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•Why is it important to evaluate expensive future missions such
as ESA’s Envisat (or other observing platforms):

Quantify added value from new observations in comparison
to Global Observing System (GOS)

•Use of data assimilation:

Different approaches to evaluating future missions.

Outline

Different approaches to evaluating future missions.
Observing System Simulation Experiments (OSSEs) and
Observing System Experiments (OSEs)

•Example of an OSSE:

The proposed SWIFT instrument, measuring stratospheric
winds and ozone

•Overview



•Important to evaluate future missions (e.g. ESA’s Envisat)

Quantify incremental value from new observations

in comparison to Global Observing System (GOS)

Scientific value (also value of expensive missions)

•Use of data assimilation to design/evaluate GOS:

The Global Observing system

•Observing System Experiments (OSEs): impact of elements of existing GOS:

Remove one observation type at a time (e.g. impact of satellite data)

•Observing System Simulation Experiments (OSSEs): future missions

Other techniques besides OSSEs: information content; ensembles (see later)

•Illustrative example of an OSSE

The planned CSA SWIFT instrument, measuring stratospheric winds and ozone



Importance of evaluating future EO missions

Envisat

You are given 2.3 BEuros for Envisat to 
observe the Earth System

What does this buy?

(1) Norwegian Oil fund June 2009:

270 BEuros

1% of fund

(2) WAVACS Summer School 2009: 
70KEuros

30,000 summer schools!



Hooray!

BUT…

How can you check if this is a good use of money?

How can you quantify value?

What do you need to consider?

NOT the value of Envisat

BUT added value of Envisat above what else will be available

-> INCREMENTAL VALUE

THIS IS TRUE FOR ANY ADDITION TO GLOBAL OBSERVING
SYSTEM
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Example: Global Earth Observing system (GOS) for 2008-2010

What will the GOS be like?

Existing & planned satellite missions

What type of observations to include?

Conventional: ground-based, sondes, 

GOMS  
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  Conventional: ground-based, sondes, 
aircraft

Satellites: operational, research



Example: Observation types used by Met Office for NWP



Based on several documents:

•IGACO
•Capacity study (successor is ESA Camelot study)
•Expert team on evolution of GOS
•GCOS (Global Climate Observing System)

Scientists:

Examples of observation requirements (chemical species):

What do we have? What do we need?

Scientists:

•Identify characteristics of GOS (strengths/weaknesses)
•Come up with “wish list” – dependent on science themes
•Competing requirements & cost constraints
•Back to original question: How do we quantify added value?



Group 1: O3, H2O, CO2, CO, NO2, BrO, ClO, HCl, N2O, CFCs, ClONO2 & aerosol
optical properties.

What do we have:

•Reasonably comprehensive set of global observations for both troposphere & 
stratosphere using sparse number of Low Earth Orbit satellites (LEOs), 
ground-based networks & aircraft measurements

IGACO

ground-based networks & aircraft measurements

•Good atmospheric modelling capabilities 

•Good network of ground-based & satellite observations that only require 
maintenance & some gaps to be filled. Routine aircraft observations but not 
yet comprehensive enough

•Data assimilation “in good shape”



Target/threshold (needed)

Courtesy IGACO 2004

(1) Hours (NWP);

(2) days-weeks (O3 loss,…);

(3) months (climate research)

N.B. Definition of target (best case)/threshold (minimum to be useful)



Group 2: CH4, HCHO, VOCs, SO2, HNO3, OClO, NO, CH3Br, the halons, and
j(NO2) and j(O

1D).

What do we have:

•All current satellites are in experimental “demonstration” mode & only have
limited lifetime.

•Some ground-based in situ measurements.•Some ground-based in situ measurements.

•Except for CH4, global network sparse.

•Next 10 years need to be spent developing instrumentation & putting
monitoring infrastructure in place.



Target/threshold (needed)

Courtesy IGACO 2004 **: in situ measurements



Courtesy IGACO 2004 Aerosol requirements

Target/threshold (needed)



Observation requirements (see http://www.knmi.nl/capacity)

Capabilities (what do we have), focus on water vapour

•Water Vapour. Water vapour soundings adequate for NWP will be performed in
cloud-free scenes by MetOp/NPOESS.The operational system will not provide
useful water vapour data above the tropopause, and verticalresolution in the upper
troposphere will not be sufficient for future research applications.

Capacity

Conclusions

•Suitability of existing instrument technology depends on several factorsincluding: (i)
theme & application to be addressed; (ii) scope of satellite mission, including restriction on
number of platforms, orbits, number & types of sensors and systems; (iii) importance &
priority of particular observations,i.e., what is the effect of not achieving particular
observational requirements.
•CAPACITY study showed that, while many measurements are made and applications are
addressed to various extents, there is scope for improving current techniques andbringing
new types of sensor and observations to the available complement of instruments.



