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1.0 INTRODUCTION

The first Special Sensor Microwave/Imager (SSM/I) was launched 19 June
1987 aboard the Defense Meteorological Satellite Program (DMSP) Block 5D-2
Spacecraft F8. The SSM/I represents a joint Navy/Air Force operational program
to obtain synoptic maps of critical atmospheric, oceanographic, and selected
land parameters on a global scale. These include detection and measurement of
rain storms over land, measurement of the local and large scale variability of
ocean surface windspeed for ridge, front, and storm weather systems, mapping of
sea ice concentration and ice/water boundaries for routing of ships as well as-
mapping of land surface parameters. Table 1.1 presents a summary of the
primary environmental parameters to be retrieved from the SSM/I along with the

spatial resolution, parameter range, and measurement accuracy.

The Block 5D-2 spacecraft is in a circular sun-synchronous near-polar
orbit at an altitude of 833 km with an inclination of 98.8 degrees and an orbit
period of 102.0 minutes. The orbit produces 14.1 full orbit revolutions per
day and has an 0612 am local ascending node equatorial crossing. Figure 1.1
shows the SSM/I in the early morning orbit. The SSM/I swath width is 1400 km
and results in a high ground track repeat coverage on successive days as shown
in Figure 1.2. Small unmeasured circular sectors of 2.4 degrees occur at the
North and South Poles. Figures 1.3 and 1.4 present typical SSM/I sub-satellite

track and swath width coverage for successive orbits.

The SSM/I is built by Hughes Aircraft Company under the direction of the
Naval Space Systems Activity (NSSA) and the Air Force Space Division. The
Space Sensing Branch of the Naval Research Laboratory (NRL) has served as
technical consultant to the NSSA since 1982 and in this capacity has performed
numerous studies and analyses requested by NSSA [1],[{2]), prepared a S$SM/I
calibration/validation plan, and currently is leading the DMSP

calibration/validation effort with a team of sensor scientists.

The purpose of this document is to provide in a single volume descriptions
of the radiometric performance of the SSM/I and definitions of the algorithms
used to calibrate the SSM/I and retrieve the environmental parameters. These

algorithms are currently employed in the SSM/I software at the Fleet Numerical




Table 1.1 SSM/I Environmental Products

Geometric
Parameter Resolution
(km)
Ocean Surface 25

Wind Speed
Ice
o Area Covered

o Age

o Edge Location

Precipitation Over
Land Areas

Cloud Water
(<100pym Diameter)

Liquid Water
(>100pm Diameter)

Integrated Water
Vapor

Precipitation Over
Water

Soil Moisture

Land Surface
Temperature

Snow Water Content
Surface Type

Cloud Amount

25

50

25

25

25

25

25

25

50

25

25

25

25

Range of
Values

3 to 25

0 to 100

lst Year,
Multiyear

N/A

0 to 25

0tol

0 to 60

0 to 80

0 to 25

0 - 60%

180 - 340K

0 - 50 cm
12 Types

0 - 100%

Quantization
Levels

5

1 yr,>2 9

N/A

0; 5, 10, 15,
20, 225

0.05
0.10
0.5
o, 5, 28, k55,
20, 348

4

1

N/A

Absolute
Accuracy

+2 m/s

+12%

None

+12.5 km

45 mm/hr
+1.0 kg/m2
+2.0 kg/m2
+3.0 kg/m?
+5 mm/hr

None

None

+3 cm
N/A

+20%



Figure 1.1 DMSP Block 5D-2 Satellite
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Figure 1.4 Polar View of Successive Orbits



Oceanography Center and at the Air Force Global Weather Center. Also included
herein are the coefficients employed in the computations of the sensor
brightness temperatures and environmental parameters as well as any logical
decision tests occurring prior to computation of environmental parameters.
Since the SSM/I software has a highly modular structure, it is appropriate to
also discuss the flexibility and full capability of the software to accommodate
changes in coefficients, structure of the decision tests, and mathematical

expressions used to compute the parameters.

A description of the SSM/I instrument is presented in Section 2.0.
Section 3.0 contains a description of the algorithms used to calibrate the
output of the SSM/I in terms of brightness temperature incident on the antenna
aperture. Section 4.0 presents the algorithms used to retrieve the
environmental parameters from the calibrated brightness temperatures. Section
5.0 contains a description of the sensor health statistics computed by the
SSM/I software to monitor the stability of the senmsor. Section 6.0 presents a
brief description of the data format used in archiving the SSM/I data products
with the National Environmental Satellite, Data and Information Service
(NESDIS). |



2.0 INSTRUMENT DESCRIPTION
2.1 Qverview

The SSM/I is a seven channel, four frequency, linearly polarized, passive
microwave radiometric system. The instrument measures atmospheric/ocean
surface brightness temperatures at 19.35, 22.235, 37.0, and 85.5 GHz. These
data will be processed by the Fleet Numerical Oceancgraphy Command and the Air
Force Weather Center to obtain near real time global precipitation maps, sea
ice morphology, marine surface wind speed, columnar integrated liquid water,
and soil moisture percentage. In addition, Navy and Air Force DMSP tactical
sites will be capable of receiving this same data directly from the satellite

to satisfy their unique customer mission requirements.

The DMSP Block 5D-2 satellite and the SSM/I are depicted in Figure 1-1.
The instrument consists of an offset parabolic reflector of dimensions 24 x 26
inches, fed by a corrugated, broad-band, seven-port horn antemmna. The
reflector and feed are mounted on a drum which contains the radiometers,
digital data subsystem, mechanical scanning subsystem, and power subsystem.
Figure 2.1 presents an overview of the major subsystems. The reflector-feed-
drum assembly is rotated about the axis of the drum by a coaxially mounted
bearing and power transfer assembly (BAPTA). All data, commands, timing and
telemetry signals, and power pass through the BAPTA on slip ring connectors to
the rotating assembly.

A small mirror and a hot reference absorber are mounted on the BAPTA and
do not rotate with the drum assembly. They are positioned off axis such that
they pass between the feed horn and the parabolic reflector, occulting the feed
once each scan. The mirror reflects cold sky radiation into the feed thus
serving, along with the hot reference absorber, as calibration references for
the SSM/I. This scheme provides an overall absolute calibration which includes
the feed horn. Corrections for spillover and antenna pattern effects from the

parabolic reflector are incorporated in the data processing algorithms.

The SSM/I rotates continuously about an axis parallel to the local

spacecraft vertical at 31.6 rpm and measures the upwelling scene brightness
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temperatures over an angular sector of 102.4° about the sub-satellite track.
The scan direction is from the left to the right when looking in the aft
direction of the spacecraft with the active scene measurements lying +51.2°
about the aft direction. This results in a swath width of 1400 km. The spin
rate provides a period of 1.9 seconds during which the spacecraft sub-satellite
point travels 12.5 km. Each scan 128 discrete uniformly spaced radiometric
samples are taken at the two 85.5 GHz channels and on alternate scans 64

discrete samples are taken at the remaining five lower frequency channels.

A total-power radiometer configuration is employed in the SSM/I. A
functional block diagram of a typical radiometer is shown in Figure 2.2. The
signal from the output of the feedhorn is down converted by a balanced mixer,
amplified by IF amplifiers, and converted to a video voltage with a square-law
detector. The bandpass filter is used to define the receiver passband and to
improve out-of-band rejection. The detected video signal is then amplified and
offset to remove part of the component of receiver output due to receiver
noise. The output of the video amplifier is integrated by an integrate and
dump filter for 3.89 msec at 85.5 GHz and 7.95 msec for the remaining channels
and delivered to the data processing system. The time between radiometer
output samples is 4.22 msec at 85.5 GHz and is the same time required for the
antenna beam to scan 12.5 km in the crosstrack direction. The time between

samples at the remaining frequencies is 8.44 msec.

The data processor multiplexes the seven radiometer output signals with an
analog multiplexer and samples and holds the signals before being digitized
into 12-bit words. In addition, twelve channels are multiplexed with the
radiometer data. These channels contain three hot target temperature
measurements, two temperature sensor me&surements within the radiometer,
reference voltage, and reference return data. A microprocessor supervises
instrument timing, control, and data buffering with the DMSP Optical Line
Scanner (OLS) instrument which records all SSM/I data. The average data rate

of the SSM/I including zeros required to match the OLS interface is 3276 bps.

The prototype of the SSM/I instrument is shown in the stowed position in
Figure 2.3 and deployed in Figure 2.4. The feedhorn antenna may be seen in

Figure 2.3 and the calibration reflector in Figure 2.4. The hot calibration

10
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Figure 2.4 Prototype of SSM/I in Deployed Position
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target is hidden by the thermal blanket in both figures. Photographs of the
feedhorn, calibration reflector, and hot target are presented in Figures 2.5
through 2.7. The SSM/I sensor weighs 107 1lbs. A high speed momentum wheel
weighing 16 1lbs is mounted inside the spacecraft. The SSM/I system consumes 45

watts.

2.2 Scan Geometry

Figure 2.8 presents the instantaneous field of view (IFOV) of the SSM/I
for the channel frequencies during the scan region of the scene sector. The
ellipses denote projections of the 3 dB beamwidths of the earth’s surface. The
SSM/1 spins about an axis parallel to the local spacecraft vertical unit
vector, the X direction in Figure 2.8, at a rate of 31.6 rpm as the sub-
satellite track moves along the -Y direction at 6.58 km/sec. This results in a
separation between successive scans of 12.5 km along the Y which is nearly
equal to the resolution of the 85 GHz beams. On each scan 128 uniformly spaced
samples of the 85.5 GHz scene data are taken over a 102.4 degree scan region.
The sampling interval is 4.22 msec and equals the time for the beam to travel
12.5 km in the cross track direction. Radiometer data at the remaining
frequencies are sampled every other scan with 64 uniformly spaced samples
having an 8.44 msec interval. Scan A denotes scans in which all channels are
sampled while Scan B denotes scans in which only 85.5 GHz data are taken. The
start and stop times of the integrate and dump filters at 19.35, 22.235, and
37.0 GHz are selected to maximize the radiometer integration time and achieve
concentric beams for all sampled data. Figure 2.9 presents the beam sizes and
sampling grid for a region near the ground track of the sub-satellite point and
near the edge of the swath. The effect of the radiometer integration times is
to increase the effective along scan beam diameter and make the beams at 37 and
85 GHz nearly circular. Note the greater overlapping of beams near the edge of
the swath.

2.3 Antenna Beam Characteristics

Table 2.1 presents measurements of the IFOV 3-dB beamwidths of the
secondary radiation patterns as a function of channel frequency and

polarization for SSM/I. The data apply to Sensor S/N 002 and are based on

13
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Figure 2.6 Prototype SSM/I Cold Sky Calibration Reflector

15



}abie] uo

‘2 94nbi4
leiqieDd peoT 10H |/IWSS @dAjoloid

16



VELOCITY

"Vq.. "’_*;-‘
6.58 KM/SEC @ e 2

GROUND

TRACK %
\"'b.

1394 KM ~
SWATH WIDTH

—
— v — -

SCAN A
SCENE STATIONS/SCAN
PIXELS/SCAN
SCAN B
SCENE STATIONS/SCAN
PIXELS/SCAN
SCENE STATIONS/ORBIT
PIXELS/ORBIT

833 KM “
ALTITUDE :

102.% ACTIVE
SCAN ANGLE

19 AND

128
576

128
256

404,224

1,313,728

Figure 2.8 Scan Geometry

17



Bujldweg |enjeds g2 a4nbi4

zZyn9 Ll  (weeeasEe

Zyn 68

l8jawelqg weag qp-¢

18



antenna pattern measurements which have been averaged over the RF passbands.
Similar beamwidths apply to other sensor serial numbers. Since the radiometer
integrate-and-dump filter integrates the instantaneous radiometer output over
3.89 msec at 85.5 GHz and 7.95 msec at the remaining channels, an effective
field of view (EFOV) may be defined for each sampled radiometer brightness
temperature which takes the integration time into account. (As noted earlier
the time between samples is 4.22 msec for 85 GHz and 8.44 msec for 19/22/37 GHz
channels which includes both the integration time and time to sample and dump
the data.) The EFOV is significantly larger than the IFOV in the crosstrack
direction (or, H-plane direction) and essentially the same in the alongtrack
direction. Table 2.1 presents the EFQV 3-dB beamwidths next to the IFOV
beamwidths. Also shown are the alongtrack and crosstrack dimensions of the

EFOV beamwidths when projected onto the earth's surface.

Table 2.1 SSM/I Antenna Beamwidths

(S/N 002)

Channel Pol. IF Pass- Beamwidth (Deg) EFOV on Earth
Frequency V/H Band E-Plane H-Plane  H-Plane Surface (km)
(GHz) (MHz) IFOV IFOV EFOV Along- Cross-

Track
19.35 v 10-250 1.86 1.87 1.93 69 43
19.35 H 10-250 1.88 1.87 1.93 69 43
22.235 v 10-250 1.60 1.65 1.83 50 40
37.0 v 100-1000 1.00 1.10 1.27 37 28
37.0 H 100-1000 1.00 1.10 1.31 37 29
85.5 v 100-1500 0.41 0.43 0.60 15 13
85.5 H 100-1500 0.42 0.45 0.60 15 13

Another important antenna performance parameter is the main beam efficiency
and is defined as the percentage of energy received within the main beam of the
far-field radiation pattern in the desired polarization within the prescribed
bandwidth to the total energy received. The far-field antenna pattern is the
combination of the radiation patterns of the feedhorn antenna and the parabolic
reflector antenna. Table 2.2 presents antenna beam efficiencies as a function
of channel frequency and polarization for instrument S/N 002. The data are
based on antenna range measurements of both the feedhorn patterns and the
radiation patterns from the reflector. The antenna sidelobe column denotes the

percentage energy lying outside 2.5 times the 3-dB beamwidth of the far-field
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pattern when normalized to the sum of the co- and cross-polarization energies.
The cross-polarization column is the percentage of cross-polarized energy
appearing at the output of the feedhorn and includes contributions from both
the reflector and feedhorn. The feedhorn spillover loss refers to the loss of
energy in the far-field pattern not intercepted by the reflector. Thus the
feedhorn spillover loss is a multiplicative factor in the computation of beam
efficiency. Slightly different values of sidelobe and cross-polarization
energies occur for the other sensor serial numbers with beam efficiencies all
greater than 90%. The beam efficiencies in the table may be improved with an

antenna pattern correction algorithm and is discussed in Section 3.1.

Table 2.2 SSM/I Beam Efficiencies

(S/N 002)

Channel Pol. Antenna Cross- Feedhorn Beam
Frequency V/H Sidelobe Polarization Spillover Efficiency

(GHz) (%) (%) Factor (%)
19.35 v 0.8 0.35 0.969 96.1
19.35 H 0.4 0.30 0.969 96.5
22,235 v 2.0 0.65 0.974 95.5
37.0 v 7.3 1.80 0.986 9l1.4
37.0 H 4.7 1.20 0.986 94.0
85.5 v 5.7 0.60 0.988 93.2
85.5 H 7.8 1.40 0.988 91.1

Although not shown in Table 2.2, the loss in beam efficiency due to small
scale surface roughness of the reflector surface is very small at all
frequencies. The rms surface roughness is less than 1.0 mils, and translates
to a loss of 0.8% at 85.5 GHz and less than 0.15% at the remaining frequencies.
Figures 2.10 through 2.16 show the effective far-field antenna reception
patterns which result from the use of an integrate and dump filter with the
actual antenna pattern. The filter smoothes out the sharp nulls of the
sidelobes and widens the patterns in the along scan direction. The co- and
cross-polarized antenna patterns in the cardinal E- (along view) and H- (along

scan) planes are shown for each channel.

The location of the boresights of the antenna beams depends on (1) the
repeatability of the deployment of the reflector with respect to feedhorn, (2)

the alignment accuracy of the SSM/I sensor coordinates with the spacecraft

20
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coordinates (3) the alignment of the sensor spin axis with the spacecraft local
vertical axis and (4) the ability to design a wideband feedhorn to achieve co-
axial beams for all channel frequencies and polarizations. Table 2.3a presents
the beam pointing accuracy budget for the SSM/I which include both systematic
and random components. The errors are defined in the spacecraft coordinate
system and include spacecraft attitude control contributions. As shown the
beam pointing error is less than half the 85 GHz 3db beam width (6.5 km).

Known systematic errors may be taken into account in the earth location
algorithm. For example the azimuth and elevation offsets of the antenna
boresight as determined from contours of the antenna range pattern measurements
and as shown in Table 2.3b are taken into account in the SSM/I pixel location

software module.

Table 2.3a Beam Pointing Accuracy (Deg)

Along Track Cross Track
A. Sensor Spin Axis Systematic Random Systematic Random
RDM Mounting .014 ---- .010 ----
Deployment Repeatability ---- .030 - .021
RDM Stiffness ... .017 “men .012
BAPTA to RDM .036 -—-- .025 -
Top Ring to BAPTA .054 ---- .038 ----
Scan Accuracy - Elec ---- - ---- .030
Scan Accuracy - Mech - - .073 ----
S/C Attitude Error e 014 seee .012
B. Antenna Boresight
Antenna to Top Ring .079 s .062 “---
0 g Uncertainty .036 swwn .- -
SUBTOTAL w09 .037 .107 .040
RSS .146 (5.3. km) .147 (3.2 km)
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Table 2.3b Beam Center as Determined from Contour
Plots of Antenna Pattern Data (S/N 002)

Beam Center (Deg)

Frequency Polarization Relative to Optical Relative to Sensor
GHz V/H Boresight Coordinate
Az EL Az EL
19.35 v -0.02 -0.25 -0.03 135,25
19.35 H -0.02 -0.26 -0.03 135.26
22.235 v -0.03 -0.275 -0.04 135.28
37.0 v -0.05 -0.26 -0.07 135.26
37.0 H 0.0 -0.19 0.0 135.19
85.5 v -0.04 -0.26 -0.06 135.26
85.5 H -0.02 -0.265 -0.03 333,26

2.4 Radiometric Performance

2.4.1 Radiometer Sensitivity

The radiometer sensitivity or noise equivalent temperature differential NEAT
is the standard deviation of the radiometer output referenced to the energy of
the waveform incident on the antenna aperture. For a total-power radiometer,

the sensitivity may be written as

1 AGN?
"T"T”*‘\/ B"Tr"”(?)

Tsys=Ts+Ty

where
T gys= System noise temperature
Th = Receiver noise temperature

T, = Scene brightness temperature

Bc Convolutional pre-detection bandwidth

T = Radiometer integration time

4G

¢~ rms radiometer gain fluctuation and drift
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Although the receiver gain fluctuation contributes directly to the NEAT,
due to the frequent radiometric calibration of the SSM/I every 1.9 seconds and
the development of amplifiers and detectors with low 1/f noise, the effect of
the fluctuations are negligible over the calibration period. This enables a
factor of 2 improvement of signal-to-noise for the total-power SSM/I system
over a conventional "Dicke" switched radiometer system which was employed on

previous satellite radiometers.

Table 2.4 presents laboratory measurements of the NEAT (K) taken during
selected performance tests over a period of a year for instrument S/N 002. The
results apply to a scene temperature of 300 K. It should be noted that the
results presented include the noise due to all sources including the
contributions of post-detection amplifiers, quantization noise of the 12-bit

A/D converter as well as insertion loss of the feedhorn.

Table 2.4 SSM/I AT with Tg = 300K

(S/N 002)
Date of Measurement 19v 1S9H 22V 37v 37H 85V 85H
2 April 1984 0.42 0.44 0.75 0.36 0.43 0.61 0.73
16 April 1984 0.45 0.41 0.77 0.34 0.40 0.64 0.66
8 March 1985 0.45 0.42 0.72 0.37 0.36 0.69 0.75
25 March 1985 0.47 0.40 0.73 0.39 0.35 0.66 0.78
26 April 1985 0.45 0.42 0.73 0.41 0.34 0.63 0.73
5 June 1985 0.46 0.41 0.76 0.36 0.40 0.80 0.71
10 June 1985 0.44 0.43 0.75 0.33 0.39 0.77 0.74
Average 0.45 0.42 0.74 0.37 0.38 0.69 0.73

2.4.2 Radiometer Calibration

The radiometer calibration accuracy budget, exclusive of antenna pattern
correction effects, which are discussed in Section 3.2, is composed of three
major contributors: (1) hot load reference error, (2) cosmic background
reference error, and (3) radiometer/calibration test nonlinearity. The
calibration error of the hot load is measured during the thermal vacuum
calibration by comparison to the variable reference target when the temperature

of the variable target equals the temperature of the hot load. Since the
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temperature of the variable target is believed to be extremely accurate
(temperature gradients over the surface of the target are negligible and the
emissivity is >0.9999) it serves as a primary standard calibration reference
for the in-orbit hot-load and cold targets used in thermal vacuum calibration.
Examination of the thermal vacuum calibration data shows the error of the hot
load to be £0.05K rms, which is at the fluctuation level of the temperature
sensor measurements. In effect, no systematic calibration error of the hot

load is detectable.

The radiometric temperature of the cosmic background is consistent with a
blackbody radiator at 3°K. The SSM/I calibration reflector is designed to
reflect the cold cosmic background into the feedhorn and minimize the possible
reception of extraneous energy from the spacecraft, the earth and other
undesired sources of radiation. An analysis of the calibration reflector
antenna patterns when the SSM/I is in the calibration position reveals that the
reception of earth and spacecraft radiation is extremely small; less than a few
tenths of a degree. Figure 2.17 shows the broadest calibration antenna
patterns which occur at 19.35 GHz. Note that essentially all of the antenna
pattern energy lies within ~28° of boresight, except for the feedhorn spillover
energy. The spillover energy views the cosmic background since the SSM/I is
located on top of the spacecraft and since the calibration reflector completely
occults the primary reflector during the calibration measurements. Thus it is
believed that the SSM/I calibration reflector provides a clear view of the
cosmic background to the feedhorn and hence provides a highly accurate

blackbody calibration reference at 3°K.

