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9.1
UPDATE ON RECENT OSEs/OSSEs 

1. Adjoint-based sensitivity to forecast error: The results obtained with these newly-developed tools are receiving significant attention. Bar charts showing the relative importance of each component of the GOS have been produced based on the observation sensitivity with respect to (typically) 24-hour forecast error measured in terms of vertically integrated total energy. Specific experiments have been conducted to compare the impacts of observations in three different NWP forecasting systems, and to assess the three different implementations of these tools and their usefulness (Gelaro et al., AMS 2011). The participating NWP centers were the NASA Global Modeling and Assimilation Office, the Naval Research Laboratory, and Environment Canada. With the adjoint technique, the impacts of all observations are computed simultaneously from one single execution of the system, for one chosen measure of forecast error, allowing results to be easily aggregated according to data type, location, satellite sounding channel, or other attributes. The technique is highly economical as compared with running multiple data denial OSEs, but its accuracy is generally limited to forecast ranges of 1-3 days. 
2. Despite differences in the assimilation algorithms and forecast models, the impacts of the major observation types were found to be similar in each of the three forecasting systems in a global sense. However, regional details and other aspects of the results can differ substantially. Large forecast error reductions are provided by satellite radiances, geostationary satellite winds, radiosondes and aircraft. Other observation types provide smaller impacts individually, but their combined impact is also significant.
3. In all three NWP systems only a small majority (less than 55%) of the total number of observations assimilated actually improves the forecast, and most of the overall improvement comes from a large number of observations that have relatively small individual impacts. This is a consequence of the fact that the observation error often is greater than the background error that the assimilation system corrects.
4. Ensemble-based sensitivity to forecast error: An ensemble-based estimation method (Liu and Kalnay 2008), using the local ensemble transform Kalman filter (LETKF), has been applied to a global NWP model to assess the observation impact of simulated radiosondes, cloud drift wind, and satellite retrieved temperature and humidity profiles (Hong Li et al., AMS 2011). With this technique it is not necessary to add or remove observations from the assimilation as is done in the traditional OSEs. Results show that the procedure can successfully evaluate the forecast impact of observations. The impact values can be grouped and summed by various subsets of observations that may be of interest (as with adjoint sensitivity methods, above). It was found that the total observation impact in the N Hemisphere is bigger than that in the S Hemisphere. The largest impact in the N Hemisphere is produced by radiosondes, whereas it is produced by satellite retrieved profiles in the S Hemisphere. Cloud drift winds have the largest impact in the tropics. 
5. The international Joint OSSSE: OSSEs are a powerful tool to assess the potential impact on the NWP forecast skill of planned or hypothetical future observing systems. Over the last several years an international Joint OSSE collaboration has emerged (Masutani et al. 2007 AMS 18th NWP conf. and Riishojgaard et al. 2011, AMS 15th IOAS/AOLS conf) centred on the use of NASA's and NOAA's data assimilation systems. A 13-month Nature Run provided by ECMWF (Andersson and Masutani 2010, ECMWF Newsletter No 123) has undergone extensive validation.
6. A first version of simulated observations has been generated from the Nature Run (Errico et al., AMS 2011). These observations include simulated errors of both instruments and representativeness. Validation is performed by comparing statistics of the results of assimilating these for one winter month compared with corresponding statistics obtained from assimilating real observations during an equivalent period using NCEPs GSI data assimilation system. In terms of the examined statistics, the OSSE validates remarkably well. In order to obtain this degree of success, it was found necessary to employ horizontally correlated observation errors for both.

