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Introduction 

Remote sensing of the Earth’s atmosphere and surface properties using observations 
from operational satellites has yielded significant advances in both weather prediction and, 
more recently, climate studies.  In order for observations from operational satellites to be 
useful in climate studies, considerable attention must be paid to minimizing any systematic 
errors in the time series of observations from multiple satellites.  Systematic errors can arise 
from several different causes: the intercalibration of one satellite to another in order to ‘stitch 
together’ a long time series, instrument and satellite health issues, and in the inversion of the 
radiative transfer equation.  There has been considerable discussion of the first two causes, 
relatively little attention has been paid to the latter and it is thus, the focus of this discussion. 

 
The MSU measurements from NOAA’s polar orbiter sense broad atmospheric layer 

and have a long period of record (since 1979). For this reason, there have been several global 
change studies based on MSU channel measurement to infer tropospheric temperature change 
and trends. Unfortunately, many studies incorporate empirical vertical weighting functions 
and their combinations to retrieve lower tropospheric temperature trends. The use of an 
empirical weighting function lacks understanding of radiative properties in the atmosphere, 
hence we propose to use a radiative transfer model (RTM) used in numerical weather 
prediction data assimilation (e.g., RTTOV-v.8).   Using a rigorous analytical approach, we 
test the hypothesis of combinations of MSU channel to correlate with mid-tropospheric 
temperature change and evaluate the systematic error that arises form this type of retrieval. 
Using the radiative transfer model, we can simulate MSU channel radiance (or brightness 
temperature) given profiles in a physically-consistent way.  

 
Analytical Derivation 

Following the work Eyre (1987), we view the direct inversion solution to the radiative 
transfer equation as fundamentally ill-conditioned and, instead, seek to optimally solve an 
alternative problem.  Consider a measurement system, in this case a satellite observing 
system, that provides observation information (with error) constrained with prior information 
(also with error).  We then seek to find the optimal combination of the two via: 
 

}){(ˆ 00 xyyWxx cm −•=−       (1) 

 
where, 

x̂  is the vector of retrieved atmospheric parameters 

0x  is the first-guess value of the vector 

my  is the vector of multi-channel radiance measurements 
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}{ 0xyc  is the corresponding vector appropriate to the first guess 

W  is the ‘inverse matrix’ 
 

The ‘inverse matrix’ W  is an operator that projects increment of measured radiances 
(differences of measured minus simulated) onto temperature increment from the first guess. In 

linear regression formulation, W  is a minimum variance solution under the assumption of 
normal errors of both measurement and prior information.  We follow an approach adopted in 
data assimilation whose solution for linear problem as such; 
 

1)()( −+••••= EKCKCKW TT
    (2) 

 
where, 

C  is the error covariance of the first guess,  0x
E  is the error covariance of the measurements,  my
K  contains the partial derivatives of the measurements with respect to the profile evaluated 

at , superscripts T and –1 denote matrix transpose and inverse 0x
 
 
The linear approximation to the forward radiative transfer problem is: 
 

mTcm xxKxyy ε+−•=− )(}{ 00      (3) 

 
where, 

Tx  is the vector of true geophysical parameters 

mε  is the vector of measurement errors, assumed to be random, Gaussian, unbiased and 

includes unbiased errors in the forward radiative transfer model. 
 
Combining the forward and inverse radiative transfer equations and rewriting it in terms of 
the retrieval, first-guess and measurement errors yields, 
 

mTT WxxRIxx ε•+−•−=− )()(ˆ 0     (4) 

 

where I is the identity matrix and KWR •=  
 
Application to MSU Tropospheric Temperature Trends 

We use reference temperature profile of tropics (Fig.1) from the dataset in RTTOV 
package, and standard deviations (Fig. 2) are from sampled profiles of ERA-40 analysis 
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(Chevallier, 2002).  In the tropics, the tropopause is near 100 hPa and the standard deviations 
of the reference profiles are large near the surface, at the tropopause and at the stratopause. 
 
 

 
Figure1 (left). Reference temperature profile used in simulations, xT of Eq. 4. 
 
Figure 2 (right). Temperature error standard deviations used in the computation of 
retrieval, that is diagonal component of matrix C. 
 

 
Figure 3 (left). Perturbed temperature, that is, xo-xT of Eq. 4, and increment of 
retrieved temperature profiles, that is x^-xT of Eq. 4. This example is at the 3 K 
cooling at the 100 hPa, and the retrieval anomaly is the result of applying (I - R) 
matrix in Eq. (4) 
 
Figure 4 (right). K matrices (Jacobian), whose elements are partial derivatives of 
MSU radiances with respect to state vectors.  
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We have perturbed temperature profiles at 100 hPa level by adding an increment of 

0.2 K varying between +3 K and -3 K.  Figure 3 is an example of -3 K cooling perturbation 
with no random error component.  There are real world analogies to the perturbations; 
positive perturbations of stratospheric temperature have occurred in response to volcanic 
aerosol following eruptions, long-term stratospheric cooling has been observed in response to 
ozone loss.  Jacobians (K matrices) are computed for three MSU channels (Fig.4).  It is 
important to note that the Jacobians are not the same as the vertical weighting functions or 
empirical weighting functions used by other MSU researchers.  The Jacobians are, however, 
more useful when considering incremental changes in the sensitivity of the MSU channels to 
perturbations in temperature. 

 
We computed retrieval anomalies, Eq. (4) by explicitly computing matrices W in Eq. 

(2). Figure 5 shows the vertical distributions of W for three MSU channels.  The structure of 
W is complex since it is a function of the background error, Jacobian, and measurement error.  
Figure 6 shows relationship between simulated radiance anomaly (difference from the no-
perturbation) and amplitudes of perturbations. They are linear since we used a linear system.  
As expected, MSU channel 4 is most sensitive to the imposed perturbation since we imposed 
the perturbation in the stratosphere  
 
 

 
 
Figure 5. W matrices corresponding to perturbed profile in Fig.3. The W matrix is 
function of background matrix C, Jacobian K, and measurement error E as seen in 
Eq. (2). 

International TOVS Study Conference-XIV Proceedings

141



 
Figure 6. Anomaly of three MSU simulated radiances (brightness temperatures) from 
the base state with respect to temperature perturbations. Numbers stand for MSU 
channels. Channels 3 and 4 have higher sensitivities than channel 2 as perturbation 
is made at the stratosphere. 
 

In regression solutions to the radiative transfer equation, the minimization technique 
forces all the systematic error to be reflected in the coefficients of the regression.  As noted by 
Eyre, we would like the R matrix to approach the identity matrix which, in the case of 
regression, means all coefficients close to 1.  Implicitly, regression solutions contain 
assumptions about the radiative properties of the atmosphere and channels being used.  Such 
approaches can be accurate solutions to the radiative transfer equation and are 
computationally easy to apply to large amounts of data.  Unfortunately, lack of careful 
application of systematic error analysis to the assumptions implicit in regression algorithms 
can lead to the propagation of systematic errors larger than the climate phenomena under 
study.  This behavior is not well appreciated by the climate community. 
 
In contrast to the simple impact of the stratospheric perturbation upon brightness temperature, 
the impact on the retrieved temperature is not straightforward because of vertical structure of 
errors (Fig. 2).  Because of such vertical variability, the defining vertical layer for climate 
trend analysis becomes very important. We follow definition of Fu and Johanson (2005) in 
deep layer; 
 
TTLT = a23 T2 + (1 – a23) T3,  (5a) 
TTT = a24 T2 + (1 – a24) T4,  (5b) 
 
where a23 = 1.69, a24 = 1.61 and T2 ,T3 , T4 are simulated MSU radiances. 

