
Lecture 10, Nov, 11, 2015 
The Kalman Filter (Polavarapu: Chapter 6.1-6.5) 

Why we use a filter: “To obtain an ‘optimal’ estimate of a 
desired quantity from data provided by a noisy 
environment” [Maybeck, 1979] 

 
The Kalman filter:  

•  “combines all available measurement data, plus prior 
knowledge about the system and measuring devices, to 
produce an estimate of the desired variables in such a 
manner that the error is minimized statistically” [Maybeck, 
1979] 
 

•  “In a Bayesian context, it propagates the conditional 
probability density of the desired quantities, conditioned on 
knowledge of the actual data coming from the measuring 
devices” [Maybeck, 1979] 

Based on slides presented at the C-SPARC Summer School 2007 



The Minimum Variance Estimator 

[Maybeck, 1979] 
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Analysis error variance is always smaller than 
the a priori (background) and measurement 
variance 



Propagation of the error covariance 

dx
dt

= u + w w = noise (model error)  
u = velocity 

[Maybeck, 1979] 



Forward model 
m×n 

n×1 state vector 
m×1 obs. vector 

Model error n×1 
Obs. Error m×1 
= instr.+rep. errors 

Model dynamics n×n 





Note that Pa and Pf are independent of obs, background and analyses. 
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The Extended Kalman Filter 

Nonlinear model and obs operator 





[Monthly Weather Review, 121, 1803-1820, 1993]



In situ observations used in OSSE

Gauthier et al (1993)



Initial Conditions:  
Geopotential height and vorticity

Gauthier et al (1993)



Analysis error

Gauthier et al (1993)



Analysis error

Analysis error without time dependent forecast error 

covariance 

Gauthier et al (1993)



Gauthier et al (1993)



Pseudo data from Space

400 km Orbit 800 km Orbit

Observation error: 1 m/s

Observation error: 4.3 m/s

Gauthier et al (1993)



400 km Orbit 800 km Orbit

Gauthier et al (1993)



Analysis error for in situ network

Analysis error for Lidar data

Gauthier et al (1993)








