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FORWARD

These Technical Proceedings detail the scientific presentations at the
Fourth International TOVS Study Conference (ITSC-IV) held in Igls, Austria
from 16 to 22 March 1988. A summary of the conference recommendations and
conclusions is contained in a separate document entitled "A Report on ITSC-
IV" available from CIMSS at the University of Wisconsin-Madison.

The ITSC convenes the working group of the International Radiation
Commission (IRC) that is studying the derivation, quality, and
applicability of satellite temperature and moisture profiles retrievals for
operational meteorological purposes. The ITOVS Working Group has met every
eighteen months since the autumn of 1983 and has approximately 80
participants representing 20 countries.

These technical proceedings contain papers in three broad areas: the
science of atmospheric sounding, the algorithms for deriving products from
the satellite data, and the application of the products to numerical
weather prediction. In addition, the papers detail the plans for and uses
of TOVS data at the many institutes around the world that comprise the
international meteorological satellite user community.

Unfortunately we were able to reproduce the figures in black and white
only; if the content of the paper is unclear because of this, please
contact the authors directly and they will be able to provide clarification
or color copies of the relevant figures.
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A REGIONAL TIROS-N SERIES SOUNDING
DATA OPERATIONAL PROCESSING SYSTEM

Dong Chaohua, Zhang Fengying, Luo Dongfeng,
Ran Maonong, Zheng Bo and Wu Baosuo
Satellite Meteorology Center
SMA, Beijing, PRC

ABSTRACT

In Satellite Meteorological Center (SMC) a regional data receiving and
processing system of TIROS-N series launched by U.S.A. has been established.
The products from the vertical sounding system involve vertical temperature
and moisture structures, and total ozone amount. This paper briefly describes
the system capabilities of the different aspects of the sounding project, from
the reception of data to the production of atmospheric products.

1. INTRODUCTION

In 1979, the SMA proposed to establish a ground station capable of direct
readout of TIROS-N type satellite signals from the High Resolution Picture
Transmission (HRPT), which includes a data processing system in order to
improve weather analysis and numerical weather predictions locally. During
the system implementation when the data receiving was in the final stage of
development, we started with developing a regional TOVS processing software
package. Based on Wisconsin export package and NESDIS TOVS operational
pProcessing system, the regional TIROS-N series sounding data processing system
was established during the period of 1981-1982. At present, the initial
operational TOVS processing system, interfaced with the data receiving system
in Beijing, can process in near real-time the TIP/HRPT data from NOAA polar-
orbiting satellite on IBM 4361 computer located at the SMC/SMA, China. The
system makes extensive use of disk file, both sequential and direct accesses
for efficiency in I/0 operations. The main program serves as a driver to
perform the tasks through called subroutines or functions so that it makes
easy to maintain the TOVS processing system.

2. DATA RECEPTION

The HRPT data format provides a time multiplexed output of five channels
of data from the Advanced Very High Resolution Radiometer (AVHRR) and the low
bit rate instrument data (e.g., TIP). The data are digital, transmitted at s-
band frequencies. All information necessary to calibrate the instrument
output is included in the data stream.

The Beijing receiving station is capable of receiving and processing HRPT
signals transmitted in real-time from TIROS-N series satellites. The antenna
is capable of tracking the satellite orbit either in an "auto-track" mode or a
"program-track" mode. All data received must be processed through HP-1000
computer. TIP data is extracted from the HRPT, and recorded on CCT tape for
scientific processing. The data reception block diagram in SMC is shown in
Fig. 1.
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Fig. 1.  HRPT/TIP data recéiving system in SMC
3. TOVS PROCESSING SYSTEM

The TOVS processing system consisting of over forty main programs,
including about 50,000 lines of executable code in total, is comprised of two
subsystems: the operational subsystem for atmospheric sounding retrieving,
and the support subsystem for generating statistical regression coefficients
and monitoring products. The initial regression coefficients based upon known
instrument characteristics for each spacecraft are obtained from NESDIS. The
coefficients for sounding retrievals are updated at regular intervals (one
week) as a function of the support subsystem to account for short and long
periods atmospheric seasonal variations. The block diagram of the TOVS
processing system is shown in Fig. 2.

A. Operational Subsystem

This subsystem is comprised of the following components: Data Ingestion
(TIPINN, TOVS1B), SSU Mapper (TOVSING, TOVSMAP), Preprocessor (TOVSPRE),
Atmospheric Parameter Retrieval Module (TOVSRET), and Output Products section.
The function of each module (job) will be described briefly.

1) Data Ingestion

The raw TIP data is acquired from 1600 BPI/2400 ft magnetic tape which is
done on the HP-1000 computer, and transferred to the IBM 4361 computer. The
main function of the ingestion is to obtain instrument level 1B data
(calibrated and earth located). It checks TIP data quality, status, parity,
observation time, filter sync error, etc.; and decodes the instrument
information for HIRS/2, MDU and SSU from various word lengths into standard
32-bit forms_and then is manipulated to exclude unwanted information. By
using the orbital elements for the relevant satellite, the data are earth-
located with calibration data being extracted and applied, converting digital
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counts to radiances. After this module is finished, each instrument level 1B
data is stored on disk file. The information necessary for the location of
specific instrument data, its extraction from TIP, its arrangement according
to instrument scanning geometry, and identification of calibration and earth
view data is described in detail by Levin Lauritson et al. (1979).

2) SSU Mapper

The purpose of SSU mapper is to provide analyzed SSU (the Stratospheric
Sounding Unit) data. Input to this module is HIRS/2 (The High-Resolution
Infrared Sounder, Version 2) 1B and SSU11B. First, it establishes collocated
array of the channels 1, 2, and 3 of HIRS/2 (Smith et al., 1979) at the
position of SSU spots, and writes the combination of data of SSU & HIRS/2 on
disk file. The brightness temperature observed by SSU instrument depends on
the angle at which measurements are made because of the different path lengths
in the atmosphere. In order to perform the type of retrieval in which we are
predominantly interested (regression) without many sets of angle-dependent
retrieval regression coefficients, we need to correct these measurements at
different angles, so that they have the same path length as at nadir. This
module applies limb regression coefficients to SSU observed radiances to
produce such a correction. Finally, SSU data analyzed from the previous run
(used as a first guess) are processed using "objective analysis procedures" to
update the respective SSU fields during the processing of each orbit. The SSU
mapped (analyzed) field (1° X 1° latitude-longitude) is used in the
atmospheric parameter retrieval module (TOVSRET) to derive atmospheric
temperatures above 115 mb.

3) Pre-processor

The HIRS/2 1B and MSU 1B data are acquired. The main function of the
pre-processor is to provide further corrections to the calibration radiance
data and store the resulting data in suitable forms for display and retrieval
processing. Same as that of the SSU limb correction described above, it
corrects the MSU and HIRS/2 measurements from all the channels except HIRS/2
channel 20, visible channel, for limb or slant path effects. On the infrared
instrument, there are 3 channels called "window" which means the channel "sees
through" (no radiation absorptions) the constant mixing ratio gases (CO,,
etc.) and ozone. They are also affected by liquid water (clouds) in which
they only "see" the top of heavy clouds. So it is necessary to separate the
corrections for window channel water vapor attenuation (the "effect" of water
vapor) in this program. It also corrects the side lobes for the special
characteristic of microwave antennas. Because the signal perceived by the MDU
sensor is not the true signal from the field of view due to the fact that the
antenna does not "focus" exclusively on the field of view. The module
computed solar zenith angles, and corrects the certainty of the channels for
fluorescence, and solar reflection in the shortwave infrared channels. After
the corrections are done, the module collocates MSU to HIRS/2 locations by a
distance weight interpolation scheme.

To facilitate the limb corrections, three additional files are needed:
regression coefficient files for the HIRS/2 and MSU limb corrections, together
with a topography file ascertaining topography type and elevation (both
resolution 1° X 1° and 0.5° X 0.5° latitude-longitude). When the execution is
done the two data sets are created. One, called IMAGE data set, is formatted



to facilitate the display of horizontal fields for any recorded parameter, the
other, the sounder data set, is arranged to provide vertical profiles of
radiance measurements for each HIRS/2 location. The retrievals will be
calculated from this sounding data set.

4) Atmospheric Parameter Retrieval Module

This is the most important scientific module in the sounding data
processing system. There are two functions in this module. One is to
calculate "clear column radiance" measurements, the other is to derive
atmospheric parameters, such as atmospheric temperature, water vapor mixing
ratio, total ozone and geopotential heights using the clear column radiance.

The nominal horizontal resolution of soundings from TOVS has been set at
80 Km. Information from the Preprocessor is organized to permit the formation
of "boxes" whose dimensions are 3 scan Spots across the satellite track by 3
scan spots along the track.

There are in essence two approaches: either find sufficient "holes" in
the clouds, form whose uncontaminated observations the desired volume estimate
can be obtained or apply physical and mathematical techniques to infer clear-
column radiances from the contaminated ensemble. Both methods are employed in
this module.

Initially, the observations for each field of view in a box are given
objective tests to determine the probable presence of clouds. Window channels
are checked for consistency. The regression test is worthy of elaboration.
The vertical weighting functions of several tropospheric-sensing HIRS/2
spectral intervals bracket those of the MSU channels (Smith et al., 1979).
Therefore, it is physically reasonable to expect high accuracy in predicting
the latter form the former in the absence of clouds. On the other hand, in
the presence of clouds, the HIRS-predicted MSU radiance will be too low.
Regression coefficients are generated from the data which is know to be clear.
When clouds are present, the regression relationships based on clear data fail
(McMillin and Dean, 1982). 1In the present system the difference between
observed MSU channel 2 radiance and infrared-based regression estimate of the
microwave brightness temperatures is calculated. A small difference implies a
clear column, a large difference indicates a cloudy column. If such a "clear"
spot is found, then it is used for retrieving a profile as the representative
profile of the box. If the box is partly cloudy, the adjacent-pair, or N”,
technique using eigenvectors as described in Smith and Woolf (1976) is used to
calculate the clear column radiances. The technique is based on two important
assumptions: that the clouds in each FOV are at the same level but differ in
horizontal coverage and that the temperature and moisture profiles in each FOV
are identical. Again, the MSU channels are used as references for the clear
column definition. If the calculated N* clear column HIRS/2 data used to
predict the MSU channel radiances give unsatisfactory results, the clear
radiance for this pair is rejected, and no temperature retrieval occurs. If a
clear column radiance is determined, then the eigenvector regression method is
employed (Smith et al., 1976) for atmospheric parameters. The regression
coefficients used for both clear radiance and retrievals are accessed from
support subsystem. From this module the geopotential heights are generated
based on surface pressure, moisture, and temperature. The ozone amount for a



clear box is regressed. Finally, the retrieved parameters are stored on disk
file.

5) Output Products

The products from the sounding data processing system include vertical
profiles of temperature for 40 pressure levels from 1000 hpa to 0.1 hpa, and
water vapor mixing ratio for 40 pressure levels from 1000 hpa to 300 hpa.
They also include the total ozone content in a vertical column of the
atmosphere. The products are produced on average every 80 Km via the
retrieval process. In addition, there is also the capability to produce
geopotential height between selected standard pressure levels, and clear
column radiances (in form of brightness temperature), and earth-located,
calibrated radiances for 27 spectral channels of the three instruments
(HIRS/2, MSU and SSU).

The product output section takes data from the intermediate data file and
produces the various outputs required by users. One component of this section
is to provide data to NMC (a 9600 bps line between NMC and SMC is not
available now). The second is to provide a group of the software for plotting
temperature, water vapor mixing ratio, etc. at a specific pressure level, as
well as brightness temperature for each channel on printer. The third is to
display sounding data in a special terminal to be linked with IBM 4381
computer. The fourth is to facilitate the image display of horizontal fields
of window or water vapor channel brightness temperature through M-70 or laser
facsimile. The fifth is to perform the archiving functions, for instance,
archiving the necessary data in the magnetic tape.

B. Support Subsystem

The support subsystem has two primary functions: (a) to provide the
operational subsystem with updated coefficients (for input into the
atmospheric parameter retrieval module) to maintain accuracy of the sounding
products, and (b) to provide evaluations twice per day of the soundings
produced by the Operational Subsystem. This subsystem is comprised of two
essential components - the Radiosonde Matchup Module (RAOBINF, DSD3INF, YRSM2,
YXCFLTR, YCRIVIA, etc.) and the Coefficient Update Module (YPRGNU1, YPRGNU2,
YPRGNU3, YPRGNUS5, YPRGNU6, YCOFRET, and YCOPYCDB) .

1) Radiosonde Matchup Module

Currently, the regional sounding data Processing system in Beijing shows
that it requires three sets of coefficients, one for each zone (70°N-60°N,
60°N-30°N, 30°N-0°N). This module reads the radiosonde data on 1600 BPI/2400
ft magnetic which is done on the HITAC M170 computer, and transfers it to IBM
4361. The program accesses the satellite temperature and moisture profiles
(from the Operational Subsystem) and matches them up in space and time with
radiosonde data. To adjust for time differences, radiosondes from 00Z an 122
are interpolated to the time of the satellite sounding. This is done twice a
day using radiosondes from 00Z and 12Z. Every 12 hours, a statistical
evaluation is performed between the retrievals and NMC radiosondes. These
error statistics are computed for each ten degree latitude band in order to
monitor the accuracy of the sounding products. In every 24 hours all matchups
are divided into two groups for each zone: The independent and dependent



samples are stored in a "tuning data base" which serves as input into the
coefficient update module.

2) Coefficient Generation and Update Module

This module accesses the TOVS channel brightness temperature and matchups
for each latitude zone from the matchup file (the tuning data base). The
latitude zones rich in radiosonde data require approximately 14 days to
achieve the desired sample size. The module uses eigenvector algorithms to
generate eigenvalues, eigenvectors, and new coefficients for each zone on the
dependent data set. The coefficients are for the retrievals of 20 lower
levels (from 115 hpa to 1000 hpa) and 20 upper levels (from 0.1 hpa to 100
hpa) temperatures, and 15 lower level water vapor mixing ratios, as well as
clear column radiances. These coefficients are then evaluated on the
independent data. After a thorough evaluation, the new coefficients replace
the old in the Operational Subsystem. The clear radiance and retrieval
coefficients are updated routinely once per week.

4. COMPUTER REQUIREMENTS

The Operational Subsystem using the IBM 4361 computer requires seven
minutes of cpu time, 516K of virtual storage for the processing of one orbit.
The total output is approximately 300 soundings from one orbit of one
spacecraft. For the support subsystem the Radiosonde Matchup Module requires
two minutes of cpu time (per run). The Coefficient Update Module requires
four minutes of cpu time. The maximum virtual storage for this subsystem is
1296 K.

5. RETRIEVAL ACCURACY AND PRIMARY RESULTS

The soundings from the retrieved process have been compared with the
radiosonde data. Table 1 shows the differences (RMS) between matched
radiosonde and satellite retrieved temperatures (except heavy cloudy area)
with the coverage of the Beijing readout station (6 ten-degree latitude zones:
(10°-70°N and 50°-150°E) from NOAA-10 descending orbits for 30-day period
August 1987. NUM in the Table 1 means the number of match-ups. It is clear
that the matchups are small in number for 10°-20° and 60°-70°N latitude zones.
The low latitude results are quite good except for 1000, 200, 70, 20, and 10
hpa pressure levels. The large differences probably are caused by the poor
vertical resolution problem of sounder and the poor discrimination of low
clouds as well as the complicated topography. There is a trend from a small
difference to a relatively large difference as latitude increases, while the
results become better again in latitude zone 60°-70°N. Because of too few
matchups in zone 10°-20°N, Table 2 only shows the RMS difference of
temperatures for cloud-free (C) and partly cloudy (N*) cases for zone 20°-70°N
separately. The major points shown by Table 2 are the following:

o The N* retrievals are small in number which may be caused by N*
approach.
o The temperature retrieval accuracy in cloud-free cases for 10°-40°N

is much better than in partly cloudy cases, and better for the pressure levels
in 50°-70°N, but for 40°-50°N the accuracy in the most pressure levels for
clear cases in less accurate. Perhaps the reason is that the temperature
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gradient in low and high latitude is smaller, so the effect of cloud on the
temperature retrievals is larger. For 40°-50°N, the valid cloud tests are
required.

Figure 3 illustrates the retrieval analyses of 500 hpa temperature from
NOAA-10 four orbits, 11 December 2312 GMT 12 December 0418 GMT.

Figure 4 presents the analyses of the conventional temperature for the
corresponding location observed at 0000 GMT 12 December 1987. Comparison of
the two charts shows that the good agreement found between temperature
analyses of satellite and radiosonde data generally, but the retrievals are
older than the radiosondes.

Figure 5 is HIRS/2 channel 8 and 11 brightness temperature pictures
separately. In comparison and analysis of the brightness temperature fields
between the infrared window channel image (Fig. 5a) and the channel 11 water
vapour image (Fig. 5B), it is clear that the characteristics of the two low
brightness temperature cloudy area in 30°-40°N and 75°-90°F is similar,
however, the space system of the water vapour image is more and much clearer
than the window channel image and these cloud systems is directly related to
the temperature trough (Fig. 3 and 4) in the same area.

The absolute bias (divided by total water vapor mixing ratio for each
pressure level) between the retrieved and radiosonde observed water vapor
mixing ratio is about 30%. Figure 6 shows the comparisons of NOAA-9 TOVS
retrieved and radiosonde-observed water vapor profiles for four ten-degree
zones from August 22-24, 1986, and also shows the comparisons for two stations
(Guangzhou and Zhangjiakou).

The accuracy of the total ozone amount is about 10% compared to values
derived from Dobson measurements. Figure 7 shows the distributions of total
ozone amount over China form NOAA-7 TOVS retrievals for different time in
1984.

6. FUTURE PLANS

The derivation of cloud parameters (cloud height, cloud emissivity, etc.)
will be incorporated into the processing scheme. One of the areas of the
retrieval process requiring further development is the specification of
surface characteristics so as to identify surface effects on the outgoing
radiances, especially over land. The highest mountain in the world, Qinghai-
Tibet plateau, located in the west of China, plays an important role in the
radiation process to significantly affect the synoptic and climatic process in
this area. Improving sounding accuracy is expected over this high terrain.
Accurate ground and near surface air temperature for monitoring air pollution
is also expected. The high resolution sensor data, AVHRR, can be used for
obtaining more accurate clear column radiances. While the present procedure
uses eigenvector method, more physical methods of retrieval without any
dependence on conventional data are being tested, so the improvement in
accuracy is under way. The implementation and development of the Man computer
Interactive Data Access System (McIDAS) is being carried out this year. It
will be used particularly for the satellite data processing and display
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Fig. 5. HIRS/2 channel 8(a) and 11 (b) pictures on 12 December 0233 GMT, NOAA-10.
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Fig. 7. The distribution of total ozone amount (unit: Dobson) over China
from NOAA-7 TOVS data, where (a) is for 0730 GMT February 15, 1984, (b) for
2100 GMT February 18, 1984,

analysis. Also, we plan to install 3I package on IBM-4381 and make
comparisons of results from 3I with the currently operational system.
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A NEW INVERSION METHOD FOR TOVS DATA: NON-LINEAR
OPTIMAL ESTIMATION APPLIED TO CLOUDY RADIANCES

J.R. Eyre

Meteorological Office Unit,
Robert Hooke Institute for Cooperative Atmospheric Research,
Clarendon Laboratory, Oxford, U.K.

1. INTRODUCTION

At present, the Meteorological Office processes TOVS data routinely in real-time using
retrieval methods described in previous reports (Eyre et al. 1985, Eyre et al. 1986).
Calibrated radiances undergo limb correction and other pre-processing using algorithms
based on the International TOVS Processing Package (ITPP). HIRS data are then cloud-
cleared using a sequential estimation scheme (Eyre and Watts 1987). Temperature and
humidity profiles are retrieved simultaneously in a one-step (linear) scheme. This is a max-
imum probability method in which a forecast profile from a numerical weather prediction
(NWP) model and its expected error covariance act as constraints on the inversion of the
cloud-cleared radiances.

Recently a new method for TOVS inversion has been developed. It also uses an optimal
estimation (maximum probability) approach, with a forecast profile and its error covari-
ance as constraints. However it operates on “raw”, potentially cloud-affected radiances
in individual fields-of-view. The effects of clouds are to make the inverse problem highly
non-linear, and an iterative algorithm is required to find the solution. Temperature and
humidity profiles, surface temperature and microwave emissivity, and cloud-top pressure
and cloud amount are retrieved simultaneously. The use of the forecast error covariance
and the application of principles from probability theory make the retrieval method a “sta-
tistical” one. However, it is also a fully “physical” scheme, in that it involves calculations
of radiances corresponding to each profile (including the effects of cloud) and also the
derivatives of radiance with respect to all the profile parameters.

The theory of the new method is described fully by Eyre (1987) but is also outlined here.
The method has so far been developed as an independent retrieval scheme. However, in
doing so, attention has been paid to its compatibility with the assimilation procedures of
an NWP scheme which might use these products. Indeed, the method could be applied
as part of an NWP analysis scheme - the part which performs the analysis of satellite
sounding data in the vertical, projecting radiance information on to the vertical levels
of the analysis scheme, and to be followed by a horizontal analysis stage to spread the
information from sounding locations to NWP model grid points. Thus, the retrievals are
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no longer considered as an end in themselves but as an integral part of the NWP process;
they are not treated as though they were poor quality radiosonde data, but in a manner
more consistent with their true information content.

2. THEORY

The new inversion method follows the approach to the non-linear retrieval problem de-
scribed by Rodgers (1976). The same method has also been proposed by Purser (1984) in
the more general context of numerical analysis. Both solve a non-linear retrieval/analysis
equation by Newtonian iteration.

In the context of TOVS inversion, we define a vector representing the atmospheric profile
(including all variables to be retrieved simultaneously) as x and a vector of measured
multi-channel radiances as y™. Using the measurements we seek the most probable value
of x, i.e. we try to maximise the conditional probability of x given y™, P(x | y™). Using
Bayes’ theorem we may write:

P(x|y™) a P(y™ | x)P(x) (1)

If the measurements have Gaussian errors of covariance E and the error-free measurements
corresponding to profile x are y(x), then

Ply™ %) @ ep{~3(y™ ~ y(x)) "B~ - y(x))} (2

where T denotes matrix transpose and ~! matrix inverse. The covariance of expected error
in the forward model, y(x), should also be included in E.

P(x) represents our knowledge of x prior to making the radiance measurements. In the
context of NWP, this is called the “background” information and is obtained from a forecast
profile valid at the time of the measurement. This embodies information from previous
observations and constraints imposed by equations governing the spatial and temporal

variations of atmospheric fields. If the forecast profile is x® with expected error covariance
C then

P(x) @ exp{—3(x ~x*)7.C™%.(x - x*)} (3)

Substituting (2) and (3) into (1) and taking the logarithm, we obtain an expression to be
minimised:
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—In{P(x | y™)} + constant

= 2™ - y()) T BTG~ y(x) + 2(x—x)T.C1 (x — x!) (4)

This is often called the “penalty function” in numerical analysis theory. In minimising it,
we obtain the profile x which represents the optimal simultaneous fit to the measurements
and the background profile. Differentiating (4) with respect to x gives

C'(x-x") ~Kx)TEL(y™ - y(x)) =0 (5)

where K(x) = dy(x)/dx.
We need to solve (5) for x, but in general it does not have an analytic solution. This is
a non-linear problem since K is a function of x. This is particularly so when x includes

cloud parameters with which the elements of K representing infra-red channels can vary
very rapidly.

In the Newtonian iteration approach to the solution of (5), we guess a profile x,,. In general
this will not solve (5) but will lead to a residual:

Rn=C 7 L(xn —x%) —K(xp)T.E~L(y™ — y(xn)) (6)

Then the solution is approached using the iterative relation:

dR,,_
Xn+1 =Xn = (=) Ra (7)

where
dR,

(=

)"'=8,=(C'+KIE'K,)!

=C-CKI.(K,.CKI+E)"IK,.C (8)

Iteration proceeds until the increment (x,+1 — X,) is acceptably small.
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The matrix S, is interesting in its own right, as the value at convergence is an estimate
of the error covariance of the retrieved profile. Calculation of S, for a range of values
of x,, gives an efficient mechanism for exploring the expected error characteristics of the
retrievals (without having to perform simulated retrievals for a large number of cases).

The iteration is initialised with a “first guess” profile. This may in principle be arbitrary,
but a good first guess will lead to a more rapid convergence. It is therefore convenient to use
a forecast profile as both background and first guess. However it is necessary to distinguish
clearly between the roles of the background and the first guess. The background profile
(and its error covariance) act as constraints on the inversion, and the retrieved profile,
which must satisfy (5), will be sensitive to the background information. The first guess
profile however is just the starting point for the iteration; it affects the speed of convergence
but not (normally) the profile to which the method converges.

An equivalent form for (6), (7) and (8) which is usually more efficient for computation is:

Xnt1 =Xn + (X = Xn) + Wo {y™ — y(x5) — K,.(x* —x,)} 9)

where
W,=CXKI.(K,.CKI +E)! (10)

This is the form suggested by Rodgers (1976) and is probably adequate for problems
which are only weakly or moderately non-linear. However, experiments have shown that
the inclusion of cloud parameters in x makes the problem discussed here so non-linear
that the iteration will often oscillate away from the required solution unless we “damp” or
“over-constrain” some of the parameters (see section 3). This may be done by replacing C
by C” in (8), where Ci; = Ci; except for elements representing parameters to be damped
for which C]; < Cj;. The correct value of C is preserved in (6) to ensure that x solves
the appropriate equation. With this modification, (9) and (10) become

Xnt1 =Xn +I7.(x° —x,) + W {y™ — ¥Y(Xn) — Kp.I".(x* —x,)} (11)
and
W, =C"KI.(K,.C"KI +E)™, (12)
where
Ir=€r.c— (13)
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It is important to note that the convergence criterion applied here differs from that used
in many iterative retrieval schemes, in which the iteration proceeds until the measured
and calculated radiances agree to within some tolerance. In this scheme, convergence is
defined by the solution of analysis equation (5). The degree of fit between measured and
calculated radiances in all channels at convergence gives an independent check which is
found to provide a powerful mechanism for quality control.

3. APPLICATION TO TOVS DATA

In applying this approach to TOVS data, HIRS and MSU radiances are used in “raw” form;
they undergo no pre-processing other than the mapping of MSU data to HIRS locations.
To date, HIRS channels 1-8 and 10-15 and MSU channels 1-4 have been used. The
profile vector includes all the variables which appear in the radiative transfer problem, i.e.
the temperature and humidity profiles, surface skin temperature, pressure and microwave
emissivity, and cloud-top pressure and effective fractional amount.

To make the scheme practicable, it has been necessary to develop a fast method for cal-
culating K(x), the derivatives of the forward model. The TOVSRAD model (Eyre, 1984),
which itself is an extension of ITPP algorithms, has been adapted to calculate all the
elements of K(x) in parallel with the evaluation of the radiances y(x). Details are given

by Eyre (1987).

The forward model includes the effects of cloud. At each step in the iteration, the current
cloud-top pressure and effective fractional cloud amount (along with the current profile)
are used to calculate the corresponding radiances in all infra-red channels. A single-layer
cloud model is assumed. Also the use of the same effective cloud amount in all channels
implies that cloud transmittance is assumed to be spectrally constant. Cases where the
real cloud conditions are more complicated than this will occur, but we rely on the quality
control procedure discussed in section 2 to identify cases where the assumptions are grossly
deficient.

Cloud is assumed to have no effect on MSU radiances. This approximation is not always
valid, as cloud liquid water often has a measurable effect on channel 1. However its effect is
similar to that of a change in surface emissivity. Since we do not have sufficient microwave
channels to separate these two effects, we can interpret the retrieved “surface emissivity”
as an effective value which also compensates for cloud effects.

The treatment of measurement error is more rigorous here than in many retrieval schemes.
The matrix E in section 2 represents expected measurement error but should include both
radiometric errors (noise) and any uncorrected errors in the forward model. Even when
an effective scheme is in operation for correcting biases in the forward model, there will
remain uncorrected random errors which should be allowed for. Values for the standard
deviation of error in forward model brightness temperatures are assumed (currently 0.2K
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in all channels). These are converted to radiance errors at the appropriate measured
brightness temperature, and the variance added to the radiometric error covariance in
constructing E. This gives a different value of E for each retrieval. Depending on the
channel and the measured brightness temperature, it is possible for either the radiometric
component or the forward model component to be dominant.

The matrix C represents the expected covariance of background error. It can be estimated
from available statistics of difference between forecast profiles and analyses or radiosonde
measurements. Elements of the background profile not provided by the forecast model —
cloud parameters and microwave surface emissivity — are assigned a very large value of
background error and thus are not effectively constrained by the background values. More
details of the method for constructing C are given by Eyre (1987) and recent developments
in this area are discussed by Watts and McNally (1988).

The forecast profile provides both background and first guess for most elements of x. For
surface emissivity, an average value is assumed. For cloud parameters, average values
are used for the background but, in order to speed convergence, first-guess values are
derived from measurements in HIRS channels 7 and 8. This method is described further
by Eyre (1987). As explained in section 2, it is necessary to damp the adjustment of some
parameters during the iteration. It is found to be necessary, in this case, only for the cloud
parameters.

4. SUMMARY OF RESULTS

The method has been studied theoretically through calculations of the matrix S, and it
has been applied to simulated TOVS radiances. These results are reported fully by Eyre
(1987), but the main conclusions were as follows.

In cloud-free cases, the theoretical performance of the scheme is similar to that of other
schemes, showing an ability to make a modest but significant improvement on a short-range
forecast of reasonable accuracy (i.e. one in error by ~ 2K). In fully cloudy conditions, per-
formance degrades at levels well below the cloud-top; as expected, we have essentially
an MSU-only retrieval here. However around and just above the cloud-top, a small im-
provement is seen in retrieval performance compared with the cloud-free case. The effect
results from the sharpening of the HIRS weighting functions by the cloud and is illus-
trated in Fig.1. This demonstrates a theoretical advantage of retrieving cloud parameters
simultaneously with other variables.

Cloud parameters are retrieved with reasonable accuracy under most conditions and par-
ticularly well for significant amounts of high cloud (i.e. to better than 20 mb in cloud-top
pressure and 5% in fractional amount). Low-level cloud is retrieved less accurately but
this uncertainty does not degrade the temperature profile retrieval unduly.
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The theoretical retrieval performance is found to be particularly sensitive to the strength of
the inter-level correlations of forecast error. The interpretation of this finding is as follows:
given the breadth of the weighting functions, forecast errors can only be “seen” by TOVS if
they are coherent over some depth of the atmosphere; errors with only small vertical scale
cannot be observed and corrected by the inversion process. A thorough understanding of
forecast error structures is therefore important, if TOVS data are to be used optimally
within NWP systems. ‘

The new inversion method has also been tested successfully on real TOVS data for a small
number of cases. The scheme was developed at the Co-operative Institute for Meteorolog-
ical Satellite Studies (CIMSS) at the University of Wisconsin—-Madison. It was applied to
TOVS data from January 1986 coincident with the Generation of Atlantic Lows Exper-
iment (GALE) over the eastern USA and western Atlantic. Background profiles for the
exercise were obtained from CIMSS’ regional model. Details of this study are given by
Eyre (1988).

5. FUTURE PLANS

It is planned to continue trials of the new scheme in several ways. It will be applied
to more data to test its robustness over a wide range of meteorological conditions and to
acquire sufficient collocations with radiosonde data to allow its performance to be examined
statistically. It will also be applied to more case studies and its ability to capture features of
interest at high horizontal resolution will be investigated. Some theoretical improvements
to the present scheme will also be studied.

As mentioned in the introduction, the new scheme may be considered as the first (vertical)
part of a split analysis scheme, to be followed by a second (horizontal) part which spreads
information to NWP model grid points. The second operation should take into account
the correlation of errors between background and retrieval (and hence between adjacent
retrievals) introduced by the first stage. Lorenc et al. (1986) have suggested a method
for doing this. Weights to be applied to each level of each retrieval are calculated on the
basis of the ratio of retrieval and background error variances (i.e. the diagonal elements of
matrices S and C). These data are provided by the new scheme, along with the retrieved
and background profiles themselves. The use of these weights will be studied in experiments
on horizontal analyses made using these retrievals.

Although applied here to TOVS data, the new scheme is quite flexible and should be
suitable for application to many types of data. In particular, the extension of the scheme
to Advanced TOVS (HIRS + AMSU) data expected from satellites NOAA-K, -L and -M
will be explored.
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GLOBAL USE OF TOVS RETRIEVALS IN NWP AT ECMWF
J. F. Flobert
European Centre for Medium=-range Weather Forecasts (ECMWF)

Shinfield Park, Reading, Berkshire RG2 9AX, England

1. INTRODUCTION
NESDIS have provided a dataset of raw radiances (level 1B data; Kidwell,
1986) and retrievals at 80 km resolution, for a period of one month (15

January 1987 = 15 February 1987).

Since December 1986, the 3I code (Chedin et al, 1985; Chedin et al, 1986;
Scott et al, 1988), has been implemented, validated and run in global

experiments using these data at ECMWF.

After calibration (ITPP3 software, Smith et al, 1983) these data are processed
with the 3I code, producing geopotential thicknesses and relative humidities.
Cloud top heights, effective cloud amounts and surface temperature are also
derived. The complete processing from the level 1B raw counts for two
satellites (NOAA-9 and NOAA-10) for a period of six hours requires 23 minutes

CPU, using one processor of the Cray XMP48.

2. USE OF 3I PRODUCTS

The data assimilation at ECMWF (Kelly and Pailleux, 1988) is done every

6 hours and uses conventional observations, cloud track winds and satellite
determined profiles (Satems). These Satems contain geopotential thicknesses
and precipitable water contents at approximately 250 km resolution and are
retrieved from the Tiros-N series satellites (NOAA-9 and NOAA-10 during
January-February 1987) by NOAA-NESDIS.

The use of 3I in the data assimilation involves the replacement of the present

"Satems" with the corresponding 3I products.
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The increased horizontal resolution of 3I soundings (100 km) compared to the
250 km resolution of the "Satems" has highlighted the need for a screening,
since 30000 3I soundings are produced per analysis cycle (6 hours period).
There is currently a practical limit of 20000 soundings in the data
assimilation; therefore a strong quality control is presently being

investigated.

3. PRESENT RESULTS

3.1 Comparison with collocated radiosondes

The 3I profiles have been collocated with radiosondes, to assess the quality
of the retrievals, and a similar comparison has been done for the 80 km

"Satems" produced by NESDIS. .

The maximum time difference for a comparison is 3 hours, while the maximum
distance difference is either 100 km or 150 km. Radiosondes of questionable
quality (transmission problems, etc...) have been eliminated for differences
greater than 10K. Results are shown for the 1st February 1987 at 12 GMT, for
different latitude bands (Figures 1 to 4), retrievals are done with both NOAA9

and NOAA10.

The 3I and NESDIS results appear very similar, if we except the northern
latitudes (Fig 4). In particular, the bias pattern is very close, even if 31I
results are maybe a little colder. The standard deviations are also very

close, if we except the first layer (1000 - 850 mb) for which 3I results are

consistently better.

In the northern latitudes, the results appear more different, but the NESDIS
results have been screened strongly (the number of collocations is about a
third of the one with 3I results, while it is otherwise about three quarters).
It apparently does not improve the results, the bias is even worse than in the
other cases. However a direct comparison is difficult in this case, the

collocation samples being too different.
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The same statistics are shown over China (Fig 5). Serious bias problems,
mainly in the 30-50 mb layer, appear for both 3I results and NESDIS results:
it appears the main reason is the lack of vertical resolution (we can rely
only on MSU 4, at these altitudes) more than bias problems resulting from
validation of forward models (see Kelly and Flobert, 1988). These problems (as

well as high ground retrievals problems) are presently investigated.

3.2 Assimilation of 3I products at ECMWF
A five day assimilation (over the period 30 January - 3 February 1987) of 3I
products (approximately 14000 soundings per 6 hour-period: a screening has

been applied) has been run recently at ECMWF.

Results will be shown on global maps for the 7th cycle of assimilation

(31 January at 12GMT). Three layers are presented: the bottom layer
(1000-700 mb) the tropopause layer (300 - 100 mb) and the top layer (30-10
mb). The contours are virtual temperature isolines; the control analysis
using NESDIS profiles (SANES), is shown on Figs 6 to 8, the analysis
assimilating 3I results (SAIII) is on Figs 9 to 11, the difference maps are on

Figs 12 to 14.

At first look, the global maps appear similar, the general

shape being the same and the main features well represented in both analyses.
However, the difference maps show significant differences, particularly for
the bottom layer and the stratosphere, the results in the thick layer around
the tropopause (300 - 100 mb) appearing closer to each other.

In the lowest layer, both analyses are almost identical over land (satellite
retrievals are not used below 100 mb). Over sea, there are significant
differences on all extra-tropical regions. In the tropopause layer, the same
comments apply over land, while the differences remain small over sea.

In the stratosphere, the main features (low of =-70°C over Europe, high of
-35°C over Eastern Siberia) are well retrieved, though significant differences

appear on both hemispheres.
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4. CONCLUSION

The quality of the statistics between retrieved profiles and collocated
radiosondes appear very similar, whereas the assimilation of these temperature
and water vapor profiles in the analysis leads to significant changes,

particularly in the stratosphere and the low troposphere.

The significant changes in the analyses are likely to cause changes in the
forecasted fields: nevertheless it is presently too early to foresee if
assimilating 3I results leads to an improvement, or a degradation. We need a
deeper investigation (comparison of a number of forecasts after several days
of assimilation of 3I results, impact of the higher resolution) before drawing
any definitive conclusions. This investigation has started, the first

conclusions are expected in summer 1988.
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NOAA - 9'S RADIOMETRIC ATLAS OF EUROPE

Dr. J. R. Givri
Direction De La Meteorologie
Centre De Meteorologie Spatiale
BP 147 - 22302 Lannion Cedex - France

ABSTRACT

A TIROS NOAA-9's 1986 orbit set is presented as an annual atlas. Each
orbit is considered as cloud-free on the whole Europe, including North Africa
and Greenland. The atlas consists of a grid of 1/6 degree of latitude by 1/6
degree of longitude, covering the zone from 75°W to 35°E and from 20°N to
80°N.

Each point of the mesh contains topographic informations and AVHRR
calibrated data, averaged inside the HIRS-2 ellipse. The periodicity of the
atlas is seasonal.

1, METHODOLOGY

Sixty NOAA-9  clear cloud sceneries have been selected manually,
corresponding to five orbits per month, day and nighttime altered and giving
30 daytime orbits and 30 nighttime orbits.

The selection has been made by monthly qualitative analysis in a first
time, confirmed by a geographical analysis in order to prevent the data
redundancy and to get, if possible, a complementary covering of the whole
atlas zone.

Each 1986 clear cloud orbit picture has been cut in squares of four
degrees of latitude by four degrees of longitude. The surfaces, obtained by
concatenation of squares for three successive months is an admittable optimum.
In fact, it seems to be not realistic to get down first because of the
seasonal variability of surface parameters on biggest squares, and second,
because of the HIRS spot quantity would not be subsequent for processing, if
we consider a possible high ellipse rejecting rate in the case of "hard
declouding".

For each month and for each orbit selected that month, a "squares-
diagram" is dressed. It collects the clear zones, day and nighttime. Then,
the five most representative orbits are selected. If it happens more clear
daytime orbits than nighttime, the repetition may be: three clear daytime
orbits for two clear nighttime orbits. If it happens that month only clear
daytime orbits, the five selected orbits are daytime. That technique is a
tentative way to take in account the random variable designated as "cloud
cover on a given geographical area".