7. AMVs (e.g., cloud-track winds) and radiances. The simulated observations with added observation errors are suitable for some initial OSSE applications. 
8. One of the first candidate observing systems that is being assessed by this system is a wind lidar based on the GWOS concept developed by NASA in response to the NRC Decadal Survey. Results by Le Zhang et al. (AMS 2011) indicate that assimilating the DWL wind observations into the meso-scale numerical model (WRF) has significant potentials for improving the high-impact weather forecasting. However, the data impact much depends on the configuration (in terms of the area coverage of the data) and resolution of the DWL measurements. The European ADM-Aeolus instrument is subject to similar OSSE studies, based on DWL simulations carried out by KNMI.
9. This OSSE system has also been used to evaluate the potential benefit of unmanned airborne systems (UAS) for hurricane track forecasting. Experiments exploring the use of dropsondes deployed from high-altitude UAS near tropical cyclones in the Atlantic basin have been performed. OSSEs to evaluate the prospective Canadian PCW mission are being conducted at Environment Canada. The University of Utah, Florida State University, Mississippi State University and more institutes are starting OSSEs using the Joint OSSE Nature Run.
10. Radio occultation data: The Global Positioning System (GPS) radio occultation (RO) technique has emerged as a powerful and relatively inexpensive approach for sounding the global atmosphere in all weather. On average, COSMIC is providing 1,500 – 2,000 GPS RO soundings per day, uniformly distributed around the globe. RO sounding is able to penetrate clouds and precipitation with virtually no impact on its accuracy. With its ability to take measurements over the ocean, where there are few traditional observations, GPS RO soundings from COSMIC and other RO missions have demonstrated significant NWP impact. In particular, GPS RO soundings provide valuable information on the moisture in the tropical lower troposphere, which is crucial for the development of tropical storms (Ying-Hwa Kuo et al. AMS 2011). Taiwan and U.S. are planning for the COSMIC follow-on mission, (COSMIC-II), which promises to provide 8,000 to 10,000 GPS RO soundings per day.
11. Horizontal density of satellite radiance data: It has long been the practice at operational NWP centres to substantially thin satellite observations, particularly radiances, before assimilation. The reasons for such thinning include computational considerations (to meet operational timing requirements), the desire for a diverse “mix” of observations, and to avoid the effects of correlated observation errors which are not accounted for in current operational DA schemes (Baker and Langland, AMS 2011). However, it has recently been demonstrated that the spatial and inter-channel observation error correlations are small for AMSU-A and for the AIRS and IASI long-wave temperature sensitive channels that peak in the mid-troposphere to stratosphere. Several centres (ECMWF, NRL, NCEP and the Met Office) have therefore experimented with reduced thinning of these data, and found significant benefit 
12. Use of the Chinese FY-3A data: Xiang Wang et al. (AMS 2011) compared measured radiances from FY-3A and AMSU-A against simulated radiances calculated from coincident profile measurements of temperature and humidity from COSMIC. Excellent agreement was found between FY-3A and COSMIC GPS RO data, similar to that between AMSU-A and COSMIC GPS data. It can therefore be concluded that FY-3A and AMSU-A data are of similar quality. This has been confirmed by William Bell and co-workers at ECMWF who have monitored the quality of FY-3A data within the operational 4D-Var system at ECMWF. The data is almost ready for operational assimilation at ECMWF.
13. Composite LEO/GEO Winds: The composite LEO/GEO winds are distributed by CIMSS. The data complements data gaps between GEO atmospheric motion vectors (AMV) and LEO polar AMV. The assimilation test was conducted with the JMA global 4D-Var and showed positive impact.
14. Accuracy of humidity observations from aircraft: R. A. Petersen et al. have studied the accuracy of the Water Vapour Sensing System (WVSS-II) currently being deployed and tested on commercial aircraft in the US and on three Lufthansa aircraft in Europe. The data was compared to radiosonde data. Following recent improvements to the instrument, the RMS fit to radiosondes is now < 0.5 g/kg for mixing ratio or <10% for relative humidity in most conditions.
15. Yongxin Zhang et al. (AMS 2011) and Feng Gao et al. (AMS 2011) have studied the impact of the Tropospheric Airborne Meteorological Data Reporting (TAMDAR) network, operated by AirDat LLC. TAMDAR measures humidity, pressure, temperature, winds, icing and turbulence by commercial airlines along the flight routes. The data is licensed by Airdat at a charge (EUMETNET is negotiating access for European NWP). The TAMDAR measurements have been assimilated into the WRF-based RTFDDA (4D-Var) system for the CONUS domain at 12-km and 4-km resolutions. Case studies focused on episodes of warm season rainfall, with positive results reported.
16. Impact of Radar reflectivity and ground based GPS: At JMA, relative humidity is retrieved from the 3D radar refractivity with Bayesian method. The RH data assimilation test was conducted with the JMA meso-scale 4D-Var. It makes the simulated echo position relocated appropriately. The global ground-based GPS data are acquired from IGS (International GNSS  Service).  The assimilation of GPS precipitable water data was tested in JMA - it reduced dry bias in the humidity analysis and showed positive impact on the forecast.

17. The impact of future developments of the space-based observing system on Numerical Weather Prediction impact of reduced ground-based observing systems on satellite data assimilation: The specific objectives of the present study are thus to estimate the impact of the key components of the current space-based observing system with a special focus on
· temperature and humidity sounding from advanced sounders of the AIRS/IASI-type and conventional sounders of the HIRS/AMSU-A/MHS-type,

· humidity imaging in clear skies and in areas affected by clouds and precipitation,

· radio-occultation observations to support the estimation of the observation requirements of a radio-occultation observation constellation for the next decade,

· indirect wind observations (through AMVs) with special focus on polar AMVs and

· new observation types, in particular soil moisture derived from scatterometry (ASCAT).
Please see Appendix C.

18. Study to quantify the interaction between terrestrial and space-based observing systems: The aim was to investigate the impact of a thinned terrestrial observing system on radiance bias correction anchoring (OSEs with and without GPSRO and with full and less dense conventional observing system) with special focus on:
· the synergy between radiosondes and GPSRO as anchors (with resepect to temperature);

· the question of what radiosonde coverage is needed in the stratosphere, to which height, and for which latitude ranges;

· the synergy between ships/buoys and GPSRO as anchors (with respect to surface pressure).
Please see Appendix D.
19. Impact of targeting: The emphasis of the THORPEX DAOS group has been on the evaluation of the impact of observations, including targeted observations, based on results from field experiments (ATReC, AMMA, IPY, T-PARC), OSEs and OSSEs. The main outcomes from these impact studies may be summarized as follows:

· The value of extra-tropical targeted data has been found to be positive but small on average
· Observations taken in sensitive areas have more value than observations deployed randomly

· Past experiment do not provide evidence of major impact obtained from just a few observations (when averaged over a large sample of cases)

· There are limitations to the current assimilation methods to be able to detect the small signal associated with precursors of meteorological systems

· The methods employed to identify sensitive areas do not appear to be a major problem

· Additional observations around tropical cyclones have proven to be useful

· Benefit may be obtained from regional (versus highly localized) and systematic targeting during low predictability flow regimes on a continuous basis (days or weeks) and/or via adaptive processing and data selection of satellite data.

