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1. Introduction

The satellite sounding radiance data received at the University of
Wisconsin is converted into meteorological parameters using a physical
solution of the radiative transfer equation, rather than empirical
regression, in order to account for the influences of surface variables
(i.e., terrain elevation, emissivity, and temperature) in the profile
solutions and to permit the infrared data to be utilized for overcast as
well as clear or partly cloudy sky conditions. These attributes of the
physical solution are particularly important for the CIMSS applications of
the data to real-time mesoscale weather analysis and forecasting for the
North American region.

The initial "TOVS Export Package" developed by the CIMSS, and made
available to numerous direct readout data users, has been modified to
include the physical retrieval algorithm. As in the previous version, the
new package produces temperature and moisture profiles from a 3 x 3 array
of HIRS radiances and spatially interpolated MSU observations. Thus, the
resultant linear resolution and spacing is about 75 km. In addition, the
new Physical Retrieval TOVS Export Package provides a measure of total
ozone concentration based upon the stratospheric carbon dioxide and ozomne
channel (emission to space) radiance observations. Advantages of the phys-
ical retrieval algorithm over the prior statistical regression method are:

a. surface parameters such as skin temperature, emissivity, and elevation
are treated as variables and therefore accounted for explicitly in the
profile solutions;

b. the reflected solar contribution to the shortwave window channels is
determined and accounted for in the solution for surface temperature;

c., the effect of clouds on the infrared channel observations is
determined, thereby permitting the use of an optimum number of
infrared observations under all cloud conditions;

d. the radiance data is not "limb-corrected", thereby eliminating a
potential source of error in the data processing (the preprocessor
(PROGRAM TOVPRE) now permits the user to specify whether or not limb
corrections are to be made);
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e. the solutions are in no way related to radiosonde data so that their
accuracy is much more independent of geographical location and
observation time than statistical regression solutions (with the
exception of the regression first guess option).

In this paper, prepared for the participants of the First International
TOVS Study Conference, the physical algorithm is presented, its performance
on the Alpex and Tasman Sea NOAA-7 orbits chosen for the conference is
described, and the documentation needed to implement the new software is
given.

2. Physical Retrieval System

This document assumes the reader is already familiar with the observational
characteristics of the TOVS; if not, the reader is referred to the articles
provided in the bibliography. As a quick review, Table 1 shows the
characteristics of the TOVS (HIRS and MSU) channels. Figure 1 shows a
schematic of the TOVS Physical Retrieval Processing System. The ingest,
calibration, and earth location are the same as given in the original
version. In the physical retrieval system there is no need to angle or
"limb-correct" the measurements since the weighting (i.e., atmospheric
transmittance) functions can be computed for the angle of observation as
described in section 2 i,

a. First guess profiles

The physical retrieval algorithm solves for a departure of the true
atmospheric temperature, moisture, and ozone profiles from a "guess"
condition as a function of the departure of the observed radiances from
those calculated for the '"guess" profiles. The guess options included are:
a latitude and time interpolation of the ten "Standard Atmospheres" (one
for each of five latitude zones in winter and summer), by regression
estimates from the non-cloud-contaminated radiances (microwave and
stratospheric infrared); estimates produced by a dynamical forecast model.
The first two options are available in the physical retrieval export
package; since accessing forecast-model output is highly machine- and
installation-specific, each user must provide his own interface.

b. Selection of "clearest" radiances

The profiles are produced from 3 x 3 arrays of 26 kilometer resolution HIRS
fields-of-view (the courser resolution microwave data having been
interpolated to the HIRS locations). The "clearest" observations are
selected on the basis of the 11 pm window channel brightness temperature
being within 3°K of the maximum observed amongst the 9 measurements. The
average of all the "clearest" observations is generated for the sounding
retrieval process. For the microwave channels and the stratospheric
sounding infrared channels, the average is taken over all nine fields-of-
view without regard to the 1l um window brightness temperature. A check is
made to determine whether the '"clearest" observations are too cloud
contaminated to afford an accurate profile retrieval. Using the

11 um brightness temperature and the "guess'" temperature profile, if the
former is colder than the guess 500 mb temperature no retrieval is
attempted. This check also safeguards against the use of precipitation
attenuated microwave observations in the profile solutions.

228



c. Surface data

The accuracy of the retrieved profiles can be affected significantly
through the use of surface data. The surface parameters required for
radiative transfer calculations are surface pressure, surface skin
temperature, and surface emissivity. The '"shelter'" temperature and
humidity are desired as constraints on the retrieved temperature and
humidity profiles.

(i) pressure

Surface pressure is computed hydrostatically using an estimated 1000 mb
height, an estimated 1000 mb temperature and assumed lapse rate of 5°C/km,
and an estimate of the surface elevation for the radiance observation
location. That is

g Z dZ

P = 1000 EXP - f (1)

s R T + v(Z - 2 )
Z1000 1000 1000

Where g is gravity, R is the gas constant for air, and y the assumed lapse
rate. The 1000 mb height and temperature are estimated from either an
analysis of station observations reduced to the 1000 mb level, a forecast
(as in the case of first-guess generation, the user must provide the
interface to such data), or climatology. The height of the observed
surface is obtained from 10 nautical miles horizontal resolution topograph-
ical data (this high-resolution topography is, at present, available for
the Northern Hemisphere only: elsewhere, the previously supplied 60
nautical mile resolution information must be used). The elevation for each
HIRS field-of-view is obtained through a field-of-view response weighting,
and subsequently the elevation for each field-of-view is spatially averaged
in the same manner as the radiances themselves, as described in (2b).

(ii) air temperature and humidity

The surface air temperature is estimated from an analysis of station
observations reduced to 1000 mb by using the assumed lapse rates for the
reduction to 1000 mb and the actual height of the observed topography.
Surface humidity is estimated from an analysis of surface dewpoint
depression. If station data is not used, then the surface air temperature
and dewpoint are left as unknowns in the profile retrieval process.

(iii) skin temperature

The surface skin temperature is estimated from both longwave (1l um) and
shortwave (3.7 um and 4.0 pm) window channels of the HIRS. During the day,
the shortwave windows must be corrected for reflected sunlight
contributions prior to the surface temperature retrieval. Assuming that
the surface reflectivity is constant within the 3.7 - 4.0 um region it can
be shown (Smith, 1980) that
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R(3.7ym) - B(3.7um,TB) hd B(3.7um,T
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SUN) = Kk (2)

SUN )

provided that the atmospheric transmittance is the same for both spectral
channels. In (2), R is the observed radiance for HIRS window channel, B
the Planck radiance, and TSU is the effective radiating temperature of the
sun, assumed to be 5800°K. ?he only unknown in (2) is the effective
radiating temperature of the earth-atmosphere for the 3.7 - 4.0 um region,
TB. Rearranging (2) gives

£(T,) = KB(4.0um,T;)=B(3.7um,T;) = KR(4.0ym)~R(3.7yum) (3)

Thus, f(T,) is calculated once and for all, and tabulated to permit rapid
determina%ion of T from actual observations of R(4.0 ym) and R(3.7 ym)
observations (Channels 18 and 19 of Table 1).

The effective surface temperature for the 4.0 ym and 11 ym regions is then
calculated from the observed (solar corrected) brightness temperatures
using the relation

T, =T", + ———— (4)
T(po)

where T." refers to the brightness temperature computed for a 'guess"
surface temperature, T n’ and atmospheric temperature and moisture profile
condition, and t(p_ ) is the transmittance of the atmosphere above the
surface pressure level, p . Equation (4) is derived from a form of the
radiative transfer equation in which the Planck radiance dependence upon
temperature is linearized using a first order Taylor expansion. +Ifince (4)
is not exact, the solution is iterated several times until | T Rt SP nl
< 0.01°K. The in{B}al value for Ts is obtained from the "splig window”
approximation, TS = TB(ll pm) + O.S[TB(ll pm) - T_ (8 uym)]. As shown in
Figure 1, the temperature and moisture profiles used for the final
determination of T are provided by the microwave brightness temperatures
and HIRS water vapor channel radiances as described later. The longwave
(11 ym) and shortwave (4 pym) surface temperature values are checked for
consistency and used to diagnose the presence of cloud contamination.
Provided the results are reasonable for cloudfree sky conditions, they are
used separately for the calculation of longwave (15 uym) and shortwave

(4.3 pm) radiances in the infrared temperature profile retrieval process.
The differences between the two surface temperatures are attributed to
surface emissivity differences for the two spectral regions.
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(iv) microwave emissivity

Unlike the emissivity of the earth's surface at infrared wavelengths, the
surface emissivity at microwave frequencies can depart drastically from
unity, depending upon surface moisture conditions. Thus, the surface
emissivity must be determined and used explicitly in the calculation of
outgoing radiance. The microwave "window" channel at 50 GHz (Table I) was
included in the TOVS specifically for determining the effects of surface
emissivity and liquid water on the microwave sounding channel radiance .

