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Spatial variation of WUE
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Affecting factors
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Table 2. Characteristics of Flux Tower Sites Used in This Study®

Lat Long 1D Veg LAI Soil WUE#* IWUE* Reference
1 4712 1132 AT-Neu GRA 6.5 0 379 25.94 Wohifahrt et al. [2008a]
2 51.31 4.52 BE-Bra MF 3 3 3.99 26.71 Carrara et al. [2004]
3 50.55 4.74 BE-Lon CRO 5.3 0 283 17.35 Moureawx et al [2006)]
4 5031 6 BE-Vie MF 3.1 5 5.08 3391 Aubinet et al. [2002]
5 —2.61 —60.21 BR-Ma2 EBF 4.7 6 282 29.6 n.a.
[ 4987 —125.29 CA-Ca2 ENF 22 3 3.06 24.26 Humphreys et al. [2005]
7 49.53 —124.90 CA-Ca3 ENF 3 1 353 19.65 Jassal et al [2008)
8 5363 —106.2 CA-Oas DBF 2.1 10 341 28.18 Krishnan et al. [2006)
9 54 —105.12 CA-Obs ENF 38 1 3.05 21.77 Krishnan et al. [2008)
10 47.29 Jicl) CH-Oel GRA 4.85 0 2.86 17.88 Ammann et al. [2007]
11 31.52 122 CN-Dol GRA 513 0 262 19.15 W et al. [2005)
12 51.10 10.91 DE-Geb CRO 4 0 4.02 27.39 Anthoni et al. [2004b]
13 5095 1351 DE-Gri GRA 4.8 0 4.35 31.17 Gilmanov et al. [2007)
14 51.08 1045 DE-Hai DBF 6 10 531 29.37 Knohl et al. [2003; Kutsch et al., 2008]
15 50.89 13.52 DE-Kli CRO 9.7 0 3.58 25.01 n.a.
16 5096 13.57 DE-Tha ENF 16 i 4.55 324 Grimwald and Bernhofer [2007]
17 5045 11.46 DE-Wet ENF 475 1 542 26.17 Anthoni et al. [2004a)]
18 39.35 —0.32 ES-ES1 ENF 263 3 277 20.27 Sanz et al. [2004]
19 61.85 243 FI-Hyy ENF 21 3 361 22,68 Suni et al. [2003]
20 69.14 273 Fl-Kaa WET 0.7 0 1.23 4.58 Aurela et al. [2004]
21 67.36 26.64 FI-Sod ENF 1.2 2 2.82 15.6 Thum et al. [2007)
22 48.67 7.07 FR-Hes DBF 1.6 8 4.51 42.71 Granier et al. [2000]
23 44.71 -0.77 FR-LBr ENF 4.8 2 2.63 29047 Berbigier et al. [2001)]
24 45.64 2.74 FR-Lgl GRA 3 0 275 18.79 Allard et al. [2007)
25 45.64 2.74 FR-Lq2 GRA 3 0 242 16.36 Allard et al. [2007)
26 43.74 3.63 FR-Pue EBF 29 7 314 30.61 Rambal et al. [2003]
27 46.69 19.60 HU-Bug GRA 25 0 2.1 19.53 Nagy et al. [2007)
28 47.84 19.73 HU-Mat CRO 4 0 232 17.05 Nagy et al. [2007)
29 41.90 13.61 IT-Amp GRA 2 0 316 2145 Wohlfahrt et al. [2008b]
30 41.85 13.59 IT-Col DBF 5 8 6.07 43.39 Valentini et al. [1996)
31 41.70 12.38 IT-Cpz EBF 35 2 3.51 30.61 Tirone et al. [2003)
32 46.01 11.05 IT-MBo GRA 2.88 0 3 13.99 n.a.
33 44.69 11.09 IT-Non DBF 1.7 11 315 36.56 n.a.
34 4520 9.06 IT-PT1 DBF 35 1 298 2791 n.a.
35 4239 11.92 IT-Ro2 DBF 39 7 3.54 41.54 Tedeschi et al. [2006]
36 5197 4.93 NL-Cal GRA 11 0 229 20.58 Jacobs et al [2007]
37 5217 5.74 NL-Loo ENF 22 2 3.77 19.77 Dolman et al. [2002]
38 52.76 1631 PL-Wet WET 2.5 0 1.73 12.24 n.a.
39 64.11 1946 SE-Fla ENF 34 1 2.66 17.88 Lindroth et al. [2007)
40 36.61 —97.49 US-ARM CRO 2.05 0 1.57 18.76 Fischer er al. [2007)
41 4520 —68.74 US-Hol ENF 5.7 1 398 345 Hollinger et al. [2004]
42 29.75 —82.16 US-SP3 ENF 1.94 2 235 22.08 Clark et al. [2004]
43 —15.44 167.19 VU-Coc EBF 5.65 10 3.17 30.33 Roupsard et al. [2006]