2. OPERATIVE MODE
From that 60 situations set, 60 x 2 CCT magnetic tapes of "CHAMP-4" type

and 60 x 2 CCT magnetic tapes of "MASTER-TOVS" type have been made by Center
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of Space Meteorology (C.M.S.) -Lannion, France. Excepted headers, each
"CHAMP-4" magnetic tape contains:

- TOVS file set (HIRS-2, MSU & SSU) on the whole considered scenery
dressed from HRPT Telemeasure.

- File of a maximum of 95 lines of AVHRR data averaged in HIRS ellipses
in accordance with the subscenery selected before, HIRS calibration
period does not appear in that file. (The first 45 lines are printed
on the first magnetic type. The second one contains lacking lines).

Excepted headers, once more, each "MASTER-TOVS" magnetic tape contents is:

- TOV files set (the same as "CHAMP-4's"),

- AVHRR subscenery file with the start and end time of the clear zone
scenery selected before.

The atlas grid is a 360 lines of 480 points array where it is necessary
to locate the HIRS ellipses accurately. The first question consist in
integration of HIRS calibration period inside the AVHRR lines file. FOR each
HIRS ellipse, the geometry (inclination, excentricity, diameters) is computed
in the atlas reference frame, is center being located before. The atlas
points, inside the ellipse, are affected with the radiometric channel value
under consideration. The geographical location process accuracy is about 1/12
degree, that is approximately nine kilometers in mid-latitude countries.
Taking in account sizes of HIRS ellipse and atlas mesh, respectively, it is
not realistic to get a more accurate instrument for determining at the atlas
scale following parameters, for cloud-free sceneries:

Channel 1: Daytime surface mapping and albedo
Channel 2: idem

Channel 3: Nighttime surface temperature

Channel 4: Day and nighttime surface temperature
Channel 5: idem

More precisely, channel one monitors energy inside the yellow-green band
of visible light. Channel 2 monitors the near infrared portion of the
electromagnetic waves spectrum, allowing observation of clouds, lakes,
shorelines, snow and ice. Comparison of data from these two channels gives
informations about the vegetation index studied with two formulas:

- The Normalized Difference Vegetation Index (NDVI) computed form Channel
1 and 2 albedos, designated Al and A2, as follows:

NDVI = A2 - Al
Al + A2

and Channel 1 and 2 albedos ratio, calculated as follows:

RA = A2/Al.
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Seasonal albedo studies are possible. Al and A2 are corrected from solar
elevation as follows:

Al = Al/cos6; A2 = Al/cos®,

where is the zenithal solar angle of the viewed spot (ground, forest, plain).
That data is available into each of the HIRS orbit file.

The other three channels operate entirely within the infrared band,
depending upon which AVHRR instrument is being used. They detect the heat
radiation from , and hence, the temperature of land, water, sea surface of top
of clouds.

It has been noted that AAVHRR's channel 3 is noisy when the satellite is
aging. It has been observed that channel 3 noise is dependent upon and varies
as the "noise conductance" of the thermal equilibrium condition of the
radiometer radiant cooler.

Furthermore, even in the case where noise is not discernable, i.e., at
beginning of the satellite’s life, channel 3 is quite uneasy to process day-
time scenarios. 1986 has been a particular year where that effects can be
neglected. Channel 3 must be anyway corrected form solar irradiance effects.

37 ATLAS PRESENTATION

After declouding by day/nighttime procedures, the sixty orbits set has
been reduced to a 42 orbits set, containing the radiometric days and stored
into the atlas file. The atlas content, for winter, spring, summer, autumn
and the 1986, are the following averaged values:

- Albedos in channels 1 and 2: Al, A2
- Albedos’ ratio: A2/Al
- Normalized Difference Vegetation index: (A2 - Al)/(Al + A2)
- Far infrared temperature difference: T4 - TS,
(that last parameter remains uneasy to use).

Future developments will concern the ground temperature and differences

between infrared temperatures, day and nighttime, in order to get an
emmissivity atlas on the considered geographical zone.
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EXPERIENCES WITH TOVS MEASUREMENTS DURING ALPEX-1
Gildner, J. and D. Spankuch

Meteorological Service of the GDR, Main Meteorological
Observatory, Telegrafenberg, Potsdam, GDR-1561

I. INTRODUCTION

It is not a simple task to evaluate the impact of satel-
lite geopotential retrievals on meteorological analyses and
forecasts correctly. The impact depends on (i) the capacity
of the numerical model used, e.g., how it handles the data
assimilation problem, (ii) the geographical region, i.e.
whether it is data-rich or data-sparse and whether -for that
region- the satellite measurements are made around synoptic
standard observation hours or not, (iii) the meteorological
situation, and finally (iv) the general organisation within
a Meteorological Centre. The findings are, therefore, not un-
ambiguous. The impact is generally considered to be marginal.
There are cases with a definitely positive impact, others
with a negative and again others with a negligible impact at
least.

For a National Meteorological Centre (NMC) of Central
Europe embedded in an area of a dense aerological network
with distances between radiesonde stations of 100 to 200 km
over land and with a coarse-mesh region as A of Fig. 1 and a
fine-mesh one (grid distance less than 150 km) similar to
region B satellite temperature retrievals are less important
than in other geographical areas with data-sparse surround-
ing. Even with drastic changes of analysis products in the
North Atlantic area D of Fig.l as a result of satellite tem-

Z peratures no signifi-
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Qb changes in the 24
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forecast for Central Europe (area C of Fig. 1) were observed
(Kluge and Petzold 1978). Kluge's_and Petzold's satellite
input temperatures based on SIRSLl) data with a rather coarse
spatial resolution (at the surface about 200 km) caused as a
rule only large-scale corrections in the geopotential fields
of remote areas. These corrections gradually disappeared in
the data-rich areas under the weight of the aerological in-
formation with the weather ships OWS R and L having played
an essential role. The growing need to forecast subsynoptic
scale processes and phenomena has again raised the problem
of incorporating in the analysis and forecasting procedures
satellite retrievals, and that of high spatial density as,
for example, at present offered by the TOVS measurements.

An NMC with its limited resources and possibilities has
thoroughly to evaluate expense and benefit of each meteorolo-
gical observational subsystem used including the correspond-
ing technological aspects. If the present aerological net-
work in Central Europe with a density of about 100 to 200 km
distance between the stations is to be maintained in the fu-
ture, satellite retrievals must add substantial mesoscale
information to be considered in the technological run within
a Central European NMC. A considerable number of aerological
stations has, however, only a reduced sounding programme,
i.e. one or two ascents per day. Satellite retrievals are
beneficial already if they can satisfactorily trace tempo-
rary changes in the geopotential fields. The incorporation
at the NMC could be either direct by its own receiving sta-
tion or via teleconnections from a regional receiving sta-
tion or indirect by corresponding meteorological products
(e.g., analyses, forecasts) obtained at the competent Re-
gional Meteorological Centre (RMC). As long as the question
wether or not substantial mesoscale information is contained
in TOVS data cannot definitely be answered case studies such
as ALPEX are a suitable tool to tackle this problem. We have
should, however, to emphasize that this question can ade-

quately be answered only (i) by a comparison with verified
mesoscale analysis products or (ii) if simultaneously high-

spatial-density TOVS data ( spot by spot) and mesoscale
features, recognized by means of conventional observations
are available, including TOVS data of the current operatio-
nal systems with some spatial filtering. Generally, none of
these conditions are met. Conventional analysis products of
RMCs or NMCs do in general not contain meso- e« features.
Hence, if differences between retrievals and analysis prod-
ucts with gridpoint distances of 150 km or 300 km occur

they cannot directly be used as an evidence of mesoscale in-
formation in TOVS data unless they are manifested by further
meteorological development.

This study is a modest approach at our NMC to become famil-
iarize with the sounding of single-spot TOVS measurements.

l)gﬁgsd Satellite Infrared Spectrometer, flown on Nimbus 3
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Due to the lack of sufficient mesoscale verification means
the evaluation is, however, restricted to the impact of the
TOVS subsystems HIRS and MSU at a synoptic-scale analysis by
comparing analysis products with the corresponding retrieval
results. It is not the purpose of this paper to assess the
influence of TOVS data on numerical models and forecasting.

II.RETRIEVALS FROM THE ALPEX DATA AND COMPARISON WITH
NUMERICAL ANALYSES PRODUCTS

Let us now discuss the experiences made with TOVS data of
the ALPEX period of 4 and 5 March, 1982. The TOVS data were
made available on magnetic tape by the Cooperative Institute
for Meteorological Satellite Studies (CIMSS) of the Space
Science and Engineering Center of the University of Wisconsin
Madison and included all HIRS/2- and MSU—Bﬁasurements of two
consecutive orbits on 4 March at about 12 and on 5 March
1982 at about 0000 UTC. Additionally, the tape contained
fast computer programmes for transmittance calculations with
the corresponding coefficients. For further details see
Weinreb et al. 1981.

The synoptic situation was characterized by a low-pressure
system of 975 hPa, over the northern North Sea and southern
Norway (4 March 0000 UTC) which weakened to 995 hPa and
moved to the Gulf of Finland (5 March 0000 UTC). At the same
time, a wave disturbance at the frontal system of this de-
pression moving from Central France to the Gulf of Genoa
developed into a separate low-pressure system with 1010 hPa
making way for a ridge of high pressure over Western and
part of Central Europe. Fig. 2, according to the analysis of
the European Centre of Medium Weather Forecasting (ECMWF)
showing the 500/1000 hPa thickness of 4 March, 1200 UTC
(full lines) and 5 March, 0000 UTC (dashed lines) demon-
strates this meteorological development. The tongue of cold
air over Britain and Northern France, shifting eastwards, ex-
tended up to the Mediterranean.

The following discussion concentrates on the analysis of

the boxes D10 and D17 of Fig. 2 where TOVS data of both

days were available. The dimension of D10 with 10 scan lines
and of D17 with 17 scan lines are 2400 km x 400 km and 2400
km x 700 km. Marked thickness changes from 4 to 5 March are
within D17 and lesser onesare within D10. Temperature re-
trievals were made for each spot with 56 HIRS and 11 MSU
spots per scan line using (i) only the HIRS channels 1 to 8
(HIRS), (ii) only the MSU channels 2 to 4, and (iii) both
data sets (HIRS + MSU). MSU channel 1 and the HIRS channels
within the 4.3 um region were deliberately omitted to

avoid the problems connected with the unknown microwave sur-
face emittance of the ground and the scattered light at

4.3 um.
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Fig. 2: 500/1000 hPa thickness analysis of the European
Centre of Medium Weather Forecasting (ECMWF) of 4
March, 1200 yTC (——) and 5 March, 0000 UTC (= — =)
(from Rizzi 1984). The discussion in the paper is
concentrated of the boxes D10 and D17.

54



The MSU data were already
gression technique that takes into account viewing angle,
atmospheric liquid water content and

surface reflectivity,

antenna pattern.

'limb-corrected’

based on a re-

The total number of individual spots were 560 HIRS- and 35
MSU spots for D10 and 952 HIRS- and 50 MSU-spots for D17

with 15 to 20 HIRS spots per one MSU measurement.

Fig. 3

contains for region D10 the changes of the 500/1000 hPa

thickness from 4 to 5 March 1982 as difference charts,
3a for the numerical analysis,

Fig.

in

based solely on con-

ventional meteorological observations without satellite

data, of the Central Forecasting Office of the Meteorologi-
cal Service of the GOR (NMC of the GDR), and in Figs.3b to
3d for the analysis from HIRS data only (3b), HIRS plus MSU

dat (3c)

, and MSU retrievals only (3d). The first guess

differed only modestly from the solution by 20 gpm on 4
These differences are with-

in the error limit of indirect temperature sounding tech-

March and by 40 gpm on 5 March.
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nigques. A substantial improvement of the first guess can,
therefore, not be expected. High-level cloudiness ( pcg 500
hPa) was estimated with 68 and 23 per cent on 4 and 5 March,
and cloudless conditions with 24 and 43 per cent. The meteo-
rological situation in D10 is characterized by small temporal
change and small thickness gradients. There are, according to
the numerical analysis, only two regions with thickness
changes greater than 4 gpdm. These changes are best reflected
by the analysis of the MSU retrievals. For HIRS- plus MSU
data the analysis is similar to the numerical analysis for 4
March, but there are larger differences on 5 March resulting
in a much more detailed structure in the thickness change map
3c compared with 3a. The meteorological situation of D10 is,
however, not appropriate for definite conclusions.

In Figs. 4 to 6 500/1000 hPa thickness analysis products are
shown for the region D17, in (a) and (b) of the numerical
analysis of the ECMWF and of the NMC of the GDR (b), and
based on HIRS data only (c), HIRS plus MSU data (d), and MSU
data only (e). Figs. 4 and 5 are for 4 and 5 March, respec-
tively, and Fig. 6 shows the thickness change of 5 March
minus 4 March. The first-guess thickness differs from the
'solution' (NMC numerical analysis) with, on the average, 65
gpm and 84 gpm on 4 and 5 March remarkably, high cloudiness
was estimated to be 60% on 4 March and 47% on 5 March, and
cloudless spots to be 37% for both days.

Note the different numerical analyses of ECMWF and of the

NMC in subsynoptic scale (Fig. 7). With regard to the ana-
lysis on the basis of the retrievals we would like to point
out that the isolines could be drawn only after some spatial
filtering. The meteorological situation ir D17 is dominated
by a trough with southward movement, recognised also in the
difference maps (Figs. 6a and b) with negative amounts in

the centre and especially in the southern part of D17, and
positive amounts in the western part. With regard to 'satel-
lite products' the thickness maps based solely on HIRS data
are most difficult to interpret. This is due to the large va-
riability of the retrieval results as temperature sounding
with infrared channels only is most complicated in case of
high cloudiness. The trough displacement can, however, be
identified especially in the difference chart 6c. The com-
bined use of HIRS plus MSU data furnishes extreme deviations
from the numerical analysis in the western part of D17 on 4
March with strong thickness gradients. Both data sets are
probably not well adapted and a preselection to identify
questionable measurements was not made so that in some cases
instabilities occurred in the retrieval procedure. Neverthe-
less, the trough displacement can be recognised in the dif-
ference chart 6d. Best agreement with the numerical analysis,
i.e. for both days and, therefore, also for the meteorologi-
cal development is obtained using MSU retrievals only. The
agreement is within the limit defined by the ECMWF's and the
NMC's numerical analysis (Fig. 7). Both, the southeastward
displacement of the trough and the thickness increase to the
west are well reflected. We emphasize once again that, strict-
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Fig. 7: Difference charts of 500/1000 hPa thicknesses,
NMC minus ECMWF numerical analysis (top), NMC ana-
lysis minus analysis from MSU data (bottom)
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verification is not possible and that the impact
on meteorological analysis and forecasting must
by means of appropriate numerical models.

To more light on the characteristics of TOVS re-
trievals Fig. 8 presents the 500/1000 hPa thickness of one
single scan line, the most southern scan line of D17. Given
are the first guess (+++), the NMC numerical analysis (=),
and retrievals of HIRS (---), HIRS plus MSU (—=), of limb
corrected MSU (---), as well as of MSU measurements assuming
a ground emittance of £€ =1 (A ) and € = 0.5 (— ).

The numerical analysis shows a sharp thickness decrease up
to spot number 8 with 5360 gpm and a steady increase after-
wards. The HIRS-only-retrievals are randomly grouped around
the first guess with large thickness differences between
neighbouring spots. Too large deviations from the first
guess are attributed to the cloudiness estimates in accor-
dance with the results of numerical experiments (Gildner

and Spankuch 1989). Information on mesoscale phenomena can
hardly be extracted. The addition of the MSU information to
the HIRS channels does not eliminate the large discontinui-
ties from spot to spot but indicates roughly the thickness
variation with its minimum. The MSU retrievals are most si-
milar to the numerical analysis, large discrepancies bet-
ween neighbouring spots do not occur and the thickness min-
imum is well reflected. The thickness differences between
retrievals with &£ =1 and € = 0.5 are a function of the
scan angle and can be as great as 2 gpdm. The thickness
retrievals with limb-corrected MSU data are similar but they

61



5550 F 1| 4
i +++FIRST GUESS

1| == NMC ANALYSIS
" ---HIRS ONLY }
| -*=HIRS+MSU

1. ‘. ~~MSU (€=10)
higpml ', —MSU (205)
I ++«MSU LIMB CORR 1

T
H  ss00
[
c
K
N
E 5450
S
S

5400

5350

| 1 1 L 1 | 1 1

5 1 ® 20 2 30 35 40 4 Nt 55
SPOT NUMBER

Fig. 8: 500/1000 hPa thickness along a scan line

62



are higher by about 5 to 7 gpdm due to the additional atmo-
spheric attenuation having been taken into account.

The experiences with the ALPEX data confirm, by and large,
the results of the numerical experiments. This single case
study is, however, not suitable to draw any definite conclu-
sion. The outcome can only be taken as an indication to the
information content of the TOVS subsystems. It is, however,
worth mentioning that the most reliable product has been
achieved by measurements only from MSU which needs by far the
least troublesome numerical data handling. The noise in the
HIRS retrievals can only be eliminated by directly taking
into account the horizontal correlation (Ledsham and Staelin
1978), or by clear-column radiance-calculations including
horizontal correlation as proposed by Prata (1985). Prata's
proposal does, however, not reduce the numerical expenditure
but transforms the necessary calculations only in the prepa-
ratory phase.

We conclude this Chapter with Table 1 where for D17 the rms
6 (¢ ) and systematic deviation E (o4~ ¢) from the 'solu-
tion' (NMC numerical analysis) are compiled for thicknesses
p./1000 hPa at standard pressure levels p.. Given, too, are
G;(d"tf) and E (&7 ¢ ) of the first guess tor both days.
There is no gain of HIRS data against the first guess for
850/1000 hPa and 700/1000 hPa thicknesses. MSU data provide
already some gain for 700/1000 hPa thicknesses in 6 (d ¢ ) as
well as in E (Jd¥®). For pj = 500 hPa and 300 hPa we find
considerably smaller random and systematic deviation by a
factor of 2 to 3 from the numerical analysis for MSU data
than for HIRS data. Using both data sets (HIRS plus MSU) we
obtain 6 (d7¢@) and E (d7¢ ) values between HIRS and MSU
results,probably caused by adaptation.

III. CONCLUSIONS

Although only a very limited TOVS data set of total spatial
resolution (spot by spot) was used for the present investi-
gation some useful experiences for a data-rich geographical
region were made. The most promising result is the similar
information of the current microwave sounding unit (MSU) for
500/1000 hPa thicknesses compared with the numerical analysis
that uses solely conventional meteorological observations.
Due to insufficient information on the lower atmospheric
layers in MSU data this is not true for the 850/1000 hPa and
700/1000 hPa thicknesses. In account of the better vertical
resolution obtained by adding some more microwave channels

of improved spectral resolution, some improvement is expected
from the Advanced Microwave Sounding Unit AMSU of the NOAA
polar orbiting satellites soon in operation. As cloudiness
does not severely disturb the radiative transfer of micro-
wave radiation, there is no need for cumbersome cloud elimi-
nation procedures as in case of temperature sounding with
infrared channels. Temperature retrievals of single-spot

HIRS measurements are pretty noisy and need, additionally to
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the cloud elimination, spatial filtering. This spatial fil-
tering can mask existing subsynoptic features. The HIRS meas-
urements with their high spatial density do not yield analy-
sis products of reliable mesoscale structure as the horizon-
tal resolution power of sounding systems is intimately rela-
ted to their vertical resolution power. For passive sounding
systems the vertical resolution power is, however, generally
limited. Mixing of MSU and HIRS measurements is anticipated
to supply best accuracy but further efforts are needed to im-
prove adaptation.
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TOVS PROCESSING AND EVALUATION
AT THE NORWEGIAN METEOROLOGICAL INSTITUTE (DNMI)

Mariken Hamleid and Jens Sunde
DNMI, Box 43, Blindern, N-0313 Oslo 3, Norway

1.  INTRODUCTION

Since 1978 polar orbiter HRPT data has been read down at the local
receiving ground station at DNMI in Oslo. AVHRR pictures are processed
operaticnally. During 1987 ITPP has been implemented. We will here
give a short overview of system configuration and nmumerical
forecasting models operated at DNMI. Further we will present same
ideas about data evaluation and show same preliminary results, before
we end up with ocur future plans

2.  SYSTEM CONFIGURATION AND CURRENT CAPABILITIES

Figure 1 shows the data aquisition area covered by the receiving
station at DNMI, Oslo. The HRPT-data are read down to a NORD-100
camputer where AVHRR-pictures are processed operaticnally. TIP-data
are transferred to an IEM-434l1 where ITPP-3.1 are implemented. Two
limited area weather prediction models are running operaticnally cn
the IBM-4341, LAMSO and LAM150. The meshwidths are 50 and 150 km
respectively. Figure 2 shows the areas covered by the numerical
models. The present data assimilation system is based on a three
dimensional multivariate successive correction sheme. All conventional
Observations including radiosonde observations from the area of
interrest are collected and stored.

3.  DATA EVALUATION

Presently we are able to process TOVS data through ITPP. The
calculations seems reascnable for the different parameters. What about
the quality ? Which soundings are the good ones ? To answer these
questions we are now working on software and methods for data
evaluation. As no method fits every purpose, it is important to lock
at data in different ways.

1) visually camparisons - TOVS / AVHRR

2) graphically - TOVS / numerical models / radiosondings

3) sumary statistics - TOVS / numerical models / radicsondings
Figure 3 - 4 shows same preliminary results.

4, FUTURE PLANS FOR TOVS ACTIVITIES

We are continuing the work on evaluation of TOVS data quality, and
assimilation experiments. As a small country with few persons working
on TOVS data we also think it is important to follow the development
in other countries.

Our goal is operationally processing and assimilation of TOVS
data. As we are dependent on data fram the northern regions, we attend
to consentrate on research and development conserning special problems
in arctic and subarctic regions.
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INTERPRETATION OF OBSERVED TOVS IMAGERY
FROM SIMULATED RADIANCE FIELDS

Gary J. Jedlovec
and
Bryan Batson

NASA/Marshall Space Flight Center
Earth Science and Applications Division
Remote Sensing Branch, ED43
Huntsville, Alabama 35812 USA

1. INTRODUCTION

The ITPP 3 software package is being used at NASA's Marshall
Space Flight Center to evaluate the impact of present satellite
observing systems on numerical weather prediction systems (Kalb
et al., 1987). The infrared and microwave channel observing
capabilities of TOVS may be most appropriate for this evaluation
because of their ability to achieve temperature and mositure
profiles in clear and cloudy situations, providing homogeneous
spatial coverage from each orbit. Portions of the software
package will be used to evaluate future satellite platforms which
will be included on both polar and geostationary platforms.

Important to the success of this work is the accurate
simulation of radiances and brightness temperatures from
prescribed atmospheric parameters for representative case studies
and numerical weather prediction model configurations. This
paper will discuss how the ITPP 3 software is used to simulate
radiance fields from mesoscale numerical model input parameters.
The simulated data is used for the interpretation of observed
TOVS image features. By plotting the numerical model's dynamic
and thermodynamic parameters with the simulated and observed
data, an investigation of the causes of the observed features can
be investigated. Future use will involve using the simulated
radiances in the TOVS retrieval scheme.

2. NUMERICAL WEATHER PREDICTION MODEL

The Limited Area Mesoscale Prediction System (LAMPS)
(Perkey, 1976) is used to construct the input data necessary for
the simulation of TOVS radiance fields. The LAMPS is a hydro-
static, primitive equation model which uses accurate time and
space differencing to forecast model parameters out to 48 hours
from an initial time period. The model is constructed such that
it can have many vertical levels at which atmospheric variables
are ascribed. Typically, 15 - 20 model levels are used with 6 of
those in the atmospheric boundary layer and the rest in the
troposphere and lower stratosphere. The grid spacing can be

varied with application between 25 and 140 kilometers. Typical
domain sizes are from 80 - 120 grid points in each horizontal
direction.
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A number of special model features make its application to
TOVS simulations appropriate. First, multilevel optimal inter-
polation is used to provide a detailed description of atmospheric
temperature and moisture structure, particularly in the lower
portion of the troposphere. Second, the model carries resolvable
(gridscale) cloud and rainwater at all levels throughout the
forecast cycle. This allows the effects of clouds to be ex-
plicitly included in the radiative transfer calculations. Third,
the LAMPS uses a parameterization scheme for sub-grid scale con-
vective cloud water and precipitation. Large amounts of
precipitation in liquid and ice phases can affect microwave
radiances in the lower frequency MSU channels. Thus the modelled
precipitation can be used to represent these effects in the simu-
lated data. It should be noted that clouds and precipitation are
parameterized rather than being described by detailed
microphysics. Therefore smaller scale clouds and cloud systems
(sub-grid scale) may not be adaquately represented in the
radiance fields.

3. SIMULATED HIRS AND MSU RADIANCES

A modification of the ITPP 3 software package is used to
simulate radiances in the 19 HIRS and 4 MSU channels. The ITPP
simulation code (forward radiative transfer calculation) was
modified to use the LAMPS gridded fields (initial and/or forecast
conditions) instead of a guess or radiosonde profile. The
numerical prediction model parameters used in the simulation code
are listed in Table 1. The temperature and moisture described by
the model was interpolated to the standard TOVS pressure levels
(40). Surface information used for the lower boundary is that
forecasted by the model itself. Additional model parameters for
clouds and precipitation are also used.

Table 1

Numerical prediction model parameters used at every
gridpoint in the radiative transfer simulation code

Date, time (of model grid data)

Latitude, longitude, elevation (of each gridpoint)

Surface parameters: P, T, Td, Tskin

Land/Ocean flag

Zenith angle (satellite to gridpoint)

Total Ozone

Cloud parameters: level, thickness, water/precipitation content
Temperature, T(p)

Dewpoint, Td(p)

Pressure, P(2)

The radiative transfer simulation code was also modified to
incorporate clouds and precipitation into the simulation process.
Schematic diagrams showing these processes are presented in Figs.
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1 and 2. In the absence of clouds (case 1, Fig. 1), the simula-
tion process remains unchanged from the original ITPP version.
Thus the simulated radiances in each channel are expressed as the
sum of the surface and atmospheric terms of the radiative trans-
fer equation

0 Btv(p)
R, = Ry, = &,B(1)7,(ps,0) + fp B{T(p)} - dp
S

3 (1)

The input LAMPS data serves to define the lower boundary condi-
tion, Ty, and the atmospheric temperature and moisture profile.
The ITPP radiance simulation code uses empirical relationships
between modelled parameters and atmospheric transmittance for
fast transmittance determination (Weinreb et al., 1981). For in-
frared radiances, the emissivity of the surface in each channel,
€vis approximately equal to unity. In the presence of opaque
clouds (case 2, Fig. 1), the infrared radiative transfer equation
must incorporate the effect of the cloud top temperature. The
appropriate radiative transfer equation can be expressed as

. 0 ot (p)
Pe = Rev = EcuB(To) Ty(Pos0) + ‘fpg{T(p)} — 4 (2)
c ap

where€.,is the effective cloud emissivity in channel Vv, and T. is
the cloud top temperature. When €v < 1.0 (case 3, Fig. 2), the
simulated radiances are represented by a combination of equations
(1) and (2) above, and expressed as

ot (p)
—-—- dp}(1-€_) (3)

0
Pr = R+ {e BT, (p ,0) + s B{T(p)} y L

Pg

It is easily seen that for €, = 1.0, (3) reduces to (2). In this
formulation, the emissivity of model diagnosed cirrus clouds
(infinitely thin) is based upon their cloud water content. For
multiple layers of clouds, the emissivity of the uppermost cloud
layer is estimated and the lower level clouds are not considered
in the simulated infrared radiances.

For the microwave region, only precipitation is allowed to
effect the simulated radiances. The effect of both scattering
and emission from rainwater and ice is empirically included in
the transmittance calculations based on the total rainwater con-
tent of the cloud and its vertical distribution.

The simulated radiance data from the model input grids can
be displayed in several forms using the Marshall Space Flight
Center's McIDAS. Typically all simulated channels are displayed
in a 24 panel (19 HIRS, 4 MSU, and a cloud/precipitation image)
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CASE 1: CLEAR CASE 2: OPAQUE CLOUD

Tc Ec31

ATMOSPHERE
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SN NN

Figure 1. Schematic diagram of radiative transfer processes
in the absence of clouds and in "thick" cloud environments.

72



CASE 3: SEMI-TRANSPARENT CLOUD
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f
\

ATMOSPHERE

SURFACE

Figure 2. Schematic diagram of radiative transfer processes in
the presence of "thin" clouds.
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image. With simulated radiances from a number of model forecast
periods, features in these radiance fields can be animated to
simulate the evolution of storm and image features. Figure 3
presents a display of 3 simulated images and a
cloud/precipitation image for 2000 UTC on 23 January 1986. This
time period represents an 8 hour forecast with LAMPS from 1200
UTC inital conditions. The model grid spacing is approximately
46 km in each direction and the model domain covers a 4500 by
5300 km region over the eastern half of the United States and ad-
jacent Atlantic Ocean. A map is superimposed on the upper right
hand panel for geographic orientation. The upper left-hand image
in Fig. 3 presents a map of cloud (grey) and precipitation
(white) regions as determined by the LAMPS forecast. The
precipitation regions include both gridscale and sub-gridscale
precipitation. The clouds and precipitation are assumed to cover
the entire grid box (46 x 46 km) and therefore the entire simu-
lated HIRS footprint. In the absence of clouds, water (ocean) is
denoted as black and the land is a dark grey shade.

The synoptic regime for the simulated imagery at 2000 UTC
on 23 January 1986 is presented in Fig. 4. A cold front
stretched from New Foundland southwest through Florida and on
into the Gulf of Mexico. A high pressure system was building in
from Canada (Fig. 4a), causing mostly northern flow over the
eastern United States. Precipitation associated with the cold
front was over the Atlantic, although some convective activity
remained near Florida (not shown).

Analysis of the LAMPS 8 hour forecast fields (2000 UTC) in-
dicates that the dynamical support associated with the geopoten-
tial height trough at 500 mb (4b) had advanced ahead of the cold
air in the lower troposphere (4c) providing significant cold air
advection over the eastern United States. As indicated in Fig.
4b, the upper level trough was positioned over the Atlantic
seaboard at this time. The 850 mb temperature map (Fig. 4c)
shows a cold trough aligned southward from the Ohio Valley
through Texas. This tendency for cold air to tilt eastward with
height is believed to inhibit the early states of storm develop-
ment. Another significant feature is the upper level low in
Canada which is causing considerable cloudiness and precipitation
in the northwest portion of the model domain. More details of
these features and their evolution are discussed in Mercer and
Kreitzberg (1986).

The upper right-hand image of Fig. 3 represents the HIRS 12
(6.7 micrometer) radiance field. This channel senses upwelling
energy which is absorbed and re-radiated by atmospheric water
vapor in the middle troposphere. Dry (radiometrically warm)
regions are denoted as dark features and moist/cloudy
(radiometrically cool) regions are denoted with the brighter grey
shades. Much horizontal structure is associated with these water
vapor variations. These variations are related to thermodynamic
and dynamic processes represented in the numerical forecast
model. The 1lower left-hand image represents HIRS 8 (11
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Figure 3. Display of simulated HIRS and MSU channel data for 2000
UTC on 23 January 1986. The four sub-images represent
(clockwise from upper left), a) a cloud/ precipitation
image, b) the HIRS 12, 6.7 micrometer channel, c) the MSU 2,
53 ghz channel, and d) the HIRS 8, 11 micrometer channel.
Simulated channel data does not incorporate any orbital
geometry.
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Figure 4. Synoptic situation for 2000 UTC on 23 January 1986

based on an 8 hour forecast from the LAMPS model.
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micrometer) radiances. In this window channel, the upwelling
radiances from the surface are slightly affected by atmospheric
water vapor and thus represent a relative map of the surface
"skin" or sea-surface temperature. In the presence of clouds the
image represents the cloud top temperature. The variations in
surface skin temperature and cloud top temperature are presented
in the model simulated radiances. The structure is realistic and
comparison to observed data will bear this out. The final chan-
nel presented (lower right-hand image) is MSU 2. This channel
senses emitted energy from atmospheric oxygen which is a
uniformly mixed gas. The simulated channel data is proportional
to temperature in a lower layer of the atmosphere. (The
microwave radiances are simulated at the same 46 km resolution as
the HIRS radiances). A strong radiance gradient, from cold
brightness temperatures in the north to warm temperatures in the
south, is observed in this simulated channel. This corresponds
well with the 850 mb temperature pattern presented in Fig. 4c.
Some surface contribution which is apparent because of the emis-
sivity difference of water and land. The microwave radiances are
unaffected by cloud water but are somewhat affected by precipita-
tion. This can be seen by direct comparison to the
cloud/precipitation image of this figure (upper left).

The above discussion is based on model simulated radiances
for selected HIRS and MSU channels. The radiance fields were
simulated over the entire LAMPS domain which is considerably
larger than the region covered by one orbital swath. No scan
angle geometry was included in the above simulation. In order to
provide a better comparison to the observed TOVS imagery, data
were simulated for the 1832 UTC pass of NOAA 9 on 23 January 1986
using LAMPS input data at 2000 UTC. Data were only simulated for
the TOVS coverage area. TOVS scan geometry was included in the
simulation but the HIRS and MSU footprints still remained identi-
cal in size (the 46 km model grid spacing). The result of these
orbital constraints on the simulated radiance fields is presented
in Fig. 5. This figure can be directly compared to Fig. 3 which
is simulated without the orbital geometry. The area of simulated
data has been reduced to the TOVS observation region only. The
simulated TOVS data takes on a fan shape because of the mercator
projection used to display the data. The features in the
cloud/precipitation image remain unchanged (as expected). The
HIRS 8 simulated data is only slightly different due to the rela-
tively transparent atmosphere. The other two channels are con-
siderably different however. The HIRS 12 water vapor radiance
field shows colder brightness temperatures toward the edges of
the scan. This is due to the increased path length and water
vapor absorption with increased scan angle.

For the microwave channel the scan angle effect is more
dramatic. Details of the thermal structure seen in Fig. 3 are
masked by this limb brightening effect. Along the nadir track
(where the scan angle is zero) the thermal gradient is the same
as in the previous image. Out on the edge of the scan, the
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HIRS12

Figure 5. Display of simulated HIRS and MSU channel data for the
1832 UTC TOVS pass on 23 January 1986. The four sub-images
represent (clockwise from upper left), a) a cloud/
precipitation image, b) the HIRS 12, 6.7 micrometer channel,
c) the MSU 2, 53 ghz channel, and d) the HIRS 8, 11
micrometer channel. The simulated data incorporates the
NOAA orbital and TOVS scan geometry with 46 km horizontal
resolution. Data is simulated only for the region covered
by the TOVS orbit.
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brightness temperature gradient looks considerably different due
to the increased path length. Thus, the effect of the scan
geometry can often hide important image features.

Figure 6 presents a comparison of the the simulated HIRS 12
(left, at 2000 UTC) with the observed HIRS 12 data (right, at
1832 UTC). Both images are in the same projection and cover the
same geographical region. Image differences and similarities are
both noted. Some differences occur where clouds are present due
to both the time difference of the imagery and the inability of
the LAMPS to forecast the details of small clouds and cloud sys-
tens. However, the general agreement of the cloudy regions is
surprisingly good. Better agreement occurs in the cloud free
regions. The simulated radiances accurately pinpoint the drying
behind the frontal zone off the east coast of the U.S. The
brightness temperature differences in non-cloudy regions indicate
that the simulated data is several degrees drier (warmer) than
the observed. This may be due to the effect of very thin cirrus
in the observed field which the model can not resolve, the lack
of good initial moisture data above 400 mb, or enhanced sub-
sidence in the model.

Comparisons of the simulated to the observed MSU 2 data are
excellent and portrayed in Fig. 7. The limb effect prominent in
the simulated data matches precisely with that of the observed
data. With the exception of the precipitation region, absolute
differences in brightness temperature are less than one degree
Kelvin over the entire image. The larger discrepancies in the
precipitation regions are due to the size of the simulated
precipitation region. Currently the radiative transfer code as-
sumes that the precipitation producing cloud covers the entire 46
X 46 km grid region. In nature, storms with intense precipita-
tion cover only a small fraction of a region this size. There-
fore, the simulated effect of the precipitation on the microwave
temperatures is exaggerated. Future modifications will take the
storm coverage into effect. In general, these comparisons are
consistent on two counts; first that the LAMPS is properly
forecasting large scale atmospheric features, and second that the
radiance simulation code is adaquately representing atmospheric
transmittance and radiance in these channels.

4. IMAGE INTERPRETATION

LAMPS forecast parameters can be used to interpret observed
and simulated TOVS image features. As an example, Fig. 8
presents an analysis of model derived specific humidity at 500mb
for 2000 UTC on 23 January 1986. This time corresponds to the
imagery presented in Fig. 6. It is believed that there is a high
correlation between this absolute moisture parameter and 6.7
micrometer radiances fields. For the most part, Fig. 8 supports
this statement. 1In observed and simulated data, regions of cold
brightness temperatures (bright grey shades) correspond to rela-
tively high values of specific humidity and vice versa. For ex-
tremely dry regions (q < 0.2 gm/kg), specific humidity values are
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Figure 6. Simulated (left) and observed (right) HIRS 12, 6.7
micrometer data for the afternoon of 23 January 1986. Each
image covers the same geographical region. The simulated
data incorporates the NOAA orbital and TOVS scan geometry of
with 46 km horizontal resolution. Data is simulated only
for the region covered by the TOVS orbit.




Figure 7. Simulated (left) and observed (right) MSU 2, 53 ghz
data for the afternoon of 23 January 1986. Each image
covers the same geographical region. The simulated data in-

corporates the NOAA orbital and TOVS scan geometry with 46
km horizontal resolution.
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invariant. However, there is substantial variability in the TOVS
image data. This may lead one to speculate that that single
layer specific humidity (or mixing ratio) values alone do not ac-
curately portray the radiance variations. Why this may be true,
Fig. 9 presents the relative humidity field at 500 mb for this
time. It is obvious that for the dry regions noted above, the
single level relative humidity field better describes the image
variations than does the specific humidity. This could be a
result of the temperature dependence of in the 6.7 micrometer
channel.

The above example is just one of many situations where the
LAMPS dynamic and kinematic fields provide an explanation for in-
teresting features observed in satellite imagery. Other areas of
impact are fairly apparent. Operational usage of such a tech-
nique could help eliminate cloud contaminated fields of view in
the infrared and microwave footprints which may be effected by
precipitation. This work implies that the use of numerical model
products and simulated imagery has great value in interpreting
and understanding observed radiance data.

5. FUTURE WORK

Improvements to the TOVS simulation procedures are on going.
Several areas of changes include incorporating cloud and
precipitation fractional grid coverage, using a physically
modelled skin-sea-surface temperature in the calculations, and
varying total ozone spatial across the LAMPS domain. The frac-
tional precipitation coverage should eliminate the the exagerated
effect of precipitation on microwave brightness temperatures
presented in Fig. 7. The use of a more realistic lower boundary
temperature and ozone profiles will produce better simulated
radiance fields. This will have a positive impact on the
retrieval of temperature and moisture profiles from the simulated
data.