It can be shown that the surface emissivity, € is given by the expression

Po Tz(po) dt(p)
Tg f[ T(p) |1 + dp
(o]

€, , < (p) dp (5)
Py rz(po) dt(p)
Tsr(po) +f T(p) > dp
o 1 (p) dp

where t(p) is the transmittance of the atmosphere above pressure level p.
For the microwave window region (50 GHz), the atmospheric (integral)
quantities are small compared to the observed brightness temperature and
surface term; thus the result is weakly dependent upon the temperature
profile condition assumed. If a poor first guess temperature profile
condition is used (e.g., climatology) the entire surface emissivity and
microwave temperature profile retrieval process is repeated.

d. Microwave temperature profile retrieval
The temperature profile is calculated from the microwave brightness

temperatures observed in MSU channels 2,3, and 4, using the iterative
solution (Smith, 1970)

o |
[T(v;) = T () W(v, ,p)
2 (6)

LU e

™) = ) + 2

| S

W(v.,p)
i=2 =

n . -
where TB is the brightness temperature calculated from the temperature

profile Tn(p), and W(vi,p)=dr(vi,p)/dp. In the calculation of Tn(p), the

surface emissivity calculated from the 50 GHz brightness temperature
measurement, the surface temperature given by the HIRS 8 im and 1l m
brightness temperatures using the "split window" approximation, and the
surface pressure obtained from the high resolution topographical data are
used as boundary conditions. The solution for T(p) is iterated until the
condition

n n-1 .
T C(vy) = T~ "(v) | < 0.05°K
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is satisfied for all channels. If surface air temperature observations are
being used, the profile below the 700 mb pressure level is adjusted in a
linear fashion to blend into the observed air temperature at the surface.

e. Initial water vapor profile estimate

The initial profile of water vapor is derived using the mean relative
humidity solution given by Smith and Zhou (1980). Assuming the relative
humidity is constant within each layer sampled by the HIRS water vapor
channels (10, 11, and 12), then

R(vi)—R°(vi)
Rh[(p(vi,p)] = Rh°EXP (7)

P
f Owo(\) »p)dp
o i

where p(v,) is the pressure level of maximum water vapor sensitivity for
the water vapor channel v,, Rh® is a guess layer relative humidity value (a
value of 0.5 is used initially), R°(v.) is the radiance calculated for the
guess humidity condition, and W°(y.) 1s the water vapor weighting function
given by .

U°(p) at(v;,p) 3B(v;,T)

Wo(vi,p) = g =
q (p) op ap

where U°(p) is the integrated precipitable water above the pressure p, and
q°(p) is the mixing ratio as implied by the guess relative humidity
condition, and the atmospheric temperature profile (which, at this point,
has been derived from the MSU brightness temperature observations). For
the HIRS water vapor channels 10, 11, and 12, the pressures of maximum
sensitivity are assumed to be 800, 600, and 300 mb, respectively. Given
these three relative humidity values from (7) a profile of relative
humidity is constructed by linear interpolation with respect to pressure.
If surface data is available, it is used to interpolate between the surface
and the 800 mb level, otherwise the relative humidity is assumed to be
constant below the 800 mb level. The relative humidity above 300 mb is
also assumed to be constant. The solution given by (7) is repeated after
the infrared brightness temperatures are used to derive an improved
estimate of the temperature profile, using the relative humidity values
obtained initially. Although the layer mean relative humidity
approximation is not an exact simultaneous solution for the relative
humidity profile from the three water vapor channel radiances, it is a
stable approximation in that the influence of cloud or measurement errors
is minimal.

It should be noted that, even if the atmosphere is cloudy, a relative
humidity profile is derived. In this case, the solution is produced by
using the microwave temperature profile and the 11 ym brightness tempera-
ture to estimate the cloud pressure and temperature. These cloud
parameters are then used in the calculation of R (v.). The relative
humidity results below the cloud level are a consequénce of linear
interpolation between the relative humidity sensed above the cloud level
and the observed surface value.
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f. Infrared temperature profile retrieval

After deriving the water vapor profile, the surface skin temperatures for
the short and long wavelength temperature sounding channels are obtained by
iterating (4). These together with the microwave -specified temperature
profile are used to calculate the "expected" values of the brightness
temperatures observed in the 4.3 ym and 15 ym temperature sounding channels
(Table I). If the visible channel reflectance is less than 257 and the
longwave surface temperature is greater than a threshold of five degrees
below the observed or microwave retrieved surface air temperature, then all
the infrared channels are presumed to be free of cloud contamination, and
are used in the temperature profile retrieval process. If the "clear test"
fails, then an attempt is made to determine which of the infrared channels
are free of cloud contamination. By assuming that clouds always reduce the
brightness temperatures by a magnitude dependent upon the transmissivity of
the spectral channel, all channels of equal or greater opacity than a given
channel are presumed to be clear if the deviation between the observed and
calculated brightness temperature for that channel is greater than or equal
to zero. If HIRS channel 7 satisfies this criterion, all shortwave and
longwave channels are presumed to be unaffected by the cloud and used in
the retrieval process. If, however, this criterion is not satisfied by
channel 7, then only the longwave channels satisfying the criterion are
used; the shortwave channels are not used because of the difficulty in
accurately correcting these measurements for cloud-reflected sunlight
contributions.

Having determined the infrared channels unaffected by cloud contamination,
the temperature profile is given by the iterative solution

m
I ITp0u) = Ty (o) W C;p)

i=1

o) = ) + (8)
W(Visp)

m
z
=1

i

where m is the number of cloud free infrared channels and the weighting
function is given by the relative contribution function

Blv,»T"(P)]  dt(v;,p)
R(vi) dp

W(viP) =

If any longwave channel, v,, is presumed to be cloud contaminated, then

(v ) is presumed to be équal to T_(v,) in equation (8), in order to
bgend the solution into the microwave retrieval below the cloud level. The
iteration is terminated as soon as the criterion

n-1

n o
Ty (vi) - Ty (vi) < 0.05°K
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is satisfied for all channels. The temperature profile retrieved from the
infrared brightness temperatures, using the microwave result as the initial
guess, is the "final" estimate.

g. Final water vapor profile estimate

The final water vapor profile is calculated using (7) with the infrared
temperature profile and the final surface temperature estimates being used
in the calculation of R°(v,) and W°(v,p). The Rh° values are taken as the
estimates initially derived on the basis of the microwave temperature
profile.

h. Ozone retrieval
The total ozone concentration is retrieved from the ozone channel
brightness temperature using the method of Ma, Smith, and Woolf (1984). 1In

a manner analogous to the water vapor solution, the ozone concentration is
given by the inverse solution of the radiative transfer equation,

R(v,) - Ro(vi)

P
/ owo(\)i,p)dp
o

o(p_) = Oo(po)EXP (9)

where vi is channel 9 (Table I) and

0% (p) BTo(vi,p) 9B (v,,T)

w (o) =g
n {p) 3p p

0(p) is the ozone concentration profile, and m(p) is the ozone mixing ratio
profile. The initial ozone mixing ratio and concentration profile is
obtained using regression relations developed from a large sample of
ozonesondes and radiances for the stratospheric HIRS channels (1-4)
synthesized by radiative transfer calculations, from the ozonesonde
temperature profile data. Thus the temperature profiling channels are used
to specify the gross vertical structure of the ozone profile (via
temperature-ozone correlation), and the ozone channel radiance is used to
estimate the absolute magnitude of the total concentration. If a cloudy
condition prevails, the surface pressure used in (9) is the cloud pressure
determined from the 1l um window brightness temperature and the final
temperature profile.

i. Calculation of transmittances

An essential ingredient of any physical retrieval scheme is the
availability of accurate and computationally efficient ("fast'") procedures
for calculating profiles of atmospheric transmittance in the various
spectral intervals represented by the infrared (HIRS) and microwave (MSU)
sounding channels. These procedures must account for variations in
spectral response, atmospheric composition and state (temperature and
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moisture dependence), and departure from vertical viewing (slant path or
zenith-angle dependence).

The requirement for computational speed precludes the employment, in
routine processing, of so-called "exact" (in the spectroscopic sense),or
line-by-line, methods. Therefore, models have been developed (McMillin and
Fleming, 1976; Fleming and McMillin, 1977; Weinreb and Neuendorffer, 1973;
Weinreb et al., 1981) to satisfy the dual requirements of speed and
accuracy--the latter being defined in terms of degree of agreement with
exact calculations. The first three references cited above describe the
algorithms developed for the infrared; the first relates these specifically
to HIRS, and also discusses the method used with MSU.

When the design decision was made to apply the physical retrieval algorithm
to non-limb-corrected TOVS data, it was determined that the existing MSU
transmittance model would not suffice. For an arbitrary scan angle, it
entails calculation of transmittance profiles for a number of angles,
followed by convolution with the antenna gain pattern--a computationally
costly process. Therefore, a variation of the model was developed, in
which a separate set of regression coefficients, relating absorption to
temperature and moisture, is generated for each of six equally spaced scan
angles. The influence of the antenna pattern is incorporated into the
absorption profiles used for the regression. Coefficients for arbitrary
scan angles are obtained dynamically by linear interpolation. The model
has been verified by comparing antenna temperatures calculated from "exact"
and regression-estimated transmittance profiles; agreement is very good.

' Transmittances for the ozone retrieval are computed using the method of
Gruenzel (1978), with contributions from water vapor lines and continuum
obtained by the procedures described in Weinreb, et al. (1981).

The transmittances are adjusted in order to minimize differences between
observed and calculated radiances. The adjustments are made assuming that

lnr(vip) = Y(vi)lnf(vi,P)

where y(v,) is the adjustment factor and %2(v,,p) is the unadjusted
transmittance. The adjustment factors have been determined on the basis of
a very large sample (several thousand) of "coincident" radiosonde and
radiance observations. The y's are calculated so as to minimize the RMS
difference between observed and calculated radiances for all atmospheric
conditions and latitude zones. The values assumed for all NOAA satellites
in the TOVS Export Package are given in Table 2.