“The number in the first column is used in Figures 7 and 8 to indicate the sites. The station 1D consists of two characters describing the country and
3 characters as abbreviation for the site name (ef. http:/www.fluxnet.ornl.gov/fluxnet/index.cfm). Also shown are coordinates, vegetation class (EBF =
evergreen broad-leaved forest, DBF = deciduous broad-leaved forest, ENF = evergreen needle-leaved forest, MF = mixed forest, GRA = grassland, CRO =
cropland, WET = wetland), maximum leaf area index, soil texture type for forests according to [Cosby er al., 1984] (otherwise 0), mean WUE* [g C/kg
H,0], mean IWUE* [g C - hPa/kg H,0], and a reference to site characteristics.

Covering few Chinese sites
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Conducting eddy covariance

measurements since 2002

Accumulating a great deal of

CO, and H,0 flux data

(Yu et al. 2013, GCB)

o » How WUE spatially varied?
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Selecting criteria

» Eddy covariance measurements
» Conducted for at least 1 year

> annual total GPP and ET were

Legend

Site types
% Cropland 4 Wetland

o Forest m Grassland

.

available

> GPP and ET were observed in

Ecosystem types
mm Shrubland gy Wetland X
Desert ) Alpine vegetation 5

Forest Cropland | t h e Sa m e ye a r

Grassland None

Sites used in this study

Forests: 9; Grasslands: 9; Croplands:9; Wetlands: 6

[t crers®y (Zhu et al. 2015, GPC)



Geographical pattern
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» Latitude: No significant
» Longitude: Slight increasing

> Altitude: Obvious decreasing

fcer » Zhuetal.2015,6PC)



Climatic effects ChinoFLUX
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> Altitude and LAI explained most spatial variation of WUE

WUE = 0.58 log{MLAI) —0.0003Altitude + 2.32,
R® = 0.65. RMSE = 0.55

[t crers®y (Zhu et al. 2015, GPC)



Why WUE spatially varied?

Evaportranspiration (ET)
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The relationships between GPP/T and factors would be confounded

by the effect of VPD on T [Baldocchi et al., 1985; Beer et al., 2010]
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The effect of VPD on T would only also occur in the
growing-season

IWUE=GPP X VPD,/T

WUE=IWUE X 1/VPDgs X T/ET

Analysing factors affecting the spatial variations

of WUE components would reveal why various
factors affected the spatial variation of WUE

By
4



%

Materials ChinaFLUX
) :
S s Eddy covariance
g measured GPP and ET
.DK
o’ - _-_._._._.__.__._._._%'ET .. reference
“;e Cropland .DHS "LE}- G r g height
@ Torest . | : qﬂ_-:L’ o
: ;::i:nd / _',_: T ___.Canopy
’ / [ |, v T\ height
\/ L i AE
ChinaFLUX observation sites \/ b
Using S-W model || o
separating ET into Eand T L E

—r-—;—i; ----------------------------------------------------------------------------------------------------------------

i) luix, Scheme of Shuttleworth-Wallace model



4

O  CBS A QYZ ¢ DHS * NM e DX v HBGC » HBSD

50 : ‘ ‘ - 50 —————— 50 - -
a A y:226.72exp(—0.0004x) @) & y:211.18+0.85x A b3 y=7.9Mog(x)-36.39 (c)
= 40+ R*=0.76, = 40 R*=0.43, 40} R*=0.27,
T&D RMSE=4.70 ‘-_%D RMSE=7.23 T&D RMSE=7.96
s 30 AIC=5.93 = 30 AIC=6.79 A e 30 A AIC=7.04
= = 8 =
2 20 ® 2 20 #P § %,
S~ S~ * ~
m 8| /M
s 10 " . = 10 ., 15
el e ‘ e

