an:
Chang’an University, 2015. (in Chinese with English
abstract) ]

AR P 2 KT 78 Sk BE RN K 3% ) (K] 3R BF 5 (D). 74
4 KR4, 2015, [ QI Zexue. Study on the water
evaporation salinity effect and the influencing factors[D].
Xi’an: Chang’an University, 2015. (in Chinese with
English abstract) ]

B2 AT R 5 DX R ASOS THT K RAA% BIL B B R A K
B B 1Y 52 A [D]. 7Y % K% K%, 2016. [ AN
Kedong. Mechanism of heat and water transfer at the land-
atmosphere interface and its effects on the heat and water
flow in vadose zone in an arid region[D]. Xi’an: Chang’an
University, 2016. (in Chinese with English abstract) |

ZElgi k. N[ A M AN AR 8 A 28 R WAL T R (D]
V9 42 K 4 K %, 2017. [ LI Wanxin. The law of
potential evaporation between different saturated soils[D].
Xi’an: Chang’an University, 2017. (in Chinese with
English abstract) ]

A AR AR B2 (M), 20 b S HE
H W AL, 2006. [ LI Hesheng. Modern plant physiology
[M]. 2nd ed. Beijing: Higher Education Press, 2006. (in
Chinese) |

NOURI H, BEECHAM S, KAZEMI F, et al. A review of
ET measurement techniques for estimating the water
requirements of urban landscape vegetation[J]. Urban
Water Journal, 2013, 10(4): 247 — 259.

ALLEN R G, PEREIRA L S, HOWELL T A, et al.
Evapotranspiration information reporting: 1. Factors
governing measurement accuracy[J]. Agricultural Water
Management, 2011, 98(6): 899 — 920.

GARRATT J R, HICKS B B. Micrometeorological and
PBL experiments in Australia[J]. Boundary-Layer
Meteorology, 1990, 50(1/2/3/4): 11 — 29.

BALDOCCHI D. ‘Breathing’ of the terrestrial biosphere:
lessons learned from a global network of carbon dioxide
flux measurement systems[J]. Australian Journal of
Botany, 2008, 56(1): 1-26.

T ot E, A WL, ANGE L. o [ B b A 25 AR T T L
5 9 2% (ChinaFLUX) Y 3 2 9F e Kk i e B2 (0], Ml
AL 22 R, 2014, 33(7): 903 — 917. [ YU Guirui,


https://doi.org/10.1080/1573062X.2012.726360
https://doi.org/10.1080/1573062X.2012.726360
https://doi.org/10.1016/j.agwat.2010.12.015
https://doi.org/10.1016/j.agwat.2010.12.015
https://doi.org/10.1071/BT07151
https://doi.org/10.1071/BT07151
https://doi.org/10.1080/1573062X.2012.726360
https://doi.org/10.1080/1573062X.2012.726360
https://doi.org/10.1016/j.agwat.2010.12.015
https://doi.org/10.1016/j.agwat.2010.12.015
https://doi.org/10.1071/BT07151
https://doi.org/10.1071/BT07151

2021 4F

R, G5 28O KR ZE 5 W58 B Tt R -9 -

[50]

[51]

[52]

[53]

[54]

ZHANG Leiming, SUN Xiaomin. Progresses and
prospects of Chinese terrestrial ecosystem flux observation
and research network (ChinaFLUX)[J]. Progress in
Geography, 2014, 33(7): 903 — 917. (in Chinese with
English abstract) ]

WILSON K B, HANSON P J, MULHOLLAND P J, et al.
A comparison of methods for determining forest[J].
Australian Journal of Botany, 2001, 56(1): 153 — 168.
FOKEN T. The energy balance closure problem: an
overview[J]. Ecological Applications, 2008, 18(6):
1351 — 1367.

ZHANG H, ZHANG H S. Comparison of turbulent
sensible heat flux determined by large-aperture
scintillometer and eddy covariance over urban and
suburban areas[J]. Boundary-Layer Meteorology, 2015,
154(1): 119 - 136.