3. Results From NOAA-7 ALPEX Orbits

The Physical Retrieval Export Package was applied to the NOAA-7 orbits
chosen for the TOVS Study Conference. The program options used were
"Regression Guess'" and "With Surface Data". The regression coefficients
used were the NESDIS operational for the overcast cloud (Path 3) condition.
The surface data was obtained from station reports for the ALPEX orbits and
from Australian Bureau of Meteorology analyses for the Southern Hemisphere
orbits. The effect of the different program options upon the results are
discussed in section 5 of this report.
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The actual retrieval values and radiosonde data for the Alpex orbits are
given in an Appendix. Also, the retrieval values and contour analyses for
the Southern Hemisphere orbits chosen for the Study Conference are given in
an Appendix. The geopotential thickness values are for the layers
specified in the Study Conference invitation and are given in decameters.

In this section we present comparisons of the various TOVS geopotential
thickness analyses with those of radiosonde data produced by the European
Center for Medium range Weather Forecasting (ECMWF) for the ALPEX orbits.
The analysis of the TOVS retrievals is produced by Barnes interpolation
(Barnes, 1973) at a spatial resolution of 75 Km. The ECMWF analyses are
based on optimal interpolation (Bengtsson, 1981) at a spatial resolution of
200 Km. The different resolutions are consistent with the different
horizontal spacings between TOVS and Radiosonde sounding data (see the
Appendix).

Figures 2-6 show the analysis comparisons for geopotential thickness. As
may be seen from these figures, the patterns of the two different analyses
produced from TOVS (SAT) and from Radiosonde (ECMWF) data are nearly
identical, however, there are significant differences in the horizontal
scale and gradients resolved by the two data/analysis systems. 1In
particular, smaller horizontal scales seem to be resolved in the TOVS
analyses. For example, the shortwave ridge in the 1000-700 mb thickness
along the east-coast of Spain in the 03Z TOVS analysis (Figure 2c). Also,
the amplitude of the trough and ridge axes over the Oceanic areas are
definitely greater in the TOVS analyses; for example, the ridge axis over
the ocean between Spain and England in the 1000-500 mb thickness at 03Z on
5 March (Figure 3c). On the other hand, at upper tropospheric levels there
is a definite weakening of the horizontal gradient of TOVS derived
thicknesses relative to the radiosonde data. For example, the horizontal
gradient of the 300-100 mb thickness across Italy for 00Z on 5 March is
about 180 meters for the ECMWF analysis, compared to about 90 meters for
the SAT analysis. The magnitude of the high over the Mediterranean also
differs by about 40 meters, the SAT analysis being weaker than the ECMWF
analysis. The loss of horizontal resolution of the TOVS soundings relative
to radiosondes with altitude is due to the loss of vertical resolution of
satellite soundings with increasing altitude. The relatively low vertical
resolution of the satellite soundings in the tropopause region leads to

large bias and relative differences with radiosonde observations (section
4).

Figure 7 shows the twelve hour change of precipitable water above 1000,
700, and 500 mb levels as retrieved from the TOVS data. One can see
good continuity with time and with the thickness patterns displayed in
Figures 2-6.

Finally, Figure 8 shows the total ozone retrieved from the NOAA-7 TOVS
observations for 4 and 5 March, 1982. Unfortunately, the ground truth data
was not available to verify the absolute accuracy of these retrievals. Of
particular interest is the very rapid movement of the high ozone center
over the English channel at 13Z on 4 March to the Mediterranean at 03Z on 5
March. This movement, and in fact the entire ozone pattern, is highly
correlated with the patterns and time displacements seen in the 300-100 mb
thickness shown in Figure 6. This correlation is presumably due to the
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relation between ozone concentration and geopotential thickness in this
layer to tropopause height and temperature. High stratospheric ozone
concentrations should be associated with low tropopause height and low
tropopause height are associated with warm tropopause temperatures or
geopotential thicknesses. Thus, there is a strong positive correlation
between the geopotential thickness of the tropopause layer (i.e., 300-100
mb) and the stratospheric ozone concentration. This correlation is clearly
seen in the TOVS retrievals (compare Figures 8 and 6).

4. Error Statistics

Figure 9 presents bias and standard deviations between the analyses of TOVS
retrieved temperatures and radiosonde temperature observations (ECMWF) as
well as the bias and standard deviations of each of these analyses with
respect to actual radiosonde observations. Because of occasional large
digital transmission errors in the radiosonde data, observations which
exceeded 2° (Figure 9c) or 5° (Figure 9d) deviation from the ECMWF analysis
were discarded from the error statistics. No filtering of TOVS data was
performed. The reader is reminded that the TOVS retrievals were produced
using a stratospheric HIRS and MSU channel regression "first guess'" and
incorporated surface data. The TOVS and ECMWF analyses were performed with
grid spacings of 75 km and 200 km, respectively.

As may be seen by comparing Figure 9(b) with 9(c) or 9(d), the bias and
standard deviations between radiosonde observations and the TOVS and ECMWF
analyses are comparable, except in the tropopause regions. This result is
somewhat surprising since the TOVS analyses are completely independent of
the radiosonde data whereas the ECMWF analyses are completely dominated by
radiosonde observations over the European region studied. One explanation
for the comparability of the magnitudes of the standard errors is (a) the
lack of small horizontal scale detail in the ECMWF analyses (i.e.,
horizontal smoothing) and (b) the inherent vertical smoothing of the TOVS
profiles relative to radisonde observations. The much larger bias error in
the TOVS retrievals in the tropopause region merely demonstrates that
vertical smoothing is more detrimental than horizontal smoothing in this
region of sharp vertical temperature variation. The combination of the
error statistics shown in figure 9 indicate that the TOVS level temperature
retrieval errors are generally less than 2°C. Errors in thickness
temperatures should be less than the error of level temperature values
because of the vertical smoothing inherent in the TOVS retrievals.

5. Impact of Profile Guess and Surface Data

The influence of profile first guess and surface data options of the
retrieval program were studied using the western orbit of 4 March, 1982.
Figure 10 shows the bias and standard deviations of the TOVS level
temperature values with respect to the ECMWF analyses for four different
program options; (a) regression guess with surface data, (b) climate guess
with surface data, (c) regression guess without surface data, and (d)
climate guess without surface data. As may be seen, the main influence of
the various options is upon the bias error distribution of the retrievals.
The major influence of surface data is below the 700 mb level where
standard deviation and bias error improvement of more than 1°C can be seen.
The influence of the profile first guess (regression vs. climate) seems to
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greatly impact the bias error for the case where surface data is utilized.
This may be due to the structure differences created by blending the "first
guess' profile into the surface observations. Surprising is the fact that
without surface data (Figures 10c and 10d), little difference is produced
by the profile first guess. Comparisons of horizontal analyses of the
level temperatures for the various first guess options (not shown) revealed
little difference in the patterns but significant differences in the
absolute temperature values as suggested in Figure 10. The authors believe
that the most reliable retrievals are produced for the regression guess
with surface data option. Certainly, surface observations are extremely
valuable when dealing with complex terrain conditioms.

6. Summary and Future Improvements

The physical retrieval "Export Package'" has been described. Analyses of
its performance on the NOAA-7 orbits chosen for the TOVS study conference
indicate satisfactory performance. A major improvement yet to be
implemented is the use of full resolution AVHRR data to better define
surface skin temperature and to account for the influence of clouds upon
the TOVS sounding channel radiances. An effort is now underway at the
CIMSS to implement the AVHRR option to the TOVS sounding processing system.

References

238



Aoki, T., 1980: A statistical method to retrieve the clear radiance
from cloud-contaminated radiances, J. Meteor. Soc. Japan 58, 58-66.

Aoki, T., 1982a: An improved method to retrieve the clear radiance from
partially cloudy spots of radiometer on board satellite. J.
Meteor. Soc. Japan, 60, 758-764.

Aoki, T., 1982B: Theoretical background of the vertical sounding from
TIROS-N satellite series. Meteor. Satellite Center Tech. Note, No.
5, 25-32. ’

Barnes, S. L., 1973: Mesoscale objective analysis using weighted
time-series observations. NOAA Tech. Memo. ERL NESSL-62, Natiomal
Severe Storms Laboratory, 1313 Halley Circle, Norman, OK 73069,

60 pp.

Bengtsson, L., 1981: The impact of FGGE on global medium range
forecasts. Characteristics of atmospheric planetary circulations
and associated model forecast skill during FGGE case studies
selected by WGNE. Proceedings of the International Conference on
Early Results of FGGE and Large-Scale Aspects of its Mcmscon
Experiments, Tallahassee, Florida, 12-17 January 1981.

Chahine, M. T., 1968: Determination of the temperature profile in an
atmosphere from its outgoing radiance. Journal of the Optical
Society of America, 58, 1634.

Chahine, M. T., 1970: A general relaxation method for inverse solution
of the full radiative transfer equation. Journal of Atmospheric
Science, 27, 960.

Chahine, M. T., 1974: Remote sounding of cloudy atmospheres, l. The
single cloud layer. Journal of Atmospheric Science, 31, 233-243.

Chesters, D., L. W. Uccellini, and A. Mostek, 1982: VISSR Atmospheric
Sounder (VAS) simulation experiment for a severe storm environment.
Monthly Weather Review, 110, 198-216.

Chesters, D., L. W. Uccellini, and W. Robinson, 1982: Low-level water
vapor fields from this VISSR Atmospheric Sounder (VAS) "split
window" channels at 11 and 12 microns. NASA TM 83951 (available
from National Technical Information Service, #82N32914, Washington,
D.C.).

