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ABSTRACT. With the establishment of a new High Resolution Picture Transmission (HRPT) reception system at
IMD, New Delhi, the real time data from microwave sounding instruments onboard the NOAA-K, L, M and N series of
satellites has also become available. The raw HRPT data is being interfaced with the recently acquired new ‘ATOVS and
AVHRR Preprocessing Package (AAPP)’ to perform temperature and moisture retrievals from AMSU data of NOAA-16
satellite using two separate schemes: Inversion Coupled Imager (ICI) and Neural Network (NN) approach. In this study,
NOAA-16 satellite data over Indian region were used for retrieving temperature and moisture profiles for the month of
January, 2002. The temperature and moisture retrieval results are evaluated by computing the bias and root mean square
(RMS) difference using collocated ECMWF analysis. The results based on the analysis of data set for the month of
January, 2002 shows that ICI approach yields better results for all atmospheric levels. The RMS errors in temperature
profiles are found to be less than 4°C at all pressure levels. The RMS errors in relative humidity are found to be less than
20% at all pressure levels. Intercomparison of the results revealed that bias and RMS error are less for ICI scheme using
forecast field compared to ICI without using forecast field and Neural Network approach.

Key words — ICI Inversion Coupled Imager, NN Neural Network, ECMWF European Center for Medium Range
Weather Forecasting, Remote sensing.

1. Introduction forecasting and numerical modeling. For years the
radiosonde network has been the primary observing

The vertical structure of temperature and water vapor system for monitoring tropospheric temperature and water
plays an important role in the meteorological processes of vapor. Routine observations are very difficult over the
the atmosphere. Information of temperature and moisture vast oceanic regions due to logistics problems and high
distribution in the vertical is useful in aviation, synoptic cost factor, and are limited only over land regions.
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Figs. 1(a&b). Comparisons of bias and RMS error for
temperature profile with and without guess
using ICI and NN scheme for January, 2002

Further, the conventional radiosonde data has inherent
problems of solar radiation during daytime. Therefore,
the retrievals of temperature and humidity profiles from
satellites data are very much important for applications
such as weather analysis and data assimilation in
numerical weather predictions models.

The Advance Microwave Sounding Unit (AMSU-A
and AMSU-B) is a 20 channel microwave radiometer
onboard the new generation of NOAA polar orbiting
satellites. The first satellite of this series NOAA-15 was
launched on 13 May, 1998. Due to problem in few
AMSU-B channels, the second satellite NOAA-16 was
launched. The NOAA-16 is in circular sunsynchronus
near polar orbit at an altitude of 833 km. The orbital
period is 101.35 minutes and the local time for equator
crossing is 0730 hr for ascending node and 1930 hr for
descending node. The AMSU is cross-track line scanned
instrument. The sensor scan in a stepped scan fashion. The
sensor is designed to provide the temperature and
moisture profiles from surface to 45 km. Preliminary
results obtained using new ‘ATOVS and AVHRR
Preprocessing Package (AAPP)’ installed at India
Meteorological Department (IMD), New Delhi for
retrieval of the temperature and moisture profiles from the
AMSU data using two different retrieval schemes, viz.
Neural Network and ICI, have been summarized in this
study. In the present study retrievals were made on land
and ocean simultaneously. Therefore, these retrieval
profiles are combined for land and ocean.

2. Retrieval schemes and model data sets

A new HRPT (High Resolution Picture
Transmission) system capable of receiving the data of
latest series of NOAA Satellite (K, L and M) data has
been installed at India Meteorological Department (IMD),
New Delhi. In the present study, the ATOVS data for the
month of January 2002 has been taken. The atmospheric
temperature and moisture profiles have been derived
combinedly for land and ocean. The atmospheric
temperature and moisture profiles from AMSU
measurements have been retrieved using Neural Network
approach (Butler et al., 1996). The conversion of AMSU
channels measurements to moisture profiles contains non-
linear processes. Neural Network has advantage over
traditional statistical methods (Singh et al., 2002) in that
they can build non-linear models based on the data used to
train them and thus provide more accurate results.
Moisture profiles were also retrieved from AMSU data
using ICI approach. The ICI inversion system was
developed at the Centre de Météorologie Spatiale (CMS),
where it has been operational since 1996. Its structure is
based on independent modules, which work separately
and could be easily replaced. The key components are,
initial profiles library, inversion module and the tuning
module, which is responsible for the periodic ICI
calibration (Lavanant et al. 1997; Lavanant et al. 1999a).
The ICI version used in the current study uses the
RTTOV-6 model, a fast radiative transference code (Eyre
1991; Sanders et al. 1998) to simulate the brightness
temperature during the retrieval process. Cloud cover
classification is performed from the MAIA algorithm
(Lavanant et al. 1999b) and applied in the last step of the
AAPP model. A mean clear percentage of cloud cover on
HIRS field of view is calculated from AVHRR channels
with the aid of ancillary data (surface temperature and
Total Precipitable Water Contents (TPWC)). The TPWC
is estimated over sea following Grody et al. (1999)
methodology, while over land a multiple-regression
algorithm using various channels was applied.