Future plans also include the use of the ITPP 3 retrieval
software to conduct Observational System Simulation Experiments
(OSSE's) planned by scientists at Marshall Space Flight Center.
This work will not only involve TOVS data but also the simulation
of AMSU and EOS sensor data.
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TOVS DATA IMPACT STUDIES OF THE PERIDOT

NWP SYSTEM ON THE 7 JUNE 1987 CASE

R. Juvanon du Vachat*, M. Imbard*, Y. Durand**

*EERM/CRMD
**SCEM/PREVI-NUM

Météorologie Nationale
2 avenue Rapp 75007 Paris

1. INTRODUCTION

On the Seventh June 1987 in the afternoon, a very active squall
line crossed over Southwestern France, causing the death of several
people and a great amount of material damage. This violent squall
line developed ahead of a front parallel to the french "Landes"
coast (oriented North-South), which was the consequence of a
secondary development along a primary front oriented
SouthWest/NorthEast. The sudden development of such a severe wea-
ther event was such that it has been impossible to forecast some
hours before.

The development of such a squall line is probably out of scope of
the Péridot (35 Km grid mesh) model prediction (cf. Figure 1) but
we could expect it to give an indication of the secondary develop-
ment and of a strong frontal structure.

Thus we've done some impact studies with the Péridot NWP system in
order to understand :

a) what is crucial for conditioning the development of such a
squall line with the Péridot model ?

b) what is the optimal configuration of the Péridot NWP system
which could have been used for operational warning ?
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We've to mention that the operational Péridot system (Imbard et al.
1987 ; Geleyn et Jarraud, 1988) makes prediction only with 0 Z data
including a few TOVS data, those which are observed before 3 Z and
with a 12 hours assimilation cycle. There is only an analysis with
12 Z data, including the TOVS data which are observed before 14.30
Z but not prediction due to limited computer resources.

As in the case of the operational forecasting (which was run on the
smaller domain 51x51 on 7 June 1987) trials with 0 Z data (but with
the actual 95x95 domain (cf. Figure 1)) were not successfull in
building any indication even of a slight secondary development or
frontal structure. On the contrary, starting with 12 Z data gave
far better results, thus giving an answer on the question a)
(Imbard et al., 1988). But since such a forecast would have arrived
too late to be useful for operational warning we've also considered
the Péridot simulations starting with 6Z data in order to answer
on the question b). In the following we report the results of the
simulations starting with 12 Z data, or with 6 Z data with special
emphasis on the use or not of TOVS data in the starting analysis.
We refer the papers in the previous International TOVS Conferences
for the technique of "direct assimilation of radiances" in the
Péridot fine-mesh analysis (Durand et Juvanon du Vachat, 1983, 1985,
1986 ; see also Durand, 1985 and Durand et Bougeault, 1987). We
only mention that TOVS data mean HIRS-2 + MSU + AVHRR information
for NOAA 10, and the same data without MSU for NOAA 9.
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FIGURE 1 : The Péridot domain with the grid-point distribution
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2. SIMULATIONS STARTING WITH 12 Z DATA

We've run different Péridot simulations with using the following
initial states at 12 Z :

a) Péridot analysis with 12 hours large-scale forecast as guess
field.

b) Péridot analysis with 12 hours Péridot forecast as guess field.

Cc) Same as b) but with including only the TOVS data received from
NOAA 9 (orbit 12796) and observed over the old 51x51 domain
before 14.30 Z (as in operational mode).

d) Same as b) but with including the TOVS data received from NOAA 9
(orbit 12797) observed over the Péridot domain.

The Figures 2 and 3 show the location of the HIRS-2 pixels used in
the cases c) and d). They include respectively 77 and 1062
radiances (sampling : every second element in each direction).
These data have been observed between 12.56 Z and 13 Z in the case
c) and between 14.35 Z and 14.44 Z in the case d).
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Due to spin-up problems, the model evolution is lagging behind the
real one. Thus we compare the forecasted fields from these a, b, c
and d, simulations at 6 hours range, at the time 18 Z of the day.
We've chosen the following surface fields : planetary boundary
layer (PBL) moist equivalent potential temperature 6'w (Figure 4),
wind at 10 m (Figure 5), 3 hours rain amount (Figure 6). From these
Figures the following conclusions can be drawn :

+ The strongest gradient of 6'w (1°C/15 Km across the front) is
observed in the Southwestern France in the case d), with all
ingredients of a fine-mesh analysis ... including TOVS data
observed approximately at the time of the phenomenon. For this
parameter the impact of using TOVS data (d) against b)) is
smaller than the impact of change in the guess field (b)
against a)) but can be clearly seen. The fact of using those
TOVS data which are observed before 14.30 Z (c)) has a very
small impact on this parameter (because of the very small
number of radiances).

+ Concerning the wind at 10 m the change in the guess field (b)
against a)) change the wind in Brittany but in Southwestern
France there is no obvious impact when using TOVS data.

+ Concerning the precipitation it is clear that the four Figures
a), b), c) and d) show a different configuration of the two
frontal systems : in Northern France and Belgium the system
oriented SouthWest/NorthEast and the system oriented
South/North in the Southwest France. In the cases b), c) and
d) the two systems are well separated on the contrary of a).

Obviously there is no important difference between b) and c)
(same reason as before). At 1last the simulation d) describes
well the two frontal systems. Why such differences between b)
and d) ? We've to mention that together with TOVS data, AVHRR
information (channel 4) is used too along a process defined in
(Derrien, Phulpin, 1987). This last information gives
indication of clouds in each HIRS-2 pixel and in some cases a
"bogus" of 100 % relative humidity is imposed, which stimulates
irreversible processes in the model evolution. That is also the
reason why including TOVS data can give an impact on "physical
fields" rather than on "dynamical fields", like 10 m wind field.
A conclusion that has been drawn in previous tests (Durand et
Juvanon du Vachat, 1985).
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ly by their initial states at 12 Z :

a) Péridot
field.b) Péridot analysis with 12 hours Péridot forecast as guess

c) Same
NOAA 9 (orbit 12796) and observed over the old 51x51 domain befo-

re 14.30 Z (as in operational mode).
as b) but with including the TOVS data received from NOAA 9
(orbit 12797) observed over the Péridot domain.

d) Same

Contouring interval 2°C.

[ 39

Maps of 6 hours forecasts of PBL moist equivalent paten-

analysis with 12 hours 1large-scale forecast as guess

b) but with including only the TOVS data received from
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FIGURE 8 : Same as Figure 7 but for NOAA 10
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FIGURE 9 : Distribution of the MSU pixels re-
ceived from NOAA 10 (orbit 3735) observed
over the Péridot domain.
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3. SIMULATIONS STARTING WITH 6 Z DATA

We've run the following Péridot simulations differing only by their
initial states at 6 Z : :

a) Péridot analysis with 6 hours Péridot forecast as guess field.

b) Same as a) but with including the TOVS data received from NOAA 9
(orbit 12791) and observed over the Péridot domain.

c) Same as a) but with including the TOVS data received from NOAA 10
(orbit 3735) and observed over the Péridot domain.

The Figures 7 and 8 show the location of the HIRS-2 pixels (sam-
pling : every second element in each direction) used in the cases b)
(922 radiances) and c) (933 radiances) and the Figure 9 show the lo-
cation of the MSU pixels used in the case c) (65 radiances). These
HIRS-2 data have been observed between 4.43 Z and 4.56 Z (case b)
and between 8.58 Z and 9.11 Z (case c).

At first some remarks must be done on the Péridot analysis using 6 Z
data. Since there is no conventional data to define the vertical
structure of the atmosphere, the satellite data play an important ro-
le in this analysis, a situation rather different from the cases of
using 0 Z or 12 Z data. Moreover in the case b) the radiances have
been considered as on nighttime, but in the case c) they have been
considered as on day-time, like in the cases c) and d) in Section 2.

By considering the process of selecting the data in the analysis we
notice that there is a lot of rejection of the following HIRS-2 chan-
nels 6, 7, 11 (low-level) and 8, 10, 18 (window). After inspection,
it appears that may be due to the misuse of sea surface temperature,
which was chosen from a climatological data bank. A more complete
test with using a more realistic sea surface temperature, from a fi-
ne-mesh analysis is now underway...

Nevertheless we can compare the simulations a), b), c) in the same
conditions for the sea surface temperature. We consider the maps of
the same forecasted fields as in Section 2, wvalid at 18 Z on 7 June
1987, at 12 hours range in this case. We can draw from these maps
shown in Figures 10, 11, 12 the following conclusions :

+ There is a small impact of using TOVS data on the PBL moist_equi-
valent potential temperature 6'w, but obviously we did not get
the very strong horizontal gradient observed with using 12 Z da-
ta (case d, Section 2). The 6 Z data are probably too early' to
reproduce the strong heating from the surface that has led to
this strong gradient of ©6'w ... but it remains the problem of
sea surface temperature.

+ There is no impact of satellite data in the 10 m wind field.

+ Clearly in the  three caées a), b) and c) the structure of the
precipitation field is different.

By consideration of the whole forecasted fields (also sea-level pres-
sure, temperature at 2 m...) the case b) when using NOAA 9 satelli-
te data, observed before 6 Z and considered as on nighttime appear
as the best, but far from the results obtained with 12 Z data (case
d, Section 2).

93



s — ;
~_ D o

FIGURE 10 : Maps of 12 hours forecasts of PBL moist equivaleﬁ% po-
tential temperature verifying 7/6/1987 18 Z. The forecasts differ
only by their initial states at 6 Z :

a) Péridot analysis with 6 hours Péridot forecast as guess field.

b) Same as a) but with including the TOVS data received from NOAA 9
(orbit 12791) and observed over the Péridot domain.

c) Same as a) but with including the TOVS data received from NOAA
10 (orbit 3735) and observed over the Péridot domain.

Contouring interval 2°C. Only part of the Péridot domain is shown
here.

9



T 7 by

Qi\ S R hn e /4/// wrs h 1

NS M~ - : l\; //' 257 r
N % 7 |

NSNS
s e

-
-
RS it SR
S SRR R
N e

SN

S
SN

-

=
S e
\N—,"\
e

N \ TH SRS o
N ,

\ R e e R 5, _\\\ SR Ty
O ettt AL} ’

cieer

AR £ R T R b

N

R B e b T
NYSSSS= e et P ey p &
VA

Al

———— e . o
-ty - S —_— = v ¢

R e T T
b S st

N
R

N R AN e et e T

3

N :

\\\\ AR S SN e
\ N\ SN S ettt sy,
‘ \\ \\\\\\s~~——-—w.

TN NN S e e ——— e

-

,
»
7
%
!
t
t

~
s
N
\

hfiatma RS

T EESNNANYY
R N
. .
NN

Saa=s e e v s s 4y

N e
A A

AN AR -
AR N N e R
\ %"“\:\ S~ o ’:?/’
IR AL
\\*,'M\\\\s~~~<-‘;.‘:}‘/f"/
NS DGR —~—r A /} /71
NN =GR 4-/7 LA S
N N s i ///,./‘ Lok
& N TR XSS
SR N L P /G\1
W<Av/;a AL LS

=

SEGT Y

“,””‘ﬂ‘ﬁf
L

[ L)
Eer e s

T
v
a——

Fie T

e~

= -
Z ey

- K
ALY
HRER
NN
AR
NN
TANAVANY
ALV ‘
L R e
i "i"ﬂ\ e, S S
e~ ———— s 27 8
E '§§§z.~.._ —————tt ey e
) s B meme s g e 91 @
\\A:Q\,:\*\ L4
LY WeNSYT '
WA SIS e
T i
AR (e S Vhh
A NN hanasssesnny I VTIEY S Al
B ARt VY SO PIN IS LTI TR
h}.l‘&\\\;gi::;::-m:-_—_m\\,,i‘/./_/,gz/_ Caaromarrrr b ? A

FIGURE 11 : As Figure 10 but for the 10 m wind field.
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FIGURE 12 : As Figure 10 but for the 3 hours rain amount.
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4. CONCLUSIONS

The impact studies done with the Péridot fine-mesh NWP system on the
severe weather event of 7 June 1987 have shown :

+ The importance of using all the ingredients of a.fine-mesh analy-
sis (fine-mesh forecast as guess field, inclusion of all the
TOVS data observed over the domaine) to make the forecast the
most consistent with the phenomenon (the strongest PBL moist po-
tential temperature gradient 6'w) ... but in hindsight with the
12 Z data.

+ The interest of using a frequent data assimilation procedure to
include the NOAA satellite data and also a frequent prediction
system to contribute to a better warning of the sudden event.
This has been demonstrated with using the 6 2 data, which could
have been used for operational forecasting.

Such possibility of forecasting this severe weather event with the
NOAA satellite data observed in the morning of 7 June 1987 has also
been discussed by Scott et al. (1988).

In addition to these results some slides have been presented at Igls
during the fourth International TOVS Study Conference. They have
been prepared by Jean Tardieu, Yves Ernie and P. Taburet who are gra-
tefully acknowledged. Some  slides show collocated Meteosat and ra-
dar pictures which are of great interest for this event.Other <li-
des show the evolution of some predicted fields (Infra-red radia-
tion at the top of the model, 8'w, sea-level pressure) issued form
the "best” Péridot simulation d) (Section 2) and put on a video dis-

play.

The authors are grateful to Marcel Derrien (CMS/Lannion) who has pro-
vided the satellite data used in these simulations, to Jean-Fran-
Gois Geleyn for helping us to write this paper , to Patricia Bonva-
let for expertly typing this paper,and to Eric Dejean for preparing
the Figures.
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RADIANCE TUNING

G.A. Kelly and J-F. Flobert
ECMWF, Shinfield Park, Reading

At ECMWF various satellite retrieval methods are being tested in order to
determine their impact on global ten day forecasts. It is important that care
is taken to reduce any biases in the temperature retrievals with respect to
the local radiosonde data otherwise the analysis will be degraded. Radiance
tuning has been discussed by other workers (Susskind et al. (1983, 1986))
(Steenbergen et al. (1986)), (Chedin et al. (1986)), (Uddstron, (1986) and
(Eyre et al. (1986)). It appears that the radiance biases are air mass
dependent and the purpose of this study is to show the geographical extent of
these variations. A daily global time series of the observed minus calculated
radiances showed little variation during a period of one month. It is now
generally considered (McMillin (1988)) that much of the problems are due to

radiosonde radiation effects but there are other sources of error.

1. INTRODUCTION

Almost all temperature and humidity physical retrieval methods require a
priori knowledge of the atmospheric transmittance. The exceptions are direct
regression techniques, however, these methods cannot take advantage of use of
the physical processes associated with radiative transfer. Errors arise in
several areas in physical temperature retrievals. The first is with
atmospheric transmittance which only known to about five to ten percent
(Flemming et al. (1986). 1In order to correct these errors the usual practice
is to collect radiosonde data within a small distance in both space and time
from the satellite measurement and from a match set. Unfortunately,
radiosondes are another source of error particularly at high levels. These
errors are discussed by (McMillin (1988)) and are large in the stratosphere
and a function of air mass, day-night and cloud cover. A third error source
is due to the match space/time separation. 1In general these errors are not

systematic and can be reduced with large statistical samples.

2. DATA
In order to study the problem two match data sets were obtained from NESDIS
for NOAA9 and NOAA10 for JAN/FEB 87.
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The radiosondes were pre-processed by NMC Washington and a day-night
corrections applied. The clear radiances were obtained from the TOVS
operational processing (McMillin et al. (1982)) and the collocations are
restricted to time differences of six hours or less and space difference that
is less than a maximum value which varies with location according to the
density of radiosondes and is less than 300 km. Figs. 1(a) and (b) show the
global distribution of the radiosonde/radiance pairs for both NOAA9 and
NOAA10. In general there is good coverage with the exception of the Antarctic

continent and the tropics.

3. TRANSMITTANCE MODELS

At ECMWF two fast transmittance models are used in satellite inversion
methods. The first is the model (ITPP) contained in the ITPP package (Smith
et al. (1985)) and based on work of (Weinneb et al. (1981)). The other is the
3R model and described in papers by (Flobert et al. (1986)) and (Chedin et al.
(1986)). Both models are approximations to more accurate line by line
calculations and require empirical adjustments for particular satellite
instruments. Initially the two models were tuned on different match data
sets. In all the following calculations all free model parameters (gammas and
deltas) were kept fixed and the aim of the study is to adjust these free

parameters for both models.

All radiosonde data are required to be extrapolated to 0.1 mb and to reduce
the effect of this extrapolation only sondes reaching 20 mb and above were
used. Another test was made on the lowest reported level of the sonde, it was
required to be within 5°C of the HIRS channel 8 after a water vapour
correction was applied. 1If this was not done the noise increased in many of

the channels with weighting functions in the lower troposphere.

4, RESULTS

Figs. 2(a), (b) and (c) show scatter plots of the brightness temperature
differences, as a function of latitude for the ITPP model. 1In order to
compare the spatial variation a least square cubic spline was fitted. This
curve shows a marked variation with latitude with a decrease in the noise at
the equator and a larger noise value in the northern hemisphere. The

channels HIRS 3, 15 and MSU 4 show the largest noise level, in particular, in
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the northern latitudes whereas the lower tropospheric channels HIRS have

generally less scatter. The water channel HIRS 12 shows larger errors with a

strong latitude dependence.

Similar plots Fig. 3(a), (b) are shown for 3R calculations and same spatial
variations are observed. There are some bias differences between ITPP and 3I

model, however, the general pattern is similar.

In order to study the effect of longitude on transmittance calculations the
data was grouped in the latitude band 50°N to 90°N and scattered as a function
of longitude. At these longitudes there was a large air mass variation,
particularly in the stratosphere during this period. A large cold
stratospheric vortex was centred over Europe and a warm vortex located above
Siberia. (Flobert (1988)). Fig. 4(a) and (b) show marked longitude
variations and changes in the pattern between channels, HIRS 4 and MSU 3. The
variation in MSU 3 is almost linear with longitude whereas MSU 2 and 4 show a

sine pattern. Similar results were found using 3R model (Figs. 5a, b).

Finally, in an attempt to reduce the noise in the calculations an area was
chosen over North America. Figs. 6(a) and (b) show a much reduced scatter of
the forward calculations. In this region there is only one radiosonde type,
however, there is still a marked variation from pole to equator in all

channels.

5. DISCRIMINATE ANALYSIS OF BIAS

The concept of air mass classification is a practical way of reducing the bias
of the forward radiance calculation. Three stratospheric channels, HIRS 3 and
MSU 3 and 4, were chosen to produce an air mass classification using an
iterative discriminate analysis (Kelly et al. (1976)). The classification has
been applied to an ECMWF analysis of 122 1/2/87, Fig. 7. The overall effect
is the reduced bias and standard error of the radiance calculations in most

channels. Work is still proceeding in this area.

6. CONCLUSION

This study is only the start at ECMWF in a program to monitor the bias in
forward radiance calculations. It is still unclear the nature of the errors,
radiosondes, transmittance models or satellite instruments, however, a

corrective procedure is important for physical retrieval methods.



It is strongly recommended that all groups involved in the operational use of

TOVS data set up their own radiance tuning procedures, otherwise the packages

like ITPP or 3I will not produce reliable retrievals.

This was clear there is good general agreement between the ITPP and 3R forward

models.
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NESDIS RADIOSONDE/SAT MATCHS 9 JAN-FEB 87
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Fig. 1(a) Plot of NOAA-9 matched radiosonde/clear radiances for the January
Febraury period.
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Fig. 1(b) Same as Fig. 1(a) for NOAA-10.
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Scatter plots of observed minus calculated brightness temperatures
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Same as Fig. 2(a) for MSU channels 2, 3 and 4 (labelled 22, 23 and
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Determination of Precipitable Water with the AVIIRR

Thomas J. Kleespies
Air Force Geophysics Laboratory/L.YS
Hanscom AFB, Bedford MA 01731

Larry M. McMillin
National Oceanic and Atmospheric Administration
National Environmental Satellite, Data, and Information Service
Washington D.C. 20233

1. INTRODUCTION

The "split window" technique was originally derived for the determination of surface
skin temperature, specifically sea surface temperature (Anding and Kauth, 1969). The
technique makes use of two differentially absorbing channels in the 11- to 12- pm region
to remove the contaminating effect of water vapor and thus arrives at an improved
estimate of the skin temperature. See McMillin and Crosby (1984) for a detailed

discussion of the split window technique and an extensive review of the literature.

More recently the channels used for the split window have been applied to the retrieval
of precipitable water (Chesters, et al, 1983. Chesters et al, 1987). Whereas these methods
seemed to produce internally consistent fields of "low level water vapor", they required a
priori knowledge of the mean air temperature and empirical adjustment of the absorption

coefficients in order to bring the results in agreement with in situ observations.

In this paper we present the results of an extension to the split window technique such

that precipitable water can be retrieved with a minimum of a prior: information.
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2. THEORETTCAT, DISCUSSTON

Kleespies and McMillin (1984,1986) have presented a theoretical discussion of this
extension to the split window technique. Summarized briefly, the upwelling longwave
infrared radiance emitted from a plane parallel, non scattering atmosphere in local

thermodynamic equilibrium and a surface with unit emissivity can be expressed as

1
I=B,1',+de'r )
4 1

where I is the radiance measured by the satellite, B is the Planck radiance, 7 is the
transmittance from a given level to the top of the atmosphere, the subscript s refers to the
surface of the earth, and the integral is the radiance originating from the atmosphere

alone. Equation (1) may also be written as

I = B,1, + B,(1—7,) (2)

where B is a weighted average given by

1
de'r

Ts

1
f dr
Ts

B, =

a

(3)

Consider observations of the earth under conditions where the surface contribution to the
outgoing infrared radiance varies markedly, but where the atmospheric contribution
changes very little. We can now write a set of four equations, one for each of the two

channels, and one for each of the different surface observing conditions:

Illi K BS}|TS|| + Bau(l—TS”) (43)
I112 = B,%z“l‘,'z + Ba|2(1—TS|g) ('ﬂ'))
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S12 82

where the superscripts 1 and 2 refer to the viewing conditions and the subscripts 11 and
12 refer to the nominal 11 and 12 micrometer channels in the split window. We can

eliminate the atmospheric term B, by differencing to yield two equations
ALy, = AB,, 7y (5a)
AL, = AB, 712 (5b)
where for compactness we have written the delta quantities as
Al =L} = I (6a)
AB,, = 3111 ) B121 (6b)

The ratio of transmittances in the two channels may be formed by dividing Eqs. (5) to"
yield

S12

ny, Al AB

Ty Al AB, (7)

Following the approach of McMillin (1971), Eq. (7) can be linearized by converting from
radiances to temperatures, the AB, become AT, and cancel, and after expanding the delta

quantities we are left with

1 2
2 | Ty =Ty

fys @ Tg—-Tig (8)

It has been shown that this ratio can he related to "low level water vapor®" i.e.,

precipitable water (Chesters, et al, 1983).
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The ohserving conditions under which the surface contribution to the npwelling
radiances can change markedly but the atmospheric contribution can change very little
fall into two general categories; that of variation in time, and that of variation in space.
Consecutive observations of a land surface from a geosynchronous satellite during the
heating cycle of the day would be one example. Another would be obhservations from
either a geosynchronous or polar orbiting satellite of immediately adjacent land and

water surfaces with contrasting skin temperatures.

Kleespies and McMillin (1984) discuss the theoretical application of this extension to
the Visible Infrared Spin Scan Radiometer (VISSR) Atmospheric Sounder (VAS), and in
their 1986 paper describe, again in theoretical terms, its application to Advanced Very
High Resolution Radiometer (AVHRR) split window data. In ensuing sections,
application of this technique to the AVHRR instruments is demonstrated with real data.

3. APPLICATION TO SATELLITE RADIOMETTR DATA

The test of a retrieval algorithm is to apply it to real data and to somehow verify it
with ground truth. However this is fraught with difficulties, including cloud
contamination, aerosol problems, collocation inaccuracies, and errors in the satellite
instrument and the in situ measurements. In the following sections we apply this
technique to measurements made with the AVHRR. In all cases where atmospheric
transmittance was computed or radiative transfer was performed, the wide-band radiative
transfer model described by Weinreb and Hill (1980) was used.

Global Area Coverage (GAC) data from the AVHRR were collected from NOAA-7 for
11 June 1982. GAC data has a nominal resolution of 4 km and is distinguished from the
nominal AVHRR sensor 1 km resolution by the fact that four pixels are averaged along
scan and four scans are skipped to make a GAC scan line. Bands 4 and 5 have the
nominal wavelength of 10.7- and 11.8- pum respectively. Nighttime data over North
America was used in order to be as close as possible to radiosonde lannch time and in
order to avoid convective cloudiness. The orbits were from four hours to one hour prior to
synoptic time. Cloud free areas were selected at the AFGL Interactive Meteorological
System (AIMS) (Gustafson et al, 1987) workstation by examining 24-bit mnltispectral
imagery created from AVHRR bands 3, 4 and 5 (d’'Entremont and Thomason, 1987). In
this imagery opaque clouds appear white, low clonds and fog appear bright red against a

brown background, and thin cirrus appears cyan, yielding a fairly unambiguous rendition
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of clear/clondy regions. Contrasting surface temperatures were determined by selecting
a body of water (lake, river, coastline) which at nighttime in the late spring was relatively
warm compared to the surrounding countryside. A 3X 3 array of GAC spots were selected
for both the warm water surface and the cooler countryside surrounding it. Since many
of these water surfaces did not fill the 3X3 array of GAC pixels, a method was developed
to determine the "best" combination of warm and cold brightness temperatures. A
comparison of two ensembles of 3X3 arrays yiclds 81 possible combinations. The
brightness temperature differences between these 81 combinations were sorted in
descending order for each of the two channels. The sum of the rank order of the pixel
pairs between the two scenes and the two channels was used as a "quality measure", the
idea being to maximize the brightness temperature difference between the warm and the
cold scenes for both channels. A truncated normal type of filter was applied to the pixel
pairs with the top ten "quality measures". The mean and standard deviation of the
transmittance ratio as determined by Fq. 8 was computed. Any transmission ratio
outside of one standard deviation was discarded and the mean recomputed from the
remaining ratios. The effect of this procedure was to objectively eliminate outliers. The
next step is to computes precipitable water from the transmission ratio. This was done by
synthetic regression. Two hundred and ninety six North American radiosondes were
collected from three consecutive synoptic times beginning at 127 & June 1982.
Transmittances were computed for these radiosondes and regressed against the
radiosonde precipitable water. The line of best fit and error statistics are given in Figure
1.

Next the precipitable water determined with the AVHRR was compared with the 127
radiosondes. Collocation distance was 300km and collocation time depended upon the
orbit, and varied from one to four hours. This comparison is given in Figure 2. Given the
large collocation window these results are quite good, with a correlation of .7077, mean
difference of 0.11 cm and standard difference of 0.552 em. However the large collocation
window can certainly be improved upon. For example, one of these "collocations" was
between an AVHRR obhservation near Pittshurgh, PA and a radiosonde near Washington
DC, which was on the other side of the Appalachian mountains and on the opposite side

of a cold front.

As an attempt to bring some of the gradient information from the radiosondes into the
comparison, the radiosonde precipitable water observations were analysed to a 2x2 degree

grid using a Cressman analysis. The analysed precipitable water was bilinearily
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interpolated to the AVITRR location. The comparison hetween the AVHRR observations
and the analysed radiosonde precipitable water is given in Figure 3. There are more
comparisons in Figure 3 than in Figure 2 because Figure 2 had a maximum separation of
300 km. The comparison here is quite good, yielding a correlation of .8253, effectively no
bias and a standard difference of 0.397 cm. The comparison appears even better when
the analysis error is examined in Figure 4. Here it is seen that the radiosondes compared
with their own analysis have a mean difference of -0.02 em, a standard difference of 0.463

cm, and a correlation of .8906. These statistics are similar to those given in Figure 3.

4. DISCUSSION

The comparison between precipitable water deduced from the AVHRR and analysed
radiosondes is quite good, especially considering the fact that there is a difference in
observing time of up to four hours, and that the analysis error is only slightly less than
the difference between the AVHRR and the analysed radiosonde. Tt is clear that this
technique has potential for determining precipitable water from radiometric observations
using a priort information only in setting up synthetic regression. However, this
particular method of obtaining the contrasting skin temperatures is unwieldy and requires
considerable manual effort. While this method may be useful for limited area work of

case studies, it’s usefulness for large scale applications will probably be limited.

Recently, Jedlovec (1987) has proposed an extension to this technique, where he
determines the transmission ratio to be the ratio of the spatial variance of the channel
brightness temperatures, and demonstrated it’s usefulness with the Multispectral
Atmospheric Mapping Sensor (MAMS), an airborne instrument with a resolution of 100m.
The Jedlovec technique may be useful in large scale applications, but it remains to be

demonstrated if it will work with an instrument such as the AVHRR.

Potentially the most useful platform for this technique is the geosynchronous satellite.
Kleespies and McMillin (1988) presented preliminary results from the VISSR Atmospheric
Sounder (VAS) on the GOES satellites which indicate that it may be possible to deduce
precipitable water in clear air by observing the earth’s surface heat up and cool down
during the diurnal heating cycle. The geometric considerations of geosynchronous orbit
are very amenable to automated techniques. If the difficulties in using the more noisy
VAS instrument can be resolved, then truly useful precipitable water measurements can

be made from split window observations.
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CATHIA: A DATA SET FOR CLOUD CLASSIFICATION AND HIRS
CLOUD CLEARING

L.Lavanant,P.Brunel,M.Derrien,J.Quéré ,H.Le Gléau,G.Rochard

Météorologie Nationale
Centre de Météorologie spatiale
22302 Lannion.France

1 INTRODUCTION

A HIRS2 cloud clearing scheme,using AVHRR data,is undergoing
to be implemented at C.M.S Lannion.The first step is to use
AVHRR brightness temperatures to estimate the cloud cover ty-
pe,the cloud top temperature,its emissivity at AVHRR wavelengths
, the fractional cloud cover in the HIRS2 field of view
(F.0.V) .The second step is to get these cloud parameters for each
HIRS2 channel and specially to compute the cloud emissivities for
each HIRS2 wavelength regions.This should be possible by wusing
the results of a statistical study on the CATHIA data set which
is a compilation of <collocated data (radiosonde profiles and
TOVS/AVHRR measurements).A summary of the approach used in the
C.M.S cloud clearing scheme is described here.Some parts are al-
ready implemented,like the CATHIA data set or parts of the first
step.Some others have to be more carefully consirered, 1like a
third step (not described here) for synthetic cloud free radian-
ces estimation with HIRS2 cloud parameters.

2. AVHRR CLOUD PARANETERS

The analysis of the cloud cover with the AVHRR data is done
in boxes of 34*39 pixels around the centers of the HIRS2 F.O.V.

A discrimination between the ground,the sea and the clouds
is done with a threshold technique applied every AVHRR pixel,like"
the one described by SAUINDERS (ref 1).For an operational wuse of
the scheme,the threshold values are now updated to take into ac-
count seasonal and zonal effects.The results of this step are, for
a partially cloud covered HIRS F.O0.V,the surface brightness tem-
perature Ts and the channel(4)-channel(5) brightness temperature
difference DTS,in clear-sky conditions,which is a function of the
atmospheric absorption.

For a black-body cloud layer,the cloud top temperature 1is
directly estimated from the coldest brightness temperature in the
ellipse.For a semi-transparent cloud layer,the bidimentional his-
togram (channel(4) against channel(4)-channel(5)) is processed to
obtain the <cloud <top brightness temperature.For that,we assume
that the emissivity E of the clouds may be expressed as an expo-
nential function of cloud thickness:

E =1—exp(—-vz) (1)
where is the extinction coefficient and z the cloud thickness.

The cloudy equation for channel i (i=4 or 5) is:
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I =(1-N*Ei)*Isi+N*Ei*Ici (2)

where I is the measured radiance,Is the clear-sky radiance,Ic the
upwelling blackbody radiance and N the cloud amount in the pixel.

From these equations and assuming N=1 for a semi-transparent
cloud layer,the brightness temperature difference T4-TS is rela-
ted to the surface brightness temperature channel(4) Ts and the
cloud top brightness temperature Tc by the equation:

T4-T5 =(1- A -(1 -a) )*(Ts-Tc) + DTS *(1 -a) (3)

with A =(T4-Ts)/(Tc-Ts) and b = %5/¢¥ ratio of extinction coeffi-
cients for channels 5 and 4.

The values of the two unknown parameters,Tc and b,are deter-
mined by a least-square fit of the curve on the bidimentional
histogram (T4/(T4-TS5)).

With the averaged AVHRR measured radiance in the HIRS2
F.0.V,the Dblackbody cloud and surface radiances,it is quite easy
to compute the effective emissivity N*E of the <c¢loud by using
equation (2).

With two cloud layers,we directly determine the top bright-
ness temperature of the lower cloud when this one is thick enough
and we get the temperature of the highest cloud by fitting the
curve (3) on the modified bidimentional histogram (the pixels
corresponding to the low cloud having been suppressed).

3 HIRS2 CLOUD PARAMETERS

In a HIRS2 cloud clearing scheme,it is necessary to obtain
the cloud parameters for all HIRS2 channels;ie,the same parame-
ters than those determined in HIRS2 F.0.V from AVHRR pixel pro-
cessing except that the cloud emissivity,function of the vawenum-
ber,have to be computed now for all HIRS2 channels.

We assume that a simple relation,probably function of the
cloud type,may exist between emissivities for different wave-
enght regions and that it can be got one time for all with a

statistical methcd..If it is true,it will then be possible,in an
cperational scheme <to use this relation,to compute HIRS2 cloud
emissivities from AVHRR emissivities detarmined in the revious
step.

The CATHIA (*) data set is a compilation of collocated data
(radiosonde profiles,TOVS/AVHRR measurements) and will be used to
get the relation between the emissivities.

By applying the AVHRR processing,previously described ,cto
each satellite situation,the cloud type,the surface temperature
Ts,the clocuc top temperature Tc and the effective emissivities
N*E (AVHRR) are detsrmined.

To each radiosonde profile and incidence angle corresponding
to <collocated TCVS measurements,the 4A radiative transfer model
(ref 2) have been applied.It gives,for all HIRS2,MSU and AVHRR
channels,the atmospheric transmittances from the satellite to

(*) CATHIA :Calcul Automatique des Températures et Humidités In-
cluant le AVHRR
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each of the 40 pressure levels of the model.

For each HIRS2 channel,the clear-sky radiance Is is computed
by wusing the surface temperature Ts and the whole atmospheric
transmittance from the satellite to the surface.The wupwelling
blackbody radiance Ic is obtained from the cloud top temperature
Tc and the atmospheric transmittance from the satellite to the
pressure corresponding to Tc (given by the radiosonde profi-
le) .So,with the measured upwelling radiance I,the effective emis-
sivity N*E(HIRS2) is calculated from equation (2).That will give
the relation emissivities for different wavelength regions.

4. THE CATHIA DATA SET

A data set of 1333 situations has been created containing:
.satellite AVHRR/TOVS data (1333 ellipses) from 143 orbits.
.151 <collocated radiosonde profiles and their respective
AVHRR/TOVS synthetic cloud-free radiant energies.

The data for each profile consist of pressure,air temperatu-
re and dew-point temperature.They have been selected from diffe-
rent campaigns,some of them specifically made for the CATHIA data
set which means:a perfect temporal collocation of the satellite-
radiosonde measurements and the largest cloud type diversity as
possible.For marine radiosonde observations,a sea surface tempe-
rature,measurad at the station or in the vicinity,has been assi-
gned to the profile.Concerning the situations over land, the con-
cidered surface temperature is that of the lowest-level pressure
measurement.

The satellite data for each situation consist of TOVS measu-
rements ,HIRS2,MSU (corrected by ITPP) and SSU interpolated in
the ellipse, and AVHRR measurements collocated in the =ellipse
(33*38 box <centered on the ellipse with the data around set to
0) .For a given radiosonde observation,the nearest NOAA orbict,in
space and tize,is considered.Several HIRS2 ellipses have been se-
lected around the radiosonde station (often in a square 3*3
aroundé the station) in order to have <the largest diversity in
cloud types,cloud amount and number of cloud layers.For
assunme that the atmospheric profile was the same over a faw
tenths of kilometers around the station.

Tables 1 and 2 give some statistics,respectively over the
radiosonde profiles and the selected cloud types.More details,and
specially a photograph compilation for all the situations,can be
found in the CATHIA data set report (ref 3).

The 4A radiative transfer model is applied to synthetic com-
putations of atmospheric —transmittance over 40 pressure levels
(from 0.05 =5 to 1013 mb) and radiant energies.In most of the ca-
ses,the balloon-borne instruments transmitted data up to pressu-
res of about 100-50 mb.Therefore,the profiles have been extended
to a 0.05 mb pressure by using the TIGR dacta set (ref 4) with a
nearest neighbouring technic.Surface emissivities used in 4A com-
putation method and details in the processing are given in the
CATHIA data s=t report (ref 3).

130



B.. SUMMARY

The CATHIA data set of coincident satellite data-radiosonde
profile has been created 1in order to get the relation between
cloud emissivities in different wavelength regions.This relation
is probably dependant of the type of cloud layer but we expect
that it will be stable for each cloud type in order to use it in
an operational scheme.

A lot of work has to be done in ‘the future.The AVHRR proces-
sing scheme which has only been tested,at the present time,during
night and over sea,have given a good improvement of the cloud top
temperature achievement,specially for high level layers.The pro-
cessing of the CATHIA data set is only at its beginnig but the
first results seem to be encouraging. '
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SEA 77

LAND 36

COAST 38

DAY 87

NIGHT 64

WINTER 8

SPRING 73

SUMMER 33

FALL 37
TROPICAL 1
MID-LATIT. 142

POLAR 8

CLEAR 20%
SINGLE LAYER 60%
TWO LAYERS 15%
MORE 5%
S 25%
Cu 25%
St 8%
€3 23%
Cn 8%
AcC 3%
fog 17 ellipses
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AN INTERCOMPARISON OF TEMPERATURES AND MOISTURE FIELDS DERIVED
FROM TIROS OPERATIONAL VERTICAL SOUNDER DATA BY DIFFERENT
RETRIEVAL TECHNIQUES-CLEAR RADIANCE CASE
J. F. Le Marshall and M. Y. Chee

Satellite Section, Bureau of Meteorology, Melbourne, Australia
ABSTRACT

Fields of temperature, thickness and precipitable water derived
from common sets of TIROS Operational Vertical Sounder (TOVS)
radiance data using different retrieval techniques have been
previously intercompared for the Second International TOVS Study
Conference (ITSC-II). This document describes the verification
statistics for that study associated with temperature and
moisture fields derived from cloud free or clear fields of view.
It also provides a comparison of the statistics for these clear
soundings with those associated with the clear and cloudy
soundings of the previous study. In this study, the results in
general point to a small increase in the accuracy of the
temperature and moisture sounding data for the cloud free case.

1. INTRODUCTION

Several ©participants at the three International TOVS Study
Conferences to date, provided temperature and moisture profiles
retrieved by different techniques, for an intercomparison study.
These temperature and moisture profiles were for three test
areas, namely the Alpine Experiment (ALPEX) region, the Tasman
Sea and the United States (US). Basic verification statistics
were derived and reported by Le Marshall (1985). The general
conclusions were that, notwithstanding the recognized advantages
of a physical retrieval scheme, the general accuracy and
consistency of the retrieved soundings at the scale examined were
to a significant degree independent of the retrieval scheme used.
This was, however, no indication that the advantages of physical

schemes, compared to some commonly used statistical ones, are
insignificant in areas such as limb correction (Le Marshall and
Schreiner, 1985) and for example in the explicit accounting for
elevation and skin temperature in the profile solution. Overall

it was found that both operational and research processing of
TOVS radiance data indicated that the instrument is capable of
providing temperature soundings with an rms difference near 2K
compared to ECMWF analysis and RAOB data, from 850 hPa to the
tropopause region. There was an increase in the magnitude of the
difference near the tropopause and surface. This was contributed
to by the inherent smoothing of the TOVS profile in these regions
of sharp vertical temperature gradient. These differences were
changed considerably by ancillary data (e.g. surface data) or
constraints. In fact, the surface differences appeared to be more
a function of ancillary data or constraints rather than the
retrieval scheme. It is important to note that these statistics
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included differences due to radiosonde error, colocation
differences, analysis errors and other factors.

