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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 
u 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 (KRL) 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 SSM/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/1 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 i 
1 



Table 1.1 SSK/I Environmental Products 

Geometric 
Parameter Resolution 

Ocean Surface 
Wind Speed 

Ice 

o Area Covered 

o Age 

o Edge Location 

Precipitation Over 
Land Areas 

Cloud Water 
(<100pm Diameter) 

Liquid Water 
(>100pm Diameter) 

Integrated Water 
Vapor 

Precipitation Over 
Water 

Soil Moisture 

Land Surface 
Temperature 

Snow Water Content 

Surface Type 

Cloud Amount 

Range of 
Values 

0 to 100 

1st Year, 
Multiyear 

N/A 

0 to 25 

0 - 50 cm 
12 Types 

0 - 100% 

Quantization 
Levels 

Absolute 
Accuracy 

22 m/s 

+12% - 
None 

+12.5 km - 

0, 5, 10, 15, 25 m/hr 
20, 225 

1 None 

1 None 
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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 terns 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 sensor. 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 .l Overview 

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 Oceanography Command and the Air 

Force Weather Center to obtain near real time global precipitation maps, sea 

ice morpholop, 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 2& x 26 

inches, fed by a corrugated, broad-band, seven-port horn antenna. 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 



Figure 2.1 Sensor Overview 

Figure 2.2 Radiometer Block Diagram 



temperatures over an angular sector of 102.4O 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 ~ 5 1 . 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 kmd 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 . 8 9  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 8 5 . 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 . M  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 measurements within the radiometer, 

reference voltage, and reference return data. A microprocessor supervises 

instrument timing, control, and data buffering with the DMSP Optical Line 

Scanner (OU) instrument which records all SSM/I data. The average data rate 

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

The prototype of the SSM/l 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 





Figure 2.4 Prototype of SSMII in Deployed Position 



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 

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 Ibs. A high speed momentum wheel 

weighing 16 Ibs is mounted inside the spacecraft. The SSM/I system consumes 45 

watts. 

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/I 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. 









SCAN A 

SCENE STATIONSISCAN 128 
PIXELSISCAN 576 

SCAN B 

SCENE STATIONSISCAN 128 
PIXELSISCAN 256 

SCENE STATIONSIORBIT 404,224 

PIXELSIORBIT 1,313,728 

Figure 2.8 Scan G e o m e t r y  





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 EFOV 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 
Frequency 
(GHz) 

Pol. 
v/H 

IF Pass- 
Band 
(MHz) 

Beamwidth (Deg) 
E-Plane H-Plane H-Plane 
IFOV IFOV EFOV 

EFOV on Earth 
Surface (km) 
Along- Cross- 

Track 
69 43 
69 43 
50 40 
37 28 
37 29 
15 13 
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 feedhom 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 



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 bean 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 Bean 
Frequency V/H Sidelobe Polarization Spillover Efficiency 

(GHz) ( 8 )  (%) Factor (8 )  

Although not shown in Table 2.2, the loss in bean efficiency due to small 

scale surface roughness of the reflector surface is very small at all 

frequencies. The nns 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 



Figure 2.10 19.35 Ghz Vertical Pol. 





Figure 2.12 22.235 Ghz Vertical Pol. 
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Figure 2.13 37 Ghz Vertical Pol. 
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Figure 2.14 37 Ghz Horizontal Pol. 



Figure 2.15 85.5 G h z  Vertical Pol. 



Figure 2.16 85.5 Ghz Horizontal Pol. 
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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) 

A. Sensor Spin Axis 
RDM Mounting 
Deployment Repeatability 
RDM Stiffness 
BAPTA to RDM 
Top Ring to BAPTA 
Scan Accuracy - Elec 
Scan Accuracy - Mech 
S/C Attitude Error 

B. Antenna Boresight 
Antenna to Top Ring 
0 g Uncertainty 

SUBTOTAL 

Along Track 
Systematic Random 
.014 - - - -  - - - -  030 --.. 017 
.036 - - - -  
.054 - - - -  - - - -  - - - -  

Cross Track 
Systematic Random 
010 - - - -  .... .021 -... 012 
.025 - - - -  
.038 - - - -  .030 
073 - - - -  - - - -  .012 

RSS .I46 (5.3. km) 147 (3.2 km) 



Frequency 
GHz 

19.35 
19.35 
22.235 
37.0 
37 .O 
85.5 
85.5 

Table 2.3b Beam Center as Determined from Contour 
Plots of Antenna Pattern Data (S/N 002) 

Polarization 
V/H 

Beam Center (Deg) 
Relative to Optical Relative to Sensor 
Boresight Coordinate 

2.4 Rafliometric 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 

where 

Ts+ System noise temperature 

T / ,  - Receiver noise temperature 

T J - Scene brightness temperature 
B c  - Convolutional pre-detection bandwidth 

7 Radiometer integration time 

AG - 
G rms radiometer gain fluctuation and drift 



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 Ts - 300K 
(S/N 002) 

Date of Measurement 

2 April 1984 
16 April 1984 
8 March 1985 
25 March 1985 
26 April 1985 
5 June 1985 
10 June 1985 
Average 

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 



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 50.05K 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 3OK. 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 -2B0 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 3OK. 

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 



Figure 2.17 Antenna Patterns of E and H Plane of Cold Calibration Reflector 
a t  19.35 G H ~  Vertical  Polarization (--Co, --- Cross pol)  



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, TB, and the instrument error, e ,  are computed using the relationship 

where TH, Tc, Tvar are the hot, cold, and variable target temperatures from the 

platinum temperature sensors, and VH, Vc, VB 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. 



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 (3BÂ°C) ambient (28'~) and cold (OOc). As shown the largest 

errors occur at the cold temperatures and in all cases are less than l.ZÂ°K 









3.0 SENSOR DATA RECORD ALGORITHM 

The absolute brightness temperature of the scene (Tn) incident upon the 

antenna is received and spatially filtered by the antenna to produce an 

effective input signal or antenna temperature (TA) 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 Tn from TA 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 TA 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 Alvorithm 

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 Vu and Vc 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 TA is expressed in terms of the measured output voltage Vs at time t 

by 



where 

OH - 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 

vc - 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. 

TH - estimate of the effective brightness temperature of the hot-load 
at time t from the set of measured temperatures of the hot-load. 

'kc - estimate of the effective brightness temperature seen by the 
feedhorn when viewing the calibration reflector. 

The bar on Vc denote the tine 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 V H ~  and Vci (i - 1, ... 5 )  are taken each scan and averaged to 

reduce the sensor noise in the estimates VH and Vc 

Three high resolution temperature sensors are used to estimate the average 

surface temperature of the hot-load 



Radiometer 
Output Voltage 

1 

r - Radiometer integration times: 
3.89 msec at 85 GHz 

7.95 msec at 19/22/37 GHz 

tg - Calibration period 1.9 sec 
VC - Calibration voltage of cosmic background 
VH - Calibration voltage of hot load 
tcl - Time from start of scene voltages to cold calibration 

0.925 sec (175 Deg rotation) 

tc2 - Time from start of scene voltages to hot calibration 
1.376 sec (260 Deg rotation) 

fc - Effective radiometric temperature of cold calibration target 
Ty - Effective radiometric temperature of hot calibration target 

Fiqure 3.1 Sequence of Calibration and Scene Measurements 

40 



where xi 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 

TH 

f H - T s + a ( T , - T H )  

where 

TH - 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 

feedhorn when viewing the calibration reflector may be expressed as 

where G is the far-field antenna power pattern which weights the angular 

distribution of the brightness temperature Tinc 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, Tinc = Tcosmic where Tcosmic is the 
radiometric temperature of the cosmic background which is consistent with a 



I 
blackbody radiator at 3OK. Analysis of the antenna pattern G shows that the 

effects of energy received from the spacecraft and earth are extremely small, 1 
less than 0.1 - 0.2K. Thus, Tc may be determined solely on the basis of the 
radiometer temperature of the cosmic background: 

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

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

It should be noted that Tc 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 TH, VH, VC are up- 

dated each scan to compute the scene brightness temperatures TA 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 

TH, VH, and Vc 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 

SSK/I. 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 Backeround 

The antenna temperature TA (i.e. the TDR of Section 3.1) may be expressed in 

terms of an integral of the scene brightness temperature distribution Ts 

incident on the antenna reflector and the effective co- and cross-polarized 

far-field antenna power patterns. For channel center frequency u0, 

polarization p, and with the antenna pointed in direction 6, TA may be written 
as 



where Gpq(&,ftt ) is the effective far-field antenna power pattern which weights 

the angular distribution of the brightness temperature incident in direction ft' 

in polarization q when the antenna is pointed in direction ft and measuring 
polarization p. 

The tern effective identifies the fact that the effects of the radiometer 

integrate and dump low pass filter are included in Gpq. As noted earlier the 

filter widens the bean 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 antenna beams such as the 

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

The feedhom spillover factor wp 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 Gpq, T S  wp, and TA on the channel 
center frequency is not shown but it should be understood that Gpq and qp are 

averaged over the receiver passband. 

Figure 3.2 presents the geometry of the integration variables: the angular 

integration dfl' is taken over the earth field of view and Tcosmtc is the 

brightness temperature of the cosmic background. When p - q, Gpp is the 
defined as the co-polarized patterns (i . e. , Gyy, Q) and when p$q Gpq is 

defined as the cross-polarization patterns (i.e., Gvh, Ghv). In practice Gpq 

and ifp are determined from antenna pattern measurements over 4?r steradians on 

an antenna range. qp is essentially the integrated feedhom pattern over the 

solid angle subtended by the reflector. 
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Proper normalization requires for p - v or h polarizations: 

The above expression for TA assumes that the time variation of the scene 
brightness temperature over the integration time Tg is negligible and is a 

valid approximation for the SSM/I. 

In principle the accuracy of the scene brightness temperatures incident on 

the reflector Ts may be improved by making antenna pattern corrections (APC). 

These corrections are intended to remove the effects of: 

(a) Feedhorn spillover loss qp 

(b) Cross-polarization coupling Gpq (p j 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 TA and can 

be inverted, if desired, to obtain the original temperatures TA. 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 

spatial variations of Tg over the sidelobe regions of Gpp. Each of the 

corrections are discussed separately below. For clarity the corrections are 

presented for the vertical polarization p - v. Similar equations apply for the 

case p - h. 
3.2.2 Level 1 Corrections 

Based on the antenna pattern results presented in Section 2.3 and the 

expression for TA, the correction for feedhorn spillover loss and cross- 

polarization coupling is written as 

45 



where tA(v,k) and TA(h,6) are the antenna temperatures (i.e. TDRs) for the 

vertical and horizontal polarizations for antenna boresight direction I?. The 

justification for this algorithm is based on the fact that the spillover factor 

vp 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 

Gpp. Note that the term bv 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 bv will be evaluated during the SSM/I Calfla1 effort. Also 

note that the fom of the correction uses the fact that rjv 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: 

This relationship is derived by correlating simulated radiometer data at the 

two channels for a wide range of environmental conditions over land, sea, and 

ice surfaces. 

The antenna pattern portion of bv 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. 

Earth 

Earlh 



Based on antenna range measurements and computations to account for the 

action of the radiometer integrate and dump lowpass filter Table 3.1 presents 

qp and bp for SSM/I instrument S/N 002. 

Table 3.1 Coefficients for Feedhom Spillover and 
Cross Polarization Coupling Corrections 
(S/N 002) 

Center 
Frequency Polarization qp 
(GHz) P - v/h b~ 

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 qp which is currently obtained by 

integrating the feedhorn antenna pattern over the solid angle subtended by the 

reflector. Accurate knowledge of qp is important since a 1 % error in qp can 

result in a 2OK error in the estimate of Ts. An evaluation of the Level 1 APC 

correction will be conducted during the early-orbit SSM/I calibration/ 

validation effort. 



3 . 2 . 3  Level 2 Correction 

The task of attempting to improve the spatial resolution of Gpp, i.e., 

correcting for the imperfect spatial filtering of the antenna, or, more 

generally of inverting the integral relation between measured TA and the up- 

welling scene temperature Ts 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 antenna 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 TA 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 antennatemperature 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. 



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 several 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 channels. 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 GHz 

channels the APC is written as 

where r̂, define the antenna bore-sight directions for the shaded beams in 
Figure 3 . 4 .  
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The selection of the weighting coefficients a,, depends on the spatial 

distribution of energy lying outside the mainbeam. Qualitatively, an 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 an may 

be determined by solving the system of equations which requires the 

minimization of the integral 

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 En 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 environmental 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 



Table 3.2 
Coefficients tor Level 2 APC (See Figure 3 . 3  for Scan Regions) 

Scan Region 5: 125 < n <. 128 

Scan Line 
Sample No. 

Frea. Pol 

Scan Line 
Sample No. 

Scan Line 
Sample No. 

Scan Line 
Sample No. 

Scan Line 
Sample No. 

Scan Region 4: 96 < n $ 125 

Scan Region 3: 32 $ n $ 96 

Same coefficients as Scan Region 2 

Scan Region 2: 3 $ n < 32 

Same coefficients as Scan Region 2 

Scan Region 1: 1 5  n < 3 



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) TB (APC corrected image) - TB (image with no sidelobe energy) 

(2) TB (uncorrected image) - TB (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 (85 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/I. This will be conducted during the SSM/I calibration/validation effort. 

3.2 .4 .  Antenna 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  dl3 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 (cn) which are optimum in the sense that 

is minimized. The higher resolution antenna patterns at frequency v 2  have 

boresights defined by vectors h, n-1, . . . , N. The lower resolution antenna 

pattern at frequency vl, has boresight at k. Once the set (h) is selected, it 
is straight forward to solve for the set of coefficients (cn) which minimizes 



the above integral. A constraint is need to insure proper normalization of 

results 

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 

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 {cn) 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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Figure 3.8 Smoothed 85 GHz Antenna Pattern and 37 GHz Pattern 



Antenna pattern matching is not currently being exercised in the estimate of 

SSM/I 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 oÂ 

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 (en) to match an antenna pattern at frequency u1 is sufficiently 

general to cover the problem of data interpolation. For example if frequency 

q, is set to v- )  (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 il from the set of temperatures at 
(k,,), n-1, ..., N. Figures 3.9 - 3.11 present computations at 19, 37 and 85 

GHz of the desired pattern at a prescribed fi (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 & is selected as a worst case situation, i.e. , midway between 
successive scans and midway between samples. A & x 4 array of samples 

surrounding point fi 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 



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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Figure 3.11 Interpolated Patterns of 85 GHz Data 

(Midpoint between scans and samples) 



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 Input Data and Processine System 

Figure 4.1-1 is a diagram of the SSM/I processing software at Fleet 

Numerical Oceanography Center (FXOC). 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 SMIAKK. 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 logic. 