Finally, nonlinearities in the calibration measurements (due to radiatively
induced thermal gradients in the targets by the radiometer) and in the
radiometer receiver (due to imperfect operation of the square law detector and
IF amplifier compression) may be expected to appear in the calibration data.
At measurement temperatures equal to the hot load and cosmic background
calibration references, the calibration uncertainty is simply the accuracy of
the reference. At intermediate temperatures, radiometer nonlinearity and
calibration reference temperature errors contribute to the total uncertainty
with the errors weighted according to the temperature difference between the

input and the calibration references. These errors are included in the total
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40

Figure 2.17 Antenna Patterns of E and H Plane of Cold Calibration Reflector
at 19.35 GHz Vertical Polarization (—— Co, === Cross Pol)
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system calibration accuracy results obtained during the thermal vacuum

calibration tests.

Thermal vacuum radiometer calibration is accomplished using two precision
microwave reference targets in addition to the spacecraft hot load to simulate
an operational configuration. A liquid nitrogen cooled precision target is
substituted for the cold sky reflector, and a variable precision target which
is controllable through the radiometer operating range of 100K to 375K is
positioned over the feed during part of the active scan to simulate active scan
data. The spacecraft hot target is used as the calibration hot reference, and
is calibrated by comparison to the variable target during the calibration

procedure.

The precision microwave reference targets are each instrumented with eight
precision platinum temperature sensors, and the spacecraft hot reference is

instrumented with three flight platinum temperature sensors.

Calibration data are taken for ten variable target temperatures over the
instrument range of 100K to 375K, and for three instrument physical
temperatures at the low, nominal, and high points of the qualification
temperature range. At each combination of variable target temperature and
instrument physical temperature, 40 frames of calibration data are taken and
the average radiometric brightness temperature measured for the variable

target, Tg, and the instrument error, ¢, are computed using the relationship

VB_VC
Tg“Tc“’(TH“Tc) m
' E':T-B_Tuar

where Ty, Tg, Ty,ay are the hot, cold, and variable target temperatures from the
platinum temperature sensors, and V4, Vg, Vg are the hot, cold, and variable
radiometer output voltages (in digital counts) corresponding to the target
measurements. Thus the calibration error is the difference between the
computed variable target radiometric brightness temperature and the average

physical temperature of the variable target.
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Figures 2.18 and 2.19 present the total radiometer calibration error
measured during thermal vacuum calibration for all channel frequencies and
polarizations as a function of target temperature for three sensor
temperatures: hot (38°C), ambient (28°C) and cold (0°C). As shown the largest

errors occur at the cold temperatures and in all cases are less than 1.2°K.
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3.0 SENSOR DATA RECORD ALGORITHM

The absolute brightness temperature of the scene (Tg) incident upon the
antenna is received and spatially filtered by the antenna to produce an
effective input signal or antenna temperature (T,) at the input of the feedhorn
antenna. Section 3.1 presents the overall radiometer calibration algorithm
used to convert the measured output of the A/D converter into absolutely
calibrated antenna temperatures which are contained in the temperature data
record (TDR) file. To obtain an estimate of Ty from T, it is necessary to
apply an antenna pattern correction (APC) to correct for spurious energy
received in the antenna side lobes, cross-polarization coupling and feedhorn
spillover loss. The estimates of the main-beam brightness temperature derived
from T, using the APC are contained in the sensor data record (SDR) file. The
APC algorithm is discussed in Section 3.2.

3.1 Temperature Data Record Algorithm

As discussed in Section 2.0, the SSM/I is calibrated each scan from the
input to the feedhorn through the output of the A/D converter. This is
accomplished by passing the feedhorn beneath two fixed calibration reference
targets: a hot-load black-body radiator at 300K and a small calibration
reflector which reflects the cold cosmic background radiation of 3K into the
feedhorn field-of-view. A linear function is used to model the radiometer
transfer function which relate the digitized output voltage to the temperature
incident at the feedhorn. Letting Vy and Vi denote the A/D output voltages
associated with viewing the hot-load and cosmic background brightness
temperatures, then the brightness temperature of the scene incident at the

feedhorn Ty is expressed in terms of the measured output voltage Vg at time t
by

h.,}
e
1
g
I
+
»—}
=
|
h.])
o
u)
=2
o

2}
(2]
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where

Uy = estimate of the radiometer calibration voltage of the hot-load at
time t which is based on the set of measured hot-load calibration

voltages

Vo = estimate of the radiometer calibration voltage of the cosmic
background at time t which is based on the set of measured cosmic-

background calibration voltages.

Ty = estimate of the effective brightness temperature of the hot-load

at time t from the set of measured temperatures of the hot-load.

To = estimate of the effective brightness temperature seen by the
feedhorn when viewing the calibration reflector.

The bar on Vg denote the time average over the radiometer integration time.
Figure 3.1 presents a time series of calibration and scene voltages that occur

each scan.

Five samples of Vy; and Vgy (i = 1,...5) are taken each scan and averaged to

reduce the sensor noise in the estimates VH and VC

5

2V n,

i=]

V=

Ul =

Three high resolution temperature sensors are used to estimate the average

surface temperature of the hot-load
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Vg = Calibration voltage of cosmic background
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tg] = Time from start of scene voltages to cold calibration
0.925 sec (175 Deg rotation)
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Effective radiometric temperature of hot calibration target
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Figure 3.1 Sequence of Calibration and Scene Measurements
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ixiTH,

THSr-§

where x; is either 1 or 0 depending on whether the temperature sensor is
functioning properly or not. This temperature is used for all frequencies and

polarizations.

To account for radiative coupling between the hot-load and the top plate of
the rotating drum assembly which faces the hot-load when not being viewed

during calibration, a correction is applied to the average hot-load temperature
Ty
TH“TH+afTP'TH)

where
Ty = effective hot-load temperature
a = empirical correction determined from thermal-vacuum
calibration
Tp = temperature of the plate facing the hot-load.
Based on calibration data taken during thermal-vacuum testing

a = 0.01. A temperature sensor measures Tp.

The effective radiometric temperature of the cosmic background seen by the

feednorn when viewing the calibration reflector may be expressed as

T(B)y=¢ d0'G(K, k)T .(K)

where G is the far-field antemna power pattern which weights the angular
distribution of the brightness temperature T;,. incident in direction k' on the
antenna (reflection and feedhorn) when the antenna is pointed in direction k.
As noted earlier by appropriate design of the calibration reflector and
selection of calibration regions, Tijne = Teosmic Where Teogmic iS the

radiometric temperature of the cosmic background which is consistent with a

41



blackbody radiator at 3°K. Analysis of the antenna pattern G shows that the
effects of energy received from the spacecraft and earth are extremely small,
less than 0.1 - 0.2K. Thus, T, may be determined solely on the basis of the

radiometer temperature of the cosmic background:

Frequency (GHz) Lo tE)
19.35 -~ 22.235 2.7
37.0 2.8
85.5 3.2

The values presented include a correction to the Rayleigh-Jeans approximation

which becomes important for very cold radiators at mm-wave frequencies.

It should be noted that T is an adjustable parameter and the validity of
the current value will be examined during the early orbit calibration/
validation effort of the SSM/I. The calibration parameters Ty, Vy, Vg are up-
dated each scan to compute the scene brightness temperatures T, before the next
calibration occurs. Since the radiometers are expected to exhibit extremely
good stability over a number of calibration data sets, it is very probable that
Ty, Vy, and Vg may be averaged over many scans to reduce the effects of sensor
noise. Although this is not done presently, the number of scans to be used
will be determined during the early orbit calibration/validation effort of the
SSM/I1. Based on the stability achieved with other satellite sensors, it should

be possible to average the calibration data over periods of 30 to 60 seconds.

3.2 Antenna Pattern Correction

3.2.1 Background

The antenna temperature T, (i.e. the TDR of Section 3.1) may be expressed in
terms of an integral of the scene brightness temperature distribution Tg
incident on the antenna reflector and the effective co- and cross-polarized
far-field antenna power patterns. For channel center frequency v,
polarization p, and with the antenna pointed in direction kK, Tp may be written

as
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T p.E)= dﬂ’[cpu(ﬁ'E‘)Ts(U'E')‘“Gph(E'E’)TS(h'E‘”%l 105 ) T-sgonts

Earth

where qu(E,R’) is the effective far-field antenna power pattern which weights
the angular distribution of the brightness temperature incident in direction k'
in polarization q when the antenna is pointed in direction R and measuring

polarization p.

The term effective identifies the fact that the effects of the radiometer
integrate and dump low pass filter are included in qu. As noted earlier the
filter widens the beam in the along scan direction and leaves the beam

essentially unaltered in the along track direction. See Figures 2.10 - 2.16.

The vertical or horizontal polarizations as measured on an antenna range are
not the same as the local vertical and horizontal polarizations on the earth's
surface over the antenna field of view. For narrow antemna beams such as the

SSM/I, they may be considered to be the same to an excellent approximation.

The feedhorn spillover factor "p is defined by the fraction of energy
received from the reflector in polarization p to the total energy received by
the feedhorn. For clarity the dependence of qu, Tg, Tp and Ty on the channel
center frequency is not shown but it should be understood that Cpq and np are

averaged over the receiver passband.

Figure 3.2 presents the geometry of the integration variables: the angular
integration d}’ is taken over the earth field of view and T.,gpic is the
brightness temperature of the cosmic background. When p = q, Gpp is the
defined as the co-polarized patterns (i.e., Gyy, Gpy) and when pyq qu is
defined as the cross-polarization patterns (i.e., Gyp, Gpy). In practice qu
and np are determined from antenna pattern measurements over 4m steradians on
an antenna range. n, is essentially the integrated feedhorn pattern over the

solid angle subtended by the reflector.
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where
np = Feedhorn spillover factor
qu = Far-field antenna pattern

Tg = Scene brightness temperature incident on antenna

<
o o
i

Vertical or horizontal polarizations

Figure 3.2 Geometry for Antenna Temperature Definition
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Proper normalization requires for p = v or h polarizations:
Z i E £\
Larrhdﬂ [GPU(E!k }+Gph(k'g jJ_nP

The above expression for T, assumes that the time variation of the scene
brightness temperature over the integration time Ty is negligible and is a

valid approximation for the SSM/I.

In principle the accuracy of the scene brightness temperatures incident on
the reflector T, may be improved by making antenna pattern corrections (APC).

These corrections are intended to remove the effects of:

(a) Feedhorn spillover loss 1p
(b) Cross-polarization coupling qu (p # q)
(c) Sidelobes contributions of Gpp-

For convenience corrections (a) and (b) are denoted as Level 1 and
correction (c) as Level 2. Level 1 corrections are applied first to T, and can
be inverted, if desired, to obtain the original temperatures Tp. In general,
Level 2 corrections cannot be inverted and usually require significantly more

data processing than Level 1.

In addition the benefits of Level 2 corrections are considerably more
difficult to evaluate since, as will be discussed below, they depend on the

P Each of the

corrections are discussed separately below. For clarity the corrections are

spatial variations of Tg over the sidelobe regions of Gp

presented for the vertical polarization p = v, Similar equations apply for the

case p = h.

3.2.2 Llevel 1 Corrections

Based on the antenna pattern results presented in Section 2.3 and the
expression for T,, the correction for feedhorn spillover loss and cross-

polarization coupling is written as
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1
e - -b A th
Ts(v, k) qu(l—bu][TA(v'E) T 4(h,B)]

where Tp(v,k) and T,(h,k) are the antenna temperatures (i.e. TDRs) for the
vertical and horizontal polarizations for antenna boresight direction k. The
justification for this algorithm is based on the fact that the spillover factor
mp is essentially the same for the v- and h-polarization at each frequency and
that the cross polarization coupling occurs primarily within the mainbeam of
Cpp- Note that the term b, includes contributions from all sources. Although
the primary contribution is expected to arise from the antenna pattern which is
discussed in detail below, some contribution may arise from interchannel cross-
talk. The total b, will be evaluated during the SSM/I Cal/Val effort. Also
note that the form of the correction uses the fact that 5, is close to unity

for all channels and hence the cosmic background contribution may be neglected.

Since the horizontally polarized brightness temperature is not measured for
the 22.235 GHz channel, it is estimated using the horizontally polarized
temperature at 19.35 GHz:

4(22.235, h,k) = 96.6 + 0.653 T4 (19.35, h,R)

This relationship is derived by correlating simulated radiometer data at the
two channels for a wide range of envirommental conditions over land, sea, and

ice surfaces.

The antenna pattern portion of by, is a measure of the integrated cross
polarized coupling for the v-polarization and is selected on the basis of
eliminating the cross-polarization coupling when the vertical and horizontal
scene temperatures are uniform but not necessarily equal over the antenna

field-of-view.

f dil G
Earth

b, =
f a1l Gy
Earth
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Based on antenna range measurements and computations to account for the
action of the radiometer integrate and dump lowpass filter Table 3.1 presents
p and bp for SSM/I instrument S/N 002.

Table 3.1 Coefficients for Feedhorn Spillover and
Cross Polarization Coupling Corrections

(S/N 002)
Center
Frequency Polarization 1p bp
(GHz) p=v/h

19,35 v 0.969 0.00473
h 0.969 0.00415

22,235 v 0.974 0.01070

37.0 v 0.986 0.02170
h 0.986 0.02612

85.5 v 0.988 0.01383
h 0.988 0.01947

The accuracy of the algorithm to remove cross polarization coupling depends
on the spatial variability of the incident cross-polarized scene brightness
temperature. For a temperature distribution essentially uniform over the main
beam, the correction is extremely accurate. The accuracy degrades slightly in

the event significant cross-polarized variations occur within the main beam.

The accuracy of the algorithm to remove the feedhorn spillover loss depends
on the accuracy of the spillover loss factor p which is currently obtained by
integrating the feedhorn antenna pattern over the solid angle subtended by the
reflector. Accurate knowledge of np is important since a 1 % error in 7p can
result in a 29K error in the estimate of Tg. An evaluation of the Level 1 APC

correction will be conducted during the early-orbit SSM/I calibration/
validation effort.
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3.2.3 Level 2 Correction

The task of attempting to improve the spatial resolution of Gpp’ .8,
correcting for the imperfect spatial filtering of the antenna, or, more
generally of inverting the integral relation between measured T, and the up-
welling scene temperature T, contains mathematical features common to a large
number of remote sensing problems. In particular the problem may be shown to
be mathematically equivalent to the problem of inverting microwave or infrared
measurements to obtain atmospheric temperature profiles in remote sounding data
[3]. A great deal of literature published on the latter subject has shown that
it is not desirable to attempt to obtain fine details in the sounding because
of amplification of noise in the sensor data. This arises from the numerical
instability of the Fredholm integral equation of the first kind which must be
solved and the attendant amplification of errors that occurs in the inversion

process.

In view of this situation, it is desirable to restruct the Level 2 algorithm
for the SSM/I which minimizes the antenna sidelobe energy contributions outside
the main beam and, if possible, not significantly alter the antemnna pattern
within the mainbeam. To this end, the Level 2 algorithm considered herein
estimates the average scene brightness temperature over the main beam weighted
by the antenna gain. Other estimates, such as the true spatial average over
the main beam, could be used but the discontinuity at the edge of the main beam

introduces significant amplification of sensor noise.

The current Level 2 algorithm is expressed as a linear combination of
antenna temperature measurements T, in the immediate vicinity of the measured
antenna temperature to be corrected. Other approaches for Level 2 corrections
have been investigated [4]-[7] but require extensive data processing which is
not available for the SSM/I. The restriction of antenna temperature samples to
a small region surrounding the temperature to be corrected is not severe since
as shown in antenna pattern data presented in Section 2.3 essentially all of
the sidelobe energies lies within the region defined by the set of 5 x 5
neighboring samples of brightness temperature surrounding the temperature to be

corrected.
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To reduce energy contributions in the sidelobes, antenna temperature samples
are selected which lie outside the main beam. Furthermore since the spatial
samples of brightness temperature overlap at the 3-dB points (except at 19.35
and 22.235 GHz) the samples in the algorithm should be separated by
approximately one sample to avoid significant overlapping of the main beams of

the measurement samples.

The current SSM/I Level 2 APC software module permits a maximum of four
antenna temperature samples to be employed in a 5 x 5 matrix of neighboring
samples and the selection may be changed in five angular sections across the
scan as shown in Figure 3.3. Following the rationale discussed above, Figure
3.4 shows a reasonable selection of antenna temperature samples which may be
used in the Level 2 APC as shaded for seve:al positions across the scan for the
85 GHz channels. The circles indicate 3 dB contours. A similar geometry

applies to the 37 GHz channels.

Due to the extremely high beam efficiencies achieved for the 19.35 and
22.235 GHz antenna patterns, little change occurs in the antenna temperature
when performing Level 2 corrections at these frequencies. In view of this fact
Level 2 corrections are not performed for these chamnnels. The improvement in
main beam efficiency is incorporated into the Level 1 correction which uses

only the co- and cross-polarized central measurement samples.

To determine the relative merit of the Level 2 APC for 37 and 85 CHz

channels the APC is written as

4
TS(U,E)= GO[TA(U.E)‘ Z anTA(U’En)]
n=l

where Kk, define the antenna bore-sight directions for the shaded beams in

Figure 3.4.
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Figure 3.3 Scan Regions to Vary a_ and Selection of Samples in

Level 2 APC
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The selection of the weighting coefficients a, depends on the spatial
distribution of energy lying outside the mainbeam. Qualitatively, a, is a
measure of the sidelobe energy lying within the angular region defined by the
mainbeam of the samples selected in Figure 3.3. More precisely, the set a, may
be determined by solving the system of equations which requires the

minimization of the integral

Lada'[&@— ianc;w(k‘,,,k")T

n=|

where

MB = angular region defined by the main beam. As noted earlier the main
beam is defined by 2.5 times the 3 db beamwidth.
The coefficient a, is determined by noting that proper normalization

requires

Table 3.2 presents computations of coefficients (a,) which minimize the
above integral over E, for the set of shaded pixels shown in Figure 3.4.
Results are shown for both polarization at 37 and 85 GHz. The scan regions are
identified in Figure 3.3.

To test the effectiveness of the current Level 2 correction algorithm a
simulated brightness temperature map was generated at 37 and 85 GHz using a
scaled NOAA AVHRR IR image over the eastern coast of the United States. The
SSM/I antenna patterns were convolved with the IR image in a scan geometry
identical to the SSM/I. Although the simulated 37 and 85 GHz images cannot be
expected to contain real responses to envirommental conditions, they do provide
a means to test the effectiveness of the current Level 2 APC. In particular

the sharp contrast of the IR land-water boundary allows a stringent test of the
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Table 3.2
Coefficients for Level 2 APC (See Figure 3.3 for Scan Regions)
Scan Region 5: 125 < n £ 128

Scan Line m m m+2 m m-2
Sample No. n n+2 n+l n-2 n-1
Freq. Pol agp ai as as ag
(GHz)
37 v 1.0327 -- -- 0.0083 0.0234
H 1.0300 -- -- 0.0146 0.0144
85.5 v 1.0216 -- -- 0.0085 0.0126
H 1.0395 -- -- 0.0163 0.0217

Scan Region 4: 96 < n < 125

Scan Line m m m+2 m m-2
Sample No. n n+2 n+l n-2 n-1
ao a a2 8.3 84
37 v 1.0723 0.0129 0.0228 0.0083 0.0234
H 1.0623 0.0164 0.0132 0.0146 0.0144
85.5 v 1.0444 0.0080 0.0134 0.0085 0.0126
H 1.0819 0.0276 0.0101 0.0163 0.0217
Scan Region 3: 32 < n < 96
Scan Line m m m+2 m m-2
Sample No. n n+2 n n-2 n
ao al 8.2 as 35
37 Y
H
85.5 v Same coefficients as Scan Region 2
H
Scan Region 2: 3 < n < 32
Scan Line m m m+2 m m- 2
Sample No. n n+2 n-1 n-2 n+l
ag i | a7 - 24
37 v
H
85,5 v Same coefficients as Scan Region 2
H
Scan Region 1: 1 <n<3
Scan Line m m m+2 ol m-2
Sample No. n n+2 n-1 n-2 n+l
an a as 33 az
37 v 1.0377 0.0129 -- .- 0.0234
H 1.0318 0.0l64 -- -- 0.0144
85.5 v 1.0210 0.0080 -- “- 0.0126
H 1.0519 0.0276 -- -- 0.0217
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Level 2 correction. Further description of the simulated images and general

discussion of the APC problem for the SSM/I are available upon request.*

The effectiveness of the current Level 2 APC may be viewed by comparing the
resultant APC corrected image with a simulated image in which the antenna
pattern used to convolve with the IR image has all sidelobe energy removed. If
the current Level 2 APC did its job perfectly, the corrected image would be
identical to the image generated with antenna patterns having no sidelobe

energy. Two errors may be defined:

(1) Tp (APC corrected image) - Tp (image with no sidelobe energy)

(2) Tp (uncorrected image) - Tp (image with no sidelobe energy)

Error (1) defines the difference between the brightness temperature
resulting from an application of the current Level 2 APC and the brightness
temperature associated with a "perfect” antenna pattern having no sidelobe
energy outside the mainbeam. Error (2) defines the difference between the
original brightness temperature without any APC and the brightness temperature

having the "perfect" pattern.

A comparison of errors (1) and (2) provide a measure of the effectiveness of
the Level 2 APC. Figures 3.5 and 3.6 present histograms of errors (1) and (2)
for Port 5 (37 GHz V-pol) and Port 7 (B5 GHz V-pol). The solid line
corresponds to error (1) and the dashed line to error (2). The upper
histograms in the figures apply to the open ocean where the radiometric
variation in the simulated images occur over distances that are large in
comparison with the antenna beamwidth. The bottom histograms apply to the

transition region associated with land/water boundaries.