Conrath, B. J., 1969: On the estimation of relative humidity profiles
from medium resolution infrared spectra obtained from a satellite.
Journal of Geoohvsical Research, 74, 3347-3361.

239



Dubin, M., N. Sissenwine and S. Teweles, 1966: U.S. Standard Atmosphere
Supplements, 1966. U.S. Government Printing Office, Washington,
D.C. 20402.

Fleming, H. E., and W. L. Smith, 1971: Inversion techniques for rcmote
sensing of atmospheric temperature profiles. Reprint from Fifth
Symposium on Temperature, Instrument Society of America, 400
Stanwix Street, Pittsburgh, Pennsylvania, 2239-2250.

Fleming, H. E., and L. M. McMillin, 1977: Atmospheric transmittance of
an absorbing gas 2: a computatiomally fast and accurate
transmittance model for slant paths at different zenith angles.
Applied Optics, 16, 1366-1370.

Fritz, S., D. Q. Wark, H. E. Fleming, W. L. Smith, H. Jacobowitz, D. T.
Hilleary, and J. C. Alishouse, 1972: Temperature sounding from
satellites. U.S. Department of Commerce, National Oceanic and
Atmospheric Administration, National Environmental Satellite
Service, Washington, D.C., NOAA Technical Report NESS 59, 49 pp.

Greaves, J. R., G. DiMego, W. L. Smith, and V. E. Suomi, 1979: A
special effort to provide improved sounding and cloud motion wind
data for FGGE. Bulletin of the American Meteorological Society,
60, 124-137. -

Greenfield, S. M., and W. W. Kellogg, 1951: 1Inquiry into the
feasibility of weather reconnaissance from a satellite vehicle.
R-365, The Rand Corporation, 1960, Unclassified edition of Rand
report 4-218, dated April 1951.

Hayden, C. M., W. L. Smith, and H. M. Woolf, 1981l: Determination of
moisture from NOAA polar orbiting satellite sounding radiances.
Journal of Applied Meteorology, 20, 450-466.

Houghton, J. T., 1978: The stratosphere and mesosphere. Quarterly
Journal of the Royal Meteorological Society, 104, 1-29.

Kaplan, L. D., 1959: Inference of atmospheric structure from remote
radiation measurements. Journal of the Optical Society of America,
49, 1004.

Kaplan, L. D., 1961l: The spectroscope as a tool for atmospheric
sounding by satellites. Journal of Quant. Spectrosc. Radiation
Transfer, 1, 89.

Kaplan, L. D., M. T. Chahine, J. Susskind, and J. E. Searl, 1977:
Spectral band passes for a high precision satellite sounder.
Applied Optics, 16, 322-325.

Kelly, G. A. M., Powers, P. Z. and F. J. Gauntlett, 1976: Temperature
and Water Vapour Retrievals from the NOAA 4 Sateliite in the
Southern Hemisphere. COSPAR Symposium. June 8-10, 77-84.

240



Kelly, G. A. M., Forgan, B. W., Powers, P. E. and J. F. LeMarshall,
1982: Mesoscale Observations from a Polar Orbiting Satellite
Vertical Sounder.

Relly, G. A. K., Forgan, B. W. Powers, P. E., LeMarshall, J. F., Hasset,
M. and B. O'Connor, 1983: Remote Sensing of Environment. In
press.

King, J. I. F., 1956: The radiative heat transfer of planet earth. 1In
Scientific Use of Earth Satellites, University of Michigan Press,
Ann Arbor, Michigan, pp. 133-136.

King, J. I. F., 1958: Scientific Uses of Earth Satellites. J. A.
VanAllen (ed.), University of Michigan, Ann Arbor, p. 133.

King, M. D., 1982: Sensitivity of Constrained Linear Inversions to the
Selection of the Lagrange Multiplier. Journal of Atmospheric
Sciences, 39 1356-1369.

Lauritson, L., G. J. Nelson, and F. W. Porto, 1979: Data extraction and
calibration of TIROS-N/NOAA radiometers. U.S. Department of
Commerce, National Oceanic and Atmospheric Administration, National
Earth Satellite Service, Washington, D.C., NOAA Technical
Memorandum NESS 107, 73 pp. )

McMillin, L. M., D. Q. Wark, J. A. Siomkajlo, P. G. Abel, A.
Werbowetzki, L. A. Lauritson, J. A. Pritchard, D. S. Crosby, H. M.
Woolf, R. C. Luebbe, M. P. Weinreb, H. E. Fleming, F. E. Bittner,
and C. M. Hayden, 1973: Satellite infrared soundings from NOAA
Spacecraft. U.S. Department of Commerce, National Oceanic and
Atmospheric Administration, National Environmental Satellite
Service, Washington, D.C., NOAA Technical Report NESS 65, 112 pp.

McMillin, L. M., 1975: Estimation of sea surface temperatures from two
infrared window measurements with different absorption. Journal of
Geophysical Research, 80, 5112-5117.

McMillin, L. M., and H. E. Fleming, 1976: Atmospheric transmittance of
an absorbing gas: a computationally fast and accurate
transmittance model for absorbing gases with constant mixing ratics
in homogeneous atmospheres. Applied Optics, 135, 358.

McMillin, L. M. and C. Dean, 1982: Evaluation of a new operational
technique for producing clear radiances. Journal of Applied

Meteorology, 12, 1005-1014.

McMillin, L. M. and C. Dean, M. L. Hill, 1979: Atmespheric
transmittance of an absorbing gas 3: A computationally fast and
accurate transmittance model for absorbing gases with variable
mixing ratios. Applied Optics, 18.

241



Peckham, G., 1974: The information content of remote measurements of
the atmospheric temperature by satellite IR radiometry and optimum
radiometer configurations. Quarterly Journal of the Roval
Meteorological Society, 100, 406.

Phillips, N. A., L. M. McMillin, D. Wark, and A. Gruber, 1979: An
evaluation of early operational temperature soundings from TIROS-N.
Bulletin of the American Meteorological Society, 60, 1188-1197.

Pokrovskiy, 0. M., 1969: Optimal conditions for indirect atmospheric
sounding. Izv. Acad. Sci. USSR Atmos. Oceanic Phys., 8, 634.

Pokrovskiy, 0. M., and Yu. M. Timofeyev, 1971: The information yield in
indirect sounding of various layers of the atmosphere. Izv. Acad.
Sci. USSR Atmos. Oceanic Phys., 7, 598.

Rodgers, C. D., 1970: Remote sounding of the atmospheric temperature
profile in the presence of cloud. Quarterly Journal of the Roval
Meteorological Society, 96, 654.

Rodgers, C. D., 1971: Some theoretical aspects of remote sounding in
the earth's atmosphere. Journal of Quant. Spectrosc. Radiation
Transfer, 11, 767.

Rodgers, C. D., 1976: Retrieval of atmospheric temperaturs and
composition from remote measurements of thermal radiation. Rev. of
Geophysics and Space Physics, 14, 609-624.

Rodgers, C. D., 1976: The vertical resolution of remotely sounded
temperature profiles with a priori statistics. Journal of
Atmospheric Science, 33, 707.

Rodgers, E., R. D. Gentry, W. Shenk and V. Oliver, 1979: The benefits
of suing short-interval satellite images to derive winds for
tropical cyclones. Monthly Weather Review, 107, 575-584.

Rodgers, E., and H. Siddalingaiah, 1983: The utilization of Nimbus-7
SMMR measurements to delineate rainfall over land. Submitted to
Journal of Climate and Applied Meteorology.

Rosenkranz, P. W., M. J. Komichak, and D. H. Staelin, 1982: A method
for estimation of atmospheric water vapor profiles by microwave
radiometry. Journal of Applied Meteorology, 21, 1364-1370.

Smith, W. L., 1967: An iterative method for deducing tropospheric
temperature and moisture from satellite radiometer measurements.
Monthly Weather Review, 95, 363.

Smith, W. L., 1968: An improved method for caiculating tropospheric
temperature and moisture from satellite radiometer measurements.
Monthly Weather Review, 96, 387.

242



Smith, W. L., 1970: Iterative solution of the radiative transfer
equation for temperature and absorbing gas profiles of an
atmosphere. Applied Optics, 9, 1993-1999.

Smith, W. L., H. M. Woolf, and W. J. Jacob, 1970: A regression method
for obtaining real-time temperature and geopotential height
profiles from satellite spectrometer measurements and its
application to Nimbus-3 SIRS observations. Monthly Weather Review,
98, 582-603.

Smith, W. L., and H. B. Howell, 1971: Vertical distribution of
atmospheric water vapor from satellite infrared spectrometer -
measurements. Journal of Applied Meteorology, 10, 1026.

Smith, W. L., H. M. Woolf, and H. E. Fleming, 1972: Retrieval of
atmospheric temperature profiles from satellite measurements for
dynamical forecasting. Journal of Applied Meteorology, 11, 113.

Smith, W. L., H. M. Woolf, P. G. Abel, C. M. Hayden, M. Chalfant, and N.
Grody, 1974: Nimbus-5 sounder data processing system part I:
measurement characteristics and data reduction procedures. Final
report for GARP Project Office, NASA Contract S-70249-AG, NOAA
Technical Memorandum NESS 57, 99 pp., (Available from NTIS,
Springfield, Virginia).

Smith, W.L., P.G. Abel, H.M Woolf, H.W. McCulloch, and B.J. Johnson,
1975: The High-resolution Infrared Radiation Sounder (HIRS)
experiment. Nimbus-6 User's Guide, Goddard Space Flight Center,
Greenbelt, Maryland, 20771.