4.2 Parameter Descriotion 

The SSM/I parameters are listed in Table 4.2-1 and are further described in 

Section 4.3. 

4.3 Parameter Estimation Loeic (EDREXT) 

Parameter values are initially set to "indeterminate" when a pair of scans 

(type A and type 5) 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 

6 8 



TABLE 4.1-1 SMISURTYP CLASSIFICATIONS AND PROCESSING 

SMISURFTYP CATEGORY 

Ocean 

Possible Ice 

Ice (multiyear) 

Coast 

Ocean Boundary 

Land Boundary 

Land 

Not Processed 

RESULT 

Process Ocean EDRs 

Check for Ocean/Ice 

Process Ice EDRs 

All EDRs indefinite 

All EDRs indefinite 

All EDRs indefinite 

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

This category is used only at AFGWC to exclude 
processing of Antarctica. 





Table 4.2-1 SSMA Environmental Products 

w r r c  OATABASE NUMBER STORAGE OUT-OF- IMOETER- 
PARAMETER MIIEM011ICS MNEMONICS RANGE U N I T S  QUANTIZATION OF BITS RANGE n u n s  MINATE 

I C E  AGE I A I A FY. MY N/A F IRST YEAR. 
MULTI-YEAR 

I C E  COlJCEltTRAT1Dtl 1C 1C 0 - 1 0 0  PERCENT 5.9 PERCENT 6 9-22 6 2  63 

CLOUD WATER CWI. C W .  CW 9-12.9 KG/M*M 9.95 KG/M*M 8 9 -252  2 5 4  2 5 5  
CWL. c w s  

SURFACE W I I ID  SW SW 9-29 M/s I .  M/S 5 9-29 3 0  3 1  

WATER VAPOR WVO W 9-69 K G W M  9.5 KG/M*M 8 9-1 6 9  2 5 4  2 5 5  

R A I N  RO. R L  R A 9-61 un/M 1 . 9  vu/m 6 9 - 6  1 62 6 3  

L I W I D  WATER LW0,LWL LW 9-12.5  KG/MbM 0 . 1  KG/M*M 7 9 -125  1 2 6  1 2 7  

SURFACE MOISlURE SM SM 9-6 1 PERCENT 1.9 PERCENT 6 9 -6  1 6 2  S3 

SURFACE TEMPERATURE STL. SÃˆV ST 160-349 DEGREES K 1 .9  DEGREES K 8 0-160 2 5 4  2 5 5  
siu. s i r .  

.I 
P 

SIG. SIS. 
TIC. 1sc 

CLOUD AMOUHI CAL. CAS CA 9 -129  PERCENT I. 9 PERCENT B 9-129  2 5 4  2 5 5  

EDGE 

Â 

EDR SURFACE TYPE TYPE SC SEE BELOW N/A N/A 6 SEE BELOW N/A N/A 

1 - VCGETAHDtl. S - ICE. 5 - OCEAN. 6 - COAST. 7 - FLOODED SOIL. 8 - HEAVY PRECIPITATION.  9 - ARABLE SOIL .  

1 0  - DESERT. 1 1  - FROZEt4 GROUND. 1 2  - GLACIAL GROUND. 1 3  - SNOW OVER FROZEN GROUND. 1 4  - SHOT OVER S O I L  



into NESDIS records are based on complete ( 2 5  tan) sets of data, with one 

exception. The exception is the cloud amount parameter, for which the 37 GHz 

data (at a 2 5  km sample location) is deliberately compared with the eight 

contiguous samples of 8 5  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 locations. 

4.3.1 Oceanic Parameters 

There are five oceanic parameters: surface wind speed (SW), cloud water 

content (CWO), water vapor content (WO), rainfall intensity (RO), and liquid 

water content (LWO). Liquid water content is the columnar density of 

atmospheric water droplets whose diameter exceeds 100 (am. Cloud water content 

applies to droplets whose diameter are less than 100 urn. 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 Lode - 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)I > discriminate 
THEN: Perform Ice Concentration (1C) test (b) 

ELSE: Surface is OCEAN 



b) IF: Ice 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 fistimation of Oceanic Parameters (RO. LWO. SW. CWO. WO) 

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)I < discriminant (initially 25 K) 
THEN: possible rain exists (b) 

ELSE: RO - 0; LWO - 0; calculate SW, CWO, W O  

b. IF: possible rain exists 

THEN: calculate RO, LWO; set W O  - 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: 



EEUCAR can also compute a non-linear modified parameter value as follows: 

where the coefficients ai 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. 

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

and cloud water content over ice (CWI). 

The initial screening logic to distinguish ice from ocean was described in 

Section 4.3.1.1. In Section 4.3.2, it is assumed that the preliminary 1C 

calculation indicates an ice concentration greater than a discriminant value. 

(The initial discriminant is 10%). 

4.3.2.2 Ice Parameter Estimation (IC. IA. EF. CWI1 

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 1C values. 



Table 4.3-1 Channels Used to Estimate Environmental Products 

PARAUE7CB I S V  19H 2:V 37'4 37H BSV 8% 

RL X X 

TLC x x x X 

CAL x x x 

- -- 
CAS x x X x 
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EXTICE first determines the proper coefficients from the Parameter 

Extraction file, based on climatology. 1C is calculated in the utility module 

EEUCAR. If 1C is found to be out of limits, the IA parameter is left 

indeterminate. 
4 If 1C is within limits, EXTICE next calculates the intermediate variable TV: 

w TV - (CO +C1 * TB4) / (IC% / 100) + C8 

IF: TV < discriminant 
THEN: multi-year ice 

ELSE: first year ice. 

If 1C is greater than a set amount (nominally 90%)) EXTICE next calculates 

CHI in the utility nodule 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 &and 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 Screenine Locic - 
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 shown 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. 

EXTLNQ first considers whether the surface is flooded, by comparing the 22 

GHz V and the 19 GHz V channels: 

IF: (TB(22V) - TB(19V)I > 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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EXTLND next compares the average of 19 and 37 V with the average of 19 and 

37 H. 

IF: average vertical brightness - average horizontal brightness < 
discriminant (initially 4 K) 

" THEM: heavy vegetation. Control passes to module LMDVEG. As 

shown in Table 4 . 3 - 2  only four parameters are estimated in 

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

intensity ( R L ) ,  liquid water content (LWL), and cloud water 

content (CWL). However, if rain is present (RL + O), 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)I < 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 (vertical - horizontal) is checked to 
decide whether the underlying soil is frozen (SNOW1) or not 

(SNOW2). If snow is present, the snow parameters are estimated: 

snow water content (SUB), surface temperature (STS), snow edge 



Table 4.3-2 Parameters Calculated per EDR Surface Type 

L A U D  

SJKMI man) UKIU 1 M1f11 A M I L C  

I I 



(SHE), 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 (CALI 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 G H z  

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.  If 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 EXTLND 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 peaw Veeetation (module LNDVEG) 

The module LNDVEG checks for possible rain by comparing the 85 G H z  

brightness to that at 37 G H z :  

IF: (TB(85V) - TB(37V)I < discriminant (initially 0) 

83 
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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 bv Snow 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)l < 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%) I 
! 

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

clouds (TSC) through the utility EEUCAR. J 
I 

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

(STS) through the utility EEUCAR. 
I - I 

ELSE 1: the scattering mechanism is heavy rain. Estimate RL and LWL through 

EETCAR; leave CWL and STL indeterminate; set SM to 25%. 

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

h.3.3.2.3 3 (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)l < discriminant (initially 0 K) 

THEN: rain may exist. Estimate RL and LUL through the utility EEUCAR. 

ELSE: set RL and LWL to 0. 
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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 one 

of these surfaces, the surface moisture parameter (SM) is set to 251. 

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) 

THEM: 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 



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. 

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. 

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 - c8 + c9 * (old value)** clO 

may be computed if desired by EEUCAR. 
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Table 4.4-la Parameter Extraction File for Climate Zones (1)-(11) 

CLIMATIC ZONE ( 1) TROPICAL - WARM 
PARAM ALG CONST 1 SV 19H 

. 
SM 
LWL 
CWL 
STD 
STF 
STG 
STL 
TLC 
STV 
CAL 
CHS 
STS 
TSC 
C AS 
SNW 
RO 
sw 
LBO 
cwo 
wvo 

DISCRIMINANTS FOR CLIMATIC ZONE ( 1) TROPICAL - HARM 

LAND - MAYBE SNOW DELTA : .OW0 
LAND - MAYBE HEAVY RAIN MIN : 2.55BBtBB2 
LAND - FROZEN GND ( S W )  DELTA : 3.eEBeteee 
LAND - HEAVY VEG DELTA : z.eoeeteee 
LAND - HEAVY VEG MIN : 2.5509+992 
LAND - FROZEN GND DELTA : 5.000e+00~ 
LAND - FROZEN GNU MAX : 2.6000+892 
LAND - DESERT DELTA : 2.eEaB+001 
LAND - DESERT MIN : 2.65eS4002 
LAND - F1000ED SOIL DELTA : 5.0000t000 
LAND - GLACIAL MAX : 2 . e e e e t e e ~  
LAND - CLOUD COVER MIN : 3.eeeweei  
LAND - MAYBE RAIN GND DELTA : . M e 0  
LAND - MAYBE RAtN {VEG] DELTA : .O@B@ 
BAD DATA DELTA : -2 .eeemee 
OCEAN - MAYBE RAIN MIN : 1.900e+eB2 
OCEAN - MAYBE RAIN DELTA : 2.5eEBtBBl 
OCEAN - HEAVY RAIN DELTA : i.eeeeteei 

C l e  EXP 

. 800 
,008 
.eat3 
.eve 
.ee0 
e0e 

,000 
,000 
.BE0 
.e0e 
.eee 
.00e 



l W i ^ a W i  : V 1 1 3 0  N I V M  AAV3H - N V 3 3 0  
l W + e 0 0 S Z  : V 1 1 3 0  N I V M  3 0 A W  - N V 3 3 J  
Z00+0006'l : N f n  N I V M  3 E A W  - N V 3 3 0  

V H 3 O  V l V O  OVE 
N I V M  3 B A m  - O N V l  
N1VB 3BAVW - ONV1 

N I K  M3AO3 O n 0 1 3  - O N V l  
XVN 1 V 1 3 V 1 0  - O N V l  

V 1 1 3 0  1 m S  0300011 - O N V l  
N i n  i M 3 S 3 0  - O N V l  

vnaa  i w s 3 0  - ONVI 
ON3 N3ZOM-l - O N V l  
ON9 N3ZOMJ - O N V l  

N I K  3 3 A  AAV3H - O N V l  
V 1 1 3 0  M A  AAV3H - ONV1 

V 1 1 3 0  (IONS) ON9 N3ZOU-l - O W 1  
N M  N I V M  AAV3H 3BAVW - O W 1  

v n a a  MONS 3EAVM - anvi 

O M  
OW 
tÃˆ 

MS 
OM 

MNS 
S V 3  
3s 1 
S 1 S  
SM3 
l V 3  
A 1 S  
3 7  1 
u s  
01s 
31s 
01s 
l M 3  
l M 1  

MS 
ltl - 

HS8 ASS H t C  AiC A 2 2  He1 1003 - l V 3 l d o m  A 8  I ( 2  I S M 0 3  3NOZ 31V 3 l lW l l 3  WMVd 



am' 
sea- 
609' 
600 ' 
000. 
800' 
000' 
eee ' 
000 ' 
e m .  
doe' 
609' 
M B '  
coo. 
000. 
008' 
eee ' 
000. 
000 ' 
me ' 
en0 ' 

V 1 1 3 0  N I V M  M V 3 H  - W300 
V 1 1 3 0  N I V M  3 B A W  - NV330 

N I B  N I V M  3 9 A W  - N V 3 3 0  
vnao v i m  ova 

N I V M  3 6 A W I  - O N V l  
NIVM SHAWI - w v i  

N I H  M 3 A 0 3  00013 - O N V l  
xvn l V l 3 V l 3  - O N V l  

: V1130 1 1 0 5  0 3 0 0 0 1 3  - ONV1 
N I B  I M 3 5 3 0  - O N V l  

V 1 1 3 0  l M 3 5 3 0  - O N V l  
ON3 N370M-1 - O N V l  
ws N ~ Z O M J  - a N v i  

N I W  3 3 A  ;AV3H - O N V l  
V l l 3 0  3 3 A  AAV3H - O N V l  

: V f l 3 0  (IONS) ON3 NSZOMJ - O N V l  
: NIH N l V M  AAV3H 3FJAVW - O N V l  
: vnaa  MONS sawn - a w l  



V 1 1 3 0  
vnaa 

N I W  

N I V U  M V 3 H  - NV330 
N I  VH 3 B A W  - N V 3 3 0  
N I V H  3 B A W  - N V 3 3 0  

v n a a  v i m  ova 
N I V H  3 B A W  - O N V l  

3) N I W  3 B A W  - ONV1 

X W  1 V 1 3 V 1 0  - O N V l  
V l l 3 0  1 1 0 s  030001J - O N V l  

....-. 
' j l l 3 Q  1 M 3 S 3 0  - 

XVM 1 I O S  ON3 N32OMJ - 
V l l 3 0  1 1 0 s  ON3 N3ZOHJ - 

N1W 030 AAV3H - 
V 1 1 3 0  3 3 A  AAV311 - 

v m o  (ions) OHO mzow - 
NIn  N I V H  AAV3H 3BAVl'l- 

O N V l  
owl 
O N V l  
O N V l  
O N V l  
ONV1 
O N V l  
ONV1 
O N V l  



Table 4.4- la  Parameter Ext rac t ion  File for Climate Zones (1)-(11) (Can't) 