The results presented in both figures show that there are many occasions in
which the correct Level 2 APC offers an improvement in the absolute brightness

temperature of the simulated imaged. At the same time numerous occasions arise

*J. Dunn, "Antenna Pattern Correction for the SSM/I," Naval Research Laboratory

Report (in press), NRL, Washington, DC.
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in which the APC actually degrades the radiometric image. This is a disturbing
result that occurs for both the 37 and 85 GHz data and is apparent in both the
transition regions and in the open ocean. These results indicate that caution
must be exercised in applying the current Level 2 APC to SSM/I data. On the
other hand, these results should not be interpreted to mean that all Level 2
APC algorithms will yield results similar to those of Figures 3.5 and 3.6.
Further effort is needed in the evaluation of a suitable Level 2 APC for the
SSM/I1. This will be conducted during the SSM/I calibration/validation effort,

3.2.4 Antenma Pattern Matching

A third level antenna pattern correction may be envisioned which would
attempt to match the higher resolution beams, e.g., at 85 GHz, to the lower
resolution beams, e.g., at 19.35, 22.235 or 37 GHz. This level would be
applied to the scene brightness temperatures estimated from the Level 1 and
Level 2 APC algorithms presented above. This correction may be viewed in terms
of a spatial filter which smoothes the higher resolution sampled brightness

temperatures to a level commensurate with the lower resolution data.

One of the simplest filters is to numerically average the set of brightness
temperatures whose boresights lie within the coarser 3 dB beam cell. This
estimate of the average brightness temperature at 85 GHz over a beam cell that
is comparable to the 37 GHz beam may be improved upon using the theory
developed by Stogryn [3]. In short this approach permits the determination of

a set of coefficients {c,) which are optimum in the sense that

N 2
'[.’.:'czrtj‘zdJQ‘I:G‘np(v1 'E'E’)& Z C"GPP(V2 ’En'E,)}

n=|

is minimized. The higher resolution antenna patterns at frequency vo have
boresights defined by vectors Rn, n=1, ..., N. The lower resolution antenna
pattern at frequency v1, has boresight at k. Once the set (kp) is selected, it

is straight forward to solve for the set of coefficients {cp,) which minimizes
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the above integral. A constraint is need to insure proper normalization of
results
y i
ch=1 i
a=l
To demonstrate the efficacy of this approach to data smoothing, computations
were made to determine the set of coefficients of a 3 x 3 matrix of 37 GHz

pixels surrounding a 19 GHz pixel. Figure 3.7 presents the 19 GHz antenna

pattern along with the resultant smoothed 37 GHz pattern defined by the sum

N

Z anpp(vz.En,E')

n=1

Computations were made for a scan region near the SSM/I ground-track and the
results are presented in terms of distance on the surface of the earth. Note
that the smoothed 37 GHz patterns are in remarkably good agreement with the 19
GHz patterns with the exception of the region where the antenna pattern is 30
db below the maximum gain. Similar results were obtained for the intercardinal
pattern cuts in this example. The values of the coefficients {(c,)} varies
somewhat across the SSM/I scan, but, in all cases studied using at least a 3 x

3 array the resultant smoothed patterns are similar to those of Figure 3.7.

Similar computations were made to smooth the 85 GHz data to the resolution
of the 37 GHz data. In this case a 5 x 5 array of 85 GHz pixels surrounding a
37 GHz pixel near the ground track was used. Figure 3.8 presents the 37 GHz
antenna pattern and the resultant smoothed 85 GHz pattern. Again, good
agreement occurs in the H-Plane cut (i.e. in the along scan direction) but
appreciable disagreement occurs in the E-Plane cut (i.e., in the along track
direction) when the pattern power lies 7 db below the peak. Since the other
patterns (i.e. the intercardinal cuts) gave results which closely resembled the
results of the H-Plane cut, the disagreement in the single E-Plane cut is not .
expected to introduce an appreciable effect in the smoothed brightness
temperature data. As in the case of matching the 37 GHz data to the 19 GHz
data, the values of the coefficients of a 5 x 5 array of 85 GHz data vary
across the SSM/I scan. The resulting smoothed patterns display good agreement

with 37 GHz pattern in all regions across the SSM/I swath.
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Antenna pattern matching is not currently being exercised in the estimate of
SSM/1 scene brightness temperatures. This process may be performed with a
modification to the current SSM/I SDR software module. The benefits of
matching higher resolution SSM/I data to the lower resolution data will be

examined further during the SSM/I calibration/validation effort.

It should be noted that a reduction of sensor noise occurs in the process of
smoothing the data. For the examples discussed above the rms noise in the
smoothed 37 GHz data (3 x 3 array) is reduced by a factor of 0.45 and the noise
in the smoothed 85 GHz data (5 x 5 array) is reduced by 0.25.

It should also be noted that the technique of selecting the set of
coefficients (c,)} to match an antenna pattérn at frequency vq is sufficiently
general to cover the problem of data interpolation. TFor example if frequency
v{ is set to vy (i.e., the high and low resolution patterns are the same) then
the coefficients determined in the above antenna matching problem provides a
means of interpolating the temperature at R from the set of temperatures at
{kn), n=1, ..., N. Figures 3.9 - 3.1l present computations at 19, 37 and 85
GHz of the desired pattern at a prescribed K (which is the actual pattern
centered at a point not sampled) and an "interpolated" pattern associated with
the interpolated data point which is based on samples at {R,). The scan region
for interpolation is taken to lie near the satellite ground track and the point
of interpolation R is selected as a worst case situation, i.e., midway between
successive scans and midway between samples. A 4 x 4 array of samples

surrounding point R is selected for the interpolation.

The results appear very good at 19 GHz and not so good at 37 and 85 GHz.
This situation arises from the fact that the 19 GHz data are spatially sampled
near the Nyquist rate (i.e., approximately two samples per 3 db beam diameter)
while the 37 and 85 GHz are undersampled. To sample the 85 GHz at the Nyquist
rate would require the SSM/I to spin at approximately twice the current rate
and to sample at four times the present the sampling rate. (This option was
not possible during the design of the SSM/I due to the data rate limitations
imposed by the spacecraft data acquisition system.) In any event the above

technique of selecting coefficients is an attractive procedure to obtain
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accurate interpolated 19 GHz data and, if smoothed to match the lower

resolution, interpolated 37 and 85 GHz data as well.
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4,0 ENVIRONMENTAL PARAMETERS

The previous section described processing done to create calibrated
brightness temperatures (Sensor Data Records, SDRs) from the raw sensor data.
In this section we will discuss the use of the SDRs and other input data in a
system to derive environmental parameters (Environmental Data Records, EDRs).

A detailed description of the development of the retrieval algorithms and their

exact form is given in Appendix A,

4.1 nput Data Processing System

Figure 4.1-1 is a diagram of the SSM/I processing software at Fleet
Numerical Oceanography Center (FNOC). The first processing module, SMISDP,
creates TDRs and SDRs from the raw data (digitized voltages), as discussed in
Section 3.0. Note that after locating each SSM/I footprint, SMISDP assigns a
surface type identification, read from the surface type file, SMISURFTYP. This
surface type identification is passed in the SDR file to the next processing
module, SMIEPE, which estimates EDRs. This a priori surface identification can
be one of eight categories, as listed below. Depending on the categories,
certain further classification and processing may be done by SMIEPE. Note that
the TDRs, SDRs, and EDRs along with the Quality Data Records (QDRs), and the
Sensor Calibration File (SENCAL) are written to archived tape by SMIARK. The
QDRs contain statistical and sensor health information and are described in
Section 5.0. SENCAL contains all of the constants and information used to
create the TDRs and SDRs from the raw sensor data file. Not shown in Figure
4.1-1 but presently planned for inclusion in the archival tape is the Parameter
Extraction Coefficients File used by SMIEPE which contains all of the constants
used to generate the EDRs from the SDRs.

It is important to recognize that there are several logical steps involved
in producing an EDR value before an estimation equation is used. The surface
categorization is the first of these logical steps. A mistake in SMISURTYP
will almost certainly result in a meaningless calculation later in SMIEPE. For
example, if an island were mistakenly identified as an ocean location in
SMISURTYP, the resulting (large) brightness temperatures would probably lead to

an estimate of strong winds occurring at the spot. Every attempt has been made
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to screen out such misclassifications, but operational experience is likely to

reveal some. They will be dealt with as part of routine software maintenance.

Table 4.1-1 itemizes the further processing resulting from each
classification imposed by SMISURTYP.

The coastal zone in SMISURFTYP is one pixel wide at 19.35 GHz. The ocean
boundary (one 19 GHz pixel wide) on the ocean side of the coast, and the land
boundary (on the land side of the coast) are intended for further
investigation, with the hope of deriving useful EDR estimates within them. At
the time of initial SSM/I processing, they will be treated like coast and no
EDRs will be estimated within those regions.

The remaining software modules, SMISHM (Sensor Health Monitor) and SMIDEF
(Data Exchange Formatter) are discussed in Section 5. The remainder of Section
4 will be concerned with the production of EDRs by the SMIEPE module. The
structure of SMIEPE is shown in Figure 4.1-2. This structure diagram may be

useful in understanding the code that incorporates the SSM/I processing logiec.

4.2 Parameter Description

The SSM/1 parameters are listed in Table 4.2-1 and are further described in
Section 4.3.

4.3 Parameter Estimation Logic (EDREXT)

Parameter values are initially set to "indeterminate" when a pair of scans
(type A and type B) are read into EDREXT. The code also checks for negative
polarizations (horizontal brightness greater than vertical brightness by more
than 2 K).

EDREXT also checks the data to see whether it came from a scene station
where all brightness temperatures are available (25 km samples) or an
intermediate location where only 85 GHz samples are available. SSM/I code
permits estimation of rain intensity and liquid water content over land (RL,

LWL) at the intermediate locations. However, all parameter values archived
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TABLE 4.1-1  SMISURTYP CLASSIFICATIONS AND PROCESSING

SMISURFTYP CATEGORY
Ocean

Possible Ice

Ice (multiyear)

Coast

RESULT

Process Ocean EDRs
Check for Ocean/Ice
Process Ice EDRs

All EDRs indefinite

Ocean Boundary All EDRs indefinite

Land Boundary All EDRs indefinite

Land Reclassified on the basis of SDRs as snow,
arable soil, vegetation, flooded ground, heavy
precipitation, glacial, frozen ground/wet

snow, desert.

Not Processed This category is used only at AFGWC to exclude
processing of Antarctica.
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1L

Table 4.2-1 SSM/I Environmental Products

SMIEPE DATABASE NUMBER STORAGE OUT-OF-  INDETER-
PARAMETER MHEMONICS  MMNEMONICS RAMNGE UNITS QUANTIZATION OF BITS RANGE LIMITS MIMATE
ICE AGE 1A 1A FY, MY N/A FIRST YEAR, 2 8,1 2 3
MULTI-YEAR
ICE CONCEMTRATJOM ic ic 0-100 PERCENT 5.0 PERCENT 6 8-22 62 63
CLOUD WATER CWI, Cwo, Cw 0-12.6 KG/MeM 8.85 KG/MeM 8 8-252 254 255
CWL, CWS
SURFACE WIND SW sW 0-29 M/S 1.0 M/S 5 8-29 30 31
WATER VAPOR WVO wy -89 KG /MM 8.5 KG/MeM B 2160 254 255
RAIN RO, RL RA 0-61 MM/HR 1.8 MM/HR 6 o-61 62 63
LIQUID WATER LWO, LWL Lw 0-12.5 KG/MeM 0.1 KG/MsM 7 2-125 126 o127
SURFACE MOISTURE SM SM 0-61 PERCENT 1.8 PERCENT 6 2-61 62 63
SURFACE TEMPERATURE STL, STV, ST 180-340 DEGREES K 1.® DEGREES K 8 9-16@ 254 255
Sio. Sis]
TLC, 1SC
CLOUD AMOUNT CAL, CAS CA 9-120 PERCENT 1.8 PERCENT 8 e-120 254 255
SHOW WATER CONTENT  SHW SH 2-50 cM 1.0 CM 6 e-50 62 63
EDGE EF EF 0,1 N/A N/A 2 8.1 N/A 3
EDR SURFACE TYPE' 1YPE sc SEE BELOW N/A N/A 6 SEE BELOW N/A N/A

.
i = VEGETATION, 3 = ICE, 5 = OCEAN, 6 = COAST, 7 = FLOODED SOIL, 8 = HEAVY PRECIPITATION, 9 = ARABLE SOIL,

190 = DESERT, 11 = FROZEN GROUND, 12 = GLACIAL GROUND, 13 = SHOW OVER FROZEN GROUND, 14 = SHOW OVER SOIL



into NESDIS records are based on complete (25 km) sets of data, with omne
exception, The exception is the cloud amount parameter, for which the 37 GHz
data (at a 25 km sample location) is deliberately compared with the eight
contiguous samples of 85 GHz samples as well as the co-located 85 GHz sample.
The NESDIS archive will include all the calibrated brightness temperatures and

antenna temperatures including those from the intermediate locatioms.

4.3.1 Oceanic Parameters

There are five occeanic parameters: surface wind speed (SW), cloud water
content (CWO), water vapor content (WVO), rainfall intensity (RO), and liquid
water content (LWO). Liquid water content is the columnar density of
atmospheric water droplets whose diameter exceeds 100 um. Cloud water content
applies to droplets whose diameter are less than 100 um. SW and WVO are
estimated only over water; the other parameters are estimated over different
surfaces as well, using different equations appropriate for the physics of the
surface (land, snow, ice, etc.). A different symbol is used in the final
character for a parameter over a different surface (e.g., RL for rain intensity

over land; CWS for cloud water content over snow).

4.3.1.1 Screening Logic - Oceanic Parameters

As noted above a screening logic is used to identify the surface
characteristic before applying an estimation algorithm. For locations
identified by SMISURFTYP as ocean, the next step is to check for the presence
of seasonal ice - i.e., ice not a part of the multiyear pack ice identified by
SMISURFTYP. This zone of possible ice includes all water (including major
freshwater lakes) poleward of 45 degrees latitude. The brightness temperatures

are checked for the possibility of ice, according to the following logic:
a) IF: TB(19H) and [TB(37V) - TB(37H)] » discriminate

THEN: Perform Ice Concentration (IC) test (b)
ELSE: Surface is OCEAN

72



b) IF: 1Ice Concentration (IC) > discriminate (currently 10%)
THEN: Surface is ICE
ELSE: Surface is OCEAN

The above logic is found in module EDREXT. For the remainder of Section
4.3.1, we will assume the surface has been determined to be ocean. The flow of

control transfers to the module EXTOCN,

4.3.1.2 Estimation of Oceanic Parameters (RO, IWO, SW., CWO, WVO)

The proper coefficients for these parameters are read from the Parameter
Extraction File, based on latitude and season of the SDRs. A formatted
printout of the Parameter Extraction File is found in Tables 4.4-la,b,c at the

end of this section.

EXTOCN next checks for possible rain, according to the following logic:

a. IF: TB(19H) > discriminant (initially 190 K)
OR: [TB(37V) - TB(37H)] < discriminant (initially 25 K)
THEN: possible rain exists (b)
ELSE: RO = 0; LWO = 0; calculate SW, CW0Q, WVO

b. IF: possible rain exists
THEN: calculate RO, LWO; set WVO = indeterminate; calculate SW, CWO if
rain is not too heavy. If the rain is heavy, SW and CWO are

indeterminate as well

All parameter value calculations take place in the module EEUCAR. This
module can use any of the seven brightness temperatures in an equation of the

form:

p = a0 + al*TBl + ... + a7+*TB7
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EEUCAR can also compute a non-linear modified parameter value as follows:

p' = a8 + a9%%p**all

where the coefficients a; are supplied in a data file which can be updated as
needed through SMIFUM, the File Utility Module. Initially no non-linear values
are implemented.

In the initial formulation of the coefficients, no more than four brightness
temperatures are used in estimation of any parameter. Table 4.3-1 presents the
list of channel frequencies and polarizations currently used in estimating the
environmental products. The specific coefficients are presented in Table
4.4-1.

This concludes the discussion of estimation of oceanic parameters. The

structure of the EXTOCN module is shown in Figure 4.3-1.

4.3.2 Jce Parameters

The ice parameters are ice concentration (IC), ice age (IA), ice edge (EF),

and cloud water content over ice (CWI).

4.3.2.1 Screening Logic

The initial screening logic to distinguish ice from ocean was described in
Section 4.3.1.1. 1In Sectiom 4.3.2, it is assumed that the preliminary IC
calculation indicates an ice concentration greater than a discriminant wvalue.
(The initial discriminant is 10%).

4.3.2.2 Ice Parameter Estimation (IC, TA, EF, CWI)
Estimation of IC, IA, and CWI is made by module EXTICE. The location of the

edge is determined by a later processor, EXTEDG, which sets a flag (EF) after

doing an area search of IC values.
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Table 4.3-1 Channels Used to Estimate Environmental Products

PARAMETER 18v 19H Z v I7H BEv 8EH

RL % X
M X X
LWL X X
CHL X X X X
S0 X X X X
STF X
] X
STL X X X X
TLC X X X X
stV X
CAL X X X
Cws X X X X
ST X X X X
TSC X X X X
cas X X X
ENw X X X X
RO X X X X
Sw X X X X
LwQ X X X X
CcHe X ¢ X X
wWvQ X X X X
(o X X
1A X
CWl X X X X
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EXTICE first determines the proper coefficients from the Parameter
Extraction file, based on climatology. IC is calculated in the utility module
EEUCAR, If IC is found to be out of limits, the IA parameter is left
indeterminate.

If IC is within limits, EXTICE next calculates the intermediate variable TV:
TV = (CO +C1l * TB4) / (IC% / 100) + C8

IF: TV < discriminant
THEN: multi-year ice
ELSE: first year ice.

If IC is greater than a set amount (nominally 90%), EXTICE next calculates
CWI in the utility module EEUCAR. Over a mixed background of ice and water,
CWI is left indeterminate. The coefficients CO, Cl and C8 are presented in
Table 4.4-1.

If ice was found to be present, EDREXT calls the edge processing module,
EXTEDG, to mark the ice edge. The same module is also used to mark the edge of

snow if found during land surface processing.

This ends the description of the ice parameters. The logic flow of the
EXTICE module is shown in Figure 4.3-2,

4.3.3 Land Parameters

The land parameters are rain intensity (RL), liquid water content (LWL),
surface moisture (SM), cloud water content (CWx), snow water content (SNW),
surface character (TYPE), surface temperature (STx), and cloud amount (CAx).
Not all these parameters are simultaneously possible; some are mutually
exclusive., The "x" termination may be "L" for land surfaces or "S" for snow-
covered surfaces. The naming distinctions are made in order to distinguish in
code and documentation between equations for the same parameter that
incorporate different coefficients and different physical reasoning. For
example, RL and RO are both estimates of rain intensity; a single location in

the output record is used to record the value. Necessarily, however, different
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equations have been used to generate estimates of Rx, depending on physical

conditions.

4.3.3.1 Screening logic

The screening logic begins in the higher level module, EDREXT, where
discrimination between ice and ocean was made. In the following material, it
is assumed that the SDR surface tag indicates a terrestrial surface (i.e., not

ocean, ice, nor coast). Control then goes to the EXTLND module.

EXTLND has the most extensive screening logic, because terrestrial surface
exhibit a large variety of conditions. A mid-latitude soil surface may be
covered by snow, water, or heavy vegetation; it may be obscured by heavy rain
in the atmosphere; it may be frozen, of normal moisture content, or in a
desiccated state. These changes are of interest in and of themselves; they
also dictate the parameters that can be estimated and the physical principles
that should apply. The result of this screening logic is incorporated in the
TYPE parameter.

The TYPE categories are: flooded soil, heavy vegetation, snow, heavy rain,
glacial surface, frozen ground/wet snow, desert, and arable soil. The logic
for making these distinctions is showm in Figure 4.3-3. Note that
categorizations are based on the five lowest-frequency channels. The 85 GHz
channels are not used for recognition of surface characteristics (at this time)

because of their sensitivity to atmospheric characteristics.

EXTLND first considers whether the surface is flooded, by comparing the 22
GHz V and the 19 GHz V channels:

IF: [TB(22V) - TB(19V)] > discriminant (initially 5 K)

THEN: flooded soil. All parameter values (except TYPE) are left
indeterminate if the surface is flooded.
ELSE: continue.
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a7

EXTLND next compares the average of 19 and 37 V with the average of 19 and

H.

IF: average vertical brightness - average horizontal brightness <

discriminant (initially 4 K)

THEN: heavy vegetation. Control passes to module LNDVEG. As

shown in Table 4.3-2 only four parameters are estimated in

cases of heavy vegetation: surface temperature (STV), rain

intensity (RL), liquid water content (LWL), and cloud water

content (CWL). However, if rain is present (RL # 0), cloud

water content is not estimated because the signal from the

rain dominates the brightness temperatures. Because the soil

surface is masked by the vegetation, no attempt is made to

estimate surface moisture.

ELSE: continue.

EXTLND next compares the 19 and 37 GHz channels:

IF 1: [TB(37V) - TB(19V)] < discriminant (initially 0 K)

THEN 1:

scattering. Control passes to module LNDSCT. The emissivity of a
land surface is normally greater at 37 GHz than at 19. However,
snow on the ground, or heavy rain, causes enough scattering at 37
GHz to depress the brightness below that at 19 GHz. These
conditions can be separated by considering the magnitude of 19 GHz V

brightness.

IF 2: TB(19V) < discriminant (initially 255 K)

THEN 2:

snow. The 19 GHz polarization (#ertical - horizontal) is checked to
decide whether the underlying soil is frozen (SNOWl) or not
(SNOW2). 1If snow is present, the snow parameters are estimated:

snow water content (SNW), surface temperature (STS), snow edge
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(SNE), cloud water content (CWS), and cloud amount (CAS). If the

underlying soil is unfrozen, an estimate of SM is made.

ELSE 2: heavy rain. The parameters of rain intensity (RL), liquid water
(LWL), and cloud amount (CAL) are estimated; the surface moisture
(SM) is set to 25%. The actual surface is, of course, invisible

because of the heavy rain.

