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FOREWORD 

;-7 Stratospheric and Mesospheric Sounder (SAMs) Experiment Data User's Guide is intended to provide 
Immunity with the background information necessary for understanding and using data products on SAMS 
lred Temperature Tapes (GRID-T), and Zonal Mean Methane and Nitrous Oxide Tapes (ZMT-G). The 
:nt was flown aboard the Nimbus-7 spacecraft and collected data from October 26, 1978 through June 9, 
ument provides users with information concerning the operational principles of the SAMs instrument and 
the retrieval of temperature and atmospheric constituents, and the scientific validity of S A M S  data. 

nts that influence the quality of data are included along with the mission history. Data formats of the 
MT-G tape products and descriptions of S A M S  data are also given. 
al discussion in this document was prepared originally by the S A M S  processing team at Oxford, England. 
nvestigator was Dr. F. W. Taylor and the NET chairman was Dr. C. D. Rodgers. All questions of a 
5 should be addressed to these individuals, at the address given in Section 1.5. The description of the tape 
ed upon the data tapes provided for conversion from the DEC format available from Oxford to the IBM 
I by the Nimbus project. The text provided by the SAMs processing team and the information gained from 
the data tapes were compiled into this document for NASA by S. T. Nutter and N. Oslik of ST Systems 
IX) under contract NAS5-28063. 
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SECTION 1 

PURPOSE, INTRODUCTION, AND OBJECTIVES 

1.1 Purpose of the Data User's Guide 

The SAMs Data User's Guide is intended to provide the scientific community wit. the background information 
needed to access data on SAMs GRID-T and ZMT-G tapes. The document describes the SAMs instrument, the 
method of temperature and constituent retrieval, data calibration, and data validation. 

Section 1 of this document explains the scientific and technical objectives of the SAMs instrument. Section 2 
briefly discusses the literature from which a description of the instrument can be obtained. Reprints of two relevant 
papers appear as Appendixes C and G to this User's Guide. Section 3 outlines the data processing system, explains 
instrument calibration, briefly describes the temperature and constituent remeval process, and explains the 
temperature gridding procedure. Section 4, like Section 2, provides an introduction to literature that discusses the 
accuracy of the retrievals and compares the S A M s  results with those of other measurements. Reprints of two 
relevant papers are included as Appendixes E and F of this User's Guide. Important dates in the history of the 
SAMs instrument and information concerning the status of SAMs channels are given in Section 5. The data 
formats of the SAMs GRID-T and ZMT-G tapes are described in detail in Section 6. A FORTRAN source listing 
of a SAMs tape dump program is included in Appendix B. This program enables users to access data on GRID-T 
and ZMT-G tapes. 

1.2 Introduction 

The Stratospheric and Mesospheric Sounder (SAMs) instrument flown on Nimbus-7 is the fourth in a series of 
multi-channel infrared radiometers designed to measure emission from the upper atmosphere, for which 
conventional spectral filtering techniques do not give adequate performance. The technique used in these 
radiometers is known as gas correlation spectroscopy and is based on the use of gas cells to select emission from 
chosen spectral lines or from particular parts of spectral lines. 

In the Selective Chopper Radiometer (SCR) on Nimbus-4, a beamchopping technique was employed to switch 
the scene (at 10 Hz) between the atmosphere and space view in a differential manner between two gas cells 
containing different amounts of C@. The "difference" signal was then detected by a thermistor bolometer. The 
chief limitation in performance of the Nimbus4 SCR was the difficulty in maintaining a balance condition due to 
stray thermal emission from within the instrument. 

Nimbus-5 employed a variation of this technique, in which cells containing different amounts of C02 were 
switched in sequence (one each second) into the optical path to a pyroelectric detector. The difference signals were 
then extracted on the ground. Performance in this case was limited by gas leakage with time, by uncertainties in the 
effects of degradation, and by contamination of the cell windows (which give spurious difference signals). 

The Pressure Modulator Radiometer ( P M R )  on Nimbus-6 overcame earlier difficulties by employing a single 
gas cell and no moving parts in front of the detector. The gas (C02) amount in the cell is modulated at 
approximately 35 Hz by an oscillating piston, and the oscillatory component of the signal arriving at the detector is 
related directly to the radiance of the scene, but only at the frequencies corresponding to the variation in absorption 
of the spectral lines of the gas in the modulator cell. 

The SAMs instrument views the limb of the atmosphere, rather than employing vertical sounding as in the 
earlier radiometers. The technique has been extended to gases other than CW. 

1.3 Objectives 

The SAMs is a 12-channel infrared radiometer observing thermal emission and solar resonance fluorescence 
from the atmospheric limb. Global measurements are made of radiation from the molecular species listed in Table 
1-1. These measurements, when interpreted together with results from the LIMS and SBUV/rOMS instruments, 
provide extensive data for chemical and dynamical models of the stratosphere and mesosphere. 



Specific objectives of the S A M s  experiment were to derive the following quantities: 

a) Temperature for altitudes from 15 km to 80 km, from emission in the 15 pm C02 band. 

b) Vibrational temperature of C02 bands where they depart from local thermodynamic equilibrium 
(LTE), between 50 km and 140 km. 

c) Distributions of CO, NO, CHq, N20, and H20 from 15 km to 60 km. 

d) Distributions of C02 (4.3 pm) from 100 km to 140 km and H20 from 60 km to 100 km, to study 
dissociation in the lower thermosphere. 

The study of planetary waves that used data from the Nimbus-5 SCR and Nimbus-6 PMR can be continued and 
extended by making use of these new data. In addition, the measurements allow calculation of the transfer of 
momentum, energy, and trace gases by mean motions and eddies. 

The SAMs instrument is designed to exploit the selectivity, energy grasp, and tuning capability of the pressure 
modulation technique proved earlier for C02 emission measurements in h e  Nimbus-6 PMR (Curtis et a1.,1974). 
The main technical innovations in SAMs are as follows: 

a) The extension of the pressure modulation technique to other gases. 

b) The simultaneous use of conventional chopping and pressure modulation to 

1) Extend the range of heights that can be sounded 

2) Determine the pressure at the viewing level 

3) Enable some interfering radiance signals to be eliminated 

4) Provide additional calibration information and confidence checks 

c) The use of a programmable scan system with two independent axes to optimize usage of the 
observing time and to accommodate uncertainties in spacecraft attitude. 

1.4 Data Products 

Retrieved temperature and constituent information from the SAMs instrument is stored on two data products, 
GRID-T and ZMT-G tapes, respectively, which are archived at the National Space Science Data Center (NSSDC). 
The temperature data on the GRID-T tapes cover the period December 24, 1978 to June 9, 1983. The ZMT-G tape 
consists of methane and nitrous oxide mixing ratios and covers the period January 1,1979 to Decembcr 30,1981. 

The tapes are 9-uack, 6250 bpi. Data rccords are of variable length. The data formats of the SAMs tapes are 
described in detail in Section 6. 
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Table 1-1 

Molecular Species and Spectral Bands 

Constituent Suectral Band 

Carbon dioxide 

Water vapor 

Carbon monoxide 

Nitrous oxide 

Methane 

Nitric oxide 

4.3 pm and 15 pm 

2.7 pm, and 25 pm to 100 pm 

4.7 pm 

7.7 pm 

7.7 pm 

5.3 pm 

1.5 Principal Investigators 

The principal investigator for the Nimbus-7 SAMs experiment at the University of Oxford is F. W. Taylor. 
Clive D. Rodgers is the NET chairman. Users should contact these individuals if questions arise concerning SAMs 
data or scientific algorithms: Their address is 

Department of Atmospheric Physics 
Clarendon Laboratory 
University of Oxford 
Oxford OX1 3PU 
Great Britain 

Telephone: Oxford (0865) 272905 
Telex 83650 ATMOXF G 

The NASA contact regarding SAMs is 

Nimbus-7 Manager 
NASNGSFC, Code 636 
Greenbelt, MD 20771 

Telephone: (301) 286-9846 
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’ SECTION2 

~ INSTRUMENT DESCRIPTION 
1 A complete discussion of the instrument, its principles of operation, calibration, and measurement procedures is 

given by Drummond et al. (1980). For convenience, this article is reproduced in its entirety from the Philosophical 

present relevant information about the instrument’s behavior. Additional material on the design and behavior of the 
SAMs is contained in a paper by Wale and Peskett (1984). which is reproduced from the Journal of Geophysical 
Research and presented here as Appendix G. The articles are reproduced here with the permission of the authors 
and the journals in which they were originally published. 

A somewhat less detailed description of the SAMs instrument is found in Section 6 of the Nimbus-7 User’s 
Guide (Drummond et al., 1978). 

I Transactions of the Royal Society of London as Appendix C of this report. Sections 2-5 (pp. 220-237) of that paper 
1 

I 
I 

I 
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SECTION 3 

DATA PROCESSING 

Continuous observations from all eight experiments were recorded aboard the spacecraft. In normal operation, 
one tape recorder was recording while another was playing back data to a receiving station, resulting in no loss of 
data. Initial processing of all data took place at Goddard Space Flight Center (GSFC), after which S A M s  data were 
transmitted by data lines to Oxford for all further processing. 

Approximately 13 orbits per day requiring about 2 hours of transmission time were received at Oxford for 
further processing. The data were received by a PDP 11/70 computer, where they were simultaneously written 
directly to 9-track, 1600 bpi phase-encoded magnetic tape in raw format and processed to a "quick-look" plotting 
stage. The processing was performed by a suite of programs that ran under a controlling program requiring operator 
intervention only when problems occurred. The data were quality checked and calibrated. A "quick-look" estimate 
of spacecraft attitude was calculated using data from two channels of the S A M s  instrument. Various data products 
were plotted for each orbit. These plots were regularly checked to determine instrument health. When all data had 
been received, the software produced data products required on a daily basis rather than by orbit, as well as 
additional plots, e.g., retrieved temperature and listings of housekeeping functions. The temperature plots enabled a 
watch to be kept for sudden warmings and the housekeeping information assisted in defining operating modes and 
data quality of the instrument. 

A stage of final processing took place when all the raw data had been sorted into time order. The same suite of 
programs was used but a better calibration and other data, e.g., ILT, were included. 

Figure 3-1 provides a schematic overview of the data pmessing. 

3.1 Calibration 

The calibration of S A M s  can be divided into two broad areas: 

a) Conversion of signal channel telemetry counts into a radiance, expressed as a fraction of the signal 
obtained from a black body at a specified temperature, with sufficient additional information to 
define the spectral properties of the instrument and its field of view. 

b) Calculation of the spectroscopic properties of each channel and the physical properties of the gases 
being investigated in the atmosphere, in order to retrieve useful quantities (temperature, 
composition) from the calibrated radiances. 

This section deals with the first area only; the second area is discussed in Section 3.2. The Nimbus-7 User's 
Guide contains an outline of the various preflight calibration measurements made, including the following: 

a) Measurement of the response of the instrument to black bodies at temperatures between 77 K and 
320 K. The temperature variations experienced in orbit were simulated during this test, so that 
temperature coefficients could be determined dynamically and likely operating conditions 
estimated. The basic measurement verifies the linearity of the instrument response and that the 
spectral properties of each channel are known. 

b) Measurements of the field of view of each channel. and calibration of the scan mirror telemetry 
system. 

The response of each channel is linear with respect to the incoming radiance, and may, therefore, be 
characterized by a slope (the instrument gain) and an offset, corresponding to the signals observed when observing 
space (zero radiance input). 



RECEPTION RAW DATA 
AS RECEIVED 

RAW DATA 
ARCHIVE 

CALIBRATION . 
HOUSEKEEPING FORMATTED 4 DATA FILES 

I 

I 

-1 APPROXIMATELY /.OLRIDI.NCEI 
ARCHIVE 

CALIBRATED 
RADIANCES I 

b c PLOT 
vs. 

TIME I 
1 OUICKLOOK 1 / ' 

RETRIEVAL 
CROSS SECTIONS 

aL GRID 
ARCHIVE 

LATlTUDEl 
LONGITUDE CONTOUR 

OR109 PLOTS 

+ 
FI tL FINAL 

CALIBRATION b FINAL RADIANCE 
PAR AMETE RS CALIBRATED ARCHIVE 

i RADIANCES L 

r 

I 

FINAL 
PROCESSING 

I I 
ARCHIVE 

- J 
LATlTUDEl 

LONQITUDE 
GRIDS 

c L 

CONTOUR 
PLOTS 

Figure 3-1. Overall view of data processing. 

8 



The following are some of the most important factors that affect the gain of a nurrow bund pressure-modulated 
channel (PMC): 

Cell uressure 

The equivalent width of the pressure modulation depends on the pressure in the cell, as a result of 
changes in the absorber amount and line shape. An additional influence is the variation of the 
frequency of the modulation with the mean cell pressure, as the response of the detector and signal 
channel is not uniform with frequency. There is also a phase difference between the cycling of the 
cell pressure and the piston position, which is used to derive the phase sensitive detector (PSD) 
reference wave forms. This results from the flow of gas to and from the PMC head and is also 
pressure dependent; it may be significant in some cases at low cell pressures. 

Cell temuerature 

The molecular sieve gas containment system ensures that the mean pressure of gas in the PMC is 
held sensibly constant as the temperature T varies. The absorber amount, therefore, changes as lD, 
with a corresponding change in the equivalent width. This variation is quite distinct from the very 
small changes that result from variation of the line width and strength with temperature. 

Detector temuerature 

The responsivity of all of the detectors varies with temperature; in the case of the PbS unit 
employed in the B1 channel, the phase shift is also temperature dependent. 

PMC amulitude 

There is a small variation in the amplitude of the oscillation of the pressure modulator with 
temperature; this is significant not only because of its direct effect on the gain, but also because it 
causes a small shift in resonant frequency. 

For the wideband channels, the situation is very much simpler; the gain depends principally on the detector 
temperature and the chopper amplitude. 

The offset is the sum of a large number of components, the principal contributions being from 

a) The emission from the modulator or chopper against which the incoming radiation is being 
chopped. 

b) Temperature cycling within the pressure modulator cell, which results in an additional emission 
signal, with amplitude and phase that are strong functions of cell pressure but not significantly 
dependent on temperature. 

c) The emission from optical components in front of the modulator or chopper, including the system 
aperture stop (in the case of the PMR channels, the mask of the ellipsoid mirror M3) and the front 
optics components. 

d) Stray radiation detected as a result of aberrations and imperfections in the optical system. 

9 



e) Synchronous pick-up. Pyroelectric detectors such as the triglycine sulfate (TGS) detectors 
employed in SAMs also display a piezoelectric effect and show a significant microphonic response. 
The pressure modulators and the chopper cause a small level of vibration in the instrument 
structure. This vibration is detected directly through the detector piezoelectric response. The level 
of vibration is, unfortunately, not very stable, and varies with operating modes: there is also 
variation around the orbit, which is of a constant form over a period of a day or so. Such a response 
is especially noticeable in the detector fitted to the CY3 channel. This particular detector has been 
noted in other ways to exhibit an unusually high level of microphonic response. This problem is 
treated by fitting the residual space view variation to terms periodic in the orbital position, after 
normal calibration. 

Most of the above factors depend on the instrument gain and are, therefore, subject to all the same variations with 
temperature, etc. 

Because of the very large number of factors that contribute to the gain and offset of each channel, overall 
calibration of the instrument must be performed frequently during flight. The zero radiance signal is checked by 
moving the scan mirror so that the tangent height of the path viewed by the lowest of the three fields of view is at 
least 150 km (space view): a second calibration point is found by inserting a room temperature black body into the 
optical path at the focus of the paraboloid, M2. Since SAMs measures signals that are very close to zero, the zero 
offset of the system must be known extremely precisely. Every scan program, therefore, includes frequent space 
view calibration periods. One of the commonly used programs has two samples of space view data every 32 
seconds. Black body calibrations are required less frequently. 

It is not possible to find the magnitude of all the relevant factors by calibration in flight, as many of them show a 
high correlation, and the variations in operating conditions experienced in a typical period of operation in a given 
mode are not sufficiently wide. Taken in isolation, the calibration sequences do not have good enough signal to 
noise ratios to permit their direct use. Many of the factors (e.g., the effect of temperature on the PMR equivalent 
width, the emission from the cell or chopper and the emission from optical components) can be calculated 
explicitly; the remaining coefficients may then be found by regression analysis with respect to the temperatures, etc. 
involved. Normally, SAMs is kept in a given operating mode for one 24-hour period at a time, the first orbit of the 
day being used to allow the cell pressures to stabilize after the mode change. During this period, continuous black 
body and space view information is needed. 

Calibration of the instrument is performed on a day-by-day basis. and the effects of the variations (e.g., cell 
pressure) are treated as perturbations from a nominal value. The cell pressures show long-term trends, however, and 
for this reason the calibration coefficients cannot be fixed in a single test, for instance as part of the preflight 
calibration tests. Various special tests have been run in orbit to provide additional calibration information, including 
one 3-day period of continuous calibration sequences. During this test, auxiliary heaters were employed to provide 
a wider variation in temperature than that found in normal operation. Tests have also been run to investigate the 
signal levels observed at all possible positions of the scan mirror. These tests have shown that the variation of the 
stray signal (including microphonic terms) with mirror position is negligible. 

3.2 Retrieval of Temperature and Constituents 

The retrieval problem has two aspects, temperature and composition. The temperature profile is determined 
from the two 15 pn C02 pressure-modulated (PM) channels and the two corresponding wideband (WB) channels in 
the A and C fields of view, which are separated by 0.56 degrees (about 35 km). The composition retrieval is 
determined from radiances in the other channels, but requires the temperature profile as input. 

As with remote sounding in general, the problem is underdetermined and cannot be solved explicitly without 
recourse to apriori information. The temperature retrieval problem has some complications that make it less nearly 
linear than its nadir sounding countelpart. The most serious complication is that the attitude of the spacecraft is not 
adequately measured or controlled, so that the tangent height of the line of sight is not known accurately enough to 
compute the corresponding transmittance function. However, there is enough information in the radiances to 
determine both temperature profile and tangent height. The composition retrieval is nonlinear because the unknown 
enters the equation of transfer as an argument of the transmittance function. 

Our approach to both retrieval problems is to linearize the direct equation about an a priori profile, and to use a 
statistically optimum estimator (Rodgers, 1976) to find the most likely solution. Iteration is avoided by ensuring 
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that the a priori profile is sufficiently close to the solution that the linearization is adequate. In the case of 
temperatures this is achieved by using a sequential maximum-likelihood estimator, in which the retrieval 
corresponding to time t and its error covariance matrix are used to construct the a priori profile and its error 
covariance at time t + At, where At is the time interval between measurements. For composition retrieval, it has 
proved necessary to average the data, for example zonally, in order to improve the signal-to-noise ratio and to 
reduce computing time. In this case, the previous day's retrieval for the same averaging box is used to construct the 
a priori profile. Full details of the methods adopted have been described by Rodgers et af. (1984), reprinted as 
Appendix D of this user's guide. 

3.3 SAMs Temperature Gridding 

The sequential estimator used to retrieve temperature and attitude obtains estimated retrieval coefficients and the 
corresponding covariance matrix every 2 seconds around the orbit (about every 14 km). These values are ultimately 
interpolated onto a regular latitude-longitude grid at latitudes 50" S, 47.5" S, 45" S, ........ 67.5" N and longitude 0", 
lo", 20", 30°, ......, 350" E. As a f i s t  step, the sequential estimator selects the 2-second retrieval nearest to each 2.5" 
latitude line (but no farther than 1.25" away), and arranges for a combined forward + backward estimate of the 
temperature retrieval and error information to be written to an output file. 

These results are combined into two "orbit" grids per day, one for the northbound (ascending) portions of each 
orbit (all between about 1400 and 1800 hours local time) and one for the southbound (descending) portions (1800 to 
2200 hours local time). Each grid has 48 rows (latitudes) and 14 columns (orbits). Some grid points will be empty 
because of missing orbits. For example, the first orbit each day is generally spent calibrating while the PMC 
pressure settles down, so no retrievals are obtained; other orbits or parts of orbits were never received. Note that the 
data here are divided into "orbits" starting and ending when the satellite is at 80" N or S; they bear no relation to an 
'orbit' as received from NASA, which is normally one data dump of the satellite tape recorder. Note also that the 
orbit number has only approximate meaning, because those given by NASA can be the orbit on which the recorder 
was replayed, which may be several orbits after the observations were made. 

Given a northbound and southbound grid for each day, gaps of up to two points along an orbit are filled by linear 
interpolation between values at the north and south ends of the gap for each grid. The values are then interpolated in 
longitude using linear interpolation, to obtain still separate northbound and southbound latitudebongitude grids. 
Where there is a missing orbit, no attempt is made to interpolate into the gap, except that the last good observation 
on either side of the gap is used for points up to a quarter of the orbital separation into the gap on that side. This 
procedure is carried out for the following quantities: 

a) Eigenfunction coefficients of Planck deviation from the climatological first guess. 

b) Standard deviations of (a). 

c) Temperature at 10 special pressure levels. 

d) Standard deviations of (c). 

The off-diagonal elements of the eigenfunction covariance matrix are not gridded because there are so many of 
them; however, the standard deviations of temperature at the selected levels are obtained in the retrieval program 
using the full covariance matrix. 

The northbound and southbound grids are now combined by taking both values where possible to form a 
combined daily average grid. In the case of temperatures and eigenfunction coefficients, the values are weighted 
inversely by the reciprocal of their variances, while standard deviations are combined by taking the square root of 
the sum of reciprocals of the variances. If data are available from only one of the grids (northbound or southbound, 
not both) the retrieved values from that grid are used unchanged in the final mean analysis. 

The combined mean analyses are supplied on the data tape in a format where each field is given as a separate 
tape block, with eigenfunction coefficient or temperature fields followed by the corresponding error grid. In 
addition, the grids of eigenfunction coefficients are used to obtain temperature grids with a vertical resolution of 0.2 
pressure scale heights (62 levels in all). These temperatures are stored on the tape in profiles together with the first 
guess climatological profile used and the zonal mean for each latitude. 
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SECTION 4 

VALIDATION 

Two papers concerning the accuracy of the retrieved SAMs temperatures and the methane and nitrous 
oxide distributions are reprinted from the Journal of Geophysical Research (Barnett and Corney, 1984; 
Jones and Pyle, 1984) as Appendixes E and F of this User's Guide. The articles are included with the 
permission of the authors and the Journal. Independent comparisons of several stratospheric data sources, 
including SAMs and LIMS, may be found in the Middle Atmosphere Program [MAP] Handbook, 
(Rodgers, 1984~; Grose and Rodgers, 1986), published by SCOSTEP, and available from the SCOSTEP 
secretariat, University of Illinois, 1406 W. Green Street, Urbana, IL 61801. 

PRECEDING PAGE BLANK NOT FILMED 
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SECTION 5 

MISSION HISTORY AND CHANNEL STATUS 

Table 5-1 lists the significant dates in the history of SAMs. The first 2 months of instrument operation were an 
experimental period, during which many changes were made to the scan pattern and sieve setting programs. Tables 
5-2 and 5-3 provide full details of the settings used, along with comments on some problems. 

The following points concerning the instrument have significant consequences for the quality of the data. 

SAMs operated on a 3-day-on, l-day-off duty cycle; atmospheric phenomena with a 4-day period 
will not be well represented in the data. 

The first orbit of any day is almost always a calibration orbit. 

The passive cooler did not reach the design temperature; as a result, the shortwave channels (NO, 
CO, and C02 4.3 microns) all had a poorer signal-to-noise ratio than expected. 

A chemical problem with the NO molecular sieve rendered the channel unusable. 
modulator failed by driving at too high an amplitude on day 91 of 1980. 

The NO 

PMC frequencies depend on cell pressure, and hence on sieve setting. For some combinations, 
there are "beats" between different modulators at similar frequencies. These occasions are noted in 
Table 5-2. One significant consequence of the possible beating is that the upper C02 15 micron 
channel (Al) is sometimes in a low pressure setting to avoid beats with the CO channel. There is a 
systematic difference between temperatures retrieved with A1 sieve 3 and those retrieved with other 
sieve settings, particularly in the mid and upper mesosphere. We suggest that temperatures from 
days with A1 settings other than sieve 3 be treated with caution. 

A problem with the housekeeping analog/digital (AD)  converter caused some instrument 
temperature measurements to be made with low accuracy. This problem was largely circumvented 
in the processing. 

Changes were made in the water PMC drive circuits after the final pressure calibration runs were 
made. Consequently, the water cell pressure measurements are uncertain. 

The instrument failed partially during 1982 when the scan mechanism stuck. After a period of 
recovery, final failure occurred in June 1983. 

The eruption of El Chichon in April 1982 injected a considerable amount of aerosol into the lower 
stratosphere. This event is reflected in significant changes to the temperature retrievals, but it is 
uncertain whether these changes are real or are the result of unmodeled emission from the aerosol 
affecting the retrieval process. Before September 1982, the effects were confined to the region 
equatorwards of about 30" N and below about 30 km but, after this date, the dust cloud quickly 
moved to higher latitudes but with lower concentration. We have not carried out nitrous oxide and 
methane retrievals for this period because of these uncertainties. 
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Table 5-1 

Significant Dates in the History of SAMs 

- Year 

1978 

1978 

1978 

1978 

1979 

1980 

1982 

1982 

1982 

1982 

1983 

1983 

Launch. 

SAMS turned on. 

Cooler door opened. 

First usable data. 

Cooler decontamination heaters on. 

NO modulator failed. 

El Chichon effects first seen in data. 

Cooler decontamination heaters on. 

Scan problem - first appearance. 

Cooler decontamination heaters on. 

Scan problem - apparent recovery. 

Scan problem - final failure. 

Following is the status of the channels: 

a) A1 and C1; C02 15 micron temperature sounding channels. 

Temperature retrievals have been carried out for the whole data set, except for a few occasions 
when the data quality was poor, or when the instrument was not scanning due to scan problem or 
azimuth scan tests. 

b) A2; 4.3 micron C02 channel. Non LTE studies. 

This channel suffered from the poor signal-to-noise ( S / N )  problem of all the shortwave channels. 

c) A3; carbon monoxide. 

The SAMS measured CO during the daytime using a pressure modulator to measure resonant 
fluorescent scattering of sunlight near 4.7 microns. The noise level was high, and it was necessary 
to average over time periods of 6 months and 35-50' wide latitude bands. Consequently, the total 
number of profiles obtained was small, and they are all given in Figure 5-1. It should be noted that, 



Figure 5-1. Comparison of the remeved carbon monoxide profiles. Dotted 
line is the a priori profile (identical in all cases). Vertical scale: -In 
(pressure/atmospheres) = 2 to 20. Horizontal scales: loglo (volume mixing 
ratio) = -9 to -3. 
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because of the geometry of the orbit, the density of observations is greatest at 50" S and 70" N. 
Consequently, averages for bands that include these latitudes are biased toward them. 

The precision (systematic error) of the retrieval is approximately f25  percent, but the accuracy 
(random error) is worse, about -57 to +130 percent. The profile is valid over the range 6 to 14 
pressure scale heights (about 45 to 100 km). 

Although the random errors are high, marked variations can be seen. The most significant feature is 
that mixing ratios are very high in the mesosphere during the northern hemisphere winter. This 
effect is clearly seen in the retrievals for the 1978-79 and 1979-80 winters. There is a difference of 
well over a factor of 10 between summer and winter mixing ratios at some levels. This difference 
is far too large to be attributed to errors in the measurements or the retrieval process. There is some 
evidence for a similar effect in the Southern Hemisphere, at about 85 km (12 pressure scale 
heights), but the most southerly latitude zone extends only to 50" S. The variations between the 
remaining profiles are generally comparable with the level of errors on the retrievals. The central 
latitude band shows a profile that exhibits little variation between the data periods, and the mixing 
ratios are comparable with summertime values in the northern and southern hemisphere zones. 

d) A4: nitric oxide. 

The nitric oxide in the PMC unexpectedly suffered from a catalytic disproportion reaction on the 
molecular sieve material, so that the PMC actually contained a mixture of nitrous oxide and a small 
amount of nitric oxide. Consequently, the data from this channel are of little value. The channel 
failed mechanically after 520 days in orbit. 

e) B 1: water vapor 2.7 micron resonance fluorescence. 

This channel should provide water concentration in the 65-90 km region, but suffers from poor S / N ,  
as do the other shortwave channels. So far only a limited number of retrievals have been performed 
for monthly zonal means, in the latitude range of 45's to 45" N for the months of January, April, 
July, and October 1979. Processing is in hand to produce similar products for the whole of 1979 
and for smaller latitude boxes. 

f) B 2  water vapor rotation band. 

This is the primary water vapor channel, which should produce both zonal means and global 
distributions of water from 15 to 60 km. However, our retrieved profiles to date have failed to 
satisfy our validation criteria. The problem appears to be associated with uncertainties in the 
spectroscopy of water vapor in pressure modulators, and the symptom is that the retrieved profiles 
show an unreasonably large amount of water at high levels. Laboratory studies are currently being 
undertaken in an attempt to solve this problem. 

Preliminary processing of zonal mean fields for 1979 and 1980 has been completed; similar 
processing of the remainder of the data and the production of global fields is proceeding. These 
data can be used only to illustrate the qualitative behavior of the water distribution, however, and 
will not be archived with NSSDC. 

g) C2 and C3: nitrous oxide and methane. 

Nitrous oxide and methane have been retrieved from the SAMs radiances for the period January 1, 
1979 to December 3 1, 198 1. The data are too sparse during the experimental period before January 
1979 to be useful, and 1982 contains both the El Chichon eruption and the scan failure. Some parts 
of the 1982 data will be retrieved and placed in the archive. Note that because C2 and C3 both use 
the same detector, only one of the two channels can be used at any one time. 



For channels A2/3/4 and C2/3, the wideband measurements are of little use since they were the 

affected by the El Chichon dust, and they could be used to study the wavelength dependence of 
aerosol absorption. 

I result of emission from several gases. They were not used in the retrievals. They were, however, 
I 

1 
The pattern of use for the instrument is given in Table 5-2. The 'SCAN PROG' column is the 
internal reference number for the Scan program being employed on that day. It is included so that 
different days when the same program was being used can be identified. Detailed scan patterns can 
be supplied by the principal investigators at Oxford (Section 1.5) for individual cases on request. 
The nominal scan range is given in km for the 'D' field of view. Relative to this direction, the A 
field of view (FOV) is 0.32" above, B is 0.16" above, and C is 0.24" below (approximately 18,9, 
and -7 km respectively). The nominal scan range is only an approximate guide to the actual scan 
range obtained in the atmosphere because of the attitude variations of the spacecraft relative to the 
horizon. The "sieve setting" number indicates the choice of PMC cell pressure (see Table 5-3), and 
the "E" indicates which modulator is energized, in those cases where there is more than one 
modulator associated with a detector. 

i 
I 

I 
: 
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T a b l e  5-2 
Yale T a b l e  1: Launch - day 239, 1982 

1978 2?9 32:35 
1978 299 35:37 
1978 300 37:52 
1978 MI 52:M 
1971 301 58:M 
1978 302 64:78 
1978 303 78:W 
1978 303 89:92 
1971 304 92:106 
1978 305 106:119 
1978 305 119:120 
1978 306 I20:130 
1971 306 1w):IY 
1978 307 I3b:IU 
1978 300 148:163 
1978 36) 163:175 
1978 310 175:189 
I978 311 189:203 
1978 312 203:210 
1978 312 210:213 
1978 312 214:216 
1978 313 217:231 
1978 314 2ll:245 

1978 316 258:261 
1978 316 261:272 
1978 317 272:2R2 

1978 318 286:360 
1978 319 300:315 
1978 320 315:325 
1978 321 337:341 
1978 322 341:355 
1978 323 35S:368 
1978 324 3 0 : N  
1978 326 397:bll 
1978 327 1ll:424 
1978 328 424:bM 
1978 330 052:465 
1978 331 165:080 
1978 332 W)0:494 
1978 330 xM:521 
1978 335 521:535 
1978 336 535:549 
1978 338 563:576 
1978 339 578:585 
1978 339 )8(1:590 
I978 340 590:601 
1978 342 618:627 
1978 3AZ 628:633 
1971 343 634:645 
1978 344 645:660 
1978 346 673:61M 
1978 347 6R8:690 
1971 347 696:702 
1978 y8 702:71S 

197n 31s ~ : 2 w  

1971 317 202:2n6 

scul 
PMI; 

1.1 
2.2 
2.2 
2.7 
2.3 
2.8 
2.8 
2.10 
2. IO 
2.12 
2.17 
2.11 
2.9 
2.13 
2.11 
2.16 
2.16 
2.16 
2.16 
5.24 
2.9 
3.18 
3.19 
3.21 
3.21 
4.20 
4.22 
6.23 
4.23 
3.25 
3.28 
3.28 
8.29 
6.30 
6.32 
6.31 
8.33 
8.33 
8.34 
8.34 
R.35 
11.36 
11.36 
11.37 
11.37 
5.38 
11.39 
11.39 
12.12 
5.38 

1 I .40 
11.40 
8.11 
0.0 
3.28 
6.11 

15:90 
15:90 

30: IO5 
10:85 
10:85 
10:85 
10:85 
30: IO5 

29:95 
10:85 
30: 105 
20~95 
25: 100 
25: 100 
25: 100 
25: 100 

IO:M 
15:35 
25:45 
-5:30 
-5: 30 

5:25 
5:m 
?:bo 
lO:b5 

30:65 
30:65 
-5:M 
-5 :  36 
-5:M 
-5  : 50 
-5:50 
-5:H) 
-5:m 

-5:w 
-5:m 

-5:50 
-5:w) 
25:60 

5:10 
25:60 

n m o  a n 0  IC 
IC0 0 nn1co 
IC 0 0 31 3c IC 0 
IC 0 0 31 3c m! I 
I C 0  0 tLn1 a! 
no 0 a n 1  a! 
EO 0 3 C R I  (IC 
3c .o 0 3c 3 t  I IC 
no 0 3ta1 IC 
YE 0 0 It 3c m I 
3c 0 0 n Yt IC 1 
3 1 0  0 n n l c l  
xn 0 R n l c l  
3c 0 0 IC n 1 IC 
3c 0 0 z 3c IC I 
3Eo 0 3 c n l  It 
3c 0 0 R 3c I II 
3c 0 0 31 3c 1 IC 
a0 0 3 C t t I  It 
3 C O  0 a3!1 IC 
3 1  0 0 3 I  n IC I 
no 0 R 3 C I  1 
it o o IC n IC 1 
YE o n 3c 3 1  I I C  
3 t O  0 1 R 1  IC 
I t  0 0 o t  3c m I 
I t 0  0 r n R a ! I  
IF 0 0 It n I IC 

IC m! 1 31 3c IC 1 
I t  It 1 3E n 1 It 

IC 1 IC 3c 3c I IC 
It (IC I o(! 3 t  I le 
a!1 I o c 3 C l  IC 
IC I m a! 3E le 1 
3c 1 oc IC n IC 1 

3C 1 OC YE 3C 1E 1 
n 1 rrt 3E 1c It 1 

it o o it n I IC 

i t  I C  1 YE I IC 

n I OR it 3 t  it I 

I i YE ye I re 
3 t  I ne 3e YE I IE 

3 t  i OR YE YE ie 1 
xi m ~ n i e i  
YE I m 3e 3 t  1 le 

YE 0 0 'IC 3C 1 le 
3c IC I 3c 3c I IC 
R le 1 3F 1 1 le 
3c 1 m IC 3c IC I 
3c 0 0 3e n 1 It 

38 I C  I YE 3 1  lt I 

re I OE 2t 3c 1 1.e 
IE 1E 1 3p1 3C 1 IF 
3 t I  OtZYEl IE 

x i t  i YE 3c it I 

x I m ze YE 1 I E  

PALLOOW RIGKT 

Nb SCAN 
Yo SCAW 
No CCAN 

8An SCAN p s m  

BFAT 812/CH 
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1978 330 738,743 
1978 331 743:7% 
1978 352 757:770 
1978 3% 784:790 
1978 355 798:812 
1978 3% 812:825 
1978 350 839:853 
1978 359 ~ 5 4 : ~  
1971 MO w:881 
1978 362 895:- 
1978 363 908:922 
1978 364 9223936 
1979 I 950:964 
1979 2 964:977 
1979 3 977:982 
1979 3 \  982:991 
1979 5 1005:1019 
1979 6 1019:1037 
1979 7 1033:1037 
1979 7 1037:10)7 
1979 9 1060:1075 
1979 10 1075:1088 
1979 11 1088:1102 
1979 13 1116:1129 
1979 14 113:11163 
1979 15 1143:1157 
1979 17 l171:1186 
1979 I8 1186:1200 
1979 19 1200:1213 
1979 21 1226:1240 
1979 22 l240:12W 
1979 23 1254:1263 
1979 23 1263:1268 
1979 24 1269:1282 
1979 25 1282:1297 
1979 26 1297:1310 
1979 27 1310:1323 
1979 28 1323:1337 
1979 29 1337:1351 
1979 30 1351:IMI 
1979 31 1365:1379 
1979 32 1379:1392 
1979 33 1393:IW 
1979 34 1607:1020 
1979 35 1421:1433 
1979 36 IbY: IW7 
1979 37 14611:1461 
1979 38 1462:1475 
1979 39 1476:lblM 
1979 41 I504:1516 
1979 42 1517:1531 
1979 43 1532:1544 
1979 45 1556: I572 
1979 46 1572:1586 
1979 47 15R6:lbOb 
1979 49 1614:1616 

15.56 -20:3S 
15.44 0:55 
8 . U  25:60 

106.50 35:70 
1C8.158 l0:45 
108.147 2 0 ~ 5 5  
14.146 20:53 
115.161 -5:W 
115.162 -2S:w) 
114.153 50:115 

114. 155 50: I 15 
115.1% -25:30 
115.144 -5:50 
115.144 - 5 : N  

14.150 35:70 
108.150 35:70 
100.158 35:70 

108.146 20:55 
115.161 -5:s 
115.162 -25:w) 
114.153 %:I15 

114.15s 50:ll5 
115.156 -25:30 
115.144 -5:SO 
115.144 -5:50 
100.150 35:70 
115.145 -5:W 
108.107 20:55 
I15.144 -5:w 
108.147 20:55 
115.258 25:W 
115.144 -5:H) 
115.246 10:6S 
115.250 25:bo 
115.145 4:50  
115.247 10:6S 
11S.251 25:OO 
115.261 -5:M 
115.246 I0:65 
115.145 -5:W 
115.145 -5:W 
115.145 -5:50 
115.145 -5:w 
115.145 -5:W 
115.145 -5:50 
115.145 -5:W 
115.145 -5:50 
115.145 -5:M 
114.253 40:105 
114.254 40: IO5 
116.262 -15:50 
116.262 -15150 

114.159 50: I15 

5.03 

5.03 

114.159 50:lIS 

3 8 1  I C R R l E ~  
R I  a3cra1c1 
311 OCzn1c1 
I C 1  1 I C S o c I  
I C 1  0 l e a l  a 
X a o Z B l  IC 
a1 0 2Easc1 
zt IC 0 3c 1 1 IC 
2ltlCO 3 n l  IC 
I C 1  cn(ICaaI 
I C c n I  QZl a 
(IC1 1 O C f o c l  
3Cl (ICnalcl 
n IC 0 3c 3 t  IC 1 
3c IC 0 n a IC I 
3 C O  0 Aril IC 
IC1 0 IC3tOC1 
I C 1  0 l e a l  a 
IC1  0 I C Z I  a 
3c 0 0 a I C  I IC 
3Cl 0 ~ X l C I  
Z I C O  n a 1  IC 
2 l t I C O  naa1 IC 
I t 1  o c ( I C f o F ! l  
ICOCO oca1 a 
( I C 1  0 O L 3 C O C I  
a1 (ICanIcl 
f IC 0 31 3 IC 1 
3c IC 0 n 3c IC 1 
I C 1  0 l C 3 E Q I  
3c 1 a! 31 1 I IC 
3 C c n O  H B I  IC 

n o c o  n n l  IC 
I U 1  0 I C Z l  oc 
3c IC 0 3c a IC 1 
n l  o t 2 c n I c I  
l e i  o ~ c n a i  
3 1  1 cn n YE I le 
3C as 0 z 3c I IC 
IC I 0 IC 31 1 a 
a IC 0 31 n IC 1 

3c I O t  3c 3E 1 le 
YE I cn n 3c 1 IC 
YE I OC YE 3 t  I IC 
3 t  I OC YE I IE 
n l  o C 3 c a 1  le 
3c I (IC 31 f 1 IC 

31 I OC 31 3C 1 IC 
3C 1 OC 3 t  3C I IE 
IC1 cnOCAOC1 
I C ( I C 0  m 3 c 1  OL 
2t IC 0 YE 3c I IL 

3e IC o n aa IC I 

X I  m ~ ~ c i e i  

3c I (IC ~t 1 ie 

21 le o 3e I t  I ie 
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No scA".lN; 
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M l t  
YUI M Y  

I979 49 

1979 51 
1979 53 
1979 54 
1979 55 
1979 56 
1979 57 
1979 Y 
1979 Y 
1979 59 
1979 61 
I979 62 
I979 62 
1979 63 
197965 
I979 66 
1979 66 
1979 67 
1979 69 
1979 70 
1979 71 
1979 73 
I979 73 
1979 74 
I979 75 
1979 77 
1979 78 
1979 79 
1979 81 
1979 82 
1979 83 
1979 8S 
1979 86 
1979 87 
1979 87 
1979 89 
1979 90 
1979 91 
1979 92 
1979 92 
1979 92 
1979 93 
I979 94 
1979 95 
1979 96 
1979 96 
1979 97 
1979 98 
1979 99 
1979 100 
I979 101 
1979 102 
1979 103 
1979 105 
1979 107 

1979 w 
1616: 1627 
16s: I 6 4 0  
1WrlOS 
1669: I663 
1683: 16% 
16%:1710 
1710:1723 
1724:1738 
1738: 1741 
1741 : I752 
1752:1766 
1779:1793 
1193: 1802 
1002: lbo7 
1808:1821 
1835: 1848 
1646:1855 
1855: 1863 
1863: 1876 
1890:1901 
1964: 1918 
1918: 1932 
1946: 1958 
1950: 1959 
1959:1973 
1974: 1986 
2odl: 201 4 
201 5 : 2028 
2029:2042 
2057 : 2069 
2070: 2003 
2 W :  2097 
21 12: 21 25 
21 25 : 21 39 
2139:2147 
2147:21# 
2167 :2179 
2I80:2I94 
2 194: 2208 
2200: 2213 
2214:2218 
221 9: 2221 
2222: 2235 
2236: 2249 
2233: 2263 
2264:2273 
22?6:2277 
2278: 2291 
2292: 2304 
2305:Ulll 
23 19: 2332 
2332: 2344 
2345:2360 
2360: 23n 
23AI):2Goo 
261 5:2629 

116.262 -15:W) 
115,246 10:65 
115.246 10:65 
118.348 -1o:m 
118.345 -25:75 
118.362 4 5 : 5 5  
118.346 -IO:#) 
118.346 -10:90 
118.347 -IO:#) 
118.347 -10:90 
119.355 bo: I25 
118.361 -25:75 
118.361 -25~75 

118.346 -10:90 
118.350 5:lOS 
118.350 5:IOS 

5.143 

5.143 
I 1n.347 -iom 
118.348 -10:90 
118.345 -25:7S 
118.362 -4S:SS 
I19.453 M:l l5  
119. LOO 
119.454 3O:IlS 
119.45) 30:115 
118.356 -4S:SS 
118.361 -25:7S 
118.346 -IO:90 
118.3SO 5:105 
118.351 5:105 
118.347 -10:90 
I18.ub -1o:pb 
118.345 -25:75 

