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Water Use Efficiency?
Agriculture - Conference in London: “More Crop Per 
Drop - Raising Water Use Efficiency”

Why CO2 is good: “Rising CO2 Boosts Plant Water Use 
Efficiency” (http://www.plantsneedco2.org)

http://www.plantsneedco2.org
http://www.plantsneedco2.org


Water Use Efficiency?

WUE controls the relationship between the 
ecosystem water and carbon balance

Improving understanding of vegetation responses 
to climate variations, responses of carbon and 
hydrological cycle

When the WUE is known, GPP can be calculated 
from hydrological cycle variables



Hypothesis
Ecosystem WUEeco derived from fluxes is equal to 
atmospheric WUEatm derived from meteorological 
variables at the leaf level

This is valid on larger scales as well

2 Theory and models48

At the leaf level CO2 (A) and water vapour (E) fluxes across stomata are given by (Katul et al., 2009):49
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and ambient water vapour pressure [Pa]. [See Katul papers for conversions between units and why59

vpd is a good estimate in this equation]60

To simulate the ecosystem-scale water and carbon fluxes model developed for the leaf-scale are used61

(e.g., Farquhar et al., 1980). This implies that the WUE at the ecosystem-scale can be estimated with62
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where GPP is the gross primary production, ET the transpiration flux, C
a

and C
i

are the ambient65

and internal partial pressures of CO2, D the vapour pressure deficit, q
sat

the saturated vapour pressure66

and RH the relative humidity. C
i

at the ecosystem-scale is meaningless and therefore assumed to be67

a constant fraction f of C
a

, as it is applied in many model formulations [Refs].68
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f = 1 - f0  
f0  : stomatal resistance (Ci/Ca)



Global Water Use Efficiency

Ecosystem WUE 

Atmospheric WUE 

Examples from HadCM3 QUMP ensemble
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Which fluxes to use?
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The same?

2 Theory and models48

At the leaf level CO2 (A) and water vapour (E) fluxes across stomata are given by (Katul et al., 2009):49

A = g
s

(c
a

� c
i

) (1)
50

E = 1.6g
s

(e
i

� e
a

) (2)

where g
s

is the stomatal conductance, c
a

and c
i

are the ambient and intercellular CO2 concentra-51

tion, e
a

and e
i

are the ambient and intercellular water vapour concentration, and 1.6 is the relative52

diffusivity of water with respect to carbon.53

WUE can be estimated in two slightly different ways. The leaf WUE (WUE
leaf

) can be estimated54

as the ratio of photosynthesis (A) and transpiration (E) flux.55

WUE
leaf

=
A

E
(3)

Additionally the atmospheric WUE (WUE
atm

) can be derived from the gradients of CO2 concentra-56

tion and water vapour between the ambient air and within the leaf.57

WUE
leaf,atm

=
c
a

� c
i

1.6(e
s

� e
a

)
(4)

where c
a

and c
i

are the ambient and internal partial pressures of CO2 [Pa] and e
s

and e
a

the saturated58

and ambient water vapour pressure [Pa]. [See Katul papers for conversions between units and why59

vpd is a good estimate in this equation]60

To simulate the ecosystem-scale water and carbon fluxes model developed for the leaf-scale are used61

(e.g., Farquhar et al., 1980). This implies that the WUE at the ecosystem-scale can be estimated with62

both eqs. 3 and 4 and should be equal:63

WUE
eco

=
GPP

ET
(5)

64

WUE
atm

=
C

a

� C
i

1.6D
=

C
a

(1� f)

1.6q
sat

(1�RH)
(6)

where GPP is the gross primary production, ET the transpiration flux, C
a

and C
i

are the ambient65

and internal partial pressures of CO2, D the vapour pressure deficit, q
sat

the saturated vapour pressure66

and RH the relative humidity. C
i

at the ecosystem-scale is meaningless and therefore assumed to be67

a constant fraction f of C
a

, as it is applied in many model formulations [Refs].68

3



Increasing CO2
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Increasing CO2

Average annual 
WUE for 9 sites

Ecosystem
Air temperature
Surface 
temperature



Increasing CO2

Relative change 
of WUE for 9 
sites

Ecosystem
Air temperature
Surface 
temperature



Why are there still differences?

Soil moisture limitation?

VPD sensitivity of f0?

Dark respiration?

Averaging?
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Global WUE
BIG QUESTION reproducible with observations over last 
century? 

Only growing season?

Validation: Fluxnet and ...

What is best observational data?

(Surface) Temperature 

Humidity

CO2



NEW perturbing land 
surface in a large ensemble
MOSES2 coupled to HadAM3P

climateprediction.net

 Perturbations:

Model parameters

Land use maps from different datasets

Soil type maps


