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More informative title 

Targeting for Severe Weather… 
WTF? 



The title 

Can we target observations 
betting on forecast sensitivity 
fields of Mediterranean severe 

weather?  



Outline 

•  What are forecast sensitivities? 
•  Are they good for anything? 
•  Really…? 
•  Fundamental thoughts 



What are forecast sensitivities? 



Underlying idea 
Imagine we have a forecast of potentially hazardous weather: 



Underlying idea 
If we knew where should we improve the observational datasets 
to obtain better NWP forecasts ... 
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Underlying idea 

Surface Upper-Air 

... we could make informed decisions about observational 
strategies at both daily basis and long-term network 
configuration. 

© Jim Caughey 



Sensitivities 
BUT how do we... 

“...know where should we improve the observational 
datasets in order to obtain better NWP forecasts” 



Sensitivities 
BUT how do we... 

“...know where should we improve the observational 
datasets in order to obtain better NWP forecasts” 

Forecast Sensitivity information 
(Adjoint models, Ensemble sensitivities, inverse models, ET, ETKF) 



Are forecast sensitivities good for 
anything? Really…? 

 
(Helpful in Targeting Campaigns?) 





Which sensitivity method should the lead user 
in the HOC trust? 



The DTS GAME (Dec 2 2009) 
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Linear evolution of perturbations? 



Linear evolution of perturbations? 
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QJRMS (2013) 

MSLP 



Perturbation response 
L. Garcies and V. Homar
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Figure 6. Root mean square difference (RMSD, bars) between perturbed and control simulations for the mean sea-level pressure (MSLP) field over the
verifying area (VA) at the verifying time (VT). Initial energy perturbation (lines) as a result of the assimilation of each synthetic sounding. This figure is
available in colour online at wileyonlinelibrary.com/journal/qj

The derived perturbation consists of an extensive dipole
around the cyclone centre which indicates a northwestward
shift of the cyclonic structure in the perturbed simulation.
However, when compared with the impact obtained with the
sounding added over A Coruña station in the northwestern
Iberian peninsula, which produces the highest RMSD, the
difference is notable. Although the sounding influences the
entire domain, it is mainly centred on the Mediterranean
circulation.

5.1.2. Wind field

The observation impact on the forecast wind field is assessed
by two different statistical measures. On the one hand, the
RMSD for the wind speed field at 925 hPa between the
perturbed experiments and the control one (Figure 8) is in
agreement with the previous results for the MSLP. Wind
speed RMSD indicates that the best location for a single
sounding is not any of the regions pointed out by the
sensitivity methods, not even by the human meteorologist.
Again, most of the station points are more influential for
the circulation of the Italian cyclone. On the other hand,
the difference of the third quantile of the wind speed profile
between perturbed and control experiments over the VA
at the VT confirms this behavioural pattern. Thus the
distribution of the strongest winds is indeed most affected
by soundings added over station points.

5.1.3. Accumulated rain

The RMSD of the accumulated rain over the VA during
the simulation period (30 h) reflects how poorly sensitive
the total rain amount is to the added soundings guided by
sensitivity methods (Figure 9). Once again, the sensitivity-
based locations are the least sensitive points for the forecast
over the VA at the VT. For this field, 37 soundings
assimilated over station locations produce the highest impact
on the predicted rain, followed by the KFS-, SV-, human-,
ensemble-, adjoint- and ETKF-based sensitivity locations.
Also, the initial error perturbation does not show reciprocity
with the sounding impact on the forecast. Since the RMSD
score strongly penalizes outliers, the mean absolute error
(MAE) has also been computed as it is more representative of

the forecast as a whole. Nevertheless, the MAE results present
the same ranking for the observation impact, evidencing the
consistency of the results.

5.1.4. Spatial distribution of single-sounding impacts

Regarding the spatial distribution of the RMSD scores
(Figure 10), the A Coruña (Spain) and the Practica di
Mare (Italy), soundings are identified as the most sensitive
locations since they produce the largest impact on the
forecast at the VT over the VA. Generally, soundings located
over the British Isles, linked to the strong westerly jet, and
over the Alpine region in the vicinity of the mature cyclone,
have a strong influence on the forecast of the Italian cyclone.
Conversely, the VA is marginally affected by sensitivity-
based experiments due to the fact that assimilated soundings
produce changes only on the remote environment of the
intense cyclone. As a result, the perturbations derived from
sensitivity-based locations, which are further upstream than
the fixed radio-sounding sites, are mainly linked to the
Atlantic depression rather than the Italian low.