118.364 - t5 :75  
119.453 30:l lS 
118.364 -25:7S 
116.364 -25:75 
118.364 -25:7S 

5.143 
219.455 
118.3% -45:SS 
118.366 -25:75 

118.364 -25:75 
118.364 -25:75 
118.364 -25:7S 
118.364 -25:75 
118.364 -25:75 

219.655 
118.345 -25:75 
Il8.362 4 5 : 5 5  
119.653 30:115 
119.455 30:115 

11n.162 - 4 5 : s ~  

1in.m - 2 s : ~  

I 143.364 -2s:rs 

z 1 t o  n a l  I t  
R I  a e 2 z t r r I I I I  
3 C l  a e t t R I t 1  
XI 0 2 z 3 c R t 1  
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LEI 0 l C R ( X I  
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1979 lm 2443:2432 
1979 109 2433:2437 
1979 110 2437:2471 
1979 111 2471:24W 
1979 113 ZbW:2512 
1979 I14 2512:2522 
1979 114 2522:2526 
1979 115 2526:2540 
1979 117 2553:2567 
1979 119 2582:2595 
1979 I 2 0  25%:2609 
1979 121 2610:2623 
1979 122 2624:2630 
1979 122 2631:2636 
1979 123 2637:2630 
1979 125 2678:2683 
1979 125 2685:2678 
1979 126 2679:2691 
1979 127 2692:2700 
1979 127 2700:2706 
I979 I29 2719:2736 
1979 130 27%:2747 
1979 131 2746:2761 
1979 132 2761:2770 
1979 133 2775:271 
1979 135 2802:2816 
1979 136 2816:283J 
1979 137 2831:2846 
1979 138 21)44:2857 
1979 139 2857:287S 
1979 141 2M5:2886 

1979 I42 2900:2913 
1979 143 2913:2926 

1979 141 217:2199 

1979 I45 
1979 146 
1979 147 
1979 149 
1979 I s 0  
1979 I51 
1979 152 
1979 153 
1979 153 
1979 I54 
1979 155 
1979 I55 
1979 156 
1979 157 
1979 I58 
1979 158 
1979 159 
1979 161 
1979 162 
1979 163 
1979 165 
1979 166 

2941:2953 118.363 -25:75 
29%:2%7 111.361 -25:75 
2961):2981 118.366 -lO:90 
2996:3009 118.350 5:lOS 
MIO:M23 118.351 5:105 
3024:3037 118.347 -IO:% 
3049:3052 5.103 
3053:3055 5.143 
3055:3064 118.346 -1O:W 
3065:3071 I 18.345 -25:73 
~079:)089 iin.362 4 5 : 5 5  
3090:3092 5.143 
3093:3097 S.143 
3106:3120 3tlO.200 
3121:3130 300.200 
3131:3134 ll8.3b6 -IO:% 
3135:3147 3ai.201 
3161:3175 23.101 
3175:31M 118.361 -25:75 
3189:3203 118.366 -10:90 
3217:3230 111.364 -25:75 
3231:3244 301.202 

118.336 4 5 : S s  
118.m -23:7S 
118.36I -23:7S 
118.346 -1o:m 
118.364 -25:7S 
118.3SI ):I03 
118.364 -25:73 
118.364 -25:75 
M0.m 
118.364 -25:75 
118.364 -25:75 
118.350 5:lOS 

119.4S3 30:115 
1 19.453 30: I I5 

119.454 30:115 
119.453 %I15 
Il9.4W 30:l I5 
118.366 -25:7S 
118.356 -45:53 
118.344 -2S:73 
II1.W -1o:m 
118.364 -25:75 
118.364 -2S:U 
18.347 -10:90 
18.364 -23:75 
18.364 -25:75 
18.305 -25:73 
18.337 -45:53 
19.106 
19.453 M:ll5 
19.454 30:llS 
19.4S3 30: I I5 

5.143 

5. I63 

X I  mnnItI  
X I  OtX3t I  IC 
Z I C O  %XI I t  
3 1  c n 2 E 3 E I C 1  
n1 O t X 3 t I  IC 
IC1 0 I C 3 1  (1c 
X I  a ! n s l  I t  
3 t  I a n 31 I IC 
Rl m z C f c a ! I  
3E1 m n n 1  IC 
n l  m n x l  IC 
IC1 0 1cxa1 
3 1  0 0 3c 3c I IC 

1tI a ! a ! Y C a ! I  
3 t o  0 X 3 C l  IC 
I t O c O  a ! X I  a! 
a1 0 m n a l  
I C a ! O  m n l  a! 
Y E 1  a n n l  IC 
n l  OCXralCl 
3c IC 0 n n 1 I t  
n l  O t 2 E 3 I C I  
R1 oCnn1 IC 
X I  m n n l  I t  
za!o n3cI I t  
n l  oc3EnI I t  
3 t 1  m n w 1  IC 
3 C I  m n a l c l  
n IC 0 3 t  3 t  I IC 
1co 0 3 c n 1  rn 
l E I  m m n m l  
lCa!O ( I C 3 C l  a! 
a ! I  0 o r : 3 C O c I  
R I t  0 n 3 t  IC 1 
2c IC 0 3 1  3 t  1 I t  
Ra!O 2 c n I c l  
I C 1  0 1enm1 
IC1 0 1cn1 a! 
X(1cO2EXl It 
f O  0 f 3 C I  le 
YE 0 0 3 t  n I le 
3 1 1  0 2 Z 3 t l C l  
n l  0 c 3 t n I r I  
Z I t  0 3C 3C I lt 
n 0 0 3c 3c 1 11 
3C 0 0 31 3C I I C  
3l?1 OCnnaI 
3 C l  a!zllna!I 
3 1  I or: 2c 3c IC 1 
n l  r n 2 c 3 t I C I  
3c a! 0 3E 3 t  1 I t  
2c IC 0 3c 3c 1 I t  
3c oc 0 2c 3E le I 
3c I m R 31 I re 

ici m o e 3 t a ! i  

zi o e n ~ t m l  

23 



1979 I67 3 U l c 3 2 M  26.101 n m o  m a l  IC 
I979 18 3272:32ES 26.102 W a d  R n l  IC 
1979 170 3286:3m 118.34) -25:7S I’E 1 OC R Ill IC I 
1979 171 3300:3313 118.362 -45:55 Z IC 0 1 R I IC 
1979 173 3327:3339 129.U5 20:123 1 0 OC YE 0 I 
1979 174 3uO:3341 129.100 I C 0  0 X R I  OC 
1979 174 3342:33SS 129.471 20:125 (IC I 0 OC 1 (7c I 
1979 I75 3355:3360 129.473 M : I 2 5  IC I OC Q X OC 1 
1979 I77 333:3396 118.36S -2S:75 2C 1I 0 3C W IC I 
I979 178 3397:UlO II8.MI -25:75 2l! IC 0 R A I IC 
1979 179 Y I I : Y ~ ~  i 1 n . M  -10:9o K oc o n n IC I 
1979 181 3438:YSI 118.350 5:l05 IC I 0 IC A OC 1 
1979 182 ~ 5 2 : ~ 6 5  i18.3~1 5:ios ie I o 1 1  n 1 oe 
1979 183 3466:3479 118.347 -lO:90 3C OC 0 2?! IC 1 1C 
1979 185 3493:3506 118.348 -lot90 3E I 0 H 3C IC 1 
1979 186 1)07:1~1o 118.145 -25:75 w I oc n n it I 
1979 187 3521:3535 118.362 -45:SS 2?! IC 0 SI! A 1 1E 
1979 189 3549:3562 129.473 20:125 IC I OC (IC R OC 1 
1979 190 3563:3575 129.474 M:12S IC Oe 0 Cn W 1 OC 
1979 191 3S76:3SlH 129.47s 20:12S OC I 0 OC 3E OC I 
1979 193 36db:Ml7 118.361 -2S:7S 2?! IC 0 I C  1 IC I 
1979 1% 3610:~32 I I I .MI  -25:75 zc ie o R n I IC 
1979 19) MIZ:IM 118.364 - 1 0 : ~  n a o n! n it I 
1979 197 3669:3672 118.350 5 : l M  IC 1 0 IC 3d OC 1 
1979 198 3673:3607 i18.3~1 5:ios i t  I o I C  1 I oe 
1979 199 %87:3700 118.365 -25:75 Z IC 0 R R IC 1 
1979 206 3701:37W 118.365 -25:7S Z 1C 0 31 n IC 1 
1979 201 3714:3728 118.364 -2S:7S W I OC 1 R 1 IC 
1979 202 3728:3741 118.345 -25:75 IE I OC R R IC 1 
1979 203 3742:37M 1111.362 4 5 : 5 S  Z IC 0 W R I IC 
1979 205 3769:3782 129.473 20:125 IC I OIC OC 3C OC I 
1979 m 17n1:~7w 129.100 IC0 0 W A I  m 
1979 206 3785:3797 129.474 20~125 IC OC 0 ot 3t I OC 
1979 207 3797:3811 129.475 20:12S OC 1 0 (R YE OC 1 
1979 209 MZ8:MM 118.365 -25:75 zt IC 0 3C 3C IC I 
1979 210 MW3852 118.364 -25:7S W I CIC fc IC 1 IE 
1979 211 38S2:3867 118.361 -25:7S 3C I Cn 3C 31 I IC 

1979 214 3894:3W 118:351 S:105 IC 1 0 IC 31 1 Cn 
1979 215 3W:3922 118.347 -10:90 IC OC 0 H 3E 1 IC 

1979 213 3nm:xw I I J J : ~ ~ )  5:ios IC I o IE n oc I 

1979 217 39%:3w9 118.103 -25:7S A o o 3~ oe ie o 
1979 211 3 w : ~ ~  iin.io1 -25:~s n o o YE I C  o ie 
1979 219 3w3:3967 118.361 - m 7 s  31 I (R 31 R I ie 
1979 219 3(~8:3977 i18:105 -2s:n n o o i t  n o ie 

1979 222 um:4018 11n.47~ mi25 (IC I o OL ye m I 

1979 226 m:u)71 118.476 20:125 ic I o le n I ot 
1979 227 4073:~7 ii8.m 20:12s IC I o ie ye I oe 
1979 229 4101:4115 27.106 Y C O  o o e 3 e i  oz 
1979 231 ~ I S : ~ M I  118.347 -io:% YE ~n o 21 n 1 i~ 

1979 234 4171:41~4 110.305 - 2 5 : ~ ~  YF I oe 3 31 IC I 

1979 221 3991:400) 118.47s 20:125 OC I 0 (R YE (IC 1 

1979 223 U)l8:4032 118.47) 20:125 OC 1 0 Ot 3E Ot 1 
1979 225 GoI7:(060 118.476 20:125 IC  I 0 IC 3E I Cn 

1979 230 4ll5:LIz) 118.351 5tlOS IC I 0 1E 3E 1 Cn 

1979 233 4156:4171 118.316 -1O:W YE 1 0 n IC 1C I 

1979 235 4184:4198 118.362 4 5 : 5 5  2C IL 0 3E 3E 1 IC 

FRCO SPACE CAI. 
SCAN CAI. ma 
FREO SPAQ CNa 
me0 SPAQ CAI. 

POsS BUT Bl2/CA 

SPECTAX. CI p(c CAL mbc 
KIW MLLmN mDt 
S R C U L  c1 e?cc CAL mu! 

SPACE CAL 
FREQ SPAR UJ. 
FFXO SPAR CAL 
FPZQ SPA& CU 
FRtO SPACE CAL 
FWQ SPACE CAL 
VIOL tm SCAN m vu mm ma 
POSS REAT B12/CR 
QQSS BUT B12/(31 
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1979 236 4211:4212 
1979 237 4212:bm 
1979 238 422S:bm 
1979 239 b238:b252 
1979 241 b267:b281 
1979 242 6281:b295 
1979 243 6295:blrn 
1979 245 b323:4336 
1979 246 b33b:bIW 
1979 247 b3W:4364 
1979 249 4378:4392 
1979 2% 6392:bW 
1979 251 6405:UI8 
1979 253 #33:4U6 
1979 254 OU7:b661 
1979 255 6461:bWb 
1979 257 6688:45O2 
1979 258 6502:b51S 
1979 259 b515:b529 
1979 261 65b6:4556 
1979 262 6558:6571 
1919 263 4571:b585 
1979 265 b599:4602 
1979 265 4602:b612 
1979 266 6612:4626 
1979 267 6626:bW 
1979 269 1653:6654 

1979 270 4668:W2 
1979 211 4602:4695 
1979 273 b709:6723 
1979 21b b723:b737 
1919 275 b737:6751 
1979 277 676S:4778 
1979 278 6778:4792 
1979 279 4792:bM 
1979 281 4820:6034 
1979 202 403b:W7 
1979 283 4847:WI 
1979 21)s 647S:LRRc) 
1979 286 4089:4903 
1979 2R7 6903:b917 
1979 209 4930:6%4 
1979 290 4966:69S8 
1979 291 4950:6971 

1979 294 5O00:5013 
1979 295 5014:5021 
1979 297 SOb1:5055 
1979 298 505S:5060 
1979 299 5068:')082 
1979 300 509S:W 
1979 301 SO96:5110 
1979 302 S110:5124 

1979 30s 5152:5165 

1979 269 465b:666rn 

1979 293 b w 6 : l r w  

1979 301 512~:513rn 

1 2 9 . m  
129.473 2O:la 
129.b74 20:12s 
129.475 20:125 
1111.365 -25:75 
118.361 -2S:7S 
118.366 -IO:90 
118.350 5:105 
118.351 5:105 
118.347 -10:90 
114.3UJ -IO:% 
118.365 -25:75 
118.362 -b5:55 
129.b73 20:125 
129.b74 20:125 
129.675 20:125 
11R.365 -25:75 
118.361 -25:75 
114.366 -1O:W 
118.350 5:105 
I 18.3S1 5: 105 
118.346 -IO:90 
ll8.3Lb -IO:#) 
118.340 -1o:w 

118.362 45:55 
129.100 
129.473 2O:12S 
129.674 20:125 
129.075 20:125 
118.365 -25:75 

110.365 -25:n 

iin.366 -1o:w 
11n.366 -io:9o 
118.350 5:io5 
118.351 5:105 
110.347 -10:90 
Il8.3b8 -10:90 
11R.3b5 -2S:7S 
118.362 -b5:5S 
129.b73 20: 12s 
129.414 20:125 
129.475 20:12S 
118.36s -25:75 
11R.361 -25:75 
118.166 -10:90 
114.350 S:105 
118.351 5:105 
118.347 -10:90 
118.346 -IO:% 
114.3b5 -25:75 
118.365 -25:75 
129.100 
129.G73 20:12J 
129.476 20:125 
129.675 20:125 
iin.365 - 2 5 : ~ s  

i a o  o i t 3 c 1  o 
It1 OCOLAOLI 
I t Q O  a n 1  a! 
o a l  0 Q 3 e o e I  
a l t o  3 z 3 c i t i  
z i t 0  = m i  IC  
B Q O  z c n i a i  
l e i  o i c n a i  
i t  I o it 3 t  I oe 
noco 2 t n 1  i t  
ni o z n n e i  
it I oe 3e 3e i c  I 

i t 1  o e o c 3 r o e i  
i t a 0  oeni oe 
mi o o e 3 t o e 1  
z IC o ye n IC I 
n i t  o n 3 t  I i t  
noco n n i t i  
i t  I o IC 3 t  oe I 
i t 1  o i e n i  (IC 
R I  m!nniai 
l e i  o zcniti 
3 t  I o 2 t  n i t  I 
ni o e n x i r i  
a i t  o it n I i t  
i e o  o 3tn1 Q 
l e i  o c o e n m i  
i c a o  a n i  oe 

O C I  o o t 3 E c e i  
R ~ E O  n 3 c i t 1  
it I OE z 31 IC I 
3 t o e o  z e n n c i  
IC  I o I C  Ye ne I 
i c i  o i e n i  oe 
noeo ziti it 
X I  o z n i c i  
3 t  I m 3 1  n IC I 
n IC o n it I i t  
l e t  m m n n i  
i e o e o  a 3 1 1  oc 

n IC o 3c it IC I 
n I C  o 3t 3 t  I I C  
IC oe o zt 3 t  IC  i 

2l! IC 0 3L n 1 IC  

a1 0 Oenoct 

IC1 0 1 C R r n I  
I C 1  0 1en1 oc 
3 C o e O  R R I  1E 

3c I OE n n IC I 
IC I OE 3E IE IC I 
IC 0 0 3 1  YE 1 oc 
1 E I  O l ! O C 3 E O E I  
le OE 0 OE 3 1  I Oe 
@ E l  0 O F 3 C d l  
2E I C  0 3e IC IC I 

3e I o 2 t  n i t  1 

SPACE CAL 
FREO SPACE CAL 
FREQ SPACE CAI. 
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1979 30) 516S:5179 
1979 #1 517925193 
1979 309 S200:52XJ 
1979 310 S220:5234 
1979 311 S234:52U 
1979 313 S262:5276 
1979 314 5276:5290 
1979 315 S2#3:5303 
1979 317 53l7:5331 
1979 318 S331:5345 
1979 319 5345:5359 
1979 321 S373:SWJ 
1979 322 5306:5400 

SU)o:#Ib ;;z ::3 5428:u42 
1979 326 SU2:5455 
1979 327 5455:5469 
1979 329 S663:5b97 
1979 3w) S497:55ll 
1979 331 5511 :5525 
1979 333 55M:5552 
1979 334 5552:5566 
1979 335 S566:5519 
1979 337 5S94:S5% 
1979 337 S597:5607 
1979 338 5608:5621 
1979 339 S622:563S 
1919 340 5635:5649 
1979 341 SM9:%63 
1979 342 5663:5677 
1979 343 5677:%90 
1979 345 5704:5718 

1979 346 5727:5728 
1979 346 S728:5732 
1979 347 5732:5746 
1979 348 57S9:S7M 
1979 349 5760:S773 

1979 3S1 S787:SOUl 
1979 352 SIK1O:Wl4 
1979 3'53 5015:M28 

1979 355 5012:5856 
1979 3S7 5070:5R8b 
1979 358 5004:50W 
1979 359 5198:S912 
I979 MI 5925:S939 
1979 362 5939:5953 
1979 363 S953:5966 
1979 365 598I:S994 
1980 1 5994:6008 
1980 2 600(1:6021 
1900 3 M)21:6022 
1980 1 603(5:6049 
1980 5 M)sF):6063 

1979 346 571n:s726 

1979 350 5m:s7n7 

1979 354 582n:5n42 

118.97 -10:90 
118.366 -lo:#) 
118.364 -2S:75 
118.364 -25:75 
118.36b -25:75 
118.348 -1o:m 
118.345 -25:75 
118.362 4 5 : 5 5  
129.473 20:12S 
118.346 -IO:W 
129.475 20:12S 
118.365 -25:75 
118.361 -2S:7S 
118.366 -1O:W 
118.350 5:105 
118.351 S: 10s 
118.366 -IO:#) 
lt8.34u -10:90 
118.345 -2S:75 
118.362 -45:S5 
118.364 -25:75 
118.364 -25:75 
118.364 -25:75 
118. 
118.365 -25:75 
118.361 -25:75 
118.366 -10:90 

118.366 -10:90 
118.351 S: IO5 
118.347 -IO:%) 

iin.346 - 1 0 : ~  

i i n . 3 ~  - 1 0 : ~  
11n.345 -2s:n 
118.345 
118.345 -2S:75 
118.362 4 5 : S 5  
129.lrn 
129.473 M:12S 
l29.47b 20~125 
118.346 -10:90 

118.365 -25:75 
118.361 -2S:7S 
118.366 -1O:W 
118.3SO 5:105 
118.351 5:105 
118.347 -1O:W 
II8.348 -IO:% 
118.315 -2S:7S 
118.362 -45:s) 
129.173 20~125 
129.818 20:125 
129.175 20: 12s 
129. IC0 
111.3'50 5:lOS 
1 11.351 5:IOS 

I 11.316 -IO:* 

3 c a o  z n l  IC 
Y e a 0  Z E R I C I  
n1 a a n 1  IC 
R I  OCfnl IC 
I l  O C 1 R I  IC 
R l  0 nn1c1 
I1 clCnalcl 
n1co n R I  lC 
I C 1  a Q R a ! I  
I l  O C n ~ I c I  
o c I  0 clCnclC1 
n IC 0 3c I IC 1 
Z I C O  n n l  IC 
R o c 0  2 c n I c I  
I C 1  0 ICXOCI 
IC1 0 I C I I  a 
n m o  Z n I c I  
n l  0 H 3 C l C I  
3 C I  O C I R l C l  
zs I C  o A 3% I ic 
3 t I  O C R R l  IC 
X I  O C n n 1  IC 
3 C l  OCR3CI IC 
0 0 0 0 0 0 0  
z 1 c o  nn1c1 
R I t  0 3c 31 1 IC 
nOG0 Z R I C l  
3 C I  IYcnRntI 
n a o  2 E 3 C l C l  
IC1 0 I c n I  OC 
3 t  m 0 2l! 3c 1 I t  
r n l  0 n n l c l  
3111 m I n I c 1  
31 I a n 3c IC I 
3 t  I oc n 3c IL 1 
n ! I C O  n n 1  IC 
I C 0  0 R f C I  clc 
I C 1  OCOCnoc1 
I C O C O  O C 3 C I  n 
n l  O C Z t 3 C I t I  
I C  1 oc R 31! IC I 
H IC 0 3c I IC I 
z IC 0 3 t  31! 1 II! 
n m o  2 c n r t 1  
IC1 0 1 C R o c I  
IC 1 0 IC 3c I m 
IC m 0 2 c  3 t  I I t  
3c 1 0 2c 3 t  IC I 
I I  O C I 3 C I C I  

I E I  m o c R o c I  
IC ot 0 oc 3 1  I m 
2 t  I C  o YE 31 I i t  

o e i  o ~ Y C O C I  
le o o 315 3 t  I n~ 
IF I o ie YE m I 
I t  I 0 It 3c I n 

POSS RUT BlZ/CR 
POSS But R12ICH 

FW!O S P A R  W. 
! W O  S P A R  W. 

sm CAL mcK 
me0 SPACE CM. 
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t 

1900 6 
I9m a 
1- 9 
19a ,  IO 
1980 12 
1980 13 
1900 I4 
1980 16 
1900 17 
1980 18 
1980 20 
1980 21 
1980 22 
19rw) 24 
I980 2S 
1980 26 
1980 28 
1980 29 
1980 30 
1980 32 
19m 33 
1980 34 
1980 36 
1980 37 
1980 37 
I980 38 
1980 So 
1- b1 
1980 42 
1980 41 
1980 b5 
1980 46 
1980 b6 
1980 b8 
1980 49 
1980 SO 
19M) S2 
1980 53 
19#) 5b 
1980 56 
191v) 57 
1980 58 
1980 60 
1980 61 
1QM 62 
1980 64 
1980 65 
1980 66 

1980 69 
1980 70 
1980 72 
1980 73 
1980 74 
19ad 76 
1980 77 

19no sn 

6M3:6077 118.347 -10:96 
1011:610S 118.348 -IO:w 
61OS:6119 II8.34S -2S:7) 
6119:6133 118.362 -b5:55 
blb6:6lbo 129.03 20:l25 
6160:6174 129.474 M:I25 
6171:6166 129.b75 20:125 
6202:621S 118.365 -2S:7S 
6215:6229 116.361 -25:75 

6257:6271 118.350 5:lOS 
6271:628b 118.351 5:105 
6284~6298 118.347 -1O:Qo 

6329:63bO I18.3b5 -25:75 
6340:63W 111.362 4 S : S S  
6367:631 129.473 20:125 
6M1:6395 129.b74 20:125 
6396:- 129.475 20:125 
6b23:6437 129.36) -25:75 
6437:6b51 129.361 -25:7S 
6bS1:6b64 129.366 -1O:W 
6b78:6b92 129.150 5:lOS 
6692:6b97 129.351 5:lOS 
6697:6w)S 129.351 5:lOS 

62m6243 i i n . 3 ~  - 1 0 : ~  

6312:6326 i i n . 3 ~  -IO:#) 

6M5:6519 129.347 -10:90 
6S33:6W 129.3M -10:90 
6Sb7:6S61 129.3bS -25:75 

6M9:6603 129.483 -1O:Qo 
6603:6617 129.484 -10:90 
6617:6629 129.485 -1O:W 
6629:6630 129.100 
66b4:66M 118.36s -25:75 
6658:6671 118.361 -25:75 
6671:6605 118.366 -10:90 
6699:6713 118.350 5 ~ 1 0 5  
6713:6727 118.351 5:IOS 
6728:674l 118.347 -10:90 
6754:6768 118.3U -10:90 

67U2:67% 118.362 -4S:SS 

6561:6575 129.362 -b5:55 

6 7 s n ~ n 2  1 i n . w  - 2 5 ~ 7 s  

n n 1 0 : ~ 2 3  1 2 9 . m  2 0 : i n  
6823:6837 129.484 -1O:W 
6037:6151 129.47s 20:125 
6865:6879 118.365 -25:75 

6893:6907 118.366 -1O:Qo 

69W:69b8 118.3S1 5:lOS 
69U:6%2 1 l8.3b7 -1O:W 
697S:69#) 118.348 -10:90 

6879:6892 iin.361 -25:n 

6920:69w i i n . 3 ~ 0  5 ~ 1 0 s  

6990:7603 i:n.345 -25:n 
7003:7017 118.362 -4S:SS 
7031:7oL5 129.4A3 -1O:W 
70*S:7058 I29.08b -1O:Qo 

Ra!O a n 1  IC 

R1 o a 3 t n I c I  
a I E 0  3 e X l  I C  
IC1 O C o c R a I  
1 c o c o  m3e1 a! 
o c 1  0 m a a 1  
n 1c 0 3c n IC I 
Z I C O  n n 1  IC 
3 c m o  n n l t l  
I C 1  0 l C . n a ! I  
1c 1 0 IC 3c 1 m 
3 C O O  n n 1  IC 
nl 0 n 3 c 1 c 1  
3c 1 m! 3E 3c 1I. 1 
n IC 0 3c 31 1 IC 
1 C l  OCmnOC1 
1 c n o  m!Rl m 
O C I  0 m n ( I C 1  

ai o n a i r i  

n ic o 31 n i c  I 
Z I C O  n n i  ic 

i c  I o ie 31 a! I 
1 1 1  o 1 ~ x 1  oe 

3 1 1  o n n i c i  

nOc0 nntc1  

IC I 0 1c 3c 1 oc 
3 t  a! 0 R 3C I IC 

3F 1 ot 3C 31 IC 1 
n IC 0 n 3C I IC 
IC 1 m 3c 3c (IC 1 
1 c m o  3 c m 1  oa 
m 1 0  m 3 c m 1  
IC 0 0 3 1  3c 1 a! 
n 1c 0 3c 3c I t  I 
2c 1c 0 3c 3c 1 IC 
3c oc 0 ze 3c IC I 
1c I 0 IC 3c m 1 

n o e o  2 C 3 t I  1 I  
3 t l  0 t c 3 C l C I  
3E I clc n 3a IC I 
R le fJ 3c 3c 1 IC 
I C 1  m m 3 t o c I  
I C O C O  3 C R I  ot 
O C I  0 n e Y C r n 1  

n 1c 0 3 t  3L 1 I E  
3c Q 0 2E n I t  I 
1c 1 0 IC 3c oc I 

3 c m o  n n 1  1c 
3 1  0 2 C 3 c l E l  
n 1 oc 3c 3c IC 1 
2 t  1C 0 3C W I l i?  
IC 1 OE 3E 3C OC I 
IC m 0 3c R I nc 

I l l  1 0 1E 3C I at 

z ie o 3c 3c I E  I 

I C I  o i eni  oc 

POSS BUT IlZfCH. 
poss BUT IIZ/rn. 

FReO SPACE CAL 
FREO SPACE CAL 
!T.EO SPACE C U  

POSS RFAT B12/CH 
wss BUT BIZ/CA 

BAD VAN P A l "  ORB.7010 
F W O  SPACE UL 
FREQ SPACE CAL 
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1980 78 
1900 71 
1980 m 
1900 no 
1 9 0  81 
1980 82 
1980 84 

1980 86 
1980 88 
1980 89 
1980 90 
1980 92 
1980 93 
1980 94 
1 9 0  95 
1980 96 
1980 97 
1980 98 
1980 100 
1980 IO1 
1 9 a  102 
19RO 104 
1980 10s 
1980 106 
1980 100 
19M) 109 
1900 110 
1980 110 
1980 112 
19110 113 
19M) 114 
1980 116 
1980 117 
19RO I18 
1980 120 
19RO I21 
1980 122 
1QRO 124 
1900 I25 
19RO 126 
1980 I28 
19UO 129 
1980 130 

1980 133 
1980 136 
1980 136 
1900 137 
1980 130 

1980 1b1 

1 9 0  102 
1980 140 
1980 145 

1980 n5 

i9nn 132 

1940 IW 

1980 112 

PO!%? BUT B12/CH 

FRLQ SPACE CAL 
FREQ SPAR CAL 
FREQ SPACE rx. 

mo SPACE ru. 
mE0 SPACE CAL 
FREO SPACZ CAI. 
S W  CN, mcx 



1980 I 4 6  7990:80612 
19m 1 4  m26:#wo 
1980 149 (yyb:8053 

Iqtw 152 n m i : m 5  
1980 I Y )  8053:M)66 

1980 153 8095:810) 
1 9 ~  1% 8!09:8123 
19110 I56 8136:81% 

19do 1 %  8164:8178 
191)o 160 8191:8206 
1980 161 8206:8219 
1980 162 8219:0233 
1980 164 8247:8261 

19110 157 niw):niM 

1980 165 n2m:am 

19110 i~ n302:8316 
19eOil66 8274 :8288 

1980 169 8316:8330 
19RO 170 8330:0343 
1 9 a  172 8357:8371 
I980 173 8371:dMS 
1980 I74 8365:8397 
1980 I75 8398:8399 
1980 175 8399:MIO 
1980 17) 8410:6413 
1980 176 M13:M27 
19W 177 M 2 7 : W  
ipn[) 17n W:MW 
1980 iao  n ~ m : m 2  
1980 181 W2:M% 
1980 182 84%:8509 
1980 184 8523:@537 

1980 I W  8551:8565 
1980 188 8578:8593 
I980 189 85993:n606 

1980 192 8634:Wd 
1980 193 8648:8661 
191y) I 9 4  8661:867S 
1980 196 8689:8703 

1980 198 8717:8731 
1980 206 8745:8751 
1980 201 8758:0772 

1980 204 R799:8813 

1980 206 8627:BMo 
1980 207 8Mo:8841 
1980 2(M (M55:11869 
1980 209 169:6802 
1980 210 8882:88% 
1980 212 8910:8924 
1980 213 A924:093fi 
1980 2 1 1  8938:8952 

1 9 m  18s n537:es51 

191w 190 nm:mo 

i9oo 197 8703:n717 

i9no 202 a772:~786 

i9no 205 ~813:nn27 

11R.366 -1o:m 
118.350 5:105 
118.351 5:105 
118.347 -10:90 
129.506 5:110 
129.507 5:110 
129.508 5:110 
129.S12 20:125 
129.513 2O:I2S 
129.514 5: 110 
118.500 -10:90 
118.501 -10:90 
118.502 -10:90 
118.503 -1o:m 
118.504 -1o:w 
118.505 -lO:90 
129.933 5:IIO 
129.507 5:110 

129.509 40:IbS 
129.510 40:14S 
129.511 @:I45 
129.100 
129.511 40:14f 
129.511 
118.500 -1o:m 
118.501 -10:m 
118.502 -1o:w 
118.503 -10:90 
118.504 -10:90 
118.505 -IO:% 
129.506 5:110 
129.507 5:110 
129.508 5:110 
129.512 20:12s 
129.513 20:125 
129.514 5:110 
l l0 .500  -IO:9d 
118.)01 -10:90 
118.502 -10:90 
118.363 2S:75 
118.504 -1o:m 
I18.505 -10:90 
129.506 5:110 
129.507 5:110 
129.508 5:llO 
129.509 b0:IM 
129.510 40:115 
129.S11 b0:145 
129.100 
1111.500 -1O:W 

118.502 -1o:Qo 
111.503 -IO:% 
IlR.H)4 -IO:% 
118.505 -1O:m 

1 2 9 . ~ 1  s : i ia  

iin.501 - 1 0 : ~  

n m o  Z R I C I  
i t 1  o i t n o c i  
i t 1  o i t n i  oc 

noco 31x1 oc 
3c ot 0 2 1  n I IC 
no 0 m n m 1  
3 C O  0 R r c l C I  
ZC IC 0 IC n IC 1 
Z O  0 R R l  I t  

3c 0 0 IC 3 1  oc I 
Z I C O  Z 3 C I  oc 
no 0 3 E R I  IC 

3e oc o YE YE IC I 

n IC o IC R oe I 
no o m n i  le 
3 t m o  3 t n i a i  
no 0 2Enoc1 
not0 %XI oc 
no 0 n n l c l  
o c 1  0 l C 3 C o c I  
I C 1  0 I C 3 t I  a! 
I t 0  0 f C X l  ot 
i c i  o otniti 

i t 1  o m n i t i  
i t  1 o ot 3c i t  1 
R O  0 l c n o c l  
n 1 c o  Z 3 E 1  a! 
R O  0 3 E n l  IC 
Z I C O  I c n a l  
Y E O  o Z X R I  i t  
Y R O I E O  3 c x i e 1  

f~ o o 3 t  3 t  I C  I 

YE0 0 2 3 c o c 1  
l o c o  3 c 3 1 1  oc 
zl! IC 0 I C  31. IC I 
no 0 n r l  IC 
ROC0 n 3 E l c l  
3 t o  0 I C R O C I  
P t I C O  t l 3 t l  OC 
YE 0 0 3c n 1 IC n IC 0 3c R IC 1 

3c ot 0 3c n I t  I 
no 0 2 E 3 E r n I  

RO 0 3 C 3 E l E I  

IC I n I t  3c I m 
IC 0 0 3 t  3e 1 oc 
no 0 I C Y E r n l  

YE o o n 3 t  I IE 

31: m o YE 3e 1 oe 

o e i  o i t 3 e o e i  

i c i  o m n i t i  

R i t  o z t  3e 1 OE 
YE o o 3c I t  I E 
n IE o ie 3 t  rn I 
3 2 0  0 2 t Z I  I t  
YE OE 0 3C 3E I C  I 

R t X L  U W  SLIP. sc)& DATA LO!X 

FWQ SPACE CAL 

SPACE UL 
FRCQ SPAQ CAL 

FWQ SPACE CAL. 
FWIQ SPAQ CAL. NOTI! 6 
FRCQ SPMZ CAI. 

SEE NOTI! 5. 

BUT IN "WL KIP 

FREQ SPACE CAL 
FREO SPACE CU 
FWO SPAR CAL 
FWQ SPACE CAL 
FREQ SPACE CAL 
FREQ SPACE CAL 
SCAN UL ma 
SEE Nan! 4 
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1900 216 ~%s:w 129.506 s:110 R 0 0 rn n cc I 
1980 217 ~ n : m  329.5O7 S:IIO 31 a o n n I m 
19m 220 9021:9034 129.512 20:12s n ic o i t  31: IC i 
1980 218 8993:#107 129.m 5:110 3 0 0 R R IC I 

1980 221 9034:- 129.513 M:12S 2E 0 0 Ec YE I IC 
1980 222 9048:%2 129.313 20:ltS 2C 0 0 ZL 3E I IC 
1980 224 9076:- 118.500 -IO:% 3C 0 0 IC R tX 1 
1960 22s 9090:9101 118.Ml -1O:W a! IC 0 a! R I Cn 
1980 226 9101:9118 118.M2 -1O:W 3C 0 0 3C 3C I IC 
191)6 228 Ql31:9145 118.93 -lo:#) 2E I t  0 IC IC OC I 

1960 230 9159:9173 Il8.MS -1O:W R OC 0 3 1  IC IC I 

19M) 233 9200:9214 129.M7 ):I10 R (Jc 0 3C 3 t  1 (It 

19130 229 9145:91S9 118.SO4 -10:Cw) R 0 0 a! 3c I ie 

i 9 m  232 9106:9200 129.~06 5:iio R o o z R oc 1 

i~ao 234 9214:9228 129.508 5:IlO YE o o 1 a ic I 
1900 2% 9242:92w 129.m ~ O : I ~ S  ot I o i t  w a I 
1960 237 92549269 129.510 40:14S IC I 0 IC X 1 OC 
1 9 a  238 9269:9201 129.S11 Qo:I4S I C  I 0 OC R IC 1 

I t 0  0 nftl  (It 19M) 2w 9211:9283 124.106 
191~) 240 9297:9311 118.soo -IO:% n o o i t  n a I 
1960 241 9311:932~ IILLMI -10:~ 2~ ie o z R I as 

1960 24s 9366:9300 129.506 S:IIO YE o o n n a I 

1980 242 9325:933 118.502 -10:90 R 0 0 3E fl: 1 11 
19RO 244 9352:9366 129.SO6 5:IlO 0 0 2l! YR OC I 

I960 246 9Mo:9394 lZ9.m 5:llO Yl! 0 0 tl R OC I 
1980 248 9408:9421 129.W 5~110 YE 0 0 ZC 3C Q I 
19do 249 9421:WM 129.SO6 5:llO R 0 0 2l! YI! OC I 
19602SO 94%:9*49 129.W6 5:110 IE 0 0 fc R (1c 1 
lo80 2S2 9463:9477 129.1506 5:110 1 0  0 Z R a I 

1980 2U 9490:9%4 129.506 S:llO 3X 0 0 2l! n. nC I 
1980 2% 9518:9532 129.506 5:llO 3C 0 0 Z R I 
l Q 8 0  257 9532:9W3 129.506 5:llO X 0 0 21? R ot I 

19M) 260 9572:95R6 129.514 5:llO R CC 0 3E 2 1C 1 
1980 261 95W:9600 129.514 5:llO R ot 0 3C 3t I t  1 
1980 262 9(Mo:9614 129.514 ):I10 R nC 0 3C 3 t  IC 1 
1980 264 9629:9641 129.514 5:110 3t OC 0 YE 3C I t  1 
1980 265 9642:%56 129.514 5:IlO 3C OC 0 3C YE II I 
1980 266 9656:9670 129.514 5:110 R (3c 0 3E 3E 1 1  1 
1980 268 9684:%98 129.514 5:110 R OC 0 3C 3C 1C I 
19#) 269 %9R:9712 129.514 5:llO 3C CIC 0 3C I t  IC I 
1980 270 9712:9726 129.516 5:llO 3C OC 0 3C 3 1  IE I 

1980 273 9753:9767 129.514 5:110 3C OC 0 3 t  YE I t  I 
19Rc) 274 9767:Q701 129.514 5:IlO R (It 0 3C 3E IC 1 
19RO 276 9794:9- 129.514 5:110 fl: n 0 3 t  3C IC I 

1980 278 9823:9836 129.514 5:110 IC OC 0 3C 3C IC I 

1 9 0  281 9864:9877 129.507 5:llO 31 Ot 0 3C R 1 (31! 
1980 282 9877:9890 129.S08 5:llO YE 0 0 3L 3C IC  1 

1 9 0  2s3 9 4 7 7 : ~ 9 0  1 2 9 . ~ 6  s:iio n o o n n a I 

1900 293 9 ~ 6 : 9 s s o  IT).% s:iio n o o z R IR I 

1980 272 9739:9753 129.514 5:iio 3c m o YE YE ie I 

191x1 277 9009:122 1 2 9 . ~ 1 4  S : I I O  YE oc o R YE IC I 

19eo 280 91'50:9~4 129.106 5:iio R o o n 31 m I 

1980 283 9890:9891 129.100 it o o 3c YE I m 
19u) ZM 9917:*19 29.513 20: izs  R n o R R I IF 

19110 286 w33:9946 29.516 5:iio YE a o YE 3e ie I 
1980 28s 9919:9933 29.513 20:125 ZE 0 0 2E IC 1 IE 

PlrrQ S P m  CAL 
SPACE CAL. 

