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The long-term team 
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   9.3        =   4.3  +  2.5    +  2.6 
Emission=  atm.  Ocean    land 

I. The mitigation role of land vegetation: 28%, going strong…  
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…around 2000, change of 
emission rate from 1:5%/yr to 
3:1%/yr; airborne fraction-
down from ~55 to ~45 

   

CO2 fertilization effect is likely 
the major effect.. 

              Hansen et al 2013 

Terrestrial sink increase with emission 
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II. The importance of semi-arid ecosystems 
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…in spite of its importance: 
Poor correlation between 
research sites and climate 
diversity: Semi-arid regions 
poorly represented 
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The Yatir research (flux) site (2000-present) 

MUSICA  
model 
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•  Extreme Events, result in dramatic negative effects on C cycle 
•  vs. 
•  Extreme Environments induce a range of ‘adjustments’ and stabilize C cycle 

III. Extreme events vs. 
extreme environment… 
 



9/15/14	
   EXPEER-­‐Hyy.älä	
   9	
  

A range of ‘Ecosystem Services’ provided by semi-arid afforestation 

gr  carbon m-2 
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What are the ingredients of sustainable dryland forest?  
 

1) Phenology: 
•  “homeostatic-like” response across climates 
•  continued summer activity primes the system for following season   
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2. Resilience: Heat waves most abundant during peak activity period 
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2a. Resilience: full recovery in episodic heat waves: 

Soil	
  moisture	
  vs	
  air	
  moisture	
  stress	
  	
  



3.  Efficient hydrology: ET is ~95% of P  

ET = Tt + Tu + I + Es 
Tt, tree transpiration 
Tu, understory vegetation transpiration 
I, leaf and soil surface interception 
Es, soil evaporation 

P = R + S + ET 
P, precipitation 
I, interception 
R, runoff 
S, deep soil recharge 
ET, evapotranspiration 

P = 289 mm (100%) 

Infiltrated water = 228 mm ; 79%  

tSWC = 202 mm ; 70% 

Tt = 164 mm ; 57% 

61 mm: Es (~10%), I (~11%), R (0%)  

26 mm, Es (9%) 
  

38 mm: S (~5%) + Tu (~8%)  
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4. Increasing WUE: 13C derived WUE: ~25% increase in WUE  
(CO2 “fertilization effect”) 

•  CO2 up 330 to 380 ppm 
•  T up ~1.5C,  
•  No trend in P 
•  Tree age variable 

Yatir site 

Globally 
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However… 
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SWR 

238 
(198) 

30 
(30) 

20 
(78) 

LE 

100 
(24) 

H 

LWR 

411 
(390) 

319 
(324) 

In brackets IPCC mean global values 

N-LWR = - 92 
                     (-64) 

N-SWR = 208 
                     (168) 

α forest 0.1 

α non-forest 0.2 

16 

5. CANOPY ENERGY BALANCE: direct interactions with the climate 
system (3 y mean values; W M-2)  



Water-cooled canopy… 
Air-cooled canopy… 
(‘convector effect’) 

*Cooling relative to non-forest area: 
~5C annual mean 
Up to ~30C in summer mid-day 

Albedo effect: High radiation, 
low cloud, reflective background… 
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Monthly mean energy fluxes over the Yatir forest 
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H similar magnitude to Rn most of the year 

Low aerodynamic resistance: “canopy convector effect” 
Lower surface temperature in forest: 5C (up to 30C) 
Large H may affect PBL 
Possible effects on local circulation… 
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Boundary layer dynamics 



Semi-arid afforestation balance sheet: 
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1.   Cooling effect: C sequestration ~2.2 t ha-1 
       Decreasing radiation load <1 W m-2 

 
2.   Warming effect: Increased surface radiation      
       load ~48 w m-2 

 
3.   Balanced achieved only after 50-80 years of C  
       sequestration 
  
4.     ….worst case scenario… 
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Extending the range with the WIS Mobile flux lab 
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Variations in forestation effect on albedo 



9/15/14 EXPEER-Hyytiälä 22 

Bottom-line II: 

•  Land biosphere is a critical component in 
mititgation 

•  Dry, semi-arid and forest are significant compoent I 
this framework 

•  Wide range of adjustments (phenology, CUE, 
WUE, NUE, available ecotypes) will maintain forest 
(pine) cover and relatively high C sequestration 
potential under drying conditions. 

•  But, forests interactions with climate, can have 
both positive and negative effects (surface energy 
warming effects; large sensible heat can affect 
circulation). 



Thank you 

9/15/14	
   EXPEER-­‐Hyy.älä	
   23	
  