5.2. Multiple sounding strategies

In the light of the single-sounding impact results, the
localized sensitivity maxima provide no reliable guidance on
where a single sounding would produce the greatest impact
on forecast features of societal, economic and environmental
interests such as MSLP, total rain and wind speed. In
addition, a human expert, guided by the available sensitivity
fields, fails to recognize the most profitable sounding
location. On the other hand, most of the operational radio-
sounding locations are identified as more valuable sounding
points. Admittedly, the verification procedure considers
only the location of the available radio-sounding stations
and many untested locations could lead to an even larger
response in the forecast. Nevertheless, during the DTS-
MEDEX-2009 field experiment only the 47 tested station
points were targetable radio-sounding options. Thus, from a
pragmatic point of view, the considered experiments provide
a complete representation of feasible sounding locations.

Once the guidance provided by the sensitivity fields in
single-sounding targeting strategy is evaluated, we can focus

Copyright c© 2013 Royal Meteorological Society Q. J. R. Meteorol. Soc. (2013)



N
or

m
al

iz
ed

 R
M

S
D

 o
f W

in
d 

S
pe

ed
 

Wind Speed 



N
or

m
al

iz
ed

 R
M

S
D

 o
f P

re
ci

pi
ta

tio
n 

Precipitation 





Testing DTS-MEDEX-2009 Sensitivity Products
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Figure 10. Geopotential height field at 500 hPa (gpm, solid lines) and
temperature field at 850 hPa (◦C, dashed lines) from 6 h ECMWF forecast
valid at targeting time (TT) on 3 December 2009 at 1800 UTC. The
dark box centred near Sicily delineates the verifying area (VA) valid at
the verifying time (VT). All 53 tested points (47 targetable stations, five
sensitivity-based and one human-based) are represented by a circle whose
size is proportional to the corresponding RMSD value for (a) MSLP, (b)
wind speed and (c) accumulated rain fields. This figure is available in colour
online at wileyonlinelibrary.com/journal/qj

strategy that should have been adopted on that particular
day, but they question the subjective decisions adopted in
targeting campaigns without user-focused measures of the
value of plausible extra observations aimed at predicting the
reduction in forecast error variance prior to deployment.

6. Summary and discussion

The primary concern of targeting is to identify the region
that can optimize the effect of targeted observations
with respect to a selected forecast feature since time
and type of observations are usually determined by
practical considerations and technical limitations. With
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Figure 11. Geopotential height field at 500 hPa (gpm, solid lines) and
temperature field at 850 hPa (◦C, dashed lines) from 6 h ECMWF forecast
valid at targeting time (TT) on 3 December 2009 at 1800 UTC. The eastern
(dark) box centred near Sicily delineates the verifying area (VA) valid at the
verifying time (VT), and the western (light) box represents the targeting
area (TA) valid at TT. All 53 tested points (47 targetable stations, five
sensitivity-based and one human-based) are symbolized, as well as the
location of the actual deployments of radio soundings for the case study.
This figure is available in colour online at wileyonlinelibrary.com/journal/qj
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Figure 12. Root mean square difference (RMSD) between perturbed and
control simulations for the mean sea-level pressure (MSLP) field over the
verifying area (VA) at the verifying time (VT). This figure is available in
colour online at wileyonlinelibrary.com/journal/qj

the aim of providing such information, several sensitivity
analysis methods have been developed in recent years.
However, the skill of the multiple sensitivity methods for
targeting guidance is not extensively tested nor verified for
Mediterranean HIW.

The DTS-MEDEX-2009 targeting campaign provides a
unique framework to evaluate the performance of five
sensitivity products (KFS-, SV-, ETKF-, ensemble- and
adjoint-based) in identifying the most favourable region
to an extra observation. Since radiosonde and AMDAR
profiles were the observational means available during the
DTS-MEDEX targeting campaign, this study is focused
on analysing the most sensitive location to deploy a
plausible sounding for a potential high-impact cyclone
over southern Italy on 5 December 2009. To this end,
OSSE are used to assimilate a synthetic sounding over
each location under test. In addition to the location of
the maximum value of the available sensitivity fields, all
47 targetable station sites have been tested. Additionally,
we also take into account the region highlighted by an
experienced severe weather meteorologist after evaluating
all available sensitivity products as a proxy of decision

Copyright c© 2013 Royal Meteorological Society Q. J. R. Meteorol. Soc. (2013)



Thoughts for open discussion 
•  Do sensitivities even exist? 

– Linear proxies, useful? 
– Not even hammer-like aproaches… 
– How do you envision non-linear sensitivity 

information? Field? Modes? 
– Moving target problem 

•  How do we support observation policy 
makers and SOP lead users unequivocally? 



Thanks! 
 
 

victor.homar@uib.cat 