0 : ‘ ‘ - 0 _— 0 - -

0 900 1800 2700 3600 4500 -5 0 5 10 15 20 25 0 1000 2000 3000
Altitude (m.a.s.1) Ta r(L’C) PR __(mm)

50 50 at = 50 *
= d = A y=40.87-0.013x (&) ~ y=4.38x+6.87 A D
S _ A B S
o 40| Y-30-69+0.082x e 40 R?=0.48, | I 40| R?=0.57, —
o R™=0.79, To RMSE=6.89 |7, RMSE=6.22
= 30, RMSE=4.35 = 30 AIC=6.70 30| AIC=6.49
& AIC=5.77 ~ | E Cr & ®$
gg 20 ¢ % 20 —% 2okje 68
0 4| Sa)
2 10} > 10 2 10
= = : ‘a®

0 - : 0 - L . 0 : - : :

300 450 600 759 1000 1500 2000 2500 3000 o 1 2 3 4 5

3 2 -1 2 -2
Peyr (mgCOzm ) PARyr MJm~“yr) LAIyr (m"m™)

Factors affecting the spatial variability of IWUE



cyr

Preyr (MECO, m™)

O CBS A QYZ ¢ DHS % NM e DX ¥ HBGC » HBSD
750 g 3000 : 3000 - ©
L]
2500 2500
600 o =
‘\.'h q:S‘
E £
o
= 2000 32000
5, n T
¥ 10 o
(=9
450 - a
AN L AN ]
oosiicriln ® o ka0 y=0.26x1564.6 1500 y— 3 91x+3904.8 B
A RS % R%-0.63, R*=(0.59, @@
R“=0.95, RMSE=320.71 RMSE=335.49
RMSE=23.54
300 : : : 1000 p— : 000 : :
0 900 1800 2700 3600 4500 0 900 1800 2700 3600 4500 300 450 600 750
Altitude (m.a.s.l) Altitude (m.a.s.1) Pregr (mgCOZ m'3)
O CBS A QYZ ¢ DHS % NM e DX v HBGC » HBSD
5 5
(a) (b)
[
4r 4+
‘?‘E 3 WE 3|
o o
E £
) &
< 2 Z 2
— —
1 y=0.17x+0.80 1t y=2.38log(x)-13.47
R=0.80, R?=0.77,
% RMSE=0.75 " RMSE=0.80
0 0
-5 0 5 015 20 25 0 500 1000 1500 2000 2500
Ta‘yr ) PRyr (mm)

y=-30.69+0.082x
R%=0.79,
RMSE=4.35

(%]
(=]

IWUE (¢C hpa kg 'H,0)
[§*]
o

4

R’=0.76+0.04
RMSE—=4.80+0.62

550

Py g (MECO, M)

650 750

P, dominated the
spatial variation of

IWUE




O CBS A& QyZz < DHS * NM e DX v HBGC » HBSD

1 y=1.03-0.075l0g(x) () L | “(b) J ©
080, R=039. 0.8 A 0.8 4
°70 ORMSE=0.13 ' O % ' e
5 0628 BalC=131 5o B8 Sogl ST o
= \ R & = 0
s 5,
040 ¥ & 04 ~0.43+0.012€° = 04 ®y—0.18l0g(x)-0.70
£ Yooe % 25 2 ¢
0.2 02l ¥ R=041, - R?=0.50,
: > = »  RMSE=0.12 <[ » RMSE=0.11
. - oL AIC=134 | 0 AIC=-1.52
0 900 1800 2700 3600 4500 0 10 20 0 1000 2000 3000
Altitude (m.a.s.]) Ta r("C) PR (mm)
1 1 2l ] a
y=0.16exp(0.002x) (d) ()
0.8 R*=0.39, 6 2 08 & 4
RMSE=0.13 .
B AT 1 A0 (&M{_\_ o~ MA% ,
—~ 0.6 Al -1.0 E 0.6 . 5
@8] [ ] = L=y
g 04 ey * = 04y 087-000008x y X =
) * * 2. > *ﬁe
0o . 02 |R=033, >
RMSE=0.13
0 | | | o AIC=-122 | 0 AIC=-175
350 450 550 650 750 1000 1500 2000 2500 30p0 0 1 2 3 4 5
3 2 -1 2 -2
pc’yr (mgCOzm ) PARyr MIm™“yr) LAI r(m m”°)
'é"“ """"""""""""""""" Factors affecting the spatiatvariability of T/ET —~~~~"""~""""""="="==========~



