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Abstract: Water use efficiency ( WUE) is a very important index for understanding the relationship between ecosystem
carbon and water cycles. Studies on the spatiotemporal variations in WUE at the ecosystem level are essential for effectively
predicting the impact of global climate change on ecosystem functions. At present, several algorithms are used for
calculating ecosystem WUE. On the one hand, the different algorithms result in differences in the meanings for the different
complexity of water processes involved, and on the other hand, they are closely associated with each other for the similar
key processes involved. The traditional techniques for estimating ecosystem WUE are based on the measurements of
vegetation biomass and soil hydrological parameters, but these approaches have limitation with estimating ecosystem WUE at
finer timescales. Some new methods developed in the past years, especially the eddy covariance technique are the
landmarks for studying ecosystem WUE at multiple timescales. Similar to the cases in the leaf level, the main factors
affecting ecosystem WUE are vapour pressure deficit ( VPD) , soil moisture, air CO, concentration, etc. Besides, the water

balance characteristics in ecosystem also play an important role in controlling ecosystem WUE. There are distinct differences
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in the daily and seasonal dynamics of ecosystem WUE between forest and grassland ecosystems. Meanwhile, the forest and
crop ecosystems generally have higher WUE than grassland, desert and tundra ecosystems. Overall, current studies on
ecosystem WUE are just at the early stage, and it is fairly needed to make further investigations into the variations in WUE

at different spatiotemporal scales and their underlying mechanisms.
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R RGKBIER SRR AT ERE S EEMRAY o Y57, B A SRR 5k
HREPIR TS EFE, B —FHEXRMPRHEES" . K5FIFIRLER (water use efficiency,
WUE) REABFERRGKBIEIH BB S R AN BRI, MBRESRE WUE B0t 2728 RARE RS
A B TR R S B R A A R GRS R,

WUE RigtHYIEFE A R B TE ER CO(BRAEFHTYR) ME, i TAEERNERMALE
X, ot B R DORTER S HY A A A SH IR R T ZHNH. &HK WUE BIREZRTRIEY
BU A A BK P AR, B RSB R AR e 3 MR S E R R R EY =R Jak, Mk
RGBT A RBEE FHYIN WUE SRR Y0 355 0 78 DLW , 2k P A RBOHLARI %0 R4k,
WEE — e BRI, BRI H 22 R, AR B RAR M RRFARES AR, PRARE
B EAFEEAES RGN U EBEIKE A8 X B SOR R RGUKBRIBF R AR 2%
Z, T T 3R LT A A R G T Re g & 1 7

EHI, 2R RGKF WUE BB AL TR0 B, R BN R AR TRt — S AMY B AU
SRR WUE B9 R BT DL R B IT BB A ST AR BEA T M AS FIEUAT , R SR TR A B Z AL LI Bk
KB R JETT T, LASALEEEE AR GURA BT R T 7%, o R AVGRAES RGUK B 12 59 A0 BAE PB4
BB
1 EFRGKDIFRMEBEHAFRBE SN

HRRG WUE RSB MES REBFE R REK 2 PrEER CO,(BEFHTYIR) . BEPF EBIMER
BEHRHATBEHEZSR , AR AESREN KB Kt B EEFE— RN XA, X % ¥ <38
HBRSE WUE ZRENBEKNREERRNESR. I H L8 R ET AR Ko g Blp s
A4 WUE 3 B AR B E X B 58K R

FEVATE — BB 53 o, A B A 28 BB SO O AR S R G BOK 0 B AE, T IX 5 28 8 A I R 3R (transpiration use
efficiency , TUE ) FAE & AH—2, A .

GPP NPP NEE

WUE:TUE:T(EEWUE=T,WUE:T) (1)

K, GPP Ry RAIR 4 7= S1 ,NPP i) 4 7= 11 , NEE ( net ecosystem carbon exchange ) " 24 R Gk
Tt TG, ETRERNAESRE WUE REL T HEYEERSFIEAK SRS . FEE I AT
B RB A R , BRI LM AER R SZEB(ET) (AEEEE S LIBERZ I ENESR
GER KRG, BB AR S RS WUE R4

WUE = WUE,, =0 ( s WUE =" wug =228 (2)

