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The global FluxNet  
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*gr C m-2 

Indicators of high carbon use efficiency 

Maseyk et al., 2007a,b; Grunzweig et a., 2009 



Annual pattern of a.. the monthly relative gross primary productions (defined as ((monthly sum of GPP)/(sum of highest productive GPP month)), and b. 

monthly average air temperature of 5 European pine forest sites. The black horizontal lines indicate the air temperature range at peak activity month of the 

15C 19C 17C 15C 

Large-scale “homeostasis” response 

DOYGPP= -0.71(RG) + 263.1; R2=0.87)  

Rotenberg & Yakir, Science 2010 



13C derived WUE along precipitation gradient 
~25% increase in WUE, in dry sites: CO2 response… 

CO2 up (330 to 380 ppm) 
T up ~1.5C, no IA correlation 

P no change, strong IA correlation 
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Episodic events vs. long-term climate change… 
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CO2 uptake lowers 
downward thermal 
radiation=Cooling 

Thermal radiations 
temperature-

dependent 

Vegetation 
reduces albedo Bowen ratio (H/LE) <3 for vegetation 

The Earth energy Balance 

ET cools surface 



Water-cooled canopy… 
Air-cooled canopy… 

(‘convector effect’; low ra) 

*Cooling relative to non-forest area: 
~5C annual mean 

Up to ~30C in summer mid-day 

Albedo effect: High radiation, 
low cloud, reflective background… 



Forest/non-forest characteristics 

d=+23.8 Wm-2 

d=+25 Wm-2 

d=+48 Wm-2 

Rotenberg & Yakir, Science 2010 



1)   Cooling effect: ~2.2 t ha-1 a-1 since 1965=>~27 w m-2 

3)  Warming effect: Increased surface radiation load (24 S + 25 
L) ~49 w m-2  

 3)  Balance: requires ~30 more years… (Worst case scenario!) 

*Radiative forcing is not climate or temperature 

Radiative forcing (RF) as a metric for the tradeoffs*: 

€ 

RFS+L (y) = A(y)(δα ⋅Eg +δL) /ES

A=area; α=albedo; Eg=global irradiance; L=LWR; η=CO2 RF efficiency; C=CO2 emitted/absorbed;  
κ=convert KgC to ppmv; ζ=airborne fraction 



Bottom line: 

*Ecosystem adjustments help maintain high 
productivity in the face of warming/drying 
(phenology, CUE, WUE, NUE). 

*But, surface energy aspects complicate 
pictures and must also be considered… 

*Similarly, desertification also involves 
“complicating” factors of surface energy vs. 
carbon… 

                                           Rotenberg & Yakir, Science 2010 



Stable isotopes 

Ecophysiology 

Peace of mind 

Energy budget 

Physiology 

Tree rings 
Back in the lab 

N cycle Where is the water 

Data processing 

From NEE to GPP 

Below ground… 



= 9.1  
Pg C y-1 



Yatir’s Ecohydrology 

No runoff 

T/E=f(density) 

Raz-Yaseef et al., 2009, 2010 



The desertification perspective 

1) 35 years desertification ~5.8 Mha y-1 

2) Albedo + LWR suppression => RF ~0.145 W m-2(cooling) 

1) C release, 2.2 kg m-2  => RF ~0.006 W m-2 (warming) 

2) 44 ppm CO2 same period => ~0.62 W m-2 (warming). 

3)   (0.145-0.06)/0.62=~20% moderation, same period. 
(similar to ‘airborne fraction’ moderation) 

--------- 
Estimates based on: Lal 2004, Betts 2000, Myhre et al. 1998, this work 
A=area; α=albedo; Eg=global irradiance; L=LWR; η=CO2 RF efficiency; C=CO2 emitted/absorbed;  
κ=convert KgC to ppmv; ζ=airborne fraction 



Unique radiation budget of semi-arid forest 