 
Figure 3 clearly shows that stratospheric perturbation spreads throughout the 

atmosphere.  For example , when MSU channel 2 has 0.175 K cooling, channel 3 with 0.703 
K cooling, and channel 4 with 1.109 K cooling from the base state of tropical atmosphere, the 
temperature must give rise two maxima (at 35.5 hPa, 286.6 hPa) and two minima (at 122.04 
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hPa, 702.7hPa).  Thus, the amplification of systematic error by the first guess information 
arising from the mean of the profiles used in the derivation of the regression coefficients can 
lead to an anomaly in layer-mean temperature substantially different from the actual known 
imposed and known perturbation. 
 

 
Figure 7 (left).  Empirically retrieved layer temperatures according to Equations 5a 
and 5b.  
 
Figure  8 (right). Layer mean temperature anomalies for layer of 100/SFC and 
250/SFC with respect to stratospheric perturbations. The layer of 250 hPa – SFC is 
an equivalent parameter to compare with Fu and Johanson’s parameter TTLT. 
 
 

While TTLT in Figure 7 supports Fu and Johanson’s motivation to account for 
stratospheric contamination in the MSU channel 2, the actual layer mean of retrieved 
temperature in 250/sfc (Figure 8) is opposite to TTLT and much smaller sensitivity. The change 
of TTLT is -0.3825 K while retrieved mean layer changed +0.0055 K, which imply that the 
trend estimated by TTLT is 87 times the actual retrieval in the physically consistent dataset. 
 
Conclusion 
 

All sources of systematic error must be rigorously evaluated when evaluating long-
term trends.  Analytical analysis of the radiative transfer equation using typical values for the 
background error covariance shows that amplification of systematic errors is to be expected.  
This method should be applied to all methods for retrieval of geophysical parameters for trend 
analysis.  Then, by assuming a reasonable value for the value of the systematic error 
perturbation, one can make an estimate of the value of the systematic error. 
 
In the case of this example, the long-term trend in stratospheric brightness temperature of 
MSU 4 can be used as an estimate.  Estimates of this trend range from -0.323 K/decade to -
0.446 K/decade over the last 25 years.  To compare to the Fu and Johanson trend for the 16 
year period for TTLT using the lower MSU 4 trend value, we have -0.3825*-0.5168=0.1976 

International TOVS Study Conference-XIV Proceedings

143



K/decade.  Using equation 5a we get a trend of 0.19 K/decade.  The magnitude of the 
systematic error is found to be on the same order of the computed trend.  This trend is thus 
not accurate but simply is due to the imposition of first guess information through the 
regression coefficients and the negative trend in MSU 4. 
 
References 
 
Eyre, J. R. 1987. On systematic errors in satellite sounding products and their climatological 

mean values. Quarterly Journal of the Royal Meteorological Society 113, 279-292. 
Fu, Q., Johanson, C. M., Warren, S. G. & Seidel, D. J. 2004. Contribution of stratospheric 

cooling to satellite-inferred tropospheric temperature trends. Nature 429, 55-58.  
Fu, Qiang and C. M. Johanson, 2005: Satellite-derived vertical dependence of tropical 

tropospheric temperature trends, Accepted by G.R.L. 
Chevallier, F. 2002. Sampled databases of 60-level atmospheric profiles from the ECMWF 

analyses, EUMETSAT/ECMWF SAF programme, Research Report, No. 4, pp.27. 

International TOVS Study Conference-XIV Proceedings

144




	1_2_Lavanant.pdf
	A global cloud detection scheme for high spectral resolution instruments  
	Lydie Lavanant *, Anthony C. L. Lee ** 
	 

	Summary 
	Introduction 
	MODIS and AVHRR cloud description in sounder FOVs 
	PCA-based cloud mask description 
	PCA-based cloud mask results  
	IASI level1c AVHRR radiances analysis cloud mask 
	The weakness of the method as applied in this study concerns as always the Very-Low level and fractional clouds and the thin semi-transparent clouds. Thin cirrus seems to be better detected with the PCA-based cloud mask but of course the situations are different and this will be verified on IASI after the METOP launch. 
	Figures 7: agreement of the IASI AVHRR cluster-based and the collocated AVHRR full resolution cloud discriminations as function of the AVHRR cloud type, on the global EUMETSAT pre-launch test orbit.  
	 
	 
	 
	 
	 
	 
	 
	Figures 8: cloud classification comparison for the land and day part of the orbit. Left figure: AVHRR full resolution cloud mask. Right figure: IASI level1c cluster-based cloud mask. 
	Conclusion 
	References 


	1_5_Li.pdf
	University of Wisconsin-Madison 
	1225 West Dayton Street 
	Madison, WI 53706 
	AIRS spatial coverage is provided by the scan head assembly, containing a cross track rotary scan mirror and calibrators. The scan mirror has two speed regimes: During the first 2 seconds it rotates at 49.5 degree/second, generating a scan line with 90 ground footprints, each with a 1.1 degree diameter field-of-view (FOV). During the remaining 0.667 seconds the scan mirror finishes the remaining 261 degrees of a full revolution.  The AIRS spatial distribution is used in the collocation between the MODIS and AIRS measurements, which is the first step for the optimal MODIS/AIRS cloud-clearing.  The MODIS pixels with 1 km spatial resolution are collocated within an AIRS footprint.  Several collocation algorithms have been developed that are based on the scanning geometry of two instruments flown on the same satellite (Nagle 1998; Frey et al. 1995).  With a set of AIRS earth-located observations, the footprint of each AIRS observation describes a figure that is circular at nadir, quasi-ellipsoidal at intermediate scan angles, and ovular at extreme scan angles.  The diameter of the AIRS footprint at nadir is approximately 13.5 km.  Depending on the angular difference between the AIRS and MODIS slant range vectors, a weight (() is assigned to each MODIS pixel collocated to AIRS: 1 if the MODIS pixel lies at the center of the AIRS oval, and zero if at the outer edge. The collocation is modeled correctly and the algorithm provides an accuracy better than 1 km, provided that the geometry information from both instruments is accurate.    
	  
	In this paper, optimal cloud-clearing for sounder cloudy radiances using imager IR clear radiances has been successfully demonstrated by using AIRS and MODIS.  About 30% of AIRS cloudy footprints (or 50% of the partly cloudy footprints) are successfully cloud-cleared with the help of MODIS high spatial resolution data.  In the optimal imager/sounder cloud-clearing, the imager provides a cloud mask for sounder footprints while the multispectral imager IR provides clear radiance observations to synergistically determine N* and to be used as quality control.  The following conclusions can be drawn from this study: 
	 
	This work is very effective for cloud-clearing the AIRS footprints contaminated by water clouds.  The approach could be employed on GOES-R with HES sounder and ABI (e.g., ABI 3.9, 6.15, 7.0, 7.4, 8.5, 9.73, 10.35, 11.2, 12.3 and 13.3 (m bands are critical for HES/ABI cloud-clearing).  Future work will focus on cloud-clearing for footprints with mutli-layer clouds.  For example, employing multi-layer cloud-clearing approach developed by Susskind et al. [2] and using MODIS clear observations for high spatial resolution cloud-clearing could be of great potential 
	  
	Frey, R. A., S. A. Ackerman, and B. J. Soden, 1995: Climate parameters from  
	satellite spectral measurements.  Part I: Collocated AVHRR and HIRS/2 observations of spectral greenhouse parameter,  J. Clim., vol. 9, pp.327 – 344. 