B, ZRESERRSG WUE X— M S&EIL, B ET HHAEEBN HIRERAR, EXTH#H P&

NH

GPP GPP T
WUE =g == *ET (3)
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Hep, GPP/T 57578 (1) MR, i B EM 2B F AR, I/ET hER ARG B HBHLE, R T
ERRGAE RN S TR RN ARG, B RG) WE,ET ET WAESRS WUE B2
R YRETE ZE I R PR B0 AL BAE A R B, B2 B ] 1R R SR AEX Ho 0] B A 4 M B AR B
B, ESEBRTAES, TR0 ET BRI T 21800 T AR ET P g 28 B T 2w 26 % i1
AN (L% GPP/T W% (T/ET =1) , B R R B 57 (1) A3, R, E—&TE
ERHMESES, DIEEERASERANE, SNES RS WUE EEREERH Y,

FERIRRE b, B 50 S0 GPP RIZEBOSE , BT 72 (2) TR A R % WUE 25 i R LI 23k
BT , A1 36 3R M 7K A1 %% 2 (Precipitation use efficiency, PUE) 34347 4 25 RGEW SAEBE BEK 4RI Y
25 A AR AR AE S B

ANPP

WUE =PUE =55 (4)

Hf  ANPP i35 R B 47 1, PPT 4Rk B, EXTREHRBCA 2785 ANPP 5
GPP Z [AIFFTE BB LB R o WREDRGKIRA (FK) S (R + HiR2W) #FE, bt
—BFARN

Heb R HHFERBR, T RMEKFFREAMUEE T HR) M) i k3R, 3 A 5 ER RS
IR, HASRH:F 2 ANPP/T, T/ET fl R/PPT =B IAE SRS, K, R/PPT T EZ M2
JE T BT SR B0 Connor 7 EBFFA A, FEMLBE S BN B IO AR, E S R4 K PUE £
BABPHRE , TR E MR % e T M2 %, AT/ T R/PPT,

B ESRG WUE WAREES R T ARKAESESR, REHIHOFELER, mE 1 TUES,
M TUE 5| WUE,,, 3| PUE, ¥ RIKK G REBHHE N, NS B RuuEmE 2, B, AEHEKNRR
¥ b (4£ %) b ) GPP NPP 71 NEE 2 |8 i] e SR i bl 2 2 7Y e Em i RE L, b For A s
I A A 52 S IR By DR R B, WUE B3k vh 40 TR 43 H922 St 7T BB S BUBUR 1 IR 788 S Rl
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Fig. 1 Schematic description of processes involved in different ecosystem water use efficiency algorithms

TUE . GPP/T; WUE z . GPP/ET; PUE . ANPP/PPT ( PPT JgE[%7K &) (PPT is annual precipitation)
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B BRI HAETTHE WUE LISk, 48 DEBFRAANA (A1) SR (BHK) Z BB %
XA, BEEINAN AR ERNARRERESRGEN WUE ™, ATIMAEANARLRERAE
7 3308 7K 4 W RE A A B F U , 1K 5 7K 43 IR AF FEAR KB X B, LRI 7 Bk B8 B I 4510 A T
Xt
2 EARYG WUE fEF R

Hy WUE {95 SCRT 0, I E AL AS R Ge WUE S2h b R B E#” (4 GPPNPP NEE) 1“#E7K” (41
T ET) VAN Ay, T IS bRB 0 2 7 i R 2 AR A5 2 K S0 A B S 1 R B AR I 25 , 43T 4
I 58 7 1 A AR Ao 8 R, L AR i o TURE 24 RO AR 2S R = AR AMRFE T 8 I %
RIFBEAEEEN R

R EILIE , AE2S R = h I E S TG AR Y B R e, BB E R RS e HYE b 3
TEYRE—ENRERYRNEK R GEESRERPNEEF N, FERENIEFET RS PEHR
FBAX (lysimeter) B, K53 AT AR T B P40 3, U 2R 75 R GE K AN A (/K BRI ) R 4 DL
ERRENR RS K B, ST ERRR R R EYRER T— AR 8" b, TRllE
“FATWEERL, HTABAEED . BT LRBE T EBERKT LR ERBRBE NN, £S5
Y5 WUE (9955 R R R PR F B 1B R , Wil S35 R4k WUE 70 25 R | 078 Sk B BFSE CAn A
I EI4E) MR /B

