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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.

Key Words: ecosystem; water use efficiency; productivity; evaportanspiration; eddy covariance; soil evaporation
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R H, GPP Jy B R 7= 11, NPP i 9 4 7= 11, NEE ( net ecosystem carbon exchange ) Jh15 A= 75 R 5o filk
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Fig. 1 Schematic description of processes involved in different ecosystem water use efficiency algorithms

TUE: GPP/T;WUE gy : GPP/ET; PUE :ANPP/PPT ( PPT 47K ) (PPT is annual precipitation)
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WRIEFTFE(T) ,VPD R0 WUE fx B MR T, X E7EH KK F B2 T2 e " . 4
BRGAKF, Wl KEPFIEL T VPD KESAERS 7%, 440, Ponton 2 Hr#: T ¥ A2 4k ( Douglas-fir) |
H K (aspen) F1 7 BB H ( wheatgrass) fTEAE R B AEB RGEM WUE NEE R, EX 3 MEDSRSK,VPD ¥ 5
WUE 2 BELERMEER BN MR ERAESRER VPD HER W RSB ILMES RS WUE R
MR FERER, REFZESRGKELEHMRE A VPD 5 WUE 2B ERMHXKR , BELEG HREFE
—EER, ZRBI R VPD 5 WUE B&MEFAXN " WA BR, 6% VPD W in, WUE (R
HR T . XA RAT AR S T UK RIUAE %, 7E K AT R BRI T , 24 VPD B E|— &k FE,
B TS ILBHGLE N, ET A8 A0, Wi WUE Xt VPD BBURYEN TS . B, MET A % VPD 5455
WUE 5% Z (38473 5 BR T4 it 6] RBE b BIBIFT , ZE B it ] R (B R UL L) , I TSR RS
FThAE & A28k, HAE R B S hE 2 b B e — 3 .

3.3 Co,

CO, YR EETHE 2 AT BRI R S, 24508 KREA X COREHA AT RS WUE KKk
8, 46 KEZHWFREREN, CO,WET R SIRFEY B ES RGEH WUE , HALH A48 B /R e A
ANHTE . B, RIE R 6, CO W EF R A E M WUE F+& ; Hk, CO, ¥ BT — i mR A Y e &1
FNTR , 55— 7 T &SRR , 25 MIXT IR 55 , AT A 25 R 4 WUE FHst™
3.4 C/C,

Xt FAEE A S BETS , C/ C B ARARIE 2 , X WUE MW/ B R S B S T &, C./C,
FIER R ZES BB WUE M A/NEBEREER N, TS R § WUE8PC 1 C./C MEZ MFE S E
ML R IR 87 C REAE C./C, B WUE B.48) %™ . HEl, A% C/C MRS WUE %
W] FI R 3B AR /L, Scanlon FI Albertson '™ X JEHH K1 i B AEHY (Kalahari transect) | 4 T R XA SRS ELE
R B % B, ZEAE ] VPD R F KSR 2ZE LS RS WUE B TRKKHBRIFHNES RS, BT
AEAEDSRGE AR BAARFE KEY D REREA, (EE AR A S RET RN C/C,EZ5F BEEFEAEDS
RG] WUE 27 FEER , Rt C./C X ARG WUE S0 KI5 E R WA HGE .

3.5 JKAFAE

LR LR PES RS, LR 4 MATEBRRREE LB MBRESRSE WUE WS, e 578
REBREENESRGE (NFHHA ) , £ RG K0 M FFE (water balance) W F] §66 & EE /)
Ve . HHE 3 A, T/ET S A2ARfE WUE T . REFLIRERW, 8255 fR B s SR
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P22 B R KGE R S R G WUE W TF AR IEH B S o Kato 282 | FIAE R 1S 1)
BAE T T = RHbA) WUE 1 T/ET MZETTah3s ,, RIUAE LAI /NTF 1.6 B, T/ET [ LAI B938 A i, WA 6
WA RS WUE FHR . Hu 2610 s v [ S0 Bt A 25 R 8 i BF 5 WA 6 B, LAT AL X e A 25 R 48 WUE
TR E T, WA R E AR 6] WUE 25 FE
4 FRESRGH WUE KINETSEE