	1_5_Li.pdf
	University of Wisconsin-Madison 
	1225 West Dayton Street 
	Madison, WI 53706 
	AIRS spatial coverage is provided by the scan head assembly, containing a cross track rotary scan mirror and calibrators. The scan mirror has two speed regimes: During the first 2 seconds it rotates at 49.5 degree/second, generating a scan line with 90 ground footprints, each with a 1.1 degree diameter field-of-view (FOV). During the remaining 0.667 seconds the scan mirror finishes the remaining 261 degrees of a full revolution.  The AIRS spatial distribution is used in the collocation between the MODIS and AIRS measurements, which is the first step for the optimal MODIS/AIRS cloud-clearing.  The MODIS pixels with 1 km spatial resolution are collocated within an AIRS footprint.  Several collocation algorithms have been developed that are based on the scanning geometry of two instruments flown on the same satellite (Nagle 1998; Frey et al. 1995).  With a set of AIRS earth-located observations, the footprint of each AIRS observation describes a figure that is circular at nadir, quasi-ellipsoidal at intermediate scan angles, and ovular at extreme scan angles.  The diameter of the AIRS footprint at nadir is approximately 13.5 km.  Depending on the angular difference between the AIRS and MODIS slant range vectors, a weight (() is assigned to each MODIS pixel collocated to AIRS: 1 if the MODIS pixel lies at the center of the AIRS oval, and zero if at the outer edge. The collocation is modeled correctly and the algorithm provides an accuracy better than 1 km, provided that the geometry information from both instruments is accurate.    
	  
	In this paper, optimal cloud-clearing for sounder cloudy radiances using imager IR clear radiances has been successfully demonstrated by using AIRS and MODIS.  About 30% of AIRS cloudy footprints (or 50% of the partly cloudy footprints) are successfully cloud-cleared with the help of MODIS high spatial resolution data.  In the optimal imager/sounder cloud-clearing, the imager provides a cloud mask for sounder footprints while the multispectral imager IR provides clear radiance observations to synergistically determine N* and to be used as quality control.  The following conclusions can be drawn from this study: 
	 
	This work is very effective for cloud-clearing the AIRS footprints contaminated by water clouds.  The approach could be employed on GOES-R with HES sounder and ABI (e.g., ABI 3.9, 6.15, 7.0, 7.4, 8.5, 9.73, 10.35, 11.2, 12.3 and 13.3 (m bands are critical for HES/ABI cloud-clearing).  Future work will focus on cloud-clearing for footprints with mutli-layer clouds.  For example, employing multi-layer cloud-clearing approach developed by Susskind et al. [2] and using MODIS clear observations for high spatial resolution cloud-clearing could be of great potential 
	  
	Frey, R. A., S. A. Ackerman, and B. J. Soden, 1995: Climate parameters from  
	satellite spectral measurements.  Part I: Collocated AVHRR and HIRS/2 observations of spectral greenhouse parameter,  J. Clim., vol. 9, pp.327 – 344. 


	2_3_Yao.pdf
	Effects of noise and calibration offset 

	2_9_Borbas.pdf
	Abstract 

	2_10_Jiang.pdf
	Neural Networks for Atmospheric Temperature Retrieval from AQUA AIRS/AMSU/HSB Measurements 
	Deming Jiang1) 3), Chaohua Dong2), Peng Zhang2), Xuebao Wu2) 
	ACKNOWLEDGEMENTS 



	3_1_Menzel.pdf
	Abstract 
	6. CONCLUSIONS 
	 
	7. ACKNOWLEDGMENTS 
	8. REFERENCES 
	Cloud Level
	All Densities

	Cloud Level
	All Densities



	3_2_Stubenrauch.pdf
	Survey of Cirrus and atmospheric properties from TOVS Path-B: Natural variability and impact of air traffic on cirrus coverage 
	 
	C. J.  Stubenrauch and Atmospheric Analysis (ARA) Group1, U. Schumann2  
	Abstract                             
	Data 
	High Cloud properties 
	  
	 
	Upper tropospheric humidity  
	  
	 
	Impact of air traffic on cirrus  
	References 


	3_3_Cimini.pdf
	Cloud Parameters from Infrared and Microwave Satellite Measurements  
	CONCLUSION AND FUTURE WORK 


	3_4_Zhang.pdf
	Sensitivity Study of the MODIS Cloud Top Property 
	  Algorithm to CO2 Spectral Response Functions 
	Abstract 
	Acknowledgments 



	6_4_Poli.pdf
	Paul Poli 1, Joanna Joiner 2, and Delphine Lacroix 3 
	Introduction 
	 Results and Discussion 
	 Conclusions and Future Work 


	6_6_Kleespies.pdf
	6. References 
	MHS

	7_2_Harris.pdf
	Use of Level-1d ATOVS Radiances in GASP 
	Melbourne, Australia 
	Acknowledgements 
	References 



	7_3_Hilton.pdf
	  

	7_5_Rabier.pdf
	 
	Future work 
	Acknowledgements  

	8_3_LeMarshall.pdf
	NASA, NOAA, DoD, Joint Center for Satellite Data Assimilation, Camp Springs, Maryland, USA 

	8_5_George.pdf
	References 

	8_7_Anselmo.pdf
	Abstract 
	Introduction 
	Modifications to the Selection Process for AMSU Data 
	Experiment Setup 
	Experiment Results 
	Conclusions 
	Future Work 
	References 


	8_8_Randriamampianina.pdf
	Abstract 
	Introduction 
	The ALADIN/HU model and its assimilation system 
	 Pre-processing of satellite data 
	  Bias correction 
	Investigation of radiance-bias correction for LAM 
	Description of the experiments 
	Results and discussion 
	 Comparison of biases using different bias correction files  
	Impact of the global bias correction file  
	Impact of no air-mass bias correction in the processing of AMSU-A 
	Combining the scan-angle bias correction of the global model with the air-mass bias coefficients of the LAM 


	Investigation of full grid AMSU-B data 
	Description of the experiments 
	Results and discussion 
	Influence of the assimilation of AMSU-B data on temperature and humidity bias 
	Impact of AMSU-B data on the analysis and short-range forecasts 


	 
	Figure 11. RMSE for the 48-hour forecast of relative humidity for the runs with (SFB8) and without (NAMV) assimilation of AMSU-B data. 
	Evaluation of the different usage of the AMSU-B data 
	 
	 
	Comparison of 6-hour precipitation forecasts 

	Conclusions 

	References 
	 


	8_10_Zhang.pdf
	Zhang Lei1, Ma Gang2, Wang Yunfeng3, Fang Zongyi2 
	 
	2.National Satellite Meteorological Center, Beijing, China 
	ABSTRACT 
	Theory and model 
	Experiments setup 
	Conclusion 
	Acknowledgement 
	References 



	8_11_Auligne.pdf
	Further study of bias correction 
	for satellite data at ECMWF 
	Thomas Auligné, Tony McNally 
	1. Introduction 
	2. Bias correction 
	3. Results 
	4. Interaction with quality control  
	5. Conclusions 
	References 

	9_6_Klaes.pdf
	K. Dieter Klaes
	Abstract
	Introduction
	Programmatic Aspects
	Geostationary Systems
	Optional Programmes
	SPACECRAFT AND INSTRUMENTS
	EUMETSAT Polar System
	Geostationary Satellites
	Meteosat Transition Programme
	Meteosat Second Generation
	ATOVS RETRANSMISSION SERVICE
	Outlook
	Conclusions
	