CLIMATIC ZONE ( 5) MID-LAT - SPRING/FALL 
PARAM ALG CONST 19V O H  22V 37V 37H 85V 
-- - - - - - 

RL 2 2.614+002 .099 .gee .gee -4X509i ,999 -579491 
SM 2 7.ii5teoi -i.97e-eei -3.780-ee2 .me .BOO ,000 . gee 
LWL 2 4.236t001 .000 ,000 .000 -5.480492 .000 -1.032-991 
CWL 4 1.415t009 3.60a-M3 -5.400-901 .000 1.620-062 .BE9 -3.698-002 
ST0 4 -3 646+001 ,000 -4.590-091 -1.270-009 1.61e+e09 .a00 .000 
STF 1 ,000 1.070tWO .000 .BEE ,099 .000 .OW 
STG 1 .009 1.07W999 .EBB .a00 .a00 .'a00 .@BE 
STL 4 -3.640t081 .000 -4.530-Wl -1.270-891 1.610+009 ,000 ,000 
TLC 4 -1.880t001 .000 -4.840-991 4.120401 1.678+990 .BE8 -5.730491 
STV 1 .000 1.099+#00 ,000 .900 .a00 ,009 .000 
CAL 9 -6. 389+CB2 .000 .ERE .000 ,000 -1 ,705tBW -2.868401 
CWS 4 -1.450+000 .000 .BOB -1.390-a82 ,060 1.770402 2.400-094 
STS 4 3210+001 2.14B+WB .800 1.916t908 -1.67WBW -1.899+000 .000 
TSC 4 7.5801001 .000 4.780-Wl 1.690+009 -2.430+@99 1.060t009 .009 
CAS 9 -1.895t802 .0W .000 ,000 -9.710-001 7.400-091 -1.987401 
SNM 4 3.200+00! 5.11a-Ml ,000 9.420-901 -1.950t909 -8.800-001 .009 
RO 4 1.234tE02 .000 2.019-091 -4.070-001 -5.117-001 2.969-001 .900 
SW 4 1.271+002 .000 4.788-901 -2.546-001 -7.162-001 2.930-801 .000 

1 ~ 1  LWD 4 2.500+001 .900 4.290-802 -3.999-002 -1.205-001 3.190-002 .000 
o CWD 4 -5.745t009 .BEE -3.700-eel -8.zee-ee3 3.870-002 -4.7~0-~03 .em 
o WVO 4 -7.214t091 -5.185491 .909 1.137t009 -2.819-001 5.209402 .009 

DISCRIMINANTS FOR CLIMATIC ZONE ( 5) MID-LA1 - SPRING/FALL 

LAND - MAYBE SHOW DELTA 
LAND - MAYBE HEAVY RAIN  M I N  : 
LAND - FROZEN GND (SHOW) DELTA : 
LAND - HEAVY VEG DELTA 
LAND - HEAVY VEG M I N  
LAN0 - FROZEN GND 
LAND - FROZEN GND 
LAND - DESERT DELTA 
LAND - DESERT H I M  
LAND - FLOODED SOIL DELTA : 
LAND - GLAC I AL MAX 
LAND - CLOUD COVER M I N  
LAND - MAYBE R A I N  GND DELTA : 
LAND - MAYBE RAIN  (VEG] DELTA : 
BAD DATA DELTA 
OCEAN - MAYBE RAIN M I N  
OCEAN - MAYBE RAIN DELTA 
OCEAN - HEAVY RAIN DELTA 

C9 CDEF C19 EXP 



18BtWBB' 1 : V l l 3 0  N I V M  MV3H - NV330 
~W+OOOS'Z : V 1 1 3 0  N I V M  3 B A W  - NV330 
ZOO+fl@96'1 : N I W  N I V M  3 B A W  - N V 3 3 0  
O@Ot@OOO'Z- : V113O V l V O  OV9 

OWO' : V 1 1 3 0  03A NIVM 3 9 A W  - O N V l  
@@00' : V 1 1 3 0  O W  N I V M  3 B A W  - O N V l  

lOe t@O@O'C : 
{ 1 

N1W M3A03 O W 3  - O N V l  
ZOO+O@OO'Z : X W  1 V I 3 V 1 3  - ONV1 
OOO+O@@O'S : V 1 1 3 0  1 1 0 s  G 3 f l W l . i  - O N V I  
Z@@+@@S9'Z : N I H  l t o S 3 0  - G N V l  
1@@+0@00 Z : V 1 1 3 0  l Y 3 S 3 0  - O N V l  
Z@@+O@@9'Z : XVW 1 1 O S  ON3 N3ZOMJ - O N V l  
O@@tOfl0'J*S : V 1 1 3 0  1 I O S  ON3 N37OMJ - O N V l  
z@@+oess'z : 

I I 
NIH 33A AAV3H - O N V l  

O@@tO0OO'Z : V 1 1 3 0  S 3 A  AAV3H - ONV1 
B@O+OO@O'C : V 1 1 3 0  (ÃˆONS ON0 H3ZOMJ - O N V l  
ZOO+O@SS'Z : N I H  N I V M  AAV3H 3BAVW - O N V l  

@@OO' : V 1 1 3 0  IHONS 3BAVH - ONV1 

W ZW-4i@Z'S IM-BIB'Z- WWi 0 IBO-SB1'S- lW+HZ'L-  Ã 
ooo- coo-ees.~ zoe-ess'c coe-eorc- zw-ecz'i- ow- @ o o + ~ ~ B ' s -  t 
ooo' zoe-ece'z t e e - t ~ o ' i -  zoo-on~s-  zoa-aoi~s noo' t o o t z ~ o ' c  t 
000' 100-Zl9.Ã OOWL60'l- lOO-t0Z'l- lOB-tZ6'Z one' z@o+Ic9'1 t 
see' zoo-ears loo-ISL'Z- loa-aLrs-  LOO-6sa.z @no' ZBB~QSC'I t 
MO. iae-flne's-oen+oso'~- toe-ezt's o n  lee-oil's ~ o e t a o z ~ c  t 

1-LS6'1- IOO-OOt'L 100+lL'6- 000 ' 000. ooo- znotsse 1- a 
0@0. 000+890'l O @ O t @ C t ' Z -  WBtO691 IW-OQL ' t  000' 1@0+09S~/. t 
000' 0@0+@69'1- @OO+oL9'1- OOW016'1 000. BBB+OHZ 10Bt'JlZ C t 

tee-oet'z Z B O - ~ L ' I  ooo. z e e - 0 6 ~ ~  I- BOO ' nee- oeotost t- t 
IOk3-99B'Z- OOe+SOL'l- O@O. 000' O@O ' 000' Z00+6BC'9- 0 

era '  oeo' en@' one' COO' ooot06n-I @no- I 
1W-flCL.S- 000' BBfltoL9'l i m - e z r t  1W-OkQt- @noÂ 10@+@88'1-t 

000 ' BOO' 000+0i9'1 IOB-BLZ'L- IW-08S'Ãˆ BOB' IWt0t9'C- t 
000 ' OW. 000 ' 090' 000. BBBtOLO'l 000. 1 
o m .  one ' 000 ' @no ' ooo' nae+ete I nee' 1 
â‚¬30 0 We+019'1 IÃ‡Ãˆ-BLZ' IW-06S'Ãˆ @@O' >W+@t9 C- t 

ZW-eB6 ' Z- OW ZOC+-W~'Z 0 0  CO0-WL.l CW-fl@t'Z- OOO+Zti'i t 
ZOB-~FIS~ I-  BOO' ioo-s99' I- see ' o w  - o n  ~ n n t ~ t s ' t  z 

000 ' 000' 000 ' 000' C00-001'1- IW-SW'C- 1@0+LBL'6 Z 
t e e - e ~ i -  o w .  - i w - L ~ Q -  ope -- ' nee. - 0 ZO@t9ÃˆZ' z - 

OAM .Ã‘ 

013 ,o 
4 

OM1 
MS 
OM 

I N S  
S V 3  
3 S l  
S 1 S  
SM3 
1 V 3  
A1S 
31 1 
u s  
01s 
31s 
01s 
TO 
I M l  

MS 
l a  -- 

ASS H i t  MS AZZ H6 1 A6 1 I S N O 3  3 1 V  WWd 
M m s  - l V l - O l H  (9 ) 3NOZ 3 l lW l l 3  



Table 4.4- la Parameter Extract ion File for Climate Zones ( 1 1 4 1  1) (Can't) 

CLIMATIC ZONE ( 7) MID-LAT - WINTER 
PARAM ALG CONST 19V 19H 22V 37V 37H 85V -- - - - - - 

RL 2 2.907t002 .OW . 000 .BOB -3.B6~-aei .we -7.626-W) 
SM 2 8.584t001 -2.818-W1 -4.600-083 .000 . 000 .000 .000 
LWL 2 5.225t001 ,000 . 000 ,000 4.870402 .000 -1 .278-Wl 
CWL 4 1.2i)~toea -5.e0~-e~3 3.3~-ee3 .00e 4.15e-Ã§e .eee -4.eie-ee2 
ST0 4 -3 640t091 .000 -4.590-001 -1.279-Mi t.610+000 .000 .009 
STF 1 .000 1 070tW0 ,000 .000 ,000 .000 .000 
STG 1 Be0 1.070t008 .0B0 . 000 . 000 .000 .000 
STL 4 -3.640t001 ,000 -4.590-Wl -1.279-001 1.610+0W -060 .Boa 
T I C  4 -1 .880+0Bl ,000 -4840401 4.126-901 1.670+608 .000 -5.736-W) 
STV 1 .000 1.090teeÃˆ.ea . 000 . 000 .000 .a00 
CAL 0 -6.389tW2 .000 ,000 .W . 0"Ã -1705+WO -2.868-001 
cws 4 -1.45~+000 ,000 . 080 -1 .39Ã§-Ã§ .000 1.776-902 2.40-4 
STS 4 3.ztetwi ~ . Ã ‡ ~ + B B  ,000 l.sle+eee -i.67Ã§+ee -t.a9eteea . w e  
TSC 4 7.58Bt001 .000 4.780401 1.69tW809 -2.410t000 1.069+000 .000 
CAS 0 -1.895t002 ,000 .000 .0@9 -9.719401 7.409-001 -1.B87-061 
SNW 4 3.200t001 5. lie-wl .(we 9.420-091 -1.050+000 -6.800401 .000 
RO 4 1.146t002 .e00 2.708-tl -6.225Ml -2.816-001 2.521401 .000 
sw 4 9.599to~t .000 e.iee-ee~ -3.e34-eet -4.6~8-eel 1.926-ee2 
LHO 4 3.462t001 ,000 4.740402 -5.929-002 -1.749-001 6.239-802 .000 
cwo 4-6.14t+eee .eee -7.~0-em -e.iee-eel 3.~59-002 -5.gee-eel ,000 

1-1 W D  4 -7 681+001 -6.02040l .fie0 8.859-001 2.270491 -1.890401 .006 
0 
N 

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

LAND - MAYBE SNOW DELTA 
LAND - MAYBE HEAVY R A I N  M I N  : 
LAND - FROZEN GNO (SNOH) DELTA : 
LAN0 - HEAVY VEG DELIA  
LAND - HEAVY VEG M I N  
LAND - FROZEN GND 
LAND - FROZEN GNO 
LAND - DESERT DELTA 
LAND - DESERT M I N  
LAND - FLOODED SOIL  DELTA 
LAND - GLACIAL MAX 
LAND - CLOUD COVER M I N  
LAN0 - MAYBE R A I N  GHD DELTA : 
LAND - MA1BE R A I N  (VEG) DELTA : 
BAD DATA DELTA 
OCEAN - MAYBE R A I N  M I N  
OCEAN - MAYBE R A I N  DELTA 
OCEAN - HEAVY R A I N  DELTA 

c l e  EXP 

000 
.000 
000 
000 
,000 
,000 
,000 
eee 
000 
.000 
000 
.%a0 
. e00 
000 
,000 
,000 
,000 
.a00 
,003 
.000 
.000 





we' 
000 ' 
000. 
000 ' 
000 ' 
000 ' 
000 ' 
000 ' 
000 ' 
000 ' 
000' 
000. 
000. 
0a0. 
000. 
000' 
000. 
000' 
000 ' 
000' 
000 - 

4303 63 

V 1 1 3 0  N I V M  A A m H  - N V 3 3 0  
v ~ i 3 a  NIVM 3 a ~ m  - w3m 

N I W  N I V M  3W.W - N V 3 X  
v1i3a vlva av8 

N I V M  3 U A W  - O N V l  
N I V M  3 0 A W  - O N V l  

N IW M3A03 OfW313 - O N V l  
xm i v i w n  - a w l  

v l i a a  110s a ~ a a o ~ j  - a w l  
N I W  l t l 3 S 3 0  - O N V l  

V 1 1 3 0  l t l 3 S 3 0  - O N V l  
ON9 N32OMJ - a N V 1  
ON9 N3ZOtl.i - O N V l  

N I W  2 3 A  AAV3H - O N V l  
V 1 1 3 0  9 3 A  AAV3H - O N V l  

V113i3 (WS) ON9 N3ZOM4 - O N V l  
N I N  N I V M  AAV3H 3 f l A W  - a N V 1  

V 1 1 3 0  MONS 3 E A W  - O N V l  



Table 4.4-la Parameter Extraction File for Climate Zones (11-(111 (Con' 

CLIMATIC ZDNE (10) m u R  - CDOL 
PARAM ALG CDNST 19V l 9 H  22V 37V 37H 85V 85M C0 CDNST - 

RL 
w 
LWL 
CWL 
ST0 
STF 
STG 
STL 
TLC 
STV 
CAL 
cws 
STS 
TSC 
CAS 
SNW 
RO 
sw 

P 
Lwo 

0 
cwo 

m wvo 

DISCRIMINANTS FIX CLIMIC ZDNE (10) mwt - COOL 
LAND - MAYBE SNDW DELTA : .WW 
LAND - MAYBE HEAVY RAIN MIN : z . ~ ~ e e + t ~ a z  
LAND - FROZEN GND (SNW) DELTA : 3.0000t%Xi 
LAND - HEAVY VEG DELTA : 2.0000+000 
LAND - HEAVY VEG MIN : 2.5500 t002  
LAND - FROZEN GND DELTA : 5,00R0+000 
LAND - FROZEN GND MAX : 2.6000 t002  
LAN0 - DESERT DELTA : 2.0000t4301 
LAND - DESERT MIN : 2.6500 t002  
LAN0 - FLOWED SOIL DELTA : 5.0080+000 
LAND - GLACIAL MAX : 2.0000 ten2  
LAND - CLOUD COVER MIN : 3 .0000 t001  
LAND - MAYBE RAIN G W  DELTA : .0000 
LAND - MAYBE RAIN { W G I  DELTA : .0000 
eAfl DATA DELTA : -2 0 0 8 ~ ~  
DCEAN - MAYBE RAIN MIN : 1.9000+002 
WEAN - MAYBE RAIN DELTA : 2 . 5 0 0 W W l  
WEAN - HEAVY RAIN DELTA : l .ee0e+ee l  

c i e  EXP 



Table 4.4- la Parameter Extract ion File for Climate Zones (1)-(11) (Conat) 

