
Data assimilation: a family of techniques broadly 
based on estimation theory

Most familiar in forecast applications

Also used in analysis applications

Most carbon cycle/biogeoscientific applications are 
analyses



Ecosystem assimilation strategy

NEE = f(αi,βi,ρi)

αi = forcing, examples are temperature and radiation.

ρi = time-invariant model parameters.  Examples are 
the temperature exponent for respiration, light 
dependence of photosynthesis.

βi are internal state variables of the system and are a 
function of prior integrated forcing (βi can have long 
response times).  Examples are foliar C and N, soil 
water, litter C and N.
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Assimilation strategy

NEE = f(αi,βi,ρi)

NEE = GPP(αgpp,βgpp,ρgpp) -R (αr,βr,ρr) 

R (αr,βr,ρr) = Ra (αra,βra,ρra) + Rh (αrh,βrh,ρrh) 



Two strategies based on estimation theory:

Parameter estimation:
NEE = f(αi,βi,ρi)

State space estimation:
NEE = f(αi,βi,ρi)



A simple model of the sensitivity of terrestrial 
ecosystem physiology to temperature



Parameters of the model and prior bounds



Model sensitivity from the adjoint: change in NEE for a 1% 
parameter change



Two strategies based on estimation theory:

Parameter estimation:
NEE = f(αi,βi,ρi)

State space estimation:
NEE = f(αi,βi,ρi)



GPP vs NEE
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Average daily NEE and GPP are uncorrelated: On this time scale NEE
reflects longer time scale processes and prior forcing



NEE depends
On ecosystem
state, on 
multiple
time scales



Kalman Filter
(forward pass)

Observation equation:

NEEobs = GPP-Ra – Rh

Gain Matrix

σ(model) from validation
σ(data) from u*

Kalman Smoother
(backwards in time)

Uses
δNEE
δ βi



State space estimation can help with both model error
and aggregation error

The state space approach can be generalized to work 
with fluxes estimated from atmospheric and satellite 
measurements

State space and parameter estimation techniques can be 
combined using ensemble data assimilation approaches



Annual NEE vs GPP
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Old growth should go here

Recently Disturbed should go here

Annual NEE and GPP: also showing parts of “disturbance space” 
unsampled in this data set





Forest NEE extrapolated from CUP 

Using: forest type map, separate regressions for broad 
and needle leafed forests and a satellite-based CUP, all 
aggregated to 0.5o.

D.I.E.
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