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Data assimilation aims at improving model 
performance by assimilating data into the model 



Two approaches

! Parameter estimation
" Data are used for estimating model parameters
" See the courses on parameter estimation

! Filter and smoother
" Data are used to update model state variables
" Sequential approach (update done each time a 

data is available
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Example 3: Soil water content

!

Observation

Simulations of 
the water 
balance model 

Updated 
simulations



Example 4: Nonlinear population model

• This model is a dynamic model of a weed infestation of 
blackgrass (!"#$%&'()&*+,') and it damage effect on wheat 
yield. It is based on weed model of Munier-Jolain et al. (2002) 
that included classical ecological concepts (survival, 
reproduction, fluxes between classes) often used to described 
population dynamic.

• The system is represented by 4 dynamic state variables: weed 
density at emergence (d, plants.m-2), seed production (S, 
seeds.m-2), surface seed bank after tillage (SSBa, seeds.m-2), 
depth seed bank after tillage (DSBa, seeds.m-2).
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Example 4: Nonlinear population model

Observation

Weed model 
simulations

Updated simulations



• Use of two equations
– Observation equation
– System equation

• Very flexible
– Data: continuous, binary, count
– One or several state variables

• From simple to complex models
– Linear Gaussian models
– Nonlinear models

Summary
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Example 1: Random walk model

• Observation equation

• System equation

Yt = Zt +εt

Zt = Zt−1 +ηt−1

εt ~ N 0,σε
2( )

! t! 1 ~ N 0," !
2( )
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Y1:t = Y
1
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Example 1: Random walk model
Kalman filter (t=1)

E Z1 |Y1( ) = Z0 +K Y
1
− Z0( )

K =
ση

2

ση
2 +σε

2

V Z1 |Y1( ) = 1! K( )! "
2



Z0 =10

ση
2 =10

Example 1: Random walk model
Kalman filter (t=1)
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Z0 =10
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2 = 3
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E Zt |Y1:t( ) = E Zt−1 |Y1:t−1( )+K Yt −E Zt−1 |Y1:t−1( )( )

K =
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2
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2
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2
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ση
2 = 0.007 ! "

2 =1

Filter

Smoother
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Example 1: Random walk model 
(!=1, …, " )

• Observation equation

• System equation

Yt = Zt +εt

Zt = Zt! 1 +ηt! 1

εt ~ N 0,σε
2( )

ηt−1 ~ N 0,ση
2( )





E Zt |Y1:t( ) = E Zt! 1 |Y1:t! 1( )+K Y
t
! E Zt! 1 |Y1:t! 1( )( )

K =
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2

! "
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2

V Zt |Y1:t( ) = 1! K( )! "
2
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10,000 Monte Carlo simulations with the Weed model
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