FREQ SPACE CU 
S P A Q  Ut 

FWQ SPACE CU 
F?W SPACE CN. 
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1900 996439914 1 1 8 . m  -10:96 
1900 209 9974:- 118.5001 -1o:m 
I 9 a  290 99w:w 118.502 -IO:#) 
1900 2W 9996~10662 118.363 
1980 292 10016:10030 118.M3 -IO:#) 
1960 293 I030:10013 It8.5M -1O:W 
1960 294 Io(y3:100S7 II8.w)S -1O:m 
1980 2% 1071:10005 129.506 5:llO 
1980 297 10085:10698 129.507 5:110 
1980 298 10090:10112 129.M 5:110 
1980 300 10126:l0140 229.b73 20:125 
1980 301 IOI40:10154 2S.47b 20:12S 
1980 302 10154:10168 229.475 20:125 
I980 36) 10181:1019S 218.Sal -1O:W 
1980 5 10195:10209 218.501 -1o:m 
i9do L iom:io223 211.502 -1o:m 
19W 300 10237:10251 218.503 -1O:W 
1980 309 10251:1026S 218.504 -10:90 
1980 310 10265:10279 218.505 -10:90 

1980 313 10306:10320 229307 S:110 
19do 31b 10320:10334 229.m 5:110 
1980 316 10347:10361 229.512 20:125 
19dO 317 10361:10375 229.513 20:123 
1980 318 1037S:10389 229.514 5:110 
1980 320 10402:10417 218.MO -10:90 
1960 321 10117:10130 218.501 -10:90 
1980 322 10430:1Ou4 218.932 -10:90 
1980 324 lW51:10172 218.503 -1O:W 
1980 325 10472:10486 218.504 -10:90 
1980 326 10486:16699 218.505 -1O:W 
1980 328 10513:10S27 229.506 5:lIO 
1980 329 10527:lOWl 229.S07 f:110 
1900 330 10541:105S5 229.m ):I10 
1980 332 10568:lOM2 229.S09 40:14S 
1980 333 10M2:10597 229.510 60:145 
19RO 334 10597:10610 229.511 60:145 
1980 336 10624:10638 211.500 -IO:#) 
1980 337 10638:106S2 218.501 -10:90 
1980 338 10652:10665 218.SO2 -10:90 
1980 360 10679:10693 211.S03 -1O:W 
1980 361 10693:10707 218.506 -1O:W 
1980 3b2 10707:10720 218.505 -1O:W 
1980 364 1073~:10748 229.506 5:110 
1980 345 10768:10762 229.507 5:110 
1980 346 10762:10776 229.500 5:llO 
1980 3L8 10790:10803 229312 20:12S 
1980 369 10803:10817 229.513 20:125 
1980 350 10817:IW31 229314 5:110 
1980 3S2 1OMS:10859 211.SO[) -10:90 
1980 353 1059:1(M72 218.501 -1O:W 
1 9 a  3% 10872:l- 218.502 -10:90 
1980 3S6 10900:10914 218.503 -10:90 
1960 3 9  lmI4:1@28 218.504 -10:90 

1910 360 10955:10969 229.506 5:110 

1980 312 10293:10306 229.506 S:110 

r9no 351 10928:10941 2 1 8 . ~ 5  - 1 0 : ~  

no 0 11ftm1 
2CI10 t C n 1  m 
no 0 R 3 1  IC 
3 1  I t  0 n n IC I 
2 Z l L O  1 1 R a a 1  

ROC0 RX111 
3 1 0  0 a n m 1  
na!o n n 1  aa 
R O  o 3 1 3 e i e 1  
IC1 I 3 ! C 3 E Q I  
I t o c O  m n 1  a! 
a!] 0 O t R m I  
no o i c 3 e a 1  
z i e o  Z R I  oc 
3 1 0  o 3 x 1  i t  
z i e o  I C R ~ I  
3 1 0  0 a ! E I  11 
X Q O  3 R I I I  
no 0 a ! R a ! l  
R Q O  n311 a! 
no 0 3 e n 1 1 1  

no o R Y U I  ie 

a! 11 o 11 R ie I 
2 0  o n a i  ie 
10 o i e n o c i  
3 1  o o n 312 I ie 
z i e o  i e x m i  
3 1 0  o z n l  I t  
n m o  r n z l e i  

3 e m 0  R B I  oc 
n o o 3e 3 t  i e  I 
m i  o i e n a i  
i t 1  o ~ c n t  ot 

R O  o i e 3 c o e : i  

R o o 3 1  3 1  I IC 
Z C I C O  i e m o c i  
3cm0 3 t x i e 1  

31  cn o 31 3e I oe 
3 1  o n 313 R le I 

2 1  o o ze 3e i ie 

3 t o  o i e n m i  
2 1  le o R 3e I (IC 
3 1  o o 3 t  3~ I ie 
z i e o  i e n m l  
3e o o n 3 1  1 re 
3 c m o  n n i e i  
no o n 3 e o r i  

n a o  nx111 
Z l C O  2CCI a 

3 1 0  0 n n m 1  

1 1 1  0 an111 

a l e 0  t L 3 c l  m 

3 1  0 0 2!! 3 1  1 IE 

31 0 0 2 t  3c cn I 

2F! IC 0 IE 2 I!! 1 

noco 31n111 
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I- #I IMrIm 229.507 5:110 1 (II: 0 R f I (1c 
I= 362 I ~ r l O W 7  229.- 5:llO 3C 0 0 3E 3 t  IC 1 
19tWl 364 11011:11025 229.- 44:W a 1 0 f a I 
1980 365 ll025:11039 229.510 UJ:l4S 1E I 0 IC R 1 (IC 
1980 366 11039:11051 229.911 40~145  IC I 0 a f IK I 
1960 366 11051:110S2 229.107 I C 0  0 f f l  oc 
1981 2 11066:11080 218.300 -10:90 I 0 0 IC R Q I 
1981 3 llOW:11094 2I8.301 -10:90 Z! IC 0 2C 32 1 W 
1981 4 1 I m : I I t m  218.502 -io:% f o o R R I ie 
1961 6 11122:11135 218.Wn -10:90 Z! 11 0 IC a (IC 1 
1911 7 11135:llIM 218.504 -1O:W f 0 0 R 3C 1 1C 
1981 8 111~:11163 218.505 -1O:W 3E clc 0 A R IC I 
1001 IO 11177:11191 229.W 5:llO R 0 0 Z f I 
1981 I 1  11191:11205 229.507 5:llO A OC 0 R 3E 1 OC 
1981 12 lI205:II218 229.500 S:IlO 3C 0 0 R I IC I 
1981 14 11232:11246 229.- 40:M OC I 0 IC A OC 1 
1981 15 11246:11259 229.510 40:145 IC I 0 IC f 1 OC 
1981 16 Il259:11274 229.511 @:I45 IC I 0 ot A IC I 
1981 18 11288:IIMl 218.500 -1o:m fc 0 0 It R 0 1 
1981 19 11~3:11315 218.501 -lO:90 Z IC 0 Z '3c 1 ot 
1981 20 11315:11329 218.SO2 -1O:rn n 0 0 3E Yl! 1 IC 
IWI 22 iiwz:113% 218.~03 -io:rn zc 11 o IC 3e oc I 
1981 23 11356:11370 218.504 -10:90 f 0 0 Z R 1 I t  
1981 24 11370:113M 218.505 -10:90 A 0 3C 3 t  I t  I 
19Rl 26 11398:11412 229.506 5:IlO f 0 0 2L I G 1 
1981 27 11412:ll425 229.507 5:IlO A ot 0 3C 3t I W 
1981 28 11429:11439 229.500 5:llO R 0 0 f 3c 18 1 
1901 30 11453:l1467 229.509 @:I45 OC I 0 I t  3C (IC 1 
1981 31 ll467:ll48l 229.510 40:145 IC I 0 IC R I (IC 
1981 32 l lMl: l l494 229.511 60:145 IC I 0 OC R IC I 

I C 0  0 X A l  oc 1981 32 11494: I1491 229. IO7 

1981 35 11522:11536 218.501 -1O:W zd IC 0 Z! 3C I OC 
1981 36 11536:11510 218.502 -1O:W 3C 0 0 3C 3C I IC 

1981 39 11577:11S90 218.504 -10:90 X 0 0 2C 3C I IC 
1981 40 11591:11605 218.505 -1O:W 3E OC 0 A I IC 1 
1981 42 11619:11632 229.506 5:llO A 0 0 ZG X OC 1 
1981 43 11632:11616 229.507 5:IlO f OC 0 3C X I OC 
1911 64 11666:11660 229.500 S:IlO 3 t  0 0 3 1  IE 1 
1981 66 11674:1168ll 229.509 40:145 OC 1 0 IC R OC I 
1981 47 116flO:11702 229.510 40:145 IC I 0 IC A I Q 
1981 68 11702:11716 229.511 60:145 IC 1 0 OE 3C l e  1 

1981 SI 11743:11757 218.501 -lo:% zd IC 0 Z A I IR 
1981 52 117S7:11771 218.502 -1O:W 3C 0 0 3 1  R I I E  
1981 54 11785:11798 218.303 -IO:% 2C IC 0 IC 3C OC 1 

1981 56 11812:11826 218.505 -IO:% 3C OC 0 3C 3C IC 1 

1981 34 i im:11522 210.500 -IO:% 3 t  o o IC R oc I 

1981 M i i s ~ : i i i 7 7  2 1 8 . ~ 3  -IO:* P i t  o IC n a I 

1981 50 11730:11763 218.500 -1o:w 3c o o i t  n m 1 

1981 55 11798:11812 218.504 -io:% 31 o o zc 3t 1 i t  

1981 57 1 1 8 3 3 : i i a ~  21n.502 - 1 0 : ~  YE o o 31 3 1  I i e  
1981 sa i i w : i i a u  218.502 -IO:% 1 o o 3c A 1 11 

1981 60 I I W ~ : I I M I  2 2 9 . m  5:iio 3 1  o o 3c 31 l e  I 
I 9 8 1  59 l l 8 W ~ l l W 7  229.507 5:110 3 1  OC 0 3C R 1 ot 

1981 62 11895:11909 229.S12 20:125 U IC 0 I C  n IC I 
1981 63 11909:11923 229.513 20:125 Z! 0 0 P 3C I I t  
1981 64 11923:11937 229.514 S:110 3C (IC 0 3E X I C  I 
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1981 66 119s1:11964 218.rn -IO:#) 
1981 67 11964:11978 218.S01 -IO:#) 
1981 66 11978:119)2 218.502 -1O:m 
1981 70 12000:12019 218.SO3 -lo:#) 
1981 71 irn19:12033 218.~04 - 1 0 : ~  
1981 72 12033:12W 218eWS -IO:#) 
1981 74 1Mbl:I2075 229.1506 5:110 
1901 75 12075:12CUO 229.507 5:llO 
1981 76 12008:12102 229.D 5:110 
1981 78 12116:12130 229.S09 40:14S 
1981 79 l2130:121U 229.536 40:l45 
1911 Iy) 121U:12157 229.511 @:I45 
1981 80 12157:12158 229.107 
1981 82 12172:12106 218.500 -1O:W 
1981 83 12186:12200 218.501 -10:90 
1981 84 12200:12214 218.502 -1O:W 
1981 86 l2228:12241 218.503 -1O:W 
1981 87 i2241:122ss 211.504 - 1 0 : ~  
1981 88 122SS:12269 218.50S -1O:W 
1981 90 12282:12296 229.506 5:IlO 
1981 91 12296:12309 229.507 5:llO 
1981 92 12309:12323 229.5Ul 5:110 
1981 94 12337:IUSI 229.512 20:125 
1981 95 12351:1236S 229.513 20:12S 
1981 96 12365:12378 229.514 5:llO 

1981 99 12406:12420 218.501 -10:90 
1981 100 I2420:124U 218.502 -10:90 
1981 102 12448:12462 218.503 -1O:W 
1981 103 12462:12475 218.501 -10:90 
1981 104 I2475:12489 218.505 -10:90 
1981 I 0 6  12503:12S17 229.506 5:llO 
1981 107 12S17:12531 229.507 5 : l l O  
1981 108 12531:12545 229.500 5:llO 
1981 110 12559:12573 229.509 40:145 
1981 1 1 1  12573:12587 229.510 40:145 
1981 112 lW7:12600 229.511 @:I45 
1981 112 12600:12601 229.107 
1981 114 12614:12627 218.u)o -10:90 
1981 I15 12627:12641 218.501 -l0:90 
I981 116 12tMl:1265S 218.502 -1O:W 
1981 I18 12669:12682 218.503 -1O:W 

1981 120 12696:12710 218.505 -IO:#) 
1981 122 12724:1273R 218.50s -1O:Qb 
1911 123 12738:12752 218.W)S -IO:#) 
1981 124 12752:12766 218.505 -IO:* 
1981 126 12779:12793 218.50S -10:90 
1981 127 12793:12807 218.505 -10:90 
1981 128 1~7:12821 211.505 -IO:#) 
1911 130 1285S:12W 218.SOO -1O:W 

1981 98 12392:12406 2I8.IxK) -10:90 

1981 119 12682:126% 218.SoL -lot90 

1981 131 I2846:12862 218.501 -IO:% 
1981 132 12mi2n76 218.505 -IO:% 

1901 135 12904:12918 218.504 -io:% 
1981 134 12890:12904 218.503 -10:90 

1981 136 12918:12931 218.505 -10:90 

no 0 ICROCI 
n1co a x 1  oe 
no 0 nn1 IC 
H I E 0  I C f t a ! I  
3 C O  0 an1 IC 
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1961 I 3 8  12945:129pW 229.506 5:llO 3 0 0 Z?! R a 1 
I981 139 l2959:I2973 229.507 5:llO ll! 0 3C n I f3! 
1981 140 12973:1290? 229.500 ):I10 0 0 a IC I 
1981 142 Iw)oI:13015 229.509 @:I45 OL I 0 I t  3 OB I 
1981 143 13015:I3029 229.510 40:145 I t  I 0 IC 3C I 
1981 164 13029:13(yl 229.511 @:I45 IC I 0 ot 1 1 1  1 
1981 164 IwY1:13(w2 229.107 I t 0  0 n A I  oa 
1981 166 1 3 0 ~ : i m o  211.500 -IO:#) n o o i t  3 t  a I 
1981 147 I 3 0 7 0 : l ~  218.501 -10:90 Zt IC 0 Z?! 3 I (IC 
1981 140 13004:13Q97 218.502 -IO:#) A 0 0 3C 3?! I IC 
1981 150 13111:13l25 218.503 -IO:#) ZL IC 0 I C  3 t  (IC I 
1981 151 13125:13139 218.wW -IO:#) 3 t  0 0 Z?! R I I t  
1981 I52 13139:13153 218.505 -10:90 Z OC 0 3 t  R I t  I 
1981 1 5 4  I3167:13llM 229.506 5:llO A 0 0 2C 3 I 
1981 155 l 3 1 ~ : 1 3 1 9 4  229.507 ) : I10  3?! OC 0 3 3 I a! 
19R1 156 131W:13208 229.508 5:110 R 0 0 3t 3C I t  I 
1981 IS8 13222:13236 229.512 M:125 zt I t  0 IC A IK 1 
1981 159 13236:132SO 229.513 20:125 Z?! 0 0 zt 3E I I t  
1981 160 13250:13264 229.514 5:110 R a! 0 R 3 IC I 
1981 162 13278:13291 ZI8.500 -10:90 A 0 0 IC 1 OC I 
19151 163 13m:13un 2115.~01 - 1 0 : ~  ZE i t  o ZI n I (IC 

1981 166 13333:13346 218.503 -io:% z IC o IC A a I 
1981 167 13346:13360 218.504 -lO:90 3C 0 0 zt A I IC 
1981 168 13360:13374 218.505 -IO:#) A OC 0 3a 1 IC I 
1981 170 1331:13462 229.506 5:llO A 0 0 2C 3f I 
1981 171 I M t : I U 1 6  229.507 5:110 R (IC 0 3 t  3! 1 OC 
1981 172 IU16:134Y) 229.508 5:110 3C 0 0 3 t  f IC I 
1981 176 13uI:13M7 229.509 40:laS a! 1 0 IC 3 a 1 
1981 I75 13457:1347l 229.510 40:145 IC 1 0 IC 3 t  I OL 
1981 176 IU71:13U3 229.511 w):l45 I t  I 0 OL 3C IC I 
1981 176 134(13:13464 229.107 I t  0 0 3C 3C I a! 

1981 179 13512:13526 218.501 -lO:90 22 I t  0 Z?! 3C I a! 
1981 180 13526:13ub 218.502 -IO:#) n 0 0 E 3 I IC 
1981 182 135%:13567 218.503 -1O:W Z?! I t  0 I t  3E 1 
1981 183 13%7:13Yl 218.504 -IO:% R 0 0 Z?! R I IC 

1981 186 1%09:13622 229.506 5:IlO 3 0 0 2C 3E a! I 
1981 187 IM22:13636 229.501 5:110 3C OC 0 3 1  3C I Q 

1981 1% 13664:13678 229.512 20:125 2C IC 0 I t  3C IC I 
1981 191 13678:13692 229.513 20:12S Zt 0 0 Zt 31 1 IC 
1981 192 13692:137M 229.514 5:110 3C (IC 0 3C 3C IC I 
1981 194 13720:13733 218.500 -IO:% 3C 0 0 IC 3l! a! I 
1981 195 13733:13747 218.501 -IO:90 Z?! IC 0 2C 3C 1 Ot 

1981 190 1377S:l37m 218.503 -IO:#) Z?! IC 0 IC 3C OC I 
1981 199 1371:13602 218.504 -10:90 3C 0 0 Zt 3l! I IC 
1981 200 IMO2:13816 218.505 -1O:W 3 1  Ot 0 3 1  3C IC 1 
1981 202 1130:13843 229.506 5:110 3C 0 0 Zt 1 a! I 
1981 203 13843:13857 229.507 S:IlO 3 1  OC 0 3C n I OC 
1981 204 13657:13671 229.508 5:110 R 0 0 3C A IC I 
1981 206 13&35:13899 229.509 60:165 ot I 0 IE 3l! I 
1981 207 13899:13913 229.510 10:145 IC I 0 IC R 1 ot 
1981 208 13913:13925 229.511 10:105 IE I 0 OC 3 1  le 1 

1981 164 13305:13311 218.502 -10~90 3 1  0 0 R R 1 IC 

1981 178 13498:13512 218.500 -1o:90 3 t  o o i t  n (IC I 

1981 184 13~1 :1359s  210.w05 -1o:90 n aa o n n i t  I 

19ni 188 1 3 6 3 6 : i ~ m  2 2 9 . m  5:iio n o o n n IC I 

19n1 196 137~7:13761 210.502 -1o:90 YE o o n R I IC 



1981 200 13925:33926 229.107 I C 0  0 W n l  a! 

1981 211 1 3 9 ~ : 1 3 w  218.501 - 1 0 : ~  zc i t  o z I a! 
19a1 212 1 3 ~ : 1 3 m  218.502 -10:9o n o o n 3a I i t  

1981 216 14023:10037 zi8.m -10:~ n ot o R n i t  I 

1981 210 139u):139W 218.500 -IO:* n 0 0 IC 3t OC I 

1981 216 1 1 9 9 6 : l ~  218.503 -lO:W Z IC 0 IC I! a! 1 
1981 215 16009:16023 218.504 -1O:W 3C 0 0 Z 38 1 IC 

1981 218 16051:14064 229.- 5:110 R 0 0 Z 3E (IC I 
1981 219 14066:14078 229.507 S : l l O  IC clc 0 R R I a! 
1981 220 14078:14092 229.5tM 5:llO 3C 0 0 IC IC IC I 
1981 222 14105:16120 229.512 20:125 Z I t  0 11 R 1C 1 
1981 223 16120:14136 229.513 20:12S Z 0 0 2C 3! I I t  

1981 226 I6l62:1617S 218.500 -1O:W IC 0 0 It n (IC I 
1981 227 14175:16189 218.161 -1O:W Z 11 0 Z 3l! I aC 

1981 230 16217:16231 218.503 -1O:W 2C I t  0 IC 3l! clc I 

1981 224 i4116:ioiu 229.514 s : i i o  n oc o n R i t  I 

1981 2211 16189:16203 211.502 - 1 0 : ~  11 o o IC n I IC 

1981 231 I ~ I : I ~ Z ~ S  218 .m -10:9o n o o n a 1 i t  
1981 232 14245:14258 218.~05 -10:m n oc o IC n i t  I 

1981 236 1~299:14313 229.- ):it0 11 o o 3~ n IC I 

1981 239 ~ ~ I L I : I L ~ ~ S  ~ ~ 9 . 5 1 0  60:~s i t  I o I C  IC I a 
1981 240 1 6 3 5 5 : 1 ~ ~ 8  229.511 40:145 i t  I o oc n IC I 
1981 240 16368:16369 229.511 ro:i45 IC I o oe n i t  1 

1981 234 IG272:14286 229.506 ):I10 3E 0 0 Z 3E OC I 
1981 235 14286:l6299 229.507 5:llO YE OC 0 B R 1 ot 

1981 238 14327:14361 229.S09 GO:I65 OF! 1 0 IC 1 a! 1 

1981 242 14383:143% 211.500 -1O:m 3C 0 0 IC 3L clc I 
1981 263 16396':166410 218.501 -1O:W Z IC 0 R 3C I OC 
1981 24b 146IO:IU24 218.502 -1O:W 3l! 0 0 R 3C I IC 

1981 247 14452:1~65 218.504 -1O:W IC 0 0 Z 3C I IC 
1981 2G8 14465:14b79 214.505 -IO:#) 3t OC 0 IC R IC I 
1981 250 14693:14507 229.506 S:110 R 0 0 Z 32 a! 1 
1981 2S1 16507:16521 229.507 5:IlO IC (IC 0 3l! IC I OC 
1981 252 1~121:14535 229.50 5:110 3E 0 0 3! 3E IC 1 
1981 256 16569:14562 229.512 20:12S 2C I t  0 IC f IC I 
1981 255 14562:14576 229.513 2O:lZS Zt 0 0 Z!Z 3E I IC  
1901 2 5 6  I W ~ : I W O  229.516 s : i i o  n oe o n le IC I 
1981 258 14604:14618 218.500 -1o:W n 0 0 le n oc I 

1981 206 ~ U M : I W ~  2 1 8 . ~ 1  - 1 0 : ~  z i t  o i t  n (IC I 

1981 259 14618:14632 218.501 -1O:W R I t  0 2C f I (R 
1981 260 1M32:16645 218.162 -1O:W 31  0 0 3C I! 1 IC 
1981 262 14659:I4673 218.503 -10:9o 2E IC 0 IC R ot 1 
1981 263 1&673:11687 218.504 -IO:% X 0 0 Z 3E 1 1E 
1981 260 1487:14703 218.505 -1O:W 3l! R 0 IC IC I t  1 
1981 266 16715:16728 229.506 5:llO 3t 0 0 Z 3C a! 1 
1981 267 10728:14742 229.507 5:IlO 3C at 0 It R 1 ot 
1981 268 11742:14756 229 .XN 5:llO f 0 0 IC B 1C 1 
1981 270 14770:14783 229.509 40:165 GIZ I 0 It 3C Ot I 
1981 271 14783:14797 229.510 40:145 lE 1 0 IC 3E I GZ 

1981 272 16810:16811 329.107 1 E O  0 3 t n I  OC 
1981 276 14825:14839 218.500 -1O:W 3E 0 0 I C  32 (IC 1 
1981 275 16839:14853 218.501 -lo:#) 2C I t  0 R R I OE 
1981 276 IU53:14867 218.502 -10:90 3C 0 0 I t  3l! I IE 
1981 218 16RBO:11896 21R.505 -10:90 3E DE 0 3C IC IC 1 
1981 279 16894:14908 218.505 -IO:% YE OC 0 YE IE IE I 

19ni 272 1 4 7 w : i u i o  229.511 60:ibs i~ I o OE 3t i t  I 
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1981 zao 1 ~ w m t 1 4 9 ~ 2  2 1 n . m  - 1 0 : ~  
1981 282 l49%:149W 218.505 -10:90 
1981 283 14950:14%3 218.50s -IO:#) 
1981 284 IL%3:1b977 218.505 -10:90 

1981 287 IWM:L5018 218.505 -IO:#) 
1981 288 I50I8:I5032 218.505 -10:90 
1981 290 IwY6:15060 218.505 -IO:90 
1981 291 1%0:1M74 218.505 -\O:Fx) 

1981 294 15101:15115 218.50s -10:90 
1981 29s 15115:15129 218.505 -IO:#) 
1981 2% 15129:15343 2I8.Y)5 -lo:#) 

198% 299 15171:15185 318.505 -IO:% 

1981 302 15212:15226 329.939 40:145 
1981 303 l5226:15240 329.510 40: IL5  
1981 304 l5240:15253 329.511 40:145 

1981 306 15268:15281 318.500 -10:90 
1981 307 15281:1529S 318.501 -IO:% 

1981 310 15323:15337 318.S03 -10:90 
1981 311 15337:1S330 318.504 -IO:#) 
1981 312 15350:15364 318.505 -IO:% 
1981 314 15378:15392 329.506 ) : I 1 0  
1981 315 15392:ISWJ 329.507 5 : l l O  
1981 316 15*06:1S420 329.50# 5:llO 
1981 318 IW34:15W 329.512 20:12S 
1981 319 15448:15461 329.513 20:125 
1981 320 1%61:15475 329.514 5:llO 
1981 322 15L09:I5502 318.500 -I0:90 
1981 323 15MZ:I5S16 318.501 -10:90 
1981 324 IS516:15530 318.502 -IO:#) 
1981 326 15544:15558 318.503 -10:90 

1981 328 lSS72:15M5 318.50) -10:90 
1981 330 15599:15613 329.506 5:llO 
1981 331 15613:15626 329.507 S:110 
19AI 332 15626:156M 329.508 5:llO 
1981 334 156%:1%66 329.509 60:145 
1981 335 I5666:15fjO2 329.510 60:145 
1981 336 15682:15695 329.511 40:145 
1qRI 336 1569S:156% 329.107 
1981 338 15709:15723 318.5UY -IO:% 
1981 339 15723:15737 318.501 -10:90 
1981 340 15737:15751 318.502 -10:90 
1981 342 IS765:15779 318.503 -IO:#) 
1981 343 15779:15793 318.m -IO:% 

1981 286 10991:isaw z1n .m -IO:#) 

19111 292 is074:tmm 218.50s -IO:#) 
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1901 352 15903115917 329.514 5:110 
1981 354 lr)3l:159u 3 l 6 . m  -1O:W 
1981 355 15011:159M 318.W -1O:W 
1981 3% 1S958:15972 318.502 -1O:W 
1981 356 1S986:16006 318.503 -IO:#) 
1981 3S9 16UlO:lW613 318.XM -1O:W 
1981 360 16013:16027 318.505 -1O:W 
1981 362 16041:16051 329.506 5:110 
I981 363 16015:ldod9 329.507 5:110 
1981 364 16069:16083 329.SC4 5:110 
1982 I 16097:16111 329.509 b 0 : l b S  
1982 2 161l1:16125 329.510 60:165 
1982 3 16121:16137 329.S11 60:145 
1982 3 16137: 16138 329.107 
1982 S 161S1:16166 318.500 -IO:% 
1982 6 16166:16lm 318.501 -IO:% 
1982 7 161W:l61% 318.502 -10:90 
1982 9 16207:16221 318.503 -1O:W 
1982 10 16221:16235 318.504 -1O:W 
1982 11 16235:16248 318.SO5 -IO:#) 

1982 14 16276:16290 329.507 5:110 

1982 15 16303:16301 329.107 
1982 I7  16318:16332 329.512 20:125 
1982 I8 16332:1634S 329.513 20:125 
1982 19 16345:16319 329.514 S:110 
1982 21 16373:16307 318.500 -10:90 
1982 22 16387:IdLOd 318.501 -10:90 
1982 23 16u)o:16414 318.502 -IO:% 

1982 26 16U2:16456 318.W -10:90 

1982 29 16403:16497 329.506 5:110 
1982 30 1M97:16511 329.507 5:110 
1982 31 16511:16525 329.508 S:110 
1982 33 16539:165S3 329.509 bd:l41 
1982 36 16553:165667 329.110 60:141 
1982 35 16567:16560 329.511 40:141 
1982 37 16S94:16606 318.500 -10:90 

1982 39 16622:lMM 318.502 -10:90 

1982 42 16663:16677 318.504 -10:90 

1982 65 16705:16719 329.506 5:IlO 
1982 46  16719:16733 329.S07 5:110 
1982 47 16733:1674 329.500 5:110 
1982 09 16760:16774 329.512 20:12S 
1982 50 16774:16788 329.513 20:125 
1982 51 16768:16801 329.514 5:110 
1982 53 16816:16829 318.500 -1O:W 
1982 54 16829:168~3 318.SO1 -10:90 
1982 5S 16U43:16857 316.502 -10:90 

19R2 58 16R85:16R98 318.500 -10:90 

1902 13 16262:16m x9.m s: i io  

i9n2 IS 1 6 2 ~ : 1 6 m  329 .m 5:iio 

1982 25 16m:16442 31n.so3 - 1 0 : ~  

1982 27 164st1:iwo 318.50s - 1 0 : ~  

19132 38 1 m : 1 6 6 2 2  316.~01 - 1 0 : ~  

19132 41 16649:1~63 3 1 8 . ~ 0 3  -IO:% 

1982 r~ 1 ~ 7 : 1 6 6 9 0  318.~0103 - 1 0 : ~  

19132 57 i w o : i 6 ~ 8 s  3 1 8 . ~ 0 3  -1n:w 
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1981 59 1669@:169I2 318.W5 -1o:m 
1992 61 I6926:16)u) 329.506 5:110 
I982 62 169U)rI69W 329.507 ):I10 
1982 63 169%:16966 329.W 5:110 
1982 65 l698I:1699S 329.509 Wl45 
1982 66 1699S:17m 329.S10 0O:Ibs 
1982 67 17009:17023 329.511 60:145 
1982 69 17036:l7050 318.Mo -IO:#) 
1982 70 17050:l7064 318.Sa) -1O:W 
1982 71 17064:17078 318.- -lO:96 
1982 73 17092:17106 318.503 -1O:W 
1982 74 17106:17119 318.m -lO:96 
1982 75 l7ll9:l7l33 318.505 -10:90 
1982 77 17147:17161 329.306 5:110 
1982 78 17161:17174 329.507 5:llO 
1982 79 17174:1711 329.- 5:110 
1982 81 17202:172l6 329.512 20:125 

1982 83 17230:172bb 329.SIb 5:llO 
19a2 85 172s7:17271 318.W -10:90 
1982 86 17271:17285 318.501 -10:90 
1902 87 17285:17296 318.502 -10:90 
1982 89 17312:17326 318.503 -IO:% 
1982 96 !7326:17340 318.110) -1O:W 
1982 91 17340:17354 3l8.505 -IO:#) 
1982 93 17360:17382 329.506 %I10 
1982 9b 17382:173% 329.507 5:IlO 
1982 95 17396:17410 329.500 5:110 
1982 97 1742b:1743E 329.509 @:I45 
1982 98 1741:17451 329.510 u):l45 
1982 99 I7451:17MS 329.111 LO:I45 
1982 101 17479:17693 318.wx) -IO:#) 
1982 102 17493:17506 318.SOl -IO:#) 
1982 103 17%:17519 318.502 -IO:#) 
1982 105 17S34:17540 318.SO3 -IO:#) 
1982 106 17548:17562 318.m -IO:#) 
1982 107 17562:17576 318.505 -10:90 
I982 109 17SO9:17603 329.506 ):I10 
1982 110 17603:17617 329.507 5:llO 
1982 111 17617:17629 329.m 5:110 
1982 111 17630:17631 329.107 
1982 113 17645:17650 329.512 20:12S 
1982 114 17650:17672 329.513 20:12S 
I082 I I S  17672:17686 329.514 5:110 
1982 117 17700:17714 118.500 -IO:#) 
1982 118 17714:17728 318.50I -10:90 
1982 119 17728:17742 318.SO2 -IO:#) 
1982 121 17756:17770 318.m -10:90 
1982 122 17770:17783 318.m -10:90 
1982 123 17783:17797 318.50s -10:90 
1982 12s 17811:17825 3 2 9 . m  5:110 
1982 I26 17825:17838 329.SO7 5:llO 
1982 127 17838:17852 329.506 5:110 
1982 129 17866:17879 329.509 40:165 
IO%! 130 17879:!7893 329.510 &0:!45 
1982 131 17893:17907 329.511 lo:l6S 

1982 02 17216:17zm 129.~13 m : i a  

3 E a o  aalC1 
I C 0  0 Z X a c I  
3 E a o  R X l  a 
no 0 n w l r l  
a1 0 I C Q a c I  
IC1 0 11x1 as 
IC1 0 (ICnlrI 
no 0 Icaal 
no 0 ICRaE1 
no 0 I C 3 C a c I  
n I c O  1cna!1 
I C 0  0 2Cn1 IC 
R a ! O  A n I c I  
9 0  0 n n a 1  
3 c m o  E X 1  m! 
R O  0 3 c a l c 1  
2C II 0 I1c Q IC 1 
no 0 n Q I  IC 
n a o  n R l c l  
no o I C R Q I  
2 z I t O  22x1 cn 
I C  0 0 IC 1 I IC 
2 E l C O  l c n a l  
3 x 0  0 nla1 I t  
RaEO 3CXICI 
380 0 2 t l Q l  
= a 0  3 c x 1  (IC 
no 0 3 c n l c I  
a1 0 I t l a 1  
IC). 0 I C n l  a! 
I21 0 at3111CI 
I C 0  0 1tna!1 
Z E I C O  2CXI a! 
B O  0 3 C 3 C I  IC 
Z IC 0 IC 38 Q I 
no 0 2Cx1 IC 
n a o  X R l t l  
no 0 Z R a I  
a a ! o  1 x 1  a! 
no 0 A A I C I  
I C 0  0 3CXI oc 
2C IC 0 IC I C  1 1  1 
Z O  0 z 3 c 1  IC 
31 a! 0 I t  IC IC I 
3 C O  0 Icna l  
Z I C O  n n 1  oc 
RO 0 3 c n 1  IC 
n IC 0 IC 3c a I 
I C 0  0 n n 1  IC 
3 c a ! o  n n l c l  
3 C O  0 n n a l  
3 c m o  3CRI (IC 
3 C O  0 n n l c l  
O C I O  I c n a l  

IC 1 0 m 3c IC I 
ie I o IC 3c I oc 
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Iw2 133 l7-1:17935 318.W)o -10:90 
1m 1% 17935:ItCWI 318.501 -10890 
1982 13) 17949:17%3 318.502 -10:90 
1982 137 17977:1799O 318.WI -1O:9O 
1982 138 17990:l- 3I8.W 
1982 139 18o01:imi8 318.50s -10:~ 
1982 141 I8032:IwW6 329.- 5:IlO 

1982 143 lOOW:18073 329.SO8 5:IlO 
1982 145 Iwb7:181oO 329.S12 20:125 

1982 142 l I K w 6 : l ~  329.507 5:110 

1902 106 18io0:18114 329.~11 20:12s 
1982 147 18114:18126 329.514 5:IlO 
1982 147 I8126:l8l29 329.514 S:110 

1982 150 181%:18l70 318.501 -10:90 
1982 I49 18143:l8IM 318.m -1O:W 

1982 I51 1817O:I8IM 318.SO2 -IO:#) 
1982 1S3 18198:18211 318.503 -10~90 
1982 I 5 4  18211:18223 318.504 -10:90 
1982 IS5 1822S:18239 318.505 -lo:% 
I982 157 18253:18266 329.506 5:llO 

1982 159 18280rl8294 329.500 5:llO 
1982 161 18308:l8322 333.631 
1982 162 18322:38336 333.631 
1982 163 l8336:18350 333.631 
I902 165 18363:18377 333.632 
1982 166 18377:18391 333.632 
1982 167 18391:18404 333.632 
1981 169 18418:18432 333.631 
1982 170 18432:lSub 333.631 
1982 171 IM46:l(U60 333.631 
1902 173 IRL74:18487 333.633 
1982 174 18487:18501 333.633 
1982 175 l850l:lR515 333.633 
1982 177 I8529:18543 333.631 
1982 178 18543:18557 333.631 
1982 179 I8557:l8%9 333.631 
1982 179 18%9:l8571 333.137 
1982 181 I8M5:18SCM 333.632 
1982 182 18598:18612 333.632 
1982 183 IR612:18626 333.632 
1982 185 186u):l8654 333.634 
1982 1R6 18654:18660 333.634 
1982 187 1866O:lWl 333.634 
1982 189 18695:18709 333.633 
1982 190 18709:18723 333.63S 
1982 191 18723:18737 333.635 
1982 193 18751:18763 333.631 
1982 I94 18765:18778 333.631 
lpd2 195 18778:18792 333.631 
1982 197 l&3l6:l8820 333.632 
1982 198 18020:188W 333.632 
1982 199 18834:18847 333.632 
1982 201 181)61:11875 333.631 
1982 202 18875:188(19 333.631 
1982 203 18869:18902 333.631 

1982 IY 182~:1a2m 329.507 S:IIO 

I t 0  0 
n I t  0 
no 0 
zt I t  0 
no 0 
no 0 
X O t O  
no 0 
n IC 0 
z o  0 
3 t  (IC 0 

3 t O  0 
n IC 0 
Y E 0  0 
n I t 0  
no 0 

3 t O  0 
X O C O  
Y E 0  0 
a0 0 
3 t O  0 
3 t O  0 
no 0 
3 c o  0 
A 0  0 
3 t O  0 
3 1 0  0 
2 1  I t  0 
n IC 0 
n IC 0 
no 0 
3 t O  0 
no 0 
3 E O  0 
no 0 
1 0  0 
3 t o  0 
3 C O  0 
Y E 0  0 
Y E 0  0 
YE0 0 
3 L O  0 
I t 0  0 
3 t O  0 
3 c o  0 

3 1 0  0 

3EO 0 
3 F O  0 
Y E 0  0 

n a o  

nao 

aao 

3 t o  o 

3 t o  o 

3 t o  o 

3 t o  o 

I e n a l '  
ZLnl a! 
n n l  It 
ltrr:a!I 
2E I C  I I t  
3 t  a It 1 
zsa1 
n r l  Ot 
n n l c l  

2Enl IC 

R f l t l  
I C n m I  
Z 3 L 1  (IC 
X f c l  It 
ItnaI 
n 3 t  1 I t  
3 3 C l C I  
Znas l  
n n l  a 
3 t  A la 1 
n n l t l  
X n I t I  
naIr1 
ZLnl I t  
Z n l  IC 
2En1 I t  
1 3 t l C l  
n n 1 t 1  
1 3 C l t I  
R X l  ! E  
na1 IL 

3 t  a It I 

3 1  n It 1 
n n l t l  
2z 3c 1 1E 
2 1  3 1  I le 
2 E R l  IL 
3 t n m 1  
31nal  

IC 3c 1 or! 

I E X l  (R 

IC IC ie I 

3 t  n i t  I 

3 t  n I IL 

3 t  n i t  I 

3 t  YE at 1 

i t  3 t  I OE 

3 t  n i t  1 
3 1  n i t  I 
3c 3 t  ic I 
n n l  le 
R 3 t  I IE 
2E YE I IL 

YE X IE 1 
3.e n IE 1 

3e YE IE 1 
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1% 10916$189~ 333.632 
1m 18WO:l89U 333.632 
1982 207 11wI116917 333.632 
1982 200 18957:18971 333.632 
1962 209 1697t:16983 333.631 
1982 210 18985:18990 333.631 
1982 211 18996:19012 333.631 
1982 211 19012:19013 333.137 
1962 212 19013:1#)27 333.631 
1982 213 19027:19(w2 333.632 
1962 214 1#Y2:190S5 333.632 
1982 215 190SS:19U3 333.632 
1962 216 19066:19CM2 333.632 
1982 217 19002:19096 333.634 
1962 210 190%:19110 333.634 
1962 219 19110:19124 333.634 
1902 220 19126:19136 333.634 
1962 221 19138:191S1 333.635 
1962 222 19151:19165 333.635 
1982 223 19161:19179 333.63s 
1912 224 19179:19193 333.633 
1902 22s 19193:19207 333.631 
1982 226 19207:19221 333.631 
1982 227 19221:19234 333.631 
1982 228 19234:19248 333.631 
1982 229 192U:19262 333.632 
1982 230 19262:19276 333.632 
1902 231 19276:19289 333.632 
1982 233 19303:19317 333.631 
1962 234 19318:19331 333.631 
1982 235 19331:193U 333.631 
1982 237 193M: 19372 333.633 
1982 238 19372:19386 333.633 
1962 239 19386:1Pu# 333.633 

NOTE 1: Wrong scan pattern (GSFC error). Space views suspect. 
NOTE 2: Bad roll compensation phasing. Some data lost. 
NOTE 3: Possible beat (PMC Blf2 and chopper). 
NOTE 4: Spikes on data in some orbits. 
NOTE 5: C1 signal channel spikes evident on sane orbits. 
NOTE 6: Large number C1 signal channel spikes. Also some on A23W. 



Table 5-3 

Mode Table 2: Day 286,1981 to 160,1983 

This table also contains the start and end times of daily data sets (year, day of year, second 
of day) and the number of major frames of data in the data set, as well as the sieve 
setting/-PMC mode as before. 