The basic statistics associated with the retrieval of moisture
were also calculated by Le Marshall (1985). In general,
differences between radiosonde and ECMWF precipitable water
estimates and TOVS estimates were thirty to forty percent of the
total precipitable water. Again these differences include those
which arose from the comparison of fields with high spatial and
temporal variability and also from errors in the measurement of
moisture by radiosonde.

It was recommended at ITSC-III (Menzel and Lynch, 1986) that the
quantitative intercomparison for the ALPEX case study should be
repeated for clear only radiances. As a result this paper extends
the statistics in Le Marshall (1985) by providing statistics for
those soundings which were derived using only cloud free fields
of view.

2. THE CONTRIBUTORS TO THE INTERCOMPARISON

A complete 1list of contributors is found in Table 1. 1In the
comparison between clear and total ensemble (clear and cloudy)
statistics, only those contributors who provided a fully

described ensemble of clear, cloudy and microwave soundings were
used. In the ALPEX case, these were from NASA/GLAS, United States
(ALNA), Laboratoire de Meteorologie Dynamique, France (ALFR), the
British Meteorological Office (ALUK), CIMSS, University of
Wisconsin (ALWI2) and WAIT, Western Australia (ALWA). In the
Tasman Sea case, contributions were from the Australian Bureau of
Meteorology (TAAU) and the New Zealand Meteorological Service
(TANZ), while for the US case the contributors came from the
Atmospheric Environment Service, Canada (USCA), the British
Meteorological Office (USUK) and CIMSS, Wisconsin (USWI).

3. THE INTERCOMPARISON

Fields nominated for intercomparison at the First International
TOVS Study Conference were temperature at fifteen standard
levels, geopotential thickness and precipitable water in the
layers 1000 to 400 hPa, 850 to 400 hPa, 700 to 400, and 500 to
400 hPa. For cloud free cases, these fields have been compared to
their respective ECMWF fields interpolated to the sounding
position in time and space. They have also been compared to
colocated (within 150 km) radiosondes (RAOBs). Bias, standard
difference, rms difference, standard deviation and correlation
coefficient have been computed.

The basic statistics are summarised in this paper with the
results for the ALPEX study being shown in Figures 1 through 10.
This case is regarded as more representative of a clear versus
cloudy comparison because of the larger number of retrievals
involved, compared to the US case for instance and because of the
larger number of retrievals and amount of verification data
available compared to the Tasman Sea case (see Le Marshall,
1985). The US cases, however, are illustrated in Figures 11
through 16. Due to the availability of data sets from only two
institutions and very sparse RAOB data in the Australian/New
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Zealand region, results for the Tasman Sea study are not
presented here.

4. THE BASIC STATISTICS

(a) ALPEX case

Figures 1 and 2 show the basic statistics for temperature for
both the previously reported mixed (clear and cloudy) cases and
the clear cases, compared to ECMWF data. Some differences can be
discerned. To examine these further, the data sets consisting of
clear, cloudy and microwave-only data, were used to produce mean
values for clear and mixed ensembles (Fig. 3). A small
improvement in agreement with the ECMWF analyses for the clear
case can be seen for the rms difference and standard difference
at most levels. The mean standard deviation is higher for the
clear case (compared to the mixed ensemble) below the tropopause
and the opposite above. This is true for the associated ECMWF
data as well. The correlation coefficient for the <clear case
shows a clear improvement at and below 250 hPa with 1little
difference above 150 hPa. The differences between the mean clear
and mixed statistics are plotted in Fig. 4.

®
The corresponding basic statistics and related differences from a

comparison with RAOB data, for mixed and clear soundings, are
seen in Figures 5 through 8. A small improvement compared to RAOB
data is seen for bias for the troposphere, while standard

difference is improved near the surface but not so for the
remainder of the troposphere. Rms differences for the clear and
mixed cases fluctuate in relative accuracy from level to level.
However, the correlation coefficient for the clear case 1in
general shows improvement through most of the atmosphere. Again
the mean standard deviation for the clear soundings is greater
than the mixed soundings for most of the troposphere with a
tendency to reverse near and above the tropopause. This is also
true for the associated radiosonde data.

In the case of precipitable water (Figs. 9 and 10), the rms
statistics for the lowest layer (1000/400hPa) indicate the clear
soundings to 'be in better agreement with radiosondes, while a

small improvement for the mixed case is seen for the less water
burdened layers examined below 400hPa. It should be noted that
the moisture statistics from the three data sets examined are

drawn from fields that vary rapidly in time and space. This,
combined with the errors associated with the measurement of
moisture by radiosonde (Nash et al, 1985), the colocation

criteria employed and the influence of the cloud field or
radiosonde data may result in the basic statistics not fully
reflecting the comparative skill of the clear and cloudy data. It
should also be noted that the statistics for these cases are also
a function of the way clouds are handled in the retrieval scheme.
For example, while in some statistical schemes, (eg. ITPP1) the
N* technique (Smith and Woolf, 1986) is used to provide clear
radiances for use in moisture retrievals. Some physical schemes
(those based on ITPP3) use cloud height and cloud amount
information to influence the moisture retrievals (saturating
cloud top in the first guess) and subsequently solve the
retrieval problem by using transmittances consistent with the
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presence of cloud.
(b) United States case.

Data sets were examined for the United States region and some of
the basic statistics for the clear and mixed cases are shown in
Figs. 11 to 16. For the standard level temperatures, comparison
of clear and mixed rms differences indicate, apart from the two
lowest levels, that the clear data were in closer agreement with
the ECMWF analysis fields through most of the troposphere. The
mean standard deviations below the tropopause generally appear
larger for the clear case.

In comparison with RAOB data, better agreement in terms of rms
difference was found for the clear data. Also, in this case the
standard deviation of the temperatures is smaller through much of
the troposphere.

With regard to precipitable water (Figs. 15 and 16), rms
differences in comparison to ECMWF fields generally indicate
better agreement for the clear case, despite a larger bias,
particularly in the lower layers. Comparisons with RAOB data show
an improvement in agreement in the lowest two tropospheric

layers examined.

SUMMARY AND CONCLUSIONS

Several sets of sounding data generated using different retrieval
techniques have been intercompared to gauge the comparative
accuracies of soundings from clear and mixed fields of view. As
in Le Marshall (1985), no attempt has been made, nor is there any
intention to rank the retrieval schemes relative to one another.
As noted -earlier, the statistics presented are not simply a
function of basic retrieval method but are related in a complex
way to the number of retrievals (and, eg. editing), the
characteristics of the first guess field, the use of ancillary
data (eg. surface data or AVHRR data), the resolution of the
retrieval scheme and a variety of other factors.

It should again be noted that the character of the clear and
cloudy soundings may be different for different retrieval
schemes. For example, some retrieval schemes use the N* technique
(Smith and Woolf, 1976) to give estimates of clear radiances in
cloudy fields of view and soundings are based on these radiances,
while some physical schemes use calculated cloud height and
amount to influence the moisture retrievals and to determine the
temperature at cloud top levels.

With these considerations in mind, however, some general comments
about basic statistics for clear and mixed groups of soundings in
this study, can be made.

For +this study, in the case of level temperatures, a small

improvement in the agreement between the sounding data and ECMWF

analyses was seen for clear data in the troposphere for both the

ALPEX and US cases. This improvement was between 0.1K and 0.2K in

an rms sense. In comparison to RAOB data, a similar result was

found for +the US case but no clear result was evident in the
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ALPEX case. However, in the latter case an improvement in the
correlation coefficient at almost all levels for the clear case

was seen.

The basic statistics associated with the retrieval of
precipitable water show an improvement generally in the rms
differences compared to ECMWF and RAOB data for the 1000/400 hPa
layer. For this layer, the reduction in rms difference ranged
between 2 and 20 (cm x 100) of precipitable water. This
represents between 5 and 20 percent of the precipitable water in
the layer 1000/400 hPa.

Examination and significance testing of the population means and
variance for the different levels studied however, indicated that
further sampling is warranted to establish the extent of the
difference between the <clear and mixed sounding populations
examined confidently.

In summary, for this study a small overall improvement in
retrieval accuracy has resulted from the determination of
temperature profiles from cloud free fields of view. It was also
found that the precipitable water content of the lower atmosphere
(1000/400 hPa) was also better determined in the cloud free case.
An evaluation of the differences, between the clear and mixed
populations, however, indicates that further study is required to
establish their magnitude with confidence. It is hoped that these
differences will be refined and related a little more directly to
particular retrieval techniques by further intercomparisons, in
particular the two recommended for study by ITSC-IV.

A separate document with complete statistics for each set of
cases has also been prepared, but for reasons of brevity this
information was not included in this document.
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TABLE 1

Summary of contributions to the intercomparison study. (Note T represents
temperature data, Z represents thickness data and P represents precipitable
data, ITPPl, ITPP2, and ITPP3 represents International TOVS Processing Package
1, 2 and 3 respectively, RFG represents regression first guess, CFG represents
climatology first guess, MFG represents first guess fields derived from a
forecast model, SD indicates the use of surface data in the retrieval scheme,
AVHRR represents the use of locally generated regression coefficients and NRC
indicates the use of NESDIS regression coefficients.)
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A PHYSICALLY BASED OPERATIONAL ATMOSPHERIC SOUNDING SYSTEM
FOR THE AUSTRALIAN REGION.

J.F. Le Marshall, R. F. Davidson, M. C. Willmott, P. E. Powers

Bureau of Meteorology
Melbourne, Australia

ABSTRACT

The Australian Bureau of Meteorology has recently implemented a
physically based real time TOVS processing system. This provides
atmospheric temperature and moisture soundings, surface, o2zone
and cloud information for the Australian Region. The scheme uses
either a statistically based, or an operational numerical weather
prediction (NWP) model derived, first guess for temperature and
moisture fields. Numerically forecast first guess surface
temperature and surface moisture fields are also used. Numerical
analysis and prognosis fields are used to control the quality of
the processing of radiance data onto meteorological parameters.
Instrument bias and transmittance corrections are determined
locally. This system has now been running in real time from late
1987 and provides real time data to the ARM system which is used
by the National Meteorological Centre and research workers.

1. INTRODUCTION

Since Christmas Day, 1963, when the Australian Bureau of
Meteorology (BoM) first received satellite imagery, analysis and
forecasting in the Australian region have depended heavily on

satellite data. These data have been used continuously by
forecasters for operational purposes and also used within the
National Meteorological Centre (NMC). From the early ’seventies,
use of the data at NMC was via subjective <cloud picture
interpretation (Guymer, 1978), providing quantitative estimates
of MSLP and 1000 - 500 hPa thickness for the operational
numerical analysis and prognosis system. In the mid ’'seventies,

after the utility of satellite vertical temperature profiles was
established, clear column radiance data from the VTPR instrument,
carried on the NOAA polar orbiting satellites, was processed 1in
NMC and used in the operational hemispheric analysis.

The benefit of profiles from the second generation of
sounders on the TIROS-N series of satellites is long established
(Kelly et al., 1978 and Bourke et al., 1982) and these data have
assumed an ever increasing role in the numerical analysis and
prognosis system of the BoM. This role has been enhanced since
May, 1980 by the ability to receive and process these data
locally in real time (Le Marshall et al., 1985). Initially, the
retrieval system involved a statistical procedure closely coupled
to the operational analysis and prognosis scheme. The regression
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coefficients were determined principally by the latitude of the
" soundings being produced. This system was later replaced by one
which used the microwave radiances and discriminant analysis to
select regression coefficients, thereby selecting by synoptic
type rather than latitude bands.

In late 1985, partly as a result of a 1long standing
collaborative research program with the University of Wisconsin,
the BoM implemented the Australian Region McIDAS (ARM) (Le
Marshall et al., 1987). This system was established in such a way
that it provided real time access to a very extensive historical
and real time data base (the NMC data base). The system also
provided an extensive number of application programs to enable
use to be made of the data base for operational and research
purposes. It was within this environment that this physically
based operational atmospheric sounding system for the Australian
Region was introduced. The retrievals in this system were made by
using a simultaneous solution of the radiative transfer equation
similar to that described by Smith et al., 1985, with locally
calculated instrument bias and transmittance corrections.

This paper notes the advantages of a physical retrieval

scheme compared to a statistical one and the particular
advantages of a scheme which provides simultaneous retrieval of
temperature and moisture profiles and skin temperature. It

describes the retrieval methodology and the salient features of
the new real time system. It also provides some verification data
and illustrates some of the products produced on the system.

2. THE RETRIEVAL METHODOLOGY

To date, local processing of TOVS data has been done using a
statistical retrieval scheme which has used information from the

operational analysis / prognosis system to enhance and '"quality
control" the retrieval process (Le Marshall et al., 1985). The
inherent advantages of a physically based retrieval scheme are,
however, well known (see for example Smith et al., 1983). These

advantages include explicit treatment of surface parameters such
as skin temperature, emissivity and elevation, the estimation of
cloud height and amount in the processing scheme and the proper
treatment of non-nadir radiances to avoid the problems inherent
in statistical limb correction (Le Marshall and Schreiner, 1985).
With these considerations in mind and noting the results from

previous intercomparison studies (Le Marshall, 1985), it was
decided to implement a physically based operational retrieval
scheme. Being aware of the chance of positive error feedback in

some physical solutions which solve for temperature and moisture
profile sequentially, and noting the advantages of solving
simultaneously for skin temperature and atmospheric temperature
and moisture (Smith et al., 1984) a system based on a
perturbation solution of the radiative transfer equation similar
to that of (Smith et al., 1985) was chosen. Using these methods,
the difference between the observed and estimated brightness
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€ represents cloud emissivity. The effective cloud amount is
then given by

cl Pc Ag

Several alternative formulations wusing additional cloud
channels are under consideration while the use of AVHRR in the
cloud algorithm will be evaluated as soon as real time AVHRR
becomes operationally available.

Ozone

Total ozone amount is being calculated in real time using a
system similar to that described by Ma et al., 1984. An effort is
being made to improve this technique in the Australian Region, by
using Dobson spectrophotometer data from Melbourne, Hobart,
Brisbane, Perth and Macquarie Island, to provide estimates of
total ozone and Umkehr profiles. Ozone sonde flights from
Melbourne are also being used.

3. THE OPERATIONAL TOVS DATA UTILIZATION SYSTEM

3.1 Reception and Processing Hardware

TOVS data in Manipulated Information Rate Processor (MIRP)
form are acquired directly in digital HRPT format in Melbourne
and Perth. These MIRP data contain information from the TOVS
package as well as ARGOS, Solar Environment (SEM) and other
environmental packages. A schematic diagram showing the
groundstations in Melbourne and Perth, their connections to the
Fujitsu M180 mainframe in Melbourne and other hardware components
in the data utilization system is presented in Figure 1. The data
are processed by an automatically scheduled job within the - ARM
system and the products are put into a cyclic data set for access
by NMC and other users within 20 minutes of satellite overpass.

3.2 The Operational Processing System

An overview of the present TOVS processing scheme is given
in Figure 2. An ensemble of eleven programs is necessary to fully
process the data, using over twenty reference data files to
filter and adjust the raw input data into three main production
files. The ensemble can be split into three main sections:
Preprocessing, sounding radiance preparation, and retrieval. The
Preprocessing is done by the first four programs whose activities
are listed in Figure 2. DCP data, which includes buoys, fixed
Platforms and Antarctic Stations is also processed by this
system.
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temperature recorded by each channel of the satellite instrument

is given by a8
: e o T _3r 28
a8 2B -7 6u [T 3T _____\gp + s &T[(3p  T) (3D)] dp
6T* = 6Ts 3Ts/3T* Tg Ps p M ps (2B)
(o1™) aT*

where T, U and B represent temperature, precipitable water and
the Planck function respectively.

In addition, T represents transmittance while the subscript
s refers to the surface and T* denotes brightness temperature.

This equation is solved for §u,&T and § Ts from the radiance
observations, after expressing the perturbation profiles in terms
of arbitrary pressure functions, which in this case are the
weighting function for HIRS Channels 7, 11 and 12 for the water
vapour basis functions and HIRS Channels 1, 3, 7 and MSU Channels
2, 3 and 4 for the temperature profile basis functions.

First Guess

In the operational scheme, the first guess is provided by
the operational regional forecast model or regression, using the
Previous statistical technique which incorporates discriminant

analysis. The important first guess surface temperature and
moisture fields are derived from the regional optimum
interpolation scheme of Keenan et al., 1986. This system uses a

modeled diurnal cycle to provide a first guess for surface fields
in consecutive three hour analyses.

Transmittances

The basic transmittance functions used by the system are
similar to those of Smith et al., 1985. However, a local
correction technique is in use. After breaking the radiances into
discriminant groups using a method similar to that of Le Marshall
et al., 1985, estimates of instrumental bias, a correction to
atmospheric transmittance and noise are calculated from the
regional satellite and radiosonde match data.

Cloud

In the operational scheme partly cloudy radiances are used
to determine the cloud pressure (Pc) which minimizes the
expression

¢l Pc ( . Pc )
i = 1. : i(p) 8Bidp - (I:-I5 )eis T4( oB; d
(15 - 1, Jej IPsTJ 385 i1y ey o HIPIE O

(after Smith and Platt, 1977), where i and J are typically HIRS
Channels 5 and 7. 1 represents a clear column radiance and
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Sounding radiance preparation is achieved by the fifth
program. The sixth program is the simultaneous retrieval
algorithm described in the previous section which produces skin
temperature, atmospheric temperature and moisture profiles, cloud
height and amount and total ozone estimates. These are
automatically edited using operational analysis and prognosis
data. Most of the remaining programs edit and filter the data and
also generate wind and geopotential height fields.

The final program provides a TOVS archive procedure and
initiates the recording of satellite and sonde match data. These
can be used to generate regression coefficients and correction
data for the transmittance functions.

4.  RESULTS

The new retrieval scheme has been running in real time since
late 1987. An example of bias, standard difference and RMS

difference plots compared to independent NMC analyses,
interpolated to the satellite time, are seen in Figure 3. The
retrievals for a recent 500 hPa temperature field and the related
independent operational NMC analysis are seen in Figure 4, along
with a scatter diagram showing the relationship between the two
fields. In general the scheme has performed with few problems
during its initial period. It was found necessary, however,

during the implementation of the scheme, to locally calculate
instrument bias and transmittance corrections to reduce bias and
RMS differences. This scheme shows some differences compared to
the previous operational scheme, particularly in the moisture and
stability fields. A report showing quantative differences between
the two schemes will be completed later this year.

Use of the data in NWP has to date consisted of a number of
mid-latitude and tropical case studies, using the new regional
data assimilation scheme (RASP), (Seaman and Mills, 1988).
However, it is anticipated that this assimilation scheme will be
operationally implemented in September and will subsequently use
data from this new physical retrieval scheme.

Some early indication of the impact of these data on
operational analyses may be gained by examination of Figures 5
and 6. Here assimilation analyses generated using the new RASP
scheme are presented. Figures 5 (a) and (b) show frontal cross
sections for both the NMC operational analysis . and an
assimilation analysis with the new TOVS data, while 6 (a) and (b)
show the 1,000 - 500 hPa thicknesses for the same cases. In both
cases the representation 1is closer to that expected for a
summertime cold front when high resolution TOVS data is used.

Verification of cloud data will be assisted by a lidar based
observation program planned for July, 1988 while verification of
ozone data is well underway. Running values of total ozone for
Melbourne from both TOVS and a Dobson spectrophotometer may be
seen in Figure 7.
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5.  CONCLUSION

A physically based atmospheric sounding system designed for
operational use has been running in real time since late 1987.
Results to date indicate the scheme is robust, free from gross
errors and able to produce sounding data of good quality. It has
been found necessary to include in the scheme corrections for
instrumental bias and atmospheric transmittance. The application
of the data to NWP has been examined in a number of case studies
and is about to be tested in an operational environment in the
BoM’s new regional NWP system. Data from the system has also
proved useful for several other applications including estimating
total ozone and, for instance, for <calculating temperature
anomalies associated with tropical cyclones (Le Marshall et al.,

1988).
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1.  INTRODUCTION

Because of the lack of radiosonde-stations (Fig. 1), there is a great
need for satellite-derived temperature and moisture profiles in polar regionms.

Up to now, statistical regression procedures have been used for
retrieving operational temperature and moisture profiles from polar orbiting
TIROS operational vertical sounding systems (TOVS). The results have been
less than satisfactory because of a variety of complications including the
high variable terrain altitude of the Antarctic plateau. About 80% of the
Antarctic continent is higher than 2000 meters. It is difficult to detect
cloud contamination because of the altitude of the plateau and the cold
temperatures. There are also problems in detecting temperature inversionms,
which are often found in polar regions.

In this paper, improvements are made in using the simultaneous TOVS
retrieval algorithm (Huang and Smith, 1986) in polar regions. Results from
the modified procedure are compared with radiosonde profiles for several
orbits over southern polar regions (December 1 and 21, 1987; February 4,
1988), and for one orbit over northern polar regions (February 4, 1987). The
retrieved temperature profiles show a good agreement with radiosonde profiles,
especially in the troposphere.

2. CLIMATE OF THE ANTARCTIC CONTINENT

The Antarctic continent is a cold desert. For example, the plateau
station VOSTOK has an annual mean temperature of -60°C with a precipitation of
30mm per year. The coastal area is much warmer (-10°C to -20°C) and has also
more precipitation.

Some other features of the Antarctic climate are the coreless winter and
pointed summer. Coreless winter means that the temperature is nearly constant
during the winter from the end of March to the end of September, especially on
the plateau. Very often, katabatic winds transport cold air down to the
coast. In the winter, the temperature profiles show strong inversions. At
the end of winter, the continent is surrounded by an ice-area of about 18.8
million square kilometers. The short summer reaches its highest temperature
in the beginning of January. On the plateau, the summer starts in mid-
December and ends in mid-January. After reaching the peak, the temperature
drops until the winter starts again at the end of March (Fig. 2). In summer,
small inversions are found on the plateau. The sea-ice surrounds only parts
of the continent, especially on the Weddell Sea. The surface air pressure
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shows a circumpolar pattern. A trough surrounds the continent between 60°S
and 73°S. Over the plateau, a stationary high pressure area is found. The
climate of the Antarctica is described in more detail by Schwerdtfeger (1984).

The features of the polar climate provides an indication of what to
expect from satellite measurements. In particular, the high terrain of the
plateau and the temperature inversions cause problems. Because of the dry
atmosphere over polar regions, it is expected that channel 8 (l1.1 micron,
atmospheric window) and channel 10 (8.3 micron, water vapor of the lower
troposphere) will show approximately the same brightness temperature.

3.  CALIBRATION AND DATA VALIDATION

At the beginning, an attempt was made to validate the ITPP-3 in polar
regions. The package was used without any changes, except for the
acknowledgment of high altitude terrain. A radiosonde profile from this area
was used as a first guess. The retrieved temperature profile was compared
with the original radiosonde. The results can be seen in Figs. 3 and 4.

Afterwards several radiosonde profiles from polar stations were used to
calculate brightness temperatures using the radiative transfer equation.
These calculated brightness temperatures were compared with measured
brightness temperatures to test the calibration algorithm and validation of
the transmission functions. As shown in Table 1, there are significant
differences in several channels. For the window channels 18 and 19 (4.0 and
3.7 micron) reflected sunlight causes these large differences. Because of the
high altitude of the Antarctic plateau (at cloud level 1) and the ice and snow
coverage, the 4.5 micron channels 13 to 17 are also contaminated with
reflected sunlight. This causes an inconsistency of the 4.5 micron channels
compared with the 15 micron channels. Therefore, the 4.5 micron channels are
inappropriate for retrieving temperature profiles in polar regions during
" daylight.

For channels 1 and 2 (15 micron, upper atmosphere), it is difficult to
compare measured and calculated brightness temperatures. Very often, the
radiosondes reach only the 20 hPa level. Therefore, it is necessary to use
temperature values from a polar standard atmosphere to interpolate the missing
levels. Nevertheless, it seems that a gamma adjustment of the transmission
function (Tau=Tau**Gamma) is useful because the measured brightness
temperatures are always higher than the calculated values. This means that
the peaks of the weighting function in channels 1 and 2 are at a higher
(warmer) level.

Comparisons between retrieved profiles and radiosonde profiles show that
a change of the transmittances using a gamma adjustment is required for
channels 6 and 7 (15 micron, lower troposphere).

Another large discrepancy is observed between channel 10 (8.3 micron,
water vapor in the lower troposphere) and channel 8 (l1l.1 micron, atmospheric
window). Because of the dry atmosphere in polar regions, it is expected that
channel 10 will have nearly the same temperature as channel 8. But as soon as
the surface temperatures are below 250 Kelvin, the brightness temperature of
channel 10 is higher than in channel 8. This fault is caused by using the
space view in the calibration procedure. The TOVS calibration procedure shows
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that, by using space view and warm blackbody temperatures, the calculated cold
blackbody temperatures for all channels are too warm compared with the actual
blackbody temperature. For channel 10, this temperature is much too warm
(Table 2). After changing the calibration procedure (i.e., using the cold and
warm blackbodies), the brightness temperature in channel 10 is not only
consistent with the brightness temperature in channel 8, but also the
comparison with the calculated brightness temperature from the radiosonde
profiles shows an agreement within 1 Kelvin (Table 3).

4,  RETRIEVAL RESULTS

The results from the modified procedure are compared with radiosonde
profiles for several orbits of NOAA-10. Three orbits over the southern polar
regions (December 1 and 21, 1987; and February 4, 1988), and one orbit over
the northern polar regions (February 4, 1988) are chosen. The time of the
satellite overpass is near the launch time of radiosondes (00z and 12z).

After the improvements described above were made, a radiosonde profile
again was used as a first guess. As it is shown in Figs. 5 and 6, the
retrieved profile and the radiosonde profile are in agreement as should be
expected. Only the moisture profile shows some significant differences.

With a regression first guess, the errors in the retrieved profile are
much larger (Fig. 7). Using a special climatology profile in southern polar
regions (south of 60°S) as a first guess, the results become more acceptable
(Fig. 8). This is also shown for coastal stations (Figs. 9 and 10). Only in
the high atmosphere are larger differences between retrieved profiles and
radiosondes found.

For retrieving temperature and moisture profiles over all chosen orbits,
the climatology profiles were used as a first guess. In northern polar
regions, good agreement between retrieved profiles and radiosondes is also
found (Figs. 11 and 12).

After retrieving temperature and moisture profiles, the 500 hPa and 200
hPa heights were calculated. The radiosonde stations were located in the
orbit (Fig. 13) and the retrieved and measured heights were compared. As can
be seen, there are still problems with the navigation near the pole. Figures
14 and 15 show the results for 500 hPa and 200 hPa, respectively. The heights
calculated from satellite measurements are within 100 meters of the radiosonde
measurement.

5.  SUMMARY

The physical simultaneous retrieval approach has been modified to operate
in polar regions. Because of discrepancies in observed radiances arising from
the space view, the calibration procedure was altered to use only cold and
warm blackbody views. The calculated transmittances have been tuned using
gamma adjustments. Because of the reflected sunlight problem, channels 13 to
17 (4.5 micron) and channels 18 and 19 (4.0 and 3.7 micron) are not used in
the retrieval algorithm. A special climatological profile is used as a first
guess in southern polar regions (south of 60°S).
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The results from the modified procedure are compared with radiosonde
profiles for several orbits over southern polar regions (December 1 and 21,
1987; February 4, 1988) and one orbit over northern polar regions (February 4,
1988). The retrieved temperature profiles are within 2 Kelvin of the
radiosonde measurements over most of the troposphere and they are less
accurate in the higher atmosphere.
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CH. TSAT T8s TN-T38
L 257eAl 2648077 8.34
2 2645el7 242473 2eb4
3 262.07 240699 1.N8
4 23674 236400 074
5 23753 236677 0.76
6 23T.32 237.12 0.20
7 Z}qa.’l 23".72 -0e41
8 242.74 242403 0.01
9 243474 262.04 1.90

10 243469 241.19 250
11 239:.38 238,14 0e24
12 231.60 232.73 -1lel3}
13 24l.08 238.03 3NS5
14 236459 235.78 0.9
15 23772 235.55 217
16 24334 237.82 S5e52
17 251612 254435 677
18 26NeR3 241.42 19.41
19 274.31 241.86 32.95

asured (TSAT) and calculated (TBB) (from

Table 1. Comparison between me
adio : peratures for all 19 HIRS channels.

radiosonde data) brightness tem

76 ™

265.15 264,99

265.05 264.99

265.186 264.99

265.21 264,99

285.24 264.99

265.27 264.99

265.28 264.99

265.28 264.99

265.39 264.99

10 245.:94 264.99

11 265.19 244.99

12 265.14 264.99 . )

13 265.27 264.99 )
14 265,22 264.99

15 265.19 264.99

16 265.24 264.99

17 265.25 264.99

18 265.26 264.99

19 265.30 264.99

VCONOCOUNDLNM-TI

Tabie 2. Comparison between real (TM) and calculated (TG) cold blackbody
temperatures for all 19 HIRS channels; calibration with space view and warm

blackbody.

CH, TSAT T83 TM-TB®R
1L 25696 253.17 3.73
2 244482 244494 -0a12
3 24151 240.98 Ne53
4 235.99 235.97 0.2
5 235,75 236464 Oell
6 236.53 23659 0.00
T 233,62 273%.936 =034
8 241434 241.33 N.n1
9 232.91 24134 157

10 241.24 240455 0.69
11 237.831 235.32 le49

12 231.10 229.71 1.39
13 239.97 23763 234
le 235.24 235.54 -0.130
15 236.40 235.49 0.90
16 242.36 237.82 4054
17 250475 254435 hell
18 260.49 249.76 19.73
19 274.71 241.18 33.53

Table 3. Comparison between measured (TSAT) and calculated (TBB) (from
radiosonde data) brightness temperatures for all 19 HIRS channels after the

improvements were made.
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Fig. 14. 500 hPa heights (December 22, 1987, 23z) with the location and
results of the three radiosonde stations (encircled) in that area.
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Fig. 15. 200 hPa heights (December 21, 1987, 23z) with the location and
results of the three radiosonde stations (encircled) in that area.
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ABSTRACT

In the absence of conventional data, we have been investigating the use
of TOVS sounding products in providing atmospheric refractive index profiles
over ocean regions. These data are used to study the likely occurrence of the
ducting of radio frequency communications. While improved vertical resolution
and temporal coverage is desirable, the TOVS instrument presently provides the
only data available over remote regions of large geographical extent. Future
developments planned for sounding instruments will improve the quality of
data.

1. INTRODUCTION

One of the main difficulties impeding progress in the modelling of
tropospheric ducting phenomena is the unavailability of atmospheric
temperature and humidity data with sufficient vertical resolution over large
spatial areas. The required vertical resolution is comparable to that
normally obtained by radiosondes, i.e., of the order of 100 m. However, in
the case of some propagation events, this may not be adequate as it has been
shown theoretically that for very intense microwave ducting events to occur
sharp refractive gradients over heights of the order of metres are required.
In meteorological parameters, this translates into sharp lapses in water
vapour (humidity) content and/or temperature inversions. However, the
refractive index is more sensitive to water vapour decrements than temperature
increments. Radiosonde data have been shown to be useful for modelling
purposes (but usually only providing enough data for one-dimensional
modelling). For satellite sounding, a vertical resolution requirement
equivalent to that of the radiosonde is the desired goal.

One important potential benefit from satellite remote sensing of refractive
index is the delineation of horizontal gradients or slopes in the duct
boundaries. It has been suspected from the propagation measurements across
the Great Australian Bight that horizontal gradients are a necessary
ingredient to maximize transfer of energy between the elevated duct and the
ground terminals. '
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2, TWO CASE STUDIES

Curtin University supplied temperature and dewpoint profiles for 18 NOAA-
9 orbits over the Great australian Bight (Figure 1) for the period January to
March 1986. These profiles were produced using the VAX/VMS version of the
International TOVS Processing Package (ITPP Version 3) distributed by CIMSS,
University of Wisconsin. The simultaneous physical retrieval scheme using
regression first guess was utilised. Near the surface profile values were
calculated at pressure levels of 1000, 960, 920 and 850 mbars in an attempt to
extract the maximum resolution possible from the retrievals. The data were
then interpolated by ERL across an experimental VHF/UHF transmission path
between Albany (WA) and Salisburg (SA), (a distance of 1800 km). Two
particular orbits showing significant structure in the derived refractive
profiles are discussed further below.

Attached are profiles derived from two NOAA-9 orbits, numbers 5456 and
5752. These show regularly spaced profiles along a path between Albany and
Adelaide across the Great Australian Bight (obtained by gridding the data
supplied by Curtin). The full-scale range of each curve is between the tick
marks above the horizontal axis (maximum) and the adjacent tick mark below the
axis (minimum). The refractivity shown in the middle curve is given by

N = (77.6 P/T + 3.73 x 10° /T - 1) x 10°

where N is the refractivity in N units, P is the pressure (millibars), T the
temperature (K) and e is the partial pressure of water vapour (millibars).
The lower curve is the modified or "flat earth" refractive index given by

“ =N + h/R x 10°
where h is the height and R is the radius of the earth.

Height intervals where i/l is negative indicate the presence of radio
ducting and the horizontal extent of these gradients is a major interest in
this study. Orbit No. 5456 (Figure 2) shows the presence of gradients
approaching, and even exceeding, negative values right across the bight which
suggests the presence of a radio duct. However, there were no amateur radio
operator reports of propagation. Of course, it is quite possible that a
propagation opening was missed by operators. The other interesting case
occurred on 21/1/867 (orbit no. 5752). The satellite profiles (Figure 3)
suggest a duct with sloping walls at both terminals. Such a structure has
been postulated to be the likely candidate to support propagation across the
Bight. Amateur radio reports confirmed strong propagation on this day, hence
this initial result is encouraging.

3. FUTURE WORK
The retrieved profiles were processed without the inclusion of surface data.
There was not one ship surface observation in the region on the 18 days

investigated. The data will be reprocessed using sea surface temperatures
from climatology. Sensitivity to the humidity guess will be examined.
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A useful set of 20 ship sondes coincident with satellite overpasses are
presently under analysis. The sondes were released during scientific cruises
on HMAS Cook and HMAS Franklin off the Western Australian coast (Figure 1).
While the sondes will provide only point verification of the satellite
retrievals, they will be a useful guide to the confidence which should be
attached to the boundary layer refractive index profiles for the larger
region.

4, FUTURE PROSPECTS

The limitations of satellite sounders in this work have been mentioned above.
In data sparse ocean regions, however, they remain the only source of
information on refractive index behaviour.

Without doubt, the higher spectral resolution sounder (e.g., AIRS -
Atmospheric Infra-red Sounder) proposed for the Earth Observing System offers
the prospect of a substantial improvement in the vertical resolution of
atmospheric soundings. It will be possible with these new generation
instruments to obtain improved structural information on the marine boundary
layer adequate for identifying mesoscale situations in which ducting is
favoured. The temporal coverage of a given region provided by polar orbiters
will continue to be a severe limitation to studying the development of _
gradients in the boundary layer. Geostationary sounders of high vertical
resolution, when available over the Australian region, will address this
concern.
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AN ATMOSPHRIC CORRECTION METHOD FOR AVHRR INFRARED DATA
USING HIRS/2 DATA

Y. Minowa, W. D. Sun, and M. Takagi

Institute of Industrial Science, University of Tokyo

Institute of Industrial Science, University of Tokyo
7-22-1, Roppongi, Minato-ku, Tokyo 106, J apan

ABSTRACT

The atmospheric effect of remotely sensed data must be compensated for sea surface
temperature(SST) obsevation. The observed data of HIRS/2 sensor on board NOAA satellites
contain vertical information and are observed at the same time of AVHRR data. To correct
SST's, this vertical observations of the atmosphere are useful. In this paper, a correction
method using HIRS/2 data to correct the atmospheric effect in AVHRR data is proposed. This
method is applied to the NOAA-10 imagery, using seven HIRS/2 channels and one AVHRR
infrared channel. And these SST's are compared with the in-situ SST's in weather report by
the Meteorological Agency of Japan. In the results of this atmospheric correction, error
average is -0.283°C, standard deviation is 0.449°C, and correlation is 0.997.

1. INTRODUCTION

The distribution of the sea surface temperature(SST) observed by the infrared sensors of
the satellite is contaminated by the atmosphere. In general, remotely observed SST's are
about 2~6°C cooler than in-situ ones. The causes are mainly emission, absorption and
scattering by the atmosphere. To determine the SST's on better accuracy, it is necessary to
compensate the atmospheric effect. Many kinds of method have been proposed so far to
compensate the effect.(Ref.3-7,12,14,15) The major method is multichannel correction
method which is the most widely accepted atmospheric correction method. It requires two

infrared channels at least.(Ref.5) The NOAA satellite has two(3.7um and 11pm) or

three(3.7um,11um and 12pm) infrared channels in AVHRR. Using these channels, it can
correct the SST's on good accuracy (biases 0.3°C and rms deviations 0.5°C).(Ref.12) Two
other infrared sensors(HIRS/2 and SSU) are on board NOAA satellites , and HIRS/2 is used
with the AVHRR sensor for the multichannel SST procedure,(Ref.13,14) and the method
using HIRS/2 daia to estimate the water vapor effect with AVHRR infrared data is better than

using only AVHRR infrared data.(Ref.13) In these multichannel correction method, the
atmospheric effects are corrected by a linear equation which is derived from the relationship
between remotely sensed and in-situ SST's. This regression analysis method is a very simple
and fast in correcting. But there are some difficult problems to get the relationship between in-
situ and remotely sensed SST's, because ships and buoys measure pin-point temperature, and
satellite sensors observe average surface temperature in large area. And this method needs
many in-situ SST's (collecting these data isn't easy.) to update the regression equation.

Other methods to correct the SST's are climatological correction or model correction
methods, in which the statistical constructions of the atmosphere are approximately expressed
by some models, and the atmospheric effects are reduced by the radiative transfer equation in
this model.(Ref.3,8) As no in-situ SST's are needed for this method(of course,they are needed
to verify the accuracy and effectivity.), the measurement errors of the in-situ SST's don't
influence the accuracy of correction. And it is sufficient for the statistical analysis of SST
distribution in a special time and a special place, the local vertical construction of the
atmosphere. In this time must be known simultaneously.
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On the NOAA satellites, the AVHRR sensor is used for observing the earth surface, and
the HIRS/2 sensor is used for sounding the atmospheric vertical construction in the same
time. So the atmospheric effects in the AVHRR data can be compensated by using vertical
information in HIRS/2 data.

In this paper, a new atmospheric correction method for AVHRR infrared data by using of
HIRS/2 data is proposed. This method is applied to NOAA-10 image of northwest Pacific
Ocean for 9 May 1987, and the results of those experiments show that the atmospheric effects
included in AVHRR data can be removed.