AR, R RHAEE T RER R, X AT S R % WUE #5 T REENIES . REMSHE
AEIT IR 2SS, CO, Y BRI S B O ksl , BE T T3 1 A2 25 R AR RIXf 1A) RUJBE L B /K B B AR ™,
BT B GE WUE 72487 VB H N, B RbaE A 1) R 07 AR E S DL ST, IREMHIX RS
B VLB 2 25 R G K B B A i, BIAE S R ZRBURT COP A #:8 (NEE) . R TIREESE X
AE R HAE (B NEE/ET) ¥ RS RS WUEY . (BESL |, NEE RES ARG BEA (GPP) 5ES RS
WP (R,) A TERIINS: R, A WEXT NEE $THRSY A B CPP 2 5 EREAB RGN WUE™ . B4,
FFWESC Ho: (Bowen ratio) WE A S ARG ARB R E WM, BE—5H, INRRRSHEREE—SHA N
R AR BRI AR E R A MRS B4 WUE B Bt BB, S 3Ts f TR s i ik
A ) T E (Sapflow method) ' FEE R ZHAM B IR 2,

3 LSRG WUE HBMETF

HTES ARG R FHABRSROE TIEEE 20 REHER, X S ECRE BN A8 2 20022,
—H R TIRE R, 55— R T HAR R, SR BIK2H 20— “ M B (big leaf) ” @it 5t
TR A BAE SRR R R AR A AR . [FIRE, AR 7S R % WUE o B FHOBFSEB R AEX M B WUE A
TR E R

FEM R A BK P b R SE 1 CO, 6 AR F R, WA DL REI 7K 4> Fl 26 IS B R 7R, WUE W3
A=A

A TutT c.(1-¢r¢)
WUE_T_rw+rbc+r,-c D

(6)

i

A1 C(1-C/C,)
WUE="1=17% D (7)

He A JHAHE, T HZEBEEE D AWK REZ GEFUESBEAKKEZ VPD RE) ,C,
M CRRSFM M COME ,r, M h KL K KM BEST, r Bt AR ERKEWESL, r. 2 A
L3 CO, BIBESL , ri M S E X CO, HIBHBL , T i M i A FRRBEYL (internal resistance) , '£-5 CO, AP 4H
MR BRI 2B P LA R RBEIA S, FE R A EERD . BEREET A E A%
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Z(GPP/T) AR ILHIM TN AT LUER 58 (7) BFF . BT EWUBRBIEASRE WUE MEX,FFHY
B RR AR B, A CET R 3) M(7) , BSEEmN EWU, MEFREEDRG WUE HE
HF

3.1 KA

MY7EEZ TR nt, SFLFERME, 2 WUE a3, FERFEX AW FTE. 5k, SIS ERMK
Bt YR T REZRFEAAAEE, C/C, B/, N WUE AR (H# 7). 75, BIEHTE 40, K7
BEREARR BT (BPSFLBESTHE ) , R A FFBESE r RFEAZE, WUE MMM, E2SREBLRE SIELHE
Yt R WUE EB BN TRAH TR, BNRTR2EE—SmE, SILFE RSN FEE R YA h 6
SRR, AT B I SRR BTN , 45 RV BEE | 2 WUE R R R , — AR RS KE FMBEH
IS, YEShETRN, SRESE TR, SRS WUE A5, hEBISRER, YEZRS TR, AR E
Gty WUE £BR B 50 F K ERRBE, ESRE KB REE T ERE MR BILE, S8 WUE T
W B9 BT TT REAE I K SEIRRE AU B A BE I B TS IER .

3.2 VPD

REHF(T),VPD RIEHW WUE B X EWHER T, XBAEM A KELBR T SHBIE", 4
BRGKT , WHKEBIRIELT VPD B E SR, 60, Ponton %' i T ¥ 424k ( Douglas-fir)
FI#% K (aspen ) il F R B M (wheatgrass ) 7EAE K AR R GM WUE /EE R, X 3 MER RS, VPD 5
WUE B BELREREERXR, B MAIERERESRLER VPD HERURFBXILMERRSGE WUE R
FMEEFREE, REFEZESRGEKELNHRE LI VPD 5 WUE R BERMEXRXR, BHEAUESHTBREFE
—EER, ZHPRH VPD 5 WUE B&MHAAEX" S MdA TR, M5 VPD 634N, WUE BRI #
Pk sn ' . XF2 RS HHUKSRA X, 7B K AT RERET , Y4 VPD 18— EKF)E,
B FSALBELIG N, ET AR, Wi WUE 3t VPD WBURM S5, 75F, BaTZ A K VPD 54X R4
WUE % ZBHGEPRRTER R E LR, R KRR E E(EHEARUL) B TESRENSEH
MThBe R Ak, HAEF R B A MR T BEd— 5T,