ELSE 1: neither snow nor heavy rain. This is the deduction if the 37 GHz
vertical is greater than the 19 GHz vertical. This leads us to
believe soil is visible, or perhaps a glacial surface. Control
passes to module LNDGND. 1If the surface is glacial, three
parameters are estimated: surface temperature (STG), cloud water
(CWL), and cloud amount (CAL). If the ground is frozen, the
additional parameters of rain and liquid water (RL, LWL) are
estimated. If the ground is arable, surface moisture (SM) is
estimated; if the ground is desert, the SM is set to 3%. These

alternatives are shown in Figure 4.3-4,

This concludes the description of the screening logic for the land

parameters.

4.3.3.2 Land Parameter Estimation

Module EXTIND executes the classification logic described above, resulting
in a call to modules LNDVEG (for heavy vegetation), LNDSCT (for snow or heavy
rain), or LNDGND (for soil or glacial conditions). If the surface is
determined to be flooded, EXTLND sets the surface type (TYPE) appropriately,

leaving all other parameters indefinite.

4.3.3.2.1 Heavy Vegetation (module LNDVEG)

The module LNDVEG checks for possible rain by comparing the 85 GHz
brightness to that at 37 GHz:

IF: [TB(85V) - TB(37V)] < discriminant (initially 0)
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THEN: rain exists. Calculate RL, LWL. Cloud water content (CWL) and

surface temperature (STV) are left indeterminate.

ELSE: rain is not present. RL = LWL = 0: calculate CWL and STV.

Surface moisture (SM) is not estimated because the soil is masked by the
vegetation. Cloud amount (CAL) is not estimated because the vegetation looks
similar to a cloud (i.e., a suspension of liquid).

The flow chart for LNDVEG is shown in Figure 4.3-5.

4.3.3.2.2 Scattering by Smow or Rain (module LNDSCT)

LNDSCT first checks the 19 GHz vertical brightness to distinguish between

snow and rain:

IF 1: TB(19V) < discriminant (initially 255 K)

THEN 1: the scattering mechanism is snow. LNDSCT next checks the
polarization at 19 GHz:

IF 2: [TB(19V) - TB(19H)] < discriminant (initially 5 K)
THEN 2: soil under snow is frozen. The EDR TYPE is
set to SNOW 1. Surface moisture (SM) is left

indeterminate.

ELSE 2: soil under snow is not frozen; set TYPE to SNOW 2. Estimate
surface moisture through utility EEUCAR.

For either snow condition, cloud water and cloud amount (CWS, CAS) are

estimated through a call to utility EEUCAR. The presence and amount of

cloudiness affects the estimation of remaining parameters:
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IF 3: cloud amount > discriminant (initially 30%)

THEN 3: leave SNW indeterminate. Estimate surface temperature of snow under

clouds (TSC) through the utility EEUCAR.

ELSE 3: estimate snow water content (SNW) and surface temperature of snow

(8TS) through the utility EEUCAR. -

ELSE 1: the scattering mechanism is heavy rain. Estimate RL and LWL through
EEUCAR; leave CWL and STL indeterminate; set SM to 25%.

The flow chart for LNDSCT is shown in Figure 4.3-6,

4.3.3.2.3 Emission from Soil or Glacial Surface (module LNDGND)

The signature of the brightness temperatures indicates neither heavy
vegetation nor a scattering medium such as snow is present. The module first
checks for a glacial surface:

IF: TB(19V) < discriminant (initially 200 K)

THEN: the surface is glacial. Surface temperature (STG), cloud water

content (CWL) and cloud amount (CAL) are calculated by a call to

EEUCAR. No other parameters are estimated over a glacial surface.

ELSE: the surface is either arable soil, desert, or frozen ground/wet snow.

Before attempting to distinguish them, LNDGND tests for rain:
IF [TB(85V) - TB(37V)] < discriminant (initially 0 K)
THEN: rain may exist. Estimate RL and LWL through the utility EEUCAR.

ELSE: set RL and LWL to O.
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The module next computes cloud amount (CAL) with a call to EEUCAR. This
estimate of cloud amount is used in the following logic: if the cloud amount
is greater than a discriminant amount (initially 30%), surface temperature over
desert (STD), over frozen ground/wet snow (STF), and over glacial surface (STG)

is left indeterminate.

Like heavy vegetation, frozen ground and wet snow (they are
indistinguishable by SSM/I data) appear isotropic; all the brightness
temperatures are very nearly the same (typically in the mid-250's K). The
brightness temperature values are, of course, much larger for vegetation than
for wet snow. (The possibility of heavy vegetation was evaluated above.) The

module next checks for wet snow/frozen ground:

IF: average vertical TB - average horizontal TB < discriminant (initially
3K)

THEN: the surface is frozen ground or wet snow. If rain is occurring (an

unlikely event) no further parameters are estimated.

ELSE: the surface is arable soil or desert. If rain was occurring over ome

of these surfaces, the surface moisture parameter (SM) is set to 25%.

The LNDGND module next calculates cloud water content (CWL). It then goes
on to refine the categorization of surface type. Desert (because of the lack
of vegetation) has a very large polarization and, usually, a large brightness

temperature.

IF: average vertical TB - average horizontal TB > discriminant (initially
20 K) AND average vertical TB > discriminant (initially 265 K)

THEN: the surface is desert. If not too cloudy, the surface temperature
(STD) is estimated by a call to EEUCAR.

ELSE: the surface is arable soil - i.e., it has some reasonable amount of
moisture, it is not obscured by snow or vegetation, it is not dry as a

desert or frozen. Depending on the amount of cloud, an estimate of
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surface temperature for cloudy (TLC) or uncloudy (STL) conditions is

made .

The reader may note that the inferred presence of clouds affects the logic
of the parameters. Over snow surfaces, which scatter microwave radiation,
clouds introduce a source of radiance which obscures the estimate of snow water
content and surface temperature. Over soil surfaces, a better estimate of
surface temperature can be made when 85 GHz data is incorporated in the
estimation algorithm - so long as clouds do not distort that measurement. The

flow chart is shown in Figure 4.3-7.

4.4 Parameter Extraction Coefficients

The coefficients used to multiply brightness temperatures in production of
parameter values are shown in Table 4.4-1. The tables are a formatted printout
of the parameter extraction file, made by a utility program called SMIFUM (File
Utility Module). In addition to printing this report format of the
coefficients, SMIFUM permits modification of the coefficient values. The
coefficients shown here are the only set in existence for the SSM/I; however,
up to a hundred sets can be specified in SSM/I code. This allows different
coefficients for different satellites, and provides for off-line testing with

alternate coefficients.
4.5 Parameter Calculations

Parameter values are calculated in the utility EEUCAR. A flow chart of
EEUCAR is shown in Figure 4.5-1. As noted above, a parameter value can be
based on any linear combination of brightness temperatures; in addition, a
further non-linear value of the form

new value = ¢8 + ¢c9 * (old wvalue)*¥* clO

may be computed if desired by EEUCAR.
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Table 4.4-1a

CLIMATIC ZONE ( 1) TROPICAL — WARM

PARAM ALG  CONST
RL 2 2.0694002
SM 2 1.213+002
LWL 2 5.315+081
CWL 4 6.221-001
STD 4 —-3.640+001
STF i . 000o
ST1G 1 . 000
STL 4 ~-3.640+001
TLC 4 -1.BB0+001
STV 1 .eee
CAL 8 —-6.389+002
Cws 4 —1.450+000
STS 4 3.210+001
TsC 4 7.580+001
CAS @ —1.895+002
SNW 4 3.200+001
RO 4 2.103+002
Sw 4 1.916+002
LWO 4 5.072+001
Cwo 4 -6.524+000
wvo 4 -5.681+001

19v 19H
. 000 .Bee
-4.596-881 8.396-002
.6eo0 . 800
3.680-883 -3.100-0083
.000 -4 .590-601
1.870+000 .600
1.070+200 .600
. 000 -4 .598-081
. 000 -4 .840-001
1.090+800 . 000
. @00 .0eo
. 009 . 800
2.140+000 .800
. 000 4.7686-001
. 000 . 808
5.110-0801 .000
. 000 1.217-001
. 000 4.983-001
. 000 J.0ee-002
.00 -1.590-002
-4 .310-001 .80

22V

.8ee
.60
.0
.08
-1.270-001
800
. 000
-1.270-9801
4.120-001
.e00
.0ee
-1.390-002
1.910+000
1.690+000
. 800
§.420-001
~7.829-001
~4.432-001
-1.881-001
-4 .400-003
1.531+000

DISCRIMINANTS FOR CLIMATIC ZONE ( 1) TROPICAL — WARM

LAND - MAYBE SNOW DELTA

LAND -~ MAYBE HEAVY RAIN MIN
LAND — FROZEN GND (SNOW) DELTA
LAND ~ HEAVY VEG DELTA

LAND — HEAVY VEG MIN

LAND — FROZEN GND ESO!L DELTA :
LAND — FROZEN GND (SOIL) MAX
LAND - DESERT DELTA

LAND —~ DESERT MIN

LAND ~ FLOODED SOIL DELTA

LAND — GLACIAL MAX

LAND — CLOUD COVER MIN

LAND — MAYBE RAIN scno DELTA
LAND - MAYBE RAIN (VEG) DELTA

BAD DATA DELTA
OCEAN — MAYBE RAIN MIN

OCEAN — MAYBE RAIN DELTA
OCEAN — HEAVY RAIN DELTA

w8 a8 SE e SN BS ae #é a8

.
i
.
.
3
H
.
.
H

2.55004002
3.0000+000
2.00008+000
2.5508+002
5.0000+000
2.6000+002
2 .0000+001
2.65004002
5.0000+000
2.0000+002
J.00006+001
. 0008
.9000
~2.0000+000
i.9008040802
2.50004001
1.0000+001

37

-7.340-001
000
~1.495-001
2.5198-002
1.618+000
.eee
.00
1.618+000
1.670+000
.800
.0e0
.80e0
~1.670+000
-2.4304+000
-9 .710-001
-1.850+000
-1.836-001
-9.199-001
-4 .930-002
4.070-002
-1.181+000

3TH

.000
.000
.08
.00
.000
.000
.000
.008
.e0e
.000
~1.705+000
1.770-002
-1.890+008
1.0604000
7.400-001
-6.800-001
9.980-002
3.577-001
2.850-202
4.500-003
4.850-001

asv

-2 .880-802
.0ee
-4 .718-802
~2.680-082
. 008
.e0e
.eee
.6ee
-5.730-801
. 0o
~2.868-001
2.400-004
.00@
. 000
-1.987-001
. 068
.800
.000
. 000
.800
.0ee

85H

.eee
.Bee
.oee
. 000
6.360-002
.200
.000
6.360-002
. 800
.888
7.457-001
5.250-003
.000
. 000
3.678-081
.ooe
.80e
.eve
.6oe
.000
.000

Parameter Extraction File for Climate Zones (1)-(11)

C8 CONST  C9 COEF C19 EXP
.0o0 . oo .80e0
.e00 .oee . 000
.808 . 000 .000
.000 .0ee . 000
.08 .90 .0ee
.800 .000 .00
.000 .000 .B0e
.800 .o .08
. 8008 .boe .800
. 808 .geo . @608
.800 .aee .00
.@ee .0ee .800
.000 .000 .goe
.6oe . 060 .6ee
.008 . 000 .000
.eoe .eop . 008
.80 . 000 .0ee
.ae0 000 .0ee
.00 .900 .09
.000 .000 . 000
.800 .a0e0 . 000
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001

Table 4.4-ta Parameter Extraction File for Climate Zones (1)-(11)

CLIMATIC ZONE ( 5) MID-LAT - SPRING/FALL

PARAM ALG  CONST
RL 2 2.614+002
SM 2 7.115+001
LwL 2 4.236+e001
CwL 4 1.415+000
STD 4 —-3.640+001
STF 1 .oe0
STG 1 .0e9
STL 4 -3.640+001
TLC 4 —1.880+001
STV 1 .@ee
CAL @ —6.389+002
Cws 4 —1.450+000
STS 4 J.210+001
TSC 4 7.580+001
CAS @ —1.895+002
SNW 4 3.2004+001
RO 4 1.2344002
Sw 4 1.2714002
LwO 4 2.500+001
Cwo 4 -5.745+000
WvO 4 -7

19v

. 900
-1.970-0861

. 000
J.600-003

.oee
1.870+000
1.06708+000

.00

. 020
1.0906+600

. 000

. 866
2. 1401000

. 000

. oo
5.118-001

.boe

. 000

. 000

. 000

.2144+001 -5.185-001

DISCRIMINANTS FOR CLIMATIC ZONE

LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND

LAND - MAYBE RAIN

MAYBE SNOW DELTA

MAYBE HEAVY RAIN MIN
FROZEN GND (SNOW) DELTA
HEAVY VEG DELTA

HEAVY VEG MIN

FROZEN GND $SOIL DELTA

FROZEN GND
DESERT DELTA
DESERT MIN

SOIL

MAX

FLOODED SOIL DELTA

GLACIAL MAX

CLOUD COVER MIN

MAYBE RAIN

BAD DATA DELTA
OCEAN — MAYBE RAIN MIN

OCEAN — MAYBE RAIN DELTA
OCEAN — HEAVY RAIN DELTA

GND; DELTA
VEG

DELTA

e #s sr s am

1

9H

-3.

78e-002

-5.
-4 .

400-003
590-001

. 000
. 608

4,
-4 .

590001
840-001

. 800
.00
. 008
.000

. 780-001

. 608
. 000

o b

.819-901
. 788-001
.290-002
.708-003

22v

.0e8

. 000

.ee0

.@e9
~1.270-001

.eeo

.0e9
—-1.278-001
4.120-001

.00

. 000
~1.390-882
1.910+000
1.690+000

. 009
9.420-001
-4.070-001
~2.546-001
-3.990-002
-6.200-003
1.137+000

37V

~4.595-@01

=5.

-1

wd.
-8.

-1

-5.
-7

-1

3:
-2.

. 000

480-002
.620-0802
.610+000
.00

.0ee

.6i10+000
.670+000
. 000

. 800

. 00e

.670+000
4301000
710-001
.850+000
117-001
162-001
. 2050601
B7e-002
gi16-0a1

( 5) MID-LAT - SPRING/FALL

- et h)

WRoORNNNNOAONRNWN

. 0G0ea

.5580+002
.0000+000
.0000+000
.5500+002
.0000+000
.6000+0082
.0000+0081
.6500+002
.0000+000
.00004+002
.pove+enl

. 00080
. 0000

.be0e+e0e
.900e+ea2
.5000+001
.0000+001

I7H

.000

. 000

. 000

.000

.o

.000

.eee

. 6o

. 000

. 000
-1.70e5+000
1.778-002
-1.890+000
1.060+000
7.400-001
—-6.800-001
2.969-001
2.030-801
3.100-002
~4.700-003
5.200-002

asv

-5.178-801
.00
-~1.0832-001
-3.690-002
. 000
. 000
. 000
. 068
-5.738-801
. 600
~2.868-001
2.400-004
.000
.00
~1.987-001
. 000
.000
.800
.00e
.000
.08

B5H

. 200

. 000

.0ee

. 900
6.360-002

. 000

.6ee
8.366-082

. 6o

. 800
7.457-001
5.250-003

. 000

.000
3.678-001

.000

.00e

. 000

. 000

. 000

. 200

(Con't)
CB CONST C9 COEF Ci1e EXP
. 908 . 000 . 000
.00 . 0008 ,00@
. 000 . 900 . 000
. 800 . 000 .80690
. 808 . 000 , 000
.00 . 009 . 600
. 000 .00 . 000
. 8ee . 200 . epo
. 200 . 900 . a0
.00 . 000 .600
. 000 . 000 . b0
. 000 . 000 .60e
. 000 . 000 . 000
. 000 . 000 . 008
. 000 .0oo . 000
. 000 . 900 . 60a
. 000 . 069 . 008
.8ee . 000 . 008
. 008 . 000 . oo
. 000 . 000 . 000
. 0Do . 08D .poe
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Table 4.4-1a Parameter Extraction File for Climate Zones (1)-(11) (Con't)

CLIMATIC ZONE ( 7) MID-LAT - WINTER
CONST

PARAM ALG

RL

SM

LWL
CWL
STD
STF
STG
STL
TLC
STV
CAL
CWs
STS
T5C
CAS
SNW
RO

SW

LwWO
CWO
wvo

h#*b&h@&h‘ﬂ‘&&‘ﬂ&ﬂvu””l

2.907+002
8.584+001
5.
1
3

22540081

.208+1008

-3 .640+001

=1

-1
7

. 000

. 000
-3.
.BBo+a01
. 000
-6.
.450+000
.
.580+001
.B95+002
.208+001
. 1464002

640+001

3B9+002
2104001

599+001

.462+001

~6. 1414000
~7.681+001 —-6.020-001

-1
3
1
9.
3
6
7

18V

T

.818-881
. 008
.009-003
. 000
.078+000
.870+000
. 000
. 000
.090+000
. 8006
. 800
.140+000
. 000
. 908
.11e-0801
. 000
.00
.000
. 000

19H

. 200
~-4.000-003

. 068
3.3e0-003
-4.590-081

. 060

. 200
-4.590-001
-4 .840-001

.00e

.00e

. 800

.@e0
4.780-001

.80

. 000
2.706-001
6.106-001
4.740-002
~7.000-004

.80

22v

.0ee

.@eo

.eee

. 000
-1.276-601

N

. 600
-1.270-001
4.128-681

. 800

.epe
-1.390-062
1.910+4000
1.690+000

. 200
9.420-001
-6.228-001
-3.034-001
-5.920-002
-6.100-003
B8.850-001

DISCRIMINANTS FOR CLIMATIC ZONE ( 7) MID-LAT — WINTER

LAND ~ MAYBE SNOW DELTA

LAND - MAYBE HEAVY RAIN MIN
LAND ~ FROZEN GND (SNOW) DELTA
LAND ~ HEAVY VEG DELTA

LAND ~ HEAVY VEG MIN

LAND ~ FROZEN GND (SOTL DELTA
LAND - FROZEN GND (SOIL

LAND ~ DESERT DELTA

LAND ~ DESERT MIN

LAND ~ FLOODED SOIL DELTA

LAND ~ GLACIAL MAX

LAND ~ CLOUD COVER MIN

LAND ~ MAYBE RAIN icuo DELTA
LAND ~ MAYBE RAIN (VEG) DELTA

BAD DATA DELTA
OCEAN — MAYBE RAIN MIN

OCEAN — MAYBE RAIN DELTA
OCEAN — HEAVY RAIN DELTA

sa ne ws o=w

se se e me ew

WNORNNNNORNNWEN

.booe
. 0000

- - B

.5500+002
.0000+000
.0000+000
.5500+002
. 00001000
. 60204902
. 00001001
.6500+002
.eep21000
.0000+082
.0p00+001

. 000041000
.geoe+ee2
.5ee0+001
.0000+001

37V

-37868-001
. 008
-6.878-002
4.156-002
i.610+000
000
000
i.6104+000
1.670+000
. 0060
.00
.000
-1.670+000
-2.430+000
-9, 718001
-1.8508+000
-2.836-001
-4 638001
-1.749-001
3.950-902
2.270-001

J7H 8sv
.000 -7.026-001
. 000 .eee
. boe -1.278-001
. 000 -4 .910-0082
.0ee .0ee
. 800 .oee
. 000 .80e
.660 .o0e
.pee =5, 730-801
.8ee .008

-1.7085+000 -2.868-0061
1.776-002 2.400-004

~1.890+008 .e0@
1.060+0800 .e00
7 .400-001 -1.087-001
-6 . 800001 .00a
2.521-001 .008
1.920-082 . 008
6.230-002 . 000
-5.900-003 .008
-1.890-081 .888

B5H

.0oe
.00
. 0o
.0ee
6.360-002
.000
.000
&.360-002
. 060
.80
7.457-801
5.250-9003
.00
.e00
3.678-081
.eee
.00
.0060
. 000
.080
. 080

C8 CONST C9 COEF Cio EXP
.000 .09 .aaa
.000 .eoe .0ee
.eee .08 .aee
.0008 .@08 .0ee
.08 .g00 .eee
.oee . 000 . 000
.0e0 . 000 .69
.ee0 .boe . 000
.Boeo .bee .00e
.e0a . @00 .00e
. 008 . 800 .000
.b6ee .000 . 000
.ee0 .000 . 000
.Beo . 000 . 800
.8e0 .eoea .00ee
.6ee .8ee . 009
.000 .0ee . 000
.8ee . 000 . 080
. 000 . 000 .000
.000 . 000 . 800
.600 .00 .boo
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Table 4.4-1a Parameter

CLIMATIC ZONE (10) POLAR - COOL

PARAM ALG  CONST 19v

RL 2 2.172+002 .0e9

SM 2 6.359+001 -9.950-002
LWL 2 1.711+001 . 000
CwL 4 1.658+000 -3 300-003
STD 4 —-3.640+001 .0oe
STF 1 . 000 1.870+000
STG 1 . 008 1.070+000
STL 4 -3.640+001 . 800

TLC 4 —1.880+001 . 000

STV 1 . 800 1.090+000
CAL @ —~6.389+002 .00
CWS 4 —1.450+000 .000

STS 4 3.2104001 2.140+000
TsC 4 7.588+001 .00

CAS 2 -1.895+002 . 000
SNW 4 3.200+001 5.110-001
RO 4 9.543+000 . 000

SW 4 1.304+002 . 000

Lwo 4 J.091-001 .000
Cwo 4 -4.098+000 . 000
wvo 4 -7.681+001 -6.020-001

DISCRIMINANTS FOR CLIMATIC ZONE (18) POLAR

LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND

(I O A A

I O P

MAYBE SNOW DELTA
MAYBE HEAVY RAIN MIN
FROZEN GND (SNOW) DELTA
HEAVY VEG DELTA
HEAVY VEG MIN

FROZEN GND
FROZEN GND

SOIL
SOIL

DESERT DELTA

DESERT MIN

DELTA
MAK

FLOODED SOIL DELTA

GLACIAL MAX

CLOUD COVER MIN

MAYBE RAIN
MAYBE RAIN

BAD DATA DELTA
OCEAN — MAYBE RAIN MIN

OCEAN - MAYBE RAIN DELTA
OCEAN — HEAVY RAIN DELTA

{

GND
VEG

DELTA
DELTA

ws

B8 sm wn ws @s ws se ss

Extraction File for Climate Zones (1)-(11) (Con't)