2. ATMOSPHERIC CORRECTION METHOD

In a cloud free nonscauering’aunosphere. the remotely sensed brightness temperatures are
affected by the radiation and absorption of the atmosphere. Under local thermodynamic
equilibrium, the radiative transfer equation for the upwelling total radiance of the atmosphere
observes at the top of atmosphere can be written as

[ 17,0, prdo=-[" B (T)sectr, (0.9 Wy (1o M
0

where K, is the atmospheric absorption per unit pressure at frequency v p(p) is the
absorber’s density at the pressure p, By,(T) is the Planck function at frequency v for emitted
radiance of blackbody at temperature T , Ty(8,p) is the atmospheric transmittance from

pressure p to the top of the atmosphere at frequency v and zenith angle 0, subscript S means
the value at the earth surface, and Wy (p) is the weighting function which can be written as

i (p) =202 @

The remotely sensed radiance Ry at the top of the atmosphere is the sum of the radiance
from the earth surface and the radiance of the atmosphere. So it can be written as

R.,=c»Bu(Ts)rp(O.p,)‘“"—‘/:’B,,(T)secer,,(o.p)““"'w‘,(p)dp €))

where g, is the emittance of the earth surface at frequency v. The property of g, changes

greatly in the different spectrum regions. In microwave region, it strongly depends on the
surface conditions. In infrared region, it can be regarded as a constant, and the value is about
0.95 in the 11pm window region, and 0.98 in the 3.7um window region on the sea surface.

In this method, the atmosphere is simplified by assuming that the optical properties of
the atmosphere vary only in the vertical direction, that is, the distribution of atmospheric
constituents in the horizontal direction is assumed to be homogeneous. Such kind of
atmosphere is known as a plane-parallel atmosphere. On this assumption, eq.(3) can be
rewritten as

Ry=2.B, (T, )T, (0.pa)***'-1.B, (T )5eChT, (0.P) >4, (9) |y, @

where n is the total layers of the atmosphere, p; and T; are the pressure and the
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temperature of the i-th layer respectively. And then, W'y, (pj), and T,(0,p) can be determined

by the atmosphere model.
To calculate the temperature of the earth surface and vertical temperature distribution,
Planck function B,,(T) can be expanded at certain reference temperature T(y and reference

frequency v . And substituting this function with €q.(4) is written as

Ru=5u{Bv (To) +aB”—(T)

T-To(B», (Ts)-B,,(To)) }T»(O.p,)m"

dB,, (T
©)
n
-2 {8 T+ 22D | (8, )-8, o) }5ec0t, 0.0) ", (0) | oy
where
. _ a371,(0,p) (6)
V v (p) = dp
is an approximated weighting function. finally, defining that
- 9B,(T) Sed
(Ae—tua_Bv'TT)‘ ’ T=ToTw (0,ps ) ) ’
i_9B,(T) secd-197T, (0,p; _
Av-ﬁduw (T) | T-ToSec7,, (0, p)*ec® 'aré\%p) ppdPi  (i=1,2,...,0),
B, (T
| B BT T 11, B, (Tod)7, (0,7 “
" B,(T
+ ; (Bll (TO) anf (;‘) T-To By' (TO) )SeCGT,, (0 ypi ) SEce‘l V’ v (p) p'p,Api ’
\Xi=B,_(T;) (i=0,1,...,n).
And making those substitutions into eq. (5) yield
B,=) ALX; @®

i=0

Solving this simultaneous equations, Bvr('I‘i) can be decided, so the temperature of each
layer Tj is known by the solution of the inverse-Planck function.

3.  CHANNEL COMBINATION BETWEEN AVHRR SENSOR AND HIRS/2 SENSOR
FOR THE ATMOSPHERIC CORRECTION

In this paper, the observation data of HIRS/2 sensor are used to calculate the atmospheric
absorption and radiation for the atmospheric correction of AVHRR infrared data. The HIRS/2
sensor has 19 channels in infrared region. To use above correction method, it is necessary to
consider the accuracy of the approximation of €q.(5) and the balance of the atmospheric layers
disposition. The possible channel combination between AVHRR channels and HIRS/2
channels for the atmospheric correction can be decided as table 1. To use AVHRR ch-3, we
have to compensate the effect of the scattering and sun glint on the sea surface, so it can not
be used easily in daytime. As the AVHRR/1, which is onboard the even number NOAA
satellites, does not have ch-5. This channel can only be used on the odd number satellites.

To use the HIRS/2 ch-10 ~ ch-12, these are very important channels because the main
absorber is water vapor, which is an important factor of the absorption of AVHRR infrared

190



channels. And the weighting functions shift by the difference of the vertical water vapor
distribution. So it is necessary to estimate the shift and adjust these weighting functions. The
profile of weighting functions are shown in Figure 1.

Table 1. Channel Combination of AVHRR and HIRS/2

AVHRR sensor HIRS/2 sensor
CH4 CH1~CH7?
CHS CH1~CH7
CH3 CH13~CH 17
CH3 CH10~CH 17

HIRS LONGWAVE
CO, CHANNELS

Covovaeuwv wn
"

v
(-]
YTy T v T

Figure 1. The Weighting Functions (Normalized) (Ref.2)

4.  THE RELATIONSHIP BETWEEN AVHRR SENSOR COORDINATE SYSTEM
AND TOVS SENSOR COORDINATE SYSTEM

To use HIRS/2 data related with AVHRR data, it is necessary to decide the pixel to pixel
correspondence. Figure 2 shows the relationship of between AVHRR sensor coordinate system
and HIRS/2 sensor coordinate system. This coordinate relationship can be expressed with

parameters 6 4 11,0 A»ALAJ. But 6 A is very small, so it can be omitted from consideration,
So the relationship can be expressed as

cos(Ou)dX .
Yy YA—AI+(XA-102:.Y5—AJ)tan(BAH) 9

{xn=23.5 X4-1024.5-4J
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where (X4,Y o) and (Xy,Yp) are pixel number and line number on each sensor image.
AX and AY are the resolution ratio between the two sensors.

SATELLITE
4 / DIRECTION
AVHRR
SCAN
DIRECTION HIRS/2
SCAN
T DIRECTION
0 AH Al
<

aJ

Figure 2. Relationship between AVHRR Sensor and HIRS/2 Sensor

5.  RESULT OF EXPERIMENTS

The experiment to evaluate this correcting method, the NOAA-10 satellite image of
northwest Pacific Ocean for 9 MAY 1987 6:44, and HIRS/2 ch-1,2,...,7 channels and
AVHRR ch-4 channel are used for the atmospheric correction. The sensor coordinate

parameters AI, AJ and AH for NOAA-10 satellite are used as —0.5, 2.5 and 0.00 respectively.

The in-situ SST's in the weather reports of northwest Pacific Ocean by the
Meteorological Agency of Japan, which contains data observed by many kinds of ships and
buoys, are used for verification. Since these in-situ SST's spread very widely, and it is
expected that the variance of them may be large, only the in-situ SST's observed by the ships
of Meteorological Agency are selected for our study. In general, the SST's do not change so
quickly, and we can assume that SST's are standing still in two days. Thus the in-situ data
observed between 24 hours before and after the satellite observation. For selecting the cloud
free area, the remotely observed temperatures, around which the difference of maximum and
minimum temperature in the local region (3x3) is smaller than 2.0°C, are compared with the
in-situ data. the relationship between the uncorrected remotely sensed SST's and this in-situ
ones, and the relationship between the atmospheric corrected remotely sensed SST's and the
in-situ ones are shown in Fig.3a, Fig.3b, Fig.4a and Fig.4b respectively. The statistical
parameters are shown in Table 2 and Table 3.

Table 2. Relation between the Uncorrected Remotely Observed Temperature and Sea-Truth

MIN. MAX. AVG. | STD. CORRELATION
ERROR | ERROR | ERROR | DISTRIBUTION
ALL
POINTS | -9.841 | -0.117 | 4.031 1.764 0.944
SELECT
POINTS | -5477 | -0.362 | -3.498 1.303 0.987

(MAY 9 1987, 6:44, UNCORRECTED)
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Table 3. Relation between the Corrected Remotely Observed Temperature and Sea-Truth

MIN. MAX. AVG. STD.
ERROR | ERROR | ERROR | DISTRIBUTIONI

CORRELATION

ALL

POINTS | -2.585 | 3.835 | -0.026 1.279 0.972
SELECT,

POINTS | -1.272 | 0.432 | -0.283 0.449 0.997

(MAY 9 1987, 6:44, CORRECTED)

6.  CONCLUSION

In this paper, an atmospheric correction method for AVHRR infrared data using HIRS/2
data has been proposed and the result of some experiments have been shown. It has been
shown from our experiments that the average error is -0.026°C, standard deviation is 1.279°C
and correlation is 0.972 for all points, and average error is —0.283°C, standard deviation is
0.449°C, correlation is 0.997 for selected points.

In this paper, the in-situ SST's are the bulk temperatures,but satellite sensor only
observes the skin surface. It is necessary to estimate the relationship between bulk and skin
surface temperature as discussed in some papers, and in usual, skin surface temperatures are
0.1 ~ 0.5 °C cooler than bulk temperatures.(Ref.16,17) And the standard distribution depends
on the selection method of cloud free area. For research of the distribution of SST's and
monitoring the ocean current, it is necessary to keep the average error less than 0.5°C, So this
result satisfies it and can be used for many kinds of research work.

The main remaining problems are the cloud correction method, skin and bulk SST
estimation, and the usage consideration of the water vapor channels for the atmospheric
correction.
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SATELLITE NAVIGATION AND DE-NAVIGATION

F. W. Nagle
NOAA/NESDIS Systems Design and Applications Branch
1225 West Dayton Street
Madison, Wisconsin 53706 USA

ABSTRACT

The term NAVIGATION has several corrmotaticns, but among satellite
meteorologists it refers to  the process whereby orne applies a set
of  kriown  orbital  parameters, along with the scarmning characteristics
=f an on—-board instrument, to compute the position of a satellite
in cpace at <=some future instant, and also the point(s) on the ground
which the =atellite will view at that moment.

Ore may ask if this process can be inverted. Thue, if we are
given a set of points on the Earth’s surface viewed by the satellite
in the recent past, scmetimes called the "footprint®, is it then
pxssible to drive the navigation algorithm backward in order to recover
the worbital characteristics? And if it is possible, why would anyorne
wish to derive the orbital characteristics from a set "of Earth
locaticns? This inverse process will be termed ’'de-rnavigaticon® in this
paper, arnd it is ouwr purpose 'to discuss its feasibility and usefulness.

1. TEMFORAL AND SPATIAL COORDINRTES
1.1 Time Units

Ta  forestall confusion involving certain terms, we shall review
the temporal and spatial units used below. The term Julian Day Number
is a measure of time, and it deriztes the numbers of days and fraction
thereof which have elapsed since 12 o’clock Universal Time on 1 Jarnuary
4713 EBEC. The reader may wonder at this seemingly strarnge date as the
origin of the Julian Day chroncology. It is rot our purpose here to
explain this crigin, and the reader is referred to Durant (3) for a full
explanation of this choice, as well as the reason for the name 'Julian?,
which has rnothing to do with the Julian calendar or with Julius Caesar.
The term Julian Day Number is unfortunately confused with a similar
termn, Julian Date, which is used bzth in civilian and military computer
systems to mean simply the two-digit year indicator, followed by a
three-digit sequential day of the year, e.qg. 85265 to mean Z1 December
1988S. One .must keep in mind that a day within the Julian Day Number
(JDN) chronology begins at rnoony not midnight, the reason being
that historically Euwropean astronomers preferred that all cobservations
made in the course of a single night be ascribed to the same Julian Day
number, which of course would rot be so had the date changed at
Greerwich midnight rather than rnoon.  The JDN which began at 12 UT on 3
August 1987 was £447011, from which the reader may deduce the JDN for
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any other calendar date.

On a computer system such as an IBM 4381, a double-precision
quantity has a resolution comparable to about 17 decimal digits, so that
by storing time expressed in  JDN within double precisicn worde, orne
can achiesve a resolution in time of the order of a billionth of a day,
pasily adequate for most satellite rnavigation.

Ore can readily see the advantages of reducing measurements of
time to a single scalar value, allowing us to dispense with months
which may have 31, 30, &8 or scmetimes 23 days, with leap years
and common years, the distinction between the Julian and Gregorian
calendars, etc.

1.2 Spatial Coordinates

The point in the sky which the sun occoupies at the instant when it
crosses the Eguator  from south to rnorth about 22 March is called the
Vernal Equirox, or  scmetimes the First Foint of  Aries, an old
astrological name. Using the center of the Earth as the origin, the
Verral Eguirox to define the x-axis, the North Fole to define the
z-axis, and a point on the Equator 90 degrees sast of the Vernal Equinox
as the y-axis, wcone can construct a dextral (right-hand) orthonormal
coordinate system which we call the celestial ooordinate system.
Sirce the Vernal Equincox is almost a fixed point in the sky, much
like a seemingly-fixed star, the celestial coordinate system appears
to rotate westward with respect to the Earth at the rate of 260
degrees per sidereal day, and in fact it 1is by the motion of the
Verrnal Eguiriox that a sidereal day is defined (1).

The' terrestrial coordinate system is analogous to the celestial

system, having the same origin and the same z—axis, but with an
x—axis fixed to the Earth and directed toward the longitude of
Greerwich in the plane of the Equator, and with a y—-axis oriented
390 degrees east of Greerwich. Clearly the terrestrial and celestial
systems rotate with respect to ore anather, and a transformation

of a position vector in ore system to  the octher at any time T is
effected by a matrix equation of the form:

cos(a) -sin(a) 0
Vv = sin(R) cs (A) 0 Vv (1)
: 0 0 i 2
where A, the irstantanecus lorngitude of the Vernal Egquinox, is
given by
A = —E15. 465
-360.9B36473(T — 2442348) ()

The angle R is expressed in degrees, and T in Julian Day Number. The
matrix is orthogonal, i.e. its inverse is also its transpose, so that
the direction of the transformation depends merely on the sign of the
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arigle A. The constant 3E€0. 3856473 is the westward rate of movement of
the vernal equinox in degrees per mean solar day.

The more common terrestrial coordinates of latitude and lorngitude
are polar variations of the Cartesian terrestrial system, and are
readily deducible from the latter by simple trigornometric relationships.
The distinction must be kept in mind between geodetic and geccerntric
latitudes, as described elsewhere (1).

2. DE-NAVIGATION

The path of an orbiting satellite such as the NORA or DMSKF series
when expressed in celestial coordinates is very rnearly a great circle,
at least over a short periocd of time. The orbit of a sun—-synchronous
satellite, if it is to remain sun—-synchronous, must precess 360 degrees

per  year in order that an ascendivig pass always present the csame
relaticnship to the sun. This amounts to just less thanm one degres per
day. o about a  fouwrteenth of a degree per orbit. Hewce, over any
sigrnificant fraction of anm orbit, the path of the satellite is very
close to a true great circle, and if it is riecessary to consider the

precession of the orbit, the needed adjustment is rot difficult.

Let wus assume that we are given a set of sub—-catellite points on
the Earth's surface, presumably expressed in terms of latitude and
longitude, together with the times asscciated with those points, and
comstituting at least orne complete orbit irncluding two Equator
crossings; not recessarily consecutive. If the latitudes are gecdetic,
these must be converted to geccentric, but otherwise the given
coordinates are easily converted to terrestrial Cartesian coordinates by
straightforward trigonometry. Each of the three-dimensional Cartesian
vectors thus abtained i in turn easily chariged to celestial coordinates
by wusing (1). Alternatively, the terrestrial longitude of the Vernal
Equirnox is  kriown as a function of time, and is given by (&) above, so
that we could first have converted terrestrial longitude to celestial
longitude, and therice to celestial Cartesian coordinates.

From HKepler’s third law we know that the semi-major axis of an
orbit is  proportional to the two-thirds power of the period, where the
constant of proporticonality estimated by the author from orbital data
stored on the NAS 3000 computer at NMC is 330.9982746€. The semi-major
axis is expressed in kilometers, and the pericd in minutes. The periczd
itself 1is found by interpolating a set of kriown sub-satellite positicons
to the times of two or more Equator corossings. We riow have an accurate
estimate of semi-major axis, although as we shall see presently, we
shall naot use it except perhaps as a reasorableress test of the perinod.
Next, we can compute the coross product of  any  two non-collinear
catellite position vectors which by its orientaticn in celestial space
gives us the orientation of the orbit. This vector cross product,
normalized to a lerngth of ocre, is called hereafter the Vector Orbital
Flane (VOR). It is of course perferable if the two non-collinear
satellite positions are nearly normal to each other to maximize the
accuracy of their cross product. The arngle between VOP and its own
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projecticn in the plane of the Equator, added to 30 degrees, is the
irclinaticon of the orbit. The angle between the same projection and the
celestial x—axis, added to 920 degrees, is the right ascension of the
ascernding ruaxde, that is, the argle measured eastward along the Equator
from the Vernal Equirnox to the point of rnorthward Egquator crossing of
the satellite.

af the six classical orbital elements (semi-major axis,
eccentricity, worbital inclinaticon, right ascension of the ascernding
rode, argument of perigee, and mean anomaly) we have now determirned
three. The remaining three in principle could be found, though in
practice it is difficult or impossible to do so with much accuracy.
Kepler’s second law stating that the areal velocity of a satellite is
constant can be writtern as

Q2 2
C = r @

ard since © can be estimated from the succecsive positions of the
catellite along the ground, the radius vectors from the center of the
Earth to the <=atellite canm be aobtairned. To these known radii, an
ellipse could be fitted by some least-squares means. The point in the
orbit with the shortest radius is  the perigee, and that with the
longest, presumably diametrically opposite to perigee, is the apogee.
The sum of these two radii is the major axis. The center of the ellipse
everily divides the major axis, and the distarce between the center of
the ellipse and the center of the Earth (which is a focus of the
ellipse) can be used to determine the eccentricity. If the epoch is
taken to be the moment when the satellite is at perigee, then the mean
anomaly can be set to zero, and in principle we now know the six
classical , elements, at least for the case of a pure two—bady Keplerian
orbit.

In practice, the foregoing procedure is of little value because
the known Earth locatiorns are rarely precise enough to allow the needed
calculations to be accomplished without introducing large errors in the
radius vectors, The eccentricity of a NOARA or DMSR catellite is roughly
. 0015, and the reader by using this value in the egquation of an ellipse
may satisfy himself that the difference between the semi—-major and
csemi-mincr axes 1is a mere 8 meters, whereas the mean diameter of the
crbit is inm the reighborhood of 14000 kilometers. Arnother technigue was
therefore preferred.

As nroted, krnowledge of the vector ovbital plane (VOF) at a given
time provides us with the orbital inclimation and right ascension of
ascending viode. Since the rate of change of the right ascension is
roughly kKnown, orr better, can bte accurately inferred by noting the
charge in VOF over a period of several days, and since the inclination
is almost invarianmt, we can find the orientation of the orbit at any
time in the riear future, i.e. for a span of several weeks ahead.

Let us rext make the inaccurate assumption that the satellite
nmoves about  the Earth with a periocd found by observing successive
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plare between

€] . 82 . DO .83 . 00
1 1. 36 7.41 7.54 79.35
2 T 3. 32 3. 32 44,81
3 -. 07 -. 05 .08 -43,08
4 -, 02 . 84 . 84 cZ. 88
S .07 . Q3 .07 S.09
= -, 08 -. 42 .43 -16.78
7 -. 02 -. 08 .08 -14.735
e .03 .91 .21 11. 01
3 .07 .03 .08 2.71
Croes—track errors:
0 59 00 « 593 . QO
1 £.07 -.34 2.27 -—-Z24.44
z w7 .16 .29 7. 86
3 -. 05 2. 85 .85 20.35
4 — g .01 .18 44, 52
] -.03 -1.94 1.94 -18.50
& .09 . 00 .03 .15
7 -. 01 122 22 T12.90
8 -. 01 -. 08 .08 -11.58
3 . 01 -.73 N AC -9, 89
showing tern harmonics, the =zeroth through
along-track and cross-track errors. The fourth column of values given
above for along-track amplitudes of greatest interest. As seen,
there is a constant term correction of .83 kilometers, a first harmonic

Thereafter the
suggesting that the assumption of a

component of 7.54 km, and a second harmonic of 2.32 km.
higher harmonics are all very small,
purely circular motion, corrected by removing the zeroth through the
second harmonics of the error, results in errors which are generally of
the worder of a kilometer. In fact, in this case, the remaining error,
compared against the given Earth locations, had an RMS value of only
1.59 kilcmeters, a discrepancy which 1is marginally acceptable for a
high-resclution Earth-viewing instrument such as AVHRR, and easily
acceptable for a sounding instrument such as HIRS, MSU, or SSTI aboard
the NOAA cor DMSP spacecraft. '

The foregoing table shows that cross—track errors tend to be much
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emaller than the alcng-track errors, though again they could be easily
removed by a harmonic correction. Columrn S shows the phase angles of
the alaorg-track and cross—tracks errors.

This case displaying the harmonic erraor compornents for the DMSE-7
catellite is of interest, for it represents a practical and rnecessary
instance of de-navigation. The authaor has experienced great difficulty
in wobtaining the classical orbital parameters from the Air Force, not
becance the latter is unwilling to release them as a matter of policy,
but simply because their distribution is not the routine responsibility
of any individual, and as a result they are usually cbtainable only by
special request arnd for a limited time only. On the other hand, the
Earth-located micro-wave retrievals from the DMSF-7 can be accessed on &
daily basis from the NAS 3000 system at Suitland, Md, through the Mcldas
system at the University of Wiscormsin. Although these data are
intended for meteorological use, not for rnavigaticnal purposes, it has
Secome both feasible and recessary to de-navigate the Earth locations in
srder  to  compute future positions of satellite for plarnming puUrposes.
Ar immediate disadvantage of the foregoing technique, however, is that
it affords no information of satellite altitude.

On the other hand, there is arncther reason for de-rnavigating Earth
locations even for satellites like those of the NOAA series for which
the =rbital elements are widely published ard distributed. Orie of the
mmst frequently used orbital prediction models is the Erouwer—-Lyddane
model (2, 4), which is a lengthy and involved program, and which may be
unavailable at many computer sites. It is relatively slow in execution
mwing to its complexity, and is itself rot free of error. Its size and
complexity are even more disadvantageous on a small computer, such as a
personal computer (FCY or lap—-top model, than on a larger system such as
the NAS-2000 or IBM 4381.

By de-navigating the Earth locaticns, we have cobtained pericd,
vector orbital plane, and the zerath through the second error
camponent s, == that we can then apply a very simple and fast algorithm,
as described below, to compute future (and past) satellite positions
with an accuracy competitive with that of a classical prediction model,
and with easy adaptability t= a small computer system. Morecover, if
our original Earth location data are accompanied with information about
satellite altitude, then that too can be harmonically resolved so that
we row obtainm predictions of height as well as of sub-satellite
locations. The computer languag2 in which the simple model was written
orn the GSSEC McIDAS computer, Madisan, is High Level Fortran (HLF),
which incorporates vectors and matrices as variable types, thus allowing

-

the code to be written corncisely in 3-dimensiconal vector notation (3.

Let us review and quantify the foregoing. Firstly, we are given a
set of Earth-loccaticons representing the sub-satellite points for
a polar-orbiting satellite, encompassing at least two Equator crossings
in the same direction, so that we can estimate the niodal periocd of the
satellite. Ncormally, norne of the sub-satellite points will fall exactly
on the Equator, so it may be necessary to do a bit of careful
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interpalaticn to find the precise moments of Equator criossing.

Let wus introduce the following notation, where the superior arrow
gill, be used to express a vector gquantity. We use the unit vectors
I, J, ard ¥ to derizte a right-hand orthonormal basis in the celestial
system, where T lies in the equatorial plane pointing from the center of
the Earth toward the Vernal Equinox,_ toward a point 30 degreeg
gastward of the Verrnal Equirnox, and K toward the North Pole. Let N
dencte the wunit vectaor pointing toward the satellite’s ascending node,
and E a unit vecteor in_ the equatorial plane pointed 30_degrees
east of the ascending_nrwode N. Clearly, the angle between I and N is the
right ascension. P dernotes the unit vector orbital plane, and can be
computed as the rnormalized coross product of  any two rion-collinear
satellite positigons. Let F? be the projection of B onto the equatorial
plane, and let M be a unit vector in the crbital plare pointing toweard
the rorthernmost position of the satellite. We dencte the epoch T, as
the time of first equator crossing, and by R the angular rate of change
=of the right ascension in degrees per day. Finally, let U bea a
uriitizing operator which normalizes any vector by dividing 1t by its ownm
mcomponents of  an arbitrary vector. Then at the imitial time T

P = U8 x S_ )
' 2

where §, and S, are two rnon-collinear satellite position vectors,
perferably ch=osen so that they are approximately orthogonal, o
cseparated by about 25 minutes in time. Moreover,

F* = P(I)I + P(I)T + OK

N = UGE* x P

E=KxN

M=FxN
Rt some  later (or earlier) time T, the following relationships
obtain:

N(T) = cosine(At) N + sine(At) E

FP(T) = N(T) x K mag(F?)

- - i - -

P(TY = B (1) I + PP (J) J + FK) K

M(T) = F(TY x N(T)
where t = (T = T,), and the mag( ) operator_ denctes the magnitude
(length) of a vector. The three vectors N(T), M(T) and p(T)
constitude an  orthornormal  basis, with two of  them (N(T) and M(T))
lying in the orbital plare. If W is the nodal period of the

satellite, inferrable from the times of successive equator crossings,



an approximate position ~f the satellite can be estimated at time T as

S(T) = cosine(360 t/W) N(T) + sine (360 t/W) M(T)
The discrepancy between this crudely-estimated position, and the
krown Earth location can be obtained, 1i.e.

-y g -
X(T) = BT} = 8

- -

Let wus use the lower case letters '?, j, and k to denote an
orthononmal coordinate system attached to the moving satellite,
where k is a wunit vector pointing downward toward the center of
the Earth, i points in the direction of motion of the satellite,
and j points to the right of the motion. We have:

=» -
K(T)Y = =U(S(T))
T(T) = k(T x FAT)
T(T) = k(M x 1(M
Then the discreparncy vector can be resclved into vertical,

along-track, and cross—track components by:

X(T) * 1(T)

x(T) =

- -
y(T) = X(T) % (T
S (T) = X(T) * R(T)

where * ‘is the dat product operator. These three error components can
be resclved by a Fourier analysis as a function of the nodal anomaly
(0 t/T), and the resulting coefficients then used to correct the
approximate positicon S(T) with a more precise one:

S(T) = 8(T) + 1 (cO + ci cosine(A-e,)
+ c& cosine((E(Q—e;)) (3)
The values c0, <cl, and c2 are cosine coefficients obtained from
the Fourier analysis, and e and & are corresponding phase angles. We
have now corrected the satellite position  vector S(T) for the

alorng-track error assoriated with the first approximation. Similar
correcticns may be applied to remove crose—track and vertical errors as
well, though these are usually far smaller than the along-track error.
In fact, for the NOARAR-10 catellite on 10 September, the Fourier
grror compoments  were:
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harmonic X phace Yy phacse 2 phase

Q e 23 180, Q0 0. 02 0. 00 4, 20 0. 00
1 14,.€S 107.04 0.74 £1.88 8.4 16. 50
e 0,72 -4€E. 23 0. 01 29. 26 1.47 -0, 21
3 0. 04 -3.75 0.0 40, 44 0. 01 =9, 90
4 0. 03 13.94 0.01 27. 48 0.01 24,16
S 0.01 £9. 63 0. 01 -21.90 0.01 -29. 324
€ 0. 02 -2€.19 0. 01 -5.29 0. 01 -7. 44
7 0. 02 -8.70 0.01 4,12 0.01 2.79
8 0. 02 -€. 02 0.01 -12. 45 0.01 -7.60
9 0, 02 3. 61 0. 00 19. 44 0.01 11.¢&
showing that the amplitude aof the alocrig-track error was 14,65

kilometers, whereas the cross—-track amplitude was .74 km. The maximum
vertical amplitude, if we care to remove it, is 8.324 km. The biases and
RMS errors of the satellite positions, predicted five days into the
future, i.e. for 15 Sepetmebr 1987, expressed in kilometers, were:

Xyy¥, = EIAS:  4.09  0.028 -0.04
RMS : 5.55 0.5 £.06

where a positive x-bias means that the satellite position predicted
by equation  (3) was ahead (further along the arbit) than the
true position. This result compares favorably with the position
predicted by the Brouwer-Lyddarne model, which had 10.38 km as the
along—track RMS error, versus S5.55 km for the simple model.

3. SUMMARY

De-ravigation of Earth-lccated satellite data affords rot crily
a means to obtain orbital characteristics which may otherwicse be
difficult to obtain, but alsc allows the use of a much simplified

navigation algorithm, suitable for small computers, faster than the
classical HKeplerian—-Newtonian models, and competitive with the latter in
accuracy.
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PLANS FOR TOVS PROCESSING AND DISTRIBUTION AT THE ITALIAN
METEOROLOGICAL SERVICE

P. Pagano - Italian Meteorological Service, Rome - Italy

Abstract

A HRPT receiving station has been operational at the Italian

Meteorological Service since January 1988. The plans for the use
of the station include the implementation of ITPP software for
TOVS processing on a dedicated VAX system. ‘

Raw and/or processed TOVS data will be available to users in

real time through a connection with the facilities of Rome RTH,
while historical data will be part of the Earthnet archive.

The possibility of disseminating TOVS data by means of the MDD

mission is also suggested.

1.

INTRODUCTION

A HRPT station has been implemented at the Italian Meteo-
rological Service in 1987 and it is operational since January
1988. The station, whose block diagram is shown in fig. 1, is
based on a steering 3.5 m antenna, with the receiving chain
backed by a PDP 11/44. Full automatic program tracking allows
to track every useful pass up to seven days, limited only by
the degradation of precision in the TBUS-derived orbit propa-
gation for tracking.

PLANS FOR AVHRR AND TOVS PROCESSING

Since the setting up of the station, AVHRR images are being
extracted and used for supporting in qualitative way meteo-
rological operations. The plans for the use of the station in
near future are based, as a first priority, on the quantita-
tive use of AVHRR data, by means of a numerical treatment of
imagery data for multispectral analysis and identification of
particular features. A specific program foresees the tailoring
of high resolution sub-sectors for areas of specific interest
and some pseudo-images, obtained as a result of a numerical
treatment, to be formatted in a WEFAX format and disseminated
via landlines to local meteorological offices.

As a second priority TOVS data elaboration is considered,
by means of the International TOVS Processing Package (ITPP),
acquired from the University of Wisconsin, Madison, USA.
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The first step for TOVS processing will be based on the
production of maps of thicknesses and hence of actual profi-
les, to be used, in a qualitative way, by the operational
forecasters to support nowcasting activity.

Eventually, the use of TOVS profiles as an input for the
fine-mesh limited area model, under development at the Italian
Meteorological Service, would be considered. _

So far ITPP, IBM version, has been acquired, and its imple-
mentation on the system already started. However the final
operational version for TOVS processing is planned to run on a

- dedicated VAX system; therefore the present activity should be

rather considered as an exercise, to experience how the
package works and what major problems for its implementation
have to be faced.

The implementation on the VAX system will start as soon as
the new ITPP, VAX version, will be made available to users.

AVAILABILITY OF TOVS DATA
a. Archive data

Since January 1988, the Rome HRPT station is part of the
Earthnet network for TIROS data archive. This archive, managed
by ESA/ESRIN, Earthnet Programme Office, located in Frascati,
Italy, is based on a network of three receiving stations, the
other two being Maspalomas ans Tromsoe.

The coverage of NOAA receiving station network is shown in
fig. 24

Therefore TOVS data, extracted from HRPT data stream, are
made available to users through the distribution channels of
ESRIN, which is taking over the responsibility of the data
service.

The Earthnet archive is still in an experimental phase and,
for the time being, the Rome station is supplying it with one
pass/day (afternoon pass), but the amount of data is -planned
to increase up to 4-6 pass/day as soon as it will become
operational, at the end of 1988.

b. real time data

The real-time availability of TOVS data from Rome station
is based on the concept of data circulation at the Italian
Meteorological Service, which is shown in fig. 3, as it will
be at the end of 1988.

According to this concept, TOVS data received from the HRPT
station, will be extracted from the data stream and transfer-
red from the receiving station onto the system (a micro-vAX
3500), on which the processing will take place.

207



Processed data, as well as raw data (depending on users'
requests), will therefore be sent to the Rome RTH (based on
cluster of two VAX 8250 computer). Hence the data will be
transferred to the data bank, in the IBM environment, for
temporary storage (tipically 1 day), and eventually to the IBM
Series 1 computers.

Remote users, other than those connected locally to the
central facility (IBM 3090 and/or 4381), will be allowed to
get TOVS data either through a scheduled transmission pro-
gramme, or (the qualified users) via a direct request to the
data bank, using a dedicated or switched line in a DECNET,
X-25 or IBM 3270 environment.

DATA DISSEMINATION VIA MDD

With the launch of METEOSAT MOP-1l, scheduled for the end of
1988, the MDD (Meteorological Data Distribution) mission will
be set up.

The concept of the MDD mission is to complement the GTS,
mainly in those countries lacking ordinary telecommunication
links, such as Africa.

It is based on two uplink stations, one to be located in
Rome at the Italian Meteorological Service, the other at the
British Met. Office in Bracknell, U.K. The two stations will
uplink onto the Meteosat alphanumeric as well as facsimile
charts on two channels, 2400 BPS. In the nominal case the Rome
station will. transmit alphanumeric data, while the Bracknell
station will handle facsimile charts; at any rate each station
is intended to be used as a back-up of the other. The data
will be relayed by Meteosat to any user, in the Meteosat field
of view, operating a SDUS-type station properly equipped.

Being the MDD mission operational, it would be worth
considering the opportunity of including in the dissemination
schedule also TOVS processed data, possibly not only the
Italian ones, in order to provide users with a wide coverage
of high resolution soundings in near real time for nowcasting
purposes.

Of course the scheme for this operation needs to be super-
vised by EUMETSAT and possibly coordinated with WMO, to define
standardized procedures and formats for TOVS processing and
assure the proper quality level of end product.
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OPERATIONAL TOVS DATA PROCESSING IN TROMSQ
By

Jan-Petter Pedersen,

The Foundation of Applied Research at The Univcrsity
of Tromsg (FORUT), Norway.

Introduction

In the first quarter of 1986, the VAX version of the International TOVS
Processing Package (ITPP), developed by the Cooperative Institute for
Meteorological Satellite Studies (CIMSS), Madison, Wisconsin [3], was
received in Tromsg. During the last half of 1986, work was carried out to -
implement the program system on the VAX-730 computer at Tromsg Satellite
Stadon (TSS).

In 1987, a new version of the ITPP was recieved from CIMSS. The new
version has been implemented operationally on the VAX-730 at TSS.
Modifications and local processing routines developed for the first [TPP
version has also been implemented into the new version. The new version is
currently operational, but the majority of the results presented here are derived
from the former version.

Software implementation and tests

In theory, the software system should have been running after the first

installation on the computer. However, a lot of work had to be performed to
get the system running operationally. In addition to the- necessary
implementation work, software for optional full/local retrievals, and
presentation of the retrieved parameters on image form have been developed.
In addition, modificadons presented by Svensson [5] have been implemented
into the operational ITPP version at TSS.

Software implementation/development

The work carried out during the implementation phase is presented in detail in
a report by Pedersen [4]. The pre-retrieval modifications/developments
include :

- development of routines for operational applicatons of direct read-out data
from TSS into the ITPP processing chain

- modifications of the orbital calculation procedures

- modification of the satellite orbital node calculation procedure

- increase of the maximum number of TOVS lines to be processed.

212



22

Retrieval procedure modifications include :

- increase of the maximum number of sounding spots to be processed
- correction of system bug for handling data from latitudes exceeding the

satellite tangental latitude (x - inclination)
- development of routines for subsequent local retrieval surroundin g specified
geographical locations

Post-retrieval development includes a routine for presentation of retrieval
parameters on image form including relevant annotation, grid and
landcontours.

System performance tests

After the modifications and new developments had been implemented, real
NOAA/TOVS data read out at TSS, were applied for testing the performance
of the ITPP when dealing with data from the Arctic. All four first guess
opdons have been applied in the presented work. The resulting satellite
rerievals have been compared with radiosondes data from some of the
Norwegian meteorological stations in the Arctic region [4].

Figure 2.1 shows the locations of the meteorological stations for which the
data comparisons have been made. Using the developed local processing
opuon, the satellite sounding spot closest to the geographical position of the
actual station is determined from the preprocessed data.

: BUSRNSYA

: BoDE !
: "POLARFONT® *
: SRLAND

Figure 2.1 : Location of meteorological stations in the Arctic applied for data
comparisons. Also presented in the figure is the theoretical 0 deg.
elevation acquisition horizon for Tromse Satellite Station (TSS).
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2.2.1.

2.2.2.

The data comparison results are presented as RMS differences for the four
modes at the available pressure levels. RMS curves have been derived for the
temperature and the dewpoint temperature profiles. Notice, however, that the
statistical material used for generation of the RMS curves is limited to
maximum 12 comparable radiosonde versus satellite profiles for each first
guess mode. Figure 2.2 and 2.3 present the derived RMS temperature and
dewpoint temperature profiles.

RMS temperature profile statistics discussion

The conclusion that can be made from the presented RMS temperature
statistics is that although the average absolute RMS differences presented in
figure 2.2 are somewhat increased compared to results presented by others [2,
6], three of the different processing modes seem to give reasonable resuits for
operational temperature profiling by applying the available processing system.

Although the non-surface data climatology mode is the one giving the best
RMS coincidence with the radiosonde in the uppermost layers, and in the
mid-atmosphere, the RMS values observed towards 1000 mb are too coarse
for operational applications.

From the four different modes, the two regression modes seem to give the
overall best results. Compared to the surface data climatology mode, the
overall performance is approximately constant 0.5 deg. Kelvin better for the
two regression modes for all levels except 1000 mb.

RMS dewpoint temperature statistics discussion

Compared to the temperature profile RMS statistics, the dewpoint RMS
differences presented in figure 2.3 show increased both relative as well as
absolute deviations from the available radiosonde profiles. From the presented
dara it is observed that best coincidences are present at 300 mb, and towards
1000 mb.

From the four processing modes, none of them can be identified as the

uniquely better one. The important conclusion that can be made from the -
presented data is that due to the overall poor coincidences between satellite

and radiosonde dewpoint data, the present ITPP system has limited

operational aspects regarding dewpoint profiling in our Arctic regions.
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Figure 2.2: RMS differences between radiosonde and satellite retrieval mode

temperature profiles.
CLIM W/O SD: Non-surface data climatology, N=12 soundings
CLIM W/ SD: Surface data climatology, N=8 soundings
REGR W/O SD: Non-surface data regression, N=8 soundings
REGR W/ SD: Surface data regression, N=8 soundings.
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Figure 2.3 : RMS differences between radiosonde and satellite retrieval mode
dewpoint temperature profiles.
CLIM W/O SD: Non-surface data climatology, N=12 soundings
CLIM W/ SD: Surface data climatology, N=8* soundings
REGR W/O SD: Non-surface data regression, N=8* soundings
REGR W/ SD: Surface data regression, N=8* soundings.

Operational applications of NOAA/TOVS data.

Studies of the atmospheric Ozone content in Arctic regions.

Since January 1987 the total atmospheric Ozone content has been studied at
certain locations in the Arctic from NOAA/TOVS data read out at TSS. Using
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DOBSONS

the local processing option, TOVS data from Longeyarbyen (Spitzbergen),
Tromsg, Oslo (Norway) and Sodankyla (Finland) have been processed daily.
This project is performed in personal cooperation with S. Larsen at the
Physical Institute at the University of Oslo (Ui0). All ground measurements
have been provided by Larsen [1], while all satellite measurements have been
provided from Tromsg.

From January until March 1987 NOAA-9/TOVS data read out at TSS was
applied. After the serious NOAA-9 MSU calibration trouble occured in March
1987, the ozone content study project temporarily ended. In late autumn 1988
the project was restarted again, using the TOVS system onboard NOAA-10.