CLIMATIC ZONE ( 1 1 )  POLAR - COLD 
PARAM ALG CONST 19V 1W 22V 3N 37H 85V 8% C 8  W T  C9 COEF C 1 0  EXP - 

R L  
SM 
LWL 
CWL 
STD 
STF 
STG 
STL 
T LC 
STV 
CAL 
cws 
STS 
TSC 
CAS 
SNW 
RO 
sw 
L w 
c w  
wo 

DISCRIMINANlS FW CLIMATIC ZONE (11)  POLAR - mI.0 
LAND - w e E  SNOW OELTA 
LAND - MAY9E HEAVY RAIN  U I N  : 
L A M  - FROZEN CND ( S W )  DELTA : 
LAND - HEAVY VEG DELTA 
LAND - HEAVY VEG M l N  
LAND - FROZEN CND SOIL DELTA : 
LAND - FROZEN GND l S O I L {  MAX : 
LAND - DESERT DELTA 
LAND - DESERT M I N  
LAND - F L W E D  S O I L  DELTA 
LAND - GLACIAL MAX 
LAND - C L W D  COVER M I N  

@AD DATA DEL IA  
WEAN - MAYBE R A I N  M I N  
W E A N  - UAWIE R A I N  DELIA 
OCEAN - HEAVY RA!N DELTA 





? ~ ? Z z z z z w w u w  
5A5588882222 

1 1  I ,  I I I I I 
N N N N N N N N N N N N  z x s s r = s z z x x  
v v v v v U U v v ~ o  
Z R % ~ Z Z L ~ Z Z L $  



Table 4.4-1b Parameter Extraction File: Transmissivitles for Climate Zones (12)-(17) (Can't) 

CLIMATIC ZONE (18) MID-LA1 - WINTER 
CHANNEL/SURFACE TYPE CONST 1 9V 1SH 22V 37V 37H 85V 85H 

CLIMATIC ZONE (17) POLAR -COOL 
CHANNEL/SURFACE TYPE CONST I I V  IBM 22V 37V 37H 85V 85H 



Table 4.4-1c Parameter Extraction File: Sea Ice 

CLIMATIC ZONE (18) POLAR - COLD 
CHANNEL/SURFACE TYPE CONST 

C L I W T I C  ZONE (19) POLAR - COOL 
PARAM ALG CONST 19V ISM 22V 

DISCRIMINANTS FOR CLIMATIC ZONE (19) POLAR -COOL 

MULTI-YEAR LEVEL : 2 . 2 8 W B e 2  

CLIMATIC ZONE (20) POLAR - COW 
PARAM ALG CONST 19V 19H 22V -- - - - 

1C 2 1.178+000 .eÃ . 000 .Be0 
I A 0 -2.177t002 ,000 . W 0  . 0 0 0  
CWI 4 -2.082-901 -3.00E-004 -1.210-Be2 ,000 

DISCRIMINANTS FOR CLIMATIC ZONE (20)  POLAR - COW 

MULT I-YEAR LEVEL : 2 t W W 2  

C8 CONST C9 COEF 

C8 CONST C9 COEF 

.BOB . 000 
1 ,923tBe2 . 0 0 0  

.000 ,000 

c ie  EXP 

C l 0  EXP 

. 0 0 0  . EL39 
,000 
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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 sensors Three 

types of information are provided: calibration data, from the SM/I 

Temperature Data Record (TDR) File; brightness temperatures (TES) 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 statistics 

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-lituits 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 environmental 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 



P W K T  IDENTIFlCATICN B L E K  
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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 .  OP5TBS - 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 QnR 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 

SKIEPE is read. fie 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 enviromental 

parameter. The counts are checked against maximum count limits. IÂ the count 

is determined to be greater than or equal to its limit, the environmental out- 

of-limits flag is incremented. (This flag is processed later in SMISHM wrapup 

functions.) To conclude environmental data processing, the Environmental Data 

block is made and an environmental procsssing summary is printed. 

TBS data are then processed by SHXSHM. 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 SDRsn 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 



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 

L4T LONG SURFACE 
(04. POLE) (+EAST) TYPE 

Doldrums 
Antarctic Ocean 
Antarctic Glacier 
Arctic Ice Pack 
Congo Ran Forest 
Amazon Rain Forest 
Greenland 
Saharapudan Desert 
Australian Desert 
Arabian Desert 

Ocean 
Ocean 
Antarctica 
Ice 
Veg. Land 
Veg. Land 
Veg. Land 
Land 
Land 
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: 

Mean and variance of spin period over entire readout. 

Mean and variance of hot load thermistor temperature for each scan 

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

For each channel: mean and variance of hot load counts for each scan 

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

For each channel: mean and variance of cold load counts for each scan 

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

Mean and variance of RF mixer temperature for the entire readout 



(f) 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 AGO 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, SMISHH 

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. then 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. 



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 Coimnunication 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 Descript ion of t h e  

Mission Sensor Microwave Imager (SSM/I) 

Environmental Parameter Ext rac t ion  Algorithm 

I. In t roduct ion  

The Mission Sensor Microwave Imager (SSM/I) is a j o i n t  Navy/Air Force 

p ro j ec t .  It is a passive microwave radiometr ic  system developed by t h e  

Hughes A i r c r a f t  Company (HAC) under t h e  d i r e c t i o n  of  t h e  Navy Space Systems 

Act iv i ty  (NSSA) and t h e  Air Force Space Division t o  be flown on t h e  Defense 

Meteorological S a t e l l i t e  Program (DMSP) opera t iona l  spacec ra f t  a s  an a l l  

weather oceanographic and meteorological  sensor .  

The SSM/I is a seven channel,  four  frequency, l i n e a r l y  polar ized ,  

passive microwave r a d i m e t r i c  system. The instrument measures atmospheric/ 

sur face  br ightness  temperatures a t  19.3, 22.2, 37.0 and 85.5 GHz ( 1 ) .  These 

da t a  w i l l  be processed by t h e  environmental parameter e x t r a c t i o n  (EPE) 

algorithm i n  p lace  a t  t h e  F l ee t  Numerical Oceanography Center (FNOC) and t h e  

Air Force Global Weather Center (AFGHC) t o  ob ta in  near r e a l  t ime 

p r e c i p i t a t i o n  maps, s e a  i c e  morphology, marine s u r f a c e  wind speed, columnar 

in tegra ted  l i q u i d  water and s o i l  moisture percentage. These products  w i l l  

be d i s t r i b u t e d  t o  Navy and Air Force DMSP ope ra t iona l  s i t e s  t o  s a t i s f y  t h e i r  

unique mission requirements. They w i l l  a l s o  be made a v a i l a b l e  t o  t h e  

general  s c i e n t i f i c  and i n d u s t r i a l  communities through t h e  METSAT d a t a  

a r ch iva l  agreement between t h e  National Oceanic and Atmospheric 

Administration (NOAA) and t h e  Department o f  Defense (DOD). 

The SSM/I d a t a  processing algori thm was developed a t  Environmental 

Research & Technology, Inc.  (ERT) under a sub-contract from HAC. The 

algori thm is composed of two major modules (2) .  The f i r s t  module, SMISDP, 

i n g e s t s  and processes  raw s a t e l l i t e  da t a  t o  produce earth-located br ightness  

temperatures (Tnvs ) .  The T v s  a r e  then processed through t h e  second module, 



SMIEPE, which is t h e  environmental parameter ex t r ac t ion  algori thm, t o  

produce es t imates  of ocean, land,  and i c e  parameters. Large volumes of  

documentation of t h e  SSM/I d a t a  processing algorithm sof tware  and da t a  f i l e s  

e x i s t  (e.g., 3.4.5). 

The environmental parameter ex t r ac t ion  module r e t r i e v e s  t h e  

environmental parameters using t h e  br ightness  temperatures a s  independent 

va r i ab l e s  i n  l i n e a r  regress ion  equat ions.  The regress ion  c o e f f i c i e n t s ,  

which r e s ide  i n  a da t a  f i l e  as  p a r t  of  t h e  software system, a r e  determined 

us ing  geophysical models, r a d i a t i v e  t r a n s f e r  models, an invers ion  algori thm, 

and climatology, which a r e  not  p a r t  of  t h e  SSM/I software. The 

documentation of  t h e s e  important components is scanty and o f t en  outdated 

(2,6,7,8). 

The purpose of  t h i s  r epo r t  is t o  present  a comprehensive d i g e s t  of t h e  

EPE algori thm and t h e  r e l a t e d  models f o r  t hose  i n t e r e s t e d  i n  t h e  SSM/I and 

its appl ica t ions .  The substance f o r  t h i s  r e p o r t  has  been taken from a l l  t h e  

previous ly  mentioned re ferences  and a sof tware l i s t i n g  o f  t h e  geophysical 

models provided by Dr. Kenneth Hardy (9). t h e  former l eade r  of ERT9s SSM/I 

team. This r e p o r t  inc ludes  an overview of  t h e  EPE algori thm, t h e  

geophysical models involved, and t h e  c o e f f i c i e n t s  and important c r i t e r i a  

used i n  t h e  development of  t h e  r e t r i e v a l s  of  environmental parameters. 

11. The Development of  t h e  SSM/I EPE Algorithm 

1I.A. The D Matrix Approach 

The EPE algori thm, except  f o r  i c e  morphology, is based on t h e  so-called 

D-matrix approach. It is a s t a t i s t i c a l  method which chooses t h e  most 

probable atmospheric and su r f ace  p rope r t i e s  t h a t  produce t h e  s e t  o f  measured 

b r igh tnes s  temperatures  (TB1s). The formalism f o r  t h e  s t a t i s t i c a l  approach 

s t a r t s  w i t h  t h e  assumption t h a t  t h e r e  e x i s t s  some l i n e a r  combination of  TBts  

which w i l l  provide information about t h e  geophysical parameters i n  quest ion.  



That is t o  say: 

n 
Pi* = Â D V i  

j 
where i =  1 ,  -,in . 

js 1 

o r  i n  vector  form 

P = D ' T ,  - (11.1) 

t 
where Pi is t h e  es t imate  of  t h e  1-th parameter Pi, !f is t h e  T of  t h e  j-th 

j 
radiometr ic  channel and D' is t h e  ( i , j ) - t h  element of  t h e  D matrix.  

i j  

The g m a t r i x  used i n  t h e  SSWI EPE algori thm is "tuned* t o  t h e  average - 
value o f  each parameter. This  is accomplished by t ransforming t h e  vector  - T 
i n t o  

The e f f e c t  of t h i s  t ransformation is t o  add a column t o  t h e  D matrix which 
conta ins  t h e  ensemble averages of  t h e  parameters. 

where - D Is t h e  new D matrix with dimensions ( m ,  n+1). - 

The elements of  t h e  D matr ix a r e  def ined by miminizing t h e  mean square 
e r r o r  between t h e  predicted and t h e  a c t u a l  values of  t h e  parameter Pi, It 

can be shown t h a t  



where C (P, t )  is t h e  c o r r e l a t i o n  matrix between P and 4  and C ( 4 ,  i l i )  is = - -  - - - - - 

t h e  inverse  of t h e  au to-cor re la t ion  matr ix of - 4 .  

The development of t h e  D matr ix  is demonstrated i n  Figure 11.1. 

Radiosonde records  and climatology a r e  compiled t o  de f ine  t h e  geophysical 

system including t h e  atmosphere and t h e  e a r t h  su r f ace  f o r  r a d i a t i v e  t r a n s f e r  

ca l cu la t ions .  A list of  t h e  des i red  environmental parameters is given i n  

Table 11.1. The atmosphere and su r f ace  da t a  a r e  used t o  s imula te  TB1s and 

thus  $(T) - through a geophysical-radiat ive model. Half of  t h e  - P and .*. a r r a y s  

a r e  used t o  c a l c u l a t e  c o r r e l a t i o n  mat r ices  and t h e  D matr ix  (See equat ion 

11.4). The o the r  h a l f  of  t h e  41 a r r ay  is used t o  t e s t  t h e  v a l i d i t y  of  t h e  D 
4 

matrix by comparing t h e  ground t r u t h  !to t h e  est imated va lues ,  which a r e  

ca l cu la t ed  through equation 11.3. The D ma t r i ce s  i n s t a l l e d  a t  FNOC and 

AFGWC have been t e s t e d  through t h i s  procedure. 

1 I .B .  Separa te  Schemes f o r  Each Climate Zone 

The assumption of l i n e a r i t y  between - P and is not  s a t i s f i e d  over t h e  

e n t i r e  ea r th .  Instead of  adding higher order  terms i n  t h e  regress ion  

equat ions,  a number of  c l imate  zones have been se l ec t ed  f o r  t h e  SSWI EPE 

algorithm. For each o f  t hese  zones, l i n e a r i t y  is assumed. The c l imate  

zones a r e  def ined i n  Table 11.2. A D matr ix is developed f o r  each of  t h e  

c l imate  zones. The D mat r ices  of  t h e  t r a n s i t i o n  zones, a r e  averages of 

those  of  neighboring zones. 

Due t o  t h e  l i m i t a t i o n  of  computing f a c i l i t i e s  a t  AFGWC, t h e  maximum 

number of channels used for  t h e  r e t r i e v a l  of  each parameter is l imi ted  t o  

four .  The channel s e l e c t i o n s  f o r  a l l  t h e  parameters a r e  shown i n  Table 

11.1. For example, t h e  regression equation fo r  t h e  s e a  su r f ace  wind speed 

is 
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Table 11.1 Data Channel u t i l i z a t i o n  table  for SSWI 

PARAMFTFRS \ FREHUENCIFS (GI!?) I V . 1  II I V 
I 

SW SURFACE WIND SPEED, OCEAN L i -  
R 0 1 PRECIP ITATION OVER OCEAN 

S M 1 S O I L  MOISTURE, LAND 

R L 1 PRECIPITATION OVER LAND 

1 C I CONCENTRATION 

I A SEA I C E  CONDITIONS AGE 

I E EDGE LOCATI ON 



TABLE 11.2 Designat ion o f  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  
Trou 

Ocean 4 4 4 4 2 2  2 2 2 2 2 2 

 id Land 9 9 5 5 5 7 7 7 5 5 5 9  
Lat 

O c e a n 1 0  10 6 6 6 8 8 8 6 6 6 10 

Land 13 13 13 13 11 11 11 11 11 11 13 13 
Arc t i c  

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

1: t r o p i c a l  warm/land 
2: t r o p i c a l  warm/ocean 
3: t r o p i c a l  cool / land 
4: t r o p i c a l  cool/ocean 
5: mid l a t  sp r ing - fa l l / l and  
6: mid l a t  spr ing-fal l /ocean 
7: mid l a t  summer/land 
8: mid l a t  summer/ocean 
9: mid l a t  winter / land 

10: mid l a t  winter/ocean 
1 1: a r c t i c  cool / land 
12: a r c t i c  cool/ocean 
13: a r c t i c  cold/ land 
14: a r c t i c  cold/ocean 
15: t r a n s i t i o n  zones 

A. Lower.Latitude t r a n s i t i o n  zones (LLTS) a r e  between t r o p i c -  and mid l a t .  

a. LLTS warm/land 
b. LLTS warm/ocean 
c. LLTS cool / land 
d. LLTS cool/ocean 

B. Upper Latu t ide  t r a n s i t i o n  zones (ULTS) a r e  between mid i a t .  and a r c t i c  

a .  ULTS cool / land 
b.  ULTS cool/ocean 
c .  ULTS cold/ land 
d .  ULTS cold/ocean 



where do, * * * * , d  a r e  D matrix c o e f f i c i e n t s .  The va lue  of  t h e  c o e f f i c i e n t s  

f o r  each environmental parameter f o r  a l l  c l ima te  zones w i l l  be descr ibed i n  

Sect ion IV. 