The analysis of Europian Centre for Medium Range
Weather Forecasting (ECMWF) global model at 0000,
0600,1200 and 1800 UTC for January 2002 were used for
the collocated data sets. The ECMWF data consists of the
temperature and moisture profiles at the pressure levels
starting from 1000 hPa to 0.1 hPa. The collocated data
sets are constructed based on the moisture profiles
retrieved using ICI and Neural Network data that are
within 1.5 hour of the temporal resolution and within
1°x 1° latitude and longitude grid of ECMWF analysis.

3. Results and discussion

Figs. 1(a&b) and Figs.. 2(a&b) show the bias and
RMS error in degree Celsius for temperature and relative
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Figs. 2(a&b). Comparisons of bias and rmse for relative
humidity profile with and without guess using
ICI and NN scheme for January,2002

humidity profile using the ECMWF analysis for the
month of January, 2002 respectively. These bias and rmse
were computed from the temperature profiles retrieved
using ICI scheme with and without using LAM (Local
Area Model, operational at IMD) forecast as initial guess
profile. It is necessary to provide realistic initial guess in
ICI scheme. Generally the analysis of NWP model is more
representative of the real atmosphere than climatological
data. In our processing, the analyses of the LAM are
utilized to create a rolling library of vertical profiles over
the last ten days. Once an initial guess profile has been
obtained, inversion consists of perturbing this profile
under certain limits in order to minimize the error between
the measurement and the synthetic brightness temperature
of the final profile. It is observed that bias and RMSE
error have been reduced significantly using the LAM
forecast as first guess compared to the bias and error
computed without using the LAM forecast. This is
because of the facts that guess profile is selected by
comparing the sounder observations (after applying
RTTOV3 forward model biases and if necessary cloud
clearing) with computed brightness temperatures for a set
of profiles representing atmospheric conditions for the
acquisition area and the date considered. The data set is
reviewed every day so as to avail of a rolling library as
representative as possible of the meteorological conditions
for running day. Upward and downward radiances, total
transmittances are computed off-line for each profile and
archived. The synthetic brightness temperatures are
computed in real time for each new observation with
surface temperature and emissivity values adapted to the

situation. This has been done because the microwave
surface emissivities are so much variable with surface
conditions that brightness temperature for surface viewing
channels can differ from several tens of degrees with a
same atmospheric profile. The ICI scheme includes a
tuning module for the reset of all ICI internal coefficients
(RTTOV3 biases, guess covariance matrixes). This
module is important to achieve accurate retrievals and to
make routine analyses. A multilinear regression with
stratospheric, microwave observations and zenith angle is
used for the correction of the RTTOV biases.

The Figs. l(a&b) and Figs. 2(a&b) show the
comparison of bias and rms error of temperature and
relative humidity using two different retrieval schemes for
the month of January, 2002. It may be seen from
Figs. 1(a&b) and Figs. 2(a&b) that the bias and rms errors
from ICI scheme using LAM forecast as initial guess are
less (about 4° C) compared to ICI without using LAM
forecast (about 8° C) as initial guess and Neural Network
approach (about 5° C). The rms error for relative
humidity profiles is less than 10% at all pressure levels
ICI using LAM forecast as initial guess compared to ICI
without using LAM forecast (about 20%) as initial guess
and Neural Network where it is about 20%.

There are regions where the retrieval still presents
problems. The comparison of the errors with the French
NWP center at 1000 hPa to 100 hPa pressure levels
(Lavanant et al. 1999 a&b), indicate more than 15%
deviations, given of course bad error statistics when the
ICI Indian retrievals are compared to the French ICI
retrievals. This may be due to the possibility of high
quality ECMWF analyzed fields tuned over Europe as
compared to the other parts of the globe. Further, ICI
package should be run continuously at least for one year
to make the rolling library as representative of all possible
meteorological conditions for the running day. Therefore,
further improvements in the temperature and moisture
profiles are expected after in near future. Further, there is
significant difference between the time of observation
(analysis) and NOAA-16 over pass in the study region
(1.5 hr). Normally, two data sets that are within half an
hour of each other are preferred for comparison. Large
diurnal temperature variations in the tropical region could
affect the temperature comparison significantly whenever
two data sets are more than half hour apart. Also the
moisture fields usually have large spatial and temporal
variability, especially in tropical region, which makes
these comparisons more difficult.

4. Conclusions

The ATOVS preprocessing and the physical retrieval
method ICI have been briefly described in the present
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work. The temperature and relative humidity profiles
retrieval results from ATOVS observation are compared
and validated with ECMWF analyses over Indian regions.
These results show reasonable good agreements between
ICI retrievals and ECMWF analyses. Based on these
results, it may be conclude that in general, the ICI scheme
yield good quality retrievals compared to Neural Network.
Further work is in progress to improve these results and
also to extend this analysis to different seasons over
Indian region. Many Indian meteorologists are very much
interested in the retrieved atmospheric parameters for the
weather analysis and forecasting etc. The ATOVS
retrieved profiles are also needed to enable the
assimilation of satellite data in a numerical weather
prediction model. With AMSU data, the atmospheric
parameters can be derived in all weather conditions, which
is an added advantage over TOVS measurements.
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