3.3 Co,

CO,MEF R ALY RIREMARHME, ESEHE KEE X COEKEFBNETRSE WUE B H#H
B, B REHARGREN, COREARSEBHEYBERRERN WUE, HLH s ERE A REE R
ANHE. B, BEHR6,COREARSHRBRM WUE Fm; HR, CO MR E T m—F ERFEEYN A E
FIER, B — HE SRR, AT, TR R 4% WUE A&,

3.4 c/C,

TR E Y EEE , C/C EARRRHE R , Xt WUE HMEmE/N, (BRA R Y# S aEm S, C./C,
FEEBRER, BZEN WUE BR/NEEREREW, B TEYM 8 WUES®C M C/CHEZRFADE
BB R MY 8°C REME C./C, 5% WUE B&8 ZRA™ . BELEX C/C X ERRYE WUE ¥
Wi B RSB R AR 2, Scanlon I Albertson ™) Xt Y -+ hr e BB ( Kalahari transect) | 4 M TRRXAES ALK ES:
BRI & B, 7EA ] VPD &4 F MR RHBREZMERRE WUE B THRAKZGBRENESRZSE. BT
ARAEEBRGERRBARA R AV TIRERE R, EE B AR S RAE RN C/CEHTREFBAER
RGuH WUE ZRMEERE, KM C./C AR RS WUE ZmEBIRER LA HRE.

3.5 Ku¥fs

HHIBEERBPIIERRE, LR 4 NMEFEBRIRE L BEHEBAESRE WUE RN, e HIEHE
EEBRHLENESRSE (N FM ) , =R RGE KD FHEHE (water balance ) NI B B84 & EE K
fER. W53 W4, T/ET &R WUE i, REGFZMARY, AERBHMRKRBMERERR
G, PERESENMERREEBBRWLE, FEAHEE (S EAYE) NEANTEERENER
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P[22 (B KB B MR E AR R % WUE BT RIE R B S o Kato 411 FIBLELF0 52
BARMT T BRI WUE 1 T/ET BT 5175, RITE LALNTF 1.6 i, T/ET |6 LA B3 b s b , DA i 58
HEASRZ WUE FHi . Hu %7 s ob B g B 25 3 A S R BRI W 2 0 , LAT AR X A S R % WUE 5
*ﬁﬂ%@tﬂﬁiﬁ%ﬂ@?,&%ﬂﬂﬁi&%ﬂlﬁ] WUE 258X ERHE,
4 TEESRGR WUE KNRT I
AT B R FSCHRGS B LT LUK IR, AR S R WUE B TR, A K Py, BRI B K BRI WUE

(NEE/ET) & ¥7E 10 mg CO,/g H,0 Pl b, B MAREMET 5 mg CO,/g H,0 (F 1), Ak, Law £ HT 4
BRI B VLI 4% (FLUXNET) 38 BEAH 6 Z4E AR LB T FBAES RS AEK S A ¥ WUE(GPP/ET) &

25 B T g B ARAE S R G WUE & TG R, KBS RS WUE e KRBHRBOE S E 25108,
HEFRARFIH 24K 1 ~6 mg CO,/g H,O, 7 M MK 1 ~8 mg CO,/g H,O0,EHANFIR 0.1 ~6 g mg CO,/g
H,0, Webb 4™ @id Wi EE MARHAES RSN PUE LR B, BRES ARG RA BB HRKF MR,
B, TiREESRERMK. B, WFE 1 BTHHER, HEE S WUE BT MMk, ik
ﬁc&ﬂﬂﬁﬁi@imﬁﬁi WUE & FRBAR B EMEMER AR, Le Houerou™ WITSTHEN  ETRMKX,
SRR BB ES ARG WAL RA BB PUE, b TR IR B H LI &k H A R % WUE HIBFRER
> HEL tmz&z HAESRESHE BRES AL WUE 25, AFkH Baldocchi™ F1 Zhao % 3§ /N32 F1 E K
MRS RE RS T RMEET REES RSN WUE LA BREKT, 554 ML,

