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Introduction

Ø Diagnostics tool, quantitatively determine which 

observations improved or degraded the forecast

Ø Using adjoint technique, trace back to observations 

used in the analysis

Ø Impact of observations has traditionally been assessed 

with observing system experiments (OSEs), while 

FSO complements the OSEs
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Introduction

Two ways of OSEs :

a) baseline with a minimum amount of observation

add at least one more observation type 

b) baseline with full observations

removing one particular or various datasets 
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Introduction

Two ways of OSEs :

a) baseline with a minimum amount of observation

add at least one more observation type 

b) baseline with full observations

removing one particular or various datasets 

• require considerable computational resources 

• DA and forecast system must be run independently 

to evaluate the impact of each observation 
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Introduction
Ronald Gelaro & Yanqiu Zhu (2009) Examination of
observation impacts derived from observing system
experiments (OSEs) and adjoint models, Tellus A:
Dynamic Meteorology and Oceanography, 61:2, 179-
193, DOI: 10.1111/j.1600-0870.2008.00388.x
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Introduction

Ø Calculate the impact of each observation 

simultaneously, only need one run

Ø NWP centers use FSO routinely to monitor their Data 

Assimilation and Global Observing System

Ø Help access impact of specific sensors, tune quality 

control, bias correction



Ø What

Ø Why

Ø Who

Ø How

Ø How much

8

Introduction



Ø What

Ø Why

Ø Who

Ø How

Ø How much

9

Introduction



Ø What

Ø Why

Ø Who

Ø How

Ø How much

10

Introduction



FSO – Outline

Ø Introduction

Ø Implementation in WRF/WRFDA 

Ø Applications

Ø Limitations

Ø Conclusions 

11



Implementation in WRF/WRFDA
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Implementation in WRF/WRFDA
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• Usual WRF-Var 3DVar or 4DVar data 
assimilation system

• Namelist parameter needs to be 
activated: 
ORTHONORM_GRADIENT=true 



Implementation in WRF/WRFDA
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• WRF ARW forecast 
• Forecast length is set to reach 

verification time 
• UseWRFNL code to write trajectory for

adjoint run
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Implementation in WRF/WRFDA
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Impact of analysis:  F = Def,g = ef – eg
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Implementation in WRF/WRFDA
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• Use WRF+ code to compute WRF-ARW adjoint with
namelist ADJ_ENS=true

• WRF+ is run for both trajectories from xb and xa
• both sensitivities are added together 
• Script variable ADJ_MEASURE defined as: 

• 1: first order 
• 2: second order 
• 3: third order
• 4: variant of third order 



Implementation in WRF/WRFDA
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• RUN_OBS_IMPACT=true launches WRF-Var with 
Lanczos
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Applications
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• Install WRF

• Install WRFDA

• Install WRFPLUS

• Download WRFDA_TOOLS
https://github.com/wrf-model/WRFDA_TOOLS

https://github.com/wrf-model/WRFDA_TOOLS


Applications
Ø A wrapper script “wrapper_run_fso.ksh” is provided to 

call the necessary scripts in order for FSO.
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Step 1. The log file will be located in “run/2007010100/wrfvar/”.

Step 2. The log file will be located in “run/2007010100/sensitivity/”. 

Step 3. The log file will be located in “run/2007010100/obsimpact/”. 

step 1 in the flowchart 

step 2-4 in the flowchart 

step 5 in the flowchart 



Applications

Check Output
• The error trapping in FSO is not perfect, so for certain problems the system may still report 

"SUCCESS". Make sure all the files below were created, or else you may have set some variables 
incorrectly.

• fso/run/2007010100/sensitivity/ad_d01_2007010100 is the gradient of the forecast error 
norm to the initial conditions. 
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Applications

Check Output

• fso/run/2007010100/sensitivity/index.html contains the text output from running

var/graphics/ncl/adj_diagnostics.ncl to get the diagnostics of error reduction

in the forecasts from Xb (background) to Xa (analysis).

• fso/run/2007010100/obsimpact/rsl.out.0000 contains the cumulated impact of

each observation type on the forecast errors.
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Applications
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fso/plot/plot_gts_omb_oma.ncl will output plots of the observations used for the 

experiment by type and pressure level



Applications
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Test case in FSO average between 2007010100 - 2007010112



Applications
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Test case in FSO average between 2007010100 - 2007010112



Applications
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fso/plot/plot_levs_impact.ncl will create the file "multi_levs_sound_2007010100.pdf”, which 

will show the observation impact on the forecast by observation type at each vertical level.



Applications
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negative value

reduce forecast error

positive forecast contribution



Applications
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fso/plot/plot_avg_obs_impact.ncl will create the file " avg_obs_impact_bar.pdf”, which will 

show the observation impact on the forecast by observation type. 
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Applications
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fso/plot/plot_impact_by_obsnum_time_average.ncl will create the file 

"impact_by_obs2007010100-2007010112.pdf”, which will show the observation impact on the 

forecast by observation type. 
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Limitations

36

Ø Uncertainties are difficult to estimate

Ø The reference for the calculation of the forecast accuracy is NOT 

perfect and often correlated with the initial analysis

Ø The adjoint model is not an accurate representation of the NL 

model behavior (linearization, simplification, dry physics)

Ø Results are strongly dependent on the norm chosen to define the forecast 

accuracy

Ø The adjoint-based technique is restricted by the tangent linear 

assumption, valid from 1 to 3 days, 



Conclusions

37

Ø All code and scripts for FSO are available in current 

WRF public release 

Ø Testing package & User’s Guide available online

http://www2.mmm.ucar.edu/wrf/users/wrfda/down

load/fso.html

Ø Have fun! 

http://www2.mmm.ucar.edu/wrf/users/wrfda/download/fso.html