20. The EUCOS upper-air network design study: A set of upper-air network design studies had been carried out under the coordination of the EUCOS scientific advisory team (E-SAT): The study assessed the impact of several potential optimizations aimed at reducing the redundancy between aircraft and radiosondes where both systems report regularly and in close proximity. The OSE studies were conducted with the global model of ECMWF and the limited area models of OMSZ (Humgary) and several HIRLAM members. In general the experiments show similar results.
21. The conclusions from the EUCOS upper-air network redesign study are:
· (a)
In agreement with the previous Space-Terrestrial study the baseline scenario shows a significant and the strongest reduction in forecast skill.

· (b)
Scenarios 3a and 3b which removed radiosonde sites collocated to 3-hourly visited E-AMDAR airports show almost no degradation in forecast skill. Results from OMSZ’ regional model show better results for a scenario where 0 UTC radiosonde observations –in vicinity to airports- are kept.
· (c)
Further thinning of upper-air observations to 250 km or 500 km spacing show a significant degradation of forecast skill for most parameters, and for summer and winter periods.
· (d)
When thinning radiosonde observations the parameter most negatively affected is relative humidity in lower troposphere.
· (e)
Biases are observed between radiosonde and AMDAR temperature measurements. More investigations are needed to correct biases of AMDAR observations.
22. The recommendations derived from the EUCOS upper-air network redesign study are:

· (1)
A collocation of operational radiosonde observations and 3-hourly AMDAR profile measurements should be avoided..
· (2)
Humidity information in the lower troposphere should not be degraded, E-SAT therefore recommends to improve the coverage of lower tropospheric moisture observations.
· (3)
E-SAT recommends to work towards a horizontally more homogeneous distribution of upper-air observing sites.
9.2
PROPOSAL FOR NEW OSES/OSSEs TO BE PROMOTED BY ET-EGOS
23. The list of OSEs/OSSEs presented to CBS-Ext.(10) (2010) consisted of those specified in the Annex to paragraph 6.1.32 of the general summary of the Abridged Final Report with Resolutions and Recommendations of CBS-XIV (2009) and in addition the following OSEs/OSSEs which the ICT-IOS requested Members to conduct:
· (a)
In the presence of dense satellite observations of ocean surface wind, what is the requirement for the density of in-situ surface pressure observations?
· (b)
Guidance is needed on desirable coverage of Automated Ship-borne Aerological Programme (ASAP) soundings over oceans;

· (c)
In support of Regional NWP, what observations are needed for the planetary boundary layer - which variables, and what space/time resolution?
· (d)
Studies are needed to address identification of critical locations for surface-based stations.
24. Based on this list and subsequent new results, an updated proposal for OSEs and OSSEs of particular interest to ET-EGOS has been developed as part of the preparations for the fifth workshop on the Impact of Various Observing Systems on Numerical Weather Prediction. This new list of specific studies and science questions is shown here as Appendix A.
9.3
NEXT OSEs/OSSE WORKSHOP 

25. CBS-Ext.(10) (2010) requested the OPAG-IOS to develop the scope of the fifth workshop as soon as possible, including exact dates for holding the Workshop in 2012. It welcomed the proposal from the USA representative to host this workshop.
26. The fifth workshop on the Impact of Various Observing Systems on Numerical Weather Prediction will be organised by the Expert Team on the Evolution of the Global Observing System in xxxxx, United States, from 22 to 25 May 2012. Participants are expected to come from all the major NWP centres which are active in the area of impact studies. The workshop will be conducted in English. As on the first four workshops it is planned to produce a workshop report to be published as a WMO Technical Report that will include the papers submitted by the participants.

27. The workshop will be organised in the following sessions:

· Session 1: Global forecast impact studies

· Session 2: Regional forecast impact studies

· Session 3: Specific scientific areas (including network design)

· Session 4: Workshop discussions and conclusions.
28. The draft workshop announcement is shown as Appendix B.
29. The committee has agreed on the following plan and time table for the organisation of the workshop (EA: Erik Andersson, LPR: Lars Peter Riishojgaard, MO: Miroslav Ondras)

	No.
	Action
	Responsible
	Deadline

	1
	Invitation from the PR of USA with WMO
	LPR
	end Apr 2011

	2
	1st unofficial invitation, including preliminary speakers and draft programme)
	EA
	mid May 2011

	3
	Preliminary programme
	EA
	mid Nov 2011

	4
	Information on Local arrangements (Venue, transport, accommodation, etc.)
	LPR
	mid Nov 2011

	5
	List of participants, Country, institution
	EA
	mid Nov 2011

	6
	List of participants to be fin. supported, (Country, Town, Institution, contact address)
	EA
	mid Nov 2011

	7
	Costing
	MO
	end Nov 2011

	8
	Resource mobilization
	All
	end Nov 2011

	9
	Preparation & approval of Meeting Form
	MO
	mid Dec 2011

	10
	Invitation participants
	MO
	end Jan 2012

	11
	Invitation participants to be fin supported, concurrence from respective PRs 
	MO
	mid March 2012

	12
	Travel arrangements
	MO
	mid May 2012

	13
	Final programme, speakers, participants, panel chairs, etc..
	EA
	mid May 2012


Appendix A
Proposed topics for NWP impact studies relevant to the evolution of global observing systems
	Short name: Full name
	Science question

	Surface-based

	S1MarinePs: Surface pressure over ocean
	What density of surface pressure observations over ocean is needed to complement high-density surface wind observations from satellites?  Suggestions: (a) network density reduction OSE in N.Atlantic, (b) southern oceans OSSE.