Observation requirements:

According to latest CBS OPAG ET-EGOS (Expert Team on the Evolution of the
Global Observing System) (WMO 2004), the vision for evolved GOS at the
2015 horizon & beyond suggests :

•Six operational Geostationary satellites (GEOs) with onboard multispectral
imagers (Infrared/Visible - IR/VIS), some with hyperspectral sounders (IR);

Expert team on evolution of GOS

•4 operational low earth orbiting (LEO) satellites providing a uniform data
coverage with onboard multispectral imagers
(Microwave/Infrared/Visible/Ultraviolet - MW/IR/VIS/UV), sounders (MW),
radio-occultation (RO) capabilities, some with hyperspectral sounders (IR),
conical scan MW or scatterometers and altimeters;



•In addition, several R&D satellites will complement the operational
constellation. Further LEOs with active and passive microwave precipitation
and cloud measurements, and two LEOS with soil moisture and ocean salinity
capability (e.g. SMOS, SMAP) will also become available within the next 10-
year timeframe;

•Atmospheric composition missions, currently available with the Envisat-EOS
satellites (as of 2009), will hopefully reach a more operational status towardssatellites (as of 2009), will hopefully reach a more operational status towards
and after 2015 (e.g. ESA Sentinels 4 and 5);

•Last but not least, a LEO with wind profiling capabilities will become available
during this timeframe.

Moreover, the recent results obtained by a number of operational centres (e.g.
Healy and Thépaut 2006) suggest that a GPS radio-occultation observing
capability is now a high priority requirement, not only for NWP but also for
reanalysis and climate applications.



GCOS

Essential Climate Variables - ECVs





GCOS-129





Satellite systems



Examples of available data







• Lack of global observations of stratospheric winds in current operational
meteorological system:

• No sondes above 10 hPa (no global coverage anyway)

• AMVs (Atmospheric Motion Vectors) from satellites in troposphere

• Wind information from temperature nadir sounders in extra-tropics
(troposphere/stratosphere) – BUT thermal wind relation breaks down in
tropics

Motivate SWIFT OSSE: winds are a current concern about GOS
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tropics

• We have no good current estimates of state of the tropical stratosphere:

• Variability in the quasi-biennial oscillation (QBO) is underestimated

• “Balanced” winds problematic for estimating variability of QBO

Although a focus is on tropical stratosphere, SWIFT can benefit extra-tropics,
including representation winter high latitude variability

Main reason for exposition is illustration of the OSSE concept



“Realistic” quasi-biennial oscillations in the MO Unified Model 

Westerly winds

Easterly winds
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Met Office observational analyses of equatorial winds for Nov 1992 - Jan 2000 

Easterly winds

Westerly winds



• Recent past:

• UARS – launched 1991

• UARS WINDII: mesospheric winds

• UARS HRDI: stratospheric winds, but impact marginal as observed
winds not accurate enough compared to forecasts

Missions measuring winds
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winds not accurate enough compared to forecasts

• Future:

• ESA ADM-Aeolus: launch 2011

• CSA SWIFT: launch after 2010?



ADM-Aeolus Doppler Wind Lidar (DWL)

1 component global wind profiles up to ~30 km

N.B. need data assimilation to get 2 components

•Better information to predict weather

•Global wind profiles for the entire planet, including 
remote areas lacking any ground-based weather station

Main objective:

www.nilu.nowww.nilu.no

•Correct major deficiency in winds in current GOS

•Increased skill in NWP 

•Data needed to address WCRP key concerns:

Quantification of climate variability

Validation & improvement of climate models

Process studies relevant to climate change

OSSEs done under auspices of ESA



� Simulated atmosphere (“truth”; T): 
using a model, analyses

� Simulated observations of instruments 
appropriate to the study, including 
errors: using T

� Assimilation system: using a model

� Control experiment C: all observations 
except those under study

Structure of an OSSE

“Truth”

T

Control, C    Perturbation, P

Process using DA

P-TC-T

OSSE goal: evaluate if the difference P-T (measured objectively)

is significantly smaller than the difference C-T

except those under study

� Perturbation experiment P: all 
observations

Process using DA



Note shortcomings of an OSSE:

� Expensive (cost ~ assimilation system) -> alleviate problem:
“reduced OSSE” (e.g. profiles instead of radiances)
Note: “reduced OSSE” generally only useful when observation of 
interest has relatively high impact (e.g. stratospheric winds)

� Difficult interpretation (model dependence) -> alleviate problem: 
conservative errors, several methods to investigate impact

� Incest -> alleviate problem: different models to construct “truth” & 
perform assimilation (BUT there could be bias between models)

Despite shortcomings, high cost of EO missions means
that OSSEs often make sense to space agencies



Lahoz et al. QJ 2005

SWIFT:

� Based on UARS WINDII principle (Doppler effect)

� 2 wind components using 2 measurements at ~90o

� Thermal emission (mid-IR) of ozone (1133 cm-1)