R R CEREG R T AR, FRRAES RGN WUE & TEM, A KN, R & KBS WUE
(NEE/ET) 3@ %1E 10 mg CO,/g H,0 DA |, M # AT 5 mg CO,/g H,0 (% 1), [FE, Law 5 HF 4
BRIE B LI R 2% (FLUXNET) 18 BEAH S SAE LI BRI T R B A S R G4 K2 A P-4 WUE( GPP/ET) 1
SRR B RS RGEK WUE & THEAGR, &£ B R% WUE £4KZEH KB R 2518, #4
WA E G4 H AR 1 ~6 mg CO,/g H,O0, %M M 1 ~8 mg CO,/g H,0, B FIEJE 0.1 ~6 g mg CO,/g
H,0. Webb %) 5@ b 36 [ ML MUl A 25 R G0 PUE i & B, ZRARAE S R S8 BA B i IR K R ISR,
FHRZ , MEASRERM. FI8, NFE 1 WA R, SE I ARE) WUE & T35 bk, oK #44%
T E AR S R G WUE & TR R E MBS RS, Le Houdrou ™ I bR M, E T R HIX,
XK ERMESREWAEERA RSN PUE, BT FH R BEAHX AR HAES RS WUE B EE
B E HBR HAS R SHE ARES RS WUE (1225, \FEH Baldocchi™ #l Zhao 2 % /NEFIE K
MR RE , EK T TREMFET  RKBEESRER WUE BB EKE, 5% SE HHRAHE .

F1 TEESRGEEN WUE
Table 1 Ecosystem level WUE on different vegetation types

EHRBE(C)/BEK (mm) A=K TR WUE™

EERANE Mean annual Maximum WUE in growing )‘Cﬁk*ﬁ

Ecosystem type . Literature resource
temperature/ precipitation season *

157 & K Temperate broad-leaf forest 8.1/697 24.4mg CO,/g H,O(NEE/ET) Herbst et al. , 2002[47)

P H A% LB Savanna 21.1/879 1.2 mg CO,/g H,0 (NEE/ET) Scanlon &Albertson, 2004%]

P H A% LB Savanna 23.5/460 1.4 mg CO,/g H,0 (NEE/ET) Scanlon &Albertson, 2004%]

P FRAR R Savanna 24.2/407 1.8 mg CO,/g H,0 (NEE/ET) Scanlon &Albertson, 20041

PHFFRI FL R Savanna 25.3/365 2.2 mg CO,/g H,O (NEE/ET) Scanlon &Albertson, 2004%]

%5 Jil Temperate grassland 12/646 1.2 mg CO,/g H,0 (NEE/ET) Hunt et al. , 20020541

A H (/M2 . EA) Crop (wheat & maize) NA 15 mg CO,/g H,0 (NEE/ET) Baldocchi, 1994 (4]

iR HL i Savanna NA 4 mg CO,/g H,0 (NEE/ET) Verhoef et al. , 19964

1P HL Wetland NA 11 mg CO,/g H,0 (NEE/ET) Mahrt &Vickers, 2002[17]

W LR AR Evergreen coniferous NA 15 mg CO,/g H,0 (NEE/ET) Mahrt &Vickers, 2002[17]

W% Evergreen coniferous NA 18 mg CO,/g H,0 (NEE/ET) Mahrt &Vickers, 2002[17]

AT 4Fm#k Planted coniferous forest NA 61 mg CO,/g H,O0 (GPP/ET) Berbigier et al. , 2001(%!