	S2Strat: In situ observations of the stratosphere
	What network of in situ observations is needed in the stratosphere to complement current satellite observations (including radio occultation)?   What about the tropics?

	S3AMDAR: Coverage of AMDAR
	What is the impact of current AMDAR observations?  What are the priorities for expansion of the network?

	S4ASAP: Coverage of ASAP
	What is the impact of current coverage of profiles from the Automated Shipboard Aerological Programme (ASAP)?  How might coverage be optimised for a given level of resources?

	S5Radar: Radar observations
	What are the impacts of current radar observations, including radial winds and reflectivities?

	Space-based

	S6RO: Radio occultation saturation
	At what level, in terms of profiles per day, does the impact of radio occultation observations start to saturate?

	S7SatLand: Satellite radiances over land
	What is the impact of new developments in the assimilation of radiance data over land?

	S8Sounders: Impact of multiple satellite sounders
	What benefits are found when data from more than one passive sounder are available from satellite in complementary orbits, e.g. multiple AMSU-As, AIRS + IASI ?

	S9AMVs: AMVs
	What impacts are currently found from AMVs?

	General

	S10Thinning: Data density and data thinning
	What impacts/benefits are found from data density/thinning strategies from various observation types?

	S11PBL: Observations of the PBL for regional / high-resolution NWP
	What should be the focus of improvements for observations of the PBL in support of regional/high-resolution NWP?  Which variables and what space-time resolution?

	S12UA: EUCOS-like upper air OSEs
	Can EUCOS-like upper air studies be performed for other regions?

	S13AdjEns:  Regional application and adjoint and ensemble methods
	What insights can be gained from more tailored use of adjoint- and ensemble-based measures of observation impact, for example, in the tropics or at the meso-scale where metrics other than global energy may be appropriate?


	S14ExtRange: Impact of observations on extended range forecasts
	Which observations are particularly important for the 7-14 day forecast range?

	S15Targeting: Targeted observations
	What do experiments on targeted observations tell us about observing system design?

	S16aAMMA, S16bIPY: AMMA and IPY legacy
	What impacts/benefits could be expected by sustained components of the AMMA and IPY special observing systems?


_______________

APPENDIX b
Workshop Announcement (Draft)

1.
The WMO and THORPEX co-sponsored fifth Workshop on the Impact of Various Observing Systems on Numerical Weather Prediction will be organised by the Expert Team on the Evolution of the Global Observing System in xxxxx, United States, from 22 to 25 May 2012. Participants are expected to come from all the major NWP centres which are active in the area of impact studies. The workshop will be conducted in English. As on the first four workshops it is planned to produce a workshop report to be published as a WMO Technical Report that will include the papers submitted by the participants. 
2.
The previous four workshops in this series took place in Geneva (April 1997), Toulouse (March 2000), Alpbach (March 2004) and Geneva (May 2008). Results from Observing System Experiments (OSEs), both with global and regional aspects were presented and conclusions were drawn concerning the contributions of the various components of the observing system to the large scale forecast skill at short and medium range (Workshop Proceedings published as WMO World Weather Watch Technical Reports TD No. 868, 1034, 1228 and 1450, respectively).

3.
Since then, some significant changes and developments have affected the global observing system and more efforts have been devoted to meso-scale observing and assimilation systems. There has also been a trend toward using other techniques than OSEs to document data impact, such as adjoint-based sensitivity to observations or ensemble-based sensitivity. Field experiments have been carried out, in particular through the THORPEX project, and the use of targeted data has been assessed. You may wish to contribute to the workshop on any of these general topics, or address one or several of the specific studies and science questions listed in the attachment. Those who are interested to contribute to this workshop are asked to submit a short abstract and request an invitation from the organisers by e-mail as detailed below. 
4.
At the Fifth workshop, the results will be reviewed in plenary discussion sessions and a consensus view will be formed. Conclusions to help guide the design of an optimised Global Observing System for NWP will be drawn.

5.
The workshop will be organised in the following sessions:

Session 1: Global forecast impact studies
Session 2: Regional forecast impact studies
Session 3: Specific scientific areas (including network design)
Session 4: Workshop discussions and conclusions.

6.
To receive an invitation to participate, please submit abstract and title to the organising committee via email to Karen.Clarke@ecmwf.int, by 31 January 2011. The full papers for the workshop report will be required at the time of the meeting and should be sent in electronic form. Information on hotel accommodation and local transport will be posted in a subsequent announcement. There will be the possibility of financial support for a limited few upon request to the Chairman of the organizing committee via e-mail to the address given above.

7.
The Organizing Committee, chaired by Erik Andersson (ECMWF), comprises Carla Cardinali (ECMWF), John Eyre (Met Office, UK), Ron Gelaro (NOAA/GMAO, the US), Florence Rabier (Meteo-France), Lars-Peter Riishojgaard (NOAA/JCSDA, the US) and Yoshiako Sato (JMA, Japan). 

