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Temperature and SWC dependence of soil CO2 efflux 
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The Model PIXGRO 
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MODLAND Sinusoidal Grid10 degree Tiles (LAI, other data) 

10 degree Tiles 
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FTs from USGS Eurasia land cover data base based on 1-km AVHRR 

Maximum LAI determined from analysis of MODIS summer values 
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You Need Some Kind of 

 

“Management” 
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You Need Some Kind of 

 

“Up-scaling” 

 

 

Exactly what you need is not clear. 
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You Need “Phenology” 

 

Synthesis of phenological 

information is very poor, but . . . 

 

you must start somewhere! 
 
 



Phenology, e.g, springtime 

greenup, is estimated according 

to Zhang et al. 2004 considering 

chilling time and heat sums. 
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2003 early spring 2003 long summer 

Spring Activity Increase Fall Activity Decrease 

200                                375 DOY 0                                     180 DOY 

Calibration according to observations 

at eddy covariance sites is possible! 



 

 

You Need Physiology 

 

“Critical Behavior of Canopies” 

 

We know the principles but spatial 

generalization if difficult. 
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You Need Sensitivity to 

 

“Critical Environmental Factors” 

 

Water Stress Response 
 

 
 





Progressive Increase in Maximum Temperature 



A wave in investment at lower levels occurs. 
Dying roots produce high levels of ABA. 

Maize plants planted in Cylinders 



moist dry 
moist dry 

patchy water 

delivery may be 

a general control 

mechanism 

Droughted 

Ceonothus 
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Figure 5. Response to drought at four sites described as the relative change in leaf area on the plant that remains active. The analysis

assumes that „patchy“ stomatal closure occurs as water availability and delivery becomes limiting. Examples demonstrate the strong

influence of the 2003 drought on Hesse Forest in the Vogesen, a mild response due to ground water supply at Castelporziano, the

response of a typical Quercus ilex Mediterranean forest on limestone at Peuchabon, and changes in apparent active leaf area that occurs

along with actual leaf area changes at the oak woodland site in Mitra, Portugal.

            Stomatal factor: assume that carboxylation capacity is known 

            then carry out a second model inversion to estimate patchy 

            stomatal behavior. 
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Included: 

 

“Ecosystem 

physiology  

from tower 

sites”  
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and temp. 

response 
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LAI as constant 

 

DAO weather 
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Water stress 

 

Spatial influence 

on soil  CO2 efflux 

 

Acclimation! 



Controls on Ecosystem Level Fluxes in Savanna: 

Relating Ecology to Vulnerability of the Montado 



Montado at Herdade de Mitra 
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USING THE MODELS: 

 

Working Across Scales with 

 

the Aid of Remote Sensing 
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Carved by Glacial  

Activity 
Invasion by 

Tundra Species 

Freeze and Thaw = 

Sorting of the Soil 

Development of  

Water Tracks 

Controls on Ecosystem Level Fluxes in Tundra: 

Relating Ecology to Carbon Storage and Release 



The Influence of Physical Factors on 

Ecosystem Processes in Tundra Regions 



Hydrological modelling demonstrates the importance  

of moss (50% of green biomass - as in tropical forests) 

in controlling water balance. 



Local aeration of soil determines soil CO2 efflux  

and carbon balance. 

Thaw 

Water table 

CO2 efflux 



Stratified Stand Level Component - PROXELNEE 
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CO2 – Exchange Behavior of Vascular Plants 



CO2 – Exchange Behavior of Moss 



CO2 – Austausch bei wechselfeuchten 

Pflanzen  

• Die Sphagnum- 

Sprösslinge  

wurden vertikal,  

aber getrennt 

angeordnet, um 

gleichmäßig zum 

Licht ausgerichtet 

zu sein 

• Relative Luft- 

feuchtigkeit 

wurde nahe der 

Sättigung aufrecht- 

erhalten, sodass 

der Wassergehalt 

über eine längere  

Periode abnehmen 

konnte 

• NP = Nettophotosynthese, Ca = Antwort auf Luft-CO2 Konzentration 



Spring 

Mid-summer 

Fall 

With seasonal development and 

with fluctuating water table, i.e., rainfall patterns 



CO2-balance, 

plant development,  

and N-uptake depend 

on topography and 

water tables 





Strong CO2 sink CO2 source 

S pixels = net balance 

 

ca. 10 g C m-2 year-1 



1-3 g C m-2 year-1 lost as DOC 

but net balance 

also depends on  

methane, peat and DOC:   

not yet evaluated 



In Complex Terrain: Gradients in Ecosystem Properties 

Shifts in Ecosystem 

Function with Elevation 

Climate Factors 
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     leaf respiratory capacity 

     stomatal response 

     cold stress response 

     woody respiration 
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     reproductive output 

Soil Characteristics 

     soil temperature 

     gas exchange 

     nutrient availability 

     N cycling, N forms 
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     leaching 

Land Use and Change Organism Distribution 
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