19H 22v
.000 .000
-1.378-001 . 008
.000 . 800
1.700-003 . 000
—-4.596-001 —1.270-801
. 000 . 000
.000 . 600
-4.590-0881 -1.276-0801
-4.B840-081 4.120-001
. 000 .ee0
.0o0 . 800
.00 -1.390-002
. 800 i.910+000
4.780-081 1.690+000
.000 . 000
.00 9.42e-001
1.796-08@1 -2.109-001
3.676-0@1 -1, 58e-801
2.090-002 —-4.900-003
~6.600-003 —1.300-003
. 000 8.850-001
- COOL
. 8080
2.5500+002
3.0000+000
2.8000+000
2.55004002
5.0000+000
2.6000+002
2.0000+001
2.6500+002
5.0000+000
2.9000+002
J3.0000+001
. 0000
. 0000
~2.0000+000
1.9000+002
2.50e8+001
1.0000+001

37V

-4 .850-001
. 000
-2.130-002
2.940-002
1.610+000
. 0008
.eeo
i.618+000
1.678+000
.000
. 000
.00
-1.676+000
-2.438+000
-9.710-001
-1.050+000
1.214-001
—-8.400-001
3.700-003
2.300-002
2.270-001

37H

.8ee

.000
-1.705+000
1.778-002
-1.8908+000
1.060+000
7.400-001
-6.800-001
~7.530-002
3.056-001
-1.420-002
2.000-003
—-1.890-001

85v

—4.020-001

. 800
—4.176-002
-3.140-002

.008

. 000

. 000

.80
-5.730-0801

.ee0
—2.868-001
2.400-004

.Bee

. 000
-1.987-001

.00

. 8008

. 000

.000

.8080

. 000

85H

.aoe
.0ee
. 008
. oo
. 360-002
. 000
. 000
. 360002

.457-001

5.250e-0ee3

. 800
.000
.678-001
.00
. 000
.80
. 000
.000

CB CONST C9 COEF Cci1@ EXP
.@oe .bee .08
.eee . 000 .eee
.eee .00 . 009
.0008 . 080 .00
.000 . 060 . 000
.800 . 000 .eee
. 000 . 000 .eee
.00 . 000 . 000
.000 . 000 . 000
.000 . 000 . 000
.000 . 000 . 080
.00 . 800 .000
. 008 . 200 . 000
.ee0 . 800 . 000
. 0080 . 000 .eeo
.00 .eee . 000
. 000 . 000 .00
.000 . 000 . 000
. 000 .000 . 000
. 000 . 000 .000
. 000 . 000 .80
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Table 4.4-1a Parameter Extraction File for Climate Zones (1)-(11) (Con't)

CLIMATIC ZONE (11) POLAR — COLD

PARAM ALG  CONST 19V

RL 2 .000 .20

SM 2 .e00 . 800

LWL 2 .200 .poe

CwWL 4 6.579-001 -4.000-003
STD 4 -3.640+001 . 800

STF 1 . 000 1.870+008
STG 1 .600 1.87e+000
STL 4 -3.640+001 .0ee

TLC 4 -1 .886+001 . 000

STV 1 . 0080 1.0906+0800
CAL @ —6.389+002 . 000

CWs 4 —1.4506+000 .88

STS 4 3.210+001 2.140+000
TsC 4 7.58e+001 .ge8

CAS 8 —1.895+002 .aee

ShW 4 J.200+001 5. 118-001
RO 4 2.41e+e01 .000

SwW 4 1.176+802 . 000

LWO 4 —-B.477-001 .0ee

CWo 4 -3.629+000 .eee

wvo 4 -7.681+001 —-6.020-001

DISCRIMINANTS FOR CLIMATIC ZONE (11) POLAR

LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND
LAND

[N T O CO O O

MAYBE SNOW DELTA
MAYBE HEAVY RAIN MIN
FROZEN GND (SMNOW) DELTA :
HEAVY VEG DELTA

HEAVY VEG MIN

FROZEN GND
FROZEN GND

{

SOi
SOl

DESERT DELTA

DESERT MIN

L) DELTA
L) MAX

FLOODED SOIL DELTA

GLACIAL MAX

CLOUD COVER MIN

MAYBE RAIN
MAYBE RAIN

BAD DATA DELTA
OCEAN — MAYBE RAIN MIN
OCEAN —~ MAYBE RAIN DELTA
OCEAN — HEAVY RAIN DELTA

GND
VEG

DELTA
DELTA

19H 22v
.00 .000
. 000 . 008
.80e0 .0ee
2.300-803 . 008
-4.590-001 —1.276-8081
. 000 .bee
.0ee .80
-4.590-001 —1.270-001
-4 .840-001 4.120-001
.0ee . 800
.oee .800
.00 -1.396-002
.800 i.918+000
4.780-e81 1.6906+000
. 009 .080
.8ge 9.420-001
8.250-002 1.367-001
4.225-001 —1.899-001
4.800-083 1.770-002
-4.700-08083 -2.106-003
. 000 8.850-001
- COLD
. 0000
2.55004+002
3.0000+000
2.0000+000
2.5500+002
5.0000+000
2.6000+002
2.0000+001
2.6500+002
5.0000+000
2.00004002
J.6é0es+801
. 0000
.0000
-2.0000+000
1.9000+002
2.5000+001
1.eee0+001

3V

.000
.000
. 000
2.860-002
i.610+008
.000
.008
1.610+000
1.670+000
.000
.08
.0080
-1.670+000
-2.430+000
-8.718-001
-1.058+000
-3.411-001
~7.096-801
-1.370-002
2.120-002
2.270-001

3l ¢

.

»

. .

-

Hi]

-1.7085+000
i.770-@082
~1.890+000
i.060+000
7.400-001
-6.800-901
8.430-002
2.081-001
-1.400-003
1.100-003
-1.890-001

asy

.800
.80
.0oe
-2.6506-002
.000
. 000
.6ee
. 800
-5. 730001
.80
-2.868-801
2.400-004
.0ee
.000
—1.987-001
.goe
.000
. 000
.000
.60e
.000

85H

.08
.000
.000
.000
6.360-002
.000
.008
6.360-002
. 000
.000
7.457-801
5.250-003
.000
.000
3.678-001
.200
.aee
.00e0
.000
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Table 4.4-1b Parameter Extraction File: Transmissivities for Climate Zones (12)-(17) (Con't)

CLIMATIC ZONE (16) MID-LAT - WINTER

6071

CLIMATIC ZONE (17) POLAR — COOL

CHANNEL/SURFACE TYPE CONST i9v 19H 22v 37V 37H 85v 85H
19GHZ—LAND 1.872+000 2.540-003 -2.033-003 3.206-004 -1.832-003 -7.001-003 5.391-003 1.027-003
22GHZ-LAND 1.509+000 7.299-003 -2.279-063 -4.963-883 -2.655-003 -D.400-003 B.165-083 5.139-085
37GHZ—-LAND 4.895-001 3.514-003 -2.460-003 2.212-065 -1.252-002 -7.250-003 1.145-002 6.974-003
BSGHZ—-LAND 7.195-0e1 1.285-002 —1.752-863 -9.709-903 -3.205-002 -2.666-003 1.844-002 1.381-002
19GHZ-0CN 2.4114000 -1.321-002 -8.232-004 3.826-003 -B.247-003 6.435-003 7.167-003 -3.447-003
22GHZ-0CN 2.458+000 -9.258-003 -4.598-9004 -2.470-003 -B.474-003 6.587-003 9.214-003 -3.994-003
37GHZ-OCN 2.9434+000 -1.941-002 5.158-883 2.791-803 -1.123-@02 2.887-003 1.191~802 -3.289-00@3
B5GHZ—-OCN 3.217+008 -5.240-903 2.082-003 1.539-004 -2.009-002 5.989-003 1.317-802 -B.522-003
19GHZ-ICE 1.006+000 6.166-004 7.450-004 —1.154-003 -2.444-003 1.706-003 ©.809-003 -9.615-083
22GHZ—ICE 1.2114008 4.941-803 ~1.276-003 -5.190-003 -6.695-003 9.510-003 1.519-002 -1.6906-002
37GHZ~-ICE 6.846-001 -1.746-003 §5.523-003 6.262-004 -1.904-003 -5.772-003 2.697-002 -2.349-002
85GHZ-ICE 6.418-801 -1.552-004 3.9D04-083 -1.318-003 ~8.254-003 3.428-003 6.173-002 -6.042-002

CHANNEL/SURFACE TYPE CONST 19V 194 22v 37v ITH asv 85H
19GHZ—LAND 5.282-001 1.494-003 —1.942-003 2.274-003 2.575-003 -1.338-902 1.615-983 7.742-803
22GHZ—-LAND 1.368+000 2.789-003 -2.330-003 1.255-003 1.139-003 -1.613-002 1.536-083 8.349-003
J7GHZ-LAND -5.260-001 2.830-003 -2.571-003 2.111-003 2.929-003 -2.320-002 8.322-003 1.280-002
BSGHZ-LAND 4.051-821  7.132-003 ~1.354-003 -6.150-083 -1.649-002 -1.478-002 1.559-002 1.453-002
19GHZ~OCN 2.856+000 -1.802-002 2.383-903 -5.660-985 -~-3.339-8063 1.497-003 4.936-903 -1.325-003
22GHZ-OCN 1.927+000 -2.143-003 4.537-063 -1.012-002 -2.209-003 -1.238-003 6.169-003 -2.566-004
37GHZ-OCN 2.BB7+000 -1.765-082 5.818-003 1.196-003 -1.185-802 1.572-803 1.172-802 -2.431-003
B85GHZ-OCN 4.407+000 -7.839-083 4.691-003 -—4.330-005 -1.665-002 2.183-003 4.806-003 -4.008-003
19GHZ-ICE 9.264-001 2.187-803 1.918-903 -3.855-003 5.325-805 -2.712-803 1.277-002 -1.054-002
226HI-1CE 1.1304000 5.324-003 1.447-003 -8.911-083 -2, 301-003 1.139-003 2.036-682 -1.825-002
37GHZ-ICE 4.188-601 2.394-803 6.634-003 -4 .988-803 3,145-003 -1.334-002 3.337-002 -2.628-002
85GHZ-ICE 2.889-001 4.200-003 3.699-003 -7.166-003 2.957-803 -B.955-003 6.793-002 -6.297-002
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Table 4.4-1c Parameter Extraction File: Sea Ice

CLIMATIC ZONE (18) POLAR — COLD

CHANNEL/SURFACE TYPE  CONST 19V 19H 22v 37V
19GHZ—LAND 9.996-001 2.253-003 -2.009-004 -2.117-003 -3.143-003
22GHZ-LAND 1.276+000 6.305-003 -2.462-004 -6.521-003 -6.325-003
37GHZ~LAND 5.402-001 2.798-883 -6.509-804 -1.842-003 -7.586-003
B5GHZ—-LAND 5.593-001 1.128-002 -1.507-003 -9.672-803 —1.933-0802
19GHZ-OCN 1.046+000 —-1.294-002 1.792-983 2.363-004 -—4.602-003
22GHZ-OCN 2.3184000 —1.086-9002 2.464-003 -5.102-003 -3.777-003
37GHZ—OCN 3.1204000 —1.937-002 5.246-003 1.185-003 -—1.173-002
85GHZ—OCN 5.1844000 -1.381-002 6.377-003 -3.852-004 -1.515-0802
19GHZ—ICE 1.006+000 6.166-004 7.450-004 -—1.154-003 -2.444-003
22GHZ~-ICE 1.2114060 4.041-283 —1.276-003 -5.198-803 -6.605-083
37GHZ-1CE 6.846-001 —1.746-003 5.523-903 6.262-004 -—1.904-003
85GHZ- ICE 6.418-001 —1.552-004 3.984-983 -1.318-003 -8.254-003

CLIMATIC ZONE (19) POLAR — COOL

PARAM ALG  CONST 19v 19H 22v 37V 37H 85v

IC_ 2 1.188+e00 .e@e “eve “ooe -1.760-002 1.760-802 .000
1A ® -2.1914002 .000 .000 .00 1.105+000 .000 .000
cwli 4 3.415-801 —1.000-003 —4.500-803 .000 -6.670-002 7.440-002 .000

DISCRIMINANTS FOR CLIMATIC ZONE (19) POLAR - COOL

MULTI-YEAR LEVEL 2.2800+802

CLIMATIC ZONE (2@) POLAR — COLD

PARAM ALG  CONST 19V 19H 22v 37V 37TH 85V

IC 2 1.178+ee0 .eee T ~ee0 -1.760-092 1.760-002 .000
1A ® -2.1774002 .000 .000 .000 1.105+000 .000 .000
cwl 4 -2.882-001 -3.000-004 -1.218-802 .000 -3.200-902 4.680-002 .000

DISCRIMINANTS FOR CLIMATIC ZONE (28) POLAR ~ COLD

MULTI-YEAR LEVEL 2.1860+002

37TH

-2.
.832-083
.@831-002
.949-802
.550-003

.096-003
.733-003
. 786-8083
.510-003
.772-003
.428-003

~1
-1

Gl D e = G

685083

B5H

. 000
.000
.00

85H

. 000
.20
. 808

8s5v 85H
2.754-003  2.432-003
3.825-003 1.989-003
8.293-803 9.148-003
1.815-082 1{.794-002
8.889-003 -3.128-003
8.947-083 -3.119-003
1.305-002 —-3.650-0@3
4.317-003 -3.681-003
9.809-003 -9.615-003
1.519-982 —1.690-002
2.697-002 -2.349-002
6.173-002 -6.042-002
CB CONST C9 COEF  Ci1@ EXP
_000 -000 000
1.936+002 .000 000
.900 .000 000
CB CONST C9 COEF C19 EXP
.pee . 000 . 000
1.923+602 . 900 . 0090
.000 .000 .9e0
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5.0 SENSOR HEALTH STATISTICS

The SSM/I Sensor Health Module (SMISHM) CPC provides to the user statistical
information for use in monitoring the stability of the SSM/I sensor. Three
types of information are provided: calibration data, from the SSM/I
Temperature Data Record (TDR) File; brightness temperatures (TBS) data, from
the SSM/I Sensor Data Record (SDR) File and the Out-of-Limits File; and
environmental data, from the Out-of-Limits File. SMISHM gathers the
information from the files, calculates statistics, checks the statistiecs
against fixed limits, and provides pertinent information to the user in two
forms: a printed report format and a permanent Data Exchange Format (DEF) File.
The DEF File made by SMISHM is called the Quality Data Record (QDR) File.

The QDR File contains QDRs for the last twenty SSM/I readouts processed.
Each QDR is made up of four data blocks: the Calibration Data block, the TBS
Header block, the TBS Data block, and the Environmental Data block. The
Calibration Data block contains TDR header information, TDR calibration
statistics, limits for these statistics and a calibration out-of-limits flag
indicating how many calibration parameters have been determined to be out-of-
limits. The TBS Header block contains SDR header data, quality data checks,
and a TBS out-of-limits flag indicating how many TBS parameters have been
determined to be out-of-limits. The TBS Data block contains SDR brightness
temperature statistics and limits for these statistics. The Environmental Data
block contains Out-of-Limits File header information and counts, maximum limits
for the counts, and an environmental out-of-limits flag indicating the number
of enviromnmental counts determined to be out-of-limits. The QDR File format is
shown in Figure 5-1.

The SMISHM component is normally run serially after SMISDP and SMIEPE
execution. SMISHM calls for special operator attention in instances when
certain statistics have been determined to be outside of specified limits

causing the program to abort. Figure 5-2 shows the structure of the SMISHM
CPC.

To perform the above functions, SMISHM first sets up the processing

environment., This involves reading the user overrides and setting the print
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PROOUCT IDENTIFICATION BLOCK
(28 BYTES)

DATA SEQUENCE BLOCK
(32 BYTES)

CALIBRATION DATA DESCRIPTION BLOCK
(1318 BYTES)

TBS HEADER DATA DESCRIPTION BLOCK
(94 BYTES)

TBS DATA DESCRIPTION BLOCK
(478 BYTES)

ENVIRONMENTAL DATA DESCRIPTION BLOCK
(622 BYTES)

CALIBRATION DATA BLOCK
(232 BYTES)

TBS HEADER DATA BLOCK
(32 BYTES)

TBS DATA BLOCK
(786 BYTES)

ENVIRONMENTAL DATA BLOCK
(208 BYTES)

(CALIBRATION, TBS HEADER, TBS AND
ENVIRONMENTAL DATA BLOCKS REPEATED
19 TIMES)

END OF PRODUCT BLOCK
(6 BYTES)

FIGURE 5-1 QDR FILE FORMAT
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pROCESS T8S || AccumulaTE || TBs wrap-uP PROGESS ACCUMULATE CALIBRAS N
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FIGURE 5-2 SMISHM STRUCTURE CHART




diagnostic flags if the user has indicated diagnostics are desired. The user
may choose to print diagnostics by setting the option, OP5, in the NAMELIST and

one or both of the following suboptions:

1. OP5CAL - to print calibration diagnostics.

2. OPS5TBS - to print brightness temperature diagnostics.

To finish initialization of the processing environment, SHISHM sets up the
QDR buffer. This is done by either: (1) reading the pre-existing QDR File into
the buffer, and setting up the buffer so that the oldest QDR is deleted and a
new QDR can be inserted; or by (2) requesting a new permanent file, making the

QDR DEF header blocks and packing them into the QDR buffer.

Once the processing environment has been established, the primary functions
of SMISHM begin. Each type of data is separately processed. First processed
is the environmental data. The local Out-of-Limits File written by SMISDP and
SMIEPE is read. The environmental data contained in the file are header
information (i.e., spacecraft ID, rev header number, beginning scan start time,
and ending scan start time) and counts for each of the 23 environmental
parameters. The counts are the number of calculated values that have been
determined by SMIEPE to be out-of-limits for a particular envirommental
parameter. The counts are checked against maximum count limits. If the count
is determined to be greater than or equal to its limit, the environmental out-
of-1limits flag is incremented. (This flag is processed later in SMISHM wrapup
functions.) To conclude envirommental data processing, the Environmental Data

block is made and an environmental processing summary is printed.

TBS data are then processed by SHISHM. The header information contained in
the SDR File is read and two data quality checks from the Out-of-Limits File
are read. These data are stored in the TBS Header block. No limit checks or
statistics are made on these data; it is provided for information purposes
only. The "All SDRs" flag contained in the header information is checked to
determine whether the TBS data are to be processed. Only SDR Files with all
SDRs processed are processed by SMISHM. Next, every all-channel scene station
in the SDR File is checked to determine if it falls into one of the specified

latitude and longitude areas defined in Table 5-1. If it does, the brightness
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temperature values for the scene station are accumulated. This allows the mean
and variance brightness temperature for each of the SSM/I channels for each
area to be determined later. Once each scene station is processed, the final
statistics are calculated and checked against set limits. If the mean and/or
variance for a parameter is determined to be outside of the set limits, the TBS
out-of-limits flag is incremented. To conclude TBS data processing, the TBS

Data block is made and a TBS processing summary is printed.

Table 5-1 Latitude-Longitude Areas Selected for Statistical Analyses

LAT LONG SURFACE

(0=S. POLE) (+EAST) TYPE
N Doldrums 89 - 91 0 - 360 Ocean
2, Antarctic Ocean 30 - 32 , 0 - 360 Ocean
3. Antarctic Glacier 0 - 15 0 - 360 Antarctica
%. Arctic Ice Pack 165 - 180 90 - 230 Ice
5. Congo Ran Forest 90 - 91 10 - 30 Veg. Land
6. Amazon Rain Forest 90 - 91 280 - 310 Veg. Land
7. Greenland 160 - 170 310 - 330 Veg. Land
8. Sahara/Sudan Desert 113 - 114 345 - 30 Land
9, Australian Desert 66 - 67 120 - 145 Land
10. Arabian Desert 68 - 69 42 - 58 Land

Calibration data are then processed. SHISHM reads the TDR File and stores
the header information for making the Calibration Data block. Then every tenth
scan of the TDR File is read and processed. The calibration data are read,

unpacked, and accumulated in order to calculate the following parameters:

(a) Mean and variance of spin period over entire readout.

(b) Mean and variance of hot load thermistor temperature for each scan

read and the average of these statistics for the entire readout.

(c) For each channel: mean and variance of hot load counts for each scan
read and the average of these statistics for the entire readout.
(d) For each channel: mean and variance of cold load counts for each scan

read and the average of these statistics for the entire readout.

(e) Mean and variance of RF mixer temperature for the entire readout.
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(£) Mean and variance of forward radiator temperature for the entire

readout.

(g) For each channel: mean, maximum, and minimum values for slope and

offset over the entire readout.
(h) For each AGC setting: counts of level changes.

Once all the data are accumulated and the statistics determined, specified
parameters are checked against set limits. If the parameters are determined to
be outside these limits, the calibration out-of-limits flag is incremented.
Calibration data processing is concluded by making the Calibration Data block

and printing a calibration processing summary.

Lastly, SMISHM begins the termination processing. The QDR buffer is written
to the QDR File in record lengths of 332 Cyber words. The file is then
cataloged/extended, closed, and returned. The three out-of-limits flags are
then checked. If the flags are over specified limits, a special message is
written indicating such and the program is aborted. This action alerts the
operator to potential sensor problems. If the flags are within limits, SMISHM

ends processing with a successful termination message.