8.
The local organizing committee is chaired by Lars-Peter Riishojgaard (NOAA/JCSDA, the US). Local information about xxxxx and local arrangements can be found at www.xxx.xx. The local organisers will coordinate hotel arrangements for the attendees.
_______________

appendix c[image: image9.jpg]ECMWEF study on the impact of future
developments of the space-based observing system on
Numerical Weather Prediction

Gébor Radndti, Peter Bauer, Anthony McNally, and Carla Cardinali
with contributions from Sean Healy and Patricia de Rosnay
European Centre for Medium-Range Weather Forecasts, Reading, UK

May 11, 2011




[image: image1.jpg]Radnéti, Bauer, McNally, Cardinali: Impact study of the space-based observing system 1

1 Executive summary

The subject of this study is the evaluation of the impact of the key components of the space-
based observing system on the skill of numerical weather prediction. The skill of NWP depends
to a large extent on the quality of the analysis state that serves to initialize the forecast model.
At ECMWEF and most operational centres this analysis is performed via a four-dimensional
variational assimilation (4D-Var) scheme that produces a physically consistent estimate of the
state of surface and atmosphere. This estimate is constrained by both the forecast model and
observations. The large improvement of NWP sgkill obtained over the past two decades can be
attributed to model developments and the increased capability of the space-based observation
component along with sophisticated data assimilation systems that derive the analysis state
from model forecasts and data.

The specific objectives of the present study are thus to estimate the impact of the key com-
ponents of the current space-based observing system with a special focus on (1) temperature and
humidity sounding from advanced sounders of the AIRS/IASI-type and conventional sounders
of the HIRS/AMSU-A/MHS-type, (2) humidity imaging in clear skies and in areas affected by
clouds and precipitation, (3) radio-occultation observations to support the estimation of the
observation requirements of a radio-occultation observation constellation for the next decade,
(4) indirect wind observations (through AMVs) with special focus on polar AMVs and (5) new
observation types, in particular soil moisture derived from scatterometry (ASCAT).

Observations related to clouds and precipitation, in support of radio-occultation constellation
definition, and related to soil moisture have never been evaluated in a comparable framework
before. Another evaluation of the value of advanced infrared sounders is due given the recent
improvements of their data usage in NWP (water vapour channels, cloud detection, usage over
land).

Sounders in clear skies

The impact of conventional sounders, namely AMSU-A, HIRS and MHS is strong and signif-
icantly positive when evaluated by the fit of model analyses and short-range forecasts to all
observations contained in the system and when analyzing forecast scores. The individual im-
pact of HIRS is much smaller compared to that of the two microwave sounders given that the
background observing system contains two advanced sounders, namely AIRS and TASI. The
positive impact of microwave sounders on temperature and geopotential forecast skill is espe-
cially evident in the Southern hemisphere and visible throughout the entire atmosphere. The
positive impact is significant up to 4 days in the Southern hemisphere and up to 2 days in the
Northern hemisphere. One area of seemingly negative impact (over South America) requires
further investigation but could be the result of insufficient cloud detection or inaccurate surface
emissivity modeling.

The situation is similar for humidity scores. Over oceans the presence of AMSU-A/MHS data
seems to slightly but systematically moisten the analysis, while over land the opposite effect is
observed. This is mainly caused by the MHS radiance assimilation. This impact is in agreement
with what has been observed from the radiosonde humidity departures in the analyses, that
are mostly located over land surfaces, and the comparison of model analyses and short-range
forecasts with IAST radiances (water vapour channels) that are only used over oceans.

The impact of advanced sounders (AIRS and IASI) used either separately or together is
significant and has been tested over an extended one year test period. The benefit of adding
these instruments to a baseline can be seen in the improved fit of the analysis to conventional
observations and a reduction of forecast errors out to the medium-range. Degraded forecasts
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result when the instruments are withheld, although the presence of one sounder is partially able
to compensate for the loss of the other. These studies confirm and consolidate other impact
experiments (performed at ECMWEF and other centres) which collectively demonstrate that the
information brought by advanced infrared sounders is crucial.

The one anomalous result that requires further investigation is the poor impact of TAST upon
medium-range forecasts over the Furopean region. In experiments where TAST was added to a
background observing system the performance was only neutral whiles the removal of TAST from
the full system actually reduced forecast errors. In contrast, results for ATRS over Europe were
positive in both contexts. From the analysis diagnostics the only obvious difference between
AIRS and IASI is in low-level temperatures (and humidity) at high northern latitudes and
the enhanced large-scale north-south gradient (possibly responsible for the degraded fit to high
latitude radiosonde wind data). However, investigations performed so far have been unable
to confirm that this is in any way responsible for the degraded European forecasts. It should
be noted that a poor performance over Europe was not evident in any of the pre-operational
tests that were carried out on IASI in the past (indeed European scores were significantly
improved when TASI was first used). The understanding of this problem remains a priority. The
contradicting results from adding and removing TASI indicate the non-linear response of the
system to the presence/absence of data and the importance of the verifying analysis.

