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Study on Satellite Remote Sensing & Physical Retrieval of
Meteorological Parameters Over East-Asia Region

Abstract,

Satellite data are playing an increasing important role in weather forecast,
climate research and other meteorological scientific research fields, The NOAA
series satellite data--The HRPT (High Resolution Picture Transfer) data covering
most part of East-Asia region can be received by three satellites receiving stations
of Chma. The TIROS-N Operational Vertical Sounder (TOVS) instrument
packages on board allow vertical temperature and moisture structures (and also
other parameters) to be calculated between surface and stratosphere. Satellite
soundings have advantages of no country boundary limits and no geographical
limits, vastly and uniform coverage, high spatial and temporal resolution, etc.. In
some developed countries, satellite sounding data, assimilated with radiosonde
data, have been used in numerical weather forecast, mesoscale weather forecast
and other meteorological scientific researches.

Improving the accuracy of the retrieved data is the key points of extending
applications of the satellite sounding data. Because the retrieval problem is ill-
posed one, the retrieved data are always have some errors to a certain extent. It is
well-known that individual estimates of atmospheric profiles and surface
parameters retrieved from the radiance contain errors caused by two main reasons.
First, the performance weakness of the remote sensing instruments on board, such
as the measurements' noise and the poor vertical resolution, restrict the accuracy of
retrieved data. Secondly, the data processing procedures contribute main errors to
the retrieved data. For physical retrieval, the errors come mainly from the poor
first guess, cloud contamination and errors of calculating transmittances.

This study is based on the Simultaneous Physical Retrieval Method (SPRM),
developed by W. M. Smith et al., Cooperative Institute for meteorological Satellite
Studies, University of Wisconsin, U.S.A.. In order to gain theoretical guidance in
improving accuracy, linear inversion errors are analyzed theoretically and
simulated using a simplified model. By these studies, it is found that the poor first -
guess and the KFE (Kernel Function Error) are the main error sources contributing
to the retrieved data in the data processing stage. Thus, aimed at improving
accuracy and enhance calculating efficiency , improvements on SPRM are
performed as follows:

1. The non-consistent problems of SPRM both in equations and in program be
corrected.

2. Using radiosonde objective analysis field instead of climate field as firsts
guess.

3. More reasonable treatment to boundary layer parameters, such as surface
temperatures and moistures, surface pressures etc..

4. The discrepancies between observed and calculated brightness temperatures
be corrected based on match-up calculations.



5. Replacing weighting- function of channel 7 with that of channel 14 as
arbitrary function in temperature retrievals. In this way, the interference of water
vapor to temperature retrieval and lower layer retrieval uncertainties be reduced.

6. After above improvements and calculating efficiency consideration, two
pass retrieval procedures of SPRM can be changed into one pass procedure. In this
way, the computation time be reduced to about 40 percent compared with the
initial one.

The retrieval method with above improvements is named the ISPRM (the
Improved SPRM). In order to testify the accuracy improvements and make a
comparison between SPRM and ISPRM, retrievals of 22 orbits' data within
receiving range have been made using the two methods. Then, comparisons of the
retrievals with match-up radiosonde data are made respectively. The comparison
results are as follows.

1. The retrieval errors of using ISPRM compared with SPRM are markedly
reduced for the retrieved meteorological parameters in almost all mandatory levels.

2. For temperature retrieval, the average RMS error of the mandatory levels
has decreased 1.1 K, Especially, the distinct improvements are made in the
tropopause and lower levels of the troposphere where the retrieval accuracy is
disappointed for long.

3. Moisture retrieval accuracy also got marked improvements. At every level
that below 500 HPA, the relative errors of water vapor mixing ratio have been
reduced by 10 to 20.percent. .

4. The calculated geopotential heights got good results too, due to the
improvements of ‘retrieved temperature and moisture profiles and surface
parameters. "

5. The samples which being taken into statistical calculation added up to 1380,
so the statistical results are representative.

This study also analyzed some temperature and geopotential charts by making
multi-orbits objective analysis. By comparison these charts with standard charts,
‘the reliability of retrieved charts and retrieval feasibility in cloudy areas are
proved.

Physical retrieval method, which is still at its early days and a lot of
improvements should be done, has a developmental potentiality and a bright
prospect. With the developments of the satellite sounding instruments and
improvements of data processing system, it is believed that processing and
application of satellite sounding data will be brought into a new stage in the near
future.

ZHANG Wenjian

Academy of Meteorological Sciences of
State Meteorological Administration
: March of 1989.
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