1I.C. Piecewise Scheme 

Even though a l l  t h e  environmental parameters f o r  each c l ima te  zone can 

be simultaneously ex t r ac t ed ,  t h e  r e s u l t s  may not  be meaningful. For 

example, i f  t h e r e  is heavy r a i n  over land ,  t h e  br ightness  temperatures w i l l  

not  be s e n s i t i v e  t o  t h e  cloud water and s o i l  moisture condi t ions .  

S imi l a r ly ,  when t h e r e  is heavy r a i n  over ocean, cloud water and sea  su r f ace  

wind r e t r i e v a l s  would not  be r e l i a b l e .  The SSM/I EPE algorithm employs t h e  

so-called piecewise scheme, t o  determine which parameters t o  r e t r i e v e  based 

on t h e  values of  c e r t a i n  TB observat ions.  The piecewise schemes f o r  ocean 

and land a r e  depicted i n  Figures  11.2 and 11.3. The choice of  parameters t o  

r e t r i e v e  is mainly based on r a i n f a l l .  The c r i t e r i a  f o r  determining whether 

t h e r e  is no r a i n ,  l i g h t  r a i n ,  o r  heavy r a i n  a r e  d i f f e r e n t  f o r  each c l ima te  

zone. They a r e  l i s t e d  i n  Section IV. 

The r e t r i e v a l  o f  i c e  parameters,  including concent ra t ion  and age, is 

accomplished through a  de t e rmin i s t i c  approach. The i c e  algori thm is 

developed d i r e c t l y  from physical  r e l a t i o n s h i p s  r a t h e r  then through 

regression.  The desc r ip t ion  of t h e  physics of i c e  morphology and r e t r i e v a l  

w i l l  be presented i n  Sec t ions  I11 and VI. 

111. The Geophysical-Radiative Model 

The r a d i a t i v e  t r a n s f e r  theory i s  used t o  s imulate  t h e  b r igh tnes s  

temperature obtained by a  remote sensing platform, such a s  a  s a t e l l i t e ,  

observing t h e  earth-atmosphere system. A geophysical model which s p e c i f i e s  

t h e  physical  and electromagnet ic  p rope r t i e s  of t h e  atmospheric and t h e  
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e a r t h ' s  su r f ace  provides t h e  necessary input  parameters t o  t h e  r a d i a t i v e  

t r a n s f e r  theory. 

1II.A The Radiat ive Transfer  Model 

For microwave r a d i a t i o n ,  t h e  important atmosperhic parameters a r e  water 

vapor, oxygen and l i q u i d  water,  both i n  t h e  form of  cloud water and r a i n .  

The form of  t h e  l i q u i d  water governs t h e  method of  ca l cu la t ion  f o r  t h e  

ex t inc t ion  c o e f f i c i e n t  and t h e  so lu t ion  t o  t h e  r a d i a t i v e  t r a n s f e r  equat ion.  

When l i q u i d  water exists i n  small  d r o p l e t s  such a s  found i n  clouds,  t h e  

a t t enua t ion  is predominantly by absorpt ion and ca l cu la t ions  a r e  r e l a t i v e l y  

s t r a i g h t  forward. But i n  t h e  case  of r a i n ,  water drops a r e  so l a r g e  t h a t  

s c a t t e r i n g  e f f e c t s  must be considered. The Mie theory is employed t o  

c a l c u l a t e  t h e  ex t inc t ion  c o e f f i c i e n t  including both absorpt ion and 

s c a t t e r i n g  e f f e c t s .  An i n t e r a t i v e  algorithm is needed t o  so lve  t h e  

r a d i a t i v e  t r a n s f e r  equation. 

The r a d i a t i v e  t r a n s f e r  equat ion,  with t h e  Rayleigh-Jeans long 

wavelength approximation, f o r  t h e  i n t e n s i t y  of  thermal r ad i a t ion  from a 

blackbody can be w r i t t e n  a s  

where T is t h e  br ightness  temperature,  a func t ion  of  he igh t ,  2, and of  look B 
angle  0. T is physical  temperature and 7 is t h e  opaci ty.  In  t h e  absence of  

s c a t t e r i n g ,  t h e  TB sensed by a s a t e l l i t e  can be expressed as  ( 9 )  

where Z is t h e  he ight  of  t h e  s a t e l l i t e ,  R i s  t h e  e f f e c t i v e  su r f ace  

A l l  



r e f l e c t i v i t y ,  T is t h e  t o t a l  opac i ty  of t h e  atmosphere along t h e  l i n e  of 

s i g h t  (nepers)  and Tp is t h e  su r f ace  temperature (K). The q u a n t i t i e s  TB 
1 

and T a r e  propor t iona l  t o  t h e  upward emission from t h e  atmosphere and t h e  
B2 

downward emission from t h e  atmosphere p lus  a t tenuated  sky background 

r a d i a t i o n  and a r e  given by 

z 
where 7 =!(=) sece  dz and Y(z) is t h e  t o t a l  opac i ty  a t  

height  z ,  represent ing  t h e  sum o f  cont r ibu t ions  from water vapor, oxygen, 

and cloud water drople t s .  

Equations 111.2 t h r u  111.4 a r e  va l id  f o r  a l l  non-precipi ta t ing 

atmospheres. When p r e c i p i t a t i o n  is present  mul t ip le  s c a t t e r i n g  e f f e c t s  a r e  

coupled with absorpt ion.  The Mie theory is based on t h e  d i f f r a c t i o n  of  a 

plane monochromatic wave by a sphere with a homogeneous, complex index of 

r e f r a c t i o n .  By examining t h e  d i s s i p a t i o n  i n  t h e  sphere and t h e  s c a t t e r e d  

wave produced, it provides t h e  information necessary f o r  t he  c a l c u l a t i o n  of  

t h e  ex t inc t ion  c o e f f i c i e n t  and s i n g l e  s c a t t e r i n g  albedo. 

The Hie e f f i c i ency  f a c t o r s  fo r  s c a t t e r i n g ,  absorpt ion and ex t inc t ion  

a r e  defined as  t he  r a t i o  of  t h e  ac tua l  t o  t h e  geometric cross-sect ions.  



QJ = xp 2 
J = S ( s c a t t e r i n g )  

A ( a b s o r p t i o n )  

E ( e x t i n c t i o n ) ,  

where x i s  t h e  a c t u a l  c r o s s - s e c t i o n  and r is t h e  r a i n d r o p  r a d i u s .  By 

d e f i n i t i o n  QE = QA + Qs. The s i n g l e  s c a t t e r i n g  a lbedo  is 

The e x t i n c t i o n  c o e f f i c i e n t  is determined by i n t e g r a t i n g  t h e  e f f i c i e n c y  

f a c t o r  over  t h e  d r o p  s i z e  d i s t r i b u t i o n  encountered i n  t h e  r a i n .  

where N(r) is t h e  number o f  d r o p s  o f  r a d i u s  r i n  a  u n i t  volume, is 

wavelength,  rf is index o f  r e t r a c t i o n  and T is temperature .  The r a d i a t i v e  

t r a n s f e r  e q u a t i o n  f o r  t h e  s c a t t e r i n g  medium can b e  w r i t t e n  a s  

where 11 is t h e  c o s i n e  o f  v e r t i c a l  z e n i t h  a n g l e ,  T' = T/U and Ts is t h e  

s o u r c e  f u n c t i o n  

where P i s  t h e  phase  f u n c t i o n .  The i n t e g r a l  equa t ion  f o r  Ts w i t h  t h e  

boundar ies  included can be w r i t t e n  a s  



where T* is t h e  t o t a l  o p t i c a l  depth of  the atmosphere and En is 

For t h e  so lu t ion  o f  t h e  source funct ion Ts defined i n  equat ion (111.10) and 

thus  t h e  br ightness  temperature,  a  v a r i a t i o n a l - i t e r a t i v e  approach is used 

(10.11). 

111.0 The Atmosphere Model 

The phys ica l  e lectromagnet ic  p rope r t i e s  o f  water vapor, oxygen, and 

l i q u i d  water a s  defined i n  t h e  ERT model a r e  descr ibed i n  t h i s  s u b s e c t i o n .  

III.B.l Water Vapor 

The e x t i n c t i o n  c o e f f i c i e n t  due t o  water vapor was descr ibed by Gaut 

(12).  Laboratory measurements and t h e o r e t i c a l l y  generated da t a  were used t o  

examine and modify t h e  expression formulated by Van Vleck and Weisskopf 

(13). For a l l  bu t  t h e  h ighes t  frequency, i.e., 85.5 GHz. of t h e  SSWI 

instrument ,  only t h e  absorpt ion l i n e  a t  centered 22.235 GHz is considered. 

The ex t inc t ion  due t o  water vapor can be seen a s  composed of two d i s t i n c t  

Por t ions .  They a r e  t h e  so-called resonance and non-resonance components, 

t h e  former being t h e  con t r ibu t ion  from a nearby water vapor absorpt ion l i n e  

while  t h e  l a t t e r  is due t o  t h e  slowly varying absorpt ion wings of  more 

d i s t a n t  l i n e s .  



where Y ( Z )  is the  absorption due t o  water vapor a t  height z ( n e p e r s h ) ,  
V is frequency (GHz), vo is the reference frequency (22.235 GHz) and k t ,  k2 
a re  constants. 

The half-width of the  absorption l i n e ,  Av, is defined as 

where P(z) is pressure a t  height z (mb), Po is 1013.25(mb), and To is 318.0 

(K). 

For 85.5 GHz, eight water vapor rota t ional  spectra l  l i n e s  a re  included 

i n  the  calculation of the absorption coefficient .  The reference frequencies 

Of these l ines  and other s ignif icant  parameters a re  l i s t e d  below. 



The resonance portion of the absorption coeff ic ient ,  vw(z ) ,  is given by 

where Sp(i )  is the s p i n  mode and Stn( i )  is the l ine  strength. 

where t is the exponent for the temperature term and 
ex P 

The non-resonance term is defined as  

and the total  absorption due to  water vapor is then 



The Van Vleck and Weisskopf ( 1 3 )  formulation f o r  the absorption l i n e  

shape is adopted for the  c a l c u l a t i o n  o f  absorption due t o  oxygen. 

where = 0.25 if P(z)  > 365.51 mb - 
= 0.75 P(z) < 25.5 mb 

and 0+(1) and 0'Ci) are  l i n e  shape parameters f o r  the absorption l i n e s .  

They are  def ined  by Rosenkrantz (151 and are l i s t e d  i n  Table 111.1. 



TABLE 111.1 Line Shape Parameters for the Absorption Due to Oxygen 



III .B.3 Liquid Water 

a .  Cloud d r o p l e t s  

The absorpt ion c o e f f i c i e n t s  of  cloud d r o p l e t s  fo r  a l l  f requencies  

except  85.5 GHz a r e  ca l cu la t ed  based on the  formulation by S t a e l i n ,  e t .  a l .  

( 1 4 ) .  When the re  is no p r e c i p i t a t i o n ,  

where C ( z )  is t h e  cloud water dens i ty  a t  height  z. 
For the 85.5 GHz, the  Raleigh-Jeans approximation is used f o r  t he  

c a l c u l a t i o n  of  the  absorpt ion c o e f f i c i e n t  

2 where If is t h e  imaginary p a r t  o f  (-m2+1)/(m +2) and m is t h e  complex index 

o f  the  r e f r a c t i o n  of  water. 

The absorp t ion  o f  i c e  cloud p a r t i c l e s  is ca l cu la t ed  according t o  the  

following formula, assuming t h e  temperature is below f r eez ing ,  o r  

T ( z I W 3 . 1 6  K. 

b. P r e c i p i t a t i o n  

P r e c i p i t a t i o n  is the  primary con t r ibu to r  t o  atmospheric a t t enua t ion  

a t  microwave wavelengths. The a t t enua t ion  r e s u l t s  from both absorp t ion  and 

s c a t t e r i n g  by the  hydrometeors. The magnitude o f  t hese  processes  depends 

upon wavelength, drop s i z e  d i s t r i b u t i o n ,  and p r e c i p i t a t i o n  l aye r  th ickness .  

I n  the  case of  l i g h t  r a i n ,  when i t  is permissible  t o  neglec t  the 

e f f e c t  of  mu l t ip l e  s c a t t e r i n g ,  the  a t t e n u a t i o n  due t o  p r e c i p i t a t i o n  can be 

ca l cu la t ed  according t o  equat ion 111.12 and 111.18. The l i q u i d  water con- 



t en t  and the  rain ra te  a re  assumed to be related by the  Marshall-Palmer 

d i s t r ibu t ion  function 

3 where L i s  l iquid water content (gm/m ) and RR is rain rdte (mmlhr.) 

For heavier ra in ,  the  multiple scat ter ing e f fec t  w i l l  be included 

through the algorithm described i n  sub-section I I I . A ,  equations 111.5 thru 

111.11. One of the  essen t ia l  elements for  the  algorithm is the drop s i ze  

dis t r ibut ion.  The empirically observed spectra of Laws and Parson (16) i s  
used to f i t  t h e  Deirmendjian drop s i ze  d i s t r ibu t ion  for  t h e  SSM/I ra in  

algorithm. The Deirmendjian dis t r ibut ion i s  defined as 

-3 -1 where n ( r )  is the  drop s ize  d i s t r ibu t ion  (cm urn ), r is the  radius of 

raindrop (urn), and A and B a re  scale  parameters. 

