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Abstract: W ater use efficiency (WUE) is a very important index for understanding the relationship betveen ecosysteam
carbon and water cycles Studieson the gatiotemporal variations inWU E at the ecosystan level are esential for effectively
predicting the mpact of global climate change on ecosystan functions At present, sveral algoritms are used for
calculating ecosysien WUE.  On the one hand, the different algorithms reault in differences in the meanings for the different
camplexity of water processes inwolved, and on the other hand, they are closely asociated with each other for the smilar
key processes inwlved The traditional techniques for estimating ecosysten WUE are based on the measuraments of
vegetation biomass and il hydrological paraneters, but these goproaches have limitation with estimating ecosysten WU E at
finer timescales Some nev methods developed in the past years, eecially the eddy covariance technique are the
landmarks for studying ecosysten WUE at multiple tmescales Similar to the cases in the leaf level, the main factors
affecting ecosystem WUE are vapour pressure deficit (VPD) , il moisture, air GO, concentration, etc Besides, thewater

balance characteristics in ecosystem alo play an important role in controlling ecosysen WUE  There are distinct differences
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in the daily and seasonal dynamics of ecosystan WUE betwveen forest and grassand ecosystans M eanwhile, the forest and

crop ecosystems generally have higher WUE than grassland, desert and tundra ecosystens Overall, current studies on
ecosystan WU E are just at the early stage, and it is fairly needed t make further investigations into the variations in WU E

at different gatiotenporal scales and their underlying mechanisns

Key W ords ecosystam; water use efficiency; productivity; evaportangiration; eddy covariance; il evgporation

[1,2]

[3]

(water use efficiency,

WUE) , WUE
(3 6]
WUE Q0; ( ) :
) WUE
(7 9]
WU E , [10 14] 1
/ [4,6,15,16] [17,18]
[3 6 19, 20]
, WUE ,
WUE
1
WUE Q0; ( )
WU E “ ”
WUE,
: \ (trangiration use
efficiency, TUE) ,
WUE =TUE =228 ( wuk =NEP wy e =NEF, (1)
T T T
, GPP ,NPP , NEE (net ecosystan carbon exchange)
T WUE
: (ET) ( )
) WUE
GPP N PP NEE
WUE =WUE;r =— _ WUE = __ WUE =— _ 2
u UBer = ( WUE="_— WUE="1) (2)
WUE ET )

WU ~GPP _GPP T
ET T ET

http: / Mwmww. ecologica cn

(3)



1500 29

,GPP/T (1) , ,TIET ,
(3) : ET WUE
, ET , ET
el GPP/T (T/ET=1), (1) :
, ’ WUE [22 25]
, GPP , (2) WUE
, (Precipitation use efficiency, PUE)
[26]
AN PP
WUE =PUE =" (4)
,ANPP , PPT ANPP
GPP «C ) ( + ) :
wug —ANPP _ET _ANPPX_Txﬂ_ANPPx_T{l__R} (5)
ET "PPT T ET PPT T ET PP
R (1) (3) :
ANPP/T T/ET R/PPT , ,R/PPT
Connor 1" , , RUE
! : R/PPT
, WUE , 1
TUE WUE., PUE, : ,
( )GPP NPP  NEE e ,
\WUE
R TP PUE ~== === mm e e e e e .
YA e pmﬁfiﬁt,(,n

’

Photosynthesis

r..__ "UE - s e s en s E e we e wm e e

TN R

Soil evaporation

BLEZEdT

Runoff

ittt ———

é‘

Fig 1 Schematic description of processes inwlved in different ecosystan water use efficiency algoritms
TUE: GPP/T, WUEg;: GPP/ET; PUE: ANPP/PPT (PPT ) (PPT isannual precipitation)
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Tablel Ecos/stan level WUE on different vegetation types
)/ (mm) WUE”
Mean annual Maximun WUE in growving .
Ecosystan type L R L iterature reource
tamperature/precipitation LaoNn
Temperate broad-leaf forest 8 1/697 24, 4mg CO, /g H,O (NEE/ET) Herbst et al , 2002!471
Savanna 21 1/879 1 2mg 00, /gH,0 (NEE/ET) Scanlon &A lberton, 2004!°1
Savanna 23 5/460 1 4mg 00, /gH,0 (NEE/ET) Scanlon &A Ibertson, 2004!°!
Savanna 24, 2/407 1 8mg 0, /gH,0 (NEE/ET) Scanlon &A lberton, 200415
Savanna 25 3/365 2 2mg C0, /gH,0 (NEE/ET) Scanlon &A lberton, 2004°)
Temperate grassiand 12/646 1 2mg 0, /gH,0 (NEE/ET) Hunt et al , 20020%
( ) Crop (wheat & maize) NA 15mg Q0, /gH,O (NEE/ET) Baldocchi, 1994041
Savanna NA 4mg 0, /gH,0 (NEE/ET) Verhoef et al , 1996!%
W etland NA 11 mg 00, /gH,O (NEE/ET) Mahrt &V ickers, 2002[*"!
Evergreen coniferous NA 15mg Q0, /gH,O (NEE/ET) M ahrt &V ickers, 2002[%7]
Evergreen coniferous NA 18 mg 00, /gH,0 (NEE/ET) M ahrt &V ickers, 2002[%7]
Planted coniferous forest NA 61mg CO, /g H,O (GPP/ET) Berbigier et al , 2001!%!
Evergreen coniferous 8 6/1451 39mgCO,/g H,O (GPP/ET) Ponton et al , 2006!°!
Deciduous broadleaf forest 0 9/424 3 29mg CO, /g H,O (GPP/ET) Ponton et al , 2006!°!
Temperate grassand 5 7/401 10mg CO, /g H,O ( GPP/ET) Ponton et al , 2006!°!
() Crop (wheat) 13/500 14mg CO,/g H,O (GPP/ET) Zheo et al , 2007!%]
Coniferous-broadleaf mix forest 3 6/695 24mg CO, /g H,O (GPP/ET) Yu et al , 20071
Planted Coniferous forest 17. 9/1542 17mg CO, /g H,O ( GPP/ET) Yuetal , 20071*]
Evergreen broadleaf forest 28/1956 15mg CO, /g H,O (GPP/ET) Yuetal , 20071%
Alpine svamp meadow - 2/580 28mgCO,/gH,0 (GPP/ET)  Huetal , 2008!%!
Alpine shrub meadow - 2/580 2 6mgCO,/gH,0 (GPP/ET)  Huetal , 2008!%!
A Ipine meadow-steppe 1 3/480 0 9mgCO,/gH,0 (GPP/ET)  Huetal , 2008[%!
Temperate steppe - 0.4/350 29mgCO,/gH,0 (GPP/ET)  Huetal , 2008!%!
* WUE ; WUE, WUE annotation in the parenthesis indicates the algorithm used

The bold number ismaximum daily WU E within growing sean, and the others are maximum instantaneousWuU E within growing ssaon

\WUE
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