Smith, W.L., and E.M. Woolf, 1976: The use of eigenvectors of
statistical covariance matrices for interpreting satellite sounding
radiometer observations. Journal of Atmospheric Science, 35(7),
1127-1140. ;

Smith, W.L., C.M. Hayden, H.M. Woolf, H.B. Howell, and F.W. Nagle, 1978:
Interactive processing of TIROS-N sounding data. Preprints,
Conference on Weather Forecasting and Analysis and Aviation
Meteorology (Silver Spring, maryland), American Meteorological
Society, Boston, pp. 390-395.

Smith, W.L., H.M. Woolf, C.M. Hayden, D.Q. Wark, and L.M. McMillin,
1979: The TIROS-N operational vertical sounder. Bulletin of the
American Meteorological Societv, 60, 1177-1187.

Smith, W.L., C.M. Hayden, H.M. Woolf, H.B. Howell and F.W. Nagle, 1979:
Interactive processing of TIROS-N sounding data. Reprinted from
(COSPAR) Remote Sounding of the Atmosphere from Space. Pergamon
Press, 33-47.

Smith, W.L., V.E. Suomi, W.P. Menzel, H.M. Woolf, L.A. Sromovsky, H. E.
Revercomb, D.N. Erickson, and F.R. Mosher, 1981: First sot . ding
results irom VAS-D. Bulletin of the American Meteorologica:
Society, 62, 232-236. g

243



Smith, W.L., V.E. Suomi, F.X. Zhou, and W.P. Menzel, 1982: Nowcasting
applications of geostationary satellite atmospheric sounding data.
Published in Nowcasting, K.A. Browning (ed.), Academic Press, Inc.,
(London) Ltd., pp. 123-135.

Swith, W.L., and F.X. Zhou, 1982: Rapid extraction of layer relative
humidity, geopotential thickness, and atmcspheric stability from
satellite sounding radiometer data. Applied Optics, 21, 924-928.

Staelin, D.H., 1976: Measurements and interpretation of the microwave
spectrum of the terrestrial atmosphere near l-cm wavelength.
Journal of Geophysical Research, 71, 2875.

Staelin, D.H., K.F. Kunzi, R.L. Pettyjohn, R.K.L. Poon, R.W. Wilcox, and
J.W. Waters, 1976: Remote sensing of atmospheric water vapor and
liquid water with the Nimbus-5 microwave spectrometer. Journal of
Applied Meteorology, 15, 1204-1214.

Suomi, V.E. and R.J. Krauss, 1978: The spin scan camera system:
geostationary meteorological satellite workhorse for a decade.
Optical Engineering, 17, 6-13.

Suomi, V.E., R. Fox, S.S. Limaye, and W.L. Smith, 1982: McTDAS III: A
modern Interactive Data Access and Analysis System. Accepted for
publication in May 1983 Journal of Climate and Appliec Meteoroliogy.

Tikhonov, A.N., 1963: On the solution of incorrectly states problems
' and a method of regularization. Dokl. Acad. Nauk SSSR, 151. 501.

Timchalk, A., L. Hubert, and S. Fritz, 1965: Wind speeds from TIROS
pictures of storms in the tropics. MSL Report No. 33, U.S. Weather
Bureau, Washington, D.C., 33 pp.

Turchin, V.F., and V.Z. Nozik, 1969: Statistical regularization of the
solution of incorrectly posed problems, Izv. Acad. Sci. USSR Atmos.
Oceanic Phy., 5, 14,

Twomey, S., 1966: Indirect measurement of atmospheric temperature
profiles from satellites, 2. Mathematical aspects of the inversion
problem. Monthly Weather Review, 94, 363.

Twomey, S., 1977: An introduction to the mathematics of inversion in
remote sensing and indirect measurements. nlsev1er, New York.

Wark, D.Q., 1961: On indirect temperature soundings of the
stratosphere from satellites. Journal of Geophysical Research, 66,
77.

Wielicki, B.A., Coakley, J.A., Jr., 1982: Cloud retrieval using
infrared sounder data: Error analysis. Journal of Applied

Meteorology, 20, 157-169.

244



Channel Central Principsl Level of » Iy
Chanasl Central Wavelength Absorbing Peak Energy l ““rp"' T e
Nember Vavenuaber (um) Constfituents Contribution 4disnce Observation

1, 668 15.0 coz 30 =b Tenperature Scunding. The 15 um band
channels provide better sensitivity to

2 879 14.7 o, 80 ab the temperature of relstively coid

J 691 14,5 coz 100 mb regions of the atmosphere than cao be

s ‘. schieved with the 4.) ua band chennels.

704 16.2 COZ 250 mb Radiances in Channela S, 6, sand 7 are
S 716 14.0 Cﬂz 500 mb aleo used to calculate the hetghts and |
6 132 13.7 CO./H.0 750 wb asounts of cloud within the HIRS (feld
272 of vis=w.
4 .

? 748 13.4 mlezD 900 wb

8 898 11.1 Window Surface Surface Temperature sad cloud detection.

9 1028 9.7 O, 3 mb Tocal Ozone concencracion.

10 1217 8.3 . nzo 900 =b Vater Vapor Sounding. Provide vater
vapor corrections {or CO; and vindow

u 1364 1.3 R0 600 =b channels. The 6.7 um channel is also

12 1484 6.7 Hzo 400 wb used to detect thin cirrus cloud.

1) 2190 4.57 nzo 950 =b Temperature Sounding. The 4.3 um band

N . channels provide becter sensitivity to

1 1213 . L.52 "20 830 ab the teamperature of relatively vam

15 2240 [ Y coz/nzo 700 wb regions of the atmosphere than can be
schieved with the 15 ums band chaanels.

16 e At QZINZO 800 = Also, the short-vavelength radiances are

17 2361 4.24 mz S mb less sensitive to clouds than those for
the 15 ym region.

18 ° 2512 4.0 Vindow Surface Surface Temperature. Much lese sensitive
to clouds snd H,0 than 11 ua wvindow.

e N 38 Hincey Suzface Used with 11 um channel to detect cloud
contsuination and derive surfacé tespera-
ture uncer partly cloudy sky conditiona.
Simultanecus ).7 um end 4.0 um date
enable reflected solar contridbuticn to
be elininated [rom otservations.

20 14,367 0.70 Vindow Cloud Cloud Detection. Used durtng the day
vith 4.0 un and 11 us window channeles
to define clesr !lelds of view.
Principal Level of P £ th
sy Frequency (Cllz) Absorbing Peak Energy R “"P“; . '1
Constituents Contribution adiance (Ghaecvation
1 50.21 Window Surface Surface Zzinelvity and Cloud Attenuation
determination.
2 53.13 0z 850 =b Temperature Sounding. The microvave
3 $4.96 ° $00 wb channels probe through clouds and can be
2 used to alleviste the influence of clouds
4 37.95 02 100 md on the 4.) ym and 15 ua sounding channels.
TABLE 1. Characteristics of TOV Sounding Channels
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Table 2. Transmittance - adjustment exponents ("gammas")
for use in SUBROUTINE TAUGAM

HIRS MSU
Channel Gamma Channel Gamma
1 1.069 1 1.000
< 0.942 2 1.019
3 1.108 3 0.999
4 1.031 4 0.899
5 0.972

6 0.965

7 0.909

8 1.000

9 1.000

10 1.120

11 1.032

12 1.035

13 1.115

14 1.028

15 1.057

16 1.002

17 1.480

18 1.000

19 1.000
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Figure 7. Analyses of TOVS (SAT) Total Precipitable Water for the Atmospheric Column
above (a) and (b) 1000 mb, (c) and (d) 700 mb, and (e) and (f) 500 mb.
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(;)TOTHL OZONE (DU%10) 4 MAR 1882 13Z SAT

(b) TOTAL OZONE(DU%10) 5 MAR 1982 03Z SAT

Figure 8. Analyses of TOVS (SAT) Total Ozone Concentration (deca-Dobson units)
for (a) 4 March and (b) 5 March, 1982.
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Figure 9. Bias and Standard Deviation (Errors) between TOVS, ECMWF

analyses and radiosonde observations of level temperatures.
Radiosonde used in figures (c) and (d) were within 2°C and
5°C of the temperature of the ECMWF analyses.
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Figure 10,

Bias and Standard Deviations between ECMWF analyses of radio-

sonde data and TOVS level temperature values produced for
four different program options.

data.
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Appendix to Smith et al

The following pages contain plots of TOVS and radiosonde geopotential
thickness ( decameters ) and precipitable water ( ecm x 100 ) for the

TOVS Study Conference NOAA-7 orbits. For the southern hemisphere, TOVS

data and analyses are also given. Documentation for the TOVS Export Package
software and data are included at the end of this Appendix.
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1 DNEXPORT

FOCU‘ENTATIOK FOR TOVQ-EXPORT SOFTWARE/DATA PACKAGE

LR A S S S - A AT SR L B IE 3 U R AR - RS I L X

VERSION CF 24 SEP 83

FY LYV ERIYR R E M

THIS DOCUMENT DESCRIBESe IN BRIEF OUTLINE FORMes PROCEDURES FOR ESTAR-
LISHING A LOCAL/REGIONAL SYSTEM FOR PROCESSING TOVS (HIRS+MSU) SOUNDING
CATA FROM THE TIROS-N/NOAA SERIES OF POLAR-ORBITING SPACECRAFTs USING
THE SOFTWARE AND SUPPORTING DATA CONTAINED IN SUBSEQUENT FILES ON THIS
TLPE. THE ALGORITHMS AND DATA-PRCCESSING TECHNIQUES WERE ORIGINALLY
DEVELCPED FOR *MCIDAS®* (MAN-COMPUTER INTERACTIVE DATA ACCESS SYSTEM) AT
THE SPACE SCIENCE AND ENGINEERING CENTER OF THE UNIVERSITY OF WISCONSIN
IN MADISON (UW/SSEC)e INITIALLY BASED ON THE HARRIS °*SLASH=-6' MINICOM-
COMPUTERe MCIDAS HAS RECENTLY BEEN IMPLEMENTED ON THE IS8M 4341, THE
SOFTWARE HEREIN SUPPLIED HAS BEEN CONFIGURED FOR AM IBM=-0S SYSTEM TO
PROVIDE THE MOST PORTAELE SYSTEM FEASIBLEs GIVEN THE RESCURCES AVAILAEBLE
TC THOSE RESPONSIBLE FOR MAINTENANCE OF THE SYSTEM.