	
	
	References





	11_2_Schluessel.pdf
	Super-Channel Selection for IASI Retrievals 
	Peter Schlüssel 
	Abstract 
	Introduction 
	 Super-Channel Composition  
	Data Set and radiative Transfer Calculations 
	Correlation and Regression Analysis 
	 
	Conclusion and Discussion 
	References 


	11_4_Elliott.pdf
	Level 1 data 
	Level 2 data 
	GTS distribution 

	11_6_McKernan.pdf
	Éamonn McKernan
	Rhea System S. A., Louvain-la-neuve, Belgium
	EUMETSAT Darmstadt, Germany
	Objectives and Priorities
	Cal/Val Facility
	Cal/Val Tools
	Planned Cal/Val Activities
	Logic of Activities
	Conclusions
	References
	Acknowledgements



	A05_Stubenrauch.pdf
	Evaluation of parametrizations of microphysical and optical properties for radiative flux computations in climate models  
	using TOVS-ScaRaB satellite observations 
	 
	 
	C. J.  Stubenrauch, F. Eddounia1, and J. M. Edwards2  
	Abstract 
	Introduction 
	TOVS – ScaRaB data set 
	Cirrus radiative flux analysis  
	 
	  
	 
	Best suited parametrizations of De for climate model simulations 
	References 


	A09_Puschell.pdf
	 
	Summary 

	A28_Dyras.pdf
	Izabela Dyras, Bożena Łapeta, Danuta Serafin-Rek 
	Introduction 
	Snow-free conditions algorithms  
	Wintertime algorithm  
	TPW algorithm verification 
	Conclusions 
	 



	Acknowledgement  
	References  



	A35_Wang.pdf
	Central Weather Bureau 
	Abstract 
	Introduction 
	Data 

	Algorithm 
	Analysis 
	References 



	A40_Qi.pdf
	ABSTRACT
	INTRODUCTION
	CALCULATION OF THE FAST TRANSMITTANCE COEFFICIENT
	VALIDATION OF FAST RT COEFFICIENTS
	SUMMARY



	A42_Zhang.pdf
	1. Introduction 
	4. Examples for ATOVS Data Applications 

	A43_Suresh.pdf
	Kolkata cyclone, 11-12 November 2002 
	Machilipatnam cyclonic storm, 13 – 15 December 2003 

	B09_Maestri.pdf
	Di Girolamo Paolo2, Summa Donato2 
	Abstract 
	Introduction 
	Goals and Methodology 
	Data Analysis and Results 
	Results 
	Conclusions and future work.: 

	References. 




	B10_Dong.pdf
	LIN Enzu*, ZHANG Gong, XU Jianmin 
	Fig.3(a) Land 
	Fig.5 Column water vapor 

	  
	REFERENCES 


	B13_Li.pdf
	References 

	B31_Zhang.pdf
	The assimilation of AIRS radiance over land at Météo -France 
	 
	 
	Hua Zhang*1,2,Florence Rabier1,  
	Malgorzata Szczech-Gajewska3, Delphine Lacroix1 
	 
	1 Météo-France/CNRM/GMAP, Toulouse, France 
	2Chinese Academy of Meteorological  
	Sciences, Beijing, China 
	3 Institute Meteorology and Water Management  
	ul.P.Borowego 14, Krakow,Poland 
	 
	Abstract 
	 
	      For the data void areas and with the erosion of the radiosonde coverage in some areas over land, satellite data assimilation over land is a very important issue. The problem is that most tropospheric channels of sounder instruments are very sensitive to the surface conditions, emissivity and surface temperature.  Accurate knowledge of the land surface characteristics is required for NWP radiance assimilation. For that purpose, an atlas of surface spectral emissivity (SSE) climatology has been developed at Météo-France, which has 18 wavebands in the infrared spectral range and is available for each month. In order to start investigating the use of AIRS data over land, a series of four-dimensional variational (4D-Var) data assimilation and forecast experiments has been run with the French ARPEGE (Action de Recherche Petite Echelle et Grande Echelle) system, using these SSE. 
	The atlas of surface spectral emissivity climatology for AIRS 
	(b) Validation of the atlas of surface spectral emissivity climatology 
	PROCESSING OF AIRS RADIANCES OVER LAND 
	EXPERIMENTS 
	 
	(a) The impact of AIRS observations over land on the accuracy of NWP 

	B32_Borbas.pdf
	Abstract 
	Characterizing the profiles 
	Emissivity 
	An application to MODIS retrievals 
	Acknowledgements 



	B37_deSouza.pdf
	Abstract 
	Introduction 
	Forward Model 
	Entropic Regularization  
	Artificial Neural Networks 
	Retrieval using ANN 
	Noise data simulation 
	 
	Databases 
	Results analysis 
	Entropic Regularization Results 
	 
	Artificial Neural Networks Results 
	Final Remarks  
	Acknowledgments  
	References 

	B41_Saunders.pdf
	GENLN2
	R. Saunders, METO
	GENLN2
	R. Saunders, METO
	LBLRTM
	Y. Han, NESDIS
	Yes
	666.7
	668.2
	737.1

	B41_Saunders_new.pdf
	GENLN2
	R. Saunders, METO
	GENLN2
	R. Saunders, METO
	LBLRTM
	Y. Han, NESDIS
	Yes
	666.7
	668.2
	737.1

	B48_Lin.pdf
	Visible Region Setup and its Results 
	Near IR Region (1264 nm) Setup and its Results 
	Current Water window Experiment Setup and  its Development 

	1_5_Li.pdf
	University of Wisconsin-Madison 
	1225 West Dayton Street 
	Madison, WI 53706 
	AIRS spatial coverage is provided by the scan head assembly, containing a cross track rotary scan mirror and calibrators. The scan mirror has two speed regimes: During the first 2 seconds it rotates at 49.5 degree/second, generating a scan line with 90 ground footprints, each with a 1.1 degree diameter field-of-view (FOV). During the remaining 0.667 seconds the scan mirror finishes the remaining 261 degrees of a full revolution.  The AIRS spatial distribution is used in the collocation between the MODIS and AIRS measurements, which is the first step for the optimal MODIS/AIRS cloud-clearing.  The MODIS pixels with 1 km spatial resolution are collocated within an AIRS footprint.  Several collocation algorithms have been developed that are based on the scanning geometry of two instruments flown on the same satellite (Nagle 1998; Frey et al. 1995).  With a set of AIRS earth-located observations, the footprint of each AIRS observation describes a figure that is circular at nadir, quasi-ellipsoidal at intermediate scan angles, and ovular at extreme scan angles.  The diameter of the AIRS footprint at nadir is approximately 13.5 km.  Depending on the angular difference between the AIRS and MODIS slant range vectors, a weight (() is assigned to each MODIS pixel collocated to AIRS: 1 if the MODIS pixel lies at the center of the AIRS oval, and zero if at the outer edge. The collocation is modeled correctly and the algorithm provides an accuracy better than 1 km, provided that the geometry information from both instruments is accurate.    
	  