NOUIRAL START TLW END TIM! 16 SEC p?(C MODE PROCESSING 
D A n  YII OAT SECS YR DAT SECS FRAMES A I  A2 A3 81 C1 C2 C3 DATE 

YEAR DAY 82 YEAR DAT 

1981 286 1981 286 1668 
1981 287 1981 287 4 
1981 288 1981 288 4 
1981 290 1981 289 86276 
1981 291 1981 291 4 
1981 292 1981 292 4 
1981 294 1981 294 4356 
1981 295 1981 295 4 
1981 296 1981 296 4 

1981 299 1981 299 4 

1981 302 1981 302 788 

19R1 304 l9Rl 304 3028 
1981 306 1981 306 5252 
1981 307 1981 307 116 
1981 308 1981 308 1236 

1981 311 1981 311 4580 
1981 312 1981 311 851144 
1981 314 1981 316 1684 
1981 316 l Q P l  114 43460 
1981 315 1981 315 2804 
1981 316 1981 316 3908 

1981 319 19Pl 319 1012 
1981 320 1981 320 2132 
1981 322 1981 322 4356 
1981 323 1981 323 5476 
1981 324 1981 324 340 
1981 326 1981 326 2596 
1 9 A I  327 1981 327 3686 
1981 328 1981 328 4804 
1981 330 1981 330 788 

1981 332 1981 332 3012 

1981 335 1981 335 116 
1981 336 1981 336 1236 
1991 338 1981 338 3460 

1981 340 1981 339 85866 
1981 342 1981 362 1668 
1981 363 1981 343 2788 
19P1 346 1081 344 3908 
1981 346 1981 3L6 6132 
1981 347 19R1 347 996 
1981 3 4 8  1981 348 2132 
1981 3 5 0  1981 350 b356 
1981 351 1981 3 5 1  5460 
1981 352 1981 352 6580 
1981 354  1981 354 2564 
1981 3 5 5  1901 3 5 5  3668 
1981 356 1981 356 8788 
1981 358 19el 3 5 R  772 

1981 298 1961 290 2564 

1961 300 1981 300 4 

1981 303 1981 303 i9on 

19n1 3 1 0  ion1 310 3460 

1981 31n 1981 317 86292 

19111 331 1981 331 1924 

1981 334 1981 334 53n0 

1981 339 19ni 339 6820 

1981 286 86388 5259 3e oe o 

1981 290 ~6388 5357 Ye oe o 
1981 291 86388 4991 3e oe o 

I ~ R I  295 863811 5338 YE oe o 
1981 296 86356 5358 3 1  OE o 
1 9 ~ 1  298 86388 5210 IC oe o 
19n1 299 86388 5204 3t oc o 
i9n1 301 4532 5064 3e OE o 

1981 287 86388 5181 3E OF 0 
1981 289 3612 5474 3E 01 0 

19R1 293 1684 5417 3E OE 0 
1981 296 86388 4906 3E OE 0 

1981 303 388 5326 01 I 0 
1981 304 I508 5354  le I 0 
1981 304 015011 4881 le 1 0 
1981 306 85140 4963 31 0 0 
I ~ R I  308 596 5274 2e le o 
1981 309 900 5293 31 o o 
19111 311 20no 5326 ze I E  o 

1981 316 37220 2207 313 o o 
1981 315 1220 2784 3e o o 
1981 316 2452 5299 YE oe o 

1981 311 84500 4956 3C 0 0 
1981 312 85572 5301 YE OC 0 

1981 317 3476 5327 YE 0 0 
1981 318 85988 5323 ?E 1E 0 
1981 320 676 5138 ?E 0 0 
1981 321 1716 5181 3E OE 0 
1981 323 4212 5131 3E 0 0 
1981 323 65220 4958 2E IE 0 

1981 327 2260 5 3 5 1  2E 1 E  0 
1981 328 3284 5326 3E 0 0 
1981 328 84510 4967 3E OE 0 
1981 331 500 5258 3E 0 0 

1981 333 2564 5271 YE 0 0 
1981 334 85140 L852 OE I 0 

1981 336 79796 4805 I €  1 0 
1981 339 3252 5113 3E 0 0 
1981 3 3 9  A4596 8R28 2P: IE 0 

1981 343 1204 5281 2E le 0 
1981 344 2356 5289 3E 0 9 

1981 346 85988 4907 3E 0 0 
1981 3LR 726 5204 3E OE 9 

1981 351 3802 S I R 5  2E IE 17 
1981 352 5220 5329 2E 0 0 
1981 353 20 4931 YE OE 0 

19AI 356 3316 5298 2E 1E fl 
1981 357 4324 5295 3E 'I 0 
1981 359 1220 53PO 2E 1E 0 

1981 326 86260 5309 3e o o 

1981 332 1 4 4 4  5293 3e OE o 

1981 335 86340 5224 L E  I n 

1 ~ 8 1  w o  ~5524 4661 3e o o 

I ~ R I  345 3300 5319 IE OF n 

1981 349 1636 5279 3~ 3 rl 

1981 355 2164 5286 3e o o 

YE 3e it I 1983 146 
YE 3e i~ 1 1983 106 
3e YE le I 1983 146 
YE 3e 1~ I 1983 146 

3e 3e le i 1983 146 
3e 31 I E  I 1983 171 
3 1  3e ie I 1983 171 
YE 3c le I 1983 171 
31 3~ ie I 1983 171 
3e 3e ie I 1983 171 

ie 3c oc I 1983 172 
ie YC I oe 1983 172 

IE 3e oe I 1983 172 
2e 31 I o t  1983 172 

ie 3e oe I 1983 216 
2e 3t I ie 1983 216 
3e 3e IE I 1983 216 

YE 3e I OE 1983 216 
3e 3e te I 1963 216 

2e 3e I I E  1983 227 

I E  3e ne I 1983 227 

YE YE i i t  1983 227 

31 3E le I 1983 I46 

313 3E II! 1 1983 171 

OC 3C le 1 1983 172 

3E 3E 1 IE 1983 I72 

2E 3C OC 1 1983 216 
2t 3E OC 1 1983 216 

1E 3E 1E I 1983 227 

3E 3E 1E 1 1983 227 

2E 3E 1 OC 1983 227 

1E 3E OE I 1983 228 
2E YE I lE 1083 228 
3E 3E IE I 1983 228 
2E 3E OE 1 1983 228 
3E 3E 1 nE 1983 228 
3E 3 1  I €  I 1983 228 
1E 3E OE 1 1qA3 231 
IE 3E 1 OE 1983 231 
OE 3E IE I 1993 231 
IF: 3F OE 1 loR3 231 
2E 3E I @E 1983 231 
3E 3E I 1E 1983 231 
I E  3E OE I 1983 234 
2E 3E 1 1E 1983 234 
3E 3E 1E 1 1983 236 
2E 3E OE I 1983 234 
3E 7E I OE 1983 238 
3E 3E IE 1 1083 234 
IE 3E 1E 1 1983 235 
2E 3E I IE 1983 235 
3E 3E IE 1 19P3 235 
I F :  3E OE I 1983 235 

3E 3E I 1E 1983 235 
1E 3E OE 1 1983 238 

2~ 3~ I 1963 235 
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NOUTAAL START TIME 
DATZ TR DAY stcs 

1981 359 1981 359 le92 

Y E M  DAY 

1981 360 1981 360 2996 
1981 362 1981 362 5236 
1981 363 1981 363 100 
1981 364 1981 364 1220 
1982 I 1982 I 11771 
1982 2 1982 2 0571 
1982 2 1982 2 21979 
1982 3 1982 3 3499 
1982 5 1982 5 7899 
1982 6 1982 6 2763 
1982 7 1982 7 3883 
1982 9 1982 8 86251 
1982 10 1982 10 971 
1982 I 1  1982 I 1  2091 
1982 13 1982 13 4331 
1982 14 1982 13 85611 
1982 IS 1982 15 299 
1982 17 1982 I7 2539 

1982 19 1982 19 0763 
1902 21 1982 21 747 
19R2 22 1982 22 1851 

1982 25 1982 25 5195 
1982 26 1982 26 6315 
19A2 27 1982 27 1179 

1982 30 1982 30 4523 
I982 31 1902 30 85787 
1982 33 1982 33 1611 
1982 34 1982 34 2731 
1982 35 1982 3S 383s 
1962 37 1982 36 86219 
1982 38 1982 38 939 
1982 39 19R2 39 2107 
1982 41 1982 41 4283 
1902 62 1982 42 5403 
1982 4 3  1982 4 3  6571 
1982 65 1982 45  2491 
1982 06 1982 46 9851 

1982 40  1982 08 23483 
1982 49 1982 49 827 
1982 50 1982 50 1803 
1982 51 1982 51 2923 
1982 53 1982 53 5147 
1982 54 1982 54 I 1  
1982 55 1982 55 1131 
1982 57 1982 57 3355 
1082 58 1982 S A  10715 
1982 59 1992 58 A5739 
1982 61 1982 61 1547 
1982 62 1982 62 8907 
1982 h3 1092 63 3819 
19A2 65 1982 64 86155 

1982 iu 1982 1 8  3643 

19n2 23 1 9 ~ 2  23 2971 

1982 29 1982 29 3403 

1982 47 1902 47 4 7 1 5  

END T M  I6 SIC 
y1 DAY stcs FWS 

19nl 360 1492 5271 
1981 361 244 5182 
1981 362 84964 4728 
19n1 363 86036 5294 
19111 365 884 5255 
1982 2 3019 4706 
1982 2 84331 6921 
1982 2 84331 3855 
1982 3 AS563 5030 
1982 6 1339 0898 
1982 7 2459 5297 
1982 7 83803 4907 
1982 9 85851 5328 
1982 I 1  539 5198 
1982 12 1643 5317 
1982 13 86219 4564 
1982 14 853S5 5106 
1982 15 78827 4618 
1982 I8 2331 5142 
1982 19 3163 5192 
1982 19 8163s 4858 
19R2 22 3 1 5  5296 
1982 23 1659 5328 
19112 24 2491 5307 
1982 26 4763 5314 

1982 28 715 5287 
19112 30 2907 5279 
1982 30 84411 0880 
1982 31 85563 5308 
1982 34 1227 5275 

1982 3s 83643 4835 
19A2 37 85787 5307 
1982 39 G75 5303 
1982 40 1627 5249 
1982 42 3707 5286 
1982 43 5179 5241 
1982 0 3  86171 4864 
1982 66 5419 5529 
19R2 47 3339 4907 
1982 47 8 3 3 5 5  4761 
1982 48 23531 4 
1982 50 347 5294 
1982 51 163s 5319 
1982 52 2491 5154 

1962 54 86107 5271 
1982 56 139 5194 

1982 58 94167 4521 
1982 59 65451 5306 
1982 62 4475 5540 
1982 63 2363 0924 
19112 64 3259 5257 
1982 66 5771 5734 

19n2 26 86251 4910 

1982 3s 2363 5240 

1982 5 3  84923 4 ~ 9 4  

1982 5n 607s 5425 

PW UODC PROCESSIYC 

n2 TEAR DAY 
AI A2 A 3  B I  C 1  C2 C3 DATE 

3E 0 0 2E 3C 1 IC 1983 238 
it  oc o 3~ IC IE I 1983 238 
IC o o 2t 31 OE I 1 9 ~ 3  238 

OE I o IE IC o t  I 1983 292 

i t  I o IE IC I oc i9n3 292 
YE o o i t  YE o t  1 19113 292 

3C O t  0 3E 3E 1 OE 1983 238 
3C 0 0 3C 3C le I 19R3 23R 

IC I 0 IC 31 I OC 1983 292 

3C 0 0 IC 3C OC 1 1983 292 
2E IC 0 21 3 I  I n t  1983 292 
3E 0 0 3C 3C 1 le 1983 292 
2t it o i t  31 oc I 19113 304  
3c o o 2t 31 i i t  1983 304 
3c oc o IC 3 t  IC I 1983 304 
311 o o 2c 3c OR 1 19113 304 
IC oc o 3 t  3 t  1 o t  1983 304 

2~ i t  o IE it i t  1 1983 30s 

3t 01 o 3t 3 t  i t  I 1903 30s 
IC o o I C  3t OE I 1983 30s 
21 it o 2t 3t I oc 1983 305 
2~ i t  o IE 3 t  oc I 1983 308 
3~ o o 212 3 1  I IC 1983 i o n  
YE o t  o 3t 31 i t  I 1983 308 
YE o o 2~ YE o t  1 1913 308 
3~ OI o IC it I oc i9n3 308 
YE o 0 it 3e i t  i 1983 308 
o t  I o IE it o t  I 1983 311 

I E  I o OE 3e it I 1983 311 
3~ o 0 le Y E  oc 1 1983 3 1 1  

YE n 0 IF: 3e I IE 1983 3 1 1  

YE o t  o 3e le I 1983 312 

YE 9 n 3e 3r IE 1 1983 312 
oe OE o OE nc oc o im3 312 

3 1  0 0 3E 3 1  I t  I 1983 304 

21 0 0 2E 3C 1 IE 1983 30s 

3E 0 0 3L 3C 1 I t  1903 305 

le I 0 IE 3E 1 OE 1903 311 

2E 1E 0 2E 3E 1 OE 1983 311  

2E 1E 0 1E 3E OE I 1963 312 
3E 0 0 2E YE 1 IE 1983 312 

3F 0 0 ?E 3F 0E I la83 312 
3E OE 0 3E 3E I OE 1983 312 

2E 1E 0 IE 3E IC I 1983 314  
2E 0 0 2E 3E 1 IE 1983 314 
3E OE 0 YE YE 1E I 1983 314 
3E 0 0 !E 3E OE I 1983 314 
2E 1E 0 2E 3E 1 OE 1983 314 
3C 0 0 3E 3E I IE 1983 31G 
21! le 0 IE 3E OE 1 1983 3 1 5  
3E 0 0 2E 3E 1 IE 1983 3 1 5  
3E OE 0 3E 3E 1E I 1983 315 
3E 0 0 2E 3E OE 1 1983 315 
3E ‘)E 0 3E 3C I OE 1983 3 1 5  
3F 0 0 YE 3E IE 1 1993 315 
OE 1 0 IE 3E OE 1 1983 319 



N M N A I .  STARTTIUB 
D A T ~  nt DAY secs 

Y W  DAY 

1982 66 1982 66 7147 
1982 67 1982 67 1979 
1982 69 1982 69 2811 
1982 70 1982 10 1 1  
1982 71 1982 71 I 1  
1982 73 19R2 73 2427 
1982 74 1982 74 3531 
1982 75 1982 74 8479s 
1982 77 1982 77 619 
19R2 78 1982 70 1739 
1982 79 1982 79 28h3 
1982 81 1982 80 85227 
1982 82 1982 81 86347 
1982 83 19R2 83 1035 
1982 85 1982 8S 3275 
1982 86 1982 86 4379 
1982 87 1982 86 856*3 

1982 90 1982 90 2571 
1982 91 1982 91 3691 
1982 93 1982 93 5915 
1982 94 1982 94 779 
1982 95 1482 95 1899 
1982 97 19R2 97 4123 
1982 98 1982 98 5227 
1982 99 1982 99 6347 
1982 101 1982 101 8571 
1982 102 1982 102 3435 
1982 103 1982 103 4539 
1982 105 1982 10s 523 
1982 106 1982 106 1627 
1982 107 1982 107 2747 
1982 109 loR2 109 4971 
1982 110 1982 109 86235 

1982 113 1982 113  3163 

1982 115 1982 115 5403 
1982 117 1982 117 1371 
1982 118 1982 118 2675 

1982 I21 1982 120 85963 

1982 123 1982 123 1787 
1982 125 1982 125 boll 

1982 127 la82 126 86395 
1982 129 1982 129 2219 
1982 130 1982 130 3323 
1982 131 1982 131 4 4 4 3  
1982 133 1982 133 411 
1982 136 1982 134 1515 
1982 135 1982 135 2651 
1982 137 1982 137 4875 
1982 138 1982 1 3 7  R6123 
19R2 139 1982 139 7083 

1982 89 1982 89 1483 

1982 1 1 1  19n2 1 1 1  939 

1002 114 1912 114 0 2 ~ 3  

1982 119 19n2 119 983s 

1982 122 1982 122 m 3  

1982 126 1982 126 5131 

1962 67 491 6966 
1912 68 2779 5376 
1902 69 8639s 5173 
1982 70 86395 527s 
1982 71 86219 5294 
19R2 74 2411 5334  
1982 74 83595 4960 
1982 76 4107 5S67 
1982 78 363 5015 
19R2 79 1307 5305 
1982 79 81723 6876 
1982 81 85083 5314 
1982 82 84555 5207 
1982 84 3931 5531 
1982 86 2667 5201 
1982 86 84251 4926 
1982 88 5019 5711 

1982 91 2187 5313 

1982 94 75 4860 
1982 95 811 5354 
1982 96 1563 5323 

1982 98 85211 4942 

1982 102 1931 4889 
1982 103 2955 5289 
1982 103 86363 6905 

1982 107 1227 5295 
19112 108 2347 5316 
lQR2 109 R6RI3 0962 
1982 110 85643 5294 
1982 1 1 1  79403 4885 
1982 116 2891 5317 
1982 115 3915 5297 
1982 I15 85163 4908 
1982 1lR 1163 5325 
1982 119 5275 5669 
1982 120 3227 bo53 
1982 I21 85627 5336 
1982 123 507 5265 
1982 124 1483 5303 
1982 126 3723 5313 
1982 126 85131 4899 
1982 127 85995 5232 
1982 130 1691 5316 
1982 131 2955 5282 
19R2 131 84283 4946 

1982 135 1195 5304 
1902 136 2027 5308 
1982 137 84651 4965 
1902 139 3563 5519 
1982 140 539 4939 

1982 90 1163 53011 

i9n2 92 3211 5307 

1902 98 3691 5317 

1982 99 66203 4891 

1902 io6 91 5322 

1982 133 86299 5336 

P!4C MODE PROCESSING 

B2 ' YEAR DAY 
A1 A2 A3 B I  C1 C2 C3 DATE 

I C  I o ie 3e i OE 1983 319 
11 I 0 o t  YE le I 1 9 ~ 3  319 
31 o o 3e 3e I ie 1983 319 
3e o o YE 3e I I C  1983 319 
31 o o 3e 3e I I E  1903 319 
2e le o ie 3e oe I 1983 321 
l e  o o 2e 3c I I E  1983 321 
YE oe o 3e 3e it I 1983 321 
3e o o 2t 3 t  o t  I 1983 321 
3c 01 o 3t 3e I oe 1983 321 
3c o o 3c YE ie I 1983 321 
2t ie o i t  3e ie I 1983 174 

3 t  o t  o YE 3 t  le 1 1983 174 
3e o o it 3 t  o t  1 1983 174 
2t IC o 2t YE I o t  1 9 ~ 3  i n  

21 ie o IE YE OF 1 1983 175 
3c o o 2e 3e 1 ie 1903 175 
YE OL o YE 3~ ie 1 1083 175 

3 t  o t  o 3 t  3 1  I oe 1983 175 
l e  o o YE 3e it i 1983 175 

1~ 1 o ie 3e 1 oc 19114 60 

3~ o o it YE oc I 19n0 60 
2~ l E  o 2e 3e I OE 1984 60 
3~ o o 3e 3e I le 1984 60 
2~ le o I E  3 1  oe I 1983 179 

3c oe o 3e 3~ I E  I 1903 179 

2E 0 0 2t 3 t  I 1K 1983 174  

32 0 0 3E 3E I It 1983 174 

3 t  0 0 2E 3E O t  1 1983 175 

OC 1 0 IE 3C OE 1 1984 60 

1E I 0 OE 3E IC I 1984 60 

3E 0 0 2t YE 1 1E 1913 179 

YE 0 0 2E YE OE 1 1983 179 
3E OE 0 31 YE 1 OE 1983 179 
3P. 0 0 3E YE IE I 1903 179 
2E IE 0 IE YE 1E 1 1983 180 
?E 0 0 2F 3E 1 IE 1083 180 
3E @E 0 3E 3E 1E 1 1983 IRO 
3E 0 0 IE 3E OE 1 1983 IRO 
2E 1E 0 2E 3E 1 OE 1983 180 
3E 0 0 3E YE I I €  1983 lR0 

3E 0 0 2E 3E 1 I &  1983 IR1 
3E OE 0 3E 3E IE 1 1983 181 
3E 0 0 2E YE OE 1 1983 181 
3E OE 0 3E 3E I OE 1983 I01 
3E 0 0 3E 3 1  1E 1 1983 I81 
OE 1 0 1E 3E OE I 1903 I82 
1E 1 0 IE 3E 1 OE 1903 1P2 
1E 1 0 "E 3E IE I 1983 182 
3E 0 0 IE YE OE 1 1903 182 
21 IE 0 2E 3F I OE 1QR3 1R2 
38 r) 0 )E YE 1 1E 1983 182 
2E IE 0 IE 3E DE I 1983 185 
3E 0 0 2E 3E I IE 1903 IA5 
3E OE 0 3E 3E IE 1 l o 8 3  185 

2e IE o I E  YE oe I 1903 181 
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NOWIRAL START TIM! 
DAT# YX DAY S C a  

YEAX DAY 

1982 141 1982 141 3051 
1982 142 1982 142 4155 
1982 143 1982 143 5275 
1982 145 1982 145  1243 
1982 146 1982 146 2363 
1982 147 1982 147 3467 
1982 149 1982 148 85851 
1982 150 1982 150 555 
1982 151 1982 151 1675 
1982 153 1982 153 3899 
1982 154 1982 154 5003 
1982 I S S  1982 154 86267 
1982 157 1982 157 2091 
1982 I58 1982 158 3195 
1982 159 1982 159 6315 
1982 161 1982 161 283 
1982 162 1082 162 1 1  
1982 163 1982 163 1 1  
1982 165 1982 I65 4731 
1982 166 1982 166 11 
1982 167 1982 167 I 1  
1982 169 1982 169 2923 

1982 171 1982 171 1 1  
1982 173 1982 173 1115 
1982 174 1982 174 1 1  
lo82 I75 1982 175 1 1  
1982 177 1982 177 5563 
1982 178 1982 178 1 1  
1982 179 1982 179 1 1  
1982 lR1 1982 181 375s 
1982 182 1982 182 11 
1982 183 19R2 183 1 1  
1982 185 1982 185 1947 

1982 187 1982 187 1 1  
1982 189 1982 109 6395 
1982 190 1902 190 1 1  
1982 191 1982 191 1 1  

1982 194 1902 196 1 1  

1982 197 1982 197 2779 

1982 199 1982 199 I 1  
19R2 201 19R2 201 071 
1982 202 1982 202 1 1  
1982 203 1982 203 1 1  
1982 205 1982 2@6 85563 
19A2 206 19RZ 206 1 1  
1982 207 1902 207 I 1  
1982 208 1902 208 1 1  
1982 209 1982 209 3611 
1082 2 1 @  1982 210 1 1  
1982 211 1982 211 1 1  

1982 170 1982 170 1 1  

1982 186 1982 incl I I  

1982 193 1982 193 45137 

1 9 ~ 2  195 lent 19s 1 1  

1982 198 1902 190 1 1  

1982 212 1 9 ~ 2  210 6113 

END TIME 16 SIC PUC YOQC PROCESSING 
YR DAY SCCS M!? A 1  A 2  A3  81 C1 C2 c3 DATE 

82 YEAR DAY 

1982 142 3099 5350 3t 0 0 2C 3E OC 1 1983 1115 
1982 143 3739 5320 31 OC 0 3E 3C I Ot 1983 185 
1982 143 77683 4487 31 0 0 3t 3 1  lC 1 1983 185 

1982 147 1963 5282 2C 0 0 21! 31 1 IE 1983 328 
1982 I48 3019 5330 3C OC 0 3E 3L IE I 1903 320 

1982 151 219 5300 2E It 0 2 1  3 1  1 OE 1983 328 
1982 152 1419 5358 3C 0 0 3C 3 t  I IE 1983 328 

1902 146 859 3305 2~ IE o it 3 t  it I 1003 324 

1962 149 85467 5296 3 1  o o le 3c oc I 1983 328 

1982 154 3483 529s 2c i t  o I E  3c OE I 1083 329 
1902 is6 84955 4953 3c o o 2~ 3 t  I 11 1903 329 

1982 159 2811 530s 3c oc o 3 t  3c I oc 1983 329 
19n2 159 86107 4937 31 o o 31 YE ic I 1901 329 

1982 155 86139 5336 3 1  OC 0 3C 3 t  IC 1 1983 329 
1982 158 1755 5317 3C 0 0 21 3 1  OL I 1983 329 

1982 161 86395 5328 3C 0 0 3 t  3C IC 1 1983 332 
1982 162 86395 5358 3C 0 0 3 t  3C IC 1 1983 332 
1982 164 1979 5645 3C 0 0 3 t  31 IC 1 1983 332 

19R2 166 86395 5362 3C 0 0 2E 3C 1 11 1983 332 
1982 168 315 5376 3C 0 0 Z?! 3C I 1E 1983 332 

19112 16s ~6395 soit 3c o o 21 3 t  I I E  i9n3 332 

1982 169 8639s 5152 11 o o it 3 t  it I 1903 334 
1982 170 8630s 5272 3t n o 3~ 3c it 1 1983 334 
1982 172 4587 5594 3C 0 0 3C 3C IC 1 1983 336 
1902 173 86395 5249 2E 1E 0 3C 31! 1 IC 1903 334 
1982 174 86395 5278 21 11 0 3C 3C I IE 1983 334 

1982 177 86395 5009 3E 0 0 3C 3E 1E 1 1903 336 

1982 180 1067 5389 3E 0 0 3C 3l? IC 1 1983 336 
1982 1111 8639s 5051 3E 0 0 2C 3E I IC 1943 336 
1982 182 86395 5342 3E 0 0 2E 3E I I1 1983 336 
1982 183 85883 5291 3 1  0 0 2E 3E 1 1E 1983 336 
1982 185 86395 5 1 4 5  3E 0 0 3E 3E OE 1 19113 339 
1982 I86 86395 5 3 4 3  3t 0 0 3t 3E Ot 1 1983 339 
1982 188 3627 5560 3E 0 0 3E 3E Ot 1 1983 339 
1982 189 86395 4919 31 0 0 le 3E 1 OE 19P3 339 
1982 190 R6395 5327 3E 0 0 1E 3E 1 nE 1983 339 
1982 192 1995 5 4 5 1  3E 0 0 1E 3E 1 OE 1983 339 
1982 193 86395 5051 3E 0 0 3E 3E lE I 1983 343 

1982 196 251 5369 31 0 0 3F 3E !E 1 1983 3 4 3  
1982 197 86395 5142 3E 0 0 2E 3E 1 IE 1963 343  

1982 199 84747 5240 3E 0 0 ZE 3t 1 IE 1983 343 
lQR2 201 A6395 5269 3E 0 0 3E 3E lF 1 1983 347 
1982 202 86395 5350 3E 0 0 3E 3E lE 1 1983 347 
1982 204 2667 5266 3E 0 0 3E 3E IE I 1903 347 
1982 205 86395 5365 3E 0 0 ZE 3E I l E  19R3 347 
19R2 206 n639S 5’110 3E 0 2E 7E 1 1E 19R3 347 

19112 208 86363 5352 31 0 0 2E 3F: 1 1E 1903 347 
1982 209 86395 -1 3E 0 0 3E 3E 1E 1 1983 61 
1942 210 46395 - I  3E 0 0 3 1  3E l e  1 19@3 61 
1982 211 85579 -1 3E 0 0 3E 3E IE 1 1943 61 
1982 212 60795 - I  3E (3 0 3E YE 1E 1 1903 61 

1962 176 2059 5407 ZE 11 o YC 3 t  i it 1983 334 

1982 170 ~639s 5353 3~ o o 31 3c ie I 1983 336 

1982 194 e6395 5310 YE o o YE YE I E  I 1983 343  

1982 i9n 8639s 5321 31 o o ZE 3e i I E  1983 343  

1982 207 8639s 5322 3e o o ZF 3e I I E  1983 347 



NWINAL 
DATE 

PW DAY 

1982 213 
1982 214 
1982 215 
1982 216 

START txm 
YR DAY SECS 

9A2 213 1R99 
982 214 I 1  
982 215 1 1  
982 216 I 1  

1982 217 19R2 216 A6395 
1982 218 1982 218 11 
1982 219 1982 219 1 1  
1982 220 1982 220 I 1  
1982 221 1982 221 10667 
1982 222 1982 222 I I  
1982 223 1982 223 5 
1982 224 1982 224 5 . 
1982 225 1982 225 2725 
1982 226 1982 226 5 

1982 228 1982 228 5 
1982 229 1982 229 821 
1902 230 1982 230 5 
1982 231 1902 231 5 
1982 233 1982 233 22661 
1982 234 1982 234 5 
1982 235 1982 235 5 
1982 237 1982 231 3445 

1982 239 1982 239 5 
1982 241 1982 241 1637 
1982 262 1982 242 5 
19R2 243 IOR2 203 5 
1982 245 1982 244 86229 
1982 246 1982 246 5 
1982 247 1982 247 5 
1982 241 lQR2 261 1637 
1982 242 1982 242 5 
1982 243 1982 243 5 
1982 265 1982 244 86229 
1982 246 1082 246 5 
1982 241 1982 247 5 
1982 241 1982 241 1637 
1982 212 1982 202 5 
1982 243 19R2 243 5 
1982 245 1982 266 06229 
1982 246 19A2 246 5 
1982 261 1982 247 5 
1982 269 1902 249 4261 
1982 250 1982 250 5 
1982 2s1 1902 251 5 
1982 253 1982 253 2153 
1982 254 1982 251 5 
1982 255 1982 255 5 
1982 257 1982 257 645 
1982 2511 19R2 250 5 
1982 259 19R2 259 5 
1982 261 1982 261 13109 
1982 262 1982 262 5 
1982 263 1902 263 5 
1982 265 1982 265 3269 

1982 227 i9sz 227 5 

19112 230 i9nz 238 5 

END TIMB I6 SEC 
YR DAY SGCS P W S  

1902 213 Ah395 -1 
1982 214 86395 - I  
1982 215 86395 - I  
1982 216 R5003 - I  
1982 217 A6395 - I  
1982 218 86395 - I  
1982 218 A6395 -1 
1982 221 3019 - I  
1982 221 86395 - I  
1982 222 86389 - I  
1982 223 86389 - I  
1982 225 357 - I  
1982 225 06389 5154 
1982 226 86389 5337 
1982 227 86389 bAl8 
1982 228 85717 5297 
1982 229 86389 5172 
1982 230 86389 4803 
1982 232 2661 5496 
1982 233 86389 3R95 
19RZ 234 86389 5358 
1982 236 1861 5178 
1982 237 86389 5122 

1982 239 86357 5271 
1982 241 86389 5196 
1982 242  86389 5309 
1982 244 3893 5566 
1982 245 86389 5362 
1982 246 86389 5349 
1982 248 I621 5421 
1982 241 A6389 5196 
1982 242 86389 5309 
1902 244 3891 5566 
1982 245 86389 5302 
1982 246 Ah389 5349 
1982 248 1621 5421 
1982 241 86389 5196 
1982 262 86389 5309 
1982 204 3893 5566 
1982 245 86389 5342 
19R2 246 86389 5349 
1982 248 1621 5421 
1982 269.06389 5029 
1982 250 86389 5295 
1982 251 86341 5219 
1982 253 86389 5191 
1982 256 86389 5314 
1982 256 b245 5600 
lo82 257 86389 5305 
1982 258 R638Q 5354 
1982 260 2597 5193 
19U2 261 86319 4542 
1982 262 863R9 5349 
19A2 264 725 5391 
1962 265 063R9 5136 

19112 230 84389 T ~ T I  

M C  YODE PROCCSSINC 

82 YEAR DAY 
A1 A2 A3 BI C1 C2 C3 D A R  

YE o o 2~ 3~ i i~ 1983 61 
3 1  0 0 2E 3E I le 19R3 61 
3 1  0 0 2E 31 I It 1983 61 
3E 0 0 2E YE I 1E 1983 61 
3E 0 0 3E 3 1  OL 1 1983 62 
YE 0 0 YE 3E OE 1 1983 62 
3E 0 0 3C 3 1  OE 1 19RY 62 

YE 0 0 1E 3 E  I OE 1983 62 
YE o o 3 t  31 oe I 1983 62 

3 t  o o I E  3 t  I OE 19113 62 
3e o o IE 3 t  I 01 1913 62 
31 0 0 1E 3E 1 OE 1983 62 
3E 0 0 YE 3E I E  1 1983 116 
3C 0 0 3E 3E LE I 1983 116 
3E 0 0 YE 3C IC 1 1983 116 
YE 0 0 YE 3C IC I 1983 116 
3E 0 0 21 3E 1 11 1983 116 
3E 0 0 2E YE 1 I E  1983 116 
3E 0 0 2E 3C I 1E  1983 116 

3E 0 0 3C 3t 12 I 1983 353 

‘2E 1G 0 3E 3E 1 1E 19R3 353 
2E 1E 0 3E YE 1 le 1983 353 
2E IE 0 YE 3E 1 It 19@3 353 
3E 0 0 31 3E 1E I 1983 354 
3 1  0 0 YE 3E 1E 1 1983 354 
YE 0 0 3P: YE IE 1 1913 354 
3E 0 0 2E 31 I 1E 1983 354 
3E 0 0 2E YE 1 le I983 3% 
3E 0 0 2E 3E 1 IE 19R3 354 
3E 0 0 YE 3E IE I 19R6 6 
3E 0 0 YE 3E le 1 1984 6 
3E 0 0 3E 3E IE I 19A4 6 
3E 0 0 2E 3 1  I IE 1984 6 
3E 0 0 2E YE I 1E 1984 6 
3 1  0 0 2E 3E 1 1E 1984 6 
3E 0 0 3E 3E IE 1 1984 9 
3E 0 0 3E 3E IE I 19R1 9 
3E 0 0 32 3L le 1 1900 9 
3E 0 0 22 YE 1 I €  1984 9 
3E 0 0 2E YE 1 IE 1984 9 
3E 0 0 2E 3E 1 1E 19R0 9 
YE 0 0 3E YE OE 1 1984 10 
3E 0 0 YE 3E OF I 1984 10 
3E 0 0 3E YE DE I 1984 IO 
3E 0 0 1E 3E 1 OE 1984 10 
YE 0 0 IE 3L 1 OE 1984 10 
3E 0 0 IE 3E 1 OE 1984 IO 
YE 0 0 3E 3E IE I 1984 I 1  
3E 0 0 3E YE IE I 1944 I I  
YE 0 0 3E 3E IE I 19R4 I 1  
3E 0 0 :E 3E 1 IE 19A4 1 1  
3L 0 0 2E 3E I I E  1964 I 1  

3~ o o 3 t  31  11 I 1903 353 

3~ o o 3~ ye I C  I 1 9 ~ 1  353 

IF n n :E 3~ I I E  1 9 ~ 4  I I  
ye o o ZE Y E  I 1 2  1 ~ 1  12 
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N O W X U  STARTTIHE 
o m  m DAY stcs 

1982 266 19112 266 5 

P U R  DAT 

1982 267 1982 267 5 
19RZ 269 1982 269 6181 
1982 270 1982 270 5 
1982 271 1982 27) 5 

Gap due to failure 
1983 44 1983 4 1  331 
1983 45 
1903 06 
9R3 b8 

1983 50 
1983 S 2  
1983 S3 
1983 Sb 
1983 56 
1983 57 
1983 58 
1983 60 
1983 61 
1983 62 
1983 64  
1983 6S 
10113 66 
1983 68 
1983 69 
1983 70 
1983 7 2  
1983 73 
19RY 74 
1983 76 
1083 77 
19R3 78 
1983 80 
1983 81 
1983 R 2  
1493 84 
Ion3 45 
1983 36 
1 9 R 3  R R  
I " P 3  e9 
1983 90 
1983 92 
1983 93 
1983 9b 
1983 96 
1983 97 
1983 98 
1983 100 
1983 101 
1983 102 
1983 104 
1983 105 
1983 106 

1983 109 

(983 49 

1981 ion 

1983 45 
1983 46 
I O I U  44 
1903 49 
1903 so 

I ~ R Y  s3 
1983 S Z  

1983 Sb 
1903 S6 
1983 S7 

1983 59 
1983 61 
1983 62 
1983 64 
1983 6S 
19113 66 
1983 68 
198'1 69 
1983 70 

19113 58 

1903 72 
19n3 7 3  

19n3 76 
1983 74 

1983 77 
19A3 78 
1983 A0 

1983 82 
lo83 A4 
1983 A5 
19R3 46 
1983 A8 
IQP3 10 

1983 90 
1983 92 
1983 93 
1983 94 
I983 96 
1983 97 
1983 98 
1983 100 
1983 101 
1983 102 
1983 104 
1983 10s 
1983 106 
1983 108 
1983 109 

19133 8 1  

I 1  
I I  

4763 
I 1  
59 

2939 
I 1  
59 

I l l 5  
I 1  
I 1  

85691 
I 1  
I I  

9963 
11 
11 

I899 
I 1  
11 
7 s  
I 1  
I 1  

449 I 
I I  
I I  

2667 
I 1  
I 1  

8 4 3  
I I  
I 1  

527s  
I 1  
I t  

34S1 
11 
I 1  

7867 
1 1  
! I  

0S23 
I 1  
I 1  

0219 
1 1  
I I  

R6YS 
I 1  

END nm 16 stc .MC ~ O t  PROCESSING 
ra OAY stcs IIIAE&S AI ~2 ,43 e l  CI cz CI OATZ 

a2  YEAR DAY 

1982 272 224s  5466 

1983 44 86395 SO40 
1983 4 5  A6395 5332 
1983 47 2347 5438 

of scan r E ? c b a s n  

ion3 4n ~ 6 3 9 5  5046 
1983 09 n5051 S231 

19113 53 86395 5324 

1983 50 66187 4097 
1983 52 86395 SI76 

19113 54 84923 5229 
1903 56 66395 5240 
1983 57 86395 5351 

1983 60 86395 '5382 

1983 63 1035 S391 

1983 65 86395 5328 
1983 66 85707 5301 
1983 611 86395 5212 
1983 69 86395 5330 
1983 7 1  3643 5557 
19R3 7 2  86395 5162 

1983 75 1803 S417 
1983 76 86395 SO65 
19A3 77 86395 5320 
1983 79 91 S246 
1983 80 86395 SI60 

1913 59 3051 s512  

1903 61 86395 so12 

19113 64 06395 6721 

1983 73 ne395 5330 

1903 8 1  86395 5 3 1 0  
1943 82 ab651 5207 
1983 A4 a6305 5286 
1983 9S A6395 5334 
1083 A7 263s 5486 

I9 IY R Q  R6305 532s  
1983 91 827 5388 
1913 92 86395 5104 
1983 93 86395 5354 
1903 94 RSb99 S210 

1983 97 86395 5340 
1983 98 83787 SI68 
1983 IO0 86395 5OLI 

1983 103 I499 5429 
1983 104 86395 5107 
1983 105 86395 S362 
1983 106 86251 S319 
1983 IC8 86395 4810 
1983 109 86395 5131 

19111 88 86395 so40 

1983 96 8639s b n ~  

1983 IOI e6395 5293 



1983 110 
1983 112 
1983 113 
1983 114 
1983 116 
1983 117 
1983 118 
1983 I20 
1983 121 
1'883 I22 
1983 116 
1983 117 
1983 118 
1983 120 
1983 121 
1983 122 
1983 I24 
1983 125 

1983 128 
1983 129 
1983 130 
1983 132 
1983 133 
1983 134 
1983 136 
1983 137 
1983 138 
1903 140 
1983 141 
1983 142 
1983 144 
1983 14s 
1983 146 
1983 108 
1983 149 
1983 IS0 

1983 IS3 
1983 IS4 
1983 156 
1903 157 
1983 I58 
1983 160 

19113 126 

19113 152 

1983 110 I 1  
1983 112 571 
1983 113 1 1  
1983 I14 11 
1983 I15 85131 
1983 117 I 1  
1983 118 1 1  
1983 I20 3163 
1983 I21 11 
1983 122 1 1  
1983 11s 8S131 
1983 117 I 1  
1983 118 I 1  
1983 120 3163 
1983 121 1 1  
1983 122 I 1  
1983 124 1339 
1983 125 I 1  
1983 126 I I  
1983 I27 85915 
1983 129 I 1  
1983 130 1 1  

1983 133 I 1  
1983 134 1 1  
1983 136 2091 
1983 137 1 1  
1983 138 I 1  
1983 140 12763 
1983 141 I 1  
1983 142 1 1  
1983 144 4683 
1983 I45 I 1  
1983 146 I 1  
1983 148 9099 
1983 149 1 1  
1983 IS0 I 1  
1983 152 1019 
1983 153 I 1  
1983 154 I 1  
1983 156 11691 

1983 I58 11 
1983 160 9867 

19a3 132 3931 

19113 157 1 1  

1983 110 84363 S212 
1983 112 8639s 696s 
1983 113 86395 S349 
1983 11s  56S9 5689 
1983 116 8639s 5428 
1983 117 86395 SI65 
1983 119 S7I 5369 
1983 120 8639s 5144 
1983 121 86395 S327 
1983 122 8S179 S268 
1983 116 86395 S428 
1983 117 8639) 516s 
1983 119 S71 SI69 
1983 120 86395 5144 
19R3 121 0639s S327 
1983 122 8S179 5268 
1983 124 86395 S211 
1983 I25 86395 5289 
1983 127 12S71 6093 
1983 126 86395 5327 
1983 129 86395 SO34 
1983 131 ISIS 5453 
1983 132 86395 SO94 
1983 133 86391 S279 
1983 134 85867 SI03 
1983 136 86395 SI89 

1983 138 8407s 5220 
19R3 140 86391 4543 
1983 141 86395 SI17 
1983 143 1083 5611 
1983 144 86395 5019 
1983 14s 86395 S301 
1983 147 . 251 5346 
1983 148 86395 4774 
1983 149 86395 4925 
1983 IS0 848S9 5208 
1983 152 8639s 5264 
1983 IS3 86395 5332 
1983 155 6059 5694 
1983 IS6 8639s 4SS7 
1983 157 8639s 4983 
1983 I58 8SS47 S210 
1983 161 1631s S722 

1943 137 8639s 3340 

21 la o 3 t  3 t  I" i t  1984 
3 t  o o 3 t  31 I C  I 1984 
315 o o 3c 3c I C  I 1984 

3 t  o o 2t 31 I i t  1984 

3 t  o o 2c 3 1  1 ic 1984 
3 t  o o 3 t  3 t  o t  I 1984 

3c o o 3 t  3c oc I 1964 
31 o o 2s 313 I i t  1984 
3c o o 2t 3 t  I i t  1984 
3c o o 2t 3 t  1 i t  1984 

3 t  o o 3 t  3 1  o t  I 1984 

3C 0 0 3 t  31 IC I 1984 

3c 0 0 2C 31 I IC 1984 

3 1  0 0 3 1  3 t  OB 1 1984 

3& 0 0 32 3 1  O t  I 1984 
3 1  0 0 3 t  It OC 1 1984 

3 1  0 0 I t  3 t  1 OC 1984 
3B 0 0 I t  3 t  I Ot 1984 
3t 0 0 IK 3 l  I OE 1984 
31 0 0 3G IC It 1 1984 
33 0 0 3 t  3 t  !E 1 1984 
31 o o 31 3c ic I 1984 
3c o o 2t 3 t  I i t  1984 
3c o o 2t 313 i i t  1984 
3 1  o o 2t 3 t  1 i t  1984 
3 t  o o 3 t  3 t  IC I 1984 
31 o o 31 3c i t  I 1984 
3 t  o o 3 t  31  i t  I 1984 
2t IE o 3c 3c I i t  1904 
2c ic o 31: 3 1  I i t  1984 
2t IE o 3 t  3 t  I IC 1984 
it o o 3 t  315 ic 1 1984 
3 1  o o 3 1  3 t  i t  I 1984 
313 o o 3 t  3 t  i t  I 1984 
3 t  o o 21 3 t  I it 1984 
3 t  o o 2e 3c I le 1986 
3 t  o o 2e 3 t  I IC 1984 
3 1  o o YE 3 t  o t  I 19nb 
3e o o 3e 3 1  01 I 1984 
3 t  o o 3~ 3e 01 I 1984 
3c o o le YE 1 oc 1984 
3 t  o o I E  3 1  I oe 19ak 
3t o o I E  3 t  I o t  1984 
ye o o 3 t  3c IE I 1984 

24 
24 
24 
21 
25 
25 
25 
25 
25 
25 
31 
31 
31 
31 
31 
31 
32 
32 
32 
32 
32 
32 
33 
33 
33 
33 
33 
33 
39 
39 
39 
39 
39 
39 
0 0  
40 
40 
0 0  
LO 
&O 
01 
41 
01 
41 

47 



SECTION 6 

DATA FORMATS 

6.1 Format of SAMs Gridded Retrieved Temperature Tapes (GRID-T) 

Overall Structure 

SAMs GRID-T tapes contain latitude-longitude grids of temperature retrievals as a function of pressure, 
averaged over northbound and southbound orbits. Zonal mean and climatology values are given. Error bars are also 
included for some grids. 

The data are written on 9-track, half-inch wide magnetic tapes at 6250 bpi. Tapes contain one or more files 
separated by an end of file mark and are terminated by a double end of file mark. The first file on a tape is a header 
file consisting of two 630-byte physical records written in EBCDIC. These two records are identical and serve to 
identify the data type (temperature or composition), data start and end dates, generation date, and software version. 
The overall file structure is shown in Figure 6-1. 

Data files are divided into records, each giving a convenient set of results such as an entire grid or a set of 
profiles. There is one record per physical tape block. Record lengths (hence block lengths) vary according to the 
type of data they contain. The maximum block length (for a type 7402 record) is 4882 bytes. 

All data are written as 16-bit, twos complement integers (CDC users beware: CDC integers are ones 
complement). Hence, one word occupies exactly 2 bytes. 

The byte ordering within words follows the IBM convention of most significant byte first; note that is the 
reverse of some machines, (e.g., DEC, which puts the least significant byte first). 

Each physical block has the following structure: 

Word 1 Length of record in bytes (=2N where N is record length in words). 

Word 2 Record serial number (this does not always increment by 1). 

Word 3 Record type identifier (uniquely defines format of remainder of 
record). 

Word 4 to N-1 Data section of record. 

Word N Least significant byte is the checksum of words 3 to N-1. 

Word N+ 1 Zero. 

Hence, the total length of a physical block is two bytes larger than the record length, i.e., 2N+2 bytes, except for 
record type 7400, which has a record length of 22 bytes and a block length of 40 bytes. The checksum (the low- 
order byte of word N of the physical record) is the least significant 8 bits of the sum of bytes of words 3 to N-1; i.e., 
checksum is between 0 and 255, it is put into byte 2N, and it is the sum of bytes 5 to 2N-2. Note that byte 2N-1 
should be ignored. 

ExamDle 

The following type 7400 block is at the beginning of one of the tapes. It is 12 words (24 bytes) long. Those 
words in decimal are as follows: 22, I ,  7400, 1, 1979,281,7401,7402,7403,0, -13,O. The bytes (in the order that 
they are on the tape) are: 0, 22,0, 1,28, 232,0, 1,7, 187, 1, 25,28, 233,28, 234,28, 235,0, 0,255,243,0,0. To 
verify the checksum we take 

28+232+0+1+7+1+25+28+234+28+235+0+0=1267; 
1267=4*256+243, 

so the checksum should be 243, and byte 22, indeed, contains this value. 
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FILE #1 FILE #2, #3, .... 

HEADER 
RECORD 

E E E E E  

0 DATA 0 DATA 0 0 

F F F F  

E 

HEADER DATA 
RECORD 

F F 

Figure 6-1. Overall structure of SAMs tapes. 
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Header File Structure 

The header file consists of two identical 630-byte physical records that identify a tape as a SAMs product. The 
format of each of the records is given here. The character " b  indicates a blank, and the character "x" indicates 
characters that vary from tape to tape. 

Characters 

b m m u s  -7bs AMs (identifies tape as SAMs product) 

bsQbNob (sequence number) 

xxxxx (5-digit sequence number) 

xx (redo character and copy 
number 1 or 2) 

(data start year and day of year) 
(data end year and day of year) 

bGENb 1 9 x x b x x x b x x x x x x  (year, day of year, and hours, 
minutes, seconds tape was generated 

bxx/xx/xx  (software version month, day, year) 

bb ..... b (blanks to fill out the record) 

1 - 14 

15 - 26 

27 - 33 

34-38 

39 - 40 

41 - 5 5  
56 - 67 

68 - 87 

88 - 109 

110-118 

119-630 

The following is an example of a SAMs temperature tape header record. 

Example 

A S A M s  temperature tape starting in December 1978 and ending in December 1979 was generated on 
December 27,1984 at 19: 10: 15 using software version VERVS02A. 

The SAMs header record tape type, sequence number, redo character, and copy number fields are explained 
here. The tape type can be one of two values and starts with character 16. 

CHARACTERS 16 - 26: This field distinguishes the type of SAMs tapes. TEMPERATURE identifies a 
tape as a Gridded Retrieved Temperature Tape. COMPOSITION identifies a 
tape as a Zonal Mean Methane and Nitrous Oxide Composition tape. 

The sequence number consists of five digits and starts with character 34 of the record. 