3 where M is the  t o t a l  l iquid water content (gm/m ) ,  

and r is the  mode radius ( u r n ) .  The shape parameters are  C, and Cn. The 

former of these a f fec t s  the  dis t r ibut ion of the smaller r ad i i  while the  

l a t t e r  a f fec t s  the larger  radi i .  



The a n a l y t i c a l  r e s u l t s  from f i t t i n g  the  Laws-Parson empir ical  spectrum 

are: 

M = 0.636 (RR' 3 I )  (gdcm ), where RR is r a i n  r a t e  (mm/hr), 

C 2  = 0.70 - 0.00458 (RR"") 
('2) min = .625. 

This formulation r e l a t e s  t he  r a i n  r a t e  t o  mode r ad ius  and l i q u i d  water 

dens i ty .  It parameter izes  t h e  d i s t r i b u t i o n  a s  a  funct ion of  r a i n  r a t e  only 

and thus  s i m p l i f i e s  t he  so lu t ion  t o  t he  Deirmendjian d i s t r i b u t i o n .  On t h e  

o ther  hand, it s t i l l  r e t a i n s  t h e  s e n s i t i v i t y  of  s c a t t e r i n g  t o  drop s i z e ,  

which would be l o s t  i f  t he  Marshall-Palmer d i s t r i b u t i o n  is used. Figure 

111.1 shows t h e  good agreement between t h e  Deirmendjian model and t h e  Laws 

and Parson d i s t r i b u t i o n s .  

For weak s torms w i t h  low r a i n  r a t e  ( R R  - < 8 m@/hr), t h e  c e i l i n g  f o r  the 

r a i n  l a y e r  is assumed t o  be t h e  0 C isotherm. For more in t ens ive  convective 

storms, t h e  c e i l i n g  is usua l ly  higher  with a super-cooled water l aye r  on 

top. The th i ckness  of  t he  l a y e r ,  Zinc, depends on t h e  i n t e n s i t y  of  

convection. In  t h e  ERT algori thm, t h e  th i ckness  o f  t h e  supercooled l a y e r ,  

AZ,  f o r  r a i n  r a t e s  i n  excess  of 8 imn/hr, is given a s  

A2 = ( R R  - 8.0) Zinc :  A2 < AZmax, ( I I I . 3 D  

where Z i n c  and AZmaX a r e  determined from cl imatology ( IT) .  The va lues  used 

a r e  given below: 



DROP RADIUS (mm) 
Figure 111.1 The matching o f  the  Deirmendjian raindrop s i z e  d i s t r i b u t i o n  

used i n  model computations t o  t h e  observed Laws and Parsons 
d i s t r i b u t i o n s .  
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1II.C The Surface Model 

III.C.l Ocean Surface  

The ca l cu la t ion  of t he  emiss iv i ty  of a  smooth water su r f ace  is 

r e l a t i v e l y  s t ra ight forward .  The d i e l e c t r i c  p rope r t i e s  of  s ea  water ,  derived 

from the  measurement o f  Lane and Saxton (18) and expressed i n  a n a l y t i c a l  

form by Chang and Wilhei t  (19) a r e  used fo r  t h e  SSM/I algorithm. The 

Fresnel  equat ions f o r  a  plane d i e l e c t r i c  i n t e r f a c e  a r e  used t o  c a l c u l a t e  t h e  

emiss iv i ty  of  t he  smooth sur face  fo r  a  given view angle and po la r i za t ion .  

Wind driven waves and foam on the  ocean su r f ace  both s i g n i f i c a n t l y  

a l t e r  t h e  microwave r e f l e c t i v i t y  of  t h e  ocean sur face .  Wind speed is highly 

v a r i a b l e  both ho r i zon ta l ly  and v e r t i c a l l y .  Marine wind speed measured from 

a sh ip  is usua l ly  referenced t o  a  standard he ight  of  20 meters. However, 

t h e  wind speed which d i r e c t l y  r e l a t e s  t o  roughness and foam is t h e  f r i c t i o n  

ve loc i ty  a t  t h e  ocean-air i n t e r f ace .  The r e l a t i o n s h i p  development by 

Cardone (20) is used t o  ex t r apo la t e  it t o  t h e  s tandard 20 meter height .  

The ocean sur face  model developed by Wilhei t  (21) is adopted i n  t h e  

SSM/I algorithm. The roughness e f f e c t  is modeled a f t e r  Cox and Munk (22 )  

t he  sea su r f ace  as  a  c o l l e c t i o n  of plane f a c e t s  l a r g e  compared t o  

t he  observa t iona l  wavelength. The variance i n  sea su r f ace  s lope  is defined 

as  a  function of wind speed and then used f o r  ca l cu la t ion  of emiss iv i ty  

assuming a Gaussian s lope  d i s t r i b u t i o n  f o r  t he  f a c e t s  and using the  Fresnel  

r e l a t i o n s .  The derived wind speed dependence of  t he  sur face  s lope var iance ,  
2 

o , i s  given by 



^ ( f )  = (0.3 + 0 . 0 2 0  (0.003 + 0 . 4 8 ~ )  fo r  f  < 35 GHz; 

= 0.003 + 0 . 4 8 ~  for  f  - > 35 GHz, (111.32) 

where f is frequency i n  g igahe r t z  (GHz) and w i s s t h e  wind speed (m/sec) a t  

20 meter he ight .  

Foam is t r e a t e d  as  p a r t i a l l y  obscuring the su r f ace  i n  a  manner indepen- 

dent  of po la r i za t ion  bu t  dependent upon frequency. The foam f r a c t i o n ,  K, is 

defined a s  

K = 0.006 ( w  - 7 )  ( 1  - e  -f /7 .5,  fo r  w > 7 m/sec 

= 0 w - < 7 m/sec. (111.33) 

This  equation is based on Nordbergls (23)  observat ion t h a t  the  

b r igh tnes s  temperature i nc reases  l i n e a r l y  w i t h  wind speed exceeding 7 m/sec, 

and t h a t  no foam forms below t h a t  wind speed. 

I I I .C.2 Land Surface 

The desc r ip t ion  of  t he  land su r f ace  is extremely complex due t o  the  

many types  of su r f aces  and t h e  v a r i a t i o n  of  t he  physical  c h a r a c t e r i s t i c s  

within each su r f ace  type.  A t  p r e sen t ,  the  only  land su r f ace  parameter 

r e t r i e v e d  by the  SSM/I algori thm is the  s o i l  moisture fo r  open land a reas .  

C r i t e r i a  have been developed t o  s epa ra t e  o ther  land su r f ace  types such a s  

f o r e s t  and l akes  from the  open land a reas .  

The i n t e n s i t y  of  r a d i a t i o n  from s o i l  depends on t h e  l o c a l  d i e l e c t r i c  

cons tan t  and the  physical  temperature of  t he  s o i l .  Moisture produces a  

marked increase  in  both the  r e a l  and the  imaginary p a r t s  of  the  d i e l e c t r i c  

cons tan t  of  s o i l ,  leading t o  a  decrease i n  t ne  s o i l  emiss iv i ty .  Experi- 

mental observa t ions  and t h e o r e t i c a l  c a l c u l a t i o n s  i n d i c a t e  t h a t  the  

emis s iv i ty  o f  s o i l  a t  microwave f requencies  can range from >0.9 fo r  dry  

s o i l s  t o  - <0.6 f o r  very moist s o i l s .  

A genera l ized  incoherent  layered  su r f ace  model ( 2 4 ) .  was used t o  

s imulate  expected SSM/I s o i l  moisture b r igh tnes s  temperature s igna tu re s .  

Assume t h a t  t h e r e  a r e  N s o i l  l a y e r s ,  w i t h  the  atmospheric l aye r  above and an 



infinitely deep layer, with constant temperature and moisture content, 

below. The brightness temperature emerging at the soil surface for the 

horizontal polarization, TBR, is given by 

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 

where g(m) = 1*iru/c ~(m). Here c is the speed of light 
and A(m) = <,.(m)/ [ 2  ~ ( m )  1 , where 61(m) is the imaginary part of the 
dielectric constant of the a-th layer. 

(111.36) 

2 
and Y ( m )  = f,,(m) - sin 8 ,  where cR(m) is the real part of the dielectric 

constant of the m-th layer and f is the incidence angle. The term, Tm(i), 

is the transmission factor of the i-th layer for horizontal 

polarization and is given by 

T m ( i )  = [I - ~̂ (l)l .... .. [I. - RH(i-111, (111.37) 

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

The brightness temperature for vertical polarization, 1 ,  emerging 

at the surface is 

qi) = 
Cw(i) - cW(i + 1) 

C (1) + C ( i  + 1) w 

2 

where Cw(i) = (Bti), A(i)). (111.38) 



Here T R v ( i )  i s  the transmission factor  of the i - t h  layer for  ve r t i ca l  

polarization; 

~ ( i )  = (1 - ~ ( 1 )  (1 - R v ( 2 ) ) * * * q ' * * ( l  - ~,,d-l)),  (111.1.0) 

where vi) i s  the ve r t i ca l  extinction coeff ic ient  for  the i-th ldyer. 

The d i e l ec t r i c  constant is a function of frequency and s o i l  moisture. 

f o r  the  19.35 and 22.235 GHz channels, resul ts  from the study by Wang e t  . a l .  

(25) a re  adopted. Let SM be s o i l  moisture i n  percentage. The real  part of 

the  d i e l ec t r i c  constant, cR, is given by 

S M < 7  - e = 2.67 + 0.1 3, 
R 

7 < SM < 19.25 e n  = 3.37 + 0.78 (SM - 7 ) .  - (111.42) 

19.25 < SM c a 12.92 + 0.23 (SM - 19.25). a 

and for the imaginary part, eI, by 

- 
10 < SM < 19 - eI = 0.80 + 0.57 (SM - l o ) ,  

19 < SM e = 5.93 + 0.28 (SM - 19). 
I 

The r e su l t s  from the study by Geiger and Williams (26)  a r e  adopt& for 

the  d i e l ec t r i c  constant of s o i l  a t  37.0 and 85.5 GHz. Here 

and ( I I I .4b)  



A t  the higher frequencies, there i s  l i t t l e  sens i t iv i ty  t o  s o i l  moisture 

much below the ear th  surface. It suff ices  t o  calculate  the  ref lect ion 

coefficient  through the Fresnel coeff ic ients  using the d i e l ec t r i c  constants 

specified above. 

Choudhury and Schmugge (27) have developed a simple correction factor 

t o  the r e f l ec t i v i t y  t o  take the surface roughness in to  account. The 

corrected ref lect ion coefficient  i s  given by 

o 2  is the variance of the surface roughness, i s  the observational 

wavelength and h a t  19.0 GHz is assumed t o  vary between 0 and 0.6. 

III.C.3 Sea Ice  

The upwelling brightness temper'iture of a scene containing sea water 

and various amounts of sea ice is a function of the  ice concentration, i c e  

emissivity, the  physical temperatures of tne  ice  components, and the amount 

of water vapor and l iquid water in the  atmosphere (6,7). The ice can be 
composed of f i r s t  year (FY), multi-year ( M Y )  o r  f irst-year t h i n  i ce  (FT). 

The ve r t i ca l l y  polarized up-welling brightness temperature sensed by the  

5SM/I radiometer is expressed as 



where r = t o t a l  atmospheric opacity, 

C = f ract ion of sea ice (includes a l l  types within f ie ld  of view), 

F = fraction of FY ice  re la t ive  t o  t o t a l  ice present, 

M = f ract ion of MY i ce  r e l a t i ve  to  t o t a l  ice present, 

fmv* f t v  = ver t ica l ly  polarized surface emiss ivi t ies  of 

FY, MY and FT i ce ,  

wv = ver t ica l ly  polarized surface emissivity of sea water, 

T f , T , T  = surface temperature of FY, MY and FT i ce ,  

T = surface temperature of sea water, 

Ts = incident sky temperature a t  the surface due t o  atmospheric 

downward self-emission, and 

a t m  = contribution from atmospheric upward self-smission. 

An approximate expression for r a t  a 5 0  earth incidence angle for 

( u = 6.6 t o  37 GHz) is 

where A is the observational wavelength (cm) and L is the integrated 

ver t ica l  column of l iquid water and water vapor (em). An expression similar 

to  equation 111.46 ex i s t s  for horizontal polarization.  Ideally a l l  SSWI 

frequencies w i t h  d i f fe ren t  sea ice dependencies can be used to  solve for 

C, F, and M simultaneously. However, l imita t ions  a t  the AFGWC computing 

f a c i l i t y  prevent the  use of a l l  the SSWI channels i n  a single algorithm. A 

simpler but re l iab le  algorithm was developed. 

Results from a study on ice  emissivit ies (28) are  presented i n  Table 

111.2. The difference between the ver t ica l  and horizontal emissivit ies a t  

37 GHz exhibits  s ignif icant ly  l e s s  dependence on ice type than does the 



Table 111.2 Ernissivity of ice 

* *V  - VERTICAL: H - HORIZONTAL; 50Â EARTH INCIDENCE ANGLE 

K 
w 

ICE TYPE 

POLARIZATION** 

FREQ, GHZ 

19.35 

37 

37 (V-H)  

WATER 
CALM SEA 

V 

0.60 

0.70 

H 

0.33 

0.40 
- 

MY ' FY ICE 

0.30 

V 

0.86 

0.69 

V 

0.97 

0.97 

FY THIN  ICE 

H 

0.73 

0.64 

H 

0.84 

0.95 

V 

0.96 

0.96 

0 .05 0.02 

H 

0.78 

0.87 

0.09 



p o l a r i z a t i o n  d i f f e r e n c e  a t  19.35 GHZ. Furthermore, t h e  po la r i za t ion  
d i f f e r e n c e  a t  37 GHz is l e s s  s e n s i t i v e  t o  i c e  type than e i t h e r  the  37.0 GHz 

v e r t i c a l  or ho r i zon ta l  b r ightness  temperatures .  Therefore,  t h e  d i f f e r ence  

TBv(37) - T (37) can be employed t o  ob ta in  accura te  es t imates  of i c e  
BH 

concent ra t ion .  