Two types of errors can occur during SMISHM processing, fatal and non-fatal.
Fatal errors are classified as errors which cause an abort or force the job to
termination. When a fatal error occurs, a fatal error message is issued and
the job is halted. A non-fatal error causes SMISHM to issue a warning message

and continue processing of the next type of QDR data.
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6.0 DATA FORMATTING

Under the direction of the Federal Coordinator for Meteorological Services
and Supporting Research a number of groups have been tasked with the
development and documentation of standards for the exchange of weather
information and protocols of communication among agencies. The objective of
DEF (Data Exchange Formats) is to promote efficient exchange of information
among providers and efficient application by users. The initial report,
"Standard Formats for Weather Data Exchange Among Automated Weather Information
Systems" (FCM-52-1982), prepared by the Task Group on Communication Interfaces
and Data Exchanges, establishes standards of data formats for a number of
product types. Specific file formats for SSM/I DEF files are described in
SSM/I Data Requirements Document (Hughes Aircraft Co., Ref. no. FS813, February
1986).
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APPENDIX A

A Comprehensive Description of the

Mission Sensor Microwave Imager (SSM/I)
Environmental Parameter Extraction Algorithm

I. Introduction

The Mission Sensor Microwave Imager (SSM/I) is a joint Navy/Air Force
project. It is a passive microwave radiometric system developed by the
Hughes Airecraft Company (HAC) under the direction of the Navy Space Systems
Activity (NSSA) and the Air Force Space Division to be flown on the Defense
Meteorological Satellite Program (DMSP) operational spacecraft as an all

weather oceanographic and meteorological sensor.

The SSM/I is a seven channel, four frequency, linearly polarized,
passive microwave radiometric system. The instrument measures atmospheric/
surface brightness temperatures at 19.3, 22.2, 37.0 and 85.5 GHz (1). These
data will be processed by the environmental parameter extraction (EPE)
algorithm in place at the Fleet Numerical Oceanography Center (FNOC) and the
Air Force Global Weather Center (AFGWC) to obtain near real time
precipitation maps, sea ice morphology, marine surface wind speed, columnar
integrated liquid water and soil moisture percentage. These products will
be distributed to Navy and Air Force DMSP operational sites to satisfy their
unique mission requirements. They will also be made available to the
general scientific and industrial communities through the METSAT data
archival agreement between the National Oceanic and Atmospheric
Administration (NOAA) and the Department of Defense (DOD).

The SSM/I data processing algorithm was developed at Environmental
Research & Technology, Inc. (ERT) under a sub-contract from HAC. The
algorithm is composed of two major modules (2). The first module, SMISDP,
ingests and processes raw satellite data to produce earth-located brightness

temperatures (TB'S). The TB's are then processed through the second module,
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SMIEPE, which is the environmental parameter extraction algorithm, to
produce estimates of ocean, land, and ice parameters., Large volumes of
documentation of the SSM/I data processing algorithm software and data files
exist (e.g., 3,4,5).

The environmental parameter extraction module retrieves the
environmental parameters using the brightness temperatures as independent
variables in linear regression equations. The regression coefficients,
which reside in a data file as part of the software system, are determined
using geophysical models, radiative transfer models, an inversion algorithm,
and climatology, which are not part of the SSM/I software. The

documentation of these important components is scanty and often outdated
(2‘6,7'8)-

The purpose of this report is to present a comprehensive digest of the
EPE algorithm and the related models for those interested in the SSM/I and
its applications. The substance for this report has been taken from all the
previously mentioned references and a software listing of the geophysical
models provided by Dr. Kenneth Hardy (9), the former leader of ERT's SSM/I
team, This report includes an overview of the EPE algorithm, the
geoﬁhysical models involved, and the coefficients and important criteria
used in the development of the retrievals of environmental parameters.

II. The Development of the SSM/I EPE Algorithm

II.A. The D Matrix Approach

The EPE algorithm, except for ice morphology, is based on the so-called
D-matrix approach. It is a statistical method which chooses the most
probable atmospheric and surface properties that produce the set of measured
brightness temperatures (TB's). The formalism for the statistical approach
starts with the assumption that there exists some linear combination of TB's
which will provide information about the geophysical parameters in question.
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That is to say:

n
P % e ;g% D'y Ty where i = 1, ===, m .

or in vector form

]
P =D'T, 22,1

#
where Pi is the estimate of the i-th parameter Pi’ 'I"j is the TB of the j-th

radiometric channel and D;J is the (i,j)=th element of the D matrix.
The D matrix used in the SSM/I EPE algorithm is "tuned" to the average

value of each parameter, This is accomplished by transforming the vector T
into !

¢ (M =0, T, -T

T s g T - Tn). (11.2)

n

The effect of this transformation is to add a column to the D matrix which
contains the ensemble averages of the parameters,

»
P = D¢ M, (I1.3)

where D is the new D matrix with dimensions (m, n+1).

The elements of the D matrix are defined by miminizing the mean square

error between the predicted and the actual values of the parameter P It

i.
can be shown that
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D=C (P, )°C7 (o, 9, (T1.4)

> R - == o
where C (P, ¢) is the correlation matrix between P and ¢ and 271 (¢, ¢) is
the inverse of the auto-correlation matrix of b

The development of the D matrix is demonstrated in Figure II.1.
Radiosonde records and climatology are compiled to define the geophysical
system including the atmosphere and the earth surface for radiative transfer
calculations. A list of the desired environmental parameters is given in
Table II.1. The atmosphere and surface data ére used to simulate TB's and
thus ¢(T) through a geophysical-radiative model. Half of the P and ¢ arrays

are used to calculate correlation matrices and the D matrix (See equation
II.4). The other half of the ¢ array is used to test the validity of the D

L
matrix by comparing the ground truth P to the estimated values, P which are
calculated through equation II.3. The D matrices installed at FNOC and

AFGWC have been tested through this procedure,

II.B. Separate Schemes for Each Climate Zone

The assumption of linearity between P and T is not satisfied over the
entire earth. Instead of adding higher order terms in the regression
equations, a number of climate zones have been selected for the SSM/I EPE
algorithm. For each of these zones, linearity is assumed. The climate
zones are defined in Table II.2, A D matrix is developed for each of the
climate zones. The D matrices of the transition zones, are averages of

those of neighboring zones.

Due to the limitation of computing facilities at AFGWC, the maximum
number of channels used for the retrieval of each parameter is limited to
four, The channel selections for all the parameters are shown in Table
II.1. For example, the regression equation for the sea surface wind speed

is
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Table 1II.1 Data Channel utilization table for SSM/I

PARAMETERS FREAUENCIES (GHz) V| v Vv
SW SURFACE WIND SPEED, OCEAN X X X
RO PRECIPITATION OVER OCEAN X X X
CWOo OCEAN X X X
CHWL CLOUD WATER LAND X X X
LWO OCEAN X X X
LWL LIQUID WATER LAND X
SM SOIL MOISTURE, LAND X X

RL PRECIPITATION OVER LAND X
1€ CONCENTRATION X
IA SEA ICE CONDITIONS AGE X

iE

EDGE LOCATION




TABLE II.2 Designation of SSM/I Climate Zones

Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec

Land 3 3 3 3 1 1 1 1 1 1 3 3
Trop
Qcean 4 4 4 4 2 2 2 2 2 2 2 2

Mid Land 9 9 5 5 5 T b 7 5 5 5 9
Lat
Qcean 10 10 6 6 6 8 8 8 6 6 6 10

Land 13 13 3 H 1 11 " 11 1 13 13

il
(¥

Arctic

—
=

Ocean 14 14 14 12 12 12 12 12 12 14 14

tropical warm/land
tropical warm/ocean
tropical cool/land
tropical cool/ocean

mid lat spring-fall/land
mid lat spring-fall/ocean
mid lat summer/land

mid lat summer/ocean

mid lat winter/land

mid lat winter/ocean
arctic cool/land

arctic cool/ocean

arctic cold/land

arctic cold/ocean

153 transition zones

as g8 we

a8 @0 gg

— el
N e OW O -1 U £ N -
i e wp Wb

]

— —
= w
»

A. Lower Latitude transition zones (LLTS) are between tropiccs and mid lat,

a. LLTS warm/land
b, LLTS warm/ocean
e, LLTS cool/land
d, LLTS cool/ocean

B. Upper Latutide transition zones (ULTS) are between mid iat. and arctie
a. ULTS cool/land
b. ULTS cool/ocean

¢, ULTS cold/land
d. ULTS cold/ocean
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SW o= do + d1 TB(19H) + d2 TB(22V) +d TB(BTV) - dn TB(37H),

3
where do' "".du are D matrix coefficients. The value of the coefficients

for each environmental parameter for all climate zones will be described in
Section IV,

II.C. Piecewise Scheme

Even though all the environmental parameters for each climate zone can
be simultaneocusly extracted, the results may not be meaningful. For
example, if there is heavy rain over land, the brightness temperatures will
not be sensitive to the cloud water and soil moisture conditions,
Similarly, when there is heavy rain over ocean, cloud water and sea surface
wind retrievals would not be reliable. The SSM/I EPE algorithm employs the
so-called piecewise scheme, to determine which parameters to retrieve based
on the values of certain TB observations. The piecewise schemes for ocean
and land are depicted in Figures II.2 and II.3. The choice of parameters to
retrieve is mainly based on rainfall. The criteria for determining whether
there is no rain, light rain, or heavy rain are different for each climate
zone, They are listed in Section IV,

The retrieval of ice parameters, including concentration and age, is
accomplished through a deterministic approach. The ice algorithm is
developed directly from physical relationships rather then through
regression. The description of the physics of ice morphology and retrieval
will be presented in Sections III and VI.

III. The Geophysical-Radiative Model
The radiative transfer theory is used to simulate the brightness
temperature obtained by a remote sensing platform, such as a satellite,

observing the earth-atmosphere system. A geophysical model which specifies

the physical and electromagnetic properties of the atmospheric and the
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earth's surface provides the necessary input parameters to the radiative

transfer theory.

III.A The Radiative Transfer Model

For microwave radiation, the important atmosperhic parameters are water
vapor, oxygen and liquid water, both in the form of cloud water and rain.
The form of the liquid water governs the method of calculation for the
extinction coefficient and the solution to the radiative transfer equation.
When liquid water exists in small droplets such as found in clouds, the
attenuation is predominantly by absorption and calculations are relatively
straight forward. But in the case of rain, water drops are so large that
scattering effects must be considered. The Mie theory is employed to
calculate the extinction coefficient including both absorption and
scattering effects, An interative algorithm is needed to solve the

radiative transfer equation.

The radiative transfer equation, with the Rayleigh-Jeans long
wavelength approximation, for the intensity of thermal radiation from a
blackbody can be written as

dTB(z.e)

———— = Tg(Z,8) - T(D), (III. 1)
dr

where TB is the brightness temperature, a function of height, Z, and of look
angle 6, T is physical temperature and t is the opacity. In the absence of
scattering, the 'I‘B sensed by a satellite can be expressed as (9)

- o -1
TB(Z,B) = TB1(Z.B) + [(1 R}TG + R TB ; e ’ (I11.2)

where Z is the height of the satellite, R is the effective surface
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reflectivity, T is the total opacity of the atmosphere along the line of

sight (nepers) and TG is the surface temperature (K). The quantities TB
1

and TB are proportional to the upward emission from the atmosphere and the
2

downward emission from the atmosphere plus attenuated sky background

radiation and are given by

Z
ts [‘r(z') sech dz')
Ty # T(z) Y(z) e sec® dz, (ITI.3)
1 0
" .
(=fY (2') sec?® dz')
T, =T e“T +‘/J'I‘(z) Y(z)e " sect dz, (III.4)
52 sky -

Z
where T =/T(z) sec® dz and Y(z) 1is the total opacity at
o

height z, representing the sum of contributions from water vapor, oxygen,
and cloud water droplets.

Equations III.2 thru III.4 are valid for all non-precipitating
atmospheres., When precipitation is present multiple scattering effects are
coupled with absorption. The Mie theory is based on the diffraction of a
plane monochromatic wave by a sphere with a homogeneous, complex index of
refraction. By examining the dissipation in the sphere and the scattered
wave produced, it provides the information necessary for the calculation of

the extinction coefficient and single scattering albedo,

The Mie efficiency factors for scattering, absorption and extinction

are defined as the ratio of the actual to the geometric cross-sections.

Al2



Q. = X /vrz J = § (scattering)
A (absorption) (III1.5)
E (extinetion),

where y is the actual cross-section and r is the raindrop radius. By

definition QE & QA + QS' The single scattering albedo is
w, ® QS/QA (I11.6)

The extinction coefficient is determined by integrating the efficiency

factor over the drop size distribution encountered in the rain.

e = NP Q (R (4,T), A,r) rar (I11.7)

where N(r) is the number of drops of radius r in a unit volume, X is

wavelength, T is index of retraction and T is temperature. The radiative

transfer equation for the scattering medium can be written as

dTB(t',u)

\ = TB (T"]J) - TS(T',’J) (III-B)
dt

where u is the cosine of vertical zenith angle, 7' = t/u and Tq is the

source function

1
TS = [1 - mo(t')] T(t',u) - 22é£llr:4rp(u,u') Ty (t',u") du' (III1.9)

where P is the phase function, The integral equation for TS with the

boundaries included can be written as
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-T w (g) o

(o]
Tgl) = D=6 (DI AT =T e )+ = [Tsm E, (] = 1]dr

T#* =-(T* = 1)

mo(-:) u

i 'l:".2('rl - 1) [(1-R) TG + Ro Ts('r) e d_-r_] (ITI.10)
"

where * is the total optical depth of the atmosphere and En is
E, (x) =-4[1 e(-xj") un—? du (III.11)

For the solution of the source function TS defined in equation (III.10) and
thus the brightness temperature, a variational-iterative approach is used
(10, 11,

ITI.B The Atmosphere Model

The physical electromagnetic properties of water vapor, oxygen, and
liquid water as defined in the ERT model are described in this sub-section.

ITII,B.1 Water Vapor

The extinction coefficient due to water vapor was described by Gaut
(12). Laboratory measurements and theoretically generated data were used to
examine and modify the expression formulated by Van Vleck and Weisskopf
(13). For all but the highest frequency, i.e., 85.5 GHz, of the SSM/I
instrument, only the absorption line at centered 22.235 GHz is considered.
The extinction due to water vapor can be seen as composed of two distinct
portions, They are the so-called resonance and non-resonance components,
the former being the contribution from a nearby water vapor absorption line
while the latter is due to the slowly varying absorption wings of more
distant lines.
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%) = Y pes (20 4 Yy won(®
N ka?&“ vz T(z)'2'5 . [-644/T(2)] Av 5 Av - -
(v-vo) + Av (v+vo) + Av
2 -1.5
+ 5'k2 pm(Z)v T(z) Av z x 100 (I11.12)

where y (z) is the absorption due to water vapor at height z (nepers/m),

v is frequency (GHz), vy is the reference frequency (22.235 GHz) and Ky ka

are constants.
k, = 3.5175 x 1073;  k, = 5.0920 x 107
The half-width of the absorption line, Av, is defined as
av = 2,62 (P(2)/P) (T(2)/1)70"%%% [1 4 0.15 o, (2) T(2)/P(2)]  (II1.13)

where P(z) is pressure at height z (mb), Po is 1013.25(mb), and To is 318.0
(K) L ]

For 85,5 GHz, eight water vapor rotational spectral lines are included
in the calculation of the absorption coefficient. The reference frequencies
of these lines and other significant parameters are listed below.

i Vo Stn(i) C1(1) 02(1) texp(i) t1(i) t2(i) Sp(i)
1 22.235 .0549 2.7057 .01976 .626 446,39 Ua7.17 3
2 183.310 .1015 2.8800 .01906 .649 136.15 142.30 1
3 323.159 .0870 2.2956 .01952 420 1283.02 1293.80 3
& 323.758 . 089 2.7876 .02050 .619 315.70 326.50 1
5 377.418 . 1224 2.8440 .02102 .630 212.12 224,71 3
6 389.709 .0680 2.1060 ,02035 .330 1525.31 1538.31 1
T 435,874 .0820 1.5000 .01976 .290 1045, 14 1059.68 1
8  U437.673 .0987 1.7700 .02253 .360 742,18 756.18 3

Al5



The resonance portion of the absorption coefficient, 7w(z). is given by

8 3

w,Res i=1 T(2)
(LIT.4)
0 - 2] [ g" e 2]tm(i) ;
(v° - Vo) + by~ o
where Sp(i) is the spin mode and Stn(i) is the line strength.
(1)
P(z) To exp
Av = C1(i) 'P;“;—" e 1 + CZ(“ pw(z) T(z)/P(z)] , (III,15)
where texp is the exponent for the temperature term and
tl(i) tz(i)
tm = exp[-1.1&3897 Tz | -~ eXP -1.43879——.1:'(;5‘
[tl(i) - tz(i)]
if  -1.43879 T . e (III.16a)
- t. (1)
_ 0.04796 1
tm(i) = l’o(i) ——W exp [“1.,"3879(.1-(2) )]
{t1(i) - te(i)]
if  -1.43879 D < 0.ts (III.16b)
The non-resonance term is defined as
8
Ztexp(i)
1.5 +£1—-———~—-—-
-9 P(z) 5
y (z) = 1.2375 x 1077 5 (2) = ‘ we,  (II1.17)
w, Non W
P T
. 0
and the total absorption due to water vapor is then
T“(Z) = TH,ReS(Z) + vaNon(z). (I1I.18)
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I111.B.2 Oxygen

The Van Vleck and Weisskopf (13) formulation for the absorption line
shape is adopted for the calculation of absorption due to oxygen.

-3
7,(2) = C, P(z) (760/1013.25) T(z) »°
2 4. . . - s .2 . —
i= f.[1(21+3)/(1+1)]+fi[(i+1)(21—!)/i]+2f [ i) (231 701
1,852 1 o
where f‘;' = Ap{ 100% ) - v)?' +Av23 + B2EOT D) v)2+ szl}
and '
€ = & VIO =0® « &%+ 17007 « 002 s a2, (I1I.20)
300 n.85
Mv = a'P(2)(0.21 + 0.78 ) -.i.-m) . | (I1I.21)
where = 0.25 if P(z) > 365.51 mb
= 0.75 P(z) < 25.5 mb
X 365.51 365.51 _
= 0.25 + 0.5 Q,n(—-ﬂ—ﬂ-)/gn(—-gT;-), if 25.5 < P(z) < 365.51;
f‘o = m/(u2 +Au2):
C, = 0.61576 «x 10™3 :

(1.95 x 760/1013.25) x 1073,

"

and 0%(i) and 07(i) are line shape parameters for the absorption lines.
They are defined by Rosenkrantz (15) and are listed in Table III.1.
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TABLE III.1 Line Shape Parameters for the Absorption Due to Oxygen

i o%(1) 07 (1)
1 56.2648 118.7505
3 58. 4466 62.4863
B 53.5910 60,4863
7 60.4348 59,1642
9 61.1506 58.3239

11 61.8002 5T.0125

13 62.4112 56.9682

15 62.9980 56,3634

17 63.5685 55.7839

19 64,1272 55.2214

21 64,6779 54,6728

23 65.2240 54,1294

25 65.7626 53.5960

27 66.2978 53.0695

29 66.8313 52,5458

31 67.3627 52.0259

33 67.8923 51.5091

35 68.4205 50.9949

37 68.9478 50,4830

39 69.47u41 49.9730

41 70.0000 49, 4648

43 70.5249 48.9582

45 71.0497 48,4530
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ITI.B.3 Liquid Water

a. Cloud droplets

The absorption coefficients of cloud droplets for all frequencies
except 85.5 GHz are calculated based on the formulation by Staelin, et. al.
(14). When there is no precipitation,

[0.0122¢(291-T(2)) -4.0] (3,42 (II1.22)

1&(2) z Cw(z)oio
where Cw(z) is the cloud water density at height z.
For the 85,5 GHz, the Raleigh-Jeans approximation is used for the

calculation of the absorption coefficient
1(2) = 1.88685 x 1073 G (2)1./(30/4), (1I1.23)

where If is the imaginary part of (—m2+1)/(m2+2) and m is the complex index
of the refraction of water.

The absorption of ice cloud particles is calculated according to the
following formula, assuming the temperature is below freezing, or
T(2)<273.16 K.

-(5.11 + 0,145V 273.16-T )

1t(z) 2 [0.2302585-Cu(z)¢10 17(307v) . (ITI.24)

b. Precipitation

Precipitation is the primary contributor to atmospheric attenuation
at microwave wavelengths. The attenuation results from both absorption and
scattefing by the hydrometeors. The magnitude of these processes depends
upon wavelength, drop size distribution, and precipitation layer thickness.

In the case of light rain, when it is permissible to neglect the
effect of multiple scattering, the attenuation due to precipitation can be
calculated according to equation III.12 and III.18. The liquid water con-
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tent and the rain rate are assumed to be related by the Marshall-Palmer
distribution function

21\t .
L, = 1.28 x 10710 -(.1.‘_5-9_25—-) , (I11.25)
+3.67

where Lw is liquid water content (gm/mB) and RR is rain rate (mm/hr.)

For heavier rain, the multiple scattering effect will be included
through the aigorithm described in sub-section III.A, equations IIl.5 thru
III.11. One of the essential elements for the algorithm is the drop size
distribution. The empirically observed spectra of Laws and Parson (16) is
used to fit the Deirmendjian drop size distribution for the SSM/I rain
algorithm. The Deirmendjian distribution is defined as

C

2
n(r) = Arc' e (_Br ) g (I11.26)

where n(r) is the drop size distribution (cm-3um'l), r is the radius of

‘raindrop (um), and A and B are scale parameters.

we, N [(C1 + h)/021
A5 e (":') , (III.27)
3 Tw '

where M is the total liquid water content (gm/m3),

-]
by 3
M=p | — rn(r)dr, (I1I.28)
LA A I
o
e -C
N 2
B *(‘(T;)’o " (111.29)
and r_ is the mode radius (um). The shape parameters are C, and C,. The

former of these affects the distribution of the smaller radii while the
latter affects the larger radii.
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The analytical results from fitting the Laws-Parson empirical spectrum

are:

M = 0.636 (RR*58")  (gm/em3), where BR is rain rate (mm/hr),

.881 )
ry s 225 + 9,16 (RR Yo (ro) iy 375 (um),
¢, = 4.0, (I1I.30)
c.=0.70 - 0.00458 (RR"28Yy,  (c.) = 625
2 * ! 2" min * :

This formulation relates the rain rate to mode radius and liquid water
density. It parameterizes the distribution as a function of rain rate only
and thus simplifies the solution to the Deirmendjian distribution. On the
other hand, it still retains the sensitivity of scattering to drop size,
which would be lost if the Marshall-Palmer distribution is used. Figure
ITI.1 shows the good agreement between the Deirmendjian model and the Laws
and Parson distributions.