CHARACTER 34: The last digit of the year in which data were acquired. 
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CHARACTERS 35 - 37: Day of the year on which data were acquired. 

CHARACTER 38: Value is 1 unless necessary to remove ambiguities in the year (character 34), as 
may occur if data are acquired on or after December 24,1988. 

CHARACTER 39: Redo character. It will remain as a hyphen unless there is a remake of the tape. 
In this case, an ascending alpha character will replace the hyphen. 

CHARACTER 4 0  Tape copy number. The original tape will have a value of 1; the archived copy 
will have a value of 2. 

Data File Structure 

GRID-T tape data files have the following types of records: 

a) File header record (type 7400). 

b) Data records (type 7402 or 7403). 

c) End of file mark. 

Table 6-1 shows the data file structure. 

There is one file per "data day" of data. A "data day" is a period when the instrument is in just one operating 
mode. Mode changes generally occur near midnight, in which case one data day corresponds to a calendar day. 
However, this is not always the case and sometimes there will be more than one data day in one calendar day. 

Format of File Header Record 

Table 6-2 shows the structure of file header records. 

Format of latitude-lonPitude-ln(Dressure) retrieved temueratures. block tyue 7402 

This grid contains temperature averaged over day and night at 62 pressure levels. The error bars are not given in 
this format, but can be obtained for fewer levels (which should be adequate) from 7403 blocks. Table 6-3 shows the 
block type 7402 format. Detailed comments on selected words follow: 

I Descriution 

8 + 64(n-1) Latitude of grid point in degrees N* 100 (-5000 to 6750). 

9 + 64(n-1) 

10 + 64(n-1) 
to 
71 + 64 (n-1) 

Longitude of grid point in degrees E*100 (-18000 to 2oooO) (19000 and 
2oooO indicate zonal mean and climatological first guess). 

Temperature profile; 62 values in K* 100 starting at ln@O/p) = 1.4, up every 0.2 
in ln@O/p) up to 13.6 (po=lOOO). 

The value of n ranges from 1 to 38 for each record. There are 64 words for each value of n: latitude, longitude, 
and temperature for n=l are for 180"W, those for n=2 are for 170"W, and continuing at 10" intervals to 170"E for 
n=36. The last two groups of 64 words contain zonal means (n=37) and climatology (n=38). The f i s t  record in a 
type 7402 block contains data for latitude 50"S, the second contains data for 47.5"S, the following records are 
spaced at 2.5" intervals, and the last record contains data for 67.5"N. 



Table 6-1 

GRID-T Temperature Tape Data File Structure 

I Record# 

I 
I 50 

Type 7400 Header Record 

Type 7402 Retrieved Temperature Grid at - 50.ON 

Type 7402 Retrieved Temperature Grid at - 47.5N 

Type 7402 Retrieved Temperature Grid at + 67.5N 

Type 7403 Temperature Grid at Level 2303 

Type 7403 Error Bars at Level 2303 
~ 

Type 7403 Temperature Grid at Level 3507 

Type 7403 Error Bars at Level 3507 

Type 7403 Temperature Grid at Level 12717 

Type 7403 Error Bars at Level 12717 

EOF 

Not all these records will necessarily be present. 
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16-Bit 
Word ## 

Table 6-2 

GRID-T Temperature Tape Data File Header Record Format 

MSB 
16 

1 Record length (22 bytes) 

2 

3 

8 

9 

10 

11 

12-20 

LSB 
1 

Serial number 

Record type 7400 

Data file number 

Data year 

Data day 

740 1 

I 7402 

7403 

Zero fill 

Checksum 

Zero fill 
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16-Bit 
Word # 

I 

Table 6-3 

GRID-T Temperature Tape Latitude-hngitude- In (Pressure) Record Format Type 7402 

MSB 
16 

LS B 
1 

Record length 4880 bytes 

Serial number 

Record type 7402 

Data day 

1 
6 

Data year 

Processing day 

Processing year 

Grid point latitude (degrees * 100) 

Grid point longitude (degrees *100) -180 E 

Temperature (degrees K * 100) for 62 pressure levels 

Grid point latitude degrees * 100 

Grid point longitude degrees *lo0 -170 E 
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16-Bit 
Word # 

74 

135 

136 

2248 

2249 

2250 

2311 

23 12 

23 13 

23 14 

2375 

Table 6-3 

GRID-T Temperature Tape Latitude-Longitude- In (pressure) Record Format Type 7402 (continued) 

MSB 
16 

LSB 
1 

Temperature degrees K * 100 for 62 pressure levels 

Grid point latitude degrees *lo0 

Grid point longitude degrees *100 +170 E 

Temperature degrees K * 100 for 62 pressure levels 

Grid point latitude degrees *lo0 
~~ 

Grid point longitude degrees *lo0 +190 E 

Zonal mean 
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Table 6-3 

GRID-T Temperature Tape Latitude-bngitude- In (pressure) Record Format Type 7402 (continued) 

16-Bit 
Word # 

MSB 
16 

LSB 
1 

2376 Grid point latitude degrees *lo0 

2377 Grid point longitude degrees *lo0 +200 E 

2378 Climatology, i.e., first guess profile 

2439 

2440 

244 1 

Checksum 

Zero fill 
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Table 6-4 

Gnd-T Temperature Tape Latitude-Longitude Grid Record Format Type 7403 

16-Bit 
Word ## 

10 

11 

12 

13 

14 

15 

MSB 
16 

LSB 
1 

Record length 3504 bytes 

Serial number 

Record type 7403 

Measurement type (3) 

Data day 

Processing day 

Processing year 

Ignore 

Scale factor (divide by this integer) 

Data type 2 or 102 

Pressure level 

Ignore 

Ignore 1 
Ignore 
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Table 6-4 

16-Bit 
Word ## 

60 

1 95 

i 

1680 

1715 

1716 

1752 

1753 

Grid-T Temperature Tape Latitude-Longitude Grid Record Format Type 7403 
(continued) 

MSB 
16 

LSB 
1 

Zero fill 

Temperatures or error bars for Word 12 level at -SON, -180 E to+170 E 

Temperatures or error bars for Word 12 level at -47.5N, -180 E to +170 E 

Temperatures or error bars for Word 12 level at +65N, -180 E to +170 E 

Temperatures or error bars for Word 12 level at +67.5N, -180E to +170 E 

Zero fill 

Checksum 
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The climatology should always contain valid data. Bad or missing data are replaced with a fiil value of -32768. 

Format of latitude-longitude grid block tvue 7403 

These contain grids that extend from 50"s to 67.5"N (every 2.5") and 180"W to 170"E (every 10"). Each 
quantity gridded is put into a separate record, which contains a header and then an array of 16-bit integers. Grids of 
an item and its error count as separate quantities and accordingly are put into different records (adjacent on the 
tape). All grids are for the mean of northbound and southbound measurements. Table 6-4 shows the format for type 
7403 records. Detailed descriptions of selected words follow. In these descriptions, the quantities in brackets 
(words 9,13, 14,15) should be ignored. 

Detailed descriutions of block tyue 7403 words 

Descriution 

3 7403 identifier. 

4 1, 2, or 3 meaning northbound orbits. southbound orbits or combined average 
(only type 3 present on these tapes). 

5 Day of data. 

6 Year of data. 

60 

9 [address in orbit grid records of quantity gridded]. 

10 Scale factor: divide data by this integer. 

11 

12 

Data type: leigenfunction coefficient; 
2-temperature; 
101-error in eigenfunction coefficient; 
102- temperature error 
(only types 2 and 102 present on these tapes). 

Level: for type 1 or 101, this is eigenfunction number (1, 2, etc.), 
for 2 or 102, this is 1000*ln(pressure/po) where po is 10oO 
mb. 

13 [Format/version number of CAL, RETRIEVE programs, etc.]. 

14 Format/version number of OGRID program]. 

15 [Format/version number of LGRID program]. 

16-23 Spares, set to 0. 

24-23+36*48 Data array A dimensioned (36,48) in order A(1,I). A(2,1), A(3,l) .... A(36,48). 
-32768 means no information. A(1,l) is for (SO'S, 180"W), A(2.1) is (5OoS, 
170°W),etc.; A(IJ) is for (J-21)*2.5"N, (I-19)*10°E. 

Temperatures are given at the following pressures in mbar (figures in parentheses are the corresponding values 
of word 12): 100 (2303), 30 (3507), 10 (4605), 3 (5809), 1 (6908), 0.3 (8112), 0.1 (9210), 0.03 (10414), 0.01 
(11513), 0.003 (12717). 



At the very top pressure levels, the values are primarily climatology. Significant measurements extend up to 
about 0.03 mb to 0.01 mb (70 to 80 km). 

6.2 Format of SAMs Zonal Mean Methane and Nitrous Oxide Composition 
Tape (ZMT-G) 

Overall Structure 

The ZMT-G tape contains zonal mean values of nitrous-oxide and methane retrievals and errors expressed as a 
function of pressure and averaged over 24-hour periods. 

The data are written on 9-track, half-inch wide magnetic tapes at 6250 bpi. Tapes contain one or more data files 
and are terminated by a double end of file mark. Like the SAMs temperature tape, the SAMs composition tape has 
a tape header file as the first file on the tape. It contains two identical 630-byte physical records written in 
EBCDIC. The description of header records in Section 6.1 applies to the ZMT-G tapes, as well as to the 
temperature tapes. 

Data files are divided into records, each giving values for 1 day. There is one record per physical tape block. 
Refer to Table 6-5 for the ZMT-G tape file structure. 

All data are written as 16-bit twos complement integers (CDC users beware: CDC integers are ones 
complement). Hence, one word occupies exactly 2 bytes. 

The byte ordering within words follows the IBM convention of most significant byte first; note that is the 
reverse of some machines, (e.g.. DEC, which puts the least significant byte first). 

Each physical block has the following structure: 

Word 1 Length of record in bytes (=2N where N is record length in words) (2N=5986 in this case). 

Word 2 Record serial number. 

Word 3 Record type identifier (uniquely defines format of remainder of record) (7405 or 7406 in this 
Case). 

Word 4 to N-2 Data section of record. 

Word N- 1 Least significant byte is the checksum of words 3 to N-2. 

Word N Zero. 

Hence, the total length of a physical block is 2N bytes, the same as the record length. 
The checksum (the low-order byte of word N-1 of the physical record) is the least significant 8 bits of the sum of 

bytes of words 3 to N-2; is., the checksum is between 0 and 255, it is put into byte 2N-2, and is the sum of bytes 5 
to 2N-4. Note that byte 2N-3 should be ignored. An example of checksum computation is given in the description 
of the overall structure of the temperature tape. 

Format of latitude-h(Dressure) zonal mean comDosition blocks 7405 and 7406 

This grid contains zonal 24-hour average (day and night) mean mixing ratios of methane and nitrous oxide at 3 1 
pressure levels. The SAMs cannot measure methane and nitrous oxide simultaneously. Consequently, 
measurements of only one of the above gases are made during each 24-hour period. Table 6-6 gives the format of 
block types 7405 and 7406. 
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Detailed descriptions of selected words follow: 

62 

Word 

3 

Descrimion 

Identifier (7405-nitrous oxide; 7406-methane). 

6 Enabled channel (8-niuous oxide; 9-methane). 

7 Sieve setting of enabled PMC. 

8 Sieve setting of clamped PMC. 

9 Sieve setting of A1 PMC (temperature sounding). 

10 Sieve setting of channel C1 PMC (temperature sounding). 

11 Creation date (day). 

12 Creation date (year). 

13 Number of elements in each profile. 

14 Bottom level (ln(PO/P)*lO). 

15 Top level (units as word 14). 

15 + 31 (n-1) 
to 
45 + 62 (n-1) 

Mixing ratio profile: 31 values (in ppbv*50 for nimus oxide or ppmv*10000 
for methane), starting at ln(Po/P)= 3.0, every 0.2 in ln(PO/P) up to 9.0 
(Po=1013.25 mb); n varies from 1 to 48; n=l corresponds to 5OoS, n=2 to 
47.5"S, continuing at 2.5"intervals to 67.5"N for n=31. 

Bad or missing data are set to -32768 (note that in 16 bit twos complement arithmetic -32768=32767+1=32768, 
although +32768 is generally taken to be an invalid number). 

There is one block per "data day" of data. A "data day" is a period when the instrument is in just one operating 
mode. Mode changes generally occur near midnight, in which case one data day corresponds to a calendar day. 
However, this is not always the case and sometimes there will be more than one data day in one calendar day. 



I 

I j Record# 

! 
, N 

Table 6-5 

ZMT-G Composition Tape Data File Structure 

Nitrous oxide (7405) or methanc (7406) for one data day 

Nitrous oxide (7405) or methane (7406) for one data day 

Nitrous oxide (7405) or methane (7406) for one data day 

Nitrous oxide (7405) or methane (7406) for one data day 

Nitrous oxide (7405) or methane (7406) for one data day 
~~ 

End of file mark 

63 



16-Bit 
Word # 

Table 6-6 

ZMT-G Composition Tape Latitude-ln (Pressure) Zonal Mcan Record Format Types 7405 and 7406 

1 

2 

3 

8 

9 

10 

11 

12 

13 

14 

MSB 
16 

LSB 
1 

Record length 

Serial number 

Record type: 7405 or 7406 

Data day 

Data year 

Enabled channel 

Sieve setting enabled PMC 

Sieve setting clamped PMC 

Sieve setting A I  PMC 

Sieve setting C1 PMC 

Processing day 

Processing year 

Number of elements in profile 

Bottom level 
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Table 6-6 

ZMT-G Composition Tape Latitude-ln (Pressure) Zonal Meankecord Format Types 7405 and 7406 (continued) 

16-Bit 
Word # 

15 

16 

46 

47 

77 

1442 

1447 

1473 

1503 

MSB 
16 

LS B 
1 

Top level 

Retrieved mixing ratio at - 50N 
31 values 

Retrieved mixing ratio at - 47.5N 
31 values 

Retrieved mixing ratio at + 65N 
31 values 

Retrieved mixing ratio at +67.5N 
31 values 
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Table 6-6 

ZMT-G Composition Tape Latitude-ln (Pressure) Zonal Mean Record Format Types 7405 and 7406 (continued) 

16-Bit 
Word # 

1504 

MSB 
16 

LSB 
1 

Mixing ratio errors at - 50N 
31 values 

1534 

1535 Mixing ratio errors at -47SN 
31 values 

1565 

2930 

2960 

2961 

299 1 

Mixing ratio errors at + 65 N 
31 values 

Mixing ratio errors at + 67.5N 
31 values 

2992 

2993 

Checksum 

Zero fill 
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LIST OF ACRONYMS, INITIALS, AND ABBREVIATIONS 

0 

bpi 

CDC 

Composition Tape 

DEC 

EBCDIC 

EOF 

FOV 

GRID-T 

GSFC 

IBM 

ILT 

JCL 

JGR 

LIMS 

LSB 

LTE 

MSB 

MAP 

NASA 

NET 

NSSDC 

PMC 

PM 

PSD 

Analog/digital 

Bits per inch (9-track tapes) 

Control Data Corporation 

SAMs Zonal Mean Methane and Nitrous Oxide 
Composition Tape. Also known as a Trace Species, 
Constituent or ZMT-G tape. 

Digital Equipment Corporation 

Extended Binary Coded Decimal Interchange Code 

End of file mark 

Field of view 

Gridded Retrieved Temperature Tape 

Goddard Space Flight Center 

International Business Machines 

Image Location Tape 

Job Control Language 

Journal of Geophysical Research 

Limb Infrared Monitor of the Stratosphere 

Least Significant Bit 

Local Thermodynamic Equilibrium 

Most Significant Bit 

Middle Atmosphere hogram 

National Aeronautics and Space Administration 

Nimbus Experiment Team 

National Space Science Data Center 

Pressure-modulated Channel 

Pressure-modulated 

Phase Sensitive Detector 
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PM Signal 

PMR 

QL 

SAMs 

S / N  

SCOSTEP 

SCR 

STX 

Temperature Tape 

TGS 

WB 

WB Signal 

ZMT-G 

Pressure Modulated Signal (the PM and WB signals are the 
two radiation components measured by each of the S A M s  
detectors) 

Pressure Modulator Radiometer 

Quick look 

Stratospheric and Mesospheric Sounder 

Signal-to-Noise 

Scientific Committee on Solar-Terrestrial Physics 

Selective Chopper Radiometer 

ST Systems Corporation 

A SAMs Gridded Retrieved Temperature Tape (GRID-T) 

Triglycine sulfate 

Wideband 

Wideband Signal 

Zonal Means Tape - Gas. Same as a Composition Tape 
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APPENDIX A 

SEQUENCE NUMBERS OF SAMs DATA TAPES 

This table shows the sequence numbers and start and end dates of SAMs temperature and composition 
tapes that are archived at the NSSDC. The file column includes tape header and data files. 

m Seauence - Start - End 

Temperature 8358 1-2 1078/358 1979/365 273 
Tempera t ure 00011-2 1980/001 1980/366 273 
Temperature 10021-2 1981/002 1981/364 273 
Temperature 2002 1-2 1982/002 1983/160 298 
Composition 90011-2 1979/001 1981/364 2 
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APPENDIX B 

INPHOR 

FORTRAN SOURCE LISTING OF SAMs TAPE DUMP 
This appendix contains the FORTRAN source listing of a program that will enable the user to produce 

formatted dumps of retrieved temperature data, and methane and nitrous oxide mixing ratios on SAMs 
GRID-T and ZMT-G tapes, respectively. Figure B-1 is a hierarchy chart showing the relation between 
dump program modules. The program is written in VS FORTRAN for use on an IBM 3081 system 
operating under M V S  . 

GETGRT GETCMP 

m 

B-1. Hierarachy Chart for SAMs tape dump program. 

L 
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GETREC DM7402 
h 

PRECEDING PAGE B i A N K  NOT RullED 

0 M7403 GETREC DMPCMP 
* 



APPENDIX B 

*....+... l....... .. 2.. ....... 3. .  ....... 4.........5.........6.........7.*.......8 
C- c 0 0 0 0 0 0 1 0  
C PROGRI)( - rupC 00000020 
C 00000030 
C PURPOSE - THIS CROCRW OEMRATES A FORHATITO DlMp OF A SAMS GRIDDED 00000040 

RETRIEVED TEWERAUNRE TAPE (GRID-TI OR A SAMS ZONAL MEAN HETHAM 00000050 C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

AND NITROUS-OXIDE CCHPOSITION TAPE (m-6). THE BYTE ORDERING 00000060 
WITHIN THE 16-BIT WORDS ru5T FOLLOW THE I B W  CONVENTION. 00000070 

00000080 
<<< WRNING >>> LARGE VOLWES OF PRINTOUT ARE GENERATED BY DLMPINO 00000090 
SAPS TAPES LHLESS D W I N O  I S  RESTRICTED BY CAREFULLY USINO THE 00000100 
O W P  DATES AND D W  OPTIOFS. 00000110 

00000120 
THE PROGRAM READS OM INPUT CAR0 W I C H  DEFINES THE TAPE VOLSER, 00000130 
MJ)rp START AN0 STOP OATES, AN0 EIGHT OCMP OPTIOHS. THE OATES 000001*0 
HAVE FORPUT YYDOD WHERE YY ARE THE TWO LOW ORDER DIGITS OF TME YEAR 00000150 
AND ODD I S  THE OAY OF YEAR. THE EIGHT DL19 OPTIONS CORRESWH) TO 
DIFFERENT RECORD TYPES: 7400, 7402, 7403 TEMPERATURE GRID, 
7403 TEWERATURE GRID ERRORS, 7405 N20 MIXING RATIOS, 7405 N20 
MIXING RATIO ERRORS, 7406 CH4 MIXING RATIOS, 7406 CH4 HIXINE RATIO 
ERRORS. OPTIONS CAN HAVE W E  OF Two VAL'JESr 0 FOR No D L W D  
1 FOR O W .  

A TYPICAL IM CARD CClTH THE TAPE VOLSER W R  STARTINE IN  
C O L W  013 WOULD APPEAR AS FOLLUS: 

THIS WDULD CAUS THE CW AND N20 HIXINO RAlTOS FOR DAY 356 1979 
TO DAY 004 1980 TO BE W E D .  

TAP001 793!56 (WOW 0 0 0 0 1 0  1 0  

THE PROORW DETEW(INES W T  TYPE OF TAPE I S  BEINE PROCESSED: 
EITHER A SRIDOED RETRIEVED TEMPERATURE TAPE OR AN CM/N20 LOUL 
WEAN TAPE. I T  SEARCHES A TAPE FOR RECORW THAT ARE MITHIN THE 
START AND STOP DATES GIVEN ON THE INPUT CARD, AND M RECORM 
FOR WICM OPTIONS ARE SET m 1. 

THE START bMJ STOP OATES U T  BE ON OR AfTER 78297 ITME SATELLITE 
LALLHCH DATE, DAY 297 19781. THE STOP DATE )ust NOT BE LESS THAN 
THE START DATE, AND WST NOT BE GREATER THAN 99365, DAY 365 
(DEC. 31) 1999. 

C UNGUIR - VS FORTRAN 
C 
C COHPUTER - 1EH 3061 HVS 
C 
C DATA SETS - 
C FT05F001 - INPUT DATA CARD 
C FT06F001 - HARDCOPY PRINTOUl 
C FTlOFOOl - INPUT SWS TAPE 
c 
C UIBPROGRM DEFINITIONS - 
C GETGRT = READ RECORDS FROM A TEMPERATURE TAPE 
C GETCMP = REAO RECORDS FRO( A COMPOSITION TAPE 
C OH7402 = OWP TYPE 7402 RECORD 
C OH7403 '= M19 TYPE 7403 RECORD (GRID AND GRID ERRORS1 

C INPHDR REAO AM CHECK INPVTS, MIMT TAPE, CHECK HEADER 

00000160 
00000170 
00000180 
00000190 
00000200 
00000210 
00000220 
00000230 
00000240 
00000250 
00000260 
00000270 
00000280 
00000290 
00000300 
00000310 
00000320 
0 0 0 0 0 3 3 0 
oooooJ4o 
00000350 
00000360 
00000370 
00000380 
00000390 
00000400 
00000410 
00000420 
00000430 
00000440 
00000450 
00000460 
00000470 
00000480 
00000490 
00000500 
00000510 
00000520 
00000530 
00000540 

c O H P c r ( p  = DETEPJUNE W I C M  PART OF lYPE 7405 AN0 7406 RECORDS TO OWP 00000550 
C PRTREC = w)(p TYPE 7405 AN0 7406 RECORDS OOOOOSbO 

00000570 C GETREC a READ RECORDS FROM S M  TAPE 
C 00000580 
C LIBRARY SlWRaGRAH DEFINITIONS - 00000590 
C HOWT = FTIO MOWT A TAPE (FTIO = FORTRAN INPUT/oIITpvT PACKAGE1 00000600 
C POSN = FTIO POSITION TAPE TO A FILE 00000610 
C FREAD = FTIO READ TAPE RECORDS 00000620 
C KCLC = PERFOW LOGICAL C O W A R I W  OF BYTES 00000630 
C F W E  = STORAGE-TO-STORAGE HOVEHENT OF BYTES 00000640 
C Z T I M  6ETS CURRENT DATE AM) TIHE 00000650 
C 00000660 
C WROCITIMS CALLED - ZTI).(LrINPHOR,GETGRTrGETCMP 00000670 
C 00000680 
C P R O G H R  - TO( M E R  03/05/85 SASC TECHNOLOGIES, INC. 00000690 
C-- 00000700 
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I 

ISN 
ISN 
ISN 
ISN 

ISN 
ISN 

1% 
ISN 
ISN 
ISN 
I W  

1.94 
ISN 
ISN 
1% 
ISN 
ISN 
ISN 
ISN 
ISN 
ISN 
I S N  
ISN 
ISN 

ISN 
ISN 
ISN 

ISN 

ISN 

ISN 

ISN 
ISN 

1 
2 
3 
4 

5 
6 

7 
8 
9 

LO 
11 

12 
13 
1 4  
15 
16 
17 
18 
19 
20 
2 1  
22 
23 
24 

25 
26 
27 

28 

29 

30 

31 
3 2  

CHARACTER*8 VRNWE,VRDATE 
CHARACTER*l W I T 1  28 I 
INTEGER TIPTYP~ISTART,ISTOP~FIL~rOPTIONl8~rIRER3 
DATA TIPTYP/O/,IRETN/O/,VRNAME/'SAMDMPlA'/,VRDATE/'03/15/85'/~ 

FILHWy,OP~ON/8*O/ ,ISTART,ISTOP/2*-99999.  
C m  6ET RLH DATE A M  TIME, PRINT JOB HEADINC AND VERSION "E 

CALL ZTIWiE(RilwAT,3) 
WRITE1 6,5010 1 VRNAME rVRDATE PRUNDAT 

C W  READ AN0 CHECK CARD INPUTS, "T TAPE, CHECK TAPE HEADER, 
C m  DETERnINE TAPE N P E  

CALL INPHDRI TAPTYP ,ISTART,ISTOP ~ F I L ~ ~ O P T I W ~ I R E T N  
I F  (IRETN.GT.0) THEN 

HRITEI 6,5020 1 IRETN 
STOP 999 

ENDIF 

I F  (TAPNP.EQ.11 THEN 
C W  DUMP A TEMPERATURE TAPE OR A COnPOSITION TAPE 

CALL GETGRTI ISTARTrISTOPrFILNLMrOPTIONrIRERO 
I F  (1RETN.GT.O) THEN 

WRITE1 6,5030 I IRETN 
STOP 999 

END1 F 
ELSE 

CALL GETC~fISTILRT~ISTOP~FJL~~OPTI~~IRETN~ 
I F  1IRETN.GT.O) THEN 

WRITE( 6,5040 1 IRETN 
STOP 990 

ENDIF 
ENDIF 

WRITE( 6,5050 1 
STOP 

C m  PRINT JOB COMPLETION PtESSAGE 

5010 FORMAT(//W,51 ' < *  1 , '  NIWUS-7 SAHS TAPE O W  PROGRAM ' v . S ( ' > ' ) / '  PROGRAM VERSION: 'rA8,SXp'DATE LAST MODIFIED: ',A8 
/ '  RLH DATE ' ,28AY/) 

5020 FORMAT(/' MAIN * ERROR CODE OF ',13s' RETURNED FROM ' 9  

5030 FORMAT(/' * HAIN (Hc* ERROR CODE OF 'sL3r '  RETURNED FROM ' 9  

5040 FORHAT(/' m MAIN *)* ERROR CODE OF ',13,' RETURNED FROM ' 9  

. "'INPHDR" -- ABORT RUN. ' / I  

. "'GETGRT" -- ABORT RUN. ' / I  

. "'GETCMP" -- ABORT RUN. '/ 1 
5050 FORMAT(//' END OF DLMP') 

EN0 

00000710 
00000720 
00000730 
00000740 
00000750 
00000760 
00000770 
00000780 
00000790 
00000800 
00000810 
00000820 
00000830 
00000840 
00000850 
00000860 
00000870 
00000880 
00000890 
00000900 
00000910 
0 0 0 0 0 9 2 0 
00000930 
00000940 
00000950 
00000960 
00000970 
DO000980 
00000990 
0000100D 
00001010 
00001020 
00001030 
00001040 
00001050 
00001060 
00001070 
00001080 
00001090 
00001100 
00001110 
00001120 
00001130 
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r... .*... 1.........2.........3.........4.........5.........6.........7.*.......8 
UBRaJlTN IWHDRlTAPlYPrISTARTrISTOP,FI~rOPTION,IRETN) 00000010 

C* mc****H(00000020 
C SUBROUnM - I)I)I(DR 00000030 
C 00000040 
C PURPOSE - READ AM ECHO PRINT CARD INPUT, CHECK INPUT VALUES, "T 00000050 
c TAPE AND CHECK TAPE HEADER, AND DETERMINE TAPE TYPE. 00000060 
C 00000070 
C ARGUMENTS PASSED - 00000080 
C TAPTYP = TAPE PlPE (l=TEMPERATURE TAPE, 2<H4-N20 ZONAL MEAN) 00000090 

00000100 C ISTART START YEAR, DAY OF YEAR (YYODD) OF DATA TO BE DUMPED 
00000110 C ISTOP = STOP YEAR, DAY OF YEAR (YYOOD) OF DATA TO BE DUMPED 

C FILNUH = TAPE FILE M M B E R  00000120 
C OPTION = OUnP OPTIONS FROM INPUT CARD ll=OUnP, O W  OWPI 00000130 
C IRETN = ERROR RETURN CODE lIRETN=O NO ERROR, >O ERROR) 00000140 
C 00000150 
C SUBPRM;RAP(S CALLED - "TsFREADsKCLC 00000160 
C 00000170 
C CALLED BY - MAIN 00000180 
C 00000190 

00000200 C PROGRbMlER - TOM W E R  03/05/85 
C S  00000210 

INTEGER TAPlYP~ISTARTrISTOP~FILMR(~OPTIONl8l~IRETN 00000220 
CHARACTERrl INLINEI 80 1 ,HEADER1 630 1 00000230 
CHARACTER* DCRIP 00000240 
CHARACTER*3 DASH 00000250 

00000260 CHARACTERr6 VOLSER 
CHARACTER*ll TEMP .COrlPrAClTUJl8 00000270 
CHARACTER*l5 SAMSID 00000280 

C m  INITIALIZE VARIABLES 00000290 
00000300 DATA DASH/'---'/rOLPIP/'DUMP'/rHEADEW630*' '/ 

DATA TEMP/'TEMPERATURE'/,CO((P/'COMPOSITIO"/ 00000310 
00000320 DATA SAtSID/' NI14BUS-7 S b S  '/,ACTION/a*'OO NOT O W ' /  

C m  READ AND ECHO PRINT INPUT CARDS 00000330 
00000340 

REA01 5.5020 ,END=900 rERR=910 I INLINE 00000350 
00000360 

REWIND 5 00000370 
C* REAO INPUTS AGAIN AND CHECK START AND STOP DATES 00000380 

READI5r5060rENO~900rERR=9101 VOLSERrISTART.ISTOPrOPTION 00000390 
IF llISTART.LT.78297.OR.ISTOP.LT.78297l.OR.~ISTART.GT.ISTOPl~ THEN00000400 

00000410 IRETN=l 
WRITE(6.50651 ISTART,ISTOP,IRETN 00000420 

00000430 RETURN 
ENDIF 00000440 

00000450 
00000460 DO 200 I=1,8 
00000470 

IRETN=9 00000480 
WRITE( 6,5070 1 I pOPTXON1 I I 00000490 

ENDIF 00000500 
200 CONTIMJE 00000510 

IF lIRETN.GT.01 RETURN 00000520 
C M  MOUNT AN0 POSITION TAPE TO HEADER FILE, REAO AND PRINT HEAOERB AND 00000530 
CIH( CHECK RECORD LENGTH 00000540 

CALL HOLJNTI ~,~OIVOLSERIFILI.ILMI 00000550 
CALL FREAOI HEADERrlO,LENGTH,*9LO,*930 I 00000560 
WRITE1 6,5075 1 HEAOER 00000570 

00000580 IF I LENGTH .NE. 630 1 THEN 
00000590 IRETN=Z 

WRITE1 6,5080 1 LENGTHpIRETN 00000600 
RETURN 00000610 

ENDIF 00000620 
00000630 

IF I KCLCf HEADERS1 ,SAP(SID ,1 r l . 5  1 .NE -0 1 THEN 00000640 
IRETN=3 00000650 

00000660 WRITE I 6,5090 1 IRETN 
00000670 RETURN 

ENDIF 00000680 
C m  OETERMINE WHETHER TAPE IS A TEMPERATURE OR COMPOSITION TAPE, AND 00000690 
C1"I PRINT OUT OWP OPTION TABLE 00000700 

WRITE( 6,5010 I 

WRITE I 6,5030 1 INLINE 

C* CHECK DUMP OPTIONS FOR WREASONABLE VALUES 

IF IOPTIONlIl.GT.1) THEN 

C* CHECK IF TAPE IS A SAHS TAPE 

1.9 

ISN 
ISN 
IS4 
ISN 
ISN 
ISN 
ISN 

ISN 
ISN 
ISN 

ISN 
ISN 
ISN 
ISN 

ISN 
ISN 
I SN 
ISN 
ISN 
ISN 

ISN 
ISN 
ISN 
ISN 
ISN 
ISN 
ISN 

ISN 
ISN 
ISN 
ISN 
ISN 
ISN 
ISN 
ISN 

ISN 
ISN 
ISN 
ISN 
ISN 

1 

2 
3 
4 
5 
6 
7 
a 

9 
10 
11 

12 
13 
14 
15 

16 
17 
18 
19 
20 
21 

22 
23 
24 
25 
26 
27 
28 

30 
31 
32 
33 
34 
35 
36 
37 

38 
39 
40 
41 
42 
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194 
ISN 
ISN 
ISN 
ISN 
1SN 
ISN 
ISN 
ISN 
ISN 
ISN 
ISN 
ISN 
ISN 
ISN 
ISN 
I W  
ISN 
ISN 
ISN 
ISN 
ISN 
ISN 
ISN 
ISN 

ISN 
I W  
ISN 
ISN 

ISN 
ISN 
ISN 
ISN 

ISN 
ISN 
ISN 
ISN 

ISN 
ISN 
ISN 
ISN 
ISN 
ISN 
ISN 
ISN 

ISN 

ISN 
ISN 

ISN 

ISN 
ISN 

I W  

ISN 

ISN 

ISN 

ISN 

43 
44 
45 
46 
47 
48 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 

69 
70 
71 
72 

73 
74 
75 
76 

77 
78 
79 
80 

81 
82 
83 
84 
85 
86 
87 
88 

89 

90 
91 

92 

93 
94 

95 

96 

97 

98 

99 

IYRSTR=ISTART/lOOO 
IDYSTRZISTART-IYRSTR*lOOO 
IYRSTP~ISfOP/1000 
IDYSTP~I~-IYRSTP*1000 
DO 300 I=%* 

IF IOnrPl(I1.EQ.l) ACTION(I)=W 
300 CONTIHIE 

IF I KCLCI HEADER,16,TEr(P,l,ll 1. EP.0 1 THEN 
TAPTYP=l 
WRITEl6,51103 TEMP,IDYSTR,IYRSTR,IDYSTP,IYRS~ 
HRITEl6,5120) TEHP,IDASH,I=1,7) 
WRITEl6,5130 1 I OPTION1 I 1 ,ACTION1 I 1rI'l ,4 1 

ELSE 
IF I KCLCI HEADER 

TAPTYP=2 
WRITEI6,5110 
WRITEI 6,5120 
WRITEI6,5140 

ELSE 
IRETNr4 

RETURN 
WRITEl6r5100 

ENDIF 
ENDIF 
RETURN 

16 ,CWrl,ll1. EQ.0 1 THEN 

COnP,IDYSTRrIYRSTR~IDYSTP~IYRSTP 
COnP,(DASH,I=lr7) 
I OPTION1 I 1 .ACTION1 I ) rI=5,8 1 

I R E M  

.- - 
C W  INPUT CARD END-OF-FILE 
900 CONTIWE 

IRETN.5 

RETURN 
WRITEI 6,5050 1 IRETN 

C m  INPUT CARD READ ERROR 
910 CONTINUE 

IRETN=6 

RETURN 
WRITE1 6,5040 1 IRETN 

C m C  TAPE END-OF-FILE 
920 CONTINUE 

IREM=7 

RETURN 
WRITE( 6,5150 1 IRETN 

C W  TAPE READ ERROR 
930 CoNTlNUE 

IRETN28 

RETURN 
5010 FORMATI ' INPUT DATA' 1 
5020 FORWTI 80A1) 
5030 FORMAT1 1X,80A1) 
5040 FORMAT(/' m INPHOR M REA0 ERROR ON INPUT DATA CARDS ' 9  

5050 FORHATI/' W INPHOR W EOF ON INPUT DATA CARDS 's 

WRITE1 6,5160 1 IRETN 

. '-- IRETN= ',13/) 

. I-- IRE"= '*13/) 
5060 
5065 

5070 

5075 
5080 

5090 

5100 

5110 

5120 

5130 

- . -~ 
FORMATI A6 9 lX, 21 I5 ,lX 
FORHATI/' M INPHDR M START OR STOP DATES ARE INCORRECT. ' 9  

11 rlX 1 1 

, 'ISTARTI '~18,' ISTOP' '~18,' IRE"= ',13/1 

. 'OPTION( ' ,I1, ' 1= ' ,I2 1 
FORMAT(/' W INPHDR M DLMP OPTION IS NOT VALID. ', 

FORMAT(/' TAPE HEADER RECORD '/5(1X,126Al/)) 
FORWTI/' (wH( INPHOR W TAPE HEADER RECORD IS NOT 630 BYTES. ', 

FORMATI/' *)* INPHDR TAPE DOES NOT HAVE A SAMS HEADER 's 

FORMAT(/' M* INPHDR WHI TAPE IS NOT A TEMPERATURE OR 'P 

FORMAT(//' A SA= ',All,' TAPE WILL BE DUMPED STARTING WITH ' 9  

FORMAT(' THE FOLLOWING ',All,' TAPE DUMP OPTIONS WERE ' 9  

. 'LENGTH= ' ,169 ' IRETNN= ' ,I3/ 1 

. 'RECORD -- IRETNZ ',13/1 

. 'CWPOSITION TAPE -- IREM= ',13/) 

. 'DAY 's13,' 19'pIZp' AND ENDING WITH DAY 'p13,' 19',12) 

. 'SELECTED:'/' RECORD',l8X,'OUnP'r5X,'ACTION TO'/ '  TYPE', . 18X,'0PTION1,4X,'BE T A K E N ' / ~ X , ~ A ~ , ~ ~ X , Z A ~ V ~ X , ~ A ~ )  

. 2x9'7402 RETRIEVED TEMP',6X,I1,6X,411/ . ZXp'7403 TEMP GRID',llX,Ilr~.Y,AlJJ . 2X,'7403 GRID ERROR',lOX,I1,6X,All) 

FORtlAT12X,'7400 HEADER RECORDS',~XII~P~XIA~JJ 

00000710 
00000720 
00000730 
00000740 
00000750 
00000760 
00000770 
00000 780 
00000790 
00000800 
00000810 
00000820 
00000830 
00000840 
00000850 
00000860 
00000870 
00000880 
00000890 
00000900 
00000910 
00000920 
00000930 
00000940 
00000950 
00000960 
00000970 
00000980 
00000990 
00001000 
00001010 
00001020 
00001030 
00001040 
00001050 
00001060 
00001070 
00001080 
00001090 
00001100 
00001110 
00001120 
00001130 
00001140 
00001150 
00001160 
00001170 
00001180 
00001190 
00001200 
00001210 
00001220 
00001230 
00001240 
00001250 
00001260 
00001270 
00001280 
00001290 
00001300 
00001310 
00001320 
00001330 
00001340 
00001350 
00001360 
00001370 
00001380 
00001390 
00001400 
00001410 
00001420 
00001430 
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*....*... 1.........2........,3......,...4....~~~~~5~~....~~~6.....~~..7.*~.~~...0 
00001440 . 2x9'7405 N20 RATIO ERRORS',~XII~,~XPA~~/ 00001450 
00001460 . 2X,'7* C H 4  flIXING RATIO',4X,Il,6XrAll/ . 2x1'7406 CW RATIO ERRORS',~X,I~,~XIA~~) 00001470 

I W  101 5150 FORMTI/'  m INPHDR * UNEXPECTED EOF ON TAPE -- IRElNx ',13/) 00001~0 
ISN 102 5160 FORHATI/' m IEPHOR m READ ERROR ON TAPE -- IRElNz ',13/) 00001490 
1% 103 END 00001500 

1% 100 5140 FORnATI2Xr'7405 N20 MIXING RAT10'~4X11lr6XrAll/ 
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I 

ISN 

ISN 
ISN 
ISN 

ISN 

ISN 

ISN 

ISN 
ISN 
ISN 
I S N  
ISN 
ISN 
ISN 
ISN 
ISN 
ISN 

ISN 
ISN 
ISN 
ISN 
ISN 

ISN 
ISN 
ISN 
ISN 
ISN 

ISN 
ISN 
ISN 
ISN 
ISN 

ISN 

ISN 

ISN 
ISN 
ISN 

1 

2 
3 
4 

5 

6 

7 

8 
9 

10 
11 
12 
13 
1 4  
15 
16 
1 7  

18 
1 9  
20 
21 
22 

23 
24 
25 
26 
27 

28 
29 
30 
3 1  
32 

33 

34 

35 
36 
37 

r . .  .. *...1.........2.........3.........4,..... ... 5.........6.........7.~.......8 
00000010 

C SUBROUITNE - GETSRT 00000030 
C 00000040 
C PURPOSE - READ RECORDS FROM A SAtS TEHPERAWRE TAPE AND DUlP THOSE 00000050 
C THAT FALL BETWEEN-THE START AND STOP DATES. 00000060 
C 00000070 

C ISTART = START DATE IYYDDD)  FROM INPUT CARD 00000090 

U R -  OET6RTI ISTART PISTOP r FILHMrOPTION ,IRETN 
C Z  00000020 

C ARGlMENTS PASSED - 00000080 

C ISTOP = STOP DATE IYYDDD)  FROn INPUT CARD 00000100 
C F I L W  = TAPE FILE W E R  00000110 
C OPTION = DUMP OPTIONS FROM INPUT CARD I l = O W P ,  O W 0  O W )  00000120 
C IRETN = ERROR RETURN CODE IIRETN=O NO ERROR* >O ERROR) 00000130 
C 00000140 
C UPROGRWS CALLED - POSN,GETREC,DM7402rDM7403 00000150 
C 00000160 
C CALLED BY - MAIN 00000170 
C 00000180 
C PROGRAmER - TOM MJTTER 03/05/85 00000190 
C-- 00000200 

C W  

C m C  

C* 
C*l* 
100 
C W  
C m C  

C* 

C m C  

C m C  

INTEGER ISTART.ISTOP,FILFRMrOPTIONl8 ),IRETN,FILDAT 00000210 
INTEGER*Z IBLDCK129941,IYEAR~IDAY 00000220 
LOGICAL EOFsEOV 00000230 

STATEMENT F W T I O N  00000240 
FILDATI IYEARpIDAY ) = I  IYEAR-I IYEAWlOO )+lo0 )*1000+IDAY 00000250 

INIT IALIZE END-OF-VOLWE FLAG 00000260 
EOV=.FALSE. 00000270 

SEARCH THROUGH DATA FILES W I L  FILE START DATE HATCHES 00000280 
THE REWESTEO DWP START DATE 00000290 

CONTINUE 00000300 

POSITION TO NEXT FILE, READ A RECORD 00000320 
KNTREC=O 00000330 
EOF=.FALSE. 0 0 0 0 0340 
F I L H M = F I L H M + l  00000350 
CALL POSNl1~1OpFILMJH) 00000360 
CALL GETRECI 10 ,KNTREC rIBLDCK,LEN,WRDrEOV,EOF,IRETN) 00000370 
I F  lIRETN.GT.0) THEN 00000380 

I R E T " 1 0  00000390 
HRITEI 6,5010 1 IRETN 00000400 
RETURN 00000410 

ENOIF 00000420 
CHECK I F  END-OF-VOLLME OCCURRED BEFORE ANY RECORDS WERE OWPED 00000430 
I F  IEOV) THEN 00000440 

IRETN=l l  00000450 
WRITE1 6,5020 1 IRETN 00000460 
RETURN 00000470 

ENOIF 00000*80 
VERIFY THAT FIRST RECORD I S  A HEADER RECORD (TYPE 7400) 00000490 
I F  I IBLOCKI 3 1 .NE. 7400 THEN 00000500 