	In this paper, optimal cloud-clearing for sounder cloudy radiances using imager IR clear radiances has been successfully demonstrated by using AIRS and MODIS.  About 30% of AIRS cloudy footprints (or 50% of the partly cloudy footprints) are successfully cloud-cleared with the help of MODIS high spatial resolution data.  In the optimal imager/sounder cloud-clearing, the imager provides a cloud mask for sounder footprints while the multispectral imager IR provides clear radiance observations to synergistically determine N* and to be used as quality control.  The following conclusions can be drawn from this study: 
	 
	This work is very effective for cloud-clearing the AIRS footprints contaminated by water clouds.  The approach could be employed on GOES-R with HES sounder and ABI (e.g., ABI 3.9, 6.15, 7.0, 7.4, 8.5, 9.73, 10.35, 11.2, 12.3 and 13.3 (m bands are critical for HES/ABI cloud-clearing).  Future work will focus on cloud-clearing for footprints with mutli-layer clouds.  For example, employing multi-layer cloud-clearing approach developed by Susskind et al. [2] and using MODIS clear observations for high spatial resolution cloud-clearing could be of great potential 
	  
	Frey, R. A., S. A. Ackerman, and B. J. Soden, 1995: Climate parameters from  
	satellite spectral measurements.  Part I: Collocated AVHRR and HIRS/2 observations of spectral greenhouse parameter,  J. Clim., vol. 9, pp.327 – 344. 


	2_3_Yao.pdf
	Effects of noise and calibration offset 

	3_1_Menzel.pdf
	Abstract 
	6. CONCLUSIONS 
	 
	7. ACKNOWLEDGMENTS 
	8. REFERENCES 
	Cloud Level
	All Densities

	Cloud Level
	All Densities



	3_2_Stubenrauch.pdf
	Survey of Cirrus and atmospheric properties from TOVS Path-B: Natural variability and impact of air traffic on cirrus coverage 
	 
	C. J.  Stubenrauch and Atmospheric Analysis (ARA) Group1, U. Schumann2  
	Abstract                             
	Data 
	High Cloud properties 
	  
	 
	Upper tropospheric humidity  
	  
	 
	Impact of air traffic on cirrus  
	References 


	3_4_Zhang.pdf
	Sensitivity Study of the MODIS Cloud Top Property 
	  Algorithm to CO2 Spectral Response Functions 
	Abstract 
	Acknowledgments 



	6_4_Poli.pdf
	Paul Poli 1, Joanna Joiner 2, and Delphine Lacroix 3 
	Introduction 
	 Results and Discussion 
	Conclusions and Future Work 


	7_2_Harris_new.pdf
	Use of Level-1d ATOVS Radiances in GASP 
	Melbourne, Australia 
	Acknowledgements 
	References 



	8_10_Zhang_new.pdf
	Zhang Lei1, Ma Gang2, Wang Yunfeng3, Fang Zongyi2 
	 
	2.National Satellite Meteorological Center, Beijing, China 
	ABSTRACT 
	Theory and model 
	Experiments setup 
	Conclusion 
	Acknowledgement 
	References 



	8_11_Auligne_new.pdf
	Further study of bias correction 
	for satellite data at ECMWF 
	Thomas Auligné, Tony McNally 
	1. Introduction 
	2. Bias correction 
	3. Results 
	4. Interaction with quality control  
	5. Conclusions 
	References 

	A28_Dyras_new.pdf
	Izabela Dyras, Bożena Łapeta, Danuta Serafin-Rek 
	Introduction 
	Snow-free conditions algorithms  
	Wintertime algorithm  
	TPW algorithm verification 
	Conclusions 
	 



	Acknowledgement  
	References  



	A43_Suresh_new.pdf
	Kolkata cyclone, 11-12 November 2002 
	Machilipatnam cyclonic storm, 13 – 15 December 2003 

	B31_Zhang_new.pdf
	The assimilation of AIRS radiance over land at Météo -France 
	 
	 
	Hua Zhang*1,2,Florence Rabier1,  
	Malgorzata Szczech-Gajewska3, Delphine Lacroix1 
	 
	1 Météo-France/CNRM/GMAP, Toulouse, France 
	2Chinese Academy of Meteorological  
	Sciences, Beijing, China 
	3 Institute Meteorology and Water Management  
	ul.P.Borowego 14, Krakow,Poland 
	 
	Abstract 
	 
	      For the data void areas and with the erosion of the radiosonde coverage in some areas over land, satellite data assimilation over land is a very important issue. The problem is that most tropospheric channels of sounder instruments are very sensitive to the surface conditions, emissivity and surface temperature.  Accurate knowledge of the land surface characteristics is required for NWP radiance assimilation. For that purpose, an atlas of surface spectral emissivity (SSE) climatology has been developed at Météo-France, which has 18 wavebands in the infrared spectral range and is available for each month. In order to start investigating the use of AIRS data over land, a series of four-dimensional variational (4D-Var) data assimilation and forecast experiments has been run with the French ARPEGE (Action de Recherche Petite Echelle et Grande Echelle) system, using these SSE. 
	The atlas of surface spectral emissivity climatology for AIRS 
	(b) Validation of the atlas of surface spectral emissivity climatology 
	PROCESSING OF AIRS RADIANCES OVER LAND 
	EXPERIMENTS 
	 
	(a) The impact of AIRS observations over land on the accuracy of NWP 

	B32_Borbas_new.pdf
	Abstract 
	Characterizing the profiles 
	Emissivity 
	An application to MODIS retrievals 
	Acknowledgements 



	B09_Maestri.pdf
	Di Girolamo Paolo2, Summa Donato2 
	Abstract 
	Introduction 
	Data Analysis and Results 
	Conclusions and future work 
	References 




	11_4_Elliott_new.pdf
	Level 1 data 
	Level 2 data 
	GTS distribution 

	A43_Suresh_new.pdf
	Kolkata cyclone, 11-12 November 2002 
	Machilipatnam cyclonic storm, 13 – 15 December 2003 

	AAAcover.pdf
	1_2_Lavanant.pdf
	A global cloud detection scheme for high spectral resolution instruments  
	Lydie Lavanant *, Anthony C. L. Lee ** 
	 

	Summary 
	Introduction 
	MODIS and AVHRR cloud description in sounder FOVs 
	PCA-based cloud mask description 
	PCA-based cloud mask results  
	IASI level1c AVHRR radiances analysis cloud mask 
	The weakness of the method as applied in this study concerns as always the Very-Low level and fractional clouds and the thin semi-transparent clouds. Thin cirrus seems to be better detected with the PCA-based cloud mask but of course the situations are different and this will be verified on IASI after the METOP launch. 
	Figures 7: agreement of the IASI AVHRR cluster-based and the collocated AVHRR full resolution cloud discriminations as function of the AVHRR cloud type, on the global EUMETSAT pre-launch test orbit.  
	 
	 
	 
	 
	 
	 
	 
	Figures 8: cloud classification comparison for the land and day part of the orbit. Left figure: AVHRR full resolution cloud mask. Right figure: IASI level1c cluster-based cloud mask. 
	Conclusion 
	References 


	1_5_Li.pdf
	University of Wisconsin-Madison 
	1225 West Dayton Street 
	Madison, WI 53706 
	AIRS spatial coverage is provided by the scan head assembly, containing a cross track rotary scan mirror and calibrators. The scan mirror has two speed regimes: During the first 2 seconds it rotates at 49.5 degree/second, generating a scan line with 90 ground footprints, each with a 1.1 degree diameter field-of-view (FOV). During the remaining 0.667 seconds the scan mirror finishes the remaining 261 degrees of a full revolution.  The AIRS spatial distribution is used in the collocation between the MODIS and AIRS measurements, which is the first step for the optimal MODIS/AIRS cloud-clearing.  The MODIS pixels with 1 km spatial resolution are collocated within an AIRS footprint.  Several collocation algorithms have been developed that are based on the scanning geometry of two instruments flown on the same satellite (Nagle 1998; Frey et al. 1995).  With a set of AIRS earth-located observations, the footprint of each AIRS observation describes a figure that is circular at nadir, quasi-ellipsoidal at intermediate scan angles, and ovular at extreme scan angles.  The diameter of the AIRS footprint at nadir is approximately 13.5 km.  Depending on the angular difference between the AIRS and MODIS slant range vectors, a weight (() is assigned to each MODIS pixel collocated to AIRS: 1 if the MODIS pixel lies at the center of the AIRS oval, and zero if at the outer edge. The collocation is modeled correctly and the algorithm provides an accuracy better than 1 km, provided that the geometry information from both instruments is accurate.    
	  