Sounders/imagers in clouds and precipitation

The assimilation of all-sky radiances from microwave tmagers over oceans is found to system-
atically change the mean state of moisture over oceans. This change produces a better fit of
analyses and short-range forecasts with other moisture sensitive radiances over oceans and also
causes less general radiance data rejection. The impact of SSM/I data on boundary layer tem-
perature and humidity is stronger than that of AMSU-A/MHS or HIRS, especially over the
Tropics. Forecast verification of moisture instrument impacts strongly depends on the verifying
analysis. In this case, the operational analysis that is used as a reference also contains all-sky
microwave imager data and may thus produce favourable results. However, a positive impact
was found for temperature, moisture and wind that lasts for a few days but dissipates faster
than the forecast impact obtained from temperature sensitive data that affect larger scale struc-
tures. The assimilation of cloud-affected infrared radiances was shown to systematically affect
temperatures in areas of overcast cloud regimes. While the impact of this on forecasts is small,
the regional temperature analysis has been improved. This result is quite significant because,
generally, much less radiance data is used in the presence of clouds, and this impact is caused
by adding only 5% of sounder data.

Adjoint diagnostic techniques demonstrate that a substantial fraction of the observational
influence in the analysis is driven by the variability of the model background error distribution
as well ag the model’s sensitivity to perturbations of the particular observation. This is, for
example, evident when infrared channels sensitive to both surface and clouds are evaluated where
the contribution of large skin temperature background errors over sea-ice produce significant
contributions to the observational influence in the analysis as does the model’s sensitivity to
radiance perturbations in the presence of clouds in the ITCZ. Due to the small number of
infrared radiance observations actively used in clouds the forecast impact, as obtained from the
forecast sensitivity calculations, is small which is consistent with the results of the observing
system experiments. The analysis and forecast impact of microwave all-sky radiances is stronger
as indicated by the adjoint measures. Interestingly, the impact on the analysis is mostly driven
by clear-sky observations while the forecast impact is dominated by cloud-affected observations.
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This demonstrates the strong impact of the model and its sensitivity to information in areas
where background errors are large and the model is rather sensitive to temperature and moisture
information.

Atmospheric Motion Vectors

The impact of AMV observations has been tested in a more fundamental way than that of the
other observation types because the main objective has been to evaluate the impact of AMVs
on the wind analysis in comparison to that of radiance observations in polar areas. The latter
produce an impact on the wind analysis through the coupling of observation operator, balance
constraints and the NWP model in 4D-Var. This study complements a previous effort performed
for both AMV and CSR data usage at mid and lower latitudes derived from geostationary
satellites. The experiments in the present study demonstrate that AMVs in polar areas produce
a similar impact to infrared radiance observations (HIRS) if only water vapour channels are
used while adding temperature sensitive radiances produces a stronger impact than AMVs.
The experiments showed a significant difference of the results between North and South Poles,
mainly caused by the largely different quality control applied to radiance data over the Antarctic
continent due to high surface elevations.

In contrast to the experiments with geostationary data the heights of largest impact were
quite similar over the poles while over lower latitudes the radiance impact was strongest at mid-
levels and the CSRs acted most efficiently at low and high levels at which usually more data
is assimilated. Adding radiance data and AMVs together showed an additional improvement
that was more pronounced at Northern high latitudes. It must be kept in mind that, among all
employed observations, both AMVs and HIRS-type radiance data do not represent the strongest
information contribution in the analysis so that the above described results may be insignificant
if a full satellite observing system is available.

Radio occultation

GPSRO data represent a substantial part of the observing system since they do not require bias
correction and produce accurate observations of (mainly) temperature with very good vertical
resolution in the upper atmosphere where radiance data is more sparse and NWP model errors
are large. For the experiments in this study, data in addition to the currently assimilated
receivers onboard METOP GRAS and the Formosat-COSMIC constellation have been acquired
to make available as many GPSRO observations as possible. All data have been assimilated
and three denial experiments have been run using only 5, 33 and 67% of the GPSRO data,
respectively. The 5% experiment (i.e. about 150 profiles) is representative of the data numbers
from a single receiving instrument.

The results from the 5% experiment indicate that the impact on temperature analysis is
significant but not yet sufficient to remove the entire upper atmospheric temperature bias.
Gradually increasing the number of observations further corrects the problem but the analysis
fits to radiosonde observations clearly indicate that more observations will produce benefit. The
radiosonde fits also suggest that the impact has a vertical structure, namely that GPSRO data
warm the analysis in the stratosphere and cool it in the troposphere.

Due to the hydrostatic relationship GPSRO data do not only constrain the temperature
profile of the analysis, but simultaneously the surface pressure as well. This has been tested
by removing conventional surface pressure observations but assimilating GPSRO data. The
presence of GPSRO data removes half of the surface pressure bias originating from removing
surface pressure observations when verified against both buoy and SYNOP surface pressure




[image: image4.jpg]Radnéti, Bauer, McNally, Cardinali: Impact study of the space-based observing system 4

observations. The error standard deviations are also 2-10% smaller when GPSRO data are
present both in the first-guess and the analysis.

RMS temperature forecast errors and geopotential height anomaly correlations are positively
affected by GPSRO data, especially in the higher atmosphere. Above 200 hPa the impact
remains visible even for 7 days. A surprising negative effect is found, however, at 1000 hPa,
especially over the Tropics for temperature. This degradation is very likely a model bias issue
and is in agreement with what has been seen in boundary layer radiosonde statistics.