IRETN=12 00000510 
WRITE1 6,5030 IBLOCKI 3 1 ,IRETN 00000520 
RETURN 00000530 

ENDIF 00000540 
CHECK IF FILE START DATE HE€= REWESTED D M P  LIMITS 00000550 
I F  1F1LDATl1BLOCK15),1BLOCK~6)).GT.1ST0P) THEN 00000560 

IRETN=15 00000570 
WRITEl6s5050) ISTART~ISTOP,FILDATlIBLOCKl5l,IBLOCKI6) ),IRETN 00000580 
RETURN 00000590 

ENDIF 00000600 

RESET RECORD COCIKTER, END-OF-FILE FLAG, INCREMENT FILE COUHT, 00000310 

C* GET NEXT FILE HEADER RECORD 
I F  I FILDATI IBLOCKI 5 1 ,IBLOCK( 6 1 1. LT. ISTART 1 GO TO 100 

C m C  THE FILE WITH THE REQUESTED START DATE HAS BEEN FOUND. DWP 
C W  HEADER RECORD 

C W  READ THROUGH RECORDS AND DUMP THOSE FOR HHICH THE OMP 
C*r+ OPTION I S  SET TO 1 
300 CONTINUE 

WRITE1 6 95040 IBLOCKI 3 ,IBLOCKt i 1 rIBLOXKI 5 

CALL GETRECI lO,KNTREC,IBLOCK,LEN~M.IRDrEOV,EOF,IRETN) 
I F  IIRETN.GT.0) THEN 

00000610 
00000620 

THE 00000630 
00000640 
00000660 
00000660 
00000670 
00000680 
00000690 
00000700 
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*....*... 1.........2.........3.........4.........5.........6.........7.*.......8 
ISN 
ISN 
ISN 
ISN 

1-34 
ISN 
ISN 
ISN 
1.94 
ISN 
ISN 
ISN 
ISN 
ISN 
ISN 
ISN 

I S 4  

ISN 
ISN 
ISN 
ISN 
ISN 
ISN 
ISN 

ISN 
ISN 
ISN 

ISN 
ISN 
ISN 

ISN 

ISN 
ISN 
ISN 

ISN 

ISN 
ISN 

1% 

80 

38 
39 
40 
4 1  

42 
43 
44 
45 
46 
47 
48 
4 9  
50 
5 1  
52 
53 

54 

5 6  
57 
5 8  
59 
60 
6 1  
62 

63 
64 
66 

67 
68 
70 

72 

73 
74 
75 

76 

77 
78 

79 

IRETNnl3 00000710 
WRITE1 6,5010 ) IRETN 00000720 
RE- 00000730 

ENOIF 00000740 
P M I T I P )  TU NEXT FILE I F  END-OF-FILE I S  ENCOUMERED 00000750 

00000760 I F  I E-) THEN 
m c . 0  00000770 
EOF=.FALSE. 00000 780 
FILEIL)(=FIL-+l 00000790 
CALL PMNI  1 ~ 1 0  ,FILEIL)( 1 00000800 
CALL GETRECI 10 DKNTREC DIBLOCK DLENDWRO DEOVPEOF DIRETN 1 00000810 
I F  IIRETN.GT.0) THEN 00000820 

IRETN=14 00000830 
WRITE1 6,5010 1 I R E M  00000840 
RETURN 00000850 

ENOIF 00000860 
ENDIF 00000870 

I F  IEOV) RETURN 00000890 
GET FILE DATE, O W  HEADER RECORD OR RETURN I F  STOP DATE 00000900 
I S  EXCEEDED 00000910 
I F  I IBLOCKI 3 1. EQ. 7400 ) THEN 00000920 

I F  (FILDATlIBLOU(l5l~IBLOCK(6))~GT~ISTOP) THEN 00000930 
00000940 RETURN 
00000950 ELSE 

W R I ~ l 6 r 5 0 4 0 )  I B L O C K I ~ ) D I B L O C K I ~ ) D I B L ~ K I ~ ~  00000960 
ENDIF 00000970 

ENDIF 00000980 
DUMP A TYPE 7402 RECORD 00000990 

00001000 I F  (IBLOCKI 3 1 .EQ. 7402 1 THEN 

AT END-OF-VOLWIE ALL DATA HAS BEEN DWPEO 00000880 

I F  I OPTION1 2 1. EQ. 1) CALL OM74021 IBLOCK 1 00001010 
ENDIF 00001020 
DUMP A TYPE 7403 RECORD 00001030 
I F  I IBLOCKI 3 1. EQ. 7403 1 THEN 00001040 

I F  lOPTIONl4~.EQ.1.ANO.IBLOCKl l l ) .EQ.102) CALL OM7403lIBLOCK,OOOOlO6O 
102 1 00001070 

I F  ~ O P T I O N l 3 ~ ~ E Q ~ 1 ~ A N O ~ I B L O C K l l 1 ~ ~ E Q ~ 2 ~  CALL 0M740311BLOCK,2)00001050 

ENDIF 
C* GET NEXT RECORD 

GO TO 300 
5010 FORMATI/' * GETGRT * ERROR FOUND I N  GETREC -- IRETN- ' , I31  
5020 FORMAT(/' *** GETGRT wfU EOV OCCURRED BEFORE ANY RECORDS ', 

5030 FORMATI/' I)* GETGRT ** FIRST RECORD I N  DATA FILE I S  ICORRECT ', 
. 'WERE OUnPED -- IRETNS ' r I 3 )  

. "PIPE. SHOULD BE 7400,  FOUND '916,' IRETNZ ' ~ 1 3 )  
5040 FORHATI///' RECORD TYPE ' ~ 1 4 ~ '  DATA O A Y N E A R  ' ~ 1 3 s l X p 1 4 )  
5050 FORMAT(/' I)* GETGRT wfU THE TAPE START OATE EXCEEDS THE ', . 'REQUESTED DUMP STOP DATE'/' CHECK DUMP DATES AGAINST TAPE ', 

. ' IRETN= '113) 
'HEADER DATES. ISTART= ' ~ 1 6 , '  ISTOPI '116,' TAPE DATE= ' ~ 1 6 ~  

END 

00001080 
00001090 
00001100 
00001110 
00001120 
00001130 
00001140 
00001150 
00001160 
00001170 
00001180 
00001190 
00001200 
00001210 
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ISN 

ISN 
ISN 
ISN 

ISN 

ISN 
ISN 
ISN 
ISN 
ISN 

1% 
ISN 
ISN 
ISN 
ISN 
ISN 
ISN 

ISN 
1.94 
ISN 
ISN 
ISN 

ISN 
ISN 
ISN 
ISN 
ISN 
ISN 

ISN 
ISN 
ISN 
ISN 
ISN 

ISN 

ISN 
ISN 
ISN 
ISN 
ISN 
ISN 

1 

2 
3 
4 

5 

6 
7 
8 
9 

1 0  

11 
12 
13 
1 4  
15 
16 
17 

18 
1 9  
20 
2 1  
22 

23 
24 
25 
26 
27 
28 

29 
30 
3 1  
32 
33 

34 

35 
36 
37 
38 
39 
40 

*....*... 1.........2.........3.........4.........5.........6.........7.*.......8 
SUBROUTIEE ~ ~ l I S T A R T ~ I S T O P , F I L N U n , O P T I D N , I R E R J l  00000010 

C l  -00000020 
C UIBROUTIM - U3CW 00000030 
C 00000040 
C PURPOSE - READ RECORDS FROM A S A B  COMPOSITION TAPE AND D W  THOSE 00000050 
C THAT FALL BETWEEN THE START AND STOP DATES. 0 0 0 0 0 0 6 0 
C 00000070 
C ARGUMENTS PASSED - 00000080 
C ISTART = START DATE (YYDOD) FROM INPUT CARD 00000090 
C ISTOP = STOP DATE IYYDDD 1 FROM INPUT CARD 00000100 
C F I L M  = TAPE FILE W E R  00000110 
C OPTION = DUMP OPTIONS FROM INPUT CARD ( l=DLMP, 0- OWP I 00000120 
C I R E M  = ERROR RETURN CODE IIRETN'O NO EI?!IORI '0 ERROR) 
C 

00000130 
00000140 - 

C SUBPROGRAB CALLED - POSNpGETRECrOMPCMP 00000150 
C 00000160 
C CALLED BY - MAIN 00000170 
C 00000180 
C PROGRAWER - TOM W E R  03/05/85 00000190 
C--- m- 00000200 

C M  

C M  
C- 

C W  
C m  
100 

C M  

C- 

C- 

C W  

C*** 
C M  

200 

INTEGER ISTART~ISTOP,FILNLI.(rOPTIDNl8I~IRETNrRECDAT 00000210 
INTEGERW IBLOCKI2994),IYEAR,IDAY 00000220 
LOGICAL EOF P E W  00000230 

STATEMENT FUNCTION 00000240 
RECDATl IYEARsIDAY )=I IYEAR-( IYEAR/100 1*100 1*1000+IDAY 00000250 

INIT IALIZE RECORD COUICTER. END-OF-FILE FLAG, END-OF-VOLLME FLAGS 00000260 
INCREMENT FILE c m ,  POSITION TO NEXT FILE 

KNTRECoO 
00000270 
00000280 . - . . . .- - - 

EOF=.FALSE. 00000290 
EOV=.FALSE. 00000300 
FILNUM=FILNWl+l 00000310 
CALL POSNI1,10,FILNLMI 00000320 

SEARCH THROUGH DATA RECORDS U N n L  RECORD START DATE MATCHES 00000330 
THE REQUESTED INPUT START OATE 00000340 

CONTINUE 00000350 
CALL GETRECI lO,KNTREC,IBLOCK,LEN,EWRD,EOV,EOF,IRETN) 00000360 
I F  IIRETN.GT.0) THEN 00000370 

IRETN-50 00000380 
WRITE( 6,5010 1 IRETN 00000390 
RETURN 00000400 

ENOIF 00000410 
CHECK I F  END-OF-VOLWE OCCURRED BEFORE ANY RECORDS WERE D W E D  00000420 
I F  ( E W )  THEN 00000430 

IRETN=51 00000440 
WRITE( 6,5020 1 IRETN 00000450 
RETURN 00000460 

ENOIF 00000470 
POSITION TO NEXT FILE I F  AN END-OF-FILE I S  ENCWERED 00000480 
IF IEOF) THEN 00000490 

KNTREC=O 00000500 
EOF=.FALSE. 00000510 
FIL tWI=FILNW+l  00000520 
CALL POSNIlr l0,FILNUl) 00000530 

ENOIF 00000540 
CHECK I F  FILE START OATE MEETS REQUESTED DUMP LIMITS 00000550 
I F  IRECDATlIBLOCKl51,IBLOCKl411~GT.ISTOPI THEN 00000560 

IRETN=Y, 00000570 

RETURN 00000590 
ENDIF 00000600 

GET NEXT RECORD 00000610 
I F  I RECDAT( IBLOCKI 5 1 ,IBLDCK( 4 1 1. LT. ISTART I GO TO 100 00000620 

THE RECORD START DATE NOW FALLS HITHIN THE REPUESTED DUMP LIMITS. 00000630 
READ AND DUMP RECORDS UNTIL REQUESTED STOP OATE I S  EXCEEDED 00000640 

CALL OHPCMPI IBLOCK ,OPTION I 00000650 
CONTINUE 00000660 

CALL GETRECl10,KNTREC,XBLOCK~LENrNJRO,EOV,EOF~IRETN1 00000670 
I F  lIRETN.GT.0 1 THEN 00000680 

IRETNz52 00000690 
WRITE ( 6,5010 1 IRETN 00000700 

WRITE1 6,5030 I ISTART,ISTOP ,RECOAT( IBLOCKI 5 I SIBLOCK( 4 1 1 ,IRE" 00000580 
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ISN 
1% 

ISN 
ISN 
I S N  
ISN 
I34 
ISN 
ISN 
I Y J  
ISN 
ISN 
134 
ISN 

1% 
ISN 

1.94 

ISN 
ISN 
ISN 

ISN 

ISN 

4 1  
42 

43 
44 
45 
46 
47 
48 
49 
50 
5 1  
52 
53 
54 

55 
57 

59 

60 
6 1  
62 

63 

64 

.....+...1.........2......... 3.........4.........5.........6.........7.~.......a 

RETURN 00000710 
ENDIF 00000720 

00000730 
00000740 
00000750 

-=e 00000760 
00000770 EOF=.CALSt. 
00000780 F I W = F I L t U l + l  
00000790 
00000800 
00000810 

IRETN=53 00000820 
00000830 

ENDIF 00000850 
ENDIF 00000860 

00000880 
00000890 
00000900 
00000910 
00000920 
00000930 
00000940 

5010 FORMAT(/' m GETCMP m ERROR FOUND I N  GETREC -- IRETNs *, I31 00000950 
00000960 
00000970 
00000980 

c m r  POSInOn TO MXT FILE I F  AN END-OF-FILE I S  ENC(XHTERE0, 
c m c  READ TH WXT RECORD 

I F  I E W )  TMN 

CALL PosNl1~ lO,F1LtU l )  
CALL GETRECllOrKNTREC~IBLOCKrLEN~NWRD~EW,EOF,IRETN) 
I F  lIRETN.GT.01 THEN 

HRITE I 6,5010 I IRETN 
RETURN 00000840 

C W  AT END-OF-MLIME, OR WEN RECORD DATE EXCEEDS DUnP STOP DATE, 00000870 
C m  ALL DATA HAS BEEN U P E D  

I F  I E W )  RETURN 
I F  l R E C D A T l I B L ~ K ( 5 ) r I B L O C K ( 4 )  1.GT.ISTOP) RETURN 

CALL DHPCMP(IBLOU(rOPTION1 
C w  DUMP A RECORD 

C w k G E T  NEXT RECORD 
GO TO 200 

5020 F O R " i I / '  m GETCW w f ~  EOV OCCURRED BEFORE ANY RECORDS ', . 'WERE DWPEO -- IRETNS '~131 

. 'REQUESTED D W P  STOP DATE'/' CHECK DLMP DATES AGAINST TAPE ' J  00000990 . 'HEAOER DATES. ISTARTS ' r 1 6 r '  ISTOP= 'r16r' TAPE DATE' '~16, 00001000 
0 0 0 0 10 1 0  . ' IRE". ' r I 3 1  

5030 FORHATI/' m GETCW THE T'.PE STAZT OATE EXCEEDS THE ', 

END 00001020 
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I 

I 

1% 
I S N  

ISN 
I S N  

ISN 
1-34 
I S N  

I S N  
ISN 
ISN 
I S N  
ISN 
ISN 
ISN 
ISN 

ISN 
ISN 
I S N  
ISN 

ISN 
ISN 
ISN 
ISN 
ISN 

1% 

ISN 

2 
3 

4 
5 

6 
7 
8 

9 
10 
12 
13 
1 4  
15 
16 
17 

18 
1 9  
20 
22 

23 
24 
25 
26 
27 

28 

29 

*....*... 1.........2.........3.........4.........5.... ..... 6.........7.*.......8 

00001220 
SIisROlrnn ~ C ( I ~ T r K E S 2 R E C , I 6 L O C K , L E K . ' M , H O R D S r E W ~ E O F ~  00000010 . IRERO 00000020 

C 00000050 

C n  00000030 
C UIBROUTIN - 00000040 

C PURPOSE - READ A RECORD FROM A SPECIFIED LOGICAL W I T ,  INCREMENT 00000060 
C RECORD COWTER, AND CALCULATE THE W E R  OF 32-BIT WORDS I N  THIS 00000070 
C RECORD. DETERMINE END-OF-FILE AND END-OF-MLLRIE CONDITIONS 00000080 
C AS THEY OCCUR. 00000090 
C 00000100 
C ARGUnENlS PASSED - 00000110 
C IUNIT f LOGICAL U U T  HRBER 00000120 
C KNTREC = RECORDS PER FILE 00000130 
C IBLOCK = BUFFER INTO WHICH RECORD IS READ 00000140 
C LENGTH = LENGTH OF RECORD I N  BYTFS 00000150 
C W R O S  = W E R  OF 32-BIT WORDS I N  RECORD 00000160 
C E W  = END-OF-VOLLJME FLAG 00000170 
C EOF END-OF-FILE FLAG 00000180 
C IRETN = ERROR RETURN CODE (IRETN.0 NO ERROR, >O ERROR) 00000190 
C t  00000200 
C U P R O C R U E  CALLED - FtDVErFREAD 00000210 
C 00000220 
C CALLED BY - 6'€TGRT,GET'CHP 00000230 
C 00000240 
C P R O G M R  - TUi M E R  03/05/85 00000250 
C f l  00000260 

C M  

C M  
C M  

C m C  
800 

C M  
930 

5010 

5020 

LOGICAL EOV,EOF 
IhTEGER IBLOCKI 1497 1 

IN I lTALIZE BUFFER TO 0 
IBLOCK( 1 )=O 
CALL FHOVE( IBLOCKI 2 1 p5984,IBLOCKl 1) 1 

READ A RECORD, INCREMENT RECORD COUJTER AN0 CALCULATE THE 
MMBER OF 32-61T LKIRDS I N  THIS RECORD 

CALL FREAOI IBLOCK( 1 )rIUSTrLENGTH,*800r*930 1 
KNTREC=KNTREC+l 
I F  (LENGTH.EQ.40 .OR. LENGTH.EQ.3506 .OR. LENGTH.EQ.4882 .OR. 

LENGTH.EQ.5986 1 THEN 
HORDS=LENGTHM 

RElURN 

IRETN=40 

RETURN 

I F  (HOD( LENGTH,4).GT.O) HJORDS=WROS+l 

ELSE 

WRITE( 6,5010 1 LENGTH PIRETN 

ENDIF 
SET END-OF-FILE FLAG AND END-OF-MLW FLAG 

CONnNUE 
EOF=.TRUE. 
I F  IKNTREC.LT.1) EW=.TRUE. 
RETURN 

READ ERROR 
CONTIMJE 
IRETN=41 
WRITE( 6,5020) ILNITIIRETN 

FORHAT(/' m GETREC M INVALID RECORD LENGTH OF 'P 

FORHATI/' M GETREC M READ ERROR ON I N I T  '913s 

END 

RETURN 

. 16s '  BYTES. IRETN= ' r I 3 / )  

. ' IRETNS ',13/) 

00000270 
00000280 
00000290 
0 0 0 0 0 3 0 0 
00000310 
00000320 
00000330 
00000340 
00000350 
0 0 0 0 0 3 6 0 
00000370 
00000380 
00000390 
00000400 
00000410 
00000420 
00000430 
00000440 
00000450 
00000460 
00000470 
00000480 
00000490 
00000500 
00000510 
00000520 
00000530 
ooooowo 
00000550 
00000560 
00000570 
00000580 
00000590 
00000600 
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*....*... 1.........2.........3.........4.........5.........6.........7.*.......8 
S L 8 R m  011*02l IBLOCK 00000010 

~ 0 0 0 0 0 0 2 0  C- 
C SLBROUTXN - -7. 00000030 
C 00000040 
C PURPOSE - F O M  A M  PRINT OUTPUT LINES FOR sII.6 GRIDDED RETRIEVED 00000050 
C TEMPERATURE TYPE 7402 RECORDS. 00000060 
C 00000070 
C ARGUIENTS PASSED - 00000080 
C 00000090 
C 00000100 
C SUBPROGRIVIS CALLED - "E 00000110 
C 00000120 
C CALLED BY - GETGRT 00000130 
C 00000140 

oooool5o C PROGRMER - TOM W E R  03/02/85 
C S  00000160 

IBLOCK = ARRAY COHSISTING OF GRIDDED RETRIEVED TEMPERATURE DATA 

ISN 

ISN 
ISN 
ISN 
ISN 

ISN 
ISN 

ISN 
I W  
ISN 

ISN 
ISN 

ISN 
ISN 
ISN 
ISN 
ISH 
ISN 
ISN 
1-34 
ISN 
ISN 
ISN 
ISN 
ISN 
ISN 

ISN 
ISN 
ISN 

1 

2 
3 
4 
5 

6 
7 

8 
9 

10 

1 2  
13 

1 4  
15 
16 
17 
18 
19 
20 
2 1  
22 
23 
24 
25 
26 
27 

28 
29 
30 

C m C  

C W  

100 

200 
300 

5000 
5010 

00 300 K=l,2 
ILOG=9 
I F  (K.EQ.2) ILOG=1225 
PRINT HEADING 
CALL FHOVElHEDLINll),76~LOtC'lK-l):*l9+1)) 
WRITE( 6,5020 I HEOLINpI OASH.I=l,Zl) 
FORM AND PRINT OUTPUT LINES FOR 62 PRESSURES 
PLEVEL=1.2 
00 200 J - 1 ~ 6 2  

IOFF=JtILOG 
DO 100 I=1,19 

LINE1 I )=IBLOCKI IOFF 1 
IOFF=IOFFt64 

CONTINUE 
PLEVEL=PLEVELt0.2 
WRITE( 6,5030 I PLEVELILINE 

CONTINUE 
CONTIWE 
RETURN 
FORMAT(/' RETRIEVED TEMPERATURE G R I D ' )  
FORMAT( ' RECSIZE',15rW,'RECI',I5,2X,'TYPE',I5,2X, . 'DATA DAYNEAR',~X~I~,~X~I~,ZXI'GEN OATE'rlX,13,1X,14rW1 . 'GRID L A T ( X l O O ) ' r l X r I 5 )  

5020 
5030 FORHAT( W,F4.1,4X,1916 

FORMAT( / ' LNI PO/P 1 ' ,3X , 19( A4,2X ) A X ,  2A4,3X,19( A4,2X ) 1 

END 

00000170 
00000180 
00000190 
00000200 
00000210 
00000220 
00000230 
00000240 
ooooo2fo 
00000260 
00000270 
00000280 
00000290 
00000300 
00000310 
00000320 
00000330 
00000340 
00000350 
00000360 
00000370 
00000380 
00000390 
00000400 
00000410 
00000420 
00000430 
00000440 
00000450 
00000460 
00000470 
00000480 
00000490 
00000500 
00000510 
00000520 
00000530 
00000540 
00000550 
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ISN 

ISN 
ISN 
ISN 
ISN 
ISN 
ISN 

ISN 

ISN 
ISN 
ISN 

ISN 
ISN 
ISN 

ISN 
ISN 

I W  
ISN 
ISN 
ISN 
ISN 
ISN 
ISN 
ISN 

ISN 
ISN 
ISN 
ISN 
1-34 

1 

8 

9 
LO 
12 

1 4  
15 
16 

18 
1 9  

20 
2 1  
22 
23 
24 
25 
26 
27 

28 
29 
30 
3 1  
32 

*....*... 1.. ....... Z . . . . .  .... 3... ...... 4.........5.........6.........7.*.......8 
SLIBROUTIIIE DM79031 IBLOCK ,DAlTYP I 00000010 

C Y  00000020 
C SIJBROUnM - W 4 0 3  00000030 
C 00000040 
C PURPOSE - FORn AND PRINT OUTPUT LINES FOR SAPS TYPE 7403 RECORDS - 00000050 
C TEMPERATURE GRIDS.AND TEMPERATURE GRID ERRORS. 00000060 
C 00000070 
C ARGLMENTS PASSED - 00000080 
C IBLDCK = ARRAY CONSISTXK; OF TEMPERATURE GRID DATA OR ERRORS 00000090 
C DATNP = DATA TYPE DESIGNATING TEMPERATURE GRID OR GRID ERRORS 00000100 
C 00000110 
C S B P R O G W  CALLED - "E 00000120 
C 00000130 
C CALLED BY - GETGRT 00000140 
C 00000150 
C PROGRAMMER - TOM W E R  03/01/85 00000160 
C**mm*w--------------------------------- 00000170 

C- 

Clc** 
C- 

CUUU 

CHHl 

100 
200 

5000 

5010 
5020 
5030 
5040 

INTEGER DATTYP 00000180 
00000190 INTEGER*2 IBLOCK(29941 

CHARACTER- DASH ,LONG( 36 1 ,HEDLIN( 18 I 00000200 
CHARACTER*5 LATI 48 1 00000210 
DATA DASH/'----'/ 00000220 

00000230 DATA LONG/'~180'~'~170'~'~160','~150','~140'~'~130'~'~120'~ . ' - l l O ' p ' - l O O ' s '  - 9 0 ' ~ '  -8O'p' -70 '9 '  -60'9'  - 5 0 ' ~ '  -40'~ 00000240 . ' -30 's '  -20'9' - l o ' , '  0' , ' + l o '  , ' t 2 0 '  s ' t 3 0 '  , ' t 4 0 '  , 00000250 
00000260 

. ' t 1 3 0 ' ~  ' t 1 4 0 '  s '+150' , ' t 1 6 0 '  p '+170'/  00000270 
' t50', ' 460', ' t 7 0 '  , ' t 8 0 '  s ' *90', '+ loo ' ,  ' t l l . 0 ' ~  ' t 1 2 0 '  9 

DATA LAT/'-50.0','-47.5','-45.0','-42.5','40.0','-37.5'r'-36.D', OOOOO28O . ~-32.5','-30.0'~'-27.5','-25.0','~22.5','-20.0'~'~17.5','~15~0'~ 00000290 
~ - 1 2 . 5 * , ~ - 1 0 . 0 * , '  -7.51,' -5.01,' -2.5',' O.O',' t2 .5 ' , '  t 5 . 0 ' ~  00000300 

t7 .5 '  , ' t l O . O ' ,  ' t 12 .5 ' ,  ' t15 .0 ' .  ' t17 .5 '  , ' t20.0 '  , ' t22.5 '  , ' t25.0 '  p 00000310 

: I t47.5 ' ,  ' t50.0 ' ,  ' t52.5 ' .  ' t55 .0 ' ,  ' t57.5 ' ,  '+60 .O '  , 't62.5 ' ,  ' t65 .0 '  , 00000330 
00000340 . t67.5' /  

WRITE RECORD IDENTIFICATION INFORMATION 00000350 
WRITE1 6,5000 I ( IBLOCKI I 1 ,In1 r 8  1 SIBLOCK( 10 I SIBLOCK( 11 I 00000360 
I F  (DATTYP.EQ. 2 1 WRITE1 6,5010 I 00000370 

00000380 I F  I OATTYP .EQ. 102 I WRITE( 6,5020 1 
FORn AND PRINT OUTPUT LINES FOR Two LONGITUDE GROUPS -180E TO -10E 00000390 

00000400 
DO 200 J=1,2 00000410 

00000420 ISTRTZ- 1 2  
00000430 I F  IJ.EQ.2) ISTRT=6 

PRINT HEADING 00000440 
CALL FMOVE( HEDLINt 1 ),72,LONGI (J-l)*18+1)) 0 0 0 0 0450 
WRITE(6s5030) IBLOCK(lZ),HEDLIN,(DASH~M=l~l81 00000460 
FORM A M  PRINT OUTPUT LINES FOR LATITUDES -50 N To t67.5 N 00000470 
DO 100 LOOP=l,48 00000480 

ISTRT=ISTRTt36 00000490 
ISTOP=ISTRTt17 00000500 
WRITE16,50*0) UT(LOOP),(IBLOCK(I ),I=ISTRT,ISTOP) 00000510 

CONTIHlE 00000520 
00000530 
00000540 

' t27 .5 ' ,  ' t 3 0  .o ', ' t32 .5 '  , ' t35 .0 '  ' t37.5 '  , 't40.0 '  , I t 4 2  .5' # '+45.0' J 00000320 

AND OE TO t170E 

CONTIWE 
RETURN 
FOMAT(/' RECSIZE',I5,2X,'RECt',I5r2X,'MPE',15rZX,'ORBIT M P E ' ,  00000550 . 13,ZXs'DATA DAY/YEAR',~X,I~,~XII~,~X,'GEN DATE',1X~I3rlX~I4,2X~OOOOO560 . 'SCALE FACTOR',I3,2X,'DATA TYPE',I41 00000570 
FORMAT(/' TEMPERATURE GRID DATA') 00000580 

00000590 FORMAT(/' TEMPERATURE GRID ERRORS') 
FORMAT(' PRESSURE LEVEL= '~I5/9X~18lA4,2X~/9X~l8~A4~ZXll 00000600 
FORMAT( lXpA511X~1816 1 00000610 

00000620 END 
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*....*... 1.........2. ........ 3.........4.........5.........6.........7.*.......8 
00000010 

C l  00000020 
C SUBROUTINE - DWCW 00000030 
C 00000040 
C PURPOSE - PRINT A FORMATTED DUIP OF A SAIS ZONAL MEAN METHANE OR 0 0 0 0 0 0 5 0 
C NITROUS-OXIDE COMPOSITION RECORD. 00000060 
C 00000070 

00000080 C ARUENTS PASSED - 
C IBLOCK = ARRAY CONSISTING OF ZONAL MEAN DATA 00000090 
C OPTION DWP OPTIONS FROn INPUT CARD Il=DLI1P, D=NO DWP) 00000100 
C 00000110 
C mPROGRAtS CALLED - PRTREC 00000120 

00000130 C 
C CALLED BY - GETCMP 00000140 
C oooool5o 
C PROGRMER - TOM W E R  03/05/85 00000160 

00000170 C--*- 

WROvTt). o)#Wl IBLOCK ,OPTION 1 1% 

ISN 
ISN 

ISN 

ISN 

ISN 
ISN 
ISN 
ISN 

ISN 
ISN 
ISN 
ISN 
ISN 

ISN 

ISN 
ISN 
ISN 
ISN 

ISN 
ISN 
ISN 
ISN 
ISN 
ISN 
ISN 

ISN 
ISN 
ISN 
ISN 
ISN 

1 

2 
3 

4 

5 

6 
7 
8 
9 

10 
11 
12 
13 
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INTEGERw2 IBLOCKI 29% I 
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either their thermal emission or, in some cases, resonant scattering of sunlight. 
The  gases selected, CO,, CO, CH,, NO, N,O and H,O, significantly affect the 

upper atmosphere energy budget by their influence on the concentration ofthe primary 
sunlight absorber, ozone. This influence is disproportionate to their own concen- 
tration because of the existence of ‘catalytic cycles’ which destroy ozone while regene- 
rating the catalyst. 

A description of the instrument, its principles of operation and some of the methods 
of retrieval used is presented, together with some preliminary results from the first 
3 months of operations. 

I 
~ 

I 

THE STRATOSPHERIC AND MESOSPHERIC SOUNDER ON 
NIMBUS-7 
1 [Reproduced from Phil. Trans. R .  SOC. Lond., A296, 219-241 (1980).] 
Phil. Trans. R. SOC. Lond. A 296, 219-211 (1980) 

Printed in Great Britain 
[ 219 ] 

The stratospheric and mesospheric sounder on Nimbus 7 
BY J. R. D R U M M O N D ,  J. T. H O U G H T O N ,  F.R.S., G. D. P E S K E T T ,  

C. D. R O D G E R S ,  M. J. W A L E ,  J. W H I T N E Y  A N D  E. J. W I L L I A M S O N  
Department of Atmospheric Physics, Clarendon Laboratory, Oxford, OX1 3PU 

2. P R I N C I P L E S  O F  O P E R A T I O N  

2.1. Limb-sounding 
The advantages of the limb view (see figure 7) are that emission observations can be made 

from as long a path through the atmosphere as possible, and that behind the atmospheric path 
is the cold radiation background of space. Such a limb path possesses an air mass approximately 
70  times that in a vertical path above the lowest point of the path. The atmosphere’s pressure 

the tangent height giving good vertical resolution. For emission from spectral lines that are 

i profile and the geometry of the path both weight the material in the path strongly towards 
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not saturated at their centres, 607; of the emission from a limb path originates from altitudes 
within 3 km of the lowest altitude of the path (see figure 4).  By contrast, the horizontal 
resolution of a limb observation is poor, the length of the limb path being of the order of 
400 km. 

Radiometers carried by balloons or aircraft have, for a long time, observed emission from 
the atmosphere’s limb. Results from the limb radiance inversion radiometer (1.r.i.r.) on 
Nimbus 6 (Gille et af. 1975), the first satellite radiometer to observe radiance from the atmo- 
sphere’s limb, have demonstrated the vertical resolution which can be achieved in measure- 
ments of temperature and ozone (Gille, this symposium). 

Dressure modulator 
cell 

optical 
windows 

incoming 
radiation 

11 

: a  --* ---- c! - ----- 
1 :  

I *  

condensing 

optical detector 
filter 

shallow * I I l l  
chopper 

Ficum 1. Simplified diagram of a p.m.r. optical system employing a ‘shallow chopper’ which only modulates 
part of the incoming radiation beam. 

2.2. The fiessure modulator 

The pressure modulator is a device which selectively modulates the emission from a gas by 
using the absorption lines of the same gas as an optical filter. A cell of gas is included in the 
optical path of the radiometer (figure 1) and its pressure varied cyclically. The transniission of 
the cell is modulated only at optical frequencies that lie within the absorption lines of the gas, 
thus selectively modulating emission from the same gas incident on the radiometer. After 
detection, the signal at the frequency of the modulation may be recovered by phase-sensitive 
detection. A broad optical filter limits the spectral bandwidth to the appropriate emission band. 

The pressure modulator technique is a development from the selective chopper technique 
employed for temperature sounding instruments on the Nimbus 4 and 5 satellites (Houghton & 
Smith 1970; Ellis et uf. 1973). It  has previously been flown in a temperature sounder on the 
Nimbus 6 satellite (Taylor et af. 1972; Curtis et af. 1974). The advantages of the technique for 
composition sounding have been described by Chaloner et af. (1978), who employed it in a 
balloon-borne radiometer for the measurement of NO, NO2 and H,O in the stratosphere. 
Further details of the technique are also given in Drummond & Jarnot (1978). 

2.3.  Double chopping 

The gas pressure in the pressure modulator cell (p.m.c.) is modulated at the resonant 
frequency (20-40 Hz) of the mechanical system (see 9 4 .3 ) .  It is also useful to include a con- 
ventional chopper at a much higher frequency (ca. 240 Hz) in the optical system. This modu- 
lates all ‘incoming’ radiation with the optical filter profile and produces a ‘wideband’ siqnal 
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at the detector. The 'wideband' signal, in the absence of emission from other species, provides 
information for lower in the atmosphere than the p.m.r. signal (see figure 2 ) .  The wideband 
signal may also be used for the elimination of signals from atmsopheric constituents whose 
absorption bands overlap that of the wanted species (see Drummond & Jarnot 1978), and in 
the determination of the atmospheric level being observed (4 3.3) .  In s.a.m.s. a shallow chopper 
is employed (see 4 S),  which chops only tu.  2 .50/ ,  of the aperture of the system. The shallow 
chopper is preferred over a conventional 100% chopper because it does not obstruct the beam 
for the pressure modulator further back in the optical chain. 

1 
0 u.4 IJ.8 

effective emissivity, E 

FIGURE 2. The effective emissivity, E (see equation (5)) for water vapour evaluated by using a climatological 
equatorial temperature profile and a constant volume mixing ratio of 5 x lo-'. Curves (a), (b) and (c) are 
for the s.a.rn.s. B2 p.m.r. channel with mean cell pressuresof 0.87 mbar, 4.48 mbar and 15.3 mbar respectively. 
Curve (w) is for the corresponding wideband channel and is virtually independent of modulator pressure. 

3. MEASUREMENTS W I T H  S.A.M.S. 

The radiant power, W, emitted by a limb path at frequency v and received by one of the 
s.a.m.s. detectors is given by 

W = AR loa loa J,(x) 7oy7m dx du, 

where A is the aperture of the telescope, R the field of view, 7 , ( x )  the transmission between the 
satellite and the position along the path described by the coordinate x, rou the static com- 
ponent of the optical transmission in the appropriate channel, rmv the modulated component 
of the optical transmission, and J,(x) is the source function appropriate to the emission band in 
question at the location described by the coordinate x. Under conditions of local thermodynamic 
equilibrium (l.t.e.), the source function is equal to the Planck function By( 7') at the temperature 
T of the atmosphere at location x. 

Integration is along the limb path and over the frequencies where the optical components 
have any significant trar-smission. 
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Calibration of the instrument is carried out by inserting a black-body at temperature T, i n  
the path when the radiant power wb received is 

u'b = AR Iom B,( rb) 70,7,, dv. 

! The radiance, L ,  of an atmospheric path is then defined as 

i 3 )  

For channels covering a reasonably narrow frequency interval the ratio of the integrals in 
equation (3) is B;( T J ,  where 5 is the centre frequency of the interval. 

To illustrate the radiometric measurements being made it is useful when 1.t.e. applies to 
write a simplified expression for the radiance L measured by a particular channel, namely: 

I L = EB;(T), (4) 

where 

may be defined as the efective emissivity of the path and where T is a mean temperature for the 
path. 

3.1. Temperature measurements 

If the radiance is measured from the emission band of an atmospheric constituent whose 
distribution is accurately known, for any given path the emissivity E in equation (4) may be 
calculated and hence a mean temperature T for that path may be deduced. A set of radiances 
received from different levels as the instrument scans over the limb may be retrieved to give a 
temperature profile (see Rodgers (1976) for a review of retrieval methods and 9 6 .2) .  In  s.a.m.s. 
two wideband and two pressure' modulator channels are included observing emission from the 
15 pm band of CO,, a gas that is substantially uniformly mixed up to at least 90 km altitude. 
Above about 80 km, local thermodynamic equilibrium no longer applies for this band; the 
quantity that is then measured is the vibrational temperature of the band, which is of con- 
siderable importance because emission from it is the major energy sink in the upper mesosphere 
and lower thermosphere. 

3 .2 .  Composition measurements 

Given that the atmosphere's temperature structure has been determined by the method of 
9 3.1, from radiance observations on any other band an effective emissivity E may be determined 
from equation (4), and hence the distribution of the emitting constituent observed. In figure 2 
are curves showing the variation of effective emissivity for emission from the long wave water 
vapour band as measured by a wide band channel and by channels containing pressure modu- 
lator cells with water vapour at different pressures, demonstrating that the water vapour 
distribution can be measured from the tropopause through into the upper mesosphere. Some 
results for H,O from an early orbit of s.a.m.a. are given in 4 6. 
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The method by which a detailed distribution is derived is as follows. First of all, through 
theoretical calculations on the basis of spectral information about the band in question, to- 
gether with a programme of laboratory measurements as described in § 5 ,  algorithms describing 
the transmission of any atmospheric path are derived. A 'first guess' profile for the distribution 
of the gas in question is then assumed and, on the basis of the temperature profile derived by 
the method of 4 3.1,  an expected set of radiances is computed. These computed radiances are 
then compared with the measured radiances, and by an iterative process a profile of the gas 
distribution is found for which computed and measured radiances agree. 

solar radiation 
\ 

/---ti. resonance 

fluorescence 
atmosphere 

FIGURE 3. The generation of resonance fluorescence signals by scattering of sunlight within the atmosphere. 

To acquire information about the distribution of some constituents in the mesosphere and 
lower thermosphere it is possible to use observations of resonance fluorescence ofsolar radiation 
from those molecules which have strong bands in the near infrared (figure 3) (cf. Table 1 for 
list of bands included in s.a.m.s.). Provided that absorption by solar radiation is the only 
process of excitation of the band in question, and provided that collisional quenching is negli- 
gible, the radiance observed is a function of the solar flux incident on the layer and the number 
of molecules along the path. In practice, an elaborate radiative transfer calculation has to be 
carried out for each situation because multiple scattering, excitation by other non-thermal 
processes (e.g. by particles), and details of quenching processes have also to be considered. 
Interpretation of measurements from fluoiescence channels, therefore, is extremely complex. 

3.3 .  Reference pressure determination 

Because s.a.m.s. is a limb viewing instrument it is necessary that accurate information is 
available regarding the pressure of the atmosphere at the levels being viewed at any given time. 
Consider information such as that contained in figure 2. When, for instance, the effective 
emissivity of an atmospheric path is about 0.5, a change in signal corresponding to a change in 
emissivity of 0.01 (equivalent to a change in mixing ratio of ca. 6%) could also result from 
a change in the level being viewed of 0.15 km, which is equivalent to a change in pressure 
at the tangent point of ca. 2 

The attitude of the spacecraft is controlled only to ca. 0.5" in all three axes; it is therefore 
necessary from the measurements made by s.a.m.s. itself to determine the appropriate infor- 
mation about the pressure at the part of the atmosphere being observed. 

A method for providing this information arises from comparing the signals from a wideband 
and a pressure modulator channel in the 15 pm CO, band. Under the approximation ofequation 

or 0.003' in viewing direction. 
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(4) the two signals will be e,BfT,) and epB(Tp) where the subscripts w and p respectively 
denote the wideband and pressure modulator channels. Now it is possible to choose the mean 
cell pressure in the pressure modulator channel such that over a certain range of altitudes the 
relative contributions of different segments of the atmospheric path being observed are very 
similar for the two channels, even though the effective emissivity of the atmosphere for the two 
channels is very different (figure 4).  This means that 7, and Tp will be almost equal. We then 
find that the ratio ep/e, is almost independent of temperature but strongly dependent on the 
pressure at the level of observation. Figure 5 illustrates that, for a particular cell pressure, 
atmospheric pressure over the range between 0.8 mbar and 20 mbar may be derived from the 
ratio of signals in the two channels. A first order correction for the atmospheric temperature 
profile can be included, enabling pressure measurement of adequate accuracy (ca. 2 yo) to be 
achieved. In 4 6 an example of the use of the method with s.a.m.s. data is presented 

401 I 

0 2 4 
weighting function 

I 1  11.4 I I8 
ratio of effective emissivities 

FXCURE 4. A typical pair of CO, i.5 pm weighting 
functions for the s.a.m.s. attitude-determining 
channels before the finite field-of-view is accounted 
for. The tangent height of the line-of-sight is 
50 km. 

FIGURE 5. Ratio of p.m.r. to wideband emissivities for 
the 15 pm CO, channels C1 at 15 mbar mean cell 
pressures. The envelope shown is the extreme of a 
series of curves derived using climatological tem- 
perature profiles at 10' latitude intervals from 
Newel1 (1977). The effect of the finite instrument 
field-of-view has also been included in the calcu- 
lation. 

3.1. Wind determination 
Through the incorporation in the instrument of cells containing the gases whose emission is 

being detected, the possibility exists of measuring atmospheric motion. If the emitting gas in 
the atmosphere possesses a significant velocity along the line of sight relative to the gas in the 
absorbing cells, the emission lines will be shifted relative to the absorbing lines. Figure 6 shoi\s 
th'e variation of signal with azimuth angle for a particular case. The direction along bvhich tlie 
signal is a maximum is that along which there is zero Doppler shift and hence zero r e l . ~ t i \ e  
velocity of the atmosphere with respect to the spacecraft. If the position of this masirnun) i, 
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determined, knoiving the spacecraft velocity vector, and making allowance for the rotation of 
the Earth, the rvind speed along the line ofsight can be found. For directions nearly perpendicu- 
lar to the spacecraft's velocity vector, a change in azimuth directionof0. l'introducesca. 10 ms-1 
of the spacecraft's velocity along the line of sight. 

I I 
-20 - 10 0 10 20 

01 

azimuth scan angle relative to direction for no Doppler shift/deg 

FIGURE 6. Variation of the signal from'the 15 urn CO, p.m.r. channel with azimuth scan angle relative to the 
central point where there is no relative motion along the line-of-sight between the atmosphere and the 
instrument. 

So that the influence of atmospheric variations is a minimum, the azimuth scan is carried 
out at such a rate that during the scan the same part of the atmosphere is kept under obser- 
vation. A scan over 30" (figure 6) then takes about 240 s. The main problem in carrying out 
the measurement is that of the maintenance of adequate attitude stability during the period of 
scan so that the slope of the curve of signal against scan angle is not disturbed by attitude 
changes. With the Nimbus 7 spacecraft the attitude stability is not adequate for accurate wind 
determination, although i t  is hoped that the stability will sometimes be sufficient for the lower 
mesospheric je t  at  ca. 60 km altitude to be detected. 