For weak storms with low rain rate (RR < 8 mm/hr), the ceiling for the
rain layer is assumed to be the O C isotherm. For more intensive convective
storms, the ceiling is usually higher with a super-cooled water layer on
top. Thg thickness of the layer, Zinc
convection. In the ERT algorithm, the thickness of the supercooled layer,

y depends on the intensity of
AZ, for rain rates in excess of 8 mm/hr, is given as
AZ = (RR = 8.0) zinc; AZ < Azmax' (III.31)

where zinc and azmax are determined from climatology (17). The values used

are given below:
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Figure III.1 The matching of the Deirmendjian raindrop size distribution
used in model computations to the observed Laws and Parsons
distributions.



Zinc (m/hr) AZ max (m)

mm

Tropics Land 50 800
Ocean 50 800

Mid Lat Land 100 1600
Ocean 50 800

Arctie Land 25 400
Ocean 25 400

ITII.C The Surface Model

III.C.1 OQOcean Surface

The calculation of the emissivity of a smooth water surface is
relatively straightforward. The dielectric properties of sea water, derived
from the measurement of Lane and Saxton (18) and expressed in analytical
form by Chang and Wilheit (19) are used for the SSM/I algorithm. The
Fresnel equations for a plane dielectric interface are used to calculate the

emissivity of the smooth surface for a given view angle and polarization.

Wind driven waves and foam on the ocean surface both significantly

alter the microwave reflectivity of the ocean surface. Wind speed is highly
variable both horizontally and vertically. Marine wind speed measured from

a ship is usually referenced to a standard height of 20 meters. However,
the wind speed which directly relates to roughness and foam is the friction
velocity at the ocean-air interface. The relationship development by
Cardone (20) is used to extrapolate it to the standard 20 meter height.

The ocean surface model developed by Wilheit (21) is adopted in the
SSM/I algorithm. The roughness effect is modeled after Cox and Munk (22)
treating the sea surface as a collection of plane facets large compared to
the observational wavelength, The variance in sea surface slope is defined
as a function of wind speed and then used for calculation of emissivity
assuming a Gaussian slope distribution for the facets and using the Fresnel
relations. The derived wind speed dependence of the surface slope variance,

02. is given by
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(0.3 + 0.02f) (0.003 + 0,u48w) for £ < 35 GHz;
0.003 + 0.U8w for f > 35 GHz, (ITI.32)

where f is frequency in gigahertz (GHz) and w is‘the wind speed (m/sec) at
20 meter height.

Foam is treated as partially obscuring the surface in a manner indepen-
dent of polarization but dependent upon frequency. The foam fraction, K, is
defined as

0.006 (w-=7) (1 = e-f/7'5) for w > 7 m/sec

0 w < T m/sec, (III.33)

-~
1

1]

This equation is based on Nordberg's (23) observation that the
brightness temperature increases linearly with wind speed exceeding 7 m/sec,

and that no foam forms below that wind speed.

IIT.C.2 Land Surface

The description of the land surface is extremely complex due to the
many types of surfaces and the variation of the physical characteristics
within each surface type. At present, the only land surface parameter
retrieved by the SSM/I1 algorithm is the soil moisture for open land areas.
Criteria have been developed to separate other land surface types sﬁch as
forest and lakes from the open land areas.

The intensity of radiation from scil depends on the local dielectric
constant and the physical temperature of the soil. Moisture produces a
marked increase in both the real and the imaginary parts of the dielectric
constant of soil, leading to a decrease in the soil emissivity. Experi-
mental observations and theoretical calculations indicate that the
emissivity of soil at microwave frequencies can range from >0.9 for dry
soils to 0.6 for very moist soils.

A generalized incoherent layered surface model (24), was used to
simulate expected SSM/I soil moisture brightness temperature signatures.

Assume that there are N soil layers, with the atmospheric layer above and an
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infinitely deep layer, with constant temperature and moisture content,
below. The brightness temperature emerging at the soil surface for the

horizontal polarization, TBH’ is given by

H

N + 3

where T(i) is the temperature of the i-th layer and dz(i) is the depth of

the i-th layer. The weighting function w(i), is defined as

i=1
- z:g(m) dz{m)
m=1

w(ii) = e " {I11.35)

where g(m) = Lrv/c e A(m). Here c is the speed of light
and Alm) = ¢(m)/(2 B(m)], where ¢ (m) is the imaginary part of the
dielectric constant of the m-th layer.
o MR
B(a) = f0u5 ¥(w) » [1+ (1 + (@) )} (111.36)

and Y(m) = eR(m) e sinad, where tR(m) is the real part of the dielectric

(1)

constant of the m~th layer and # is the incidence angle. The term, T

RH
is the transmission factor of the i-th layer for horizontal
polarization and is given by
Tpuli) = (1 - By(1)leveeee 1 - R(1-1)], (II1.37)

where RH(i) is the horizontal extinction coefficient for the i-th layer.

c, (1) - ¢ _(i+1)] 2
Rﬂ(i) = , where va(i) = (B(i), A(i)). (II1.38)
va(i) + va(i # 1)

The brightness temperature for vertical polarization, TBV' emerging

at the surface is

N : 4
Ty = 2o T(i) Wli) To(4) [1 - g 8ld) dali)) oy R,(1) g(1) dz(i)]. (III.39)
i=1
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Here T is the transmission factor of the i-th layer for vertical

ALY
polarization;

T ) = (1 - RV(l) (1 - Rv(z))"~'-°-{1 - Ry(i-1)), (III.L0)

gy¢d
where Rv(i) is the vertical extinction coefficient for the i-th layer.

e(1)c, (i+1) - e(is1) ¢ (1) |°

Rv(i) = , where (i) = (ER(iJ, EI(i}). (X1l k)
e(i)C  (i+l) + e(i+l) C_ (i) '
wv WV

The dielectric constant is a function of frequency and soil moisture.
For the 19.35 and 22.235 GHz channels, results from the study by Wang et.al.
(25) are adopted. Let SM be soil moisture in percentage. The rzal part of
the dielectric constant, ER’ is given by '

SM < 7 eg = 2.67 + 0.1 8,
T <SM<19.25 eg=3.37T + 0.78 (M - 7), (1I1.42)
19.25 < SM €p = 12.92 + 0.23 (SM - 19.25),

and for the imagniary part, EI’ by

SM < 10 £y ® 0.08 sM,
10 < SM < 19 er = 0.80 + 0.57 (8M - 10), (II1.43)
19 < SM €. ® 5.93 + 0.28 (SM - 19).

. The results from the study by Geiger and Williams (26) are adopted for
the dielectric constant of soil at 37.0 and 85.5 GHz. Here

en = (1/0.885)(-2.8426 + 1.053 SM - 0.033808 M2 + 3.3k x 10~% sM3)

and (III.LL)
_ ) S =43

€. = (1/0.885)(-1.2981 + 0.2925 SM + 1.T9 x 107 "SM~ - 1.L465 x 10 SM”).
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At the higher frequencies, there is little sensitivity to soil moisture
much below the earth surface. It suffices to calculate the reflection
coefficient through the Fresnel coefficients using the dielectric constants
specified above. ’

Choudhury and Schmugge (27) have developed a simple correction factor
to the reflectivity to take the surface roughness into account. The

corrected reflection coefficient is given by

2
R'(8) = R(s) el~h cos™8) (111.45)

where

i 2
h = ho®(2n/2)%.
02 is the variance of the surface roughness, A is the observational

wavelength and h at 19.0 GHz is assumed to vary between O and 0.6.

III.C.3 Sea Ice

The upwelling brightness temperzture of a scene containing sea water
and various amounts of sea ice is a function of the ice concentration, ice
emissivity, the physical temperatures of the ice components, and the amount
of water vapor and liquid water in the atmosphere (6,7). The ice can be
composed of first year (FY), multi-year (MY) or first-year thin ice (FT).
The vertically polarized up-welling brightness temperature sensed by the
SSM/I radiometer is expressed as

- g™t ° ° -
TBV =e |c F(Efva * (1“£fv)Ts) G M(emva + (1 Emv)Ts)

+ C(1-F-M) (e (1-, JT.) + (1C)(e T + (1-¢ )T )]

e

#7 (III.46)
atm



where 7 = total atmospheric opacity,

C = fraction of sea ice (includes all types within field of view),
F = fraction of FY ice relative to total ice present,
M = fraction of MY ice relative to total ice present,

‘fv"mv"tv = vertically polarized surface emissivities of
FY, MY and FT ice,

— vertically polarized surface emissivity of sea water,

Tf’Tm'Tt = surface temperature of FY, MY and FT ice,

Tw = surface temperature of sea water,

Ts = incident sky temperature at the surface due to atmospheric
downward self-emission, and

Tatm = contribution from atmospheric upward self-smission.

An approximate expression for r at a 50° earth incidence angle for
(v =6.6 to 37 GHz) is

¥ 8 2'28” L, (III.47)
. | |

where A is the observational wavelength (em) and L'is the integrated
vertical column of liquid water and water vapor (cm). An expression similar
to equation III.U6 exists for horizontal polarization. Ideally all SSM/I
frequencies with different sea ice dependencies can be used to solve for
Cy, F, and M simultanedusly. However, limitations at the AFGWC computing
facility prevent the use of all the SSM/I channels in a single algorithm. A
simpler but reliable algorithm was developed.

Results from a study on ice emissivities (28) are presented in Table
III1.2. The difference between the vertical and horizontal emissivities at

37 GHz exhibits significantly less dependence on ice type than does the
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Table III.Z2 Emissivity of ice

6cY

_ WATER j
ICE TYPE my FY ICE FY THIN ICE CALM SEA
POLARIZATION** v H Vv H \ H \ H
FREQ, GI{1Z
19.35 086 | 0.73 097 | 0.84 096 | 0.78 0.60 | 0.33
37 069 | 0.64 097 | 095 0.96 | 0.87 0.70 | 0.40
37 (V-H) 0.05 0.02 0.09 0.39

**\/ — VERTICAL: H — HORIZONTAL; 50° EARTH INCIDENCE ANGLE



polarization difference at 19.35 GHz. Furthermore, the polarization
difference at 37 GHz is less sensitive to ice type than either the 37.0 GHz
vertical or horizontal brightness temperatures, Therefore, the difference
TBV(BT) - TBH(3T) can be employed to obtain accurate estimates of ice
concentration.

A sensitivity study was performed to determine the uncertainty of ice

concentration using only the two 37 GHz channels (6,7). For winter

conditions
o - - -
Tf = Tt = 260°t 107K Ae = £, €, = 0.05 £ 0.05
Tm = 250 £ 107K A = 0.81 em
TH = 271K
L =0,025 £ 0,025 cm,

aﬁd for instrument noise contributions of AT = O K and AT = 1 K, ice
concentration retrieval accuracy ranges from 7% when C = 100% to 6% for low
ice concentrations. The uncertainty for low ice concentration arises mainly
from atmospheric variability, while for high ice concentration, variability
in ice emissivity is the main source of uncertainty. These analyses
indicate that the 37 GHz channels will provide an adequate margin for ice
concentration measurements. Thus, the proposed algorithm to retrieve ice

concentration, IC, is

IC = Ao + A1 [TBV(BT) - TBH(37)], (ITI.48)
where AO and A1 are constants computed using equations III.46 and III.47 for
the vertical polarization and equivalent equations for TBH' Climatologically
significant mean values of ice temperatures, atmospheric liquid water
content, and mean values of ice emissivities are used as input to these
equations. A and A, vary with season. They are presented in Section IV.
Dr. Rene Ramseier of the Atmospheric Environment Service of Canada has
conducted many experiments to test the SSM/I ice algorithm using NIMBUS-7
SMMR 37,0 GHz data. Slight adjustments of coefficients were made to
accommodate the difference in satellite geometry. Results from this study

shows good agreement in ice concentration and ice edge between SSM/I ice
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Climate Code No.

- OWoo~oWU Wi -

TABLE IV.1 Definition of Climate Codes

A3l

Definition

Tropical-warm

Tropical-cool

Lower Latitude Transition-warm
Lower Latitude Transition-cool
Mid. Lat.-Spring/Fall

Mid. Lat.-Summer

Mid. Lat.-Winter

Upper Lat. Transition-cool
Upper Lat. Transition-cold
Polar-cool

Polar-cold



determine which parameters to retrieve and which not to. It is designed to
avold meaningless retrievals and to use computing facilities most
effectively. The criteria given for ocean cases include the critical
temperature of the 19.35 H brightness temperature ‘for the 'maybe rain' case
CMRO, and the critical brightness temperature difference between the two
polarizations of the 37 GHz frequency for 'maybe rain', CMRDO. When either
of the two criteria is met, i.e., when TB (19H) is greater than CMRO or when
TB(37V) - TB(BTH) is less than CMRDO, the algorithm assumes that there is
rain, The criterion for 'heavy rain' over the ocean, CHRDD, is also based
on the difference in TB between the two 37.0 GHz channels., When TB(BTV) -
TB(B?H) is less than CHRDO, the 'heavy rain' condition is assumed.

For land retrievals, there is a criterion, CFGL, defined to test for
frozen ground., If TB(3TV) is less than CFGL, the algorithm assumes frozen
ground and considers soil moisture retrieval impossible. The retrieval
algorithm also examines the 37 GHz brightness temperatures for 'heavy rain’
using the criteria CHRL and CHRDL. The vertical channel brightness
temperature is checked against the criterion CHRL. 1If it is less than CHRL
and the difference between the two polarizations is less than CHRDL, 'heavy
rain' is assumed and both the soil moisture and the cloud liquid water over
land will not be retrieved. If the 'heavy rain' condition is not met, the
algorithm then checks the 37 GHz brightness temperatures using criteria CMRL
and CMRDL in a similar way to CHRL and CHRDL for the 'maybe rain' condition.
If no rain is indicated, the rain rate over land and the liquid water over
land are set to zero. The piecewise algorithm criteria are listed in Table

IV.2 for the eleven climates.
IV.B Ocean Retrievals

IV.B.1 OQcean Surface Wind Speed (SW)

The response of brightness temperature at 19,35 H & V, 22,235 V, and 37
V & H to ocean surface wind speed is demonstrated in Figure IV.1 for a
tropical clear atmosphere. The calculations are made at the look angle of

the SSM/I. Note that the horizontal channels are more sensitive to wind
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Climate

CMRO
CMRDO
CHRDO
CFGL
CHRL
CHRDL
CMRL
CMRDL

- OO0~V W N -

—
1] " u " 1] 1] i

Code CMRO

190
190
190
190
170
190
160
150
140
150
140

Criterion
Criterion
Criterion
Criterion
Criterion
Criterion
Criterion

Criterion

TABLE IV.2 Criteria for the Piecewise Algorithm

for
for
for
for
for
for
for

for

CMRDO CHRDO CFGL CHRL CHRDL CMRL CMRDL

25 10 150 273 10 263 5
25 10 150 273 10 263 5
25 10 150 273 10 263 5
25 10 150 273 10 263 5
25 20 240 270 10 240 -l
25 15 150 270 10 263 5
30 20 240 270 10 240 _—
35 20 240 270 10 240 e
35 20 270 270 it 270 -
35 20 240 270 10 240 e
35 20 270 270 e 270 s

maybe rain over ocean for TB(19H)

maybe rain over ocean for TB(BTV) - TB(37H)
heavy rain over ocean for TB(37V) - TB(3?H)
frozen ground for TB(37V)

heavy rain over land for TB(37V)

heavy rain over land for TB(37V) - TB(37H)
maybe rain over land for TB(37V)

maybe rain over land for TB(37V) - TB(37H)
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Figure IV.1 Brightness temperature as function of frequency and wind
speed.
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speed than the vertical channels. The SSM/I wind speed retrieval algorithm A

is given by

SW =C + C TB(19H) + Csw'

T (22V) ° (IV.1)
Sw,0 SW, 1 B

2

+ C (37V) + Csw 4 TB(BTH),

sW, 3 TB '

!
where SW is surface wind speed. The coefficients for all eleven climates

are listed below:

Climate Code Csw,o Csw.1 Csw.z Csw,3 Csw.u
1 191.5600 .14903 -. 4432 -.9199 3577
2 168. 3900 .5366 -, 4548 -. 7656 .2635
3 177.3150 .3913 -.2818 -1.0083 L4095

ol 147.7600 5077 -. 354T -.T409 2333
5 127.1300 .4788 -.2546 -.T162 .2030
6 163.0700 .2923 -. 1204 -1.0967 L4612
7 95.9940 6106 -,3034 -. 4638 .0192
8 130. 4200 . 3676 -. 1508 -, 8400 . 3056
9 117.5900 . 4225 -.1899 -.7096 .2081

10 130. 4200 . 3676 -. 1580 -. 8400 . 3056

11 117.5900 4225 -.1899 -.7096 .2081

IV.B.2 Precipitation Over Ocean (RO)

At lower frequencies, such as 19.35 GHz, rain is highly absorptive and
results in an apparent warm brightness temperature over a cold background
such as the ocean. With increasing rain rate, the difference in brightness
temperature between the two polarizations at a given frequency tend to
decrease., These two characteristics are demonstrated in Figure IV.Z2.

The SSM/I data channels selected for retrieval of rain over ocean are
19,35H, 22.235V, 37.0 V & H. The algorithm for the retrieval is given by

RO = C + C TB(19H) + Cl_‘o

ro,o ro, 1 TB(22V) (Iv.2)

Ve

+ Cro,3 TR(37V) + Cro,& TB(3TH).
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The coefficents for all climates are:

Climate code cro.o Cm'1 G0 . Cro.3 Cro,u
1 210.2800 1217 -.7829 -. 1830 .0998
2 215.1800 .1026 -.8059 -. 1944 . 1354
3 173.0400 . 1938 -.6500 -.2291 .0808
y 169.2900 . 1523 -.6065 -.3531 L2162
5 123. 4000 L2019 -. 4070 -.5117 .2969
6 135.8000 .2659 -.5170 -.2751 .0618
7 114.5500 .2708 -.6228 -.2836 .2521
8 3.5432 1796 -.2109 1214 -.0753
9 24,1020 . 0825 . 1367 -. 3411 .0B43
10 9,5432 . 1796 -.2109 L1214 -.0753

11 24,1020 . 0825 . 1367 -. 3411 .0843.

IV.B.3 Cloud Water (CWQ) and Liquid Water (LWO) Over Ocean

The SSM/I retrieval algorithm for liquid water in the atmosphere
ineludes two separate components. One of these, CWO, retrieves the amount
of liquid water contained in cloud droplets, defined to be less than 100 m
in diameter. The dominant radiative process for droplets of this size range
is absorption for the SSM/I frequencies. The2 response at 19,35, 22.235 and
37 GHz to integrated cloud water over a mid-latitude ocean background is
shown in Figure IV.3. The data channels selected for the retrieval of CWO
are the same as for all the other ocean parameters, i.e., 19.35 H, 22.235 V,
37H and V.,

CWo = C + C p TB(T9H) + Cc .

CWo ,0 cwo Wo ,2 TB(EZV) (1v.3)

+ ch°'3 TB(BTV) + cho,u TB(BTH}.
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The coefficients for all the climate codes are listed below:

Climate Code cho.o cho.! ccuo,z ) ch0'3 cho.u
1 -6.5240 -.0159 -. 0044 . 0407 .0045
2 -6.5292 -.0151 -.00u6 .0408 L0041
3 -6.2070 -.0141 -.0038 .0383 .0035
4 -6.1372 -.0094 -.0054 .0398 -.0003
5 -5.7451 -.0037 -.0062 .0387 -.0047
6 -5.8903 -.0123 -.0031 .0358 .0025
T -6.1411 -.0007 -.0061 .0395 -.0059
8 -4.0977 -.0066 - 0013 .0230 .0020
9 -3.6289 i DONT -.0021 .0212 .0011

10 -4.0977 -.0066 -.0013 .0230 .0020
" -3.6289 -, 0047 -.0021 L0212 L0011

The other liquid water retrieval algorithm for the ocean is desigred to
retrieve the integrated liquid water contained in drops of diameter greater
than 100 m, i.,e., the dimensions of rain drops. The regression equation
for the retrieval of LWO is

LWOo = C + C TB(19H) + C

10,0 1wo, 1 TB(ZZV) : (IvV.4)

lwo,2

+ C TB(37V) + Clwo.ﬂ TB(3TH).

lwo,3

where the coefficient for the eleven climates are as follows:

C c

Clinate Code 10,0 Ciwo,1 Clwo,2 1w, 3 1w0, 4
1 50.7180 .0300 ~.1881 ~.0493 0285
2 53.9140 0259  -,2053 —.14830 L0374
3 4O. 7175 .0LQ0s -.1353 -.0768 .0289
4 39.4580 .03ul ~.1226 ~.0844 .0342
5 25.0010 0829 ~.0399 -.1205 .0310
6 30,7170 .0510 -.0824 -.1043 .0293
7 34,6250 L OHTY -.0592 ~. 1749 .0623
8 .3091 .0209 ~.0049 -.0037*  -.0142
9 ~.BUTT . 0048 L0177 -.0137  -.0014
10 -3091 .0209 -.0049 0037*  -.0142
1 ~.BUTT L0048 L0177 -.0137  -.0014

*The difference in sign of the two numbers with asterisks is apparently a
mistake. The Fleet Numerical Oceanography Center and subsequently Hughes
Aircraft Company have been notified of this error,
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IV.C Land Retrievals

IV.C.1 Soil Moisture (SM)

The emissivity of soil for various surface soil moisture contents is
shown in Figure IV.4 for the 1.43, 19 and 37 GHz frequencies. The 19.3% V &
H GHz channels are selected for the retrieval of soil moisture. The re-

trieval algorithm for scil moisture is given by

SM =C ¥ TB(19V) + Csm

am,0 .t TB(19H). (IV.5)

‘2

The coefficients for all the climate codes are defined as follows:

Climate Code Csm,o Csm,l Cgm'2
1 121.3000 -0.4596 0.0839
2 108.8100 -0.3877 0.0u94
3 109.5830 -0.3872 0.0414
4 89.9820 -0.2924 0.0058
] 71.1540 -0.1970 -0,0378
6 97.8660 -0.3148 -0.0011
T 85.8390 -0.2818 ~0.0040
8 * 67.3730 -0. 1483 -0.0874
9 0 0 0

10 63.5920 -0.,0995 -0.1370
11 0 0 0

For the polar cold season and the upper-latitude cold seascn transitiom

zones (Climate Code 11 and 9), land is regqrded as frozen and soil moisture

is not retrieved.