Finally, experiments have been run to compare the impact of TASI radiance data with that
of GPSRO observations. Up to 500 hPa the TAST impact is clearly stronger, At 200 hPa over the
Southern hemisphere TAST and GPSRO seem to be of equal impact. Over the Tropics GPSRO
appears to bring slightly more improvement than TASI. Over the Northern hemisphere and in
the first two days GPSRO data improves the forecast slightly more, but afterwards the TASI
impact becomes much stronger. These results have to be viewed keeping in mind that about
one order of magnitude more radiances than bending angles are assimilated at ECMWE.

Soil moisture

ASCAT soil moisture impact experiments have been run for an entire year over the period
01/12/2008 to 30/11/2009 at reduced model resolution. The experiments employed the recently
developed Simplified Extended Kalman Filter scheme for the point-wise analysis of soil moisture.
Mean low level humidity and temperature analysis fields are affected by ASCAT soil moisture
data over continental areas. The biggest systematic impact can be found near the Amazon
basin, but the African continent and the Northern parts of Asia and North-America also show
large changes of the mean analysis state.

Forecast scores have been calculated verifying the ASCAT assimilation experiment and its
control with the respective own analyses. From this, slightly positive forecast impact is derived
over most continental areas. If near surface temperature forecasts are verified against radiosonde
observations, a small negative impact of the ASCAT soil moisture assimilation can be identified
over some continental areas that needs to be further investigated. Verification against SYNOP
data and in situ soil moisture measurements show no significant impact.

Additional diagnostics

The new diagnostic tools of observational influence in the analysis (OIA) and forecast error
contribution (FEC) have been applied for the control experiment of the OSE and to some denial
experiments. The so obtained information is supplementary to what can be found by comparing
different denial experiments. According to the diagnostics, in total TASI, ATRS and AMSU-
A radiances contribute the most to the forecast quality improvement measured by the energy
norm difference of forecast and verifying analysis (= forecast error) and these are followed by
the conventional radio-sonde and aircraft observations. To visualize the geographical distribu-
tion of analysis and forecast impact of different sensors of sounders, three channels (one mid-
tropospheric, one lower stratospheric temperature channel and one upper tropospheric humidity
channel for each sensor) have been selected. The mean FEC and OIA show maximum areas
of impact near the South-Pole and especially over the Inter-Tropical Convergence Zone. The
high mean OIA values are accompanied with large spatial variability and they can be interpreted
only in an average sense. The comparison of observation influence with background and analysis
departure statistics indicates that systematic differences between model and observations result
in high sensitivity values at the same location.
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1 Executive summary

The subject of the present study is the evaluation of the interaction between terrestrial and space-
based observing systems and thus focuses on the inter-dependence that is common to all current
operational NWP systems. The expected results are to better understand and quantify this
inter-dependence with a special focus on selected scenarios and observing system configurations.
The study also addresses selected recommendations that were issued by the WMO expert team
on the evolution of the global observing system (ET-EGOS) at its meeting in December 2009.

In the current ECMWF four-dimensional assimilation system the model in the troposphere
is assumed to be perfect over the 6-hour/12-hour assimilation window so that model errors and
model biages are not explicitely accounted for. In the stratosphere, model error is accounted
for but not cycled through successive analyses and thus explicitly accounting for it is of little
impact.

Systematic differences between model and observations are treated by quality control and bias
correction. The quality control excludes data in situations in which model and/or observation
operators are considered too inaccurate. The bias correction (Dee 2005) eliminates systematic
differences between model and observations for the data, that passed the quality control, in a
dynamic and state-dependent way. The assumption of a perfect model implies that the bias
correction is only applied to the observations.

Only selected conventional observations are corrected, namely surface pressure observations
(Vasiljevic et al. 2005) and the solar radiative heating contribution to radiosonde temperature
day-time biases (Vasiljevic et al. 2007). In the future, AMDAR observations will be corrected
as well since substantial differences between ascending and descending temperature profiles over
the same location have been found.

A variational bias correction is applied to all radiance observations (about 95% of the as-
similated data), total column ozone and total column water vapour observations. The dynamic
nature of this correction requires complementary observations that provide anchoring points so
that the bias correction does not excessively absorb model biases (e.g. Auligné et al. 2007).
Currently, these anchoring points are represented by conventional and GPS radio occultation
(GPSRO) observations. Therefore, the optimal utilization of the bulk of the observational data
relies on a steady and well defined set of this data. This issue has been identified by the WMO
ET-EGOS as one of the priority topics to be studied by observing system experiments (OSEs).

Note that systems like this are currently run at most operational NWP centres so that the
topics addressed in this study represent issues related to a wider community.

The main work packages covered in this study aim:

e To investigate the impact of a thinned terrestrial observing system on radiance bias correc-
tion anchoring (OSEs with and without GPSRO and with full and less dense conventional
observing system) with special focus on:

— the synergy between radiosondes and GPSRO as anchors (with resepect to tempera-
ture);

— the question of what radiosonde coverage is needed in the stratosphere, to which
height, and for which latitude ranges;

— the synergy between ships/buoys and GPSRO as anchors (with respect to surface
pressure).

e To investigate the impact of a reduced conventional observing system on NWP following
the most successful scenarios (3b) and (4) of the Upper Air Network Redesign Study
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(Radnoti, 2010). In this scenario (3b) 06, 12 and 18 UTC radiosonde ascents are reduced
by removing soundings of sites which are in the vicinity of in a 100 km radius in the vicinity
of airports in Europe. In scenario (4) the horizontal spacing of sites is 250 km, all other
settings are similar to scenario (3b).