IMVIRJEE, B DT, AR, A TR it bl X P A s ) RLBE
SR B X LA AT [T0. R4, 2016, 35(2):
285 — 296. [ SUN Genhou, HU Zeyong, WANG Jiemin,
et al. Comparison analysis of sensible heat fluxes at two
spatial scales in Naqu area[J]. Plateau Meteorology,
2016, 35(2): 285 — 296. ( in Chinese with English
abstract) |

LIU S M, XU Z W, ZHU Z L, et al. Measurements of
evapotranspiration from eddy-covariance systems and
large aperture scintillometers in the Hai River Basin,

China[J]. Journal of Hydrology, 2013, 487: 24 — 38.

[55]

[56]

[57]

[58]

[59]

[60]

RKAS, B A R T AR L R 19 £ KA ZR HOR Al
BRI oy L], A0lk TR 224K, 2020, 36(4): 127 — 134
[ WU Youjie, DU Taisheng. Estimating and partitioning
evapotranspiration of maize farmland based on stable
oxygen isotope [J]. Transactions of the Chinese Society of
Agricultural Engineering, 2020, 36(4): 127 — 134. (in
Chinese with English abstract) |

STOY P C, ELMADANY T S, FISHER J B, et al.
Reviews and syntheses: Turning the challenges of
partitioning ecosystem evaporation and transpiration into
opportunities[J]. Biogeosciences, 2019, 16(19): 3747 —
3775.

WU Y J, DUTS, DING R S, et al. Multiple methods to
partition evapotranspiration in a maize field[J]. Journal of
Hydrometeorology, 2017, 18(1): 139 — 149.
KEELING C D. The concentration and isotopic
abundances of atmospheric carbon dioxide in rural
areas[J]. Geochimica et Cosmochimica Acta, 1958,
13(4):322 - 334.

CRAIG H. Isotopic variations in meteoric waters[J].
Science, 1961, 133(3465): 1702 — 1703.

HSIEH J C C, CHADWICK O A, KELLY E F, et al.
Oxygen isotopic composition of soil water: Quantifying
evaporation and transpiration[J]. Geoderma, 1998,

82(1/2/3): 269 —293.
. EEL


https://doi.org/10.1890/06-0922.1
https://doi.org/10.1007/s10546-014-9965-8
https://doi.org/10.1016/j.jhydrol.2013.02.025
https://doi.org/10.5194/bg-16-3747-2019
https://doi.org/10.1175/JHM-D-16-0138.1
https://doi.org/10.1175/JHM-D-16-0138.1
https://doi.org/10.1016/0016-7037(58)90033-4
https://doi.org/10.1126/science.133.3465.1702
https://doi.org/10.1890/06-0922.1
https://doi.org/10.1007/s10546-014-9965-8
https://doi.org/10.1016/j.jhydrol.2013.02.025
https://doi.org/10.5194/bg-16-3747-2019
https://doi.org/10.1175/JHM-D-16-0138.1
https://doi.org/10.1175/JHM-D-16-0138.1
https://doi.org/10.1016/0016-7037(58)90033-4
https://doi.org/10.1126/science.133.3465.1702
https://doi.org/10.1890/06-0922.1
https://doi.org/10.1007/s10546-014-9965-8
https://doi.org/10.1016/j.jhydrol.2013.02.025
https://doi.org/10.1890/06-0922.1
https://doi.org/10.1007/s10546-014-9965-8
https://doi.org/10.1016/j.jhydrol.2013.02.025
https://doi.org/10.5194/bg-16-3747-2019
https://doi.org/10.1175/JHM-D-16-0138.1
https://doi.org/10.1175/JHM-D-16-0138.1
https://doi.org/10.1016/0016-7037(58)90033-4
https://doi.org/10.1126/science.133.3465.1702
https://doi.org/10.5194/bg-16-3747-2019
https://doi.org/10.1175/JHM-D-16-0138.1
https://doi.org/10.1175/JHM-D-16-0138.1
https://doi.org/10.1016/0016-7037(58)90033-4
https://doi.org/10.1126/science.133.3465.1702