	In this paper, optimal cloud-clearing for sounder cloudy radiances using imager IR clear radiances has been successfully demonstrated by using AIRS and MODIS.  About 30% of AIRS cloudy footprints (or 50% of the partly cloudy footprints) are successfully cloud-cleared with the help of MODIS high spatial resolution data.  In the optimal imager/sounder cloud-clearing, the imager provides a cloud mask for sounder footprints while the multispectral imager IR provides clear radiance observations to synergistically determine N* and to be used as quality control.  The following conclusions can be drawn from this study: 
	 
	This work is very effective for cloud-clearing the AIRS footprints contaminated by water clouds.  The approach could be employed on GOES-R with HES sounder and ABI (e.g., ABI 3.9, 6.15, 7.0, 7.4, 8.5, 9.73, 10.35, 11.2, 12.3 and 13.3 (m bands are critical for HES/ABI cloud-clearing).  Future work will focus on cloud-clearing for footprints with mutli-layer clouds.  For example, employing multi-layer cloud-clearing approach developed by Susskind et al. [2] and using MODIS clear observations for high spatial resolution cloud-clearing could be of great potential 
	  
	Frey, R. A., S. A. Ackerman, and B. J. Soden, 1995: Climate parameters from  
	satellite spectral measurements.  Part I: Collocated AVHRR and HIRS/2 observations of spectral greenhouse parameter,  J. Clim., vol. 9, pp.327 – 344. 


	1_5_Li.pdf
	University of Wisconsin-Madison 
	1225 West Dayton Street 
	Madison, WI 53706 
	AIRS spatial coverage is provided by the scan head assembly, containing a cross track rotary scan mirror and calibrators. The scan mirror has two speed regimes: During the first 2 seconds it rotates at 49.5 degree/second, generating a scan line with 90 ground footprints, each with a 1.1 degree diameter field-of-view (FOV). During the remaining 0.667 seconds the scan mirror finishes the remaining 261 degrees of a full revolution.  The AIRS spatial distribution is used in the collocation between the MODIS and AIRS measurements, which is the first step for the optimal MODIS/AIRS cloud-clearing.  The MODIS pixels with 1 km spatial resolution are collocated within an AIRS footprint.  Several collocation algorithms have been developed that are based on the scanning geometry of two instruments flown on the same satellite (Nagle 1998; Frey et al. 1995).  With a set of AIRS earth-located observations, the footprint of each AIRS observation describes a figure that is circular at nadir, quasi-ellipsoidal at intermediate scan angles, and ovular at extreme scan angles.  The diameter of the AIRS footprint at nadir is approximately 13.5 km.  Depending on the angular difference between the AIRS and MODIS slant range vectors, a weight (() is assigned to each MODIS pixel collocated to AIRS: 1 if the MODIS pixel lies at the center of the AIRS oval, and zero if at the outer edge. The collocation is modeled correctly and the algorithm provides an accuracy better than 1 km, provided that the geometry information from both instruments is accurate.    
	  
	In this paper, optimal cloud-clearing for sounder cloudy radiances using imager IR clear radiances has been successfully demonstrated by using AIRS and MODIS.  About 30% of AIRS cloudy footprints (or 50% of the partly cloudy footprints) are successfully cloud-cleared with the help of MODIS high spatial resolution data.  In the optimal imager/sounder cloud-clearing, the imager provides a cloud mask for sounder footprints while the multispectral imager IR provides clear radiance observations to synergistically determine N* and to be used as quality control.  The following conclusions can be drawn from this study: 
	 
	This work is very effective for cloud-clearing the AIRS footprints contaminated by water clouds.  The approach could be employed on GOES-R with HES sounder and ABI (e.g., ABI 3.9, 6.15, 7.0, 7.4, 8.5, 9.73, 10.35, 11.2, 12.3 and 13.3 (m bands are critical for HES/ABI cloud-clearing).  Future work will focus on cloud-clearing for footprints with mutli-layer clouds.  For example, employing multi-layer cloud-clearing approach developed by Susskind et al. [2] and using MODIS clear observations for high spatial resolution cloud-clearing could be of great potential 
	  
	Frey, R. A., S. A. Ackerman, and B. J. Soden, 1995: Climate parameters from  
	satellite spectral measurements.  Part I: Collocated AVHRR and HIRS/2 observations of spectral greenhouse parameter,  J. Clim., vol. 9, pp.327 – 344. 


	2_3_Yao.pdf
	Effects of noise and calibration offset 

	2_9_Borbas.pdf
	Abstract 

	2_10_Jiang.pdf
	Neural Networks for Atmospheric Temperature Retrieval from AQUA AIRS/AMSU/HSB Measurements 
	Deming Jiang1) 3), Chaohua Dong2), Peng Zhang2), Xuebao Wu2) 
	ACKNOWLEDGEMENTS 



	3_1_Menzel.pdf
	Abstract 
	6. CONCLUSIONS 
	 
	7. ACKNOWLEDGMENTS 
	8. REFERENCES 
	Cloud Level
	All Densities

	Cloud Level
	All Densities



	3_2_Stubenrauch.pdf
	Survey of Cirrus and atmospheric properties from TOVS Path-B: Natural variability and impact of air traffic on cirrus coverage 
	 
	C. J.  Stubenrauch and Atmospheric Analysis (ARA) Group1, U. Schumann2  
	Abstract                             
	Data 
	High Cloud properties 
	  
	 
	Upper tropospheric humidity  
	  
	 
	Impact of air traffic on cirrus  
	References 


	3_3_Cimini.pdf
	Cloud Parameters from Infrared and Microwave Satellite Measurements  
	CONCLUSION AND FUTURE WORK 


	3_4_Zhang.pdf
	Sensitivity Study of the MODIS Cloud Top Property 
	  Algorithm to CO2 Spectral Response Functions 
	Abstract 
	Acknowledgments 



	6_4_Poli.pdf
	Paul Poli 1, Joanna Joiner 2, and Delphine Lacroix 3 
	Introduction 
	 Results and Discussion 
	 Conclusions and Future Work 


	6_6_Kleespies.pdf
	6. References 
	MHS

	7_2_Harris.pdf
	Use of Level-1d ATOVS Radiances in GASP 
	Melbourne, Australia 
	Acknowledgements 
	References 



	7_3_Hilton.pdf
	  

	7_5_Rabier.pdf
	 
	Future work 
	Acknowledgements  

	8_3_LeMarshall.pdf
	NASA, NOAA, DoD, Joint Center for Satellite Data Assimilation, Camp Springs, Maryland, USA 

	8_5_George.pdf
	References 

	8_7_Anselmo.pdf
	Abstract 
	Introduction 
	Modifications to the Selection Process for AMSU Data 
	Experiment Setup 
	Experiment Results 
	Conclusions 
	Future Work 
	References 