Aircraft and radiosonde impact studies with different GPSRO data coverages

The first set of OSEs has been performed to investigate the interaction of radiosonde, aircraft
and GPSRO measgurements in terms of their analysis and forecast influence. The synergie of
these observations as anchors for the bias correction of other observations was also studied.
A newly developed tool to verify forecasts against conventional and satellite observations was
applied and it proved to give important additional information on the observation impacts. The
set of OSEs consisted of radiosnde and aircraft denial experiments performed with successively
reduced GPSRO density. Stratospheric radiosonde impacts were additionally studied with denial
of radiosonde data above 50hPa.

The aircraft denial experiments showed a remarkable influence on the mean analysis state.
As expected, this is the strongest near the cruise level (around 250hPa) over the Northern
hemisphere, where the change of mean temperature analysis reaches 0.4K. This is clearly related
to a warm temperature bias of aircraft measurements that can be also detected in the analysis
and first fuess fit to GPSRO bending angles. In spite of the strong temperature biases, aircraft
data prove to have a significantly positive impact on forecast scores.

Radiosonde data also have an imapet on the mean analysis state, mostly over large continen-
tal areas. The temperature impact is a warming in the boundary layer and a cooling effect above.
Near the tropopause the impact is small in spite of the fact that mean radiosonde temperature
departures are the largest there. This is likely due to the overwhelming dominance of aircraft
data near the cruise level. Radiosonde assimilation has a clearly visible impact on the mean
humidity state too, that is an overall moistening of the analysis over most of the continents. This
is the integral result of a dominant moistening in the lower troposphere and a drying impact
above. Radiosonde data, just like aircraft measurements, have a significant positive impact on
forecast scores. Here the positive impact is observed for humidity scores as well.

The comparison of aircraft and radiosonde impact on forecast scores suggests that in the
higher troposphere aircraft data contribute more to the forecast score improvement and this
dominance spreads down to 400-500hPa. Below this, radiosondes are more beneficial on a hemi-
spheric average. Nevertheless, over Furope and North- America, where the largest observation
density of both radiosonde and aircraft data profiles are available, the aircraft contribution to
the forecast quality is dominant even in the lower troposphere. Stratospheric radiosonde data
prove to have a particularily strong positive impact on wind forecast scores, mainly over the
Tropics. This was proven both against analysis and against radiosonde data.

As it has been shown in earlier studies, GPSRO data also strongly constrain temperature
profiles and surface pressure of the analysis. Therefore it is interesting to see the impact of
radiosonde and aircraft data in conjunction with GPSRO data coverage. The OSEs with different
GPSRO data densities showed that in the stratosphere GPSRO data have a warming effect
while in the troposphere they cool the analysis. This impact is in agreement with radiosonde
temperature profiles except for the lower boundary layer. Comparison of GPSRO impacts in
conjunction with aircraft and radiosonde denials suggests the impact of GPSRO data on the
mean analysis state is mainly driven by aircraft biases.

The synergie between radiosondes and GPSRO as temperature anchors has been examined
through the denial experiments. It has been found that the presence or absence of radiosondes
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did not show strong impact on the bias correction, at least much less than GPSRO data. The
small, but still detectable anchoring effect of radiosondes proved to be stronger when less GPSRO
data were assimilated.

Marine buoy and VOS surface observation impact studies

The impact of the marine buoy and VOS surface observations has been examined by running
another set of OSHEs. A special emphasis has been put on the impact of North-Atlantic marine
buoys. A two-month OSE from December 2008 to January 2009 has been performed to assess
the impact of the extra surface pressure measurements that were introduced during the last
decade in the framework of the EUCOS E-Surfmar program. The control experiment used the
operational observing system. The OSE has been run with the standard 4D-Var system using
T511 horizontal resolution and 91 vertical levels. The impact of the global denial of buoy data
has been also investigated. Both the control and the denial experiments have been repeated
without GPSRO radio occultation data, since GPSRO assimilation has been recently proven to
constrain the surface pressure analysis. The forecast impact of buoy and GPSRO data has been
examined in two severe winter storm cases (storms Klaus and Xynthia), that recently affected
Europe. The following conclusions can be drawn form the performed experiments:

e The impact of buoy surface pressure observations on the forecast performance is large,
especially in the lower atmosphere and it is more expressed over the Southern Hemisphere.

e This impact is more evident when GPSRO data are not assimilated: significant impact
lasts 2-3 days with and 4 days or more without assimilation of GPSRO data.

e The comparison of the surface pressure forecast score impact of buoy and GPSRO data
shows that buoy data are more important until 24h while from 48h onwards GPSRO data
clearly contirbute more to the forecast quality. when going higher in the atmosphere
GPSRO data become more and more dominating over buoy data.

e Additional buoy data introduced at the North- Atlantic area within the E-SURFMAR pro-
gram prove to locally improve surface pressure forecast scores but this impact is moderate
and it lasts up to 24-48h only.

e To see a statistcally significant impact on precipitation forecast a much longer experimen-
tation period would be needed.

e The impact of the additional buoy data can be clearly seen in extreme weather events.

e Some surprising negative impacts of buoy observations have been identified (e.g. at the
Scandinavian coasts and eastern coasts of the South-American continent) and again longer
experimentation would be needed to see if these signals are significant.