®1 FRESRGEXEY WUE
Table 1 Ecosystem level WUE on different vegetation types

EWRE(C) /MK (mm)  AERFHEA WUE®
Mean annual Maximum WUE in growing

EBRGRE
Ecosystem type

SCHRRIR

Literature resource

temperature/ precipitation season ©

1R R HR Temperate broad-leaf forest 8.1/697 24.4mg CO,/g H O(NEE/ET) Herbst et al. , 20021*7)

A FRWER Savanna 21.1/879 1.2 mg CO,/g H,0 (NEE/ET) Scanlon &Albertson, 20041
A MER Savanna 23.5/460 1.4 mg CO,/g H,0 (NEE/ET) Scanlon &Albertson, 20041
A MER Savanna 24.2/407 1.8 mg CO,/g H,0 (NEE/ET) Scanlon &Albertson, 20041
A FRWER Savanna 25.3/365 2.2 mg CO,/g H,0 (NEE/ET) Scanlon &Albertson, 20041
E & Temperate grassland 12/646 1.2 mg CO,/g H,0 (NEE/ET) Hunt ez al. , 2002054
RHE(/PhE.FEHK) Crop (wheat & maize) NA 15 mg CO,/g H,0 (NEE/ET) Baldocchi, 199441
W R Savanna NA 4 mg CO,/g H,0 (NEE/ET) Verhoef et al. , 199604!

¥ H Wetland NA 11 mg CO,/g H,0 (NEE/ET) Mahrt &Vickers, 20020171
84K Evergreen coniferous NA 15 mg CO,/g H,0 (NEE/ET) Mahrt &Vickers, 20021171
84K Evergreen coniferous NA 18 mg CO,/g H,0 (NEE/ET) Mahrt &Vickers, 20021171
AT 44K Planted coniferous forest NA 61 mg CO,/g H,O (GPP/ET) Berbigier et al. , 2001 (5!

H B4R Evergreen coniferous 8.6/1451 39 mg CO,/g H,0 (GPP/ET) Ponton ez al. , 200616

¥ iE R Deciduous broadleaf forest 0.9/424.3 29 mg CO,/g H,O0 (GPP/ET) Ponton ez al. , 200616

E & Temperate grassland 5.7/401 10 mg CO,/g H,0 (GPP/ET) Pouton et al. , 2006L°]
RH(/ME) Crop (wheat) 13/500 14 mg CO,/g H,0 (GPP/ET) Zhao et al. , 200715

41 TRAZHR Coniferous-broadleaf mix forest 3.6/695 24 mg CO,/g H,0 (GPP/ET) Yu et al. , 2007

AT 4%tmH#k Planted Coniferous forest 17.9/1542 17 mg CO,/g H,0 (GPP/ET) Yu et al. , 2007(°]

& FFH AR Evergreen broadleaf forest 28/1956 15 mg CO,/g H,0 (GPP/ET) Yu et al. , 20071°!
EEBELES Alpine swamp meadow -2/580 2.8 mg CO,/g H,O0 (GPP/ET) Hu et al. , 2008(%]
BE#ENE M Alpine shrub meadow -2/580 2.6 mg CO,/g H,O (GPP/ET) Hu ez al. , 20082
BEEMER Alpine meadow-steppe 1.3/480 0.9 mg CO,/g H,0 (GPP/ET)  Hu et al. , 2008(%]
{RH LAV E B Temperate steppe -0.4/350 2.9 mg CO,/g H,O0 (GPP/ET) Hu ez al. , 20082

= ESNIRES WUE ME S &N B RERKX WUE, A N BEE 5K WUE  annotation in the parenthesis indicates the algorithm used.