EIP o B R
QUESTIONS AND/OR COMMENTS CONCERNING THE SYSTEM ANMD ITS IMPLEMENTA-
TIONs ESPECTALLY IN REGARD TO POSSIBLE ERRORSe SHOULD BE ADDRESSED TO
MRe HAROLD M. WOCLF
MOAA-NESDIS DEVELOPMENT LABORATORY
UW/SSECs ROOM 219
1225 WEST DAYTOM STREET
MADISONs WISCONSIN 53706
TELEPHONE s« (608) 264-5325
TWX/TELEX eee (910) 286-2771

RERE S AVl ¥

A .
Al

CONTENTS OF THE REMAINING FILES ON THIS TAPE
t PR
FILE 2. IBM FORTRAN SOURCE FOR MAIN PROGRAMS
FILE 3. IBM FORTRAN SOURCE FCR SUBPROGRAMS
FILE 4. IBM ASSEMBLER SOURCE FOR I/O ROUTINE °*FFIQ®
FILE Se. ORBITAL ELEMENTS FOR SATELLITE 1 (CURRENTLY NOAA-T)
FILE 6. ORBITAL ELEMENTS FOR SATELLITE 2 (CURRENTLY NOAA-8)
FILE 7. INGEST PARAMETERS FOR SATELLITE 1 (CURRENTLY NOAA=T)
FILE 8. INGEST PARAMETERS FOR SATELLITE 2 (CURRENTLY NOAA-8)
FILE ©9. COEFFICIENTS FOR HIRS RADIATIVE-TRAMNSFER COMPUTATIONS
FILE 10« COEFFICIENTS FOR MSU RADIATIVE-TRANSFER COMPUTATIONS
FILE 11. CCEFFICIENTS FOR HIRS LIMBE-CORRECTIGN
FILE 12. COEFFICIENTS FOR MSU LIME-CORRECTION
FILE 13e LOW=-RESOLUTICON (60 NAUTeMIe) EARTH TOPOGRAPHY & LAND -SEA FLAGS
FILE 14, REAL-DATA COEFFICIENTS FOR USE WITH PGMS °*TCVRET® & YENHRETY?
FILE 15 COEFFICIENTS FOR MSU ANGLE-DEPENDENT RACIATIVE-TRANSFER
FILE 16« SYNTHETIC COEFFICIENTS FOR USE WITH PGM *FXTIRO®
FILE 17« REAL-DATA CCEFFICIENTS FOR USE WITH PGM *FXTIRO®
FILE 18 HIGH-RESOLUTION (10 NAUT.MI.) GLOBAL TOPOGRAPHY

Lo
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AGE 2 DNEXPORT

53 Xy

54

55 NCTES ON FORTRAN SOURCE (FILES 2 AND 3)

56 tTedav

57 THE FIRST CARD CF EACH MAIN PROGRAM IN FILE 2 IS A FORTRAN COMMENT OF
58 THE FORM

59 C MAIN PRCGRAM *XXXXXX?

690 EACH MAIN PROGRAMs SUERPROGRAMs OR COLLECTION OF RELATED SUBPROGRAMS,

61 CONTAINS A COMMENT CAPFD NEAR ITS BREGINNING OF THE FORM

62 C =°*: VERSION OF DD MMM YY (DAY MONTH YEAR)

63 USERS FOR WHOM THIS IS NOT THE FIRST PACKAGE SUPPLIED SHOULD FIND

64 THESE ®VERSION-DATES® A CONVENIENT MEANS OF DETEFMINING WHICH ROUTINES
65 HAVE EEEN CHANGED SIMCE THEIR INITIAL IMPLEMENTATION. ALTHOUGH IN THE
66 PAST UPDATES TO THE PACKAGE HAVE BEEN PROVIDED IN THE FORM OF SELECTED
€7 SOFTWARE AND COEFFICIENTSs THE MCST RECENT CHANGES ARE TOO EXTENSIVE,
€8 AND THE NUMBER CF USERS WORLO-WIDE TOO GREATe TO PERMIT SUCH *LIMITED-
69 ECITION® UPDATINGe HEREAFTERe UPDATES - TO SOFWAREs COEFFICIENTS, OR
70 BCTH - WILL BE IN THE FORM OF A NEW TOTAL-PACKAGE TAPE. IT WILL BE THE
71 PESPONSIBILITY OF THE INDIVIDUAL USER TO DETERMINE WHICH *NEW ITEMS®* ARE
72 RELEVANT TO HIS INSTALLATION.

73 LR N

74 sRtue

75 NOTES ON SUPPORTING-DATA FILES

716 cHdnd

77 THE COEFFICIENTS IN FILES 7 THROUGH 12 ARE DETERMINED INITIALLY FOR

78 EACH SATELLITEe AND CAN BE CONSIDERED FIXED FOR ITS OPERATIONAL LIFETIME
79 UNLESS MAJOR CHANGES OGCCUR IN THE PERFORMANCE OF ONE OR MORE SPECTRAL
8a CHANNELSe* THIS IS ALSO TRUE FOR THE COEFFICIENTS IN FILES 15 AND 16.
g1 THE RETRIEVAL COEFFICIENTS IN FILES 14 AND 17 ARE UPDATED WEEKLY BY

82 NESDIS OPERATIONS AND CAPTURED FOR INCLUSION IN THIS PACKAGE. ORBITAL
83 ELEMENTS SUPPLIED IN FILES 5 AND 6 ARE ALSO UPDATED WEEKLYe THESE ARE
84 NEEDED FOR NAVIGATION (EARTH-LOCATION) OF REAL-TIME DATA OBTAINED VIA
85 CIRECT READOUT OF THE SPACECRAFT (BEACON)s THE REAL=-DATA COEFFICIENTS
8¢ AND CRBITAL ELEMENTS ARE PROVIDED TO ASSIST IN THE INITIAL IMPLEMENTA-
87 TIONS THE USER MUST MAKE HIS OWN ARRANGEMENTS FOR CONTINUED ACQUISITION
€8 OF SUCH INFORMATION FOR REAL-TIME APPLICATIONS.

8% OCCASIONALLYy SCME OF THE MSU CALIBRATION QUALITY-CONTROL LIMITS IN
90 FILES 7 AND 8 MAY NEED TO BE ADJUSTED TO AVOID DISCARDING GOOD DATA
91 AS A RESULT OF CHANGES IN GAIN CR OTHER INSTRUMENT CHARACTERISTICS.
g2 Swa oLz

93 Ty

94 CONSTRUCTING THE TOVS DATA-PRQOCESSING SYSTEM

G5 IR T N

96 THE SYSTEM MAKES EXTENSIVE USE OF DISK FILESe BOTH SEGUENTIAL AND

97 DIRECT-ACCESSy FOGR EFFICIENCY IN 1/0 CPERATIONSe TOC ASSIST IN ESTAB-
96 LISHING THE PERMANENT DATA FILES (ORBITAL ELEMENTSy COEFFICIENTSe AND
28 TCPOGRAPHY)s PRCGRAMS HAVE BEEN PROVIDED (IN FILE 2) TO READ THE DATA
100 FRO™ TAPE AND WRITE TO DISK.

101 .

102 PROGRAM TAPE FILE(S) DISK LUN TYPE2s
103 —hpp s tarss wndqsn refvdd e EEE
104 PUTELE S¢6 11,12 DeD
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3 DNEXPORT

PUTPAR 798 15 N
HIRTCFTD 9 13 D
MSUTCFTD 10 14 S
HIRLCFTD 11 15 S
MSULCFTD 12 16 S
TCPCGFTD 13 17 D
RTVLCFTD =~ 14 25 D
MSZTCFTD 15 18 g
RTVCFOTD- 2.+ 16 25 n
PTVCFSTD 17 26 D
TCPOGHTD+ 18 19 b
NOTES?®

LUM = FORTRAN LOGICAL UNIT NUMBER
«~ § = SEQUENTIALe D = DIRECT-ACCESS (IB¥ BDAM)

PROGRAM *RTVLCFTP* 1S PROVIDED TO PERMIT EXTRACTION CF RETRIEVAL
COEFFICIENTS FROM THE GENERAL COEFFICIENT-DATABASE TAPE THAT IS AvAIL-
ABLE FROM NESDIS OFERATIONS UPON SPECIAL REGUEST.
4%~ PROGRAM *RTVLCXTP® IS ANALOGOUS TO °*RTVLCFTP*s BUT PROVIDES THE
RECCRD STRUCTURE REQUIRED FOR IMPUT TO PRCGRAM *FXTIROC*,

+ PROGRAM *SUBTOP®* IS PROVICED TO CREATE A SUBSET OF THE GLOBAL HIGH-
RESCLUTION TOPOGRAPHY FOR USE IN PROGRAM *FXTIRO®e. IT IS ASSUMED
THAT MOST USERS WOULD NOT BE ABLE TO MAINTAIN THE ENTIRE DATASET ON
CISKe SINCE IT CONTAINS 16200 RECORDSy EACH 288 BYTES IN LENGTH.