OSSE: evaluate proposed SWIFT instrument

� Technology difficult to implement

� Global measurements of wind and ozone profiles (~20-40 km)

Addresses concerns about GOS winds

Provides information for scientific studies: e.g. tropical winds,
transport, wintertime variability



Models used:
� “Truth” (ECMWF directly, or forcing a CTM)

� Assimilation system (Met Office) (cf. incest)

Simulated observations:
Operational: C {MetOP, MSG, sondes, balloons, aircraft, surface}

Temperature, winds, humidity, ozone

Design of SWIFT OSSE

Temperature, winds, humidity, ozone

SWIFT; C+SWIFT = P
Ozone, winds (stratosphere, conservative errors)

Several assimilation experiments; analyses evaluated.
Qualitative & quantitative tests



� SWIFT: N - and S - observations (87°N-53°S, 53°N-87°S): non 
sun-synchronous orbit

� - winds 16-50km, every 2km approximately

- ozone 16-44km, every 2km approximately

� Errors: conservative; random; representativeness error 
considered to be relatively unimportant

SWIFT characteristics

SWIFT wind component error
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Significance tests Areas > 5%

Y=Abs(C-T) -Abs(P-T); Zonal-wind (m/s); January 2000; 
Shaded:95% C.L. & Y>0. Similar results for April 2000.

10 hPa 1 hPa

N.B. Some areas of -ve impact (information on data assimilation system)

New observations can degrade data assimilation system - not significant



• SWIFT winds
� Significant impact in tropical stratosphere EXCEPT lowermost levels
� Can have significant impact in extra-tropics when:

• SWIFT observations available
• Flow regime is variable (relatively fast changing)

� Have scientific merit in that they improve:
• Information on tropical winds
• Wintertime variability (e.g. extra-tropics)

� Useful for forecasting & producing analyses to help study climate
change & its attribution:

Conclusions from SWIFT OSSE

� Useful for forecasting & producing analyses to help study climate
change & its attribution:
Better models, better initial conditions, model evaluation

• SWIFT ozone
� Significant impact at 100 hPa & 10 hPa

-> regions of relatively high vertical gradient

Some caveats discussed in Lahoz et al. 2005: care interpreting OSSEs



• Information content
Aim: evaluate the potential benefit of future sensors compared to other available

sensors

Prunet et al. (1998) used approach to quantify impact of information content in
simulated IASI radiances vs information content in TOVS radiances.

Impact of IASI radiances estimated by comparison of analysed errors (which
include TOVS or IASI data) vs those of a background field (from model
forecast excluding both TOVS and IASI data).

If observation type of interest has positive impact, analysed errors should be
smaller than background errors.

Alternatives to OSSEs

smaller than background errors.

By comparing errors of analyses including TOVS or IASI data, relative information
content in these data can be evaluated, and assessment made of their relative
benefit.

In principle, information content approach is simpler & less expensive to apply than
an OSSE.

However, information content approach requires a realistic characterization of
background & observation errors, which could be difficult to achieve.

Furthermore, it could be argued that OSSE approach provides a more complete
test of the future sensors.



•Ensembles Courtesy Andersson et al. ECMWF



Courtesy Andersson et al. ECMWF



Courtesy Andersson et al. ECMWF

Ensembles approach, According to Andersson et al:

Need “truth” for simulated data



Important to quantify value of future missions

All elements of the Earth System

-> participation of all actors: multi-disciplinary

-> quantify benefits: OSSEs & other methods

Way forward:

-> quantify benefits: OSSEs & other methods

-> caveats: set up experiments carefully (model dependence,...)

Increased use of OSSEs (NASA, ESA,...) 

Use OSSEs as one more tool in the “tool-box” to prepare for a mission:

Before ozone hole, what would an OSSE on UARS focus on?



NCEP’s experience with OSSEs demonstrates that they
often produce unexpected results. Theoretical
predictions of the data impact and theoretical backup
of the OSSE results are very important as they provide
guidance on what to expect. On the other hand,

Final word

guidance on what to expect. On the other hand,
unexpected OSSE results will stimulate further
theoretical investigations. When all efforts come
together, OSSEs will help with timely and reliable
recommendations for future observing systems.

Masutani et al., 2009



Among the maxims on Lord Naoshige’s wall there was this one:
“Matters of concern should be treated lightly.” Master Ittei
commented, “Matters of small concern should be treated
seriously.” Among one’s affairs there should not be more than
two or three matters of what one could call great concern. If
these are deliberated upon during ordinary times, they can be
understood. Thinking about things previously and then handling

Prepare well…

understood. Thinking about things previously and then handling
them lightly when the time comes is what this is all about. To
face an event and solve it lightly is difficult if you are not
resolved beforehand, and there will always be uncertainty in
hitting your mark. However, if the foundation is laid previously,
you can think of the saying, “Matters of great concern should
be treated lightly,” as your own basis for action.

Hagakure, The Book of the 
Samurai
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