The bold number is maximum daily WUE within growing season, and the others are maximum instantaneous WUE within growing season

SHFREESRG, WUE HBAHRRH AR T FIRKARIE, 8 %I\ 8, WUE BXF H 2 UL 2
HFR S F (BPE A VPD) SR TR B o SukRet, AR E T HAES RS WUE — KB
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BN ZFE—EZR, X TREEA, 2K R0 RFNESRR, WUE SR EESTEREIEF M 53
Bk Tie F R REEMENESRE, WUE BR(E7E 9:00 ZABFIBRK"  XRHARLESRENE
ESEX WUE BAUAEARBREREE, BENT FREME , ARESREEERAHBREZFEER
SRH R RAFIE . 7K TERMBWES RS, WUE BT SRR RIFIES GPP R BHH K, BI7E
B RE MBI B IR MR WUE 8K, Tife GPP BRI FVWRAEMR WUE B&™, RZ, T
BRMESRSE, WUE HFETAFRELESS PP HENBE —3, AT RER WUE 7 GPP BEIZEY
BAEMERE M Bilin, Hu %5 s E A SRR AR S RGBT ST R IR, GPP 5 WUE B2k
HAEIR, BRI NAE KRR R TA R SMAAE K ZRBERMER . Grunzweig 7 7t P X Negev ¥
BETREXAESRENMRRYN, LFNE N WUE R TREE, RREKE®EMGE GPP fl WUE BET
THEF

5 EB5R% WUERRHMTRERRRE

BT S, YRS RE WUE MBIRAS RAEIAE SR B AEe BRI, R E LR, b T A
BRE WUE §75 32 BVR KBRS, BB TR %I TAE R ER AR B A A AR B 77 ok , RS R R R EA
RIS RZ G Z ) e, F BE TS RGN LB RPN R ELIBUR . 555k, M E AR K
RIS T EZR R RE EFRESRE WUE ZRERR. EFERBEARERF TRKENRE,
BB KBS A: S RGUKBE B BA RN T, Oy BB RS T R R, R
Fa, BTSSR TIREHXBIETEES RE WUE WELDRTFEAR—, 0 L3R K GPP/ET,
NEE/ET 8 NEE 5 ET [H] BIIH ELERBIARSE , X FHRE 7 ESRER X att. NS EE, HhiidE
DRG WUE IR REE R T = iR , AT AR R BT RR D, 55k, K a o Emn
] RBE TR IR, BT AN PO AT A 25 R GE WUE 7ER [R] B B) R | 728 SRR A R P ML il B9 B 9
WIEEERE .

BT ERMAFBRENREE, Y5 TAES RS WUE MR RLEERAMBT, AF L T ERE/RT
B hniE , PR H BV E R LA R B A SUR RT3, DU 2 #1525 SRR

FEA IR 6] RUBE (VN B4R ) LA R S 3N , AR5 R4 WUE B AR ? HEHRE 7032
fr47 BRTEIZ BB UR PR 5l o R 8 i R VG L, 2 TR B m o A A i R R EAE R R G
WUE #9738 SASAE LA B A [ SRR A T B AR A R R BEA TS HUBT ST B 2R B A GO B BAE 55

ETARABEIRINES RS WUE RRBIEAEERTAMESR? B3 A FE %X LA B
FHRARNRESRGESEXT WUE BT, SR EE R WUE BUEAESR, 1R 3 R GBI K 0 R w42
PR

AR R REZ R, ERESRGE WUE R T Uik ? HRENGIRM 47 EHESREKEE
2B B TR R RE I 1R R AR AL T 3R , Wt WUE T 55 [RIARR A ke , 4R T sk 4 4% PR Bl et (] RUBE AT e 4k 7 2
TR A 2 B {E (ecological threshold) " 2 i 27 XEARF FIRAMBIT

HBRG WUE REFAERST? IRGE, HNENRRMT 47 Bt 5B ERRY , EEYH Ak
¥ B, B FEAEE SEB AR, WE BARBERRFH"Y , MEESRIKTF L AEL
EIBRGEY RHIELT , WUE BERERARTHE? XEA R THIE S SRR,

TR SRR RARERNTERAS RSN WUE? BRINASREEWEFHRARKRZRRT
W A KPR BT, TIEASREAK T b, 82 S A & 2 240 RABHLE (B33 205 e
X} WUE By ma58 5 -5 07 A

AERFE B (AMEBI23R) WUE BIX A SRR WM ? | TARKF LR WUE 3 BA R AZS R, i
KK BB WUE B3 REY R R KB ZE 2R Yl i =R, REMRYEDS
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