45K Evergreen coniferous 8.6/1451 39 mg CO,/g H,0 (GPP/ET) Ponton et al. , 20066

Y& Ak Deciduous broadleaf forest 0.9/424.3 29 mg CO,/g H,0 (GPP/ET) Ponton et al. , 20066

%5 Temperate grassland 5.7/401 10 mg CO,/g H,0 (GPP/ET) Ponton et al. , 20066

4 H (/N#) Crop (wheat) 13/500 14 mg CO,/g H,0 (GPP/ET) Zhao et al. , 2007%!

IR ACHK Coniferous-broadleaf mix forest 3.6/695 24 mg CO,/g H,O (GPP/ET) Yu et al. , 200701

AT 4tmH#K Planted Coniferous forest 17.9/1542 17 mg CO,/g H,0 (GPP/ET) Yu et al. , 20071

H MMk Evergreen broadleaf forest 28/1956 15 mg CO,/g H,O (GPP/ET)  Yu et al. , 20071

FFET AL R Alpine swamp meadow -2/580 2.8 mg CO,/g H,0 (GPP/ET)  Hu et al. , 20082

T FEWE M\ Fi ) Alpine shrub meadow -2/580 2.6 mg CO,/g H,0 (GPP/ET) Hu et al. , 20082

= FERI ) KL Alpine meadow-steppe 1.3/480 0.9 mg CO,/g H,O (GPP/ET)  Hu et al. , 20082

T HF SR 525 Temperate steppe -0.4/350 2.9 mg CO,/g H,0 (GPP/ET)  Huy et al. , 20082

« S NS WUE B33 AR B REE K WUE , A& A ki ik KX 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

X FREDESRG, WUE BRI L7 & T A RERE, B % U, WUE B)XF0 H 22 LR 2
FI R R T (B4R S VPD) I T s ) o SublRlet , RIRIFREE T M4 RS WUE 7E— R BRI
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B ZFFE—E 2250, X TR R, 30K 0 50 RIF S RE, WUE fx KIEE ARG IEF i A E
Bk e T R KA B S R YL, WUE B KAEAE 9:00 247 A BB R XU BIAR [ A 5 R 4L 5
JZREEX WUE BANAEARBRERZMR . MET FREMNS , ARAESREEERALBREREZR
AR BB RAFAE . FEK Y TE R BRI S R G, WUE H)Z1T AEPRAS SR IFIE S GPP R B 5t I, BIZE
B H R BB KR KA WUE 8K, e CPP B ARMZBE SRR WUE 8™ . k2, T
RXMEZRG, WUE T AFERRE GRS CPP RSB, S RGN WUE 1 GPP HZETi
BRARGY R 0 il Hu %0 % e [ DA OB B R 25 RGBT K B, GPP 5 WUE W15 281k
AR, BRI A KR WA KA KR ERBARAER . Grunzweig 2! 33 4 F X, Negev 1
BT RXAEBREHPIIRY, LFH A 1T WUE ¥55 T RZ, RN KR FO K GPP il WUE BT
TREM

5 EBRYG WUERRHNARERRRE

BRGNS , M RGE WUE KPR R IABESR BB BT H o AR A LR , by X8 A=
BERYE WUE 175782 BIR KRR , 2 BT TETT RZ I T AF i #RAR AR BUA SR e F0R I 77 v , A5 R 2 R BUR
[RIFFFE 4 2R 2 B i 2 AT be e , 7 B T AR S R G A ) LU BT R AT B2 IR XE AR o 735, WU EE AR F)
JRIRRPEWR 2 T2 n a R EIF RS RS WUE B RIENTTE . IR RIBEMREARGE TRENLE,
B BRI SO A 25 R G BB BB R ik X g SR B AN RS T R R, R
B, HRTFZE T REMXBE T B LSRG WUE WREVREEAS—2, i E3CR & # GPP/ET,
NEE/ET 5 NEE 5 ET [6] [E|JH LR IR REE X R R ] T A SRR T B &, HRIN A&
BRG WUE BB 5 RERE T RE PR HE , AP HA SR P TR R D . A 5h, KRBt 50 R AE S i
8] RUBE_EFF R I, T2 F AR SR AT A S R e WUE ZE 7K [R) B ) RUBE b 9 28 SR RpAE S 45 s WL 1 RO BF 52
WAEFBRZ .
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