The satellite derived Ozone contents have been compared to corresponding
ground measurements. The ground measurement is always performed at 1200
GMT, while the satellite masurement time can differ from day to day.
Therefore, the variable measurement time difference has to be kept in mind
when comparing the data.

The results from the data comparisons are presented in figures 2.4 - 2.6. In
figure 2.4 the results from the comparisons of ground measured and NOAA-
9/TOVS measured Ozone contents for Oslo for the period January 1987 until
March 1987 are presented. The data comparison for this period shows that on
average the satellite underestimates the Ozone content by 12-13 % [1].

S50

S00 -

450 -

400 -

350

300 -

250 A
- GROUND

= SATELLITE

200 . r - T
Jan.25. Feb.1. Feb. 15.

Ma;-.l. l\;lar.6.

Figure 2.4 : Comparison of ground measured and NOAA-9/TOVS measured
: ozone content from Oslo for the period January 25. until March 6.
1987.
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Figure 2.5 : Comparison of ground measured and NOAA-10/TOVS
measured Ozone content from Oslo for the period November 1.
1987 undl January 10. 1988.
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Figure 2.6 : Comparison of ground measured and NOAA-10/TOVS measured
Ozone content from Tromsg for the period November 1. 1987
undl January 10. 1988.
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From the data presented in figures 2.5 and 2.6, the RMS deviations between
ground and satellite measurements have been derived for respectively Tromso
and Oslo. The results are presented in table 2.1.

Locaton RMS deviaton Number of
(Dobsons) comparisons
Tromsg 16 26
Oslo 5 33

Table 2.1 : RMS deviation between ground measured and NOAA-10
measured Ozone contents for Tromsg and Oslo for the period
November 1. 1987 until January 10. 1988.

Comparing the RMS deviations for Oslo and Tromsg shows that the observed
deviation for Tromsg is increased by a factor > 3 compared to that for Oslo,
from 5 Dobson units until 16 Dobson units. The observed difference may be
explained from ground measurement uncertainties since the sun is below the
horizon in the actual period in Tromsg. The RMS result observed for Oslo
shows coincidence within 5 Dobson units between ground and satellite
measurements.

In addition to the Ozone studies for the certain locations, developed routines
[4] have been applied for studies of the spatial Ozone distribution. Figure 2.7
shows the Ozone content in Northern Europe derived from NOAA-9/TOVS
data on February 23. 1987. The white areas represent the lowest contents,
while the darkest areas represent the highest.

Visible from the figure is low Ozone content in the Northernmost areas, and
also a number of local, small areas of minimum Ozone contents. South of
Scandinavia is observed an extended minimum content area. Comparing the
derived Ozone contents with corresponding visible data shows that some of
the areas of minimum Ozone content coincide with cloud covered areas.
Therefore, from this data set it looks like some of the observed features can be
explained from the present cloud cover. :

Another interesting feature observed from figure 2.7 is that the low content
area in the Northernmost region coincides with the TOVS scan lines.
Studying a sequence of images (not presented here) shows that minimum
Ozone contents are systematically detected at the beginning of the satellite
passes before the first sensor calibration cycle. The image presented in figure
2.7 is generated from a descending satellite pass. In order to document the
observaton, data from an ascending pass are presented in figure 2.8. In this
figure the low Ozone content area is at the bottom of the image. An
explanation of this observation is that for all data preceeding the first
calibraton cycle, mis-calibration of the HIRS channels applied for the Ozone
retrieval give resulting minimum contents.
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Figure 2.7 : Total atmospheric Ozone content in Northern Europe on February

23. 1987. Data from NOAA-9 read out at TSS. Notice the
minimum content area at the top.
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Figure 2.8 : Total atmospheric Ozone content in Northern Europe on August
26. 1986. Data from NOAA-9 read out at TSS. Notice the
minimum content area at the bottom.
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3.2,

TOVS based atmospheric corrections of AVHRR surface
temperatures.

The absolute surface temperatures are obtained from inversion of the equation
of radiative transfer [4] :

RA p B 0) = Tk pg, 1, 0) €A, 1, 0) BA, T(py))

1
+ [ B®, T(p) &, p, p, 6) (1)
oA ps, W, 9)

~ The equation of radiative transfer is implemented operationally in a NOAA

data processing software system at TSS. From knowledge about the
atmospheric composition, its influence on the detected satellite signal

represented by the atmospheric transmittance (A, Pg» M, ) and the second

term in equation (1) may be computed and corrected for. For the operational
implementation of equation (1), the surface is assumed to be a perfect black-

body, i.e. €(A, K, ¢) = 1.0.

For demonstration of the effects from atmospheric corrections of sea-surface
temperature derivation from thermal infrared satellite observations, non-
atmospheric and atmospheric corrected tables for conversion of AVHRR
digital counts into temperatures have been generated. Also given is a
comparison of conversion tables based respectively on radiosonde and TOVS
profiles as input to the atmospheric correction procedure.

Data from the island Jan Mayen was applied for the actual study. NOAA
satellite data read out at TSS and radiosonde data from the meteorological
station on the island was available. The satellite data was acquired on August
26. 1986 at 1350 GMT, while the radiosonde was launched from the island at
1200 GMT.

Using the operational TOVS data processing system, the atmospheric profiles
were derived from the NOAA-9 data. Figure 2.9 presents the satellite derived
and the corresponding radiosonde temperature and dewpoint temperature
profiles in a (standard) sonde diagram.

From the different profiles presented in figure 2.9, the total atmospheric
transmittances have been calculated for wavelengths corresponding to the
NOAA/AVHRR thermal infrared channel 4. Figure 2.10 presents the total
transmittance versus wavelength for the two source profiles.

Using the radiosonde and the TOVS temperature and humidity profiles also
the integrated atmospheric path radiance represented by the second term in
equation (1) can be calculated. Knowing all parameters in equation (1), a table
for conversion of AVHRR digital counts into atmospheric corrected absolute
sea-surface temperatures have been generated. The conversion table is
presented on figural form in figure 2.11. For comparison is also a conversion
curve for non-atmospheric corrected surface temperatures presented in the

figure.
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Studying the curves in figure 2.11 shows that the radiosonde and the TOVS
input profiles give coinciding conversion tables. This is also expected, due to
the small differences in the calculated atmospheric transmittance values
presented in figure 2.10. The most interesting observation made from figure
2.11 is the difference between the non-atmospheric and the atmospheric
corrected conversion tables.

Observe that the atmospheric correction shows the most significant influence
for the highest temperatures. This observation is expected, and can be
explained mainly from that the relative contribution from the atmospheric path
radiance term increases with increasing temperature.

~ PRESSURE (MB)

TEMPERATURE (CELCIUS)

Figure 2.9 : Satellite and radiosonde temperature profiles acquired on August
26. 1986.
—— radiosonde temperature profile
--——radiosonde dewpoint temperature profile
- - - —satellite temperature profile
-x—x-satellite dewpoint temperature profile
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Figure 2.10 : Total transmittance versus wavelength for radiosonde (RAD-
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Figure 2.11 : Relationship between AVHRR digital pixelvalue and surface

temperature in deg. Celcius, for:

a : No amospheric corrections (TMP UCORR)

b : Radiosonde atmospheric corrections (TMP RACORR)

¢ : TOVS based amospheric correctons (TMP TOVCORR).
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Concluding discussion

The objectives of the TOVS work carried out in Tromsg during the recent
years can be divided into two major parts. Firstly, to implement the ITPP
software for operational applications at TSS and to derive initial statistics
regarding atmospheric parameter retrieval in Arctic regions. The second part is
related to operational applications of the ITPP. Two application areas have
been presented here. The first deals with studies of the atmospheric Ozone
content in Polar regions, and the second with application of TOVS based
atmospheric profiles as input to atmospheric correction of optical satellite
surface measurements.

The RMS statistics presented in chapter 2 indicates. that tHe temperature
profiling accuracies using the ITPP in Polar regions are comparable to
corresponding statistics presented from other regions. The humidity profiling
statistics presented here indicates, however, that the performance of the
present software is too coarse for operational applications within fields like
operational meteorology. Therefore, improvement of the humidity profiling
from satellite soundings is an important task for furure work.

The results presented from the Ozone content studies show that satellite
observations coincide within 5-16 Dobson units with ground measurements.
The presented results indicate that the coincidence changes with the seasons,
depending upon the sun elevaton. It is difficult based only on the presented
results only to conclude whether the satellite or the ground measurements are
the most accurate. Another observation is that some of the retrieved Ozone
anomalies may be explained from present clouds (and sensor calibration).
Despite these uncertainties, satellite soundings seem to represent an important
contribution for operational monitoring of the atmospheric Ozone content with
sufficient accuracy.

Although the performance regarding the [TPP humidity profiling is observed
to be somewhat reduced, an example of application of radiosonde and TOVS
profiles as inputs to atmospheric correction of satellite thermal infrared surface
observatons is presented. The results show that radiosonde and TOVS
profiles give identical atmospheric correction factors. Compared to non-
ammospheric corections, the effects are most important for higher temperature
levels. The conclusion from this example is that TOVS profiles represent an -
important source for atmospheric corrections of simultaneously acquired
surface observations.....
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MESO-SCALE ANALYSIS AND THE USE OF TOVS
A CASE STUDY USING 3I RESULTS

by G.J. Prangsma
KNMI, De Bilt, Netherlands

ABSTRACT

TOVS derived upper-air information for use in weather forecasting is
generally fed into a numerical atmosphere model. This is commonly considered to
be the most profitable, if not the best way to apply TOVS data.

An entirely different approach, based on theoretical work of Sutcliffe
(1947), is presented here. In this method meteorological developments are
linked to properties of the thickness field of a standard atmospheric layer. It
can be applied both in manual, synoptic forecast techniques and in numerical
models.

For this method to be used, TOVS retrievals should be as evenly spaced as
possible. This requires a retrieval method that is insensitive to the presence
of clouds. Two case studies are presented, in which the results of the 3I-
inversion method are used to illustrate the application of Sutcliffe's theory.

1.  INTRODUCTION

During a visit at the Atmospheric Radiation Analysis (ARA) group of the
Laboratoire de Météorologie Dynamique (LMD) in Palaiseau (France), the present
author analyzed TOVS data, taken by the NOAA-9 polar orbiting satellite, using
the 3I (Improved Initialization Inversion) system (cf. Chedin et al., 1985).
The reception station of the French National Meteorological service at Lannion
made available TOVS data for 2 consecutive afternoon passes three times a week
during a 6 week period. Moreover, the central forecasting office in Paris asked
for the analysis of some situations of interest from the operational point of
view. In total, data for 55 satellite passes have been analyzed.

Following a brief outline of the relation between satellite retrievals and
the work of Sutcliffe (section 2), in section 3 results for two cases are
presented. These results are discussed in section 4, along with some concluding
remarks. ;

2.  SATELLITE SOUNDINGS AND DEVELOPMENT OF ATMOSPHERIC SYSTEMS

Weather forecasting throughout its existence has been and will continue to
be based on observations of the thermodynamical state of the atmosphere. These
observations encompass a wide variety of variables, such as temperature,
humidity, wind, pressure, etc.

Until the introduction of satellite sensors, these observations - by the
nature of the sensors and technology used - are local, point measurements, both
in time and space. Only recently (see e.g. Isaacs et al., 1986) it has been
fully appreciated that remotely sensed data (and especially satellite-borne
radiation measurements) have an essentially different character: basically they
are mean values over some volume, the size of which is determined by the
instrumental details.

For satellite sounder retrievals this implies that the derived results are
area-mean thicknesses of atmospheric layers, e.g. 1000-500 hPa. Some sub-
division of these layers can be shown to be relevant, but satellite retrievals
must be expected to show considerably less detailed structure in the vertical
than obtainable with modern radiosonde systems.

On the other hand, satellite soundings provide us with a wealth of detail
in horizontally coherent structures (see e.g. Chedin et al., 1987, Prangsma et
al., 1987, Claud et al., 1988), which gives hitherto unknown opportunities in
meso-scale meteorology.
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As a first step, a self-consistent presentation of the satellite-derived
thickness can make use of the theory developed by Sutcliffe (1947), describing
surface cyclogenisis (or cyclo-lysis) ' in terms of the so-called thermal vor-
ticity of the 1000-500 hPa layer.

If Vand Vo are the winds at 500 and 1000 hPa, V'’ is the thermal wind for
the 1000-500 hPa layer, f the Coriolis parameter, &’ the vorticity of V' (i.e.,
the thermal vorticity), and %o the vorticity of the 1000 hPa wind, Sutcliffe
derived the following relation between the divergences at 500 and 1000 hPa
(i.e., the cyclo-genesis/cyclo-lysis) and the vorticities:

f(divpV—div,Vo):—V’s—g(f+¢'+2q§o) (1)

where the derivative &§/8s is taken along the thermal wind (V') direction.

If we note that, generally, the divergence of the 500 hPa winds virtually
vanishes, eq. (1) gives the surface cyclogenesis ( divp Vo ) in terms of the
advection of planetary, thermal and surface vorticity. In some simplified
short-range forecast models this 1is an essential ingredient to take develop—
ments into account (L. Heijboer, private communication; see also Heijboer et
al., 1987).

Since TOVS retrievals yield thickness fields, the Sutcliffe-type analysis
seems fit to provide the framework for presenting satellite soundings, both for
numerical atmosphere models and for combination with standard operational
synoptic methods. The first results of this technique (cf. Prangsma et al.,
1987) were so promising that the same method has been applied to some of the
cases selected by the French National Meteorological service.

3.  ANALYSIS OF THREE ORBITS OF NOAA-9 ON 7 AND 8 DECEMBER 1986

3.1 " Deovblofiaii of & suhll, viblent deprassiod on T-8. Decamber 1986 (NOAA-3
orbits 10224 and 10237).

In the cold front of a large depression near Iceland, a frontal wave is
observed being formed off the Bay of Biscay: the frontal wave has not been
distinguished in the standard 0.00 GMT surface analysis (fig. la) nor in the
upper-air analysis (fig. 1b) of the same time, yet the 12.00 GMT analyses (fig.
2) of the same day (7 December 1986) clearly mark the development being in
progress.

The satellite image (NOAA-9, orbit 10224 around 05.00 GMT, fig. 3) is
typical for frontal wave activity near 20W. Atypical in this image is a cloud
structure from roughly 46N, 30W extending westward to about 47N, 35W.

The thickness distribution retrieved with the 3I-method from the TOVS
radiances indicate the presence of a complex structure to the north of this
cloud band with considerably more detail than is revealed by the standard
thickness analysis (figs. 1b and 2b, dotted lines) ‘

The vertical structure of this feature can be assessed by considering
thinner layers. One then clearly finds the feature to exist above 850 hPa
(figs. 4b-c), being most pronounced between 700 and 500 hPa. In the 500-300 hPa
thickness map (fig. 4d), an isolated cold cell around 53N, 32W hints at some of
this structure extending into the upper troposphere, with 1its vertical axis
slightly tilted.

Analyses of the next day (8 December 1986, 0.00 GMT, figs. 5a-b) and the
satellite image received around 03.30 GMT (NOAA-9, orbit 10237, fig. 6), show
that the frontal wave has developed into a small, but violent depression with
force 10 winds being reported on its western flank.

The TOVS derived thickness maps for this orbit (figs. 7a-b) show that much
of the detailed structure has been dissipated, with hardly any vertical dif-
ferentiation being left.

Now the question must be adressed whether the available data, and more
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specifically the TOVS products, can explain at least in a qualitative way, the
rapid developments observed.

To this end, the thermal vorticity field for the 1000-500 hPa layer has
been computed as a basic ingredient in the Sutcliffe-type approach. The result
(fig. 8a) reveals the existence of sharp gradients between positive (cyclonic)
and negative (anticyclonic) vorticity structures in the area just north of the
the cloud feature at 05.30 GMT on December, 7. These thermal vorticity gra-
dients along with the thermal winds for the same layer (fig. 8b) could induce
the rapid development of a surface depression at the entrance of the Channel,
according to eq. (1).

3.2 A double cloud band structure south of Iceland on December, 8, 1986.

On December, 8, 1986 around 15.00 GMT the NOAA-9 satellite in orbit 10244
revealed an uncommon double cloud band structure over the North Atlantic ocean
south of Iceland (fig. 9).

The standard surface and upper-air analyses (figs. 10a-b) of 12.00 GMT on
that day, indicate the presence of a frontal zone in this area, but give little
explanation for a double band of clouds of the type observed. The French
National Meteorological service therefore asked to investigate, whether such a
structure is detectable in the TOVS analyses.

Since the swath of the TOVS instruments is narrower than the AVHRR swath
width, we expect to find the signature of the structure considered at or near
the edge of the available data. Due to a numerical limitation currently exis-
ting in the contouring software, we therefore have to rely on the thermal wind
plots as produced by the 3I-system.

Careful inspection of these plots shows (figs. lla-b) that indeed a double
structure is present in the 700-500 hPa (fig. 1la) and 500-300 hPa (fig. 11b)
layers, whereas in the lower layers in the area of concern only a single, wider
cold tongue is found. This result shows the ability of the method to resolve
structure of limited vertical extent.

In order to assess the potential dynamical implications of such double
structures, we computed the thermal vorticity for the layers cited above, as
well as for the standard 1000-500 hPa layer. The results are shown in figs.
12a-c. Apart from boundary effects induced by the numerics of the contouring
package, some sharp vorticity sradients are clearly delineated, indicative of
potential surface cyclogenesis.

4,  DISCUSSION

Sutcliffe's theoretical approach has been applied to coherently present
the results of TOVS retrievals. Since this theory is primarily based on gra-
dients in the thermal vorticity field (eq. 1), the representation of these
gradients is essential. This requires a reasonably homogeneous spatial dis-
tribution of the available observational data. In other words, the TOVS retrie-
val scheme must provide evenly distributed results under all meteorological
conditions.

From the results presented in section 3, we conclude that the 3I-system is
fully capable to fulfill this distribution requirement: no discontinuities are
found between clear and cloudy areas.

The Channel depression development (section 3.1) in particular, shows the
potential of the method to provide early warning for sudden and/or violent
developments. This application requires the timely availability of the results
(cf. figs. 8a and 12a) to the operational forecaster. Current experimental
results indicate that the 3I-system can generate these products within at most
one hour after observation time.

Two cautionary notes are in place here. Firstly, TOVS derived upper-air
information is not fully exploited in such a "manual" approach; the assimi-
lation into a numerical atmosphere model is essential to provide a complete
forecast, which - among other things - confirms (or cancels) the early warning.
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Secondly, the presented results look rather promising. Nevertheless, more
rigorous and systematic investigations are needed to establish to what extent
"false alarms" are introduced. I.e., research is needed to show that the early
warnings provided by the Sutcliffe-type presentation are generally followed by
the severe weather conditions implied by the warning.

The case studies (section 3) show the potential of the 3I-method to de-
lineate detailed atmospheric structures with horizontal scales unobtainable
with classical observation techniques. We therefore conclude that the field of
TOVS retrieval has matured to a state, where dense and robust data sets are
becoming available for use in meso-scale meteorology, both in a research and in
an operational mode, and also in manual/synoptic techniques as well as numeri-
cal models.
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Synoptic analysis for December 7, 1986 at 0.00 GMT.

a. Surface

b. 500 hPa heights (full lines), 500 hPa winds and 1000-500 hPa thick-
ness (dashed lines).

As fig. 1, but for December, 7, 1986 at 12.00 GMT.

NOAA-9 Infrared (channel 4) image for orbit 10224, December, 7, 1986,
05.30 GMT.

Thickness fields in dam, derived from TOVS data using the "3I" inver-
sion method for NOAA-9 orbit 10224, December, 7, 1986 at 05.30 GMT.

a. 1000-500 hPa b. 850-700 hPa c. 700-500 hPa d. 500-300 hPa
As fig. 1, but for December, 8, 1986 at 0.00 GMT.

As fig. 3, but for orbit 10237, December, 8, 1986 at 03.38 GMT.

As fig. 4, but for orbit 10237.
1000-500 hPa b. 500-300 hPa

o]

a. Vorticity (in 10-* sec™!) of the thermal wind field for the 1000-500
hPa layer for NOAA-9 orbit 10224 (December, 7, 1986, 05.30 GMT).

b. Thermal winds obtained for the same layer.
(Numbers give thickness in dam above 500 dam)

As fig. 3, but for orbit 10244, December, 8, 1986, 15.10 GMT.
As fig. 1, but for December, 8, 1986 at 12.00 GMT.

Thermal wind fields for NOAA-9 orbit 10244, December, 8, 1986 at 15.10
GMT.

a. 700-500 hPa (Numbers give thickness in dam above 200 dam)

b. 500-300 hPa (Numbers give thickness in dam above 300 dam)

Vorticity (in 10-¢ sec~!) of the thermal wind for NOAA-S orbit 10244,
December, 8, 1986 at 15.10 GMT.

a. 700-500 hPa (Numbers give thickness in dam above 200 dam)

b. 500-300 hPa (Numbers give thickness in dam above 300 dam)

c. 1000-500 hPa (Numbers give thickness in dam above 500 dam)
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NORR-9 VERTICAL SOUNDER - LMD PHYSICAL INVERSION METHOD

8S0 - 700M8. ORBIT:10224 DECEMBER, 7,1986 05.30Z.

Fig 4b
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NORR-9 VERTICAL SOUNDER - LMD PHYSICAL INVERSION METHOD

S00 - 300MB. ORBIT: 10237 DECEMBER, 8,1986  03.38Z.

Fig 7b
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NORR-7 VERTICAL SOUNDER - LMD PHYSICAL INVERSION METHOD - CATHIA

ORBIT:10224 DECEMBER, 7,19

AND THERMAL WINDS (M/S) .

1000 - 500MB THICK. (DAM)
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NORA-8 VEATICAL SOUNDE: - LMD PHYSICAL INVERSION NETHOD

500 - 300#8. ORBIT:10244  DECEMBER, 8,1986  15.10Z.
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TOWARDS OPERATIONAL USE OF TOVS IN THE NETHERLANDS

by G.J. Prangsma
KNMI, De Bilt, Netherlands

ABSTRACT

An overview is presented of the preparatory work at KNMI as part of the
introduction of TOVS data in the so-called "Automatic Production Line"” (APL) for
the operational weather service. The arguments for the selection of an inversion
method for the radiance data as received from the NOAA-TIROS series of polar
orbiting satellites are discussed.

The development of the APL is briefly outlined, emphasizing the role of TOVS
data in the basic system.

1. INTRODUCTION
Background

After the installation of a HRPT! receiving station at the Dutch Meteoro-
logical service (KNMI?) in 1981, a lot of experience has been gained in the
manual interpretation of cloud imagery, originating from the AVHRR®’ instrument.
Gradually the need for a more quantitative use of these data resulted in a
development project aiming at the implementation of a package for the numerical
treatment of imagery data. Along with the basic analysis system, a variety of
useful products has been developed (see e.g. Prangsma and Roozekrans, 1988).

As a second phase., in early 1986 a project has been defined aiming at the
implementation of the quantitative use of TOVS* data in operational and research
work. The need arose to choose an adequate TOVS inversion algorithm, suited for
both operational and research 'heeds. with the possibility for linkage with the
already existing AVHRR package and experience.

Selection of a TOVS inversion algorithm

For the selection of an inversion algorithm of the radiances as coming from
the TOVS instruments. several obvious candidates were available:

- the International TOVS Processing Package (ITPP), developed by the group at
the University of Wisconsin

- the operational method of NOAA/NESDIS®

- the 31 (Improved Inversion Initialization) system, developed by the ARA®
group at IMD?, Palaiseau.

As outlined above, the criteria in this selection exercise stemmed from
operational as well as research needs. These needs can be rephrased in the
following requirements:

HRPT High Resolution Picture Transmission
KNMI Koninkli jk Nederlands Meteorologisch Instituut
AVHRR Advanced Very High Resolution Radiometer
TOVS TIROS Operational Vertical Sounder
TIROS Thermal InfraRed Operational Satellite
& NOAA National Oceanographic and Atmospheric Administration
NESDIS National Environmental Satellite, Data, and Information Service
® ARA Analyse de Rayonnement Atmosphérique / Atmospheric Radiation Analysis
* IMD Laboratoire de Météorologie Dynamique
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the method must

- have a clearly understandable physical and mathematical basis

- must be independant of an operational forecast model and/or
operational/climatological data base

- be flexible and easily adaptable.

An extra, but not necessarily decisive, consideration is the possibility to
establish a cooperation with the group, where the method has been developed,
within reach even with limited travelling budgets.

Why choose the 3I method?

As an outcome of this selection study. which used available literature and
reports only. the 3I-method has been chosen as -probably- the most viable way to
go with the limited staff resources available at KNMI.

This choice is mainly based on the first two criteria presented above:

- sound physical and mathematical basis
and -esteemed of prime importance-:
- independancy of operational or climatological data bases.

This choice being made, contacts have been established with the ARA/LMD group ,
in order to check their willingness to provide us with a copy of their 31-package
and to provide any additional guidance, should the need arise. In this context
arrangements have been made under which the present author spent a couple of
months in late 1986 and early 1987 at the LMD, during which period he worked on a
number of aspects concerning the transportability and the operational use of the
31 system. i

During the period from mid-October until mid-December 1986, the satellite Y
reception station of the French meteorological service at Lannion made available
TOVS data for two successive satellite passes on Monday, Wednesday and Friday.

Moreover. cn a number of occasions the central forecasting service in Paris
asked for treatment of special orbits, based on observation of unexpected or
remarkable weather developments. In this way., a total of 55 orbits within the
range of the Lannion reception station have been routinely treated with the 3I-
system. Results for two such situations have been published elsewhere (see
Prangsma et al.. 1987): two more are presented at this conference.

2 STATUS OF PRESENT WORK AND PLANS FOR FUTURE EXPANSIONS AT KNMI

The Automatic Production Line at KNMI

In the discussion at KNMI on how to use modern technology in the operational
weather service. the daily work of the forecaster can been basically split into
two parts: .

- the interpretation of the output of one or more numerical models
- the manipulation of "classical” meteorological data, such as SYNOPS, charts,

satellite imagery, etc.

The first of these tasks can be defined as being the final step in an ‘
“Automatic Porduction Line” (APL), whereas the second task in the same spirit can
be called an "Interactive Production Line"” (IPL). ’

The natural border-line between these two ways of producing weather forecasts,
is the period for which the forecast is produced:

- 0-6 hours ahead is best done in an interactive way :
- 6-12 hours ahead can be covered manually as well as by numerical models:
simple advection of existing weather systems.
|
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- 12 hours and further ahead requires the inclusion of dynamical processes in
the atmosphere and is best cov. red by numerical means, that is: a model of
sufficient areal extent such as to cover the developments bound to affect the
area of interest within the forecast period.

Therefore the period of local forecasting for the next 24 to 36 hours is
nowadays generally based on some sort of limited ares model, the physical content
of which is by and large determined by the output requirements of the meteorolo-
gical service using the modelu

The role of a Limited Area Nodel in the APL

The main data and information carrier in the automatic production process will,
naturally be a fine-mesh, limited area model (LAM) of sufficient physical '
sophistication so as to be able to produce adequate numerical forecasts for 24 to
30 hours ahead as input to other models like storm surge and wave models for
areas of local/national interest., PBL®* models for air pollution warnings., to name
just a few.

At KNMI this central role is played by an in-house adaptation of the BECOMWF®
LAM. in the near future to be replaced by the model resulting from the ,
international HIRLAM!® project. From the operational requirements for the Dutch
circumstances, a three-hourly update of the forecast cycle is deemed necessary
and is therefore a design goal. In order to be able to feed the model at such
short intervals with enough information on especially the upper-air situation,
satellite data are a vital ingredient.

The place and role of satellite data in APL and IPL

Having said this, it is most important to note that timeliness of the ,
satellite data and regular spatial distribution under all atmospheric conditions
are key factors, both for the model runs and for the warning function in the
interactive production line.

This illustrates another factor in favour of the 3I inversion method: the
results are found to be robust and reliable (see Prangsma et al., 1987),
especially in cloudy areas where the weather developments have to be watched as-
carefully as is possible. In other words: a regular coverage with TOVS derived
upper-air data in cloudy, and potential development areas is essential.

Experience has shown, that the NESDIS operational products become scarce and
less reliable in areas with heavy clouds (G. Kelly, private communication). Also
the ITPP, due to its declouding algorithm (the so-called N-star method), is less
performing in this respect, whereas the 3I-system gives evenly distributed
results. even under heavy cloudy conditions (see Prangsma et al., 1987).

Status of the KNMI implementation

At the time of writing, the installation of a computer system, linked with the
HRPT receiving station, has been finalized, while the software is being adapted
to the format of the raw data received by the system in real-time. Both the AVHRR
and TOVS data will be treated to give a number of products to be used in the
operational weather service as well as in the support of other government
branches, KNMI being responsible for the reception and dissemination of
operational satellite data within the Dutch national services.

The system is planned to be ready for routine use by the end of 1988 and will
be used for further development work and research in the field of satellite

meteorology in the coming years.

s PBL Planetary Boundgry Layer
* ECMWF European Centre for Medium-range Weather Forecasts
1o HIRLAM HIgh Resolution Limited Area Model
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FUTURE INSTRUMENTS: NOAA-KLM UPDATE

Anthony L. Reale and H. D. Drahos
3 NOAA/NESDIS
Washington, DC 29233 USA

The current status of NOAA-K,L,M is summarized in the following tables and
figures. NOAA-K,L,M represents a significant upgrade of the current TOVS
system (both with regard to instrument and science algorithms). The NESDIS
philosophy ‘is to prevent "system shock" by gradually introducing the new
software system and science algorithms via System-90 and ultimately the entire
upgraded package via System-92. The former represents science and system
changes implemented on the TOVS instrument, the latter represents the complete
upgrade implemented for AMSU/HIRS-3/AVHRR instrument configuration. AMSU
represents a major change since it consists of two units, AMSU-A containing 15
microwave temperature channels at approximately 45 km resolution at nadir and
AMSU-B containing five microwave water vapor channels at approximately 15 km
resolution at nadir.

Milestones for NOAA-K,L,M are presented in figues 1 and 2. System-90 has
slipped to the fourth quarter of 1991 and System-92 to at least the second
quarter of 1993, Figure 3 intercompares the data frames of System-90 and
System 92. Figure 4 shows a simplified schematic diagram of the flow of
satellite data currently planned for NOAA-K,L,M. The return of data to the
Data Processing Services System (DPSS) for centralized distribution to all
users is significant. Figure 5 shows the current sounding products from the
TOVS and the planned addition to those products for System-90 and System-92.
The 50,000 soundings per satellite per day available from the high density
TOVS system (approximately 10,000 sounding per satellite per day for the low
density product) expands to around 250,000 sounding per day per satellite for
NOAA-K,L,M in System-92. Figure 6 describes the main features of the science
upgrades planned for System-90 and System-92 and their current status. It is
important to realize that such lists are subject tp change and at best
represent a preliminary review of what can be expected.

Overall, a significant effort is presently underway to prepare for NOAA-K,L,M.
It is hoped that many of the items can be tested with the current TOVS system
prior to System-90. A document "Overview and Capabilities of the NOAA-K,L,M
Sounding Products Generation System (Preliminary Design)" prepared by S. M.
Systems and Research Corporation (K. Cox, May 1987) is available from NESDIS
upon request.
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Current Launch Schedule

Software Schedule

NOAA-H (PM)
NOAA-D (AM)
NOAA-I (PM)
NOAA-J (AM)
NOAA-K (PM)
NOAA-L (AM)
NOAA-M .(PM)

July 1988
June 1989
October 1990
January 1992
June 1993
August 1994

December 1995

System-90 - 4th quarter 1991
System-92 - 2nd quarter 1993

Figure 1:

Milestones for NOAA-K,L,M.
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Figure 3

Subsatellite Path

F

Data
Frame

¢ about 1680 km —
(256 seconds)

—— approximately 2200 km ———

(+49.59)
System "90:
HIRS/2! : 37 scan lines by S6 FOVs, 20 channels
MSU - 10 scan lines by 11 FOVs, 4 channels
SsSu - 8 scan lines by 8 FOVYs, 3 channels

AVHRR/2 GAC: 512 scan lines by 409 FOVs, 3 channels

System "92:

HIRS/3 : 37 scan lines by 56 FOVs, 20 channels
AMSU/A : 32 scan lines by 30 FOVs, 15 channels
AMSU/B : 96 scan lines by 90F0OVs, 5 channels

AVHRR/3 GAC: 512 scan lines by 409 FOVs, 3 channels

The Data Frame for Soundings Proces'sing
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Figure 6

March 1988 E/RA23:HFD
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BASELINE UPPER AIR NETWORK (BUAN): STATUS OF IMPLEMENTATION

Anthony L. Reale
NOAA/NESDIS
Washington, DC 20233 USA

1. INTRODUCTION

BUAN is an international program to augment operational satellite sounding
systems with upper air radiosonde data coincident with the satellite overpass.
In March 1987, the final version of the BUAN feasibility test plan (F. Zbar,
WMO) was distributed. This document is an assimilation of NMC, NESDIS and WMO
inputs.

About 100 candidate stations (83 land raobs, 11 ships (ASAP) and stationary
vessels (DSV), and about six rocketsondes) were identified. NESDIS was
designated as being responsible for transmitting overpass information, real
time processing, and evaluation of BUAN-based sounding products. The WMO
responsibility was to coordinate the BUAN launch schedules with the BUAN
candidate stations. NMC was given the responsibility to supplement the NESDIS
evaluation with collocation studies and perhaps a numerical weather prediction
forecast impact study. i

2 NESDIS PROCESSING AND ARCHIVING

The BUAN feasibility test began on January 15, 1988. At this time, the
Sounding Implementation Branch (SIB) of NESDIS had separate software in place
to process sounding products using only the identified BUAN stations for
tuning. Tuning includes (1) the weekly update of the small sample mean
temperature, moisture and radiance profiles per physical retrieval bin (i.e.,
the 27 geographical categories used in the NESDIS physical retrieval sounding
system), (2) selection of the covariance matrix per bin, (3) computation of
the weighting function per bin based on the bin mean temperature and, finally,
(4) the daily update of the first guess adjustment procedure (FGAP) raob and
sounding match-up file used to compute the first guess. The control system
for evaluation of the BUAN soundings was selected to be the NESDIS physical
retrieval sounding system.

Software was written to access the BUAN raob reports from the NMC 0Z, 6Z, 12Z
and 18Z raob files. Additional software was completed to identify
participating BUAN stations (i.e., those launching within 30, 60, and 90
minutes of the scheduled launch), to check the quality of these reports (i.e.,
completeness, altitude, etc.), and to report on match-ups made.

Software was developed to perform special evaluation of the BUAN based test
system versus the control system. This entails special three-way match
evaluations in which (1) BUAN raobs are compared to Test and Control system
retrievals, (2) conventional raobs are compared to Test and Control system
retrievals within one hour and 100 km, and also (3) within three hours and 300
km. Routine evaluation of the products from the Test and Control are also
planned using the NESDIS "OLE" off-line interactive graphics display
capability.
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Finally, a significant effort is also directed toward archiving the BUAN
match-ups and the Test and Control products. Since the control system is not
operational, it also must be archived. Routine archiving (i.e., daily)
incorporates:

(1) BUAN raobs (within +1 hour of scheduled launch)

(2) all test system sounding products (level temperature, moisture,
clear column brightness temperature, and first guess) matched to
BUAN raobs

(3) 1B level raw satellite radiances corresponding to the sounding
products matched to BUAN raobs (after may 1 only)

(4) 1T level raw satellite radiances (corresponding to sounding
products matched to BUAN raobs

(5) all BUAN souunding products (identical to layer data
distributed by NESDIS to users)

(6) matched raobs and sounding products, 1T raw radiances and all
sounding products from the Control system

The archiving task was not identified in the original BUAN feasibility plan
and was added later. The requirement for 1B level data archiving was a
particularly late requirement, consequently these data will not be available
for match-ups before May 1. All other data has been archived since January
15, except the orbital processing products which are not available until late
in February. The final archive format is being defined and will be made
available at a later date.

3. PRELIMINARY RESULTS

Preliminary results on BUAN reporting, match-up sampling, and orbital product
evaluation data are available for the BUAN test. These results cover the
period of January 15 through February 29, 1987. The BUAN test is scheduled to
run through July 15, 1988. Table 1 shows the radiosondes per TOVS geographic
bin for which BUAN match-ups were made and utilized for tuning. Table 2 shows
the ample sizes of match-ups collected per TOVS graphic bin. Tables 1 and 2
also reflect the BUAN radiosonde sampling which exists on the 28-day rotating
match-up file which is updated each day. This is important for interpreting
the performance of the system. Intercomparison of Tables 1 and 2 also point
out the problem of duplicate match-ups, that is, match-ups for which a given
raob is repeated. This is apparent in bin 8 for which two raob stations were
responsible for over 90 match-ups over the 45 day period.

Preliminary match-up collocation statistics are not shown in this report, but
they have been generated and indicate no large differences between the Test
and Control sounding products. Interactive graphics displays using "OLE" also
show reasonable compatibility for several global regions, even those for which
the BUAN match-up samples were quite small or zero. More study is needed.

A preliminary report on BUAN will be written and distributed in May. A final
report including recommendations for follow-on activities will be available in
August. Please communicate with SIB if you wish to receive these reports
and/or wish to participate in the writing of these reports.
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4,  CONCLUSIONS
Conclusions based on preliminary evaluation are:

(1) of approximately 100 candidate BUAN stations (including ships and
rockets), about 30 stations are actively participating;

(2) including BUAN stations for which routine synoptic launches fall within
one hour of satellite overpass, approximately 60 stations are being matched
with soundings to tune the test system;

(3) marginal BUAN participation is occurring for global representation;

(4) there is overall compatibility on a global scale between the Test and
Control system sounding (using the NESDIS physical retrieval algorithm);

(5) special archiving of all BUAN radiosonde and satellite sounding match-ups
and Test system sounding products is underway.

Table 1
BUAN Raobs Used for Tuning Between 15 Jan and 5 Apr 1988
Bin-Radiosonde Station Identification No.

- C7M, 21432, 20046(R)

- 70308, 71913, C7L, C7C, ZCSK, VPHA

- 71600, ZCSK, FNDR, FNOU, FNPH

- 72203, FNOU, 91285, 91245, 47936, 76644, FNPH, 60020, 78861(R), 74794(R)
61902, 91610, 63985, 78954, 91217, 48698, 91765, 98327

- 61901, 91938, 91765

- 93944, 87860
- 89050, 89611, 89571

OO~V ~WN -
|

10 - 02963, 71913, 24959, 71957, 71924, 20046(R)

11 - 34560, 71913, 70308, 72747, 10868, 02963, 71600, ZCSK
12 - 72208, 72261, 58457, 72346, 54511, 72402(R)

13 - 72203, 98327, 72261, 58457, 78861(R), 74794(R)

14 - 82193, 48698, 48455, 91610, 78954, 63985, 98327, 80413
15 - 87155, 94326, 94203, 61901

16 - 87860, 94610, 94672

17 - 87860, 61998

18 - 89050, 89611, 89571

19 - 71925, 02963, 71924, 71957, 21432, 24959, 20046(R)

20 - 72747, 70308, 10868, 71913, 28698, 02963, 07145, 71600, VPHA
21 - 72208, 58457, 54511, 72340, 71600, 08001, 72402(R)

22 - 72203, 98327, 76644, 91285, 91245, 72261, 47936, 58457

23 - 48455, 98327, 91765

24 -

25 = 94672

26 - -

27 - 89050, 89611, 89571
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Table 2

Sample Sizes Per Physical Retrieval Geographic Bin for Two Time Periods

(SP1;SP2)

BIN SP1 SP2 BIN SP1 SP2 BIN SP1 Sp2
1 30 12 10 8 31 19 167 90
2 50 27 11 43 46 20 135 60
3 10 12 12 62 38 21 97 46
4 38 37 13 37 36 22 86 43
5 31 27 14 41 39 23 53 10
6 2 3 15 34 20 24 0 0
7 4 0 16 18 19 25 35 12
8 53 38 17 27 16 26 0 0
9 12 10 18 54 32 27 12 34

Sampling Periods:
SP1 - 1/15-2/8
SP2 - 2/8-2/29

Bin Definition:
1 - 90N-60N; sea
2-8 - 60-45N, 60-45S; sea
9 60-90S; sea
10-18 - same latitudes as above; land, day
19-27 - same latitudes as above; land, night
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PLANS FOR TOVS PROCESSING IN THE SPANISH SIVIM SYSTEM

Ricardo Riosalido, José Miguel F. Serdan
Instituto Nacional de Meteorologia

Madrid, Spain

ABSTRACT

The Spanish National Institute of Meteorology 1is developing an
Integrated Weather Surveillance System (SIVIM) based on the joint exploita-
tion of satellite, radar and other conventional data sources. One
of the most important part of the project is a Satellite Data Reception
and Processing System (SAIDAS) for Meteosat, Goes-E and Tiros satellites.
The processing and data management is based on the well-known McIDAS
system which provides a powerful tool_ for 1integrating all types of

meteorological data.