	8_8_Randriamampianina.pdf
	Abstract 
	Introduction 
	The ALADIN/HU model and its assimilation system 
	 Pre-processing of satellite data 
	  Bias correction 
	Investigation of radiance-bias correction for LAM 
	Description of the experiments 
	Results and discussion 
	 Comparison of biases using different bias correction files  
	Impact of the global bias correction file  
	Impact of no air-mass bias correction in the processing of AMSU-A 
	Combining the scan-angle bias correction of the global model with the air-mass bias coefficients of the LAM 


	Investigation of full grid AMSU-B data 
	Description of the experiments 
	Results and discussion 
	Influence of the assimilation of AMSU-B data on temperature and humidity bias 
	Impact of AMSU-B data on the analysis and short-range forecasts 


	 
	Figure 11. RMSE for the 48-hour forecast of relative humidity for the runs with (SFB8) and without (NAMV) assimilation of AMSU-B data. 
	Evaluation of the different usage of the AMSU-B data 
	 
	 
	Comparison of 6-hour precipitation forecasts 

	Conclusions 

	References 
	 


	8_10_Zhang.pdf
	Zhang Lei1, Ma Gang2, Wang Yunfeng3, Fang Zongyi2 
	 
	2.National Satellite Meteorological Center, Beijing, China 
	ABSTRACT 
	Theory and model 
	Experiments setup 
	Conclusion 
	Acknowledgement 
	References 



	8_11_Auligne.pdf
	Further study of bias correction 
	for satellite data at ECMWF 
	Thomas Auligné, Tony McNally 
	1. Introduction 
	2. Bias correction 
	3. Results 
	4. Interaction with quality control  
	5. Conclusions 
	References 

	9_6_Klaes.pdf
	K. Dieter Klaes
	Abstract
	Introduction
	Programmatic Aspects
	Geostationary Systems
	Optional Programmes
	SPACECRAFT AND INSTRUMENTS
	EUMETSAT Polar System
	Geostationary Satellites
	Meteosat Transition Programme
	Meteosat Second Generation
	ATOVS RETRANSMISSION SERVICE
	Outlook
	Conclusions
	
	
	
	References





	11_2_Schluessel.pdf
	Super-Channel Selection for IASI Retrievals 
	Peter Schlüssel 
	Abstract 
	Introduction 
	 Super-Channel Composition  
	Data Set and radiative Transfer Calculations 
	Correlation and Regression Analysis 
	 
	Conclusion and Discussion 
	References 


	11_4_Elliott.pdf
	Level 1 data 
	Level 2 data 
	GTS distribution 

	11_6_McKernan.pdf
	Éamonn McKernan
	Rhea System S. A., Louvain-la-neuve, Belgium
	EUMETSAT Darmstadt, Germany
	Objectives and Priorities
	Cal/Val Facility
	Cal/Val Tools
	Planned Cal/Val Activities
	Logic of Activities
	Conclusions
	References
	Acknowledgements



	A05_Stubenrauch.pdf
	Evaluation of parametrizations of microphysical and optical properties for radiative flux computations in climate models  
	using TOVS-ScaRaB satellite observations 
	 
	 
	C. J.  Stubenrauch, F. Eddounia1, and J. M. Edwards2  
	Abstract 
	Introduction 
	TOVS – ScaRaB data set 
	Cirrus radiative flux analysis  
	 
	  
	 
	Best suited parametrizations of De for climate model simulations 
	References 


	A09_Puschell.pdf
	 
	Summary 

	A28_Dyras.pdf
	Izabela Dyras, Bożena Łapeta, Danuta Serafin-Rek 
	Introduction 
	Snow-free conditions algorithms  
	Wintertime algorithm  
	TPW algorithm verification 
	Conclusions 
	 



	Acknowledgement  
	References  



	A35_Wang.pdf
	Central Weather Bureau 
	Abstract 
	Introduction 
	Data 

	Algorithm 
	Analysis 
	References 



	A40_Qi.pdf
	ABSTRACT
	INTRODUCTION
	CALCULATION OF THE FAST TRANSMITTANCE COEFFICIENT
	VALIDATION OF FAST RT COEFFICIENTS
	SUMMARY



	A42_Zhang.pdf
	1. Introduction 
	4. Examples for ATOVS Data Applications 

	A43_Suresh.pdf
	Kolkata cyclone, 11-12 November 2002 
	Machilipatnam cyclonic storm, 13 – 15 December 2003 

	B09_Maestri.pdf
	Di Girolamo Paolo2, Summa Donato2 
	Abstract 
	Introduction 
	Goals and Methodology 
	Data Analysis and Results 
	Results 
	Conclusions and future work.: 

	References. 




	B10_Dong.pdf
	LIN Enzu*, ZHANG Gong, XU Jianmin 
	Fig.3(a) Land 
	Fig.5 Column water vapor 

	  
	REFERENCES 


	B13_Li.pdf
	References 

	B31_Zhang.pdf
	The assimilation of AIRS radiance over land at Météo -France 
	 
	 
	Hua Zhang*1,2,Florence Rabier1,  
	Malgorzata Szczech-Gajewska3, Delphine Lacroix1 
	 
	1 Météo-France/CNRM/GMAP, Toulouse, France 
	2Chinese Academy of Meteorological  
	Sciences, Beijing, China 
	3 Institute Meteorology and Water Management  
	ul.P.Borowego 14, Krakow,Poland 
	 
	Abstract 
	 
	      For the data void areas and with the erosion of the radiosonde coverage in some areas over land, satellite data assimilation over land is a very important issue. The problem is that most tropospheric channels of sounder instruments are very sensitive to the surface conditions, emissivity and surface temperature.  Accurate knowledge of the land surface characteristics is required for NWP radiance assimilation. For that purpose, an atlas of surface spectral emissivity (SSE) climatology has been developed at Météo-France, which has 18 wavebands in the infrared spectral range and is available for each month. In order to start investigating the use of AIRS data over land, a series of four-dimensional variational (4D-Var) data assimilation and forecast experiments has been run with the French ARPEGE (Action de Recherche Petite Echelle et Grande Echelle) system, using these SSE. 
	The atlas of surface spectral emissivity climatology for AIRS 
	(b) Validation of the atlas of surface spectral emissivity climatology 
	PROCESSING OF AIRS RADIANCES OVER LAND 
	EXPERIMENTS 
	 
	(a) The impact of AIRS observations over land on the accuracy of NWP 

	B32_Borbas.pdf
	Abstract 
	Characterizing the profiles 
	Emissivity 
	An application to MODIS retrievals 
	Acknowledgements 



	B37_deSouza.pdf
	Abstract 
	Introduction 
	Forward Model 
	Entropic Regularization  
	Artificial Neural Networks 
	Retrieval using ANN 
	Noise data simulation 
	 
	Databases 
	Results analysis 
	Entropic Regularization Results 
	 
	Artificial Neural Networks Results 
	Final Remarks  
	Acknowledgments  
	References 

	B41_Saunders.pdf
	GENLN2
	R. Saunders, METO
	GENLN2
	R. Saunders, METO
	LBLRTM
	Y. Han, NESDIS
	Yes
	666.7
	668.2
	737.1

	B41_Saunders_new.pdf
	GENLN2
	R. Saunders, METO
	GENLN2
	R. Saunders, METO
	LBLRTM
	Y. Han, NESDIS
	Yes
	666.7
	668.2
	737.1

	B48_Lin.pdf
	Visible Region Setup and its Results 
	Near IR Region (1264 nm) Setup and its Results 
	Current Water window Experiment Setup and  its Development 