TWO PROGRAMS, *RAQOBHIRS® AND °*RAOBMSU®* (ANKD ASSOCIATED SUBPROGRAMS)
ARE SUPPLIED TO DEMONSTRATE THE PROCEDURES FOR CALCULATINGe FROM RADIC~-
SONDE TEMPERATURE AND HUMIDITY PROFILESe HIRS RADIANCES AND BRIGHTNESS
(EQUIVALENT-BLACKBCCY) TEMPERATURESs AND “SU ANTENMA DR BRIGHTNESS TEMP-
ERATURESs RESPECTIVELY. THE REMAINDER OF THE SOFTWARE CONTAINED IN
FILES 29 39 AND 4 IS FOR PROCESSING HIRS AND MSU DATA TO OBTAIN PROFILES
CF ATMOSPHERIC TEMPERATUREes HUMIDITYs GECPOTENTIAL HEIGHTs AND GEOSTRO-
PHIC WINDes AND FOR CISPLAYING AND MANIPULATINE THOSE PROFILES IN VARIOQUS
WAYSe ESSENTIAL TASKS ARE *INGEST®s *PREPROCESSING®*s AND °*RETRIEVAL®.
THE TERM °®RTCY MEANS *RADIATIVE-TRANSFER COEFFICIENTS®e AMD *LCC®* STAMNDS
FCGR °*LIMB-CORRECTION COEFFICIENTS®.

P R USR]

INGEST
et TYr T
FUNCTION: PRODUCE CALIBRATEDe EARTH-LCCATEC HIRS AMD MSU RADIC-
METRIC MEASUREMENTS FROM TOVS *TIP®* DATA. TWO VERSIONS ARE PROVIDED;:
THE ESSENTIAL DIFFERENCE IS IN THE TYFE CF INPUT DATA THEY ARE DESIGNED
TO HANDLE - EITHER ARCHIVAL (*LEVEL 1-B") OR CIRECT-READOUT (REALTIME).

LEVEL 1-B% DATA THAT HAS BEEN THROUGH PRELIMINARY PROCESSING EY
NESCIS OPERATIONS® TOVS GROUND SYSTEMe AND IS PROVIDED ON STANDARPD COM-
PUTER TAPE TO USERSe LPON REGUESTe BY THE SATELLITE CATA SERVICES BRANCH
CF NESDIS. SUCH TAPE CCNTAINSs IN ACDITION TO VALUES (IM DIGITAL COUNTS)
REPRESENTING RADIOMETRIC MEASUREMENTSs EARTH-LCCATION INFORMATION AND
CALIBRATION PARAMETERS REGUIRED TC TRANSFORM THE RAW DATA VALUES INTO
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157
158
159
166
161
162
163
164
165
166
167
leg
l16¢
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
152
193
194
195
196
197
198
199
200
201
202
203
204

205

206
207
208

4 ONEXPORT

RACIANCE OR BRIGHTNESS TEMPERATURE. THREE PROGRAMS ARE SUPPLIED FCR
THIS TYPE OF OPERATION:

FROGRAM INPUT(S) JUTPUT (S ( ) = LUN
“rTHTwe iR et tedr . Aay
INVTAP 1-B TAFPE(10) PRINTOUT OF DATA TYPEs TIMESs AND
DATA CARD LOCATIONS FOR EACH FILE
TOVTAP 1-8B TAPE(10) SELECTED HIRS(11) ANLD MSU(12) DATA ON
-“DATA CARD DISK; PRIMTOUT CF RELEVANT INFORMATION
TOVING HIRS DISK(1l1) CALIBRATECs LOCATED CATA ON DISK(20)3
MSU CISK(12) PRINTQUT

HIRS RTC(13)
+~DATA CARD

POTES S
NUMEER OF FILES TO READ; PROGRAM TERMINATES ON NCURLE EOF IF ENCOUNT-
FRED BEFORE COUNT IS SATISFIED.
-~ PHYSICAL FILE NUMBERS OF HIRS AND MSU DATAs PLUS BFEGINMING AND END-
ING TIMES.
*. SATELLITE NUMBER (1 FOR NOAA-74 2 FOR NOAA-R)3 REGUIRED BECAUSE
INFCRMATION IN TAPE HEADER RECORDS MAY BE AMBIGUOUS.

DIRECT-READOUT: DATA OBTAINED ON-SITE BY DIRECT DOWNLINK FROM THE
SPACECRAFT. THE SSEC SYSTEM USES DATA FRCM THE VHF (137MHZ) BEACON.
SUCH CATA CAN ALSO BE ACQUIRED BY EXTRACTING *TIP® FROM AN HRPT DATA-
STREAMS CREATION OF THE NECESSARY SOFTWARE IS THE RESPONSIBILITY OF THE
USER. PROCESSING OF CIRECT-READOUT DATA IS MUCH MORE COMPLEX THAN THAT
OF LEVEL 1-Bsy SINCE THE USER MUST DC EVERYTHING - DECOMMUTATION OF RAW
DATAs NAVIGATION OR EARTH-LOCATIONsy AND IN=-FLIGHT CALIBRATIONe TW0O PRO=
GRAMS ARE PROVIDED:

PRCGRAM INPUT(S) CUTPUT(S)
> wEe wAdrmaty R X It
PREING DATA TAPE(S) DISK FILE(10) CONTAINING CECOMMUTATED
DATA CARD HIRS AND MSU DATA
PRINTCUT
INCTOV DECO™ DATAC(13) CALIBRATEDs LCCATED DATA ON DISK(20)

"*0RE=FLEM(11412) PRINTOUT
HIRS RTC(13)
ING=-PARAM(15)

NCTES:
FILE 7O PROCESSy IF MORE THAN ONE ON TAPES FLAG FOR DETAILED (DIAG-
KOSTIC)» MSU PRINT. :
‘ UFPDATED BY PROCGRAM *PUTELE® WITH DATA OBTAINED FRCM DIRECT READOUT
USER SERVICES.

THE DATA IN FILE 20 WILL HAVE THE SAME FORMATe REGARDLESS OF THE
SCURCE AND TYPE OF INGESTe THIS FILE SERVES AS INPUT TO THE NEXT STEP.
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DNEXPORT

R

PREPRCCESSOR
P T L T
FUNCTION: TRANSFCRM CALIBRATEDs EARTH-LOCATED HIRS AND MSU MEASURE-
MENTS PRODUCED BY INGESTs INTC DATASETS FOR DISPLAY AND RETRIEVAL.

PROGRAM INPUT (S) OUTPUT(S)
B o | fweww e b S i R & L 2R -0
TOVPRE INGEST QUTPUT(20) IMAGER FILE(22)
FIRS RTC(13) : SOUNDER FILE(23)
HIRS LCC(15) PRINTCUT
MSU LCC(16)
. LO-RES TOPOG(17)
DATA CARD
TOVMAP IMAGER FILE(Z2) PRINTOUT OF DATA IN (LINESELEMENT)
DATA CARD = COORDINATES

SPECIFY PARAM(S),
STARTING LINE

KOTE®
SPECIFY WHETHER DATA ARE TO BE *LIMB-CCRRECTED®* CR NOT (SEE BELOW)

THE PREPROCESSOR PERFORMS THE FOLLOWING FUNCTIONS:

IF THE MSU *LIMB-CORRECTION® FLAG IS ONy MSU DATA ARE CORRECTED FOR
ANTENNA PATTERN (TRANSFORM ANTENNA TEMPe TO BRIGHTNESS TEMP.);
LIMB EFFECTS (NCRMALIZE TO THETA = 0)3
SURFACE REFLECTIVITY (NORMALIZE TO SFC.EMIS. = 1)3
LIGUID WATER (PRECIPITATING CLOUD) ATTENUATION.

IF THE HIRS YLIMB-CORRECTION® FLAG IS ONe HIRS DATA ARE CORRECTED FOR
LIMB EFFECTSS
WATER VAPOR ATTENUATION IN THE WINDOW CHANNELS.

IN ADDITIONe HIRS CHANNELS 17 AND 18 ARE CORRECTEDs IN DAYLIGHTes FOR
FLUCRESCENCE AND REFLECTED SUNLIGHTe RESPECTIVELYs REGARDLESS OF
THE STATE OF THE LIMB-CORRECTION FLAG.

MSU AND HIRS ARE COLOCATED RY INTERPCLATING THE MSU OBSERVATIONS TO
THE HIRS SCAN PATTERN.