During this year, a TOVS processing system will be implemented
as part of the project. Taking into account the ability of the McIDAS
system to access a wide variety of data sets (NWP products, observations,
imagery, etc.) and its. interactive capabilities, it becomes the ideal
framework for TOVS processing, allowing to perform TOVS retrievals

in an interactive way.

These retrievals will provide data for our Limited Area Model
in areas with sparse or no data coverage (Atlantic Ocean, Mediterranean
Sea, etc.), but also these products will be available for operational
‘weather forecasting in the Regional Forecast Centers through remote
McIDAS work-stations. This will allow the forecasters to display,
and combine with other data sets, temperature and humidity profiles
from TOVS, thickness charts and other derived products (stability indexes,
total precipitable water,etc.) to be used as a diagnosis tool, specially

in those mentioned data sparse regions.
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THE SIVIM SYSTEM

SIVIM stands for Integrated Weather Surveillance System; this
project was launched a few years ago in order to set up a modern short
and very short weather forecasting system; it is being actively developed

now; its main components -see also fig. 1- are:

— SAIDAS which is specifically the satellite information processor;
furthermore -as we will see in detail- its capabilities on all kind -
of data adquisition and' analisis make it become in some manner the

heart of the system.

- SIPREN 1is the numerical modelling processor; a 48 h. -at 6
h. intervals- high resolution limited area forecast mode is running
presently twice a day on a Fujitsu M-382 host combuter; there are links
to ECMWF -whose global model provides boundary conditions- and other

forecast centers; SAIDAS will provide TOVS retrievals.

- SINAT is the telecommunications system; it is based on a Cyber
120/70 with manages up to eight GTS links, a star-like national network
with 130 low speed asyncronous lines, links with other european aeronauti-
cal networks, and also dial-up capabilities. Via a dedicated 1link
to the Fujitsu it provides conventional data to SAIDAS and SIPREN and

from the last gets forecast grids for dissemination.

- SIRAM will be radar integrating processor; based on a VAS 785,
from the weather radar network -13 regional radars- it will get a subset
of data, and satellite images from SAIDAS, obtaining composite and

global products.

- Other subcomponents like lightning detector and automatic station

networks will also be included in SIVIM.

THE SAIDAS SUBSYSTEM

Is charged on the reception and processing of satellite products;
it also supports the 1large updated data base for the whole system.

Its scheme is shown in fig. 2.
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The main hardware components are:

- Ingestors for all kind of meteorological data in real time.

- Storing, processing and displaying devices.

The software is an adaptation of the McIDAS system, developed
by SSEC an Wisconsin University; it works on the Fujitsu M-382 host
computer, and its wide interactive capabilities -handling and combining °
images, graphics, all kind of data- can be fully exploited by the means
of a local-and-remote terminals network, each having a refresh memory

and several input-output devices.

The three-satellite ingestion chains for GOES-E, METEOSAT and
TIROS high resolution transmissions are quite similar with antenna,
down coverter, receptor, bit and frame synchronisers, channel connecting
and disk-storage. GOES-E 1images are already normally received; METEOSAT
-first- and TIROS ingestors are now being implemented. Raw METEOSAT
data will also be accepted through a 11 m. antenna, and processed,
so lowering access time to information; direct TIROS tracking :.control-

from SAIDAS will also be posible.

Other ingestors get convencional GTS data from SINAT, analisis-and-
forecast grids from SIPREN, and composite images from radars and other

sources when available.

TOVS PROCESSING

Taking into account the ability of the system to access all type
of meteorological data and its interactive capabilities, it becomes
an ideal framework for TOVS processing. The software will be implemented
during this year and it will be essentially the ITPP software modified
in order to be able to use all the capabilities already mentioned of
the system, in particular allowing to perform interactively some steps
of the retrieval process, mainly in those concerning quality control:
cloud clearing, attenuation by precipitation, generation of first-guess,
use of ancillary data, etc., where positive impact in the final product

quality could be expected.
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OPERATIONAL USE -OF TOVS PRODUCTS

The use of the TOVS products is of particular importance in a
country like Spain that is surrounded by extensive areas with no data
or poor data coverage (Atlantic Ocean, Mediterranean Sea ...). Meteorolo-
gial systems like cut-off-lows in the East Atlantic moving toward the
Mediterranean sea, the interaction between these systems and subtropical
circulations, and the developing of mesoscale convective systems in
the Mediterranean area, can produce very heavy rains and flash-floods;
and constitute an important forecast problem, mainly because they
take place in areas with not enough data coverage to resolve or detect
small scale features relevant to these phenomena, and, but in connection
with the first reason, because these systems ére in general not well

conducted by the operational numerical models.

The use of TOVS retrieval can help us in these problems in two
ways, first by the asimilation of this data in the limited area model
and second, and this is one of the most interesting characteristic
of the system, by the direct use of TOVS retrievals and -products by
the forecaster. In the National Forecast Center, and in the diffe-
rents Regional Forecast Centers, the forecasters will have access to these

products, as soon as generated, through local and remote workstations.

This capability will allow the forecaster to display temperature
and humidity profiles, thickness charts or to compute or derive interacti-
vely parameters of fields such us stability indices, thermal vorticity,
total precipitable water etc., and combine these products with other
data sets (imagery or data) in near real time, giving to the forecaster
a complementary diagnosis tool. So, apart from the expected improvement
in the results of our Limited Area Model, we hope that the direct use
of TOVS products by the forecasters can help us, at least, to perform
a better diagnosis with positive impact 'in the short and very-short

range forecast.
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0OBJECTIVE ANALYSIS OF TEMPERATURE FIELDS OBTAINED FROM
CONVENTIONAL AND SATELLITE DATA

Rolando Rizzi and Ennio Tosi
Dipartimento di Fisica
Via Irnerio 46, 40126 Bologna

December 18, 1987

An high resolution objective analysis has been applied to conventional and satellite retrieved temperature
profiles to investigate differences among the two sets of data. The case study selected represents the first
stages of a rapid cyclone development in the lee of the Alps. It is found, both in statistical and qualitative
terms, that satellite data are in good agreement with conventional ones and that a detailed description of
the temperature field at surface is of primary importance for an accurate retrieval of satellite soundings,
particularly for use in mesoscale meteororology. The time lag between the two different data sets is found to
explain a consistent portion of the discrepancies and therefore a full quadridimensional assimilation scheme
appears to be essential to pursue the investigation.

The analysis scheme used in this paper (ANBO from now on) was originally devised for the conventional
data of the ALPEX dataset (Bussi et. al. 1985, and Trevisan et. al 1985). It is characterised by a high
horizontal resolution (about 50 km), virtual potential temperature ¢ as vertical coordinate, and an extensive
use of surface data to describe the intersection of the # surfaces with the ground, in particular with the
orography. Due to these characteristics, this analysis has been chosen for comparing conventional and
satellite upper air data. In particular the performance of satellite data was compared with ALPEX data and
the influence of the surface data on the retrival scheme was tested.

The time chosen for the intercomparison is 12 GMT of March 4th 1982. This time is part of an Intensive
Observing Period, during which conventional observations were intensified, and two NOAA-7 passes are
available at about the same time of upper air conventional observations.

The software used to process the satellite data shown in the present article is a version of what is now
called the International TOVS Processing Package and detailed descriptions can be found in Smith et al.,
1985. Some changes were made regarding the treatment of conventional surface data inside the inversion
algorithm and on the type of bias corrections applied to calculated radiances to reach a satisfying agreement
with the measured ones. More details can be found in Rissi and Tosi, 1988.

1. QUALITATIVE INTERCOMPARISON

The results presented in the following were obtained applying ANBO to the different types of upper air
data, conventional and satellite. The analysis at the ground were performed using only conventional type
data (SYNOP and SHIP).

Fig. 1a and 1b present pressure at the surface § = 302K, which is in the sone of the upper level front.

The analysis with satellite data is warmer in the area of the trough and colder in the area of the ridge.
These features are visible also in the cross sections (fig. 2) along line A-B drawn in fig. 1la.

The difference between the two kinds of data is very clear (for easier readout the surfaces § = 290K and
§ = 302K are dotted). Satellite data are smoother and are not able to resoive the fine vertical structures
associated with fronts. The differences in the position of the maxima of thermal gradients, indicated in the -
description of fig. 1, can be explained in terms of the different steepness of the # surfaces in the frontal
zones. From the ¢ surfaces it is possible to interpolate on more commonly used pressure surfaces. A visual
inspection of geopotential heights at 500 hPa (fig. 3) does not show major differences.

Temperature fields at the same levels (not presented here) show more clearly a pronounced warm ridge
in the western part in the satellite analysis extending north to Ireland and Cornwall. The explanation for
this discrepancy is complicated by the fact that on one side about 60 satellite soundings coherently bring up
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Fig. 3 Vertical cross sections along line A-B (shown in fig.1a) (a. from conventional and b. from satellite data)

the feature, while on the other conventional data are missing over the Atlantic Ocean but over the British
Isles several radiosonde profiles are available.

A tentative conclusion may be 1. that the conventional analysis does not conveniently describe the ridge
over the oceanic areas and 2. that part of the discrepancy must also be attributed to the difference in time
between the conventional and the satellite data (the central and western part of ALPEX area is observed
during the second orbit). It must also be reminded that both analyses are forced to the ECMWF operational
one for a length of 2 gridpoints from the boundaries. Twelve hour tendency from 12 GMT of March 4 to
00 GMT of March 5 computed after RAOB ascents over Ireland and mid and southern Great Britain show
that strongest warm advection is occurring over south—eastern Ireland and over Cornwall, precisely where
the discrepancy is largest and cannot be simply explained by the lack of conventional data.
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Fig. 8 (ieopotential heights in dam interpolated on the 500 hPa pressure surface (a. from conventional and b. from satellite

diata)

2. STATISTICAL DESCRIPTION

Bias and rms deviations among ANBO analysis of conventional (ACO) and satellite (ASA) temperatures
are shown in table 1. Also differences with the ECMWF analysys (ECM) interpolated on ANBO grid, are

shown.

Table 1. Bias and rms deviations among ECMWF analysis (ECM) and analysed fields of conventional data
(ACO) and satellite soundings (ASA).

level ACO-ASA ACO-ECM
bias rms bias rms

900 -0.84 1.43 — —
850 -0.55 1.35 1.05 1.56
500 0.51 1.61 0.40 0.84
500 -0.21 1.85 0.08 0.79
300 1.65  2.52 0.22 0.96

The 1000 hPa surface is mostly under the ground where no information about the temperature is
available, and then it is missins in ANBO results. The 900 hPa surface is not standard and is missing in
ECMWF analysis. Biases are small at all levels below 300 hPa. In particular biases at low levels are much
smaller that the one obtained comparing satellite data to ECMWF operational analysis. The same holds
true for the rms differences indicating that the description of the ECMWF analysys is inadequate for the
purpose of adding information on layers close to the ground inside a TOVS processing model. Not much
needs to be said about results on the 300 hPa surface, since it is fairly well known that present satellite
data are not capable to describe any sharp change in stratification, and this is particularly true near the
tropopause level.

In table 2 temperature biases are reported for five contigous areas from west to east covering the whole
latitude range of ANBO The general trend observed at and above 850 hPa is a change from positive to
negative bias, whose magnitude is about 1.5K.

The effect of the time lag on bias depends on the atmospheric dinamics at the boundaries, in this case a
high pressure ridge was entering the area. In the case presented the effect was noticeable in descriptive as well
as statistical terms. What seems to be relevant is not the absolute value of the bias (either of temperature
or of geopotential) but the relative variation of the bias computed in areas covered by different orbits.

A discussion of the features observed in the geopotential fields would be very similar to what has already
been said about the temperature.
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Table 2. ACO-ASA bias of temperature as a function of longitude. Zone 1 to 5 are contiguous and span
from west to east

level Zone 1 Zone 2 Zone 3 Zone 4 Zone 5

900 -1.54 -0.63 -0.74 -1.14 -0.34
850 -1.60 -0.35 -0.28 -0.81 0.11
500 -1.05 0.49 0.85 1.41 0.98
500 -0.86 -1.78 -0.34 1.09 0.73
300 1.21 0.59 2.01 2.86 2.05

3. CONCLUSIONS

It is possible to derive some conclusions from the material presented above. First of all a detailed
description of the surface temperature fields is of primary importance for an accurate retrieval of satellite
soundings, particularly for use in mesoscale meteororology. Without information of the same horisontal scale
of the satellite, the conflicts that arise between measured and computed radiances at the ground propagate
upward and affect soundings up to 500 hPa. Both in statistical and qualitative terms satellite data are in
good agreement with conventional ones.

Root mean square differences among satellite and conventional high resolution analysis are smaller than
between satellite and ECMWF 1982 operational analysis which lacks small scale features. The substantial
difference between satellite and conventional data is clearly shown by the cross sections. It must be said that
the choice of § as vertical coordinate was made to have the maximum evidentiation of frontal sones, in which
are concentrated the highest vertical gradients, and so a comparison with analysis using different vertical
coordinates could give more favourable results, at least from the field of view of satellite supporters. The
two kinds of data seem mergeable, and a use of satellite to fill spatial gaps of conventional data, particularly
large when dealing with mesoscale phenomena, seems possible. In this case the time lag between the two
different data sets has very important effects which would otherwise be interpreted either as an addition of
information over ocean areas or errors in derived temperature profiles from satellite data in regions where
the RAOB network is denser.
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AN UPDATE ABOUT CALIBRATION, NAVIGATION AND FORMATS
Guy Rochard

Centre de Meteorologie Spatiale
BP 147
22302 Lannion Cedex, France

1 INTRODUCTION

‘This paper is a follow on to the "Status Report on Calibration Problems"
(Rochard, Technical Proceedings of ITSC-III, pages 235 to 242) Corrections or
comments about the following information are welcomed by the author.

NOAA/NESDIS will publish a revised NESDIS Technical Memeorandum (NTM) 107
and all appendixes B in the summer 1988. (First for NOAA-9, NOAA-10 and NOAA-
H).

In addition, a summary of new information will be put on the Electronic
Bulletin Board by September 1988. A copy will be also available on request at
CMS/Lannion in September 1988.

2. CONCERNING AVHRR

a. In the revised NTM 107, an improvement to the calibration of the AVHRR
visible and nearer infrared channels is proposed. Until now, the albedo
(expressed as a percentage of that for a perfectly reflecting Lambertian
surface) is given by the linear formula:

A = GX + I, where X is the numerical count, G is the gain , and I is the
intercept. These values are given in appendix B of NTM 107. 1In future, the
calibration will be written:

R = A

100

=l
= I

R is the radiance (W/mz.sr.micron), F is the solar irradiance weighted by the
spectral response of the channel, and W is the equivalent width of the
channel. The revised NTM 107 will contain this data.

b. The revised NTM 107 indicates that "the user is cautioned that there is
strong evidence that the values of G for the NOAA-7 and the NOAA-9 AVHRR had
decreased after two years in orbit by 10 to 20% of their measured pre-launch
values for different satellite-channel combinztions. Channel degradation in
this range has been calculated by Frouin znc cauthier (1987). Aircraft-based
observations by Smith et al. (1987) yielded very similar results. Several
users of the data have reported evidence consistent with significant
reductions in G. There is scant evidence presently available on the
dependence of G on time-in-orbit. The evidence suggests that the degradation
in G for the NOAA-7 and NOAA-9 AVHRRs is in the 0 to 15% range after one year
in orbit and that G tends to stabilize after two years in orbit. Aircraft-
based observations of the in-orbit value of G for the NOAA-10 AVHRR in late
December 1987 are now (March 1988) being analyzed."
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Peter Abel, Land Sciences Branch, Satellite Research Laboratory,
NOAA/NESDIS, World Weather Building, Washington is looking into this problem.

c. Concerning channel 3, some work has been done to suppress a part of the
noise (using Fast Fourier Transform for example). There is a need for
operational software that would be easy to exchange; information exchange
could occur in the Electronic Bulletin Board.

d. Concerning the NOAA-9 Nonlinearity Correction Channels 4 and 5, the
artifice of using a "corrected" non-zero radiance of space was eliminated.
The corrections were calculated for three temperatures of the internal
blackbody, 10, 15, and 20°C. To determine the appropriate correction, the
user must interpolate in the following tables on the actual blackbody
temperature in orbit.

Table 1. NOAA-9 AVHRR Ch. 4 Nonlinearity Correction
Correction at Blackbody Temp. (Deg. C)

Target Temperatures (De K 10 15 20
320 +2.3 +2.3 +2.3
315 +1.8 +1.9 +1.8
310 +1.4 +1.3
305 +1.3 +1.0 +0.9
295 +0.7 +0.4 +0.2
285 0.0 -0.5
275 -0.5 -0.7 -0.9
265 -0.8 -1.1 -1.2
255 -1.0 -1.3 -1.6
245 -1.1 -1.3 -1.7
235 -1.2 -1.4
225 W gl 3 -1.3 -1.5
215 -1.2 -1.5 -1.4
205 -1.6 -1.5 -0.7

Table 2. NOAA-9 AVHRR Ch. 5 Nonlinearity Correction
Correction at Blackbody Temp. (Deg. C)

Target Temperatures (Deg. K) 10 15 20
320 +0.8 +1.0 +1.2
315 +0.6 +0.9 +0.9
310 +0.7 +0.7
305 +1.1(?) +0.4 +0.5
295 +0.4 +0.2 +0.1
285 0.0 -0.2
275 -0.3 -0.3 -0.5
265 -0.5 -0.6 -0.7
255 -0.7 -0.8 -1.0
245 -0.8 -0.8 -1.2
235 -1.1 -1.2
225 =1 2 -1.0 -1.1
215 -1.2 -1.4 -1.4
205 -1.7 -1.6 -1.1
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(This constitutes the answer to question 4.a, page 236, in the Status Report
on Calibration Problems, Technical Proceedings of ITSC-III).

3l CONCERNING HIRS

a. The HIRS Filters for NOAA-9 and NOAA-10 are now available on 5 1/4 floppy
disks. The records are card images.

For NOAA H, the HIRS has been improved (HIRS 2I) and two ihannels have
changed: a new channel 10 has a central wavelength at 797 cm ~ and new
channel 17 at 2420 cm “l. The floppy disk is also available. The data are
available from Michael Chalfant (NOAA/NESDIS) or CMS/Lannion. The plotting of
the filter is also available on request.

b. For the HIRS Channel 20 calibration, the revised NTM 107 will give the
coefficients for converting the albedo A obtained from gain and intercept into
radiance R, using the relation

R=_A . _F_
100 W

F is the solar spectral irradiance weighted by the spectral response function
and W is the equivalent width of the channel. The gains and intercepts for

Channel 20 on the past satellites are listed in Table 3.

Table 3, HIRS 2 Channel 20 All Satellites

Gain Intercept
Tiros N +0.02174 79.80
N6 +0.02972 108.02
N7 +0.018098 65.61
N8 +0.02096 72.17
N9 +0.017622 63.39
N10 +0.02148* 77.11%

*Please note that the values given in Appendix B/N10 February 12, 1986 are
wrong (they were N9 values).

ch On NOAA-9, the HIRS 2 radiances of channel 16 are nearly the same as
those of channel 14 ( 0.5°K). Nobody knows exactly why. It is suggested that
users avoid channel 16.

d. On the NOAA-9, the HIRS 2 channel 7 central wavelength has been confirmed
to be 749.48.

e. On NOAA7, HIRS2, the central wavelengths and band correction coefficients
given in Appendix © October 19, 1981 are correct. Filters for channel 6, 9,
10 and 13 also are correct in this Appendix. But the other filters are
incorrect. They are filters of model 2 carried by NOAA B (which failed).
Michael Chalfant is preparing the corrected filters for users.
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An example is shown in Figure 1. The errors (incorrect-correct), using
the wrong filters, can be as large as +1° for channel 16, -0.5° for channel
19, +0.3° for channel 12.

4. MATCHING AVHRR AND HIRS 2

a. With the same conventions as listed in the Technical Proceedings of ITSC-
III on page 238, the misalignment between AVHRR and HIRS 2 for NOAA 10 is

approximately:
AI=+0.5 AJ=+2.5 9AH = (

Note also that there are about 1828 AVHRR pixels between the centers of HIRS 2
spot 1 and spot 56.

b. When using one AVHRR pixel for multispectral analysis, one should take
care of the fact that the different channels don’'t "see" exactly the same
area. Figure 2 illustrates this point.

S CONCERNING MSU ANTENNA PATTERNS
For several years, questions have remained concerning:

(1) how to separate MSU antenna pattern corrections from limb
corrections, liquid water content corrections and surface emissivity
corrections, and

(2) how to get (if possible) MSU information at the resolution of the
HIRS 2 field of view.

An illustration is given in Fig. 3. John Eyre (U.K.) has detailed the
questions and both Paul Swanson (JPL) and Norman Grody (NOAA) have contributed
to the answers.

The response of Grody follows:

In most applications one only needs to define the antenna pattern in the
vicinity of the main lobe. This is the region with 2.5 beamwidths from the
center of the beam and represents about 96 percent of the total energy
received by the antenna. The 96 percent value is obtained by integrating the
antenna gain pattern, G(§,J), over a spherical volume, Sind d4dg,
encompassing 2.5 beamwidths, viz.,

n=[[G(8',0') Sine’ de’'dg’ (1)
where n is called the beam efficiency.

An useful expression for the antenna pattern is given by the equation

G(8) = Co*Exp[-1n(2)(Sin6/Sin6o)?] (2)

® = angle from beam center
80 = 1/2 beam width
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Note that the antenna gain is reduced by 50 percent at the half beam width.
This model assumes a symmetrical antenna pattern and neglects sidelobes.
Using this model the beam efficiency can be calculated as a function of angle
using the relationship

)
J G(8') sine’ de’
g
n(8) = _ (3)
w/2
J G(8') sine’ de’
g

For most applications, it is necessary to reference the antenna pattern
on the earth’s surface. This transformation is obtained using the equations
Sind = r/H and Sin fo = L/H. The parameters r, L and H denote the distance on
earth relative to the beam center, half of the field of view, and the
satellite altitude, respectively. Substituting these equations into (2) we
obtain the final result,

G(r) = Go*Exp[-1n(2)(r/L)?] (4)
where r2 = x% + y2. For the MSU instrument L = (110/2) km at nadir.
6. CONCERNING SSU
a. In the Technical Proceedings of ITSC-III, page 240, the correct values of

ag, a; and a, are given through NOAA-9. Here are the coefficients for the
remaining satellites.

NOAA-H (model 8) a_=283.901  a;=5.044x107> a,=1.18x10" 11
NOAA-I (model 7) a =284.125 a1-4.819x10'3 a,=8.75x10"
NOAA-J (model D3) a,=278.150 al-4.989x10'3 a,-0.003x10"
b. From Steve Stringer, U.K. Meteorlogical office, the following information

has been received.

It has been noticed in the past that a difference in space view counts
can be obtained depending on whether the view is part of the normal
calibration cycle, i.e., four samples over 16 seconds immediately after a CSP,
or subsequent sample taken while the mirror is inhibited in the space view.
The effect varies for different channels and models and the reason why it
occurs is not understood. However, this can have an effect on calibration and
accuracy of retrieved temperatures. Our investigations suggest the correct
value for a space view should be obtained from the subsequent samples
following the first four samples after a CSP. This is unfortunate since in
normal Cal. Auto. mode only the four samples after a CSP are possible. This
means that to obtain the correct value an offset has to be applied to the
samples normally received. The value of offset is calculated before launch
and updated twice a year in orbit (usually May and November) when the SSU
mirror is inhibited in space view for five orbits. In the past, the effect
has been small, but it seems that as instruments age the effect increases.

For F8, to be launched on NOAA-H, the offset if relatively large and will have
to be applied give the required temperature accuracy. The offsets for F8 are:
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Ch 25 Ch 26 Cch 27
+21.0 +12.0 +18.9

i.e., these offsets are to be added to the space view 8-1 samples (sample 8
minus sample 1) obtained during normal calibration cycles. The effect is to
change the calibration slope and offset and hence the retrieved radiances from
each earth view, affecting radiances more the lower they are. Figure 4 shows
this.

The latest figures available for F5 on NOAA-9 are:

Ch 25 ch 26 Ch 27
-13.9 -21.8 -7.1

1 NAVIGATION OF THE SATELLITE AND OF THE IMAGES

a. An experiment was conducted in July 1987 to predict the NOAA-9 and 10
positions and to control the real positions. The real positions, using
internal ephemerids have been determined both by Jim Ellickson (NOAA/NESDIS)
and CLS/ARGOS (Toulouse/France). The results are quite coherent and the
difference between the two methods is less that 500 meters for the satellite
position. The predicted positions have been computed by Fred Nagle
(CIMSS/Madison) using TBUS IV and Brolyd Software, and Pierre-Yves Le Traon
(CLS/ARGOS), Anne Marsouin and Pascal Brunel (CMS/Lannion) using ARGOS
parameters (from CLS/ARGOS) and MOSAIK software (from CLS/ARGOS). The results
(all below) show that with the ARGOS system there are 1 to 2 km errors for
one, two, or three days of prediction. In the same time, using TBUS 4 and
Brolyd, there are 2 to 3 km errors for one day, 4 to 5 km for two days, and
7km for three days. HRPT stations need only to predict for 24 hours, so both
ARGOS and TBUS 4 give near the same results even if ARGOS is a little bit
better. An action is being decided by NOAA to propose a Brolyd package for
users. News about that will be put in the Electronic Bulletin Board next
September.

Those results (for July 87) use the internal CLS/ARGOS ephemerids (which
can have 500 meters of difference with NOAA internal high precision
ephermerids) as the real position.

Questions about CLS/ARGOS, should be sent directly to:

CLS/ARGOS, CNES, 18 Avenue E. Belin
31055-Toulouse Cedex, France

To date, no detailed information about the satellite attitude precision
is available. If anybody has some results, please let us know.

b. Several software packages exist that perform the navigation of the
pictures. One of them will be published in the revised NTM 107. Another one
is available on request (for AVHRR pixel navigation) from Pascal Brunel,
CMS/Lannion, BP 147, 22302 France. The documentation is available in SATMOS
Note No. 2 and the software is on floppy disk or on CCT.
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Table 4

ARGOS TBUS 4

mean value N9 1 km 2 km

After of error N10 0.4 km .6 km
24 hours: RMS N9 0.6 km 1.2 km
N10 0.2 km 1.1 km

mean value N9 1.1 km 3.9 km

After of error N10 0.5 km 5.1 km
48 hours: RMS N9 0.7 km 1.8 km
’ N10 0.2 km 2 km
mean value N9 1.1 km 4.8 km

After of error N10 0.5 km 7.8 km
72 hours: RMS N9 0.7 km 2.6 km
N10 0.2 km 3.2 km

It should be noted that a correction has been introduced in the original
software of CMS/Lannion (published in Satmos Note No. 2, February 86).
Formerly, the local nadir of the satellite was in the orbit plane and
perpendicular to the velocity vector. Now, according according to a
recommendation of Dr. A Schwalb (NESDIS), the local nadir is obtained using
the projection from the satellite on the earth ellipsoid, which is not exactly
perpendicular to the satellite velocity.

A new Satmos Note No. 2 and the new software are available on request.
8. ARCHIVE FORMATS IN HRPT DIRECT READOUT STATIONS

Following the first International AVHRR Conference in Melbourne, Fall 86,
a questionnaire was sent to HRPT stations and about 20 of them have answered.
Most of them archive HRPT raw data directly. However, some of them use level
1-B format as described in NOAA Polar Orbiter Data Users Guide (December
1986). Katherine B. Kidwell, NOAA/NESDIS, Room 100, World Weather Building ,
Washington.

Two other formats are also used; they are the MASTER format in
CMS/Lannion (available on request), and the SHARP format in Earthnet (contact
Luigi Fusco, Via Galileo Galilei, 00044 Frascati, Italy).

There may be other formats used, but we are unaware of them. May of the HRPT
stations haven’'t answered the questionnaire yet.

The final report on archive format should be available for International
AVHRR conference no. 2.

9 SUMMARY OF INSTRUMENTS

Table 5 summarizes the instruments on past, present, and future NOAA
polar orbiters.
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Table 5. Summary of Instruments

Satellite AVHRR Model HIRS2 Model MSU Model SSU Model

TIROS-N Protoflight Protoflight 2 Protoflight
4 channels
NOAA-6(A) 103 1 Protoflight 2
4 channels
NOAA-B 104 2 1 4
(failed) 4 channels
NOAA-7(C) 201 4 3 3
5 channels
NOAA-8(E) 102 - 3 7 6
4 channels
NOAA-9(F) 202 6 6 5
5 channels
NOAA-10(G) 101 5 5 nothing
4 channels
NOAA-H 203% HIRS2I 9 8
5 channels 11
NOAA-D 204 7 4 nothing
4 channels
NOAA-I 205 HIRS2I 10 7
5 channels
NOAA-J 206 HIRS2I 11 D3%**
S channels 31
NOAA K,L,M AVHRR3 HIRS3 AMSU A AND B

(6 _channels)
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1. INTRODUCTION

Aiming at the three-dimensional analysis of the Earth’s atmosphere
structure from observations of the operational meteorological
satellites of the TIROS-N/NOAA series, algorithm "3I", since the last
meeting of the International TOVS working group, has been developed and
refined following three main directions :

- improvement of the physics involved for a better handling of a priori
information on the medium observed in the pattern recognition
approach to initialization of the inversion process leading to a
better accuracy of the retrieved products. In particular, the role of
the surface, the detection and impact of snow and ice, the role of
the clouds in the water vapor inversion, have been the subject of
detailed studies 3

- through numerous applications to special situations, 31 has progres-
sively been extended and now produces retrievals at global scale.
These applications were conducted either within international pro-
grammes : MIZEX and ARCTEMIZ for polar latitudes, FASINEX and GALE
for west Atlantic at Tlow Tlatitudes, or through cooperations with
meteorological offices : France (CMS, Lannion), Netherlands (KNMI, De
Bilt), China (CMS, Beijing), Europe (ECMWF, Reading), etc... ;

- improvement and simplification of the code itself for a more rational
use in routine or 1in operation and for an easier transfer to other
centers. In particular, the "educated" data set "TIGR" (TOVS Initial
Guess Retrieval) has been made unique, whatever the number of
satellites to be processed is. Its validation, from one satellite to
a new one has been greatly simplified and can now be easily done by
any center.
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2. DETERMINATION OF MESOSCALE METEOROLOGICAL PARAMETERS FOR POLAR
LATITUDES

2.1 Introduction

Observations from the satellites of the TIROS-N series on polar
regions, where in-situ data are very scarce are helpful for the study
of the interactions between ocean, ice and atmosphere through the
retrieval of atmospheric and surface parameters. The "3I" - Improved
Initialization Inversion - method (Chedin et al., 1985 ; Chedin and
Scott, 1986), developed in the past few years at LMD, has shown ability
to retrieve with a good accuracy temperature profiles through inversion
of the Radiative Transfer Equation (Le Marshall, 1985). The MIZEX
(Marginal Ice Zone EXperiment) and ARCTEMIZ (MIZ of the European
ARCTic) campaigns, conducted respectively during the summer 1984 in the
Fram Strait and since 1986 north and south of Fram Strait, have given
the opportunity of applying this retrieval algorithm to high latitude
observations. Associated to numerous in situ data, these campaigns have
also allowed for comparisons with the retrieved products.

Satellite data have been provided by the Tromso Telemetry Station
(Norway). TOVS data were on HRPT format tapes associated with
corresponding images from AVHRR channel 2 ; the TOVS data have been
navigated and calibrated at the Centre de Météorologie Spatiale in
Lannion (France). MSU data are corrected for 1imb effects, liquid water
attenuation and surface effects with the exception of MSUl which is not
corrected for surface effects.

In situ data include radiosoundings acquired during the campaigns and
coming either from ships or from the synoptic network. For MIZEX, they
have been obtained from the World Data Center for Glaciology, Boulder,
USA. In addition, synoptic maps, ice charts and sea surface temperature
analyses for the period of the campaign are also available (Lindsay,
1988). For the ARCTEMIZ campaign, surface analyses and thicknesses
charts have been obtained from the SMHI and the ECMWF.
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Five days for MIZEX (5th and 19th of June 1984, 1st and 2nd of July
1984, 5th of August 1984) and 17 consecutive days for ARCTEMIZ (from
5th to 2lst of June 1986) have been processed through the inversion
algorithm "3I" and results have been compared with conventional data.

2.2 Detection of sea ice. Incidence on the cloud detection procedure

Discriminating between the elements of a system comprising open water,
sea ice and cloud from space observations is a well identified pro-
blem : for a clear situation and day time observations, distinction
between sea ice and open water is a relatively easy task since their
albedo  (obtained from the visible channel) is very different.
Obviously, this approach cannot be used for cloudy conditions or night
time observations. Microwave observations due to their low sensitivity
to clouds may help the solution to the problem in most cases. Moreover,
microwave observations display an interesting property related to the
variation of emissivity (e€) at 50 GHz with the type of the surface :
sea ice, from young (e = 0.95) to multiyear (¢ = 0.7) and open water
(e = 0.6).

Two different methods for determining surface emissivities directly
from satellite observations have been developed and are briefly
described below.

Direct statistical method

This method relies upon the fact that channel MSUl is sensitive to
surface emissivity and to temperature in the lower atmosphere and down
to the surface whereas channel MSU2 is mostly a function of the
temperature of the low atmosphere and relatively not sensitive to the
surface because of its low overall transmission (close to 0.1). It is
thus possible to extract the surface emissivity from a combination of
these 2 channels. Such a particularity has already been used by Grody
(1983).
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A relation between the surface emissivity e, the brightness temperature
of MSU channel 1, TBMSUl, and MSU channel 2, TBMSU2, has been
established under a form similar to the one found by Grody :

€ =a+ b TBMSUl + c TBMSU2

In Grody’s approach, the coefficients have been obtained from a sample
of data restricted in space (United States) and in time (April 1979).

In our study, the coefficients a, b, c have been regressed
independently for the polar situations and for the mid-latitude
situations archived in TIGR. There are 525 polar type situations and
545 mid-latitude situations in TIGR (cf. Table 1).

Latitude Number of a b o Standard
class situations deviation
on €
Polar 525 0.797 0.0082 -0.0083 0.040
Midlatitude 545 1.080 0.0074 -0.0083 0.032
Table 1 Values of the different constants a, b, c,

for the two latitude zones concerned.

Direct physical method

Microwave surface emissivity may also be extracted by considering the
Radiative Transfer Equation itself. The measured radiance can be
written as follows :

i T i
I =¢[7B,-7 ['Bdr] + [[ Bdr + 7 [ Bdr]
For a given class (polar or mid latitude), it has been found that the

quantities T, fTBdT and ledr may be considered as constant to within
a good approximation, at least with the purpose of determining ¢ to the
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required accuracy. Standard deviations of each of these quantities and
their means are given in Table 2.

As a consequence and using the Rayleigh Jeans approximation (radiance

is a linear function of temperature), the preceding equation may be
written as :

TBMSUl = ¢ [7 T, - ] + 8

This relation indicates that emissivity may be obtained when MSUl

brightness temperature and surface temperature are known.

Transmittance values are calculated using the fast 1line-by-line
model1"4A™ (N.A. Scott, A. Chedin, 1981) and the surface temperature can
be estimated from HIRS-2 channel 8 brightness temperature corrected for
water vapour and surface emissivity effects (Wahiche, 1984).

Midlatitude Polar latitude
Mean Standard Mean Standard
value deviation value deviation
3 0.679 0.012 0.664 0.012
[tBdr 1.89 1073 0.02 1073 1.90 10°% | 0.02 1073
[iBdr 1.97 1073 0.03 1073 1.97 1073 | 0.03 1073

Table 2 Mean values and standard deviations for the quantities 7,
~ JtBdr and [iBdr for the 545 midlatitude situations and
the 525 polar situations TIGR.  [tBdr and

ledT are expressed in mw.cm 2.sr

archived in
-1

Using results of Table 2, we may write TBMSUl as follows :

Polar zone
Midlatitude zone

TBMSU1
TBMSU1

€ (0.664 T, - 56.24) + 137.9
€ (0.679 T, - 57.42) + 138.8
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In the recent past, another attempt has been made to detect and delimit
sea ice using MSU data (Yamamouchi, Seo, 1984). Instead of using a
threshold value for the emissivity, their method is based on a
threshold value on the MSUl brightness temperature. We have applied
their method to the satellite observations considered in this study.
The results are not always satisfactory. This is apparently due to s
which is considered as a constant whereas it shows an important
variability. :

Results and discussion

For each of the selected orbits, surface microwave emissivities have
been calculated by the two direct methods described above. Results are
very similar apart from a systematic bias of about 0.1 (larger values
for the pﬁysical method). However, such a bias does not prevent either
method from identifying sea ice covered areas. The mean of the values
given by these two methods is very close to the value obtained through
the full physical inversion method (Wahiche, 1984). Results are
illustrated on Figure 1 for a NOAA-9 pass on June 11, 1986. Sea ice is
displayed in red and pink. Results too close to coast lines should be
discarded due to the low resolution of the MSU sounder.

Impact of this information on cloud detection

Two tests, which are also part of the operational NOAA/NESDIS retrieval
algorithm (McMillin et al., 1982) may benefit from an a priori
knowledge of the presence of sea ice : the so-called "frozen sea" test
and the albedo test. Details on the modifications introduced as well as
more details on the methods reported here are given in Claud et al.
(1988). Results are illustrated on Figure 2 for the same pass as above.

2.3 Geopotential thicknesses

As an example of the results obtained for the domain observed, the
cover plate shows for a particular pass (5 June 1986, 9:57Z) retrieved
geopotential thicknesses for the layer 1000-500 mb (in dam).
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Comparisons with analyses coming from either the ECMWF or the SMHI for
the same day at 12:00Z, show good agreement. "3I" retrieved maps
display more details : see for example the warm air coming from the
Scandinavian continent and going in two directions (towards Greenland
and towards Franz Joseph Land). Analyses indicate only one axe (towards
Franz Joseph Land).

This work is developing towards analysis of situations characterized by
"polar Tlows", 1in cooperation with DNMI (Norvegian Meteorological
Institute).