TABLE 1. S.A.M.S. RADIOMETRIC CHANNELS 

field of 
view channel 

A x 1 
.42 
A3 
A 4  

B B1 
B2 

C Cl 
c2 
c3 

constifuent 
(gas in 
modu- 
lator) 

COZ 

co 
NO 

HZO 

CO, 
N*O 
CH, 

mean cell pressures 
mbar 

17, 2.4, 0.69, 0.25 

14.8, 4.5 
45, 20 
16, 4.5, 0.8, 0.5 

36, 11.2, 3.25, 0.87 
24.1, 7.15 
41.8, 22.5 

spectral 
band 
Prn 
1.5 

4-5 

- 

2.7. 
35-100 

15 
7.7 

derived quantities and altitude range 

kinetic temperature 15-80 km; attitude 
v2 vibrational temperature 80-100 km 

distribution 15-60 km 

distribution 80-100 km 
distribution 15-100 km 

kinetic temperature 15-80 km; attitude 
distribution 15-60 km 

3 ~ 5 .  Instrument perjiormance 

S.a.m.s. contains a number of channels for various measurements. Some of these channels 
may be operated simultaneously and some are mutually exclusive. A list of all channels is shown 
in table 1. Each entry in the constituent column corresponds to a modulator and each entry in 

15 Vol. 296. A 
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the spectral band column to a detector. Since it is only possible to pass one pair of signals 
(p.m.r. and wideband) through a detector at any one time only one modulator signal using a 
particular detector may be processed at any time. Therefore, only one of the gases N,O and 
CH, may be measured at a particular time and only one of CO, NO and 4.3 pm CO,. A 
detailed description of how the channels are fitted together in the instrument is given in 5 4. 

TABLE 2. INSTRUMENT PERFORMANCE FOR TEMPERATURE AND COMPOSITION 

gas co, NO N,O/CH, CO, CO, H*O 

MEASUREMENTS FROM PRESSURE MODULATOR CHANNELS 

b a n d / w  4.3 5.3 7.7 15 15 25-100 

altitude of observation/km 120 40 40 60 100 50 

approximate 
integration time for 
n.e.e. = 0.03t as 
measured by s.a.m.s. 
on Nimbus 7 /s 10000 400 10 4: 2000 5 

t n.e.e. = noise equivalent emissivity. An n.e.e. = 0.03 implies a S / N  of 33 when instrument observing black 

$ n.e.e. = 0.01 as this is a temperature sounding channel required to measure to f 1 K. 
body at atmospheric temperature. 

I t  can be seen from figure 2 that over a large part of the sensitive region for composition 
sounding a 10 yo change in composition produces a change of about 3 yo in the observed signal. 
In  table 2 some typical integration times required to detect such a change are tabulated for 
various channels in the instrument at typical heights in the atmosphere. 

4. THE S.A.M.S. I N S T R U M E N T  

The s.a.m.s. radiometer instrument consists of two modules : the sensor housing containing 
the optics, mechanisms and detectors, and a separate electronics module. The overall size of 
the sensor (see figure 8) is 55 cm x 30 cm x 55 cm and it weighs 23.6 kg. The electronics module 
weighs 6.7 kg. The average power consumption is about 20 W. 

There are a total of twelve radiometric channels: six pressure modulator and six wideband 
channels distributed between three fields-of-view denoted A, B and C. The relation between 
the three fields is fixed by the geometry of the instrument optics and is illustrated in figure i .  
Some of the channels may be used to sense one of several constituents selected by programmable 
control logic within the instrument (see 4 4.7). Figure 7 also shows the scanning range of the 
instrument for limb views and space calibration. 

4.1. Optical system 
The optical system may be conveniently subdivided into two sections: 
(u )  the front optics comprising scan mirror, telescope, calibration system and uideband 

chopper ; 
( b )  the rear optics comprising field separator mirror, pressure modulator cells, detectors and 

optical relay components. The front optics is shown in figure 9. Incident radiation is first 
reflected from the scanning mirror ( M l ) ,  which can rotate about two axes for both l imb 
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(vertical) and azimuth (horizontal) scanning (see 5 4.5) .  It is then reflected from the main 
paraboloid (M2) to the primary focus forming a telescope of 177 cm2 area and 2 2  cm focal 
length. 

During in-flight calibration a small black body is rotated into the beam at the primary focus 
to give a known input radiance to the rest of the optical system. 

After the primary focus the beam is directed by ellipsoid (M3) and plane jM4) mirrors 
through the fast, shallow chopper (see 5 4.4) to the secondary focus at the field separation mirror 

satellite 
+horizontal 

-- --- 
r - 7 1  
L, 

( b )  
nomina I 
space view 
nominal 

tangent heights( km) for - 50 
nominal limb view 

Earth 

(a) 

FIGURE 7. (a) The geometry of the s.a.m.s. viewing direction. Note that only very small angular moments are 
necessary to scan the entire atmosphere. As drawn the satellite velocity is into the paper. (b) The relative 
positions of the three fields-of-view A, B and C viewed along the direction of the line of sight in the ' nominal 
limbview' position. The horizontal smear is caused by spacecraft motion during a 2 s measurement period. 
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FIGURE 8. Cutaway diagram of the s.a.m.s. sensor unit showing the relatwe orientation of the optical components, 

pressure modulators and radiative cooler. The whole unit is located on the sensor ring below the satellite. 
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front optics compartment at 0 'C. 
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i 515). The use of an ellipsoid in the M3 position cancels some of the aberrations of the off-axis 
paraboloid (M2). 

Thermal isolation of the compartment containing the first two mirrors, i.e. those before the 
primary focus and calibration point, allows these mirrors to be run at a somewhat lower 
temperature (0 "C) than the rest of the instrument, thus reducing the thermal strays from this 
area and increasing the reliability of the calibration. 

The rear optics are shown in the correct spatial orientation in figure 8 and in schematic form 
in figure 10. Field separation occurs at three of the four facets of the mirror 315 which are 
angled to direct parts of the beam into one of three separate optical chains, aild curved to 
image M3 on the detector aperture stop. Each of the fields so defined is rectangular and sub- 
tends an angle in the instrument line-of-sight 0.16" x 1.6', a solid angle of 7.8 x 10-5 sr (figure 7 ) .  

Broad spectral selection for the different molecular bands is achieved by dichroic beam- 
splitters (b.s.A, b.s.B, b.s.C) and filter packs of up to three separate components on the various 
detectors. The pressure modulator windows are either anti-reflexjon coated or are made of low 
refractive index materials. In all there are about 40 individual optical components in the system 
after M5. High optical transmission in the system is maintained by the use of anti-reflexion 
coatings. As an example, the overall transmission of the C2/3 chain with 19 surfaces is still 67 "/o 
at band centre. 

The rear optics, modulators and detectors are mechanically and, except for the 2.7 pm PbS 
and 4-5 pm InSb detectors ( B l  and A2/3/4), thermally attached to the main optics plate 
made of aluminium 1 cm thick giving good thermal uniformity and capacity as well as mech- 
anical stability. 

4.2. Detectors 

There are six detectors in s.a.m.s., four triglycine sulphate (TGS), one lead sulphide (PbS) 
and one indium antimonide (InSb). Each detector flake is imaged by its optical system on to 
one of the facets of hi5 and, therefore, the aspect ratio of the detectors is the aspect ratio of the 
field of view. Each detector is 3.12 mm x 0.312 mm, giving an area of approximately 1 mm*. 

The detectors are each assembled and tested as sub-assemblies consisting of detector, pre- 
amplifier, condensing optical system and filters before being integrated with the rest of the 
instrument. A TGS sub-assembly is shown in figure 11. The condensing optical doublet, con- 
sisting of a meniscus and a plano-convex lens (see Murray 1962), is made of anti-reflexion 
coated germanium (except in the case of the 25-100 pm H,O channel (B2) where silicon is 
used). The package consisting of the meniscus lens detector and mounting flange is evacuated 
to protect the detectors from moisture during ground operations. 

The sub-assemblies for the cooled detectors are more complicated than those for the TGS 
because of the need to isolate the detector thermally while mechanically attaching it to the 
optics plate. The B1 and A2/3/4 detectors are cooled radiatively, the B1 to 0 "C by a radiator 
in the fore optics compartment and the A2/3/4 to 160 K by a separate radiative cooler (see 
9 4.6). 

4.3. Pressure modulator assemblies 

The pressure modulators used in s.a.m.s. are a development of those used in the Nimbus 6 
p.m.r. instrument (see Curtis et al. 1974). The pressure of the gas in the optical cell is altered by 
means of a piston oscillating at between 25 and 40Hz in aconnectingvolume (figure 12). Apressure 
variation over the cycle of the order 2: 1 is achieved in this design, the exact value depending 
on the dimensions of the particular optical cell and the mean cell pressure. The principal 
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FIGURE 11. S.a.m.s. detector subassembly (TGS). Because the impedance of a TGS detector is very high and the 

signal small, part of the preamplifier is built into the back of the detector package within the evacuated 
enclosure. Precise optical alignment is essential, both of the package to the sub-assembly and of the sub- 
assembly to the secondary optics mounting plate. In  the former case a close-fitting ring is used and in the 
latter a precision locating peg. 

diaphragm pump out tub head windows 
body piston springs 

radiation 

to 
molecular 
sieve 
container 

I 

I 

I 
ermanent drive coil differential 
magnet transformer 

2 0  mm (position 
sensor) 

FIGURE 12. Cross section of a p.m.r. assembly. The body of the PMR is made of titanium with gold ‘ 0 ’  rinq 
seals at each end. The support springs and coil lead-outs are made of beryllium<opper. The thermobtarrtd 
container of molecular sieve is not shown. 
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changes from the devices used in the Nimbus 6 instrument are a reduction of size by a factor of 
approximately 2 and the use of a moving coil drive leading to better amplitude control and 
electrical efficiency. Other improvements have made the modulators easier to manufacture and 
assemble. It is necessary, as was observed in 5 3.2, to alter the pressure ofgas in the cell in flight, 
the pressure selected depending on the altitude range being scanned. This is achieved in the 
s.a.m.s. modulators as follows. The gas in the cell is in equilibrium with a much larger amount 
adsorbed on a zeolite molecular sieve material in a reservoir (figure 12). In this system the 
mean pressure of gas is determined by the temperature of the sieve, and provision has therefore 
been made for programmable temperature control of the sieve container. Each modulator is 
provided with two or four pressure settings, which may encompass a range of over 20: 1, 
corresponding to a thermostat temperature range of 30-120 "C. These settings are selected by 
the program control logic. The adsorption and desorption of gas from the sieve is entirely 
reversible and the system provides good pressure stabilization. Measurement of the oscillation 
frequency, which changes rapidly with pressure, is used as the primary method of determining 
cell pressure since slow variations in gas amount, such as might be caused by a leak in a modu- 
lator, could not be detected by monitoring the sieve temperature. 

4.4. Fast chopper assembly 
The fast chopper used on s.a.m.s. only modulates 2.5 yo of the beam for reasons described 

above (see 5 2.3) .  It  consists of two etched, black-painted copper grids, mounted one above the 
other. One grid is fixed to the mount but the other is free to move on the end of a flat cantilever 
leaf spring. Oscillation, at  the mechanical resonant frequency of the spring-grid assembly, is 
maintained by an electronic loop using redundant pairs of piezoelectric ceramic plates as both 
drive and position sensors. Oscillation is at  a frequency of approximately 245 Hz with a peak- 
to-peak amplitude of 2 mm. 

4.5. Scan mirror assembly 

The scan mirror must be rotated with high positional accuracy in two mutually perpendicular 
directions to produce limb and azimuth scanning. This is realized by supporting the mirror 
in two frames, one within the other, for the two scan directions. Each mirror drive consists of a 
lead-screw directly driven by a 45" stepping motor. Coupling to the mirror is by means of a 
recirculating-ball nut, which is lubricated by a lead coating. The axis of rotation of the mirror 
is defined by a pair of cross-leafsprings (flexipivots). The step sizes of the drive system, expressed 
in terms of motion of the line-of-sight, are 4.8 arc min in the limb direction and 7.3 arc min in 
azimuth. 

Mirror poaition is independently sensed in both directions by a linear variable differential 
transformer (l.v.d.t.), actuated directly by the mirror, and associated electronics. The output 
of the limb 1.v.d.t. is digitized with a resolution of 0.045 arc min and the azimuth 1.v.d.t. to 
1.8 arc min. I t  is therefore possible to monitor the limb position of the mirror to a very much 
higher accuracy than the step size. The limb position is under full control of the program 
control logic (p.c.1.) (see 5 4.7), whereas the azimuth scan can only be programmed as a 
continuous scan or stepped. 

Limit detectors, both optical and mechanical, are provided for resynchronizing the control 
logic and preventing damage under fault cond,itions. 
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4.6.  Radiation cooler 

The indium antimonide detector is cooled by a two stage radiation cooler, the first high- 
capacity stage forming a cone around the second stage as shown in figure 13. The first stage 
cools the front lens of the optical doublet (see 5 4.2) as well as pre-cooling the rear lens and 
detector. In orbit, the inner and outer cooler temperatures are typically 160 K and 190 K. 

~ 1 ~ 5 s  f i b i c  mounting 
t u h  s 

radiating \\ ,intermediate 
‘patch‘ ,/ \ temperature 

\ mount ( 190 I O  
\ 

to 
Space - 
/ detect or 

input 
radiation 

detector 
mount 
(160 K )  optical mounting 

plate (300 K )  

50 mm 
I I 

FIGURE 13. The s.a.m.s. cold detector assembly (InSb). The mount is in three parts: the detector mount at 
160 K, the intermediate lens mount at 190 K and the mechanical interface at 298 K. The parts are inter- 
connected by 8 glass fibre tubes, some of which may be seen in the diagram. The relative sizes of the ‘radiating 
patch’, which is black-painted, and the outer cone, which is coated with vapour deposited aluminium, can 
be seen in figure 8. 

The cooler has been designed to minimize the effects of contamination on the optics as the 
spacecraft outgases; however, provision has been made to heat the detector and optics electri- 
cally to remove the debris as necessary. The cooler surfaces were protected during launch and 
the first 3 weeks of orbit by a door which was opened on 13 November 1978. The door cannot 
be closed again and will remain open for the duration of the mission. 

4.7. Electronics 

The electronics of s.a.m.s. is considerably more complicated than that of previous instruments 

( u )  there are more signal channels (twelve in all) and modulator drives (seven); 
(6) the increased number of signal channels and drives means that more care must be taken 

to ensure that coupling and cross-talk, both electrical and mechanical, is minimized. 
(c) The scan and calibration control system is considerably more flexible than previous 

instruments allowing in-flight programming. 
The major changes in construction details since previous instruments are the use of integrated 

circuit amplifiers in the linear electronics and CMOS in the digital electronics. A full block 
diagram of the system is shown in figure 14. 

built at  Oxford for three reasons : 
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FIGURE 14. Block diagram of the s.a.m.s. electroniu subsystem. 
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FIGURE 15. Block diagram of one half of a signal channel. Data from all channels is transferred to the data handling 
system in a single serial stream. 
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(a )  Signal channels 
The signal processing electronics follows the pattern of the system used for a previous balloon 

radiometer (see Chaloner et al. 1978). The high and low frequencies (wideband and pressure 
modulated signals respectively) present at  the detector output are processed by separate 
channels as shown in the block diagram in figure 15. The output integrator of each channel is 
also made to act as a dual-slope analogue-to-digital converter. This is achieved by integrating 
the signal, plus a small offset to ensure that the result is positive, for 1.8 s, and then integrating 
a fixed negative signal until the result is zero. By timing the second integration period with 
the use of the 50 kHz spacecraft clock, a resolution of 1 part/l@ is obtained in the remaining 
200 ms of the 2 s period. Only 12 bits are actually telemetred to the ground but the 13th can be 
inferred, if necessary, by context. The 200 ms period while the signals are evaluated is also used 
to step the scan mirror. 
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FIGURE 16. A typical scan program. There are 18 scans (up and down ramps) between calibration. sequences 
leading to an interval between calibrations which is not synchronous with the orbital period. Roll correction 
is applied independently, synchronous with the orbital period. 

(b)  Rasure modulator drives 

The drive circuits for the pressure modulators are considerably more complex than those used 
for the Nimbus 6 p.m.r. or the balloon instrument. The complexity is necessary because of the 
need to maintain a constant amplitude despite large internal pressure variations, which in 
turn lead to large changes in frequency and power requirements. The use of a moving coil drive, 
with its inherently tighter coupling than the previous moving magnet drive, assists with ampli- 
tude control and also allows active damping to be employed when a modulator is inhibited. 
Active damping is useful in multiple channels with only one detector (e.g. A2/3/4) since 
unwanted mechanical energy could otherwise be coupled into the 'off' modulators and appear 
as unwanted modulation in the detector output. This can be prevented by switching the dri\.e 
from positive (oscillating) to negative (damping) feedback when the modulator is inhibited 
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(c) Program control logic (k.c.1.) 
The extremely large number of possible operating modes for s.a.m.s. using various com- 

binations of modulators, scanning ranges and mean cell pressures, and the need to correct the 
scanning sequences for any predictable orbital roll of the spacecraft, made a programmable 
operating mode very desirable. The system used operates the scan mirror, modulators, molecu- 
lar sieves, thermostats and calibration black body by reference to a stored ‘program’ in a 
128 x 10 bit memory which may be reloaded from the ground. The instruction set of the p.c.1. 
also includes jump, wait, synchronizing and timing instructions to allow program loops to be 
constructed which operate in a fixed relationship to the spacecraft data system. The variations 
of scanning and calibration are, therefore, infinite and it is possible to adapt the scanning 
sequence to partially compensate for orbital roll. It is also possible to scan outside the atmo- 
sphere, for example, to locate the moon for calibration purposes. 

A typical scan sequence is shown in figure 16. This program is designed to scan a height 
range of 55 km in 10 km steps. with regular calibration sequences not related to the orbital 
period. A roll correction step can also be seen. 
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FIGURE 17. S.a.m.s. environmental test chamber at Oxford. Baffles, cooled by liquid nitrogen, surround the 
instrument to simulate radiative loci to space.but these have been omitted for clarity. Access is provided by 
rolling the main vacuum tank away on rails. The collimator assembly is shown in position. The black body 
assembly (see text) may be substituted for the collimator when required. 

5. VERIFICATION A N D  C A L I B R A T I O N  P E R F O R M A N C E  

In addition to the tests that were necessary to prove the design of the instrument and the 
environmental tests specified by N.A.S.A., s.a.m.s. has undergone the following series of 
measurements intended to facilitate the interpretation of data when in orbit. 

(a) The response of the instrument to known black body radiance inputs has been measured, 
and a calibration scheme devised to take account of variations in operating conditions. 

(6) The response of the instrument to emission from gases in the atmosphere has been deter- 
mined, using a simulated atmospheric path, in order to verify the spectroscopic calculations by 
which atmospheric quantities are deduced. 

(c) The field of view profiles of all the channels and their interrelation has been measured. 
( d )  The scan mirror position telemetry (see 5 4.5) has been accurately calibrated in terms of the 
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instrument line-of-sight. -4 combined vacuum and thermal environment chamber at Oxford 
provides correct simulation of the spacecraft interface and orbital conditions. Various additional 
radiation sources are also available within the chamber for calibration purposes (see figure 17) .  

5.1.  Radiometric calibration 
The response of the instrument is determined for a range of accurately known black body 

( a )  verify that the instrument response is linear and has the correct gain and noise levels; 
( 6 )  check that the spectral selection of the optics is correct and that there are no unknown 

(c)  provide a basis for the model of the instrument used in the in-flight calibration scheme; 
( d )  determine the magnitude of any stray responses, particularly those which depend on 

either azimuth or limb scan angle. The source used for this test is a large, baffled black-body 
cone, completely filling the instrument aperture, whose temperature may be held constant and 
uniform at any temperature between 77 K and 320 K. The input radiance is, therefore, very 
precisely calculable. There are in fact two sources, one on the instrument axis viewed with the 
azimuth scan centralized and one off-axis viewed at the limit of the azimuth scan. By using both 
targets, the variations of strays with azimuth scan angle may be established. 

Variations with limb-scan angle are measured by tilting the whole instrument using a 
precision lead-screw, thus varying the relative position of the on-axis target and the instrument. 

The sensor temperature is held constant during measurements of stray radiation but may be 
varied or cycled over a considerable range ( - 5 to + 40 " C ) ,  in order to dynamically evaluate the 
temperature coefficients of the response. By simulating the orbital temperature variations of 
the spacecraft experience is gained of the likely instrument temperature variations in orbit - a 
verification of the sensor thermal design. 

radiances in order to 

spectral 'leaks' in the overall response; 

5 .2 .  Response of p .m.  channels to atmospheric p a t h  

The response of the channels to paths of gas is checked by measurment of the transmission 
of simulated atmospheric paths in the laboratory, using either the actual sensor modulators, 
filters and detectors before final assembly of devices identical in design and construction. The 
apparatus consists of a multiple-pass absorption white cell which provides paths of up to 10 m, 
which may be used at  temperatures down to 240 K (see Houghton & Taylor 1973). Trans- 
missions of isothermal paths of the required absorber or absorber/nitrogen mixtures measured 
with this equipment as a function of pressure are then compared with the response calculated 
from line data, and information from both sources is combined in the transmission model i i s d  

in the final attitude, temperature and composition retrievals. 

5.3.  Field of view 

The attitude of the sensor line of sight is determined in orbit from the ratio of the pressure 
modulator and wideband signals in the CO, channels (see 5 3 . 3 ) .  The line-of-sight of the other 
channels, therefore, needs to be measured with respect to these. The details of the field profiles, 
especially the shape ofthe lower edge, also critically affect the weighting function ofthe channcls 
and must also be determined. 

For field of view determination the black cones are replaced by a collimator (see figure 17 

This consists of an off-axis paraboloid mirror, with a narrow slit illuminated by a hot ceramit. 
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filament in the focal plane. The lead screw system is used to rotate the s.a.m.s. sensor through 
the parallel beam of radiation from the collimator at a precisely known rate, and the field 
response is thus determined. 

The collimator assembly and leadscrew are also used for various optical checks and in 
particular for the calibration of the 1.v.d.t. system used for limb scan angle telemetry. The lead 
screw is driven slowly and continuously while the p.c.1. is programmed to step the s.a.m.s. 
scan mirror so that the edge of the field of view of a selected channel passes through the colli- 
mated beam once per step. By matching the respective points on the field response, the 1.v.d.t. 
system is calibrated directly in terms of the line-of-sight. This test and the primary Seld of view 
determination are carried out at several temperatures over the desired operating range. 

5.4. In-Jlight calibration 
A two point calibration is provided in flight as follows. 
(a) The scan mirror may be programmed to move so that the tangent height viewed in the 

atmosphere is sufficiently high that the atmospheric radiance is insignificant (‘space’ view). 
This is arranged in operational programs such that the minimum tangent height for the lowest 
field of view (the C channels) is at least 150 km. 

( b )  The black body (see 8 4.1) may be placed in the optical path to provide a standard 
radiance at approximately 295 K. This is also under the control of the p.c.1. 

In  practice the estimate of the space view signal is much more important than the measure- 
ment of gain, as many of the measurements made are of small differences from the zero radiance 
level. Operational p.c.1. programs are therefore arranged to have a higher proportion of space 
view calibration than of black body view as shown in figure 16. 

In flight the zero offset and radiometric gain are calculated from instrument housekeeping 
data by means of a model, the parameters of which have been obtained by combining the 
results of ground tests and in-flight calibration measurements. 

6. PRELIMINARY R E S U L T S  

Calibrated radiance data from s.a.m.s. i? processed in the following sequence. A preliminary 
estimate is obtained of the tangent pressure of the line-of-sight of all three fields-of-view at all 
times using the method described in 8 3.3. Then the atmospheric temperature profile and a 
better estimate of the tangent pressure are derived from the preliminary estimate of tangent 
pressure and the CO, channel radiances. Finally, this information is used, together with 
radiances from the other Channels, to retrieve constituent profiles. These three steps are 
described in some detail below. 

6.1. Attitude detennination 

As has already been shown in 5 3.3 the tangent pressure of the line-of-sight of the CO, 
channels can be determined from the ratio of the wideband to p.m.r. radiances assuming that 
the tangent height is within a suitable range (approximately 2&50 km). Since the space-craft 
roll rate is reasonably low and the orbital period long compared to the rate of sounding ( 1 every 
2 s), smoothing along the orbit path, i.e. in time, is applied using a linear sequential estimator 
(Kalman-Bucy filtering, see Rodgers 1976). To achieve this the tangent pressure is converted, 
using a climatological temperature profile and the scan mirror position, to the tangent height 
of a reference scan mirror position. This tangent height estimate is then smoothed. 
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The estimator is stepped forwards along the orbit and for each new observation a smoothed 
estimate of the tangent height and its uncertainty are calculated given the observation and its 
error, the previous smoothed estimate and its error, the variation in scan mirror position 
measured by the I.v.d.t., the time between observations and a knowledge of the likely maximum 
roll rate. The process is repeated backwards along the orbit and the two results at each obser- 
vation point are combined to derive a best estimate of the roll angle at any point. The smoothed 
roll-angle is then reconverted to tangent pressure for each field of view. The results for a typical 
orbit are shown in figure 18. 

The smoothing process is capable of dealing automatically with missing data caused ,either 
by bad soundings or a tangent height out of the range where attitude determination is possible. 
Prolonged loss of information produces a steadily increasing uncertainty in the attitude. 

time 

FIGURE 18. A comparison of the 'roll' angle derived as described in the text with the output of the spacecraft 
attitude control system (for part of orbit 135 of Nimbus 7). For reasons described in the text these are not 
necessarily comparable but short timescale features should be reproduced. The error in the derived roll error 
is in a scale magnified lOOx relative to the other two plots. E = equator, N = most northerly latitude of 
orbit. (a) Spacecraft attitude control system roll output; ( b )  s.a.m.s. derived 'roll'; ( c )  s.a.m.s. derived 'roll' 
error. 

6.2. Ttm#erature retrieval 
The short wave channels are particularly sensitive to atmospheric temperature ( 5  04 per 

degree for the 5 pm channel) so accurate temperature retrievals are of particular importance 
for making good constituent measurements. I t  is also possible to improve further upon the 
attitude determination described above which assumed climatological temperature profiles. 
Temperature profiles and an improved attitude are, therefore, retrieved simultaneously. 

Since there are a large number of possible scan patterns in use, the retrieval method must be 
able to handle any pattern selected and must, therefore, be very flexible. Were the instrument 
quickly scanning up and down through the whole atmosphere, complete sets of radiances for 
a scan could be assembled and the retrieval performed by simpler methods. But there is a need 
to incorporate observations when and where they occur, essentially at random, and a sequential 
estimator is again used. For economy of computation the retrieval solution is represented b y  
coefficients of 12 eigenfunctions, giving the deviation of source function at 15 pm from t h e  
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climatological mean (interpolated linearly from monthly means at 10' latitude intervals). They 
are eigenfunctions of the covariance matrix 

dB(zi) dB(zi) Cij = exp ( - (zi - z j ) * /a2 )  - d T  - d T  ' 

where zt is the scale height oflevel i and dB(zi)/d Tis the differential with respect to temperature 
at level zi. This is the Planck function covariance resulting from a set of wave perturbations in 

latitude/dg 

FIGURE 19. Zonal mean temperature cros section for 6 November 1978 derived entirely from 
Nimbus 7 s.a.m.s. data. 

the vertical with a Gaussian spectrum and temperature amplitude independent of height. Using 
the estimate of attitude derived as above, the deviation of observed radiance from its climato- 
logical value c a ~ ~  be represented linearly in terms of the solution which consists of the eigen- 
function coctIicicnts and the attitude. By these means a linear sequential estimator can be 
employed in a similar manner to the attitude determination described above. In the absence 
of input data the solution is made to decay exponentially with time towards zero (i.e. towards 
its cljrnatological value) so that when there is no information about some or all levels, any 
deviations for those levels are slowly forgotten. When run forwards along the orbit the estimator 
is recursive and one-sided, using just past and present data to give the solution. However, an 
independent set of estimates is obtained by running the estimator backwards along the orbit. 
At 2 i 0  latitude intervals along the orbit both estimates are combined in accordance with their 
uncertainties and the result retained for derivation of temperatures and analysis on latitude- 
longitude grids. A typical zonal mean cross section is shown in figure 19. 
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6 . 3 .  Concentration retrievals 
Using the derived tangent heights and temperatures it is now possible to obtain concen- 

tration profiles from the data. Figure 20 shows some typical results for the H,O rotation band 
(channel B2) in both the p.m.r. and wideband cases. 

The solid lines were calculated using the temperature data derived using the methods 
described above, water vapour band data from McClatchey et af. (1973) and Chaloner (1976) 
and a computer program to simulate atmospheric signals due to Eyre (1978). 

0.4 0.8 
io3! 

0 
signal/signal from black body at 290 K 

FIGURE 20. Water vapour signal from s.a.m.s. (on 6November 1978 for latitudes between 20"N and 20"s) compared 
with signals calculated for constant volume mixing ratio profla. It can be seen that the p.m.r. signals 
indicate a slight fall in mixing ratio from 50 to 30 km which becomes pronounced in the wideband signal 
between 30 and 18 km where there are uncertainties due to clouds and other effects associated with the 
tropopause. +, S.a.m.s. data; ---, 5 parts/l(r by volume; -, 2 parts/lW by volume. 

Because the data is of a preliminary nature, a profile of concentration versus altitude is not 
presented. However, it can be seen that the results are inconsistent with a constant mixing ratio 
profile but would be consistent with a slow rise starting at 20 km levelling off above 35 km. 
This type of behaviour would be expected if the photolytic destruction of CH, were a source 
of H,O in the middle stratosphere (McConnell et nl. 1971). 
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Retrieval of Temperature and Composition 
From NIMBUS 7 SAMs Measurements 

C D RODGERS. R L. JONES. AND J J. BARNETT 

Clarendon Laborntor,. L nirersitv of Oxford 

4 general purpose siochasiic sequeniial cstimaior is dnmbed .  which allows the inverse problem of 
remote sounding to be solved in an optimum manner The use of a sequential estimator allows coniinuiiy 
in the horizontal or in lime io be included. making the a pnori csiimaie close io the final solution. so 
iha i  iteralion is not required The scan pattern in which measurements are made is not used and need 
not be known SO that the problem of spacecraft attitude siability is minimized The method p e r  both a 
solution profile and i t s  error covanance It  IS applied io both tcmpraiure and composition sounding 
from a limb scdnning inslrumeni. the S A M s  on NIHBLS 7 

I lsTR0DLCTlOh 
The Stratospheric and Mesospheric Sounder (SAMs) on 

NIMBUS 7 IS described in detail by Drummond er ol [1980J 
I t  IS designed to measure temperature and concentration pro- 
fila of various gases in the height range of 15-100 km by 
detecting thermal emission or. in some cases. resonantly scat- 
tered sunlight It obtains information about vertical distri- 
bution by scanning the limb and uses the technique of gas 
correlation by pressure modulation to select the required spec- 
tral signal from the gases being measured A summary of the 
spectral channels used and the characteristics of these 
channels is given in Table I There are three fields of \iew. A. 
E. and C. separated in the vertical. with A highest in the 
atmosphere All the fields of view are approximately Gaussian. 
with a vertical width of about 8 km 

In the technique of pressure modulation. a cell of the gas 
whose emission is to be measured is used as a filter. in con- 
junction with an interference filter to select the appropriate 
spectral band The pressure in the cell is modulated. and the 
transmitted radiation is detected at the modulation frequency 
to give a measurement of radiation origmating near the line 
centers. integrated over the whole spectral interval By 
chopping the beam with a black chopper at a different fre- 
quency. a parallel measurement of emission over the whole 
band (excluding the line centers) is obtained. T h m  measure- 
ments are known as pressure modulated ( P W  and w d e  band 
(We).  respectively 

The radiance LJh) received at the instrument from the limb 
(Figure I ) can be wntlcn 

dr 
dx 

LJh) - ~ ~ m 8 [ v ,  T(x)J - ( v .  x) dx 

where h is the tangmt height of the line of sight. S[v. T] is the 
Planck function at wave number v and temperature T. and 
r(i K I  is the transmittance from position x to the instrument. 

The retneval linversel problem divides into two parts. tem- 
perature and composition The temperature profile is deter- 
mined from the two IS pm Cot PM channels and the two 
corresponding WB channels in the A and C fields of view 
which are separated by 0 56 (about 35 kmt The composition 
profile is determined from radiances in  the remaining channels 
but requires the temperature profile as input 

CopLripht 1984 by the American Geophysical Lnion 

Paper number 3D I686 
OldR-O?? 84~003D-1686U)~ M) 

The limb scanning temperature retrieval problem has some 
complications that make it less linear than its nadir sounding 
counterpart The most serious complication is that the atti- 
tude of the spacecraft is not adequately measured or con- 
trolled. so that the tangent height of the line of sight IS not 
known accurately enough to compute the corresponding 
transmittance function However, there IS enough information 
in the radiances to determine both temperature profile and 
tangent height The composition retrieval IS nonlinear because 
the unknown enters the equation of transfer nonlinearly as an 
argument of the transmittance function 

Our approach to both retrieval problems is to linearize the 
direct equation about an a pnori profile and to use a statis- 
tically optimum estimator [Rodgrrs. 19761 to find the most 
likely solution The quation of iteration is avoided by en- 
suring that the a prion profile is suficiently close to the solu- 
tion that the linearization is adequate In the case of temper- 
ature this ts achieved by using a squential maximum- 
likelihood estimator. in which the retrieval corresponding to 
time r. and i t s  error covanance mafnx. are used to construct 
the a priori and its error covanance at time f + Af. where AI 
(typically 2 s) is the time interval between measurements For 
composition retneval it has proved necessary to average the 
data. for example. zonally. in order to improve the signal to 
noix ratio and to reduce computing time In this case. the 
previous day's retneval for the same averag~ng box is used to 
construct the a pnori. 

2. RADIANCE EMIW FROM A LIMB PATH 
To simplify the equations. we will consider first the case of 

an infinitesimal field of view The radiant flux Whl emitted by 
a limb path with a tangcnt height h and reaching the detector 
of the radiometer may be wntten as 

dr, a h )  9 A n  j j P i v ) B [ v .  Tlx)] - d X  ( v .  dv dr 1 1 )  

where A is the aperture of the telescope. CI the linfinitesimalt 
instrument field of view. f l v )  the spectral response of the 
channel in question [including the modulated component of 
the cell transmtttance in the case of PMR channels). dnd 
T J V .  r )  is the monochromatic transmittance of the atmosphere 
at the frequency from the satellite to the location described 
by the coordinate x Provided that the molecular bands being 
observed are in local thermodynamic equilibrium at the atmo- 

5280 
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T.4BLE I SA.MS Spectral Channels 

Spectral 
Regon. 

Channel Gas cm-' hrpo= 

A I  
A2 
A3 
A4 

BI 
02 
CI 
C? 
c3 

co2 600-800 
CO, 1700-2700 
co I 700- 27OO 
NO 1700- 2700 
H,O 36504250  
H*O 170-330 
co * 600-800 
N 2 0  1180-1350 
CH, 1180-1350 

temperature. aiiiiude 
non-LTE 
cornposition 
composition 
composiiion 
composition 
lemperaiure. aiiiiude 
composition 
cornposition 

spheric levels of interest, the source function in equation ( I )  IS 

the Planck function B ( v ,  T ) .  
Explicit integrations along the limb path and over the in- 

strument pass band both involve substantial amounts of com- 
putation so that if a direct calculation is to be made suf- 
ficiently fast, some more rapid and hence necessarily approm- 
mate means of evaluating @(h) must be found. 

F(v )  dv, 
obtaining 

We first simplify quation (1) by dividing by A i l  

where 4 h )  has the' units of spectral radiance and F(v) is the 
normalized spectral response of the instrument. As the internal 
calibration is made by viewing a black body at a known tem- 
perature of about 290 K, we find it convenient to express the 
measured radiance as a fraction of that from a black body at 
T = 290 K. The radiance Ken by the instrument from a black 
body at temperature T is 

LAT)  = 1 B(v .  T)p(v) dv 

so that the normalized radiance I(h) is 

where f ( v ,  T )  = B(v,  T)f(v)/L,(T) is a weight which depends 
mainly on the instrumental spectral response. but also varies 
slightly with the temperature of the atmospheric path. We can 
now formally remove the frequency integration by writing 

where 47) 5 L,(T)/LdT,) is a known function of temper- 
ature and 

4,k T) = if(.. ThAv. x )  dv (3) 

This spectrally integrated transmittance must be precomputed 
and parameterized for C02, so that equation (21 can be solved 
for the temperature profile. The functional form of the trans- 
mittance must be parameterized for the trace gases SO that 
equation (2) can be solved for their concentration. 

2.1. Integration Along the Path 

The integration along the line of sight is carried out by 
dividing the atmosphere into a number of concentric shells. 
with z = In ( p o , p )  as the vertical coordinate (p is pressure and 
po is one atmosphere) and q u a l  shell thicknesses of Az = 0.2 
(about 1.4 km). Each limb path thus falls naturally into a 
number of segments, each bounded by the shell boundaries 
(see Figure 1). We now replace the integration along the limb 
path by a summation over the N segments, with the gradient 
of path transmittance being evaluated by finite differences so 
that the mission from the limb path may be written 

Y 

I(h) = RTNi, - 5 , -  J 
1 

where T is the mean (mass weighted) temperature of the ith 
segment. 

The next step is to use a version of the Curtis-Godson 
approximation (C.G.) to replace each inhomogeneous path 
with a homogeneous path that has an equivalent abaorption. 
The required equivalence is obtained by matching the absorb- 
er amounts and the mass weighted mean pressures and tem- 
peratures of each pair of paths. Details are not given here, but 
it may be shown, by considering the spectroscopic domains 
where the C.G. approximation is exact. the spectroscopy of 
the bands concerned, and the expected atmosphenc distn- 
butions of the gases, that errors in the transmittance of paths 
arising from the use of the C.G. approximation are negli@ble 
in this instance. Typical errors are found to be <t0.2O'0 for 
methane and ~ 0 . 5 %  for nitrous oxide at 50% transmittance 
[Jones, 19833. 

Using this approximation. the mean atmospheric path 
transmittance i, (quation (3)) may be written as a function of 
four variables, the absorber mass P,, mean pressure &, mean 
temperature T ,  and the local temperature 7;; that is, 

(4) 

The mean path temperature and the local temperature are 
in general not qual.  but, in pracuce, the mean path transmit- 
tance depends only weakly on the local temperature T; We 
have therefore taken T; to be q u a l  to in quation 14). 
thereby reduang the number of independent vanables dacnb- 
ing the state of any path to three. Such an assumption only 
has the effm of waghtmg the mean path transmittance by the 
frequency dependence of the Planck function of a slightly 
wrong temperature. The error due to tlus effect depends on a 
number of factors, pnnclpally the gradient of the Planck lunc- 

Fig. I .  The geoc.-iry of limb sounding 
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TABLE 2. The Effect of Planck Function Weighting on Calculated 
Pressure Modulated Transmittance in Two Sample Cases 

. 

. 

. 

Pressure Modulated 
Transmittance 

N,O 81IISO. T) 
T 21 2 mbar 239 mbar 811350. T) 

Local temperature. CH, 

195 K 06103 06731 2.57 
220 K 0 6083 0 6730 119 
245 K 0 6067 0 6729 I93 
170 K 0 6045 0.6728 I14 

The C.G. parameiers for the absorbing path are u = IOLn mols(cm. 
p = IO mbar. T = 195 K. The modulator length is 3 mm. iis temper- 
ature is 296 K. and its mean pressures are as in the table. 

tion across the passband and the distribution of the spectral 
lines. For the pressure modulated CH, and N,O sensing 
channels in SAMS, the resulting errors in transmittance are 
shown in Table 2 for an arbitrarily chosen path. Despite the 
substantial change of the Planck function gradient with local 
temperature (column 4). the calculated N,O channel transmit- 
tances (column 3) remain almost constant (due to the high 
degree of symmetry of the P and R branches about the band 
center) while for the CH, channel (column 2). the changes in 
transmittance. although larger, are small (<0.5% in transmit- 
tance). 

Precomputing a data base of homogeneous transmittanas 
for suitable ranges of the C.G. equivalent u, p. and T is practi- 
cal. and the costly line-by-line integration across the instru- 
ment passband is thus avoided by parameterizing the data 
base in terms of simple, readily evaluated functions (called the 
"transmittance functions") of the three independent variables. 

2.2. Transmittance function Parameterization 
The path transmittances are found to depend only weakly 

on the mean path temperature allowing their temperature 
dependence to be treated in a simple manner. A suitable func- 
tional form for a transmittance function is as a number of 
bivariate polynomial surfaces in log (@ and log @3 at a 
number of preselected temperatures T, m = I ,  . . M, each of 
the form 

In (-In (i,)) = 1 Aij7ln p7'(ln $ 1  

with linear interpolation between the temperatures. The coef- 
ficients A,," were obtained by fitting a bivariate Chebyshev 
series to In (-In (1)) at  v d u a  of logtdu7 and loglq@) in inter- 
vals of 0.5 (Le., t i  and p spaced by factors of J IO), and path 
temperatures kMar 170 K and 320 K in intervals of 25 K. 
The degrea of tbe polynomials needed depend on the appli- 
cation and intended coverage, a seventh order fit in log (13 and 
between a third and seventh order fit in log @7 being used for 
the pressure modulated channels. 

The homogeneous path transmittance computations use a 
line-by-line integratlon across the instrument passband. The 
spectral data used in these calculations were based on those 
available from the spectral data compilations of McClarchev 
et a1. [I9731 and Rorhman [1981]. with modifications required 
to fit a series of laboratory measurements on simulated atmo- 
spheric paths in the case of methane and nitrous oxide [Jones. 
19831. 
2.3. Incorporation of the F O V  

The discussion has up to this point been restricted to radi- 
ances from a single tangent height. SAMs in fact possesses an 

ij 

approximately Gaussian field of view with a width at the 
tangent point of about 8 km at half height (measurement of 
the instrument's fields of view forms an important part of the 
prelaunch calibration program and is described by W'ale and 
Peskett [this issue]). The effects of the finite field of view may 
be accounted for by convolving the field of view with the 
radiance profile. This is done to good precision in the c a e  of 
constituent retrieval by computing the infinitesimal field of 
view radiances at each shell boundary (Le.. every 0.2 scale 
heights or 1.4 km) and performing a weighted average. In the 
case of temperature retrieval. weighting functions are used in 

the linearization. The infinitesimal field of view weighting 
function is calculated and then convolved with the actual field 
of view. 

3. TEMPERATURE RETRIEVAL 
The SAMS views at right angles to the direction of satellite 

travel. thus the variation of the roll angle causes correspond- 
ing changes of the observation tangent level. As a consequence 
of the uncertainty in satellite roll angle. the tangent height 
corresponding to any measurement is not known a priori with 
adequate accuracy. Therefore. the temperature retrieval pro- 
cess must estimate roll as well as the temperature profile. 

The retrieval is a sequential maximum likelihood estimator. 
At each observation time (i.e., each point in the scan) several 
pieces of information are known about the unknown quan- 
tities. roll angle, and temperature profile. These are (1 )  the 
wide band and PMR radiances at two different altitudes 
(channels A I  and CI), (2) the look angle relative to the space- 
craft. (3) the roll angle and rate derived from the spacecraft 
attitude control system (for NIMBUS 7 these are 2 or 3 orders 
of magnitude less accurate than needed for spenfyng the 
tangent level), (4) the retrieved profile. roll angle. and roll rate 
at the previous observation time, 2 s earlier. ( 5 )  the climatolo- 
gical temperature distribution. 