LAl closely related to
the spatial variation

of T/ET

y=0.11log(x)+0.49

R%=0.61,
RMSE=0.10

R%=0.53+0.05
RMSE=0.12+0.01

cyr

P (mgCO2 m'3)

750

O CBS & QYZ ¢ DHS % NM e DX ¥ HBGC
750 C 3000 : 3000
(a)
2500 2500
600 o =
‘\.'h N;
E 'E
A
= 2000 2 2000
=8 N v;
or
2 2
450 - S
AN L AN ]
oosiicriln ® o L200 y=0.26x+1564.6 1500 y—3.91x+3904.8 B
A RS % R%-0.63, R*=(0.59, @@
R“=0.95, RMSE=320.71 RMSE=335.49
RMSE=23.54
00 T 1000 L 000 : ‘
0 900 1800 2700 3600 4500 0 900 1800 2700 3600 4500 300 450 600
Altitude (m.a.s.l) Altitude (m.a.s.1) Pregr (mgCOZ m'3)
O CBS A QYZ © DHS * NM e DX v HBGC » HBSD
5 5
(a) (b)
)
[
4r 4+
‘?‘E 3 WE 3|
o o
E £
5 !
< 2 < 2
— —
1 y=0.17x+0.80 1t y=2.38log(x)-13.47
R=0.80, R?=0.77,
% RMSE=0.75 P RMSE=0.80
0 0
5 0 5 o 15 20 25 0 500 1000 1500 2000 2500

PRyr (mm)



0.35 0.35
v (a) v (b)
v v
v
0.3 y=0.08exp(-0.45x)+0.15 - 03} . S
R?=0.75, y=0.23-0.00004x
= v RMSE=0.035 <] : R%=0.09,
£ 025} AIC=-3.83 1 025 RMSE=0.07
B a o AIC=2.53
=1¥] [=T4]
-
|> 02 021
O
. @
0.15} 0.15 0% A %o
a9
* £ A
*
0.1 | ‘ ‘ ‘ ‘ 0.1 ‘ - : ‘
-5 0 5 10 15 20 25 0 500 1000 1500 2000 2500
T (C) PR (mm)
ayr yr

Factors affecting the spatial variability of 1/VPDgs

MAT dominated the spatial variation of 1/VPD,

By
4




Mechanisms
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Altitude affected the
spatial variation of WUE
through the effect of p_
on IWUE;

MAP influenced the
spatial variation of WUE
through the effect of LAI
on T/ET

MAT affected the spatial
variation of WUE through
its effect on T/ET and
1/VPD,,

WUE was the product of
IWUE, T/ET, and 1/VPDgS.




Summary %

ChinarFLL L

» WUE exhibited a decreasing trend with the increasing
altitude, but increased with MAT, MAP, and LAI.

» The spatial variation of WUE could be depicted by the

equation of altitude and mean annual leaf area index.

» p.,. dominated the spatial variation of IWUE through the
altering altitude while LAl affected the spatial variation of
T/ET, but MAT determined the spatial variation of 1/VPDgs

» WUE was the product of IWUE, T/ET, and 1/VPDgS.
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Further implications %
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» CO, not only affects the temporal variation of WUE, but

also affects its spatial variation.

» p.,. May be a potential climatic factor affecting the

spatial variation of carbon fluxes
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Statistical values

4
2.28(0.71)a 2.03(1.07)a

5 3 1.94(0.80)a » Forest, Cropland, Wetland
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i were comparable
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= > Grassland was significantly
- 0.84(0.35)b
=z 1t } 1 B lower than other
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Statistical values of WUE among ecosystem types

w (Zhu et al. 2015, GPC)