A s e n s i t i v i t y  s tudy was performed t o  determine the  unce r t a in ty  of  i c e  

concent ra t ion  using only t h e  two 37 GHz channels  (6 ,7 ) .  For win ter  

cond i t i ons  

Tf = T ; 260 Â 10% A E  = e v - ^ =  0.05 Â 0.05 

T~ = 250 t IOOK a = 0.81 cm 

T = 271K 

L = 0.025 Â 0.025 cm, 

and f o r  instrument  noise con t r ibu t ions  of AT = 0 K and AT = 1 K, i c e  

concent ra t ion  r e t r i e v a l  accuracy ranges from 7% when C = 100% t o  61 fo r  low 

i c e  concent ra t ions .  The unce r t a in ty  f o r  low i c e  concent ra t ion  a r i s e s  mainly 

from atmospheric v a r i a b i l i t y ,  while f o r  high i c e  concent ra t ion ,  v a r i a b i l i t y  

i n  i c e  emis s iv i ty  is t h e  main source of  uncer ta in ty .  These analyses  
i n d i c a t e  t h a t  t h e  37 GHz channels w i l l  provide an adequate margin f o r  i c e  

concent ra t ion  measurements. Thus. t h e  proposed algori thm t o  r e t r i e v e  i c e  

concent ra t ion ,  I C ,  is 

where A. and A ,  a r e  cons tan ts  computed using equat ions  111.46 and 111.47 f o r  

t h e  v e r t i c a l  p o l a r i z a t i o n  and equiva len t  equat ions  fo r  TBH. Cl imato logica l ly  

s i g n i f i c a n t  mean va lues  o f  i c e  temperatures ,  atmospheric l i q u i d  water 

con ten t ,  and mean values of i c e  e m i s s i v i t i e s  a r e  used as  input  t o  t hese  

equat ions.  A and A vary with season. They a r e  presented i n  Sect ion IV. 

Dr. Rene Ramseier of the  Atmospheric Environment Serv ice  of  Canada has 

conducted many experiments t o  t e s t  t he  SSM/I i c e  algori thm using NIMBUS-7 

SMMR 37.0 GHz d a t a .  S l i g h t  adjustments of c o e f f i c i e n t s  were made t o  

accommodate t he  d i f f e r ence  in  s a t e l l i t e  geometry. Resul ts  from t h i s  study 

shows good agreement i n  i c e  concentrat ion and i c e  edge between SSWI i c e  



Climate Code No, 

TABLE IV.l Def in i t i on  of  Climate Codes 

Def in i t ion  

Tropical-warm 
Tropical-cool 
Lower Lat i tude  Transition-warm 
Lower Lat i tude  Transi t ion-cool  
Mid. Lat .-Spring/Fall 
Mid. Lat . -Summer 
Mid. Lat .-Winter 
Upper Lat.  Transi t ion-cool  
Upper Lat.  Transi t ion-cold 
Polar-cool 
Polar-cold 



determine which parameters to  re t r ieve  and which not t o .  I t  i s  designed to  

avoid meaningless re t r ieva ls  and to use computing f a c i l i t i e s  most 

effect ively .  The c r i t e r i a  given for ocean cases include the c r i t i c a l  

temperature of the 19.35 H brightness temperature "for the 'maybe ra in '  case 

CMRO, and the c r i t i c a l  brightness temperature difference between the two 

polarizations of the 37 GHz frequency for 'maybe r a i n ' ,  CMRDO. When e i ther  

of the two c r i t e r i a  i s  met, i . e . ,  when TB (19H) i s  greater than CMRO or when 

T(37V) - T(37H) is l e s s  than CMRDO, the algorithm assumes tha t  there is 

ra in .  The c r i t e r i on  for 'heavy ra in '  over the ocean, CHRDO, is  also based 

on the difference i n  TB between the two 37.0 GHz channels. When TB(37V) - 
TB(37H) is l e s s  than CHRDO, the 'heavy r a in f  condition is assumed. 

For land r e t r i eva l s ,  there is a  c r i t e r i on ,  CFGL, defined to  t e s t  for 

frozen ground. If  T(37V) is l e s s  than CFGL, the algorithm assumes frozen 

ground and considers s o i l  moisture r e t r i eva l  impossible. The r e t r i eva l  

algorithm also examines the 37 GHz brightness temperatures for 'heavy r a in i  

using the c r i t e r i a  CHRL and CHRDL. The ver t ica l  channel brightness 

temperature is checked against the c r i t e r i on  CHRL. If  it is l e s s  than CURL 

and the difference between the two polarizations is l e s s  than CHRDL, 'heavy 

ra in '  is assumed and both the so i l  moisture and the cloud l i q u i d  water over 

land w i l l  not be retrieved. If the 'heavy rain '  condition i s  not met, the 

algorithm then checks the 37 GHz brightness temperatures using c r i t e r i a  CMRL 

and CMRDL i n  a  similar way t o  CHRL and CHRDL for the  'maybe ra in '  condition. 

If  no rain i s  indicated,  the rain ra te  over land and the l iquid water over 

land are s e t  to  zero. The piecewise algorithm c r i t e r i a  are l i s t s - d  i n  Table 

IV. 2 for  the eleven climates. 

1 V . B  Ocean Retrievals 

IV.B.l Ocean Surface Wind Speed (SW) 

The response of brightness temperature a t  19.35 H & V ,  22.235 V ,  and 37 

V & H to  ocean surface wind speed is demonstrated i n  Figure IV.l for a  

t ropical  c lear  atmosphere. The calculations are made a t  the look angle of 

the SSM/I. Note that  the horizontal channels are more sensi t ive  to wind 



TABLE IV.2 Cr i te r ia  for the Piecewise Algorithm 

Climatecode CMRO CMRDO CHRDO CFGL CHRL CHRDL CMRL CMRDL 

CMRO = Criterion for maybe rain over ocean for TB(l9H) 

CMRM = Criterion for maybe rain over ocean for TB(37V) - TB(37H) 

CHRDO = Criterion for heavy ra in  over ocean for T(37V) - TB(37H) 

CFGL s Criterion for frozen ground for TB(37V) 

CHRL = Criterion for heavy ra in  over land for TB(37V) 

CHRDL = Criterion for heavy rain over land for  TB(37V) - TB(37H) 

CMRL = Criterion for maybe ra in  over land for  TB(37V) 

CMRDL = Criterion for maybe rain over land for  T(37V) - T(37H) 



WIND SPEED (m/sec) 
Figure  IV. 1 B r i g h t n e s s  temperature  a s  f u n c t i o n  o f  f r equency  and wind 

s p e e d .  



speed than the ver t ica l  channels. The SSM/I wind speed r e t r i eva l  algorithm 

is given b y  

, 
where SW is surface wind speed. The coeff ic ients  for  a l l  eleven climates 

are  l i s t e d  below: 

Climate Code 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

IV.B.2 Precipi ta t ion Over Ocean (RO) 

A t  lower frequencies, such a s  19.35 GHz, ra in  is highly absorptive and 

r e su l t s  i n  an apparent warm brightness temperature over a cold background 

such as  the ocean. With increasing rain r a t e ,  the difference i n  brightness 

temperature between the two polarizations a t  a given frequency tend to  

decrease. These two charac te r i s t i cs  a re  demonstrated i n  Figure IV.2. 

The SSWX data channels selected for r e t r i eva l  of ra in  over ocean are 

19.35H, 22.235V. 37.0 V & H. The algorithm for the r e t r i eva l  i s  given by 



BRIGHTNESS TEMPERATURE (DEG K )  



The c o e f f i c e n t s  f o r  a l l  c l ima te s  a r e :  

Climate 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

code C ro ,o 

210.2800 
215.1800 
173.0400 
169.2900 
123.4000 
135.8000 
174.5500 

9.5432 
24.1020 

9.5432 
24.1020 

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

The SSWI r e t r i e v a l  a lgori thm f o r  l i q u i d  water i n  the  atmosphere 

inc ludes  two s epa ra t e  components. One of t hese ,  CWO. r e t r i e v e s  t he  amount 

o f  l i q u i d  water contained i n  cloud d r o p l e t s ,  def ined  t o  be l e s s  than  100 m 
i n  diameter.  The dominant r a d i a t i v e  process f o r  d r o p l e t s  of  t h i s  s i z e  range 

is absorp t ion  f o r  t h e  SSWI f requencies .  The response a t  19.35, 22.235 and 
37 GHz to i n t eg ra t ed  cloud water over a mid-lat i tude ocean background i s  

shown i n  Figure IV.3. The da ta  channels  s e l e c t e d  f o r  t he  r e t r i e v a l  of CWO 

a r e  t he  same a s  f o r  a l l  t he  o t h e r  ocean parameters.  i .e ., 19.35 H, 22.235 V, . 
37H and V. 

T (22V) T (19H) + ccwo,2 CWO = ccim ,o + 'two, 1 B (IV.3) 



CLOUD WATER (gm/cm') 
F i g u r e  IV.3 B r i g h t n e s s  t empera tu re  v s .  cloud water over m i d - l a t i t u d e  

ocean a t  19, 22 and 37 3Hz 



The coeff ic ients  for a l l  the climate codes are l i s t e d  below: 

Climate Code C C cwo $0 CWO, 1 ccwo,2 ^w0,3 ccwo,4 

1 -6.5240 -.0159 -.0044 .0407 .0045 
2 -6.5292 -.0151 -. 0046 .0408 .0041 
3 -6.2070 -.0141 -. 0038 ,0383 -0035 
4 -6.1372 -.DO94 -.0054 .0398 -.0003 
5 -5.7451 -.0037 -.0062 .0387 -. 0047 
6 -5.8903 -.0123 -.0031 .0358 .0025 
7 -6.1411 -.0007 -.0061 ,0395 - +  0059 
8 -4.0977 -.0066 -.0013 ,0230 .0020 
9 -3.6289 -.0047 -.0021 ,0212 6001 1 

10 -4.0977 -.0066 -.0013 .0230 .0020 
11 -3.6289 -.0047 -.0021 .0212 .0011 

: 

The other l iquid water r e t r i eva l  algorithm for the ocean is  desigrsd t o  

r e t r i eve  the integrated l iquid water contained i n  drops of diameter greater 

than 100 a, i .e . ,  t h e  dimensions of ra in  drops. The regression equation 

for  the r e t r i eva l  of LWO is 

where the coeff ic ient  for the eleven climates are  as  follows: 

Climate Code l w o  .o 

50.7180 
53.9140 
40.7175 
39.4580 
25.0010 
30.7170 
34.6250 

.3091 -. 8477 

.309 1 -. 8477 

*The difference i n  s i g n  of the t w o  numbers wi th  as te r i sks  is apparently a 
mistake. The Fleet Numerical Oceanography Center and subsequently Hughes 
Aircraft  Company have been notif ied of t h i s  error .  



1 V . C  Land R e t r i e v a l s  

I V . C . 1  S o i l  Moisture t S M )  

The e m i s s i v i t y  o f  s o i l  f o r  var ious  su r f ace  s o i l  moisture con ten t s  i s  

shown i n  Figure IV.4 for  the  1.43, 19 and 37 G H z  f requencies .  The 19.35 V & 

H G H z  channels  a r e  s e l ec t ed  for  the  r e t r i e v a l  of  s o i l  moisture.  The re- 

t r i e v a l  a lgori thm for  s o i l  moisture i s  given by 

The c o e f f i c i e n t s  fo r  a l l  t he  c l imate  codes a r e  def ined a s  follows: 

Climate Code L sm, 1 

For the polar  cold season and t h e  upper- lat i tude cold season t r ans i t i on -  

zones (Climate Code' 1 1  and 9 ) .  land is regarded a s  frozen and s o i l  moi-t  ure 

i s  not  r e t r i e v e d .  

IV.C.2 P r e c i p i t a t i o n  Over Land (RL) 

The ca l cu la t ed  b r igh tnes s  temperature a t  37 and 85.5 GHz due t o  r a i n  

over land a t  mid- la t i tudes  is given i n  f i g u r e  IV.5. Rain causes a  reduct ion 

i n  the  apparent  br ightness  temperature over t he  warm land background because 

t h e  back s c a t t e r  of  t he  cold upper atmosphere begins t o  dominate t he  forward 

s c a t t e r  from the  land su r f ace  and the  s e l f  emission from the atmosphere. 

This e f f e c t  is absent over t he  ocean due t o  t he  much lower ocean background 



PERCENT MOISTURE 
Figure IV.4 Emiss iv i ty  a t  1.43, 18 and 37 GHz v s .  s o i l  moisture 



Figure  IV.5 B r i g h t n e s s  temperature  v s .  r a i n  r a t e  over  m i d - l a t i t u d e  land 
a t  19 ,  37 and 85 GHz 



temperature.  The 85.5 a i z  channels  have a h igher  r e s o l u t i o n  and g r e a t e r  

s e n s i t i v i t y  t o  t he  s c a t t e r i n g  e f f e c t  of r a i n  drops,  a s  evidenced in Figure 

IV.5, then any previous s a t e l l i t e  radiometer and should provide more 

r e l i a b l e  r a i n  r e t r i e v a l s  over land than here-to-for poss ib l e .  The 37.3 and 

35.5 CHz channels  a r e  proposed f o r  t h e  r e t r i e v a l  of  p r e c i p i t a t i o n  over land. 

The c o e f f i c i e n t s  of  equat ion (XV.6) f o r  a l l  t h e  c l i n a t e s  a r e  l i s t e d  below. 

Climate Code 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

Only snow is considered poss ib l e  du r ing  t h e  cold season a t  t h e  p o l a r  

reg ion  (Climate code 11 and 9 1. 

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

The d a t a  channels  s e l e c t e d  f o r  t h e  r e t r i e v a l  of  l i q u i d  water contained 

i n  r a i n  a r e  the same a s  those  i n  t h e  r e t r i e v a l  o f  r a i n  r a t e ,  i .e . ,  t h e  

v e r t i c a l  p o l a r i z a t i o n  channels  o f  t h e  37 and t h e  85.5 GHz f requencies .  Here 



and the coeff ic ients  are  l i s t e d  below: 

Climate Code L l w l  .o 
53.1520 
57.2120 
51.3090 
49.7870 
42.3610 
49.4650 
52.2480 
29.7660 

0 
17.1110 

0 

Since l iquid water does not generally exis t  i n  polar and sub-polar regions 

during the cold season, l iquid water over land is not retr ieved for climate 

codes 11 and 9.  