IV.C.2 Precipitation Over Land (RL)

The calculated brightness temperature at 37 and 85.5 GHz due to rain
over land at mid-latitudes is given in figure IV.,5. Rain causes a reduction
in the apparent brightness temperature over the warm land background because
the back scatter of the cold upper atmosphere begins to dominate the forward
scatter from the land surface and the self emission from the atmosphere.

This effect is absent over the ocean due to the much lower ocean background
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temperature., The 85.5 GHz channels have a higher resolution and greater
sensitivity to the scattering effect of rain drops, as evidenced in Figure
IV.5, then any previous satellite radiometer and should provide more
reliable rain retrievals over land than here=to=for possible. The 37.0 and
85.5 GHz channels are proposed for the retrieval c¢f precipitation over land.

RL = C TB(37V) +C T, (85¥), (IV.6)

r1,0 * 1,1 rl,2 °B

The coefficients of equation (IV.6) for all the climates are listed below.

Climate Code c c G

rl,0O 1.1 rl,2
1 208. 8900 -0,7340 -0.0288
2 233.9200 -0.6887 -0.1768
3 215.7650 =0, 7044 -0.0909
4 247.6550 -0.57H1 -0, 3469
5 261.3900 -0, 4585 -0.5170
6 224, 6400 =0.6747 =0, 1529
T 290. 6600 -0, 3868 -0, 7026
8 239,300 -0.4323 -0, 45595
9 0 0 0
10 217.2200 =0, 4080 =0, 4020
i 0 0 0

Only snow is considered possible during the cold season at the polar
region (Climate code 11 and 9).

IV.C.3 Liguid Water Over Land (LWL)

The data channels selected for the retrieval of liquid water contained

in }ain are the same as those in the retrieval of rain rate, i.e., the
vertical polarization channels of the 37 and the 85.5 GHz frequencies, Here

LAl = Clwl,o + C1w1,1 TB{37V) «C TB(85V). (IV.7)

1wl,2
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and the coefficients are listed below:

Climate Code clwl,O Clwl,l Clwl,E
' 53.1520 -0.1495% -0.0471
2 57.2120 -0.1Lk05 =0.0713
3 51.3090 -0.1580 -0.0315
N k9.7870 =0..0977 -0.0873
5 42,3610 -0.0548 -0.1032
6 L9.4650 -0.1665 «0:0158
7 52.2480 -0.0687 «0u 1278
8 29.7660 -0.0381 -0.0725
9 0 0 0

10 17+1110 -0.0213 -0.0417
i 0 0 0

Since liquid water does not generally exist in polar and sub-polar regions

during the cold season, liquid water over land is not retrieved for climate
codes 11 and 9.

IV.C.4 Cloud Water Over Land (CWL)

Cloud water over land is much more difficult to retrieve than cloud
water over the ocean (6,7) because the land background is much warmer than
the ocean. As a result, at the lower frequencies there is little
sensitivity to cloud water. Besides, the land background is more variable
(7) than the ocean. The brightness variation due to cloud water is of the
same ordér of magnitude as the noise level of the land surfaces. On the
other hand, the higher frequency channels tend to be so sensitive to cloud
water that they serve better as indicators of the existence of clouds than
of cloud water content (6). The algorithm developed for the SSM/I retrieval
of CWL is given by

CWL = C + chl,l TB(19V) B chl,E TB(19H) (Iv.8)

cwl,o

* Cova,3 Tp(3TV) + Coyy , T(85V).
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The coefficients used in retrieval for all the climates are defined below:

Climate Code ccwl.o chl,? chl,a chI.S chl,ﬂ
1 6221 .0036 -.0031 .0251 ~.0268
2 1.65u8 -.0008 -.,0006 .0362 -.0384
3 .8821 .0006 -.000Q7 L0271 -.0283
4 1.5350 L0014 -.0030 .0362 -.0377
5 1.4154 .0036 -.0054 .0362 -.0369
6 1.1421 ~.0024 L0017 .0290 -.0298
7 1.2078 -.0050 .0033 L0415 -, 0401
8 1.5366 .0002 -.0019 .0328 -.0342
9 .9329 ~. 0045 .0028 .0351 -.0333
10 1.6578 -.0033 L0017 .0294 -.0314

1 .6579 -. 0040 .0023 .0286 -.026%

IV.D Ice Retrievals

The SSM/I retrieval algorithm for ice is derived differently than those
for ocean and land retrievals. Certain relationship among the brightness
temperatures and ice parameters were predetermined (See Equations
III.48-50), and coefficients of these relationship are derived through
analytic expressions and climatological data as described in subsection
II1.C.3. The coefficients Ao and A1 from equation III.4.8 and Co. CI' CZ
from equation III.50 for the derivation of ice concentration, IC, and the

effective average ice brightness temperature, Tx' are listed below:

Ao AT Co C1 C2 TC(ME)
Polar-cool 1.1880 -0.0176 =219.0600 1.1050 193.6400 228.00
Polar-cold 1.1780 ~0.0176 =217.7000 1.1050 192.2800 218.00

where TC(MY) is the critical temperature for the determination of ice type.

If T, is greater than T_(MY), the ice is defined to be first year, otherwise
it is designated to be MY ice.

Cloud water over ice (CWI) is retrieved by the SSM/I algorithm even

though it is not required by the specifications. The data channels employed
are 19,35 V & H and 37.0 V & H.
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CWI = chi.o - chi.? TB(19V) + chi.z TB(19H) (IV.9)
+ chi,3 TB(B'N) + chi,a 18(37!{).
The coefficients employed are listed below.
chi.o chi,! chi.a chi,3 ccwi,n
Polar-cool L3415 -.0010 -.0048 -,0667 L0744
Polar-cold -,2082 -, 0003 -.0121 -.0320 .0468.
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9.0 APPENDIX B: CURRENT SSM/I SENSOR CONSTANT FILE

The radiometric sensor constants used to derive the SSM/I brightness
temperatures (SDRs) and the alignment coefficients needed to earth locate the
SSM/I pixels are included herein. The antenna pattern correction coefficients
and sensor alignment constants are subject to change depending on the results
obtained in the SSM/I calibration/validation. The final coefficients will be
documented in the final Cal/Val report.



«DECK SMIDe8
«IF DEF FTN
BLOCK DATA SMID@8
[ ]
2242 R RR SRR Rd R RN RN RRR RS RN RER R ERSRNENER NS RVEB RN RGN ERRETHER
. THIS SUBPROGRAM CONTAINS THE USER DATA VALUES FOR SMISENCA®S
R L R e R R R R R R R R P R R S R R R R R S S A R R
L}
sCALL $SENCON
«CALL $APCCOF
L
SHE AR R NN R R YIS ARSI T RSN RN B RV RNV NSRRI E ISR SN RN RESSERFER
. EQUIVALENCE THE A ARRAY FOR EASIER USER IDENTIFICATION
RS VADV SR E IR FE SN2V LR BT RSB HAF SV BN I EEF A SBE RS SGE P HDE
L]
REAL HL1(8), HL2(6), ML3(6), RFMT(6), RADTMP(8)
EQUIVALENCE (A(1,1),HL1(1)).(A(1,2),HL2(1)), (A(1,3).HL3(1)),
1(A(1,4),RFMT(1)), (A(1,5) ,RADTMP(1))
L |
SRSV GBI R LRV L RS USSR TSIV N RPN R E B2 S FREL RN EHE NSRBI PR BRB BTSN
. SENSOR CONSTANTS DATA .
LR R T R I e P R  E S YR RS PR R RN R R SRR R PR RS R R AR R R RS 2 R R 2 2 )
L 3
weses ALIGNMENT TERMS 0-3 & EL OFFSET ANGLE & SENSOR SCAN PERIOD
&
DATA EPSe / ©.999999619/, EPS1 / ©.000000000/,
1 EPS2 / ©.000000000/, EPS3 / ©.000872664/,
2 ELOFF / ©.004363323/, TIMPER/ 1.899000000/
&
sesss SENSOR SCAN DIRECTION & SENSOR INTEG TIME & REF VOLTAGE 1-2
L ]
DATA SCNDIR/ ©.000000000/, TIMINT/ ©.004220000/,
1 VR1 / 6.666670000/, VR2 / ©.000000000/
&
swess HOT LOAD 1 AG-AS
[ ]
DATA HL1 / 1.94B7870@0E+82, 2.565077000E-22, 1.392114800E-06,
1 4.350713000E-10, 0.0, 0.8/
t

ssess HOT LOAD 2 AG—-AD

°
DATA HL2 / 1.949334100E+82, 2.566807000E-82, 1.482542000E-86,
1 4.3304120006-18, 0.0, 0.9/

.

sssee HOT LOAD 3 AB-AS

L ]
DATA HL3 / 1.95@729600E+02, 2.569616000E-82, 1.416281000E~06,
1 4.316454000E-106, ©.8, 0.0/

ssews RF MIXER TEMP AB-AS

-
DATA RFMT / 2.204295100E+02, 9.321052000E-02, -5.633346000E-05,
1 2.247464000E-98, 0.0, 8.9/

*

sesws RAD TEMP AB-AS

&
DATA RADTMP/ 2.212535500E+02, 9.196866000E-02, ~5.615185000E-05,
1 2.261029000E-08, ©.8, 8.0/

-

sssss HOT LOAD GRAD COEF & ON/OFF PLAT SEN 1-3

L ]
DATA ALPHA / ©.0212000800/, ON1 / 1.000000000/,
1 ON2 / 1.000e002RB/, ON3 / 1.000000008/

[ ]

sssas COLD LOAD TEMP CHANNELS 1-7 & SCAN WIDTH HI BAND

[ ]

DATA TC / 2.700000000, 2.7020000000, 2.700000000,
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1 2.700000000, 2.700000000, 2.700000000,
2 2.700000000/, SCNWDT / ©.013962648/

ssess 19H TO 22H CNVR SLOPE & 1SH TO 22H CNVR OFFST
DATA SLP22H/ @.653000000/, OFF22H/ 96.658000000/
=sses ORBIT PERIOD & EARTH ROTATION FACTOR
DATA ORBPER/ 6@94.400000/, EARROT/ ©.004375300/
ssses 10-16 PT CONVR LAT
DATA B18T16/ 60.00000000/, DELAY / ©.356900000/
sesss |LOGICAL SPACECRAFT ID & SENSOR ID
DATA LOGSAT /1/, IDSEN / 8/
sesse CO COEF - BO(7.5) & C1 COEF - B1(7.5)
DATA Co&  / 35.0.000000000/, C1 / 35¢0.000000000/

i.“.t.iﬂ-.l‘.‘.*...l.i.!'..t.‘l‘...““..‘."l'.t.'t..‘-‘llt-‘..“‘t.“

® ANTENNA PATTERN CORRECTION COEFFICIENTS B
R L L T I
L ]

sssss REGION 1 MAX POS §

DATA NREG1 / 20/

assse REGION 1 19V C1-CB

. # ("
DATA R1TIC / 1.847100, —2.004900, —8.007300,
1 ~9.002908, ©.000000, ©.000008/ 10,7 Oe,:nz,a'
» Cs ‘y Ce LJ’
sesse REGION 1 19V Ni1-N& -
L]
DATA I1TIN / 1, @, ©, ®/ 1,32 Iz
L]
ssxse REGION 1 19H C1-CB e
. J
DATA R1T2C / 1.847200, -2.004300, —0.008000,
1 -2.002800, @.000000, ©.000000/ ¢ I, co-Por
ssess REGION 1 19H N1-N6 @ 5T X-fu
. CO'N-
DATA I1T2N / 1, @, @, @/ :’ 34 "

» ®  I,TuN,

exses REGION 1 22V C1-C6 €5 (-haTelyy *
DATA RIT3C / 1.051300, —2.011188, —0.008000, % (21h,3-NQ)
1 -0.005500, ©.000000, ©.000000/

sesss REGION 1 22V N1-N6

DATA I1T3N /1, @, o, o/

=esss REGION 1 37V C1-C6
»
DATA R1T4C / 1.042200, -0.022500, -2.003200,
1 -0.902200, ©.000000, ©.200000/

wssas REGION 1 37V N1-N6

L]

DATA 11T4N / 1, @, @, ©/

AlopG
SCAN



L]
ssxss REGION 1 37H C1-C6
L]
DATA R1TS5C / 1.042800, -0.027200, -2.001000,
1 -0 .000400, ©.000002, ©.o00B0R/

ssses REGION 1 37H N1-N6

| DATA I175N / 1, ©, @, 8/

:---n REGION 1 85V C1-C6

) DATA R1T6C / 1.034100, —0.014200, —©.004000,
1 -2.083700, 0.000000, ©.oeQ000/

:a-a- REGION 1 85V N1-N6

' DATA I1T6N / 1, @, @, 8/

:---- REGION 1 85H C1-C6

) DATA R1T7C / 1.035900, -0.020100, -0.002700,
1 —-2.0009020, 0.000000, ©.000000/

wewss REGION 1 85H N1-N6

) DATA I1TIN / 1, @, @, o/

S REGION 2 MAX POS #

’ DATA NREGZ2 / 32/

:.... REGION 2 19V C1-C6

) DATA R2TIC / 1.047100, -0.004900, —2.007300,
1 -0.202900, ©.000000, ©.000000/

- REGION 2 19V N1-N6

’ DATA I2TIN / 1, @, @, 9/

ik REGION 2 19H C1-C6

’ DATA R2T2C / 1.047200, -@.004300, —0.008000,
1 -9.002800, ©.000000, ©.000000,/

- REGION 2 19H N1-N6

' DATA 12T2N / 1, @, @, @/

- REGION 2 22V C1-C6

) DATA R2T3C / 1.851300, —0.011100, -0.008000,
1 -9.205500, ©.000000, ©.000000/

- REGION 2 22V N1-N§

) DATA I2T3N / 1, @, @, 9/

il REGION 2 37V C1-C6

) DATA R2T4C / 1.042200, —0.022500, —@.003200,
1 -0.002200, ©.000000, ©.000000/

ranee REGION 2 37V N1-N6

.

DATA I2T4N / 1, @, @, ©/



.
sesse REGION 2 37H C1-C6

DATA R2TSC / 1.@42B800, —-0.
e.

1 -0 .000400,
.

ssmses REGION 2 37H N1—-N6

DATA I2T5N / 1, @, @, 8/

s=sses REGION 2 8BSV C1-C6

DATA R2TEC / 1.834100, -0.
2.

1 -9.0837080,

sesss REGION 2 B5V N1-N6
L ]

DATA I2T6N / 1, @, @, 8/

.
=rses REGION 2 B5SH C1-C6

DATA R2T7C / 1.835%08, -9.
8.

1 -2 .2eege0,

sssss REGION 2 85H N1-NE

DATA I2T7N / 1, @, @, 8/

essss REGION 3 MAX POS #

L

DATA NREG3 / 96/

sssee REGION 3 18V Ci-C6

DATA R3TIC / 1.e47100, -9.
0.

1 -2.002900,

ssses REGION 3 19V N1-NB
[ ]

DATA I3TIN / 1, @, 0, 9/

.
=sses REGION 3 19H C1-C8

DATA R3T2C / 1.047200, -8.
0.

1 -0.0e2800,

ssesxe REGION 3 19H N1-NB

]

DATA I3T2N / 1, @, @, 9/

L]

sssee REGION 3 22V C1-C6

DATA R3T3C / 1.051300, —0.
°.

1 ~-0.ee5500,

ssses REGION 3 22V N1-N6

DATA I3T3N / 1, @, 0, @/

ssses REGION 3 37V C1-C6
L]

DATA R3T4C / 1.042200, --B.
e.

1 -0.002200,

es2es REGION 3 37V Ni1-N6

DATA I3T4N / 1, o, 0, ©/

027200,
2000600,

e142ee,
eoeoee,

820100,
o008,

204500,
eeoeee,

e04300,
eoeeee,

e111iee,
eoeoee,

822500,
oeoeen,

.ee1000,
.6ep0eRe/

.004000
.000000/

.8e27e00,
.eeep08/

.ea73e0,
.000000/

.808000,
.000000/

.oe8000,
.eee0e0/

.003200,
.000000/



L]
sssws REGION 3 37H C1-C6
°
DATA R3T5C / 1.0428e00, -0.027200, -0.021000,
1 —0.000400, ©.000000, ©.000008/
.
sssns REGION 3 37H N1-N6
L ]

DATA I3T5N / 1, @, @, @/

ssess REGION 3 B5V C1-C6
L
DATA R3T8C / 1.834100, —9.014200, -0.004000,
1 -@.003700, ©.000000, ©.00000Q/
o
sssns REGION 3 B85V N1-N6

DATA I3T6N / 1, @, @, 8/

L]

ssews REGION 3 85H C1-C6

' DATA R3T7C / 1.835900, —-9.020100, —0.802700,
1 -0.000900, ©.000000, ©.000000/

o REGION 3 B5H N1-N6

) DATA I3T7N / 1, @, @, o/

i REGION 4 MAX POS §

’ DATA NREG4 /108/

L ]

sssws REGION 4 18V C1-C6

| ]
DATA RATIC / 1.047102, —2.004900, —2.007300,
1 -2.002920, ©.000000, @.000000/

sssas REGION 4 19V N1-NE

) DATA I4TIN / 1, @, @, 8/

:---o REGION 4 19H C1-C8

| DATA R4T2C / 1.047200, -b.084320, -0.008000,
1 -0 .002800, ©.000000, ©.000000/

:-t-- REGION 4 19H N1-N6

) DATA I4T2N / 1, @, @, @/

"

sesse REGION 4 22V C1-C6

) DATA R4T3C / 1.051308, —0.011100, —0.008000,
1 -0.005500, ©.000000, ©.000200/

o REGION 4 22V N1-N6

) DATA 14T3N / 1, 8, @, o/

P REGION 4 37V C1-C6

' DATA R4T4C / 1.842200, -.022500, -0.003200,
1 -2.292200, ©.000000, ©.000000/

e REGION 4 37V N1-N6

DATA 14T4N / 1, @, B, 8/



L ]
ssses REGION 4 37H C1-CB
M
DATA R4TSC / 1.042800, —0.027200, —0.0010080,
1 -8.000400, ©.000000, ©.000000/
»
ssses REGION 4 37H Ni1-N8

®

DATA 14T5N / 1, @, @, ®/

»

sssse REGION 4 BS5V C1-C8
L ]
DATA RATBC / 1.034100, —0.014200, —0.004000,
1 -9.003700, ©.000000, €.000008/
L ]
2220 REGION 4 B5V N1-NB6

Ll

DATA 14T6N / 1, @, ©, @/

ssexs REGION 4 B5H C1-C6

| DATA R4T7C / 1.8359e0, —@.020100, —@.0027080,
1 —0.000900, ©.000000, ©.002000/

:uuo REGION 4 85H N1-N6

) DATA I4T7N / 1, @, @, ®/

»

sssse REGION 5 MAX POS §

’ DATA NREGS /128/

:au- REGION 5 19V C1-C6

’ DATA RSTIC / 1.047108, -0.00495080, —0.007300,
1 -9.002000, ©.000000, 0.000000/

:u-- REGION 5 19V N1-N6

DATA ISTIN / 1, @, @, 9/

— REGION 5 19H C1-C6

’ DATA R5T2C / 1.247200, —0.004300, -0.008000,
1 -9.002800, ©.000000, ©.200000/

A REGION 5 19H N1-N6

; DATA I5T2N / 1, @, @, ®/

renne REGION 5 22V C1-C6

’ DATA RST3C / 1.251300, —0.211180, —.00B00R,
1 -2.005500, ©.000000, ©.000000/

poe REGION 5 22V N1-N6

N DATA IST3N / 1, @, @, @/

s REGION 5 37V C1-C6

’ DATA RSTAC / 1.042200, —0.022500, -2.003208,
1 -2.202200, ©.000000, ©.000000/

hnns REGION 5 37V N1-N6

L]

DATA IST4N / 1, @, @, @/



.

sxsss REGION 5 37H C1-CB

)
DATA R5TSC / 1.042800, -0.027200, —0.001000,
1 -0.000400, ©.000000, ©.000000/

L]

sssss REGION 5 37H N1-N6

-

DATA ISTS5N / 1, @, @, @/

s=»2s REGION 5 85V C1-C6
=
DATA RET8C / 1.834100, -D.214200, -0@.004000,
1 -0.003700, ©.000000, ©.00020Q/
*
s2nes REGION 5 B5V Ni1-N6
E 3
DATA 15TBN / 1, ®, ©, 8/
»
+s2se REGION 5 85H C1-C6
*
DATA RS5T7C / 1.035909, -0.0622100, -8.802700,
1 -b.20090R, ©.00000Q, ©.00000Q/
»
#+ss¢ REGION 5 B5H N1-N6
*
DATA I5T7N / 1, @, 0, ©/
*
END
sENDIF
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