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Semi-arid savannas

� High temperatures: often over 30 ºC
� Ecosystem processes are largely water-

controlled: 
� There are pulses of production and respiration 

driven by stochastic rainfall events

� Compared with temperate systems: very 
different daily and seasonal patterns of CO2
uptake and release



Drivers of NEE
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Calculating annual sums: two main issues

� Summarise NEE into GPP and Reco

� Fill gaps in the data
� Fill small gaps (few hours)
� Fill large gaps (weeks – months)



Summarise NEE into GPP and Reco

Mid-wet season

Late wet season

Dry season

NEE = NPP-Reco



Summarise NEE into GPP and Reco

NEE = NPP-Reco



Ecosystem response to soil moisture pulses

Williams et al 
(submitted to 
Oecologia)
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Interpolation of day-time respiration 
values: assumptions of method
� Respiration is determined by a number of 

factors, but the most variable of these factors 
during the course of one day is temperature.

� All other factors constant, the response of 
respiration to temperature should follow a 
Generalised Poisson Distribution or 
approximates a parabola.



How the method works

� Obtain parameter estimates for the interpolation 
equation, defining the shape of the curve (more about 
this later)



How the method works (cont…)
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How the method works (cont…)
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How the method works (cont…)
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Estimating the parameters

• Observed maximal points
• Maximum respiration in each degree of 

temperature.
• Observed points over main mass of 

observations.
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Estimating the parameters (cont…)

� Observed maximal points



Estimating the parameters (cont…)

� Maximum points in each degree of soil 
temperature



Estimating the parameters (cont…)

� Observed points over main mass of points



� Showing the six temperature response functions fitted to the 
half-hourly night time fluxes (respiration). Plot A shows the 
parabolic functions fitted over the manually selected maximum 
points (top function), the automatically selected maximum points
(middle function) and the manually selected top of the data 
mass (bottom function). Plot B shows the Generalised Poisson 
function fitted over the same three selection of points.







Showing the distribution of the respiration data interpolated 
using six different methods (solid points: median values, box: +-
25 % quantiles, bar: data range). The median and +- 25 % 
quantiles are very similar for each method, but the method that 
calculates the fitted values had slightly lower maxima than the 
other two methods. All data are well within the range of 
measured Re values (u*-corrected half-hourly night-time fluxes).



Intra-class     Correlation
correlation    coefficient

parObsMax poisObsMax 0.9422 0.9935
parObsMax parCalcMax 0.9431 0.9985
parObsMax poisCalcMax 0.9442 0.9973
parObsMax parObsMain 0.9451 0.9926
parObsMax poisObsMain 0.9461 0.9973
poisObsMax parCalcMax 0.9438 0.9905 
poisObsMax poisCalcMax 0.9448 0.9952
poisObsMax parObsMain 0.9458 0.9846
poisObsMax poisObsMain 0.9467 0.9910
poisObsMax poisCalcMax 0.9457 0.9980
parCalcMax parObsMain 0.9466 0.9895
parCalcMax poisObsMain 0.9475 0.9961
poisCalcMax parObsMain 0.9475 0.9849
poisCalcMax poisObsMain 0.9484 0.9945 
parObsMain poisObsMain 0.9495 0.9954



Fill gaps in the data

� Small gaps – filled by interpolation
� Larger gaps: need to develop predictive models
� End up using data modelled from environmental 

inputs to fill gaps in the flux data
� We can do this only if we already have a reasonable 

understanding of how the system works: can’t apply a 
general formula to all ecosystems

� We created our own set of input predictor variables –
particularly focussing on hydrology and the effect of 
pulsed rainfall events.

� Used:
� Artificial neural networks
� Multiple regression techniques



Drivers of NEE

XXtime since wettingPeriod of wet soils

XXwater deficitAccumulated water deficit

XX� relRelative Available Water Content (RAWC)

XXfAPARLeaf area (Fraction of absorbed PAR)

XTreSoil temperature

XTpnMean temperature during the day 

XXPARIncoming energy (Photosynthetically Active 
Radiation)

RecoGPPSymbolParameter



Ecosystem response to soil moisture pulses

Williams et al 2008
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Summary of results 

� Fapar was the most important predictor (ANN and 
MLR) – followed by soil moisture variables

� Time since wetting important for photosynthesis –
representing the delayed response to rainfall

� Both ANN and MLR found that temperature was not 
important – in the MLR it was only significant as an 
interactive term –different from many other systems. 

� For the MLR 3-way interaction terms were required to 
adequately represent daily fluxes – an indication of 
how respiration and photosynthesis are dependent 
on the combination these factors : eg for example, 
even if soil moisture is high, photosynthesis will be 
low if the amount of photosynthetic material is low.



Annual sums
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Improved model results
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Predicted using standard 
methods (FLUXNET)

Predicted using our new 
method – tailored to savannas
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