3. DETECTION OF SNOW FROM HIRS-2

Because of its high albedo, snow cover is often seen as cloud by cloud
detection algorithms during day time. Moreover, snow and low cloud top
temperatures may be similar. It has already been reported in the
Titerature (see for example : S.Q. Kiddder et al., Mon. Wea. Rev., 112,
2345) that comparisons between channels at 1lgm and 3.7 gm could help
discriminating between snow and clouds. Computation of the ratio :

{ T, (HIRS,19) - T, (HIRS,8) } / cos 4_,

where Ty (HIRS,n) is the brightness temperature of channel n of HIRS-2
and 6. the solar zenith angle, has resulted in high values for the
clouds and in much lower values for snow covered areas. This is due to
the Tow albedo of snow at 3.7 um as compared to clouds and to the fact
that the ratio given above isolates (and normalizes) the solar
contribution to the brightness temperature of channel 19.

The following test has consequently been implemented in the cloud
detection algorithm : if, simultaneously, the albedo is greater than
20%, and an estimate of the surface temperature (regression based upon
channel 8) smaller than 273 K and the ratio

{ Ty (19) - T5 (8) )} / cos 4,
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smaller than 14 K, the field of view considered is supposed to be
clear, with snow covering 1it. Several NOAA-9 passes have been
processed, for which manual nephanalyses had clearly identified snow
covered areas. Figure 3 illustrates one example. Snow in in yellow and
the areas concerned are in perfect agreement with manual analysis.

4. ANALYSIS OF SATELLITE OBSERVATIONS OVER WEST ATLANTIC :
FASINEX AND GALE EXPERIMENTS

4.1 Introduction

During February 1986, the FASINEX experiment was in its intensive
phase. It was designed to study the response of the upper ocean to
atmospheric forcing, the response of the atmosphere in the vicinity to
an oceanic front, and the associated two way interaction between ocean
and atmosphere. For this experiment, there was one research ship on
each side of a very sharp oceanic front, launching radiosondes every 6
hours and studying the ocean in the vicinity of the front (SST, fluxes,
velocity profiles). Data from satellites, aircrafts and buoys were also
collected (Stage and Weller, Bull. Amer. Meteor. Soc., 67, 1986).

During the same period of February 1986, the GALE experiment (Genesis
of Atlantic Lows Experiment) went on over the same area, on a somewhat
Targer scale. This experiment intended to study the atmospheric
cyclogenesis over the American East coast. February 24th was seen as
the biggest cyclogenesis day.

The California Space Institute (CSI) is deeply involved in the FASINEX
experiment and has archived the corresponding data. The interest of
studying, for both FASINEX and GALE, the atmospheric signal shown by
satellite data using 3I retrieval method, has Ted CSI and our group to
start cooperating (Drs. C. Gautier and J. Bates).
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4.2 Implementation of the 3I system on CSI VAX ccmputer

The 31 system has been implemented on a micro-VAX I at CSI, starting
from the version installed at CIRCE (Centre Inter-Régional de Calcul
Electronique), France (IBM-3090 and Siemens VP200 computers). Table 3
shows  the computer resources needed for this method (retrieval
procedure from calibrated, navigated satellite data, to atmospheric
parameters). These results and especially the lhlSmn elapsed time for a
one orbit retrieval (about 130 HIRS scan lines), shows that the 31
system can be used easily on an operational daily basis with a micro-
VAX computer connected to an HRPT receiving station.

Charged CPU 1 h 00 mn
Central Memory 3 MBytes
Elapsed Time 1 h 15 mn
TIGR Size 35 MBytes
Topography File (global) 16 MBytes

| Table 3  Computer needs for the "3I" retrieval method
running on a Micro-VAX

4.3 The results

At CSI, TOVS data have been analysed using 3I for 16 NOAA-9 passes from
February to mid-March. The physical parameters retrieved by 31 over the
area covered by the satellite passes are : air mass types (polar,
temperate or tropical), temperature profiles, geopotential thicknesses,
thermal winds, cloud heights, cloud amounts ‘(equivalent of black
clouds), surface emissivity, total water-vapor content and three Tayers
relative humidities. About 150 radiosoundings have been collocated with
retrievals. AT LMD, 5 passes (out of the 16) have been processed and 3
of them, around the period of the most active cyclogenesis (February
24th and 25th) in great detail. Figures 4 and 5 present, for seven
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Figure 4 Mean and standard deviation of the differences between 31
retrieved layer temperatures and collocated radiosoundings
(about 25 items). NOAA-9 passes 6191. 24 February 1986 at 8.15Z.
Radiosoundings at 12.00Z.
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Figure 5 Same as for Figure 4. NCAA-9 pass 6198. 24 February 1986 at
19.32Z. Radioscundings at 18.00Z.
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Tayers between 1000 hPa and 100 hPa, the results of statistics for the
deviations between 3I and radiosoundings for two consecutive passes of
NOAA-9 on February 24th, 1986.

Although satisfactory in the two cases, results are significantly
better for orbit nb. 6198. This is probably due to the good time -
coincidence of the collocations since the radiosoundings were launched
approximately at 18.00Z. Figures 6 and 7 show the results of similar
comparisons for water vapor retrievals. Four layers are considered, the
Tast one, 1000-500 HPa, including approximately the total precipitable
water vapor. Once more, the results, relatively satisfactory in both
cases, are better for orbit nb. 6198 for the same reason as above.

This workvhas demonstrated that the 3I system is easily "exportable”
and that its use in operational mode is possible, even with limited
computer facilities.

S. WATER VAPOR RETRIEVALS FROM NOAA-7 AND NOAA-9 OBSERVATIONS
OVER EUROPE

5.1 Presentations of the situations adopted

The NOAA-7 "situations"

Six ‘"situations" wers selected, corresponding either to a single
satellite pass (giving a more restricted geographic zone of coverage),
or to two successive satellite passes. They are generally related to
complex atmospheric situations, often characterized by a very rapid
evolution and have resulted in substantial errors in forecasting eijther
by the European Center in Reading (ECMWF) or by the French Met. Office,
or both. The dates range from September to December 1983 (see Chedin et
al, 1987). For a few of them, the analysis is also in error. In such
cases, the differences between retrievals and operational analyses must
be interpreted having in mind these errors.

A total of nine passes has been studied.
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Figure 6 Mean and standard deviations of the differences between 31
retrieved Tlayer precipitable water vapor and collocated
radiosoundings (about 15 items). NOAA-9 pass nb. 6191. 24
February 1986 at 8.15Z. Radiosoundings at 12.00Z. Solid 1line :
mean value of the sample.
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. Figure 7 Same as Figure 6. NOAA-9 pass nb. 6198, 24 February 1986 at
19.32Z. Radiosoundings at 18.00Z.
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The NOAA-9 situations

Observations from NOAA-9 were chosen, for two satellite passes, over
the "HAPEX-MOBILHY" ("Hydrology - Atmospheric Pilot Experiment" -
"Modélisation du Bilan Hydrique") experiment site (André et al., Bull.
Amer. Meteor. Soc., 1987) corresponding to June 9, 1987, orbit nb.
7676, and to June 19, 1987, orbit nb. 7817 (C. Ottlé, private
communication).

5.2 Results of comparisons between conventional analysis and
31 algorithm results for the NOAA-7 and NOAA-9 cases

The quality of retrieved products, thermal structure as well as water
vapor related quantities, has been estimated, for the NOAA-7 and NOAA-9
situations mentioned above, through comparisons with ECMWF conventional
analyses. Visual comparisons have also been made on the basis of
geopotential thickness fields.

A quantitative assessment of the accuracy of the retrieved products has
been approached by a statistical analysis of the deviations between the
31 retrievals and the ECMWF thickness fields. The results of this
statistical evaluation are reported on Figures 8 and 9 for two
representative passes of NOAA-7 and Figures 10 and 11 for two passes of
NOAA-9. The parameter considered in these comparisons is the virtual
temperature obtained from retrieved Tlayer thicknesses (standard
levels). The agreement is basically satisfactory.

Statistics on total water vapor contents (g.cm™?) are given on Figure
12 for the two NOAA-9 passes and for 7 NOAA-7 passes. For most of them,
rms errors are in the range 25% to 35%. The 1largest values are for
those situations rather poorly analysed (NOAA-7). In one case (not
presented in Figure 12), NOAA-7 orbit 11664, the difference between 3I
and ECMWF becomes exceptional reaching an rms value of 46 %. Going
deeper into the analysis of this result has led us to point out an area
for which discrepancies between 3I retrieved and ECMWF analysed total
water vapor contents are very large.
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Figqure 8 3I retrieval minus ECMWF analysed Figure 9 See Figure 8.
virtual temperature statistics for NOAA-7, NOAA-7, orbit nb. 12963
orbit nb. 11664 (27 sept. 1983), 14.357). (28 Déc. 1983, 14.172).

-4 =2 ¢ 2. 4
deg.celsiug

See Figure 8. NOAA-9,
orbit nb. 7817 (19 June 1987, 14.39Z).

* Figure 10 See Figure 8. NOAA-9, Figqure i1l
orbit nb. 7676 (9 June 1987, 14.027).
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This is shown on Figure 13 : over Spain, values of the order of 4
g.cm? are given by ECMWF whereas 3I retrieves values of the order of
1.5 g.cm™2. As a preliminary attempt to elucidate this question,
comparisons have been made between radiosonde data, 3I retrievals and
ECMWF values. They are shown on Figure 14, which concludes in favor of
31. Such differences are quite exceptional and significant improvements
have been made, since 1983, in the analysis of water vapor related
quantities at ECMWF (J. Pailleux, private communication).

water vapor statistics
2.5
g

5 5 :r_‘;;:’ \\\\\

. O O —_-—;c* o
1.5 \c/ = o - II

1 Q- mean

A mean dif
0.5 % /. '
4, 7 % i

0 1 //A; :jj - //A4 422# i _":Tifev
0.5

14—y 2 3 4a— 4b~5a~ 5b~ 6a” 6b "

Fiqure 12 3I retrieved minus ECMWF analysed total water vapor contents
for 2 NOAA-9 passes (1 = 7676 ; 2 = 7817), 7 NOAA-7 passes
(3 = 12512 ; 4a = 12681 ; 4b = 12682 ; 5a = 12949 ;
5b = 12950 ; 6a = 12963 ; 6b = 12964).
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I1lustration of

an exceptional
difference between
31 retrieved (up)
and ECMWF analyses
(down) of total
water vapor
content. NOAA-7,
27 sept. 1983,
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favour 3I results.
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6. THE NOAA-10 TOVS RETRIEVALS FOR JUNE 7, 1987.
The Whit-Sunday severe weather events in SW France

6.1 Introduction

During the afternoon hours of Whit-Sunday, June 7, 1987, the passage of
a very active squall Tine over Southwestern France with extremely gusty
winds caused the 1loss of several 1lives and considerable material
damage.

The suddenness of the events, which developed out of the meteorological
situation over the poorly observed Bay of Biscay, put forward the
question, to what extent satellite observations (both imagery and
soundings) could have added to help forecast the experienced weather
events.

In order to assess this question - admittedly in hindsight and free
from operational time constraints - some of the available satellite and
synoptic data are discussed in relation to each other.

6.2 Synoptic situation

In the W-SW flow observed at 0.00 UT on the 7th June 1987, over the
Gulf of Biscay and the western part of Europe (Figs. 15a,b), the polar
air mass is bounded on the south by a W-E frontal line along the
northern coast of Spain. The upper-air trough associated with this
frontal system extends from Ireland in south-westerly direction to the
Azores area. '

The synoptic situation in this area has dramatically changed by 12.00
UT on the same day, when a well-developed frontal wave is present over
Brittany (Figs. l6a,b), with the upper-air trough well-advanced, just
west off Cape Finisterre. Over South-Western France a southerly to
south-easterly wind in combination with the F6hn-effect over the
Pyrenees causes marked warming-up of the surface layers which heating
effect - in the early afternoon - is reinforced by a spell of clearing
skies.
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Thus the maximum temperatures observed in the area were quite high
(26°C at Bordeaux) preconditioning the air column for strong
convection.

The upper-air flow with velocities of 50 knots (and even 80 knots at
Cape Finisterre) at the 500 hPa Tlevel rapidly advects colder air.
Moreover, the differences in wind speed, indicated above, suggest
already the presence of a pronounced convergence zone at the 500 hPa
level also over the Gulf of Biscay. In the northerly flow west of the
front and of the convergence zone, cold air (temperature of -25°C are
reported) is advected into the region.

A1l these synoptic data point to a zone of baroclinic instability being
present  just upstream of the area of .interest ; a baroclinic
instability capable of causing rapid and very active developments in
the 6-hour period to come.

6.3 Satellite data

The available satellite data consist of images of two orbits : from
NOAA-9 at 04.40 UT (orbit 12791, see Fig. 17) and from NOAA-10 at 08.55
UT (orbit 3735, Fig. 18), along with TOVS data for the latter orbit,
processed using the 3I-system (shown in Figs. 19a-d).

From Fig. 17, it is immediately evident that 1in the developing wave
west of Brittany, the vertical movements are very strong and locally
driven by strong convection, resulting 1in marked variations in the
cloud top temperatures.

Further west convective clouds in the cold air behind the front are
evidently being organized in a vertical structure (Fig. 17). As can be
taken from Fig. 18, where the same vertical cloud structure is barely
separated from the frontal wave clouds, this vortex centre is rapidly
progressing towards the south-southeast and coming closer to the
southern edges of the frontal wave.
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From the thermal wind fields (Figs. 19c,d), we conclude that this
vortex centre has a complex vertical structure, in that the 1000-850
hPa layer (Fig. 19d) clearly shows two separate cells, whereas the
higher layers (850-700 and 700-500 hPa, not shown) display the presence
of one cell (near 50N, 13W) only, resulting in a single structure for
the whole of the 1000-500 HPa layer (Fig. 19c).

In Fig. 19a, the strong thermal gradient from Brittany to Cape
Finisterre and then westward delineates the cold front in the 1000-500
hPa layer, with a marked cold tongue oriented mainly N-S along 13W,
with a warmer wedge over the British Iles, indicative of the developing
wave.

In the spirit of earlier findings (see Sutcliffe, Q.J.R.M.S., 73, 370-
383, 1947 ; Prangsma et al., 1987, and Prangsma, 1988), we have also
derived the thermal vorticities for the layers of interest (Figs. 20a-
c). From these plots it 1is readily seen that strong, alternating
vorticity gradients exist over a few hundreds of kilometers only, just
upstream of our area of interest. |

Preliminary estimates - to be followed on by more rigorous analyses -
following Sutcliffe’s development model suggest strong, alternating
cyclonic-anticyclonic-cyclonic developments to have landfall between
4-8 hours after the satellite overpass in the Aquitania coastal region.

6.4 Discussion

As already expressed in the introduction, the following remarks and
analyses have been arrived at in hindsight and away from operational
time constraints.

The scenario for the weather events in South-West France during the
afternoon of June 7, 1987, can - on the basis of the data and analyses
presented above - be considered of a rare coincidence of several
mutually reinforcing factors :
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Figure 17  NOAA-9 AVHRR channel 4, orbit 12791 at 04.40,
June 7, 1987.
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Figure 18 NOAA-10 AVHRR channel 4 for orbit 3735, June 7, 1987
at 8.55 UT. Enhanced for cloud top temperature.
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- the Féhn-effect in the 1lee of the Pyrenees after an earlier front
passing, caused the 1land surface being strongly heated around noon
and the early afternoon ;

- the advection of cold air over the ocean amplified the thermal
contrast across the wundulating cold front with active wave
development over the entrance of the Channel ;

- advection of strong and alternating thermal vorticity gradients over
a 400-500 km stretch on the southern flank of the forming frontal
wave.

Each of these elements would on its own have led to the formation of
thunderstorms in the whole of the coastal region of SW France. It is
the combination of the pre-conditioning by the Fdhn-effect and the
active cold front which Tled to the formation of a narrow squall line
ahead of the cold front, the squall line being rapidly and strongly
reinforced by the vorticity advection.

The question could be asked whether or not such developments could have
been forecast and by what means.

The detailed imagery (orbit 12791, at 04.40 UT, Fig. 17, and orbit 3735
at 08.55 UT, Fig. 18) combines to delineate the rapid progression of a
small, but clearly discernible vortex in the cold air ; the cloud top
temperatures at 04.40 UT (Fig. 17) indicate strong convective motions

in the vicinity of the developing wave. The two pictures could - in
combination - provide a warning signal : a strong squall line is -
almost certain - developing. This signal could be available to a

forecaster around 09.15 UT, providing a reasonable delay for the
transmission of such high-detail pictures. Assuming a one-hour
production time for the thermal vorticity map (Fig. 20a), the
hypothetical forecast for extremely strong cyclonic (after some
alternating) development could be assessed around 10.15 UT, issuing a
subsequent warning around 10.30 UT, some 3-4 hours before the -
registered - advent of the devastating winds in the squall line.
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A suitable limited area model run, assuming a three-hourly update cycle
with 2 hours delivery delay, could have confirmed the warning around
one hour later (11.15-11.30 UT).

It should be noted that, for such a scenario, a highly sophisticated
data - and model - infra-structure is needed. This could however be
realized with present day technology.

The scenario also shows the combined importance of both high-detail
imagery and TOVS products being timely available to forecaster and
model. It moreover shows the essential role to be played by a robust
TOVS retrieval method in the implied model scenario.

7. IMPACT OF SATELLITE DATA ON MIDDLE RANGE GLOBAL WEATHER FORECASTING

Since December 1986, the ARA/LMD group participates, in cooperation
with ECMWF, 1in a programme aiming at evaluating the impact of
physically retrieved meteorological parameters on the forecast. A one
month demonstration period has been chosen from 15 January to 15
February 1987 covered by the two satellites NOAA-9 and NOAA-10. The up-
to-date version of the assimilation and forecast system (T106 model, 19
levels in the vertical) is used. First retrieval experiments have been
made globally for a period of 5 days within this period using the 3I
system. Now implemented on the CRAY-1 XMP48 of the Center, and using
only one processor, it takes 23 minutes (CPU time) for a period of 6 h
and 2 satellites. Very recently, preliminary testing in assimilation
have been performed successfully.

The use of 3I at the ECMWF involves the replacement of the present
operational "Satems" (produced by the NOAA-NESDIS in Washington) used
in the data assimilation by the corresponding 3I products : thicknesses
and relative humidity for the standard Tayers.
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The operational "Satems" received at the ECMWF have a resolution of 250
km, whereas the 3I products have a resolution of about 100 km.

The first assimilation runs have started, over a short period of 18
hours (3 cycles of data assimilation). It has highlighted the spatial
coverage of the retrievals, and also the need for a screening aiming at
reducing, through quality control, the number of retrievals (about
30,000 per analysis cycle) to a maximum of 15,000 to 20,000 acceptable
by the analysis.

Preliminary results show a satisfactory quality, at least as good as
the operational NOAA/NESDIS “satems". 3I results seem to be a little
less noisy (better standard deviations) and a little more biased, a
problem that should be at least partly solved by a better validation of
the forward model used.

However, final conclusions have to be drawn on the basis of the impact
on the forecast and not on the basis of statistics against radiosondes
which cumulate in-situ observation errors and colocation problems.

8. IMPLEMENTATION OF 3I ON VARIOUS COMPUTING SYSTEMS.
RECENT DEVELOPMENTS AND SIMPLIFICATIONS

The 3I system is now in use at several places raising the question of
an easy maintenance with respect to satellite evolution or replacement.

8.1 The TIGR data set

The 3I system relies upon the TIGR (TOVS Initial Guess Retrieval) data
set for both the initialization (pattern recognition) and the inversicn
(precomputation of brightness temperatures and partial derivatives)
process. The validation procedure in use up to recently, was based on
the so-called y-§ procedure : radiances computed from a forward model
are adjusted to observations through :

I,. = 1. . (1)+8

obs calc
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where v, in principle close to 1, modifies the computed transmittances
and & represents the instrumental bias. This procedure, gquite
empirical, has been simplifed due to the good quality of the forward
model used resulting in 7 values very close to 1 : |I-y| is almost
never larger than 0.05 and usually smaller. Since d7, and not 7, is the
quantity governing the retrieval process, the error made by using it,.
instead of d(7y) becomes negligible. Moreover, transparent channels
(windows), for which 7 itself is used for surface temperature
determination, always correspond to y values equal to 1 as not being
affected by this parameter. This is due to the compensation between the
surface contribution and the atmospheric contribution to the total
radiance.

The interesting consequence is that only & factors are needed to adjust
brightnesé temperatures to the observation. This correction is made on
Tine within the initialization or inversion routines. A single TIGR
data set may then be used whatever the number of platforms to be
processed is. The § values take account of both the ¥ factors and the
slight shifts between the filters from one satellite to the other. The
present TIGR data set was computed using NOAA-8 filters. Adaptation to
NOAA-10 observations gives rise to reasonably small § values : the mean
of [§] for all the channels is close to 0.7 with a standard deviation
of 0.6. § factors are determined, and regularly updated, from satellite
and radiosonde matched data using the fast "3R" (Rapid Radiance
Recognition) forward model (Flobert et al., 1986). Implemented on the
CRAY-1 XMP48 of ECMWF, it takes, as an example, about 2 minutes to
compute the brightness temperatures of all the TOVS channels for all
the grid points of the forecast model. Its accuracy is equivalent to
that of the line-by-line model "4A" (Scott and Chedin, 1981).

The TIGR data set will be soon recreated on the basis of the new NOAA-
11 filters, with revised values of CO2 and NZO amounts.
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8.2 Rejection tests

The 31 system includes tests designed for identifying and rejecting
retrievals suspected to be of bad quality. They are based upon
comparisons between the observations and the corresponding initializa-
tion obtained from TIGR. They have been fully automatized and expressed
as functions of channel brightness temperatures standard deviations.
These values are obtained from TIGR and take into account the
conditions of observation (angle, surface elevation, ...).

A new rejection test has been added, based upon comparisons between
initialization and final retrieval and separating the upper and the
lower parts of the profiles. A retrieval is rejected if between the two
profiles, the distance for the upper part is too different from that
for the lower part.

8.3 Exportation of 31 : present status

The 31 system is presently implemented :

- ét CMS Lannion (French Met. Office). Bull SPS-9 and IBM-3090,

- at KNMI (Netherlands Met. Office). Micro-Vax II,

- at California Space Institute (Scripps Institution of Oceanography),
Micro-Vax I,

- at the European Center for Medium Range Weather Forecasting,
CRAY-1 XMP48, '

- at Strasbourg University (Scientific Spatial Remote Sensing Group),
IBM 4341.

It will be soon implemented at Satellite Meteorologial Center, in
Beijing. IBM 4381.

At CNRS-LMD, the 3I system runs on IBM 3090, SIEMENS, VP-200 and CRAY-
2. In the Tatter case, TIGR and associated files are in central memory.
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DEVELOFMENT OF RETRIEVAL OF ATMOSFHERIC
TEMPERATURE PROFILES IN HUNGARY

Gy. Sipos
Central Institute for Weather Forecasting
Numerical Modellling Branch
H-1675 Budapest, POB 32.

1. INTRODUCTION

In Hungary temperature and water vapour retrieval
were started in the 1870-s. G. Major (1878), F.
Miskolei (1973) and Gy. Molnar (1978) investigated
several methods for retrieving profiles and for accurate
calculation of the transmission function. Unfortunately,
at that time there was not any satellite receiving
station, so they had difficulties getting satellite data.
They could use the NIMBUS SCR data in their studies. A
few methods were developed for solving the radiation
transfer equation - phyéical, statistical and combined

methods.

Comparing the obtained profiles and the radiosonde
observations, the average RMS error was about 3K. The
largest errors were found at the tropopause level. The

accuracy was insufficient over cloud covered areas.

In the near future new satellite reciving station

for AVHRR, TOVS and METECSAT data 1is going to be
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operational in Hungary. Studies have also been restarted
again. In these works our first step was adapting of
TOVS Export Package, developed by Space Science and
Engineefing Center of University of Wisconsin in Madison

(UW/SSEC)>, (Smith et al., 1983).

2. ADAPTING THE EXPORT PACKAGE

This work was started on a TPA-1148 minicomputer.
This is an old type and not enough fast PDP-like
computer, made in Hungary. A real-time, multiuser,
multitasking operating system was installed on it. The
computer is supplied with 2 MByte RAM, and more than 309
MByte disk storage capacity. To display the results,
images, etc., the TPA is connected with a PERICOLOR-2003

colour image processing system.

First the statistical version of the ITPP
(International TOVS Processing Package) software was
installed. Originally this software was written for VAX
computers, in FORTRAN-77. F77 uses the FPP (Floating
Point Procesor), but it is not included in our computer.
If the compiler generates a floating instruction code for
FPP, it causes a trap 1in the operating system, and a

software floating point emulator makes the processing,

324



which is slightly slow. Since the programs compiled with
FORTRAN-IV compiler in our computer is faster, we have to
use this one, but the 1its use is inconvenient. (The

FORTRAN—-IV uses the built-in Floating Instruction Set).

In order to use enough RAM of the TPA, we have to
use the ODL, the Overlay Descriptor Language, too. For
the time consuming parts of ITPP (I/0, bit
operations,etc.), it is better to substitute the FORTRAN
programs with assembly language (MACRO-11) programs.

3.  PRELIMINARY RESULTS

As we have not yet AVHRR-TOVS receiving station, we
had difficulties to get data for our experiments and

investigations.

The first retrieved profiles were derived from an
experimental DSB receiving in 1982. Though these data
were in very bad quality (without bit and frame

synchronizing, with errors), we could start our works.

In the beginning of 1988 we obtained preprocessed

TOVS data from the USSR, for the purpose of experiments
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and comparing methods. We obtained synchron radiosonde

data on a magtape, too.

With these TOVS measurements we shall retrieving
meteorological data. At first we will compare the
di fferent methods (statistical, physical), then make a
detailed statistical investigations in order to determine
the errors of these methods, compared with radiosonde
data. The results of some retrievals can be seen in Fig.
1. Our experiences also show, that the errors arise at

the tropopause, and in the cloudy atmosphere.

4. FUTURE PLANS

If our receiving station starts to receive TOVS data
in an operational manner we intend to process them
regularly, in order to help forecasting works, for
example nowcasting, and assimilate them in the national

LAM NWP model.

We intend to use the advantage of the connection
between the PERICOLOR -20090 and TPA-1148 that gives a
possibility for interactive processing. We plan install

the ITPP software on a stand-alone PC system (for the DSB
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broadcast) having the main advantages of the PC systems,

portability and simplicity.

We continue our statistical investigations about the
nature of errors of retrieved temperature and moisture

profiles, and would like to develop methods for cloudy

cases.
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A LINEAR SIMULTANEOUS SOLUTION
FOR TEMPERATURE AND ABSORBING CONSTITUENT PROFILES
FROM RADIANCE SPECTRA

W. L. Smith and H. M. Woolf
Cooperative Institute for Meteorological Satellite Studies
University of Wisconsin
Madison, Wisconsin 53706 USA

ABSTRACT

A linear form of the radiative transfer equation (RTE) is formulated for
the direct and simultaneous estimation of temperature and absorbing
constituent profiles (e.g., water vapor, ozone, methane, etc.) from
observations of spectral radiances. This unique linear form of the RTE
results from a definition for the deviation of the true gas concentration
profiles from an initial specification in terms of the deviation of their
"effective temperature" profiles from the true atmospheric temperature
profile. The "effective temperature" profile for any absorbing constituent is
that temperature profile which satisfies the observed radiance spectra under
the assumption that the initial absorber concentration profile is correct.
Differences between the "effective temperature", derived for each absorbing
constituent, and the true atmospheric temperature is proportional to the error
of the initial specification of the gas concentration profiles. The gas
concentration profiles are thus specified after inversion .of the linearized
RTE from the retrieved "effective temperature" profiles assuming that one of
the assumed concentration profiles is known (e.g., COZ)‘ Because the solution
is linear and simultaneous, the solution is computationally efficient. This
efficiency is important for dealing with radiance spectra containing several
thousand radiance observations as achieved from curren% %irborne and planned
future spaceborne interferometer spectrometer sounders“’~. Here the solution
is applied to spectral radiance observations simulated for current filter
radiometers and planned interferometer spectrometers to demonstrate the
anticipated improvement in future satellite sounding performance as a result
of improved instrumentation and associated sounding retrieval methodology.

1. ‘INTRODUCTION

It has been shown from simulation studies®:>:® and airborne
experiments’’” that atmospheric temperature and water vapor profiles can be
achieved with drastically improved vertical resolution and accuracy from
remotely sensed infrared radiance observations which have a spectral
resolution and spectral observation density which is one to two orders of
magnitude better than current satellite systems. As a result of these
studies, future polar orbiting and geostationary satellite sounding
instrumentation is being specified to possess the high spectral resolution and
spectral observation density properties required to achieve the sounding
quality improvement. However, a practical application of this new instrument
technology to the real-time operational production of soundings from their
data requires the utilization of an extremely efficient profile retrieval
algorithm. Such an algorithm is defined here and tested using spectral
radiances simulated for both the currently operational High-resolution
Infrared Sounder (HIRS) filter radiometer on the TIROS-N series of polar
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orbiting satellites and the planned Advanced Infrared Radiation Sounder (AIRS)
interferometer spectrometer planned for the polar platform.

2 ANALYTICAL DEVELOPMENT

In this section, we develop a linearized form of the radiative transfer
equation (RTE) and formulate its inverse solution for the temperature and
absorbing gas profiles from spectral radiance observations. In the equations
which follow:

R, = spectral radiance with subscript v denoting spectral frequency
B, (p) = Planck radiance at pressure level p

P = pressure with subscript s denoting the surface

ru(p) = the total transmittance of the atmosphere above atmospheric
pressure level p

5§() = the difference between the true quantity and the initial value
denoted by a superscript o

I(); = the product of i quantities
2()i = the summation of i quantities
7; = the transmittance of the atmosphere for the ith absorbing

constituent

k, . = absorption coefficient for the ith absorbing constituent
i

U; = concentration of the ith absorbing constituent

T(p) = the true atmospheric temperature profile

T;(p) = the "effective temperature" of the ith absorbing constituent
where the "effective temperature" profile is that atmospheric
temperature profile which would give rise to the radiance
observed in spectral regions where the ith absorbing constituent
dominates the absorption/emission process assuming that the
initial gas concentration profile is correct.

Ty = the brightness temperature at spectral frequency v
v
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The true spectrum of monochromatic radiance exiting the earth-atmosphere
system is

P
= _ S
Ry = By (BT () - S

Bv(P)dTv(P) .

The radiance spectrum corresponding to an assumed initial temperature and
absorbing gas distribution is

P
o

_ (o] (o] _ S o (o]
R = BV(PS)rv(PS) fo Bv(P)dTv(P) :

Thus, the difference between the true and initial radiance spectrum is

P P
= _ no - _ g0 o _r 8 S,0 o
(1) sRv = Rv R\J BV(PS)Tv(PS) Bv(Ps)Tv(Ps) fo BV(P)drV(P) + fo Bv(P)drv(P)
Employing the linear perturbation definition:
K - -
dBv(P) = Bv(P) Bv(P)
o
§t,(B) = 1 (P) - T, (®)
(1) becomes
o Ps o) Ps
(2) 6R = Bv(Ps)érv(PS) + 5Bv(P)Tv(PS)—IO Bv(P)d[Grv(P)]-Io §B (P)dt (P) .
Since
Ps o o Ps o
fo Bv(P)d[drv(p)] =B (P st (B - fo 67, (P)dB_(P)

as a result of integration by parts,
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it follows that

P P
= _ s s o
(3) 6Rv = GBv(PS)Tv(Ps) fo GBv(P)dTv(P) + fo GTV(P)dBV(P)
Also, since
1 =12 + 81
v v
then
Ps o Ps
5Rv = GBv(Ps)TV(PS) - fo GBV(P)dTv(P) - fo éBv(P)d[éTv(P)]
Ps o)
+ [ Grv(P)dBv(P)
o
Using the integration by parts
Ps Ps
fo éBv(P)d[GTv(P)] = GBv(PS)GTv(PS) - fo Gtv(P)d[GBv(P)] 3
so that
o Ps o Ps
(4) 6Rv = Tv(Ps)dBv(Ps) - fo GBv(P)dTv(P) + fo Grv(P)dBv(P)

Using the chain rule; dBV(P) = BS(P)dT(P), and the Taylor approximation;
8B (P) = BJ(P)ST(P), where 87 = 9B (T°)/3T, then

P P
(5) ¢R, = sg(PS)rg(ps)aTs = fossg(p)sr(P)drg(P) + IOSBg(P)érv(P)dT(P)

Now for monochromatic radiation, the total atmospheric transmittance can be defined
as the product of the transmittance of all the individual absorbing gases; thus,
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and

dlnT o’ where N = number of absorbing constituents

(6) dt” =1 1

o
o
=

Relation (6) leads to the finite difference approximation

(o]

N M=

(7) St =1 Glnri

i=1

Also, for monochromatic radiation it can be shown that

Int ., Vv U,
vi i

for a constant temperature profile condition.

Thus, the Taylor Expansion

dlntg dlnrg dT
(8) 61n1v1=—1—6Ui= —adly ke 8U,
d Ug dT dUg

is an excellent linear approximation. It is noted, however, that (8) ignores
the transmitted function dependence upon temperature which is second order
compared to the transmittance dependence on absorber concentration U.

Finally, to completely linearize the radiative transfer equation, we employ
the definition

dT(P)
T.(P) = T(P) - —— 68U,
> awee) *
1
or
dU‘;(P)
(9) SU (@) T —— [1(®) - T,(®)]
dT (P)
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where T,(P) is the true temperature as a function of the initial gas
concent¥ation profile, Ui(P)' We note that if the initial gas concentration
profile is correct, then Ti(P) = T(P).

Substituting (9) into (8) and the result into (7) yields

o
dlnTvi

. N
o
(10) 87 (P) = T2(P) E

: (T(®) - T, ()]

1 d4T(P)

Finally, substituting (6) and (10) into (5) yields

P
I o8y @ LT(@)-T° () ]-[T(®)-T, (P) ]}t dInT

_ a0 o
SRv,- Bv(PS)Tv(PS)STS - .
1 o i

i i

[ o I~

or

P
I °83(R)ST, ()T (P)dlnt) (P)

N

o o
(11) 6Rv = BV(PS)TV(PS)GTs -z
=1 o i

i

which is a general and fully linearized perturbation form of the radiative
transfer equation.

In (11), N is the number of optically active atmospheric constituents,

o o
Bv(P) = an(T YT s
and

o
GTi(P) = Ti(P) - T(P) .
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3l INVERSE SOLUTION

The general strategy for solving (11) for atmospheric temperature and
absorbing constituent profiles from a satellite observed spectral radiance
distribution involves the following steps:

(1) solve for 6T.(P) for all constituents using a direct linear simultaneous
matrix inverSe solution of (11), given a spectrum of radiance, RV

(2) 1let T(P) = TO(P) + 8§ T, (P) where k denotes a consituent whose
concentration, and therefore atmospheric transmittance profile (i.e.,
ri(P)) is known a priori (e.g., C02)

(3) use (9) to solve for the concentration of all remaining constituents,
-

o
dUi(P)

o O
Ui(P) = Ui(P) + [T(P) - Ti(P)]

dT (P)

A. Statistical Matrix Inverse Solution of (11)

It is convenient to write (11) in terms of brightness temperature by assuming

o
an(TB )
GR\) = —_— GTB\)
aT
or
o) o g Ps "o o o
GTBv = Bv(Ps)Tv(Ps)GTs —iil fo Bv(P)GTi(P)Tv(P)d 1n Tvi(P)
where

~o o o
BO(P) = (3B (T°)/3T)/ (3B (T,°)/3T)

In matrix form
(12) tb = At
The elements of A are

_ 7o o
. B, ()T (P)
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. PO o o)
Av,j = Bv(Pi,j)Tv(Pi,j)d 1n Tvi(Pi,j)

j = l’ 2’ 9% N*M-
i

where N is the number of constituents and M, is the number of quadrature

pressure levels devoted to each constituent.

The generalized stat%sgical/physical solution of (12) is given by the Maximum
Likelihood Retrieval "’

. ul

T
(13) t = SdA (AsdA + Eb) t

b

Sd is a dependent sample statistical covariance matrix and E,g is the
covariance of the brightness temperature error covariance matrix

1 N
s o 0
S, ., =— I [T N = T, 0. Lo poms = Lo
L3y p=1 [ 1(P3) l(PJ)] [ j(Pi) J(Pl)]
s
where Ti(Pi) and Tj(Pi) is the temperature of a given constituent at a given

constituent pressure level and Ns is the number of atmospheric profiles in
the statistical sample.

Here,

dT(P.) =
(14) Ti(Pj) = T(Pj) - —t [Ui(Pj) - Ui(Pj>]

o
dUi(Pj)

The linear dimension of the matrix to be inverted in (13) is the number of
spectral channels which in our case is the largest of the dimensions
considered. In order to reguce the dimensionality of the matrix inverse, we
can use the matrix identity

T T -1 T, - -1l -1
S 4A (A SqAT * Eb) = (A E, A+ S, ) A E,
to achieve
T -1 RS O S |
(15) t = (A Eb A+ Sd ) A Eb tb =C tb
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Now the linear dimension of the matrix to be inverted is (N*M +1). In
(14), the elements of N are

e, T B,y T % () P 1

B, TO 1A

where o = expected brightness temperature noise for a given spectral wave
number, and it is assumed that the errors are totally random.

It is noted that C is a constant matrix if the temperature dependence of
the atmospheric transmittance is small. In principle, the C matrix is
dependent only on the temperature and absorbing constituent profile
statistics utilized (i.e., their means and covariances) and not on the actual
profiles to be retrieved. '

B. Error Analysis

The derivation below follows closely the work of Fleming6 for efficiently
estimating the profile errors to be expected from the application of (15) to
actual radiance observations.

1. Temperature Errors

Consider an independent sample of soundings for which we wish to apply (15)
and evaluate the errors in retrieval of T, and U,. If we let D denote the
difference between the actual soundings afid the fetrieved soundings (i.e.,
D=T - Tr)’ then it follows from (15) and (12) that

_ T -1 -1-1 7 -1 T -1 =10 -1z
(16) D=T - (A Eb A+Sd ) A Eb AT - (A Eb A+Sd b Eb
where T is the matrix of constituent temperatures and is a matrix of

radiant brightness temperature errors for the independent statistical sample
and the superscript -! indicates the matrix inverse.

It follows that

= (I-CA)T - CEb

. =1 =
where I is the identity matrix and C = (ATE A+ S ) A Eb . Thus, the
retrieval error covariance matrix, D*, is

D% = DDY = (I-CA)TT. (I-ATCT) + CEbCT - (I-CA)SI(I-ATCT) % CEbCT
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where S, = TTT of the independent sample set and the covariances between

tempera%ure and random measurement errors are assumed to be zero.

Thus,

i p. 1 1. lp 1 oWl o pod L1 T
Dx = [I-(A'E " A+S;” )7 A'E " A] S [I-A'E " A(ATE~ A+S;” )" ] + CEC

Using the matrix identity

_1 -
[I - (x+y) x] = (x+y) vy

and assuming the same radiance error covariance characteristics for the
independent and dependent same sets, then

1 1 _1

T = -1 -l -1 -1, ,,T_ -1 w1 =k
* =
(17) D (A Eb A+ Sd ) (A Eb A+ Sd SISd ) (A Eb A+ Sd )
It is interesting to note that if SI = Sd’ then
T -1 -1.-1
* =
D (A'E, A+S, )

which is the form originally derived by Fleming.6

The RMS retrieval error is simply the square root of the diagonal of D*

2 . Constituent Concentration Errors

It follows from (9) that
(18) U = a[Ta-T]