1V.C.b Cloud Water Over Land (CWL) 

Cloud water over land i s  much more d i f f i c u l t  t o  re t r ieve  than cloud 

water over the  ocean (6.7) because the land background is much warmer than 

the  ocean. As a r e s u l t ,  a t  the  lower frequencies there i s  l i t t l e  

sens i t iv i ty  t o  cloud water. Besides, the land background is more var iable  

(7 )  than the ocean. The brightness variat ion due t o  cloud water i s  of the 

same order of magnitude as the  noise level  of the land surfaces. On the  

other hand, the higher frequency channels tend t o  be so sensi t ive  t o  cloud 

water tha t  they serve be t te r  as indicators of the existence of clouds than 

of cloud water content (6 ) .  The algorithm developed for  the SSM/I re t r ieva l  

of CWL i s  given by 

CWL = Ccwl T (19V) + ccw1,2 o + ccwl,l B T (19H) 



The coeff ic ients  used i n  r e t r i eva l  for a l l  the climates are  defined below: 

Climate Code 

1 V . D  Ice Retrievals 

The SSM/I re t r ieva l  algorithm for i ce  is derived d i f fe ren t ly  than those 

for ocean and land re t r ieva ls .  Certain re la t ionship among the brightness 

temperatures and ice parameters were predetermined (See Equations 

111.48-SO), and coeff ic ients  of these relat ionship are derived through 

analytic expressions and climatological data as described i n  subsection 

III .C.3.  The coeff ic ients  A and A, from equation 111.4.8 and C ,  C,, CÃ 

from equation 111.50 for  the  derivation of i c e  concentration, I C ,  and the 

effect ive  average ice brightness temperature, T ,  are l i s t ed  below: 

where T(MY) is the c r i t i c a l  temperature for the determination of ice t y p e .  

If TX is greater than T ( M Y ) ,  the ice  i s  defined to  be f i r s t  year, otherwise 

it is designated t o  be MY ice.  

Cloud water over ice (CWI) i s  retr ieved 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 .  



CWI = + C T (19') + Ccwi ,2 c w i  .o cwi $ 1  B T (19H) 

The coefficients employed are listed below. 
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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 SMlD08 
* I F  DEF FTN 

BLOCK DATA WID08 

......................................................... v*.***..****.* 
THIS SUBPRWRM CGNTAINS THE USER DATA VALUES FOR SMlSENCA06 

.,*..*.,****...*...*..,...*~...*...*....**.*.***,..**.******.....*.* *.* 

*CALL $SFWW 
CALL SAPCCOF . 
*.*.* ****.~*****.*..*****.**..*****,*m..*...**.****...*****.*.**.***.** 

* EQUIVALENCE THE A ARRAY FCf4 EASIER USER IDENTIFICATION 
.**....*.**..**..******...***.*..*.,**.*...*......,.*..**.*.*.*.*.****. 

* 
***** ALIGMENT TERMS 0-3 k EL OFFSET ANCLE k SENSOR SCAN PERIOD 
* 

DATA W30 / 0.999999619/. EPSl / 0.000000000/, 

. 
*a * * *  SENSOR %AN DIRECTION k SENSOR INTEG TIME k REF VOLTAGE 1-2 . 

DATA SCNDIR/ 0.000000000/, TIMINT/ 0.0@4220000/, 
1 W l  / 6.666670000/. W2  / 0.000000000/ 

* 
***** HOT LOAD 1 A&& 

DATA HLl / l.g48787BiME+@Z, 
1 4.350713000E-10B . 

***** HOT LOAD 2 A0-A5 

MTA HL2 / 1.949334100E+02, 
1 4.330412000E-10, 

.**.* HOT LOAD 3 A0-As 
* 

DATA HL3 / ta950729600E+02, 
1 4.31645400BE-10, . 

***-. RF MIXER T W  A0-A5 . 
DATA RFMT / 2.204095100E+02, 

1 2.247464000E-08, 
* 
***** RAD tWP A045 
* 

DATA RADTMP/ 2.212535500E+02, 
1 2 261029000E-08, . 

a * * * *  HOT LOAD GRAD COEF k ON/OFF PUT SEN 1-3 

DATA ALPHA 0,  WC+BE~B-~B@/, mi / i ,000000000/, 
1 ON2 / 1.000000000/, ON3 / 1.000000000/ 

me*** COLD LOAD TEMP CHANNELS 1-7 k SCAN WIDTH HI BAND 

DATA TC / 2.700000000, 2.700000000, 2.700000000, 



1 2.700000000, 2.700000000, 2.700000000. 
2 2.700000000/, SCMT / 0.013962640/ . 

* a * * *  19H TO 22H CNVR SLOPE k 19H TO 22H CNVR OFFST 
* 

DATA SLP22H/ 0.653000000/, OFV22H/ 96.60000000/ . 
* a * * *  MBIT PERICO k EARTH ROTATICN FACTOR 
* 

DATA MEPER/ 6094. 400000/@ EARROT/ 0.004375300/ 

* 
DATA I l T i N  / 1, 0, 0, 0/ 

* 
***** REGION 1 19H C146 
* 

DATA RlT2C / 1.047200, -0.004300, -0.006000, 
1 4.002800, 0.NW300, 0.000000/ 

v 
.**** REGION 1 19H N146  . 

DATA IITZN / 1, 0, 0. 0/ . 
***-- REGlDN 1 22V C1<6 . 

DATA R l T X  / 1.051300. -0.0111â‚¬I -0.00800@, 
1 -0.005500. 0.000000, 0.000000/ . 

****n REGION 1 22V Nl-N6 . 
OATA 11T3N / I, 0, 0, 0/ . 

=**-â REGION 1 37V t1<6 

DATA R1 T4C / 1 .042200 4.022500, -0.003200, 
1 -0.002200, 0.000000, 0.000000/ 

* * * * -  REGION 1 37V Nl-N6 
* 

DATA l lT4N / 1 ,  0, 0, 0/ 



* 
* m b w *  REGION 1 37H C146 
* 

DATA RlT5C / 1.042800, -0.027200, 4.001000, 
1 -0.000400, 0.000000, 0.000000/ 

* 
* * * * *  REGION 1 37H Nl-N6 
- 

DATA 11T5N / I ,  0, 0, 01 . 
* * a * *  REGION 1 85V C146 . 

DATA RlT6C / 1.034100, 4.014200, -0 004000, 
1 -0.003700, 0.000000, 0.000000/ 

= a * * *  REGIDN 1 E5V Nl-N6 
* 

DATA 11T6N / 1 ,  0 #  0,  0/ 
* 
* * * e m  REGION 1 85H C146 
rn 

DATA RlT7C / 1.035900, -0.020100, -0.002700, 
1 4.000900, 0.000000, 0.000000/ 

* 
* * * * a  REGION 1 85H N146 
* 

DATA IlT7N / 1 ,  0, 0, 0/ . 
a * * * *  REGION 2 MAX POS # 

DATA NREG2 / 321 
* 
* a * * *  REGION 2 19V C146 

DATA R2TlC / 1.047100, 4.004900, 4.007300, 
1 -0.002900, 0.000000, 0.000000/ 

* 
* * * w e  REGION 2 19V Nl-N6 . 

DATA 12TlN / 1, 0, 0 *  0/ 
* 
* * * b e  REGION 2 19H C146 
* 

DATA R2T2C / 1 047200a -0.004300, -0.006000, 
1 -0.002800, 0.000000, 0.000000/ 

* * * * *  REGION 2 19H Nl-N6 
* 

DATA 12T2N / 1. 0 *  0,  0/ . 
****-  REGION 2 22V C146 
* 

DATA R2T3C / 1 051300, -9.011100, -0.008000, 
1 4.005500, 0.000000, 0.000000/ 

* 
DATA 12T3N / 1, 0 *  0,  01 

* 
*****  REGION 2 37V C146 

DATA R2TC / 1.042200, -0.022500, 4.003200, 
1 -0.002200, 0.000000, 0.000000/ 

* * * * *  REGION 2 37V Nl-N6 

DATA 12T4N / I ,  0,  0, 0,' 



* * - * *  REGION 2 37H C146 
* 

DATA R2T5C / 1.042800, -0.027200, 
I 4,000400, 0.000000, 

***** REGICN 2 37H N146 

DATA 12T5N / 1, 0, 0, 0/ . 
* * a * *  REGION 2 85V C146 . 

DATA R2TK / 1.034100. -0.014200, 
1 -0.003700, 0.000000, 

* 
* * * **  REGION 2 B5V N146 

DATA 12T6N/ 1 -  0, 0, 0/ 

***** REGION 2 85H C146 
* 

DATA R2T7C / 1.035900, -0.020100, 
I -0.000900, 0.000000, 

* 
be*** REGION 2 8% Nt-N6 
* 

DATA 12T7N / 1 ,  0 $  0, 0/ . 
*a * * *  REGION 3 MAX POS f 
* 

DATA NREG3 / 961 . 
*a***  REGION 3 19V C146  . 

DATA R3TlC / I .047l88, -0.004900, 
1 5.002900, 0.000000, . --.-- REGION 3 19V Nl-N6 

8 

DATA 13TlN / 1, 0, 0, 0/ 

*-*** REGION 3 19H C146 

DATA R3T2C / 1.047200, 4.004300, 
1 -0.002800, 0.000000. 

* 
-**be REGION 3 19H N146 - 

DATA 13T2N / 1, 0, 0, a/ 

. 
DATA R3TX / 1.051300, 4.011100. 

1 -@.005500, e.0wa00, 

*.*** REGION 3 22V N146 . 
DATA 13T3N / 3 ,  0, 0, 0/ 

*me** REGION 3 37V C146 

DATA R3T4C / 1.042200, -0,022500, 
I -0.002200, 0.000000, 

* * * a *  REGION 3 37V N146 

DATA 13T4N / 1, 0, 0, 0/ 



* 
a * * * *  REGION 3 37H C146 

DATA R3T5C / 1.042800, -0.027200, -0.001000, 
1 -0.000400, 0.000000, 0.000000/ 

@ * a * *  REGION 3 37H Nl-N6 . 
DATA 13T5N / 1, 0, 0, 0/ 

a * * * *  REGIN 3 85V C146 
* 

DATA R3T6C / 1.034100, -0.014200, -0.004900. 
1 -0.003700, 0.000900, 0.000000/ 

* * * o m  REGION 3 85V N146 

DATA 13T6N/ I ,  0, 0, 0/ . 
***** REGION 3 85H C146 . 

DATA RST7C / 1.035900, -0.020100, -0.002700b 
1 -0. 000900, 0. 000000, 0. 000090/ . 

we*** REGION 3 8% N i 4 6  

DATA IST7N / 1. 0, 0, 0/ 
- 
**be* REGION 4 W PDS # . 

DATA NREG4 /i08/ 

* b e * *  REGION 4 19V C146 . 
DATA R4TlC / 1.047100, -0.004900, 4.907399, 
I -0.002900, 0.000000. 0.900000/ 

* 
*em** REGION 4 19V N146 
* 

DATA 14TlN / 1, 0, 0, 0/ . 
be*** REGION 4 19H C146 
* 

DATA R4T2C / 1.047209, 4.004300, -0.098000, 
1 -0.002809, 0.090000, 0.000000/ 

a * * * *  REGION 4 19H N146 

DATA 14T2N / 1 ,  0, 0, 0/ 
* 
***** REGION 4 22V C146 
* 

DATA R4TX / 1.051300, -0.011100, -6.008000, 
1 -e.e0s5ea8 0.00m00, 0.000000/ 

* 
* * * * a  REGION 4 22V N146 

DATA 14T3N / I, 0, 0 $  0/ . 
* * * * a  REGION 4 37V C146 
* 

DATA R4TK / 1.042200, -0.022500! -0.003200, 
1 -6 002209, 0.009000# 0.090000/ 

* * * - a  REGICN 4 37V Nl-N6 

DATA 14T4N / 1, 0, 0 ,  O/ 



0 REGION 4 37H C146 
* 

DATA R4T5C / 1.042800, 4.027200, -0.001000. 
1 4.000400, 0.000000, 0.000000/ 

* a * *  REGION 4 37H N1+6 
* 

DATA I4T5N / 1, 0. 0. 0/ 
* 
*****  REGION 4 85V C146 

DATA R4T6C / 1 .034l@0. -0.014280. -0.004000, 
1 4.003700, 0.000000, 0. 000800/ 

***** REGION 4 85V N146 
Â 

DATA I4T6N / 1. 0. 0, 0/ 
* 
**em* REGION 4 85H C146 
Â 

DATA R4T7C / 1.035900, -0.020100, 4.802700. 
1 -0.000900, 0.000080, 0.000000/ 

***** REGION 4 85H N146 
* 

DATA I4T7N / 1. 0, 0. 0/ 
* 
***** REGION 5 MAX POS f . 

DATA NREG5 /128/ 

am*** REGION 5 19V C146 

DATA R5TlC / 1.047100, 4.004980. 4.007300, 
1 4. ee2900, 0. eeeeee, 0. eeeeee/ 

**a**  REGION 5 19V N146  
* 

DATA I 5 T l N /  1. 0. 0. 0/ 
* 
***on REGION 5 19H C146 
* 

DATA R5T2C / 1 .047200, -0.0043%0, -0.008080. 
1 4. 002800, 0.000000, 0.000006/ . 

* *a * *  REGION 5 19H N146  
* 

DATA I5T2N / 1, 0, 0, 0/ 

0 REGION 5 22V C146 

- 
***** REGION 5 22V N146 

DATA I5T3N / 1, 0, 0, O/ 
* 
* * * *  REGION 5 37V C146 
* 

DATA R5T4C / 1 .042200, -0.022500, 4.003200, 
1 4. eezzee, 0 .000000. 0. 000000/ 

* * a  REGION 5 37V M i 4 6  . 
DATA I5T4N / 1. 0, 0, 0 1  



=** * *  REGION 5 37H C146 

DATA R5TSC / 1 042800, -8.027200. -0.001000, 
1 -0 000400, 0.000000, 0.000000/ 

ft 

**.Ã REGION 5 37H N1-N6 
Â 

DATA I5T5N / 1. 0, 0. 0/ 
* 
*-** REGION 5 8SV C1<6 
* 

DATA RST6C / 1.034100, -0.014280, -0.00400e, 
1 -0.003700, 0.000000, 0.000000/ 

Â 

* * ***  REGION 5 85V N146 
* 

DATA 15T6N / 1 .  0, 0, 0/ 
* 
***** REGION 5 85H C1<6 
- 

DATA R5T7C / 1 035900. -8.020100, -8.002700, 
1 -0 000900. 0.000000. 0.000000/ . 

***** REGION 5 85H N1-N6 - 
DATA I5T7N / 1 .  0, 0, 01  

* 
END 

*ENDIF 


	Document1
	Document2
	Document3
	Document4
	Document5
	Document6
	Document7