	1_5_Li.pdf
	University of Wisconsin-Madison 
	1225 West Dayton Street 
	Madison, WI 53706 
	AIRS spatial coverage is provided by the scan head assembly, containing a cross track rotary scan mirror and calibrators. The scan mirror has two speed regimes: During the first 2 seconds it rotates at 49.5 degree/second, generating a scan line with 90 ground footprints, each with a 1.1 degree diameter field-of-view (FOV). During the remaining 0.667 seconds the scan mirror finishes the remaining 261 degrees of a full revolution.  The AIRS spatial distribution is used in the collocation between the MODIS and AIRS measurements, which is the first step for the optimal MODIS/AIRS cloud-clearing.  The MODIS pixels with 1 km spatial resolution are collocated within an AIRS footprint.  Several collocation algorithms have been developed that are based on the scanning geometry of two instruments flown on the same satellite (Nagle 1998; Frey et al. 1995).  With a set of AIRS earth-located observations, the footprint of each AIRS observation describes a figure that is circular at nadir, quasi-ellipsoidal at intermediate scan angles, and ovular at extreme scan angles.  The diameter of the AIRS footprint at nadir is approximately 13.5 km.  Depending on the angular difference between the AIRS and MODIS slant range vectors, a weight (() is assigned to each MODIS pixel collocated to AIRS: 1 if the MODIS pixel lies at the center of the AIRS oval, and zero if at the outer edge. The collocation is modeled correctly and the algorithm provides an accuracy better than 1 km, provided that the geometry information from both instruments is accurate.    
	  
	In this paper, optimal cloud-clearing for sounder cloudy radiances using imager IR clear radiances has been successfully demonstrated by using AIRS and MODIS.  About 30% of AIRS cloudy footprints (or 50% of the partly cloudy footprints) are successfully cloud-cleared with the help of MODIS high spatial resolution data.  In the optimal imager/sounder cloud-clearing, the imager provides a cloud mask for sounder footprints while the multispectral imager IR provides clear radiance observations to synergistically determine N* and to be used as quality control.  The following conclusions can be drawn from this study: 
	 
	This work is very effective for cloud-clearing the AIRS footprints contaminated by water clouds.  The approach could be employed on GOES-R with HES sounder and ABI (e.g., ABI 3.9, 6.15, 7.0, 7.4, 8.5, 9.73, 10.35, 11.2, 12.3 and 13.3 (m bands are critical for HES/ABI cloud-clearing).  Future work will focus on cloud-clearing for footprints with mutli-layer clouds.  For example, employing multi-layer cloud-clearing approach developed by Susskind et al. [2] and using MODIS clear observations for high spatial resolution cloud-clearing could be of great potential 
	  
	Frey, R. A., S. A. Ackerman, and B. J. Soden, 1995: Climate parameters from  
	satellite spectral measurements.  Part I: Collocated AVHRR and HIRS/2 observations of spectral greenhouse parameter,  J. Clim., vol. 9, pp.327 – 344. 


	2_3_Yao.pdf
	Effects of noise and calibration offset 

	3_1_Menzel.pdf
	Abstract 
	6. CONCLUSIONS 
	 
	7. ACKNOWLEDGMENTS 
	8. REFERENCES 
	Cloud Level
	All Densities

	Cloud Level
	All Densities



	3_2_Stubenrauch.pdf
	Survey of Cirrus and atmospheric properties from TOVS Path-B: Natural variability and impact of air traffic on cirrus coverage 
	 
	C. J.  Stubenrauch and Atmospheric Analysis (ARA) Group1, U. Schumann2  
	Abstract                             
	Data 
	High Cloud properties 
	  
	 
	Upper tropospheric humidity  
	  
	 
	Impact of air traffic on cirrus  
	References 


	3_4_Zhang.pdf
	Sensitivity Study of the MODIS Cloud Top Property 
	  Algorithm to CO2 Spectral Response Functions 
	Abstract 
	Acknowledgments 



	6_4_Poli.pdf
	Paul Poli 1, Joanna Joiner 2, and Delphine Lacroix 3 
	Introduction 
	 Results and Discussion 
	Conclusions and Future Work 


	7_2_Harris_new.pdf
	Use of Level-1d ATOVS Radiances in GASP 
	Melbourne, Australia 
	Acknowledgements 
	References 



	8_10_Zhang_new.pdf
	Zhang Lei1, Ma Gang2, Wang Yunfeng3, Fang Zongyi2 
	 
	2.National Satellite Meteorological Center, Beijing, China 
	ABSTRACT 
	Theory and model 
	Experiments setup 
	Conclusion 
	Acknowledgement 
	References 



	8_11_Auligne_new.pdf
	Further study of bias correction 
	for satellite data at ECMWF 
	Thomas Auligné, Tony McNally 
	1. Introduction 
	2. Bias correction 
	3. Results 
	4. Interaction with quality control  
	5. Conclusions 
	References 

	A28_Dyras_new.pdf
	Izabela Dyras, Bożena Łapeta, Danuta Serafin-Rek 
	Introduction 
	Snow-free conditions algorithms  
	Wintertime algorithm  
	TPW algorithm verification 
	Conclusions 
	 



	Acknowledgement  
	References  



	A43_Suresh_new.pdf
	Kolkata cyclone, 11-12 November 2002 
	Machilipatnam cyclonic storm, 13 – 15 December 2003 

	B31_Zhang_new.pdf
	The assimilation of AIRS radiance over land at Météo -France 
	 
	 
	Hua Zhang*1,2,Florence Rabier1,  
	Malgorzata Szczech-Gajewska3, Delphine Lacroix1 
	 
	1 Météo-France/CNRM/GMAP, Toulouse, France 
	2Chinese Academy of Meteorological  
	Sciences, Beijing, China 
	3 Institute Meteorology and Water Management  
	ul.P.Borowego 14, Krakow,Poland 
	 
	Abstract 
	 
	      For the data void areas and with the erosion of the radiosonde coverage in some areas over land, satellite data assimilation over land is a very important issue. The problem is that most tropospheric channels of sounder instruments are very sensitive to the surface conditions, emissivity and surface temperature.  Accurate knowledge of the land surface characteristics is required for NWP radiance assimilation. For that purpose, an atlas of surface spectral emissivity (SSE) climatology has been developed at Météo-France, which has 18 wavebands in the infrared spectral range and is available for each month. In order to start investigating the use of AIRS data over land, a series of four-dimensional variational (4D-Var) data assimilation and forecast experiments has been run with the French ARPEGE (Action de Recherche Petite Echelle et Grande Echelle) system, using these SSE. 
	The atlas of surface spectral emissivity climatology for AIRS 
	(b) Validation of the atlas of surface spectral emissivity climatology 
	PROCESSING OF AIRS RADIANCES OVER LAND 
	EXPERIMENTS 
	 
	(a) The impact of AIRS observations over land on the accuracy of NWP 

	B32_Borbas_new.pdf
	Abstract 
	Characterizing the profiles 
	Emissivity 
	An application to MODIS retrievals 
	Acknowledgements 



	B09_Maestri.pdf
	Di Girolamo Paolo2, Summa Donato2 
	Abstract 
	Introduction 
	Data Analysis and Results 
	Conclusions and future work 
	References 




	11_4_Elliott_new.pdf
	Level 1 data 
	Level 2 data 
	GTS distribution 

	A43_Suresh_new.pdf
	Kolkata cyclone, 11-12 November 2002 
	Machilipatnam cyclonic storm, 13 – 15 December 2003 