OUTPUT FILE 22 HAS ALL DATA FOR ONE PARAMETER CONTIGUOUS ON DISKs
AND THUS IS CPTIMIZED FOR IMAGINGS

QUTPUT FILE 23 HAS ALL DATA FOR ONE SCAN SPOT CONTIGUOUS ON DISK,
AND THUS IS OPTIMIZED FOR SOUNDING.

te. ¢t

“9iiey

RETRIEVAL
~xe St ad
FUNCTION: DETERMINEs FROM PREPROCESSED HIRS AND MSU DATAs VERTICAL
PROFILES OF ATMOSPHERIC TEMPERATUREs HUMIDITYs AND GEOPOTENTIAL HEIGHT,
AS WELL AS TOTAL OZONE AND STABILITY PARAMETERPSs AT KIGH SPATIAL RESOLU-
TIOMe SEE NOTE ON *SURFACE DATA®* AT THE END OF THIS DOCUMENTe THERE
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AGE

61
62
63
> 64
265
66
267
68
269
270
271
72
273
274
075
76
> 77
78
279
80
81
282
83
> 84
> 85
86
87
> 88
>89
L1
e
92
93
94
95
96
97
98
99
500
501
502
503
0 4
505
506
507
508

509

510
511
512

6 DNEXPORT

ARE TWQC VERY DIFFERENT RETRIEVAL PROGRAMS INCLUDED IN THIS PACKAGE:
STATISTICAL (°TOVRET®') AND PHYSICAL (*FXTIRO").

PROGRAM INPUT(S) OUTPUT (S)
v k. 2 LR IN v R I R
TOVRET HIRS FTC(13) RETRIFVAL FILE(24)

LO-RES TCPOG(17) PRINTOUT
SCUNDER FILE(23)
RTVL COEF(25)

“THIS PROGRAM REQUIRES BOTH HIRS AND MSU TO HAVE BEEN LIMB-CORRECTED.
NCTES
COEFFICIENTS STAGED TO DISK BY *RTVLCFTD® OGR *RTVLCFTP®*,

PROGRAM INFUT(S) OUTPUT(S)
IteTed dmTAMLO R ST EEE T X
FXTIRO HIRS ETC(13) RETRIEVAL FILEC(24)
MSU RTC(14) PRINTOUT

+HIRS LCC(15)
+MSU LCC(16)
LO-RES TOPOG(17)
“MSU RTC(18)
»oHI=RES TCOPOG(19)
IMAGER FILEC(22)
SCUNDER FILE(23)
*>«¥RTVL COEF (25)
~##RTVL COEF(26)
+2+DATA CARD

*THIS PROGRAM CAN OPERATE OM HIRS AND MSU DATA THAT HAVE BEEN LIMB=-
CORRECTED OR NCT eee THE LATTER SEEMS TO GIVE BETTER RESULTS.
NCTES:
THE RTC IN FILE 14 ARE FOR LIME-CCRRECTED MSU DATAS THOSE IN FILE
184 FOR NON-LIMB-CCRRECTED DATA.
+ NEEDED FOR REGRESSION ESTIMATION OF FIRST-GUESS TEMPERATURE AND
0ZONE PROFILES.
¢+ PRESUMED 7O BE A REGIONAL DATASET CREATED BY *SUBTOP'. IF THE
GLOEAL DATASET IS TO BE USEDe REPLACE SUBRCUTINE °®*HRTOPX?® (IN °*NTOPO*)
WITH *HRTCPO'.
#- FILE 25 CONTAINS °*REAL-CATA® COEFFICIENTS OBTAINED FROM NESDIS/
OPERATIONSS FILE 2€4 *SYNTHETIC® COEFFICIENTS - SEE NCTES UNDER
DESCRIPTION OF INITIAL-DATA-STAGING PPOGRANMS.
4%+ SPECIFY VARICUS OPTIONS TO CONTRCL EXECUTION CF PROGRAM - SEE
SOURCE CODE FOR PARAMETERS AND THEIR MEANINGS.
Lok N ]
R SALe
FILTERINGC
wes- Tgge
FUNCTION: ELIMINATE SCUNDINGS OF QUESTIONABLE RELIABILITY BY OBJECT-
IVE ANALYSIS OF CIFFERENCES BETWEEN IMFRARED AND MICROWAVE RETRIEVALS
FOR THE SAME LOCATIONes AND OF VARIABILITY IN 1000-500M8 THICKNESS AND
LONGWAVE-WINDOW VSe. SURFACE TEMPERATURE.
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33
240
1
>4 2
343
a
45
346
"7
+8
549
*5C0
31
_ 32
353
34
235
556
257
38
5 3%
560

a1 .

2
363
54

7 DNEXPORT

OUTPUT(S)

NbgAr-Ass

RTVL FILE(24),

WITH
SOUNDINGS FLAGGED

*FAILED®

PRINTCUT

PRGGRAM INPUT(S)
R R R % LR B R S IER X ]
FILRET RTVL FILE(24)
DATA CARD
NCTE:

TC CONTROL FILTERING PARAMETERS

el e

gwar
ENHANCEMENT

PR AR N & & X X -]

FUNCTION:

*FAILED® BY THE FILTER PROGRAM.

PHYSICAL RETRIEVAL (*FXTIRO')

FRCGRAM INPUT(S)
vAAKwR AWML 2w
ENHRET LO-RES TCPQOG(17)
SCUNDER FILE(23)
RTVL FILE(24)
RTVYL COEF(25)
NOTE:

SEE SOURCE COCE FOR DETAILS

ADD MICROWAVE-ONLY SOUNDINGS IN AREAS WKFERE INFRARED
RETRIEVALS WERE NOT MADEs OWING TO HEAVY CLOUCINESS,
THIS PROGRAM WAS ORIGINALLY DEVELOPED
WHEN ONLY STATISTICAL RETRIEVALS COULD BE MADE (BY
IS USEDs ENHANCEMENT SHOULD NOT BE NEEDED

OR WERE FLAGGED

*TOVRET®*); IF THE

OUTPUT(S)
XIETEITER

RTVL FILE(24)

SAME COEFFICIENTS AS USED WITH *TOVRET®
v
TRt
GEOSTROPHIC WINDS
CTEEL LN RR T WP LR
FUNCTION: DETERMINE GEOSTROPHIC WINDS FOR *GOOD* SOUNDINGS IN RETRIEV=-
AL FILEs BY LEAST-SQUARES OBJECTIVE ANALYSIS OF HEIGHT FIELDS.
PROGRAM INPUT(S) OUTPUT(S)
R X A hAaLT 9 TRE Qe
WINRET RTVL FILE(24) RTVL FILEC(24)
“DATA CARD
MHGTE S

TO COMNTRCL QUANTITY OF PRINTOUT

WDt R
PEQUHNCANCY ELIMINATION
Th T RRESARILICERIL R
FUMCTION?®
ITY IN SELECTED HIRS CHANNELS.

ELIMINATE REDUNDANT INFRARED RETRIEVALSs BASED ON VARIABIL-
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AGE

365
366
367
368
369
37¢C
371
372
372
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
296
397
3ge
399
400
401
402
403
404
405
406
407
408
409
410
411
412

413

416
415
416

8 DMEXPORT
FROGRAM INPUT (S) CUTPUTI(S)
ettt R U E-R AN 2 L3 & 28 3 K 8
RECRET RTVL FILE(24) RTVL FILE(24)
CATA CARD
MOTE S

TO SPECIFY OTHER THAN CEFAULT (SUILT-IN) CONTROL FARAMETERS

Lttt

FRPR IR,
EIRE I RS

RETRIEVAL PLOTTERS
ISt A L AL LR ER]
FUNCTION: TO PLOT VARIOQUS QUANTITIES FROM THE RETRIEVAL FILE. INPUT
CONSISTS OF THE RETRIEVAL FILEC(24) AND DATA CARDS TO CONTRCL THE LOCA-
TICN AND PARAMETERS PLCTTED e.ee SEE SOURCE CODE FOR CETAILS.

PROGRAM PRODUCT
A*hten cerdwnRt
TOVPLFIL IR-MW SOUNDING DIFFERENCESe WITH CHARACTERS APPENDED
T3 DENCTE RESULTS OF °*FILRET®* AND °*REDRET?®
TOVPLDIF IR-MW DIFFERENCES
TOVPLTEM IR-RETRIEVAL TEMPERATURES
TOVPLDEW IR-RETRIEVAL DEWPOINTS
TOVPLTEB SCUNDING TBB*S FOR SFECIFIED CHANNELS

*TOVPLFIL® SHOULD BE RUN BEFORE THE NEXT PRCGRAM TO BE DESCRIBED
(*COMRET®)S THE OTHER PLOTTERS SHOULD BE RUN AFTER FILE-COMPRESSION.

SERPL
A @ 55 3
FILE COMPRESSION
TREITYTIRANRNSE R @
FUNCTION: COMPRESS THE RETRIEVAL FILE BY DELETING SOUNDINGS THAT
HAVE PEEN FLAGGED BY *FILRET®* AND/OR YREDRET®e AND MOVING THE REMAINING
SCUNDINGS TO REPLACE THE *EMPTY® RECORDS.

PROGRAM INPUT(S) OUTPUT(S)

rrdun tARER IV R T RRRRP RS
COMRET RTVL FILE(24) RTVL FILE(24)
g2 5e

bl B8 R4

NOTE CN *SURFACE DATA?

PRCGRAMS YTOVRET®* AND *ENHRETY INVOKE SUBRCUTINE *RTV?®, WHICH IN
TURN CALLS SUBROUTINE *GETSFC*e 1IN LIKE MANNERe THE ROUTINE °®*GETSFX?
IS CALLED FROM WITHIN °*FXTIRC®e IT IS OBVIOUS FROM INSPECTION OF THE
SOURCE CODE THAT THESE ARE DUMMY ROUTINESe THE USER SHOULD PROVIDE AN
INTERFACE TO ACTUAL SURFACE DATA (1000MB HEIGHTs TEMFERATUREe AND DEW=-
PCINT)Y IF SUCH IMFORMATION IS AVAILASLE AT HIS INSTALLATION.

Lk
-~y

END GOF DOCUMENT
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