If we make some assumptions about the statistics of the 
horizontal variation of the temperature profile. and the time 
evolution of roll. then item 4 can be used to provide an a 
priori estimate of these quantities at the observation time. ,411 
these p i e  of information have error estimates. and they are 
all combined by using a statistically optimum maximum Ilkell- 
hood estimator [Rodgers. 19761 to provide the best estimate 

I 
-0.3-0.2-0.: 3 . 3  2, ;.i : . 2  

Normolired E ~ g e n v o c L c r  

Fig. 2. Eipenfunctions of the solution covariance !hJ l  ?.I \ :  'en 
used as an eficieni representation for the temperslure m ~ %  
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Fig. 3 An estimate of the nnr prmsion of the retnevcd temperature (K) for one particular day. February 5,  1981. as a 
function of latitude and altitude. This estimate IS obtaned by using equation (76) and includes both instrumental noise and 
"unseen structure '' 

of the unknown profile and roll at the observation time, to- 
gether with the error statistics of this estimate. 

3.1. The Temperorwe Profle Representation 
To minimize computing time, it is important to use the 

most dfcient representation possible for the temperature pro- 
file. This has bccn done here by using a pet of empirical or- 
thogonal functions which represent an ensemble of retrieved 
profiles most dliciently. rather than functions representing an 
ensemble of actual profiles. If the covariance of an ensemble of 
actual profiles is S, and the instrument has weighting function 
matrix K and noise covariance S, then it is straightforward to 
show that the covariance of the ensemble of maximum Ilkeli- 
hood retrieved profiles S" is 

sR = S K ~ ( K S K ~  + S ~ - ~ K S  

The representation with least error of a member of this en- 
semble, for a given number N of codiicients. is as a Linear 
combination of those eigenvectors of S" which correspond to 
the N largest eigenvalues. 

SAMS does not have a fued set of weighting functions. nor 
is the atmospheric covariance S known adequately for our 
range of heights. Neverthcles, we have used the above repre- 
sentation as a reasonably efficient one for our purpose. For 
the elements of S we have assumed 

Sii = $0 exp (-(i-j]*/a*) 

where i and j arc level numbem with kveb s p o a d  at intmals 
of 0.2 scale height, I? ia SO, and So is 0.0625 in units of the 
square the r- of a 290 K black body. This assumes that 
the atmosphere u condrted over a range of about 3-4 km 
and ignores longer-- correlation. For the matrix K in this 
calculation we have used a set of weighting functions corre- 
sponding to tangent heights from 2.3 to 8.3 scale heights for 
the wide band channels and from 4.7 to 13.5 scale heights for 
the PMR, both in steps of 0.4 scale heights. The resulting set 
of eigenfunctions are shown in Figure 2. 

3.2. Stochastic Equation for Roll 
The instrument datum used is the direction of the D field of 

view when the vertical scan mirror is at step 41. its central 
position. The fields of view of each channel were determined 
relative to channel 1 during prelaunch tests. and the mirror 
angle relative to step 41 is known continuously to high accu- 
racy by telemetry. 

Roll an& 8, at time t is detined for the purpose of the 
retrieval as the angle of the datum above the direaion which 
has a tangent point at pressure level p where In (po/p)  = 7 
(about 0.92 mbar). A roll rate r is also defined such t h t  r ,  = 8, 
- 8, - Time t is expressad in units of observation intervals of 

2 s. Given estimates 8,- and f,- at t h e  t - 1, we awune M 
a priori atimate at time I given by 

eto = d,-i + + 6, 
1,' = If,- + 6, 

where 6, is a pussian random change of roll rate and B is a 
constant between 0 and 1 which represents the long-term con- 
trol of mean roll rate to be zero. This stochastic equatm IS 
equivalent to assuming that the torque on the spacaraft is 
random and uncorrelated on a time d e  of 2 s. is a 
conservative assumption, but it appcan to be adquate for our 
purposes. 

3.3. Stochastic Equation for Temprrotvre 
Temperature is represented by a vector x of codkiews of 

eight eigcnfunctions of the deviation of pro!% of Planck func- 
tion at 675 from the climatology interpolated to the 
appropriate latitude and day. This wave number was chosen 
bccaw the Planck function at that frequency most clorely 
matched the spectrally weighted black body radian- LAT) 
for the two PMR C02 channels. 

We auumc that the dicicnu obey a ht-order  stochastic 
pr- thus: 

x,=,=l-,+6, ( 5 )  

where I, is a gaus6ian random vector and a represents the fact 
that in the long term f -. 0. 

A relationship between the coefficient J and Sb. the covan- 
ance of I,, can be found by taking the covariances of both 
sides of ( 5 )  to be equal to S": 

S" = E{x,x,'} = E { ( ~ x , - ,  + I , ) ( ~ x , - ~  + & J r }  

therefore 

S" = 22.9" + s, 

s, = (1 - U'E" 
hence 
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A second (or higher) order stochastic proccss would clearly be 
more representative, but leads to excessively large computing 
requirements. 

3.4. Construction o/ the A Priori Information, 

equations for roll and temperature can be written jointly as 
We define the state vector II as (x, 8, r). The stochastic 

u,' = A i , - ,  + A 
where 

and 

A = (&. a,&) 
If the covariance matrix of 4- is SI- then the covariance 

matrix of the a priori so is given by 

s,O = 3,- l ~ r  + A A ~  = 3,- I ~ r  + S, 
3.5. Linearization of the Direct Model 

When the a priori profile is close to the retrieved profile, as 
is the case with this sequential estimator. linearization is likely 
to be an accurate approximation to the direct model. This 
allows the usual linear theory to be used without iteration. 
The linearization for temperature retrieval takes place in two 
stages. Equation (2) is sulliciently linear in B that it can be 
adequately linearized once and for all with res- to Planck 
function about a climatological (time and space dependent) 
distribution. However the nonlinearity due to roll is so large 
that this linearization must be done about the a priori at each 
observation time. 

Radiances are calculated as functions of prusure for clima- 
tological mean profiles taken every IOo latitude and every 
month and are interpolated to the exact latitude and day. 
Differential weighting functions W(h) relating radiance from 
tangent height h to the coefficient of the representation arc 
calculated numerically by finding the changa of-radiance re- 
sulting from separate small changa in a c h  of the d t c i c n t s  
and averaging over all climatological profila. 

W h )  = (I(h xi + ax,) - I ( h ,  x,))lax, 
The radian- pro& u therefore related to tangent height h 
and eigenvector Coamcimts by 

I(h) = I,(h) + W'(h)x (6) 

where I,(h) is the climatological radiance profile. If we lin- 
earize (6) with respect to h about a nominal value h, we obtain 

I(h) I&) + WT(ho)x 

This can be put in the form 

AI = MTAu 

where AI = I - l t (ho)  - Wr(ho)x is the deviation of the obser- 
vation from that expected using xo and Bo. Au is the vector 
(x - xo. 0 - 8,. r - io) and M is a vector of coeficients. the 
last of which is zero as radiance does not depend on roll rate. 

Given an a priori estimate uo with covariance So. ue can 
update this to find an improved estimate ti with covariance S 
by using the observed A I  and its variance u2 with equations of 
Rodgers [ 19761 

(70) i = uo + SoM(MT - SoM + u') - 'Al  

S = so - S O M ( M ~  - SOM + d -  IM%O l7hl 

For this application we have up to four observations at 
each time (two WB:PM pairs). but because the number varies 
(mainly because one or more of the channels may be viewing 
outside its useful height range) we choose to apply equations 
(70)  and (76) separately for each channel as a scalar. using the 
new u and s from one update as the uo and So of the next. 
including using the revised roll angle to provide an improved 
tangent height linearization point. 

3.6. Practical derails 
We have initially available for each observation time an 

approximate estimate of the roll angle determined by a 
sequential estimation proccss which uses the ratio of wide 
band to PM radiances and the output of the satellite attitude 
control system. This method gives roll angle sulficiently accu- 
rately to be a starting point from which the full retrieval can 
converge. It is only necessary at the start of sets of atmospher- 
ic data (e.g.. after data gap). 

Data are normally processsd in sets of about 24 hours. The 
retrieval algorithm is applied to a whole 24 hour pcnod which 
is available in sequential order. The estimator is started at a 
point 10 min from the start of data and run back to the start. 
the raults being discarded except for the estimates of x and 0 
for the fint observation. The estimator is then run forward 
through the data set. 8 and its variance being stored every 
observation time (every 2 s). and x and 8 and their covariances 
being stored at every crossing of a 2.5" latitude line. At the end 
of the data set the final x and 0 are wd as starting values and 
the estimator run backward along the orbit to the start. This 
time the backward estimate of 0 is combined with the forward 
estimate previously stored. weighted by the reciprocals of their 
variances. Similarly at 2.5" latitude intervals combined values 
of x arc also produced in accordance with the covanances. At 
the star t  of both the forward and backward runs So is set to a 
large value representing no data. When forward and backward 
are combined no attempt is made to combine roll rate (since It 
is not required) or to use its covariance since. for a given time 
for which x and 0 are applicable. the forward and backward 
values of r corrapond to times separated by one time interval. 

The approximate fmt atimote roll angle is incorporated 
into the full estimate as a pseudo observation (with relatively 
large standard deviation of 0.4') every time slot. It  is only 
effective during long periodc when there is no atmospheric 
data suliicient to constrain the solution. 

3.7. Sequential Estimation of Space-Radiance Ofset 
The precision of calibration of radiances near zero limits the 

lowest values of atmospheric emissivity. and thus the highest 
altitude of measurement. that can be used. For example. an 
emissivity of 0.1 when viewing an atmosphere at 240  K would 
give a radiance 0.05 of that of the 290 K internal black body. 
Since with the SAMS implementation of pressure modulation 
the channels chop awns t  references at instrument temper- 
atures (about 290 K), changes of gain and instrument temper- 
ature c a w  apparent changes of radiance when viewing space. 
Instrument scan patterns are chosen to @ve views of space 
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well above the atmosphere at about IO min intervals. In addi- 
tion. every scan cycle (32 sl the channels view levels sulficiently 
high in the atmosphere for the radiance to be regarded as 
zero. Only the retrieval algorithm has knowledge of whether 
these are high enough to be usable as a zero calibration. 
Therefore. an estimator of space view radiance offset is run in 
parallel with the attitude and temperature estimator. using the 
roll angle estimate to provide estimates of radiance correc:ion 
for each channel. 

4. COMPOSITION RETRIEVAL 
The retrieval of the distribution of trace gases could in prin- 

ciple be carried out in the same way as the temperature re- 
trieval. by linearizing the direct model at every observation 
time and by updating the profile estimate and its covariance 
with the measured radiance. However. because the direct 
model is much more complicated in this case. the computing 
requirements of this method are prohibitive. Furthermore. the 
signal to noise in the composition channels is relatively low. so 
that this approach would be rather like taking a sledgeham- 
mer to crack a nut. We have therefore chosen to analyze the 
radiances in a relatively coarse gnd before retrieving profiles, 
thus considerably reducing the number of profiles retrieved. 
The details of the gnd vary with the gas, depending on the 
signal to noise ratio. 

4. I .  
The starting point for a composition retrieval is a radiance 

profile sampled at a fixed interval in -In (p) ,  usually 0.2 scale 
heights. The profile to be retrieved is modeled by straight line 
segments in the logarithm of mixing ratio against -In (p) ,  
using a relatively small number, n. of points to determine the 
profile. Thus the problem is over constrained, and does not. in 
principle, need an a priori estimate. In practice, of course, a 
rather good first guess is needed as a linearization point, and 
to prevent the solution behaving badly at those altitudes 
where there is little information in the measurements. 

The profile is retrieved, starting at  the top, by sequentially 
updating the coefficients x representing the profile and its co- 
variance S with each measured radiance I,(and its variance a,) 
in turn, thus 

Use of Sequential Estimarion 

xi = x,_ I + Si- lWiAI,a/(WrS,- ,W, + a,') 
si =si- -si- i W , W , ~ S l ~ l / ( w i ' s , ~ i w ,  + a,? 

where subscript i dm to the radiance level being wd for the 
update, i - I is the mult of the previous stage, Wi is a vector 
of weighting funaioar. and AI,- is the departure of the mea- 
sured radiance from that calculated for level i using the re- 
trieval of stage i - I : 

Afia = I," - I , ' - ' ( c~c)  

The weighting functions W i  are calculated by finite differences 
at each stage 

AI, 
AX 

w, = - 

W, depends on the temperature structure. the a priori con- 
centration profile, and the pressure of gas in the PMC 

The final solution of this iteration i and s are equal to x, 
and 3,. respectively This solution has second-order conver- 
gence and is usually found to converge adequately in one step 
If further iterations are required, the covanancc So is reinitia 

lized to the first guess. the a priori absorber distribution x Q  IS 

set equal to x. and the weighting function matrix IS  re- 
evaluated by linearizing about the new initial guess xo 

4.2. Pracrical Derails 

The CH, and N,O sensing channels on SAMs share the 
same detector and thus cannot both be enabled at any one 
time. To maximize the coverage obtained. the CH, and N,O 
PM channels are thus generally arranged to operate on alter- 
nate 24 hour periods. I t  is thus convenient. and in fact appro- 
priate from signal to noise considerations. to treat each 24 
hour period independently. Although the longitudinal vari- 
ations of CH, and N 2 0  are being investigated. the quantities 
processed for archiving are zonal mean mixing ratio cross 
sections. After calibration and removal of space view offset. 
the radiances are zonally averaged into IO' latitude bands and 
in 0.2 scale height intervals using the retrieved attitude and the 
tangent point latitude. Radiances with estimated attitude 
errors greater than 0.15 scale heights are rejected at this point. 
At the same time the corresponding zonal mean temperature 
profiles are obtained by averaging the Planck function at 1290 
c m - '  (the center of the CH, and N,O channels) and retrieved 
temperatures over the same bands. The zonal mean radiances 
and temperatures are then archived as an intermediate prod- 
uct. 

To retrieve a given data set. latitude dependent a priori 
estimate of the CH, and N,O zonal mean mixing ratios are 
determined using the Oxford two-dimensional model [Har- 
wood and Pyle. 19751 assuming large covariances (implying 
uncertainties of 25 and 100% in the CH, and N20 mixing 
ratios, respectively). Starting a month into the data set. and 
working backward in time. each day's data is retrieved by 
using a single iteration. At the completion of each day. the a 
priori estimate for the species being measured that day (either 
CH, or N20) is then replaced with the retrieved zonal mean 
mixing ratio cross section. and the covariance is reinitialized. 
This p r o m s  is repeated until the start of the data set is 
reached, whereupon the retrieval is run forward through the 
data set in the same manner with the zonal mean cross sec- 
tions and their covariances now being stored. 

5 .  ERROR ANALYSIS 

Random errors arise mainly from the contribution of detec- 
tor noise to the measured radiances. One reason for using the 
optimal estimation equations is to treat this component of the 
total error correctly and automatically, obtaining the covari- 
ance matrix of the random error of the solution (equation 17hU 
as one of the outputs of the system. Thus every retrieved 
profile has its own error estimate attached. An example of this 
error estimate is given in Figure 3, which shows contours of 
temperature error in a zonal cross section. Note that this error 
includes contributions from both instrument noise and 
"unseen structure" (Le.. fine structure in the temperature pro- 
file (as expressed in its covariance matrix) which is invisible .it 
the vertical resolution of the instrument). 

Systematic errors arise from many sources, some of uhich 
have already been touched on: 

I .  Calibration error: gain, space offset, temperature dspen- 
dcnces. etc. 

2. Instrumental: PMC pressure. field of view profile. ,pet- 

tral filter profile. 
3. Location error: tangent height (for compositioni. !.if;- 
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tude, time. Winds and spacecraft yaw stability (via Doppler 
shift). 

4. Spectroscopy: line strengths, widths, temperature de- 
pendences, air broadening, and self broadening. C.G. approxi- 
mation. Transmittance parameteriiwion. Overlap with other 
BaseJ. 

5. Retrieval: zonal averaging (for composition). Stochastic 
prediction equation. Use of eigenvectors as a representation. 
Nonlinearity. ‘Temperature errors in the case of constituent 
retrieval. 

Error analysis may in principle k carried out by perturbing 
the retrieval equations in a way appropriate to the error 
source, to determine the effect on the resulting profile. The 
details are straightforward but tedious. A discwsion of thcse 
errors in the cw of temperature is p e n  by Bmnett and 
Corney [this issue] and in the casc of methane and nitrous 
oxide by Jones and P y b  [this issue]. 

6. DWXSWON 
Retrieval of temperature and composition profiles from 

SAMS presents both theoretical and logistical problems. The 
inverse problem for temperature is nonlinear both because of 
the temperature dependence of,the transmittance and because 
the scan is geometrid, while the atmospheric maw distri- 
bution with height varies according to the hydrostatic equa- 
tion. The inverse problem for composition is more nonlinear 
because the absorber distribution to k measured appears as 
an argument of the transmittma function. Logistid prob- 
lems arise because the $can pattern of SAMS is programable 
and therefore arbitrary and because the attitude control of the 
spacecraft is inadequate. Furthermore, owing to the satellite’s 
horizontal motion during the vertical scan, the radiance pro- 
file is along a slant path, not a vertical path, so that vertical 
pro6les are not measured directly. The problems PIC further 
compounded by the low signal/noisc ratio in some channels 
In the cue of temperature. the retrieval method presmted 

here retrieves all the unknowns, tncluding roll an& and rate, 
at every observation time, using a single rPdiana and the 
optimal estimation equations. This may a p p u  unlikely but is 
no different in principle from retrieving a coatinuow vertical 
profile from perhap 10 simultaneous nadir sounding 
channels. In practice, up to four chrnaclr ICC wcd at any one 
observation time, two PM and two WB C02 IS pm radiancu. 
Continuity dong the w t  track is provided by way of a 
stochastic equuion which pro- the a priori profile using 
that revicvd @ thr peviour obomation time. Forward and 
backward arc combined so that continuity is used in 
both direcrioa. 

Apart from tb w o n  of statistical optimality, the 
method h a  a number of practical advantaged, which follow : 

1. The a priori is atways close to the solution. SO that 

2. Horizontal continuity is mcorporated via the stochasrlc 

3. The scan pattern need not k pre-specified. 
4. The fist stage of global gndding is done automatically. 
5. Objective interpolation is automatically carried out 

over data gaps. 
We have not included in this paper examples of retrieved 

cross seftions of temperature and composition and their accu- 
racy and prmsion. For these we refer the reader to the two 
companion papers, Bornerr and Corney [this issue] and Jones 
and Pyle [this issue]. Barnett and Corney d i m  the vali- 
dation of the temperature profiles in comparison with Tiros-N 
SSU and rocket measurements, while Jones and Pyle present 
methane and nitrous oxide cross sections in companson with 
those computed by the Oxford two-dimensional model. 

problems of nonlinearity and iteration arc minimKed. 

equation. 
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Temperature Comparisons Between the NIMBUS 7 SAMS, 
Rocket/Radiosondes and the NOAA 6 SSU 

J. J. BARNETT AND M. CORNEY 

Department of Atmospheric Physics, Clarendon Laboratory, University of Oxford 

The stratosphenc and mesosphenc sounder (SAMS) on the NIMBUS 7 satellite is a limb sounder 
measuring infrared thermal emission from gases in the earth's atmosphere. Carbon dioxlde measure- 
ments near I5 pm are used to determine the temperature profile and satellite roll angle. These temper- 
ature fields are compared with measurements by the NOAA 6 SSU and radiopcketronda over a 
13-month penod in 1980/81 Consistent patterns of bias between the instruments are found but are 
generally less than 2 K. Some of ihcsc are attnbutcd to atmosphenc tides. but others appear to indicate 
errors, including a problem caused by atmosphcnc ozone affecting lower-stratosphere SAMs measure- 
ments. Remarkably good agreement is found between vanations measured by the three sensors, with 
standard deviations of difference typically of I K and correlation coellinents of up to 0.994 over the 
whole period. 

1. INTRODUCTlON 
The stratospheric and mesospheric sounder (SAMS) is a 

limb-scanning infrared radiometer carried on board the 
NIMBUS 7 satellite. which was launched in October 1978. , 
The SAMs worked well until October 1982, when the scan 
mechanism began to malfunction, thus gwing 4 years of con- 
tinuous data; several months of good data were also obtained 
in 1983. 

This study was undertaken to see how well the SAMS tem- 
perature measurements agreed with those of rockets, radio- 
sondes, and the TIROS-N series stratospheric sounder units. 
The temperature field is an important product of the SAMs 
measurements for the study of atmospheric thermal structure, 
radiation, and dynamics, but it is also an essential input for 
the retrieval of the SAMS minor constituent channels. 

1.1 The SAMs 

The SAMs hardware was described in detail by Drummond 
er al. [I9801 and by Wale and Peskert [this issue], who also 
discuss the SAMs calibration and its operation in space. 

The SAMs radiometer uses the technique of pressure mod- 
ulation to select emission from a specified part of the band for 
a given gas. The principals are outlined by Taylor et al. 
[I9721 and Curtis et al. [1974], and its advantages for limb 
composition sounding are described by Chaloner et al. [I9781 
and Dnrmmond and Jarnor 119783. The pressure modulator 
selectively modulata tha emission from a gas in the atmo- 
sphere by using the absorption lines of the same gas as an 
optical iilter. A cell containing the gas to be measured is in- 
cluded in the optical path of the radiometer. The gas pressure 
is varied so that the transmission of the cell is modulated at 
frequencies in the range 20-40 Hz. Pressure modulation is 
sensitive to emission at higher altitudes. By using a conven- 
tional black chopper in series with the pressure modulator at 
a much higher frequency (approximately 240 Hz), it is possible 
to obtain information from as low in the atmosphere as does a 
simple wideband radiometer. By combining the two methods 
of modulation, known as pressure modulation (PM) and widc- 
band (WB) modulation, data have been obtained over alti- 
tudes from 10 to 100 km. 
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pressure level and temperature sounding is accomplished by 
two such optical paths in the SAMS: C1. which uses -30 
mbar of CO, in a IO-mm long cell; Al, which uses - 12 mbar 
of CO, in a 3-mm long cell. Both pairs measure emission from 
the whole 15-prn ut band with similar filters, hence the wide- 
band measurements are nearly identical. However the A I  pair 
are ofset to view 0.56" (approximately 30 km) above the C1 
pair. The A I  cell pressure is sometimes set to much lower 
values than above; in this case the signal-to-noise ratio of the 
pressurc-modulated measurement is too poor for i t  to be 
useful other than in the zonal mean, and only the C1 rncasure- 
ments are used. 

The weighting functions (it., the Frechct derivatives of the 
measured radiance with respect to the vertical radiance coor- 
dinate) for these channcls are shown in Figure 1. The retrieval 
method is described in detail by Rodgers et al. [this issue]. It 
uses a sequential estimator in which the retrieved profile at 
each observation time is w d  as the a priori profile for the 
retrieval at the next observation time, 2 s later (an observation 
is a single tangent height, not a complete scan-the scan takes 
about 32 s). This allows continuity in the horizontal to be 
included and makes the a priori profile so close to the solution 
at each stage that linearization is adequate and iteration IS not 
required. The profiles are stored at every 2.5" of latitude along 
the tangent track. thus automatically doing the first stage of 
gridding, the "orbit gnd." At a later stage, values are intcrpo- 
lated in longitude onto a regular gnd with Io" longitude and 
2.5" latitude intervals. The northbound and southbound orbits 
are gridded Separately but are then combined to give an 
average field for the day derived from all values between oo00 
and 2400 Z. 

1.2 The SSU 
The stratospheric sounder unit (SSU) is a temperature soun- 

der provided by the British Meteorologcal Office and carried 
on the NOAA operational TIROS-N series satellites. It mea- 
sures thermal emission from carbon dioxide by using three 
pressure modulator channels. Although scanning sideways by 
+35", it is essentially a nadir sounder, providing measure- 
ments of a fundamentally different type from the SAMS. The 
weighting functions peak near 28 km, 36 km, and 43 km for 
channels 25. 26, and 27. respectively, and are about 15-km 
broad (see Figure 1). The data were processed by the Meteoro- 
logical Office and were supplied in the form of analyses on a 
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Fig. 1. Weighting functions for S A M s  C1 PM, C1 WB, and A1 PM channels and for the N O A A  6 SSU. S A M s  
waghting functions arc glven for tangent pressures of the center of the field of view at intervals of 1.0 in In(p/p,). 

5" by 5" latitudeflongitudc grid interpolated in time to 1200 Z 
for each day. Two types of data were used: (1) radian- for 
each SSU channel (corrected to exact nadir view); (2) thick- 
ness analyses from 100 mbar to various levels, derived by the 
Meteorological Office by regression, and incorporating, to 
some extent, measurements by the HIRS-I1 infrared and MSU 
microwave vertical sounders on the same satellite. For this 
study, data from the N O M  6 satellite were used. This has 
equatorial crossing times of approximately 0730 and 1930 
local mean time (see Table 1). Of the SSUs launched so far, 
this is probably the beat understood and the most stable. The 
quality of the measumnmu were discussed in detail by Nash 
and Brownccombc 119833. They show the overall radiometric 
precision for channels 25, 26, and 27 to be 0.15, 0.15, and 0.2 
mw m- l  ster-' respectively. with an additional 
component of 0.06, 0.1, and 0.3, respectively, arising from the 
uncertainty of cell pressure, implying a weighting function 
mean height unartainty. At this wavelength these units are 
approximately equivalent to K for atmospheric temperatures. 
Pick and Brownscornbe 119813, Brownscornbe and Schlapp 
119833, and Miller et a/. [1980] gwe additlonal information 
about the SSU's and their data  

1.3 RocketlRdiosonde Measuremenrs 
Thee  were prepared by the Meteorological Office as part of 

their SSU comparison program and supplied on magnetic 
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tape. The rocket sensors were Super Loki datasondes, which 
measure temperature to a precision of 1.0-2.5 K over the 
20-60 km height range. The rocket data were originally taken 
from teletype Rocobs messages and corrected where necessary 
for dynamic and radiative heating. They were combined with 
nearly coincident radiosonde profiles and interpolated to give 
temperature, geopotential height, and wind as functions of 
pressure. The radiosonde provided both temperature data 
below 50-mbar pressure and a pressure and height near that 
level to enable the rocket temperature measurements, which 
are measured as a function of height, to be obtained on a 
pressure scale that is the fundamental vertical coordinate for 
the satellite measurements. Rocket temperature was used ex- 
clusively above 10 mbar and radiosonde below 50 mbar, a 
smooth transition being made in any overlap region between 
these pressures. In this region the standard levels are 50, 30, 
20, and 10 mbar. Where there was no overlap such that one or 
more levels was missing between the two parts of the profile, 
no further attempt was made to use the profile. For this study, 
data from three rocketsonde stations were used. In every case 
the radiosonde ascent was from the same station. At Ascen- 
sion Island (8"s. 14%') the 1200-2 radiosonde was always 
used, and rocket launches were typically within 2 hours and 
always within 4 hours. At Kwajalein Island (9"N. 168"E) the 
0000-2 radiosonde was always used with rocket measurements 
typically within 2 hours but up to 5 hours away. At Primrose 
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TABLE 1. Approximate Local Times of SAMS and SSU Observations 

SAMs ssu 
Latitude Ascending Descending Bias, % Ascending Descending Bias. ?'o 

~~ 

505 1657 1842 97 2015 0644 -7 
40"s 1517 2021 88 2002 0658 -5 
20"s 1414 2125 59 1944 0716 -2 
0" 1 349 2150 50 1930 0730 0 
20"s 1342 2157 47 1917 0743 2 
40"N 1353 2146 51 1859 0801 5 
50"N 1412 2126 58 1842 0817 8 
60"N 1451 2048 71 1825 0834 11  
67"N 1604 1934 90 1758 0902 15 

SAMs times are for the tangent point location, whereas for the SSU they relate to the NOAA 6 
subsatellite point (tima in hours and minutes). The bias is explained in section 3. 

Lake (SON, ll0"W) the rocket launches were all at about 
1800 2. and either the 0000-2 or 1200-2 radiosonde was uscd 
whichever was more appropriate; the biggest time difference 
was 8 hours. 

2. RADIANCE AND THICKNESS COMPARISONS 

2.1 Comparisons at Rocket Stations 
For this comparison we have studied in detail three rocket 

stations for which there were particularly frequent launches. 
Satellite data were interpolated to these locations from the 
gridpoint analyses. A m a y  period was used for the com- 
parison to give a complete annual cycle plus some overlap. 
SSU data were available for most days, but the SAMs is 
routinely switched off for one complete day every fourth 
giving 300 days of data. For rocket/radiosonde data the 
number of profiles available at  Primrose Lake and Kwajalein 
and Axension Islands were 103, 75. and 83, respectively. 
Thicknesses of the 100-20 mbar, 20-5 mbar, 5- 1 mbar layers 
were calculated for all sensors at the three rocket stations. In 
Figure 2 we show a time sequence plot for the three layers at 
Primrose Lake. Agreement between all sensors appears best in 
the layer 20-5 mbar, with SAMs being slightly warmer than 

SSU at 5-1 mbar but cooler at 100-20 mbar. With almost 
continuous data the SAMs and SSU values appear to track 
each other extremely well, both traces exhibiting the same 
short-term variations. It is more dificult to follow these vari- 
ations with the rocket data, but when they are sufficiently 
frequent, e.&, during days 1-80 and 300-350, 1980, there is 
good correlation. 

Figure 3(a-c) and Table 2 summarize the comparisons. 
Here the three data types have been compared for the whole 
period in pairs, using days when both types of data were 
present. Using days when ail three types of data were available 
would in some ways have been preferable but would have 
substantially reduced the number of comparisons. Thickness 
differences and standard deviations are plotted as equivalent 
mean temperatures by using lines that span the entire layer. 
Temperature profiles are compared at the standard rocket/ra- 
diosonde levels, but no SSU profiles were available. SSU radi- 
ances were compared with simulated radiances calculated 
from SAMs and rocket/radiosonde profiles. Weighting func- 
tions appropriate to the NOAA 6 SSU were used; they were 
not varied in time, since this radiometer is sufficiently stable 
for this to be unnecessary. They were appropriate to a global 
annual mcan temperature profile, and no account was taken 

20.0 nb to 5.0 ab Thicknu. 

D q  n u b v  in  y-or 

Fig. 2 SSU (solid line). SAMS (duhed line). and rocket (open circles) thicknesses expressed as equivalent layer mean 
temperature over Primrose Lakc rocket station (55"N. 110"W). 
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Fi& k 
Fig 3. Cornpisom of SAMS. SSU, and rockets cxpresscd ar 

equivalent tmpmtura Tbc prohle u SAMS-rocket given at the 
standard levelr of 100, 70. SO, 40. 30, 20, 15. IO, 7, 5, 4, 3. 2 1.5. 1. 0.7, 
0.5, 0.4, 0.2, 0.15. and 0.1 m b s  (the ticks on the pressure scale); the 
bars are mean layer temperature diRercnca (100-20 mbar, 20-5 
mbar. 5-1 mbar) of SAMS-rocket (solid line) and SAMS-SSU (dashed 
line); the spot points arc at SSU weighting function maxima SAMS- 
rocket (open circles). SAMS-SSU ( x ) .  and SSU-rocket (+)  for (a) 
Primrose Lake, ( b )  Asanrion Island, and (c) Kwajalein Island. 

of temperature dependence, an approximation that may lead 
to errors of up to about 1 K. Radiances were converted to 
brightness temperature each day before differencing and 
averaging. The differences are plotted at the levels of weight- 
ing function maxima. 

The mean differences for radian-, temperatures, and thick- 

ness are consistent with each other. Standard deviations are 
also consistent: the smallest variations occur with radiances, 
which average over the broadest layers. The largest variations 
occur with temperature profiles, where the SAMS is unable to 
resolve the fine structure, which itself may change rapidly 
within the time scale of a day and which would be reduced by 
horizontal averaging. 

Table 2 shows that at Primrose Lake the standard deviation 
of temperature over the period was 7 to 14 K, depending on 
the level and the layer. Correlation coeflicients are all larger 
than 0.97, except for the SAMS components of the 100-20 
mbar thickness. Correlations are generally higher for radiance 
than for thickness, being 0.988-0.993 for SAMS vs. SSU and 
0.985-0.994 for SAMS vs. rocket (becoming worse with in- 
creasing height). The gradients of least squares fit straight lines 
are given, in each case using first one then the other variable 
of a pair as the independent (assumed noise-free) variable; this 
was done because the relative errors of each were unknown. 
With perfect correlation the two gradients would be equal, 
while for zero correlation the first would be zero and the 
second infinite. Ideally, they would both be 1, indicating that 
both sensors of a pair show the same magnitude of response 
to a change. At Kwajalein and Ascension Islands the standard 
deviation of temperature is 1-2 K over the period. This is 

, little more than the standard deviation between the instru- 
ments, so correlation coeflicients are much poorer, k i n g  as 
low as 0.39. For the same reason the gradients at thesc places 
are of little value and are given only for completeness. 

The mean differences given in Table 2 show interesting pat- 
terns, which will be discussed in section 3. The three differ- 
ences for a given channel or layer at a single station do not 
add to zero because different sets of days were used for each 
comparison, as already discussed. In the middle and upper 
stratosphere, standard deviations of difference are generally 
smallest for SAMS-SSU and largest for SAMs-rocket, indica- 
ting that the SSU shows the smallest and the rocket the larg- 
est variation about some compromise “truth.” This interpreta- 
tion must be treated with caution, since errors may be corre- 
lated between sensors, e.g.. this could result from error-free 
rocket measurements but with SAMS and SSU both having 
offset errors that vary seasonally together. Estimates of the 
absolute standard deviation of each sensor can be obtained 
from the variances and covariances between differences (pref- 
erably using only days when all three measurements are pres- 
ent), but too few days were available for this to be done reli- 
ably. 

Figure 4 shows the scatter between channel 27 SSU and 
SAMS at Primrose Lake; days with and without AI PM 
available are shown separately, but there is no suggestion that 
these two classes of measurement fall on separate lines. The 
line of points tends to be slightly curved, falling closer to the 
SAMS-SSU line in the middle 230-250 K range than at 
higher or lower temperatures. From Table 2a the mean and 
standard deviation of SAMS-SSU for this set of measurements 
is 1.14 K and 1.46 K, respectively. 

2.2 SAMs and SSU Comparisons as a 
Function of Latitude 

Zonal mean SAMS-SSU brightness temperatures have bcen 
calculated for each day. They show consistent seasonal vari- 
ations, changing smoothly from month to month. Figure 5 
gives monthly means at 3-month intervals as being repre- 
sentative of the behavior. Differences of up to 3 K occur, 
usually peaking toward either pole and being smallest in the 
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TABLE 2. Radiance and Thickness Comparisons at Rimrose Lake, Ascension Island, and Kwajalein Island 

Overall dyldx 
Standard Standard 

X Channel Deviation, Difference, Number of Mean, Deviation, Cornlation Y 
K * Y  Pairs K K Codfkknt independent independent 

channel 25 

channel 26 

Channel 27 

100-20 mbar 

20-5 mbar 

5-1 mbar 

Channel 25 

Channel 26 

channel 27 

100-20 mbar 

20-5 mbar 

5-1 mbar 

Channel 25 

Channel 26 

channel 27 

100-20 m b u  

20-5 m b u  

5-1 mbar 

Channel 27 

Channel 27 

8.0 

9.5 

9.8 

7.0 

122 

14.2 

1.4 

1.8 

1.9 

1.8 

21 

20 

1.8 

20 

21 

21 

23 

2 2  

1.8 

1.8 

SAMS-SSU 
SAMS-Rocket 
SSU-Rocket 
SAMS-SSU 
SAMS-Rocket 
SSU-Rocket 
SAMS-SSU 
SAMS-Rocket 
SSU-Rocket 
SAMS-SSU 
SAMS-Rocket 
SSU-Rocket 
SAMS-SSU 

SSU-Rocket 

SAMS-Rocket 
SSU-Rocket 

SAMS-Rocket 

SAMS-SSU 

SAMS-SSU 
SAMS-Rocket 
SSU-Rocket 
SAMS-SSU 
SAMS-Rocket 
SSU-Rocket 
SAMS-SSU 
SAMS-Rocket 
SSU-Rocket 
SAMS-SSU 
SAMS-Rocket 
SSU-Rocket 
SAMS-SSU 
SAMS-Rocket 
SSU-Rocket 
SAMS-SSU 
SAMS-Rocket 
SSU-Rwka 

SAMSSSU 
SAMS-Rocket 

SAMS-SSU 
SAMS-Rocket 

SAMSSSU 
SAMSRocka 

SAMS-SSU 
SAMSRocka 

SAMSSSU 
SAMSRocka 

SAMS-SSU 
SAMS-Rocket 

SSU-Rocka 

SSU-Rocka 

SSU-Rocka 

SSU-Rocket 

SS U - R ock et 

SSU-Rocket 

SAMS-SSU 
SAMS-Rocket 

SAMS-SSU 
SAMS-Rocket 

Primrose Lokc 
262 -1.16 
74 -0.86 
94 0.26 

262 -0.26 
74 -0.42 
94 -0.07 

262 1.14 
74 -0.44 
94 - 1.42 

26 1 - 1.32 
74 - 1.43 
94 -0.22 

26 1 -0.92 
74 - 1.49 
94 -0.60 

26 I 253 
74 0.61 
94 - 1.73 

268 -0.40 
66 ,. -2.49 
76 - 202 

268 0.01 
66 -2.71 
76 -2.61 

268 0.60 
66 -2.58 
76 -294 

270 0.29 
65 - 1.30 
73 - 1.77 

270 -0.15 
66 - 2.59 
74 - 229 

270 1.59 
66 -4.21 
74 - 5.55 

267 -0.20 
48 -0.73 
69 -0.59 

267 -0.02 
48 - 1.16 
69 - 1.24 

261 0.46 
48 - 1.75 
69 - 242 

267 1.51 
48 1.28 
69 -0.53 

267 -0.35 
48 -0.91 
69 -0.42 

48 - 236 
69 -4.12 

Asccnrion Island 

Kwajolrin Island 

267 1.41 

1.42 
1.33 
0.88 
1.27 
1.54 
1.27 
1.46 
1.97 
1.73 
2.47 
213 
1.44 
213 
218 
1.55 
245 
29  1 
297 

0.8 1 
1.39 
1.12 
0.73 
1.48 
1.34 
0.79 
1.40 
1.60 
226 
272 
1.56 
1.45 
224 
1.87 
1.28 
230 
207 

0.93 
1.08 
0.88 
0.98 
1.30 
1.13 
0.90 
1.58 
1.37 
203 
200 
1.49 
1.76 
1.81 
1.61 
1.38 
219 
1.94 

Kwajalein (Not A I  IErnbm days) 
112 0.69 1.10 
24 - 1.79 1.99 

Kwajaitin (Only A1 It-& days) 
15s 0.29 0.68 
24 - 1.71 1.06 

0.988 
0.987 
0.994 
0.993 
0.988 
0.99 1 
0.990 
0.982 
0.985 
0.936 
0.941 
0.97 1 
0.985 
0.980 
0.989 
0.985 
0.979 
0.976 

0.939 
0.677 
0.810 
0.894 
0.706 
0.785 
0.878 
0.698 
0.680 
0.403 
0.389 
0.695 
0.788 
0.657 
0.768 
0.842 
0.676 
0.740 

0.839 
0.824 
0.876 
0.842 
0.823 
0.873 
0.872 
0.799 
0.845 
0.626 
0.673 
0.829 
0.752 
0.796 
0.820 
0.823 
0.809 
0.880 

0.817 
0.722 

0.924 

1.002 
1.005 
1.006 
1.003 
1.002 
1.005 
0.988 
1.007 
1.010 
1.027 
1.018 
0.963 
0.99 1 
0.978 
1.01 1 
1.02 1 
1.030 
1.001 

0.80 
0.79 
1.13 
0.96 
0.95 
0.99 
1 .00 
0.86 
0.73 
0.32 
0.31 
0.86 
0.71 
0.82 
1.07 
0.71 
0.8 1 
1.02 

0.83 
0.82 
0.91 
0.91 
0.98 
1.01 
0.92 
0.96 
1.03 
0.54 
0.82 
1.02 
0.66 
0.76 
0.88 
0.73 
1 .00 
1.31 

0.89 
0.9 1 

0.97 
0.893 1.01 

1.027 
1.031 
1.019 
1.017 
1.026 
1.024 
1.008 
1.043 
1.042 
1.172 
1.149 
1.021 
1.022 
1.019 
1.034 
1.052 
1.075 
1.050 

1.14 
1.73 
1.72 
1.21 
1.90 
1.62 
1.30 
1.77 
1.58 
1.99 
2.06 
1.79 
1.14 
1.89 
1.81 
1.00 
1.76 
1.86 

1.18 
1.20 
1.19 
1.53 
1.44 
1.32 
1.21 
1.51 
1.44 
1.36 
1.81 
1.48 
1.17 
1.20 
1.31 
1.08 
1.53 
1.69 

1.33 
1.75 

1.14 
1.26 
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SSU Temperature 
Fig. 4. SAMS and SSU brightness temperatures for SSU channel 

27 over Primrose Lake rocket station (SS"N. ll0"W) for January 1. 
1980 to February 11. 1981; + and x denote days with and without 
A I  PM data for I2 mbar available. 

tropics. The locations of Primrose Lake, Kwajalein Island, 
and Ascension Island are marked, and it can be seen that the 
overall means for these places are approximately consistent 
with mean SAMS-SSU values given in Table 2. Channels 25 
and 27 appear to show quite different patterns, with channel 
26 behaving in an intermediate way. Channel 27 shows large 
differences toward 50"s; these are shown in more detail in 
Figure 6 togeher with 50"N and 67.5"N for comparison. The 
differences at 50"s are Seen to be 2.5-3 K from August to 
January, with no counterpart in the northern hemisphere. 
Conversely, for Channel 25 the differences are more symmetric 
about the equator, with maximum difference occurring in 
autumn in each hemisphere. 

3. DISCUSION 
Since this paper is primarily intended to discuss the SAMS- 

derived temperatures, possible problems with the SSU or 
rocket/radiosonde will not be di9cussed. There are several po- 
tential problems with the SAMS retrievals: (1) motional 
chopping in the wideband channels and field of view unccr- 
tainties, (2) horizontal gnuha t  effcct~ in pressure-modulated 
channels at levels ubw8 the cmiaaivity is near unity, (3) D o p  
pier shifts c a d  by tbe d s  rotation affecting pressure- 
modulated &anneb, (4) inadequate allowance for ozone effects 
in the wideband chraadr. (5) solar tides, given the consistent 
differences between mcaaurancnt times. 

Table 3 gives values for the magnitudes of some of these 
effects. For Doppler shift they are the errors introduced in the 
tropics by neglecting the earth's rotation, and they were found 
by analyzing at the equator a spccial sequence of data when 
the SAMS was viewing with azimuth angles up to 12" away 
from the normal giving Doppler Shifts of up to 1600 m s - ' .  
To quantify other problems a single day (8 February 1981) 
was taken and proccsscd several times with different assump- 
tions. 

3.1. Field of View Uncertainty and Motional Chopping 
The SAMs fields of view are approximately Gaussian in the 

vertical. with a thickness at half pcak value of about 8 km. 

They were measured during prelaunch tests and, for CO,, are 
subject to an error of the level of the center of f0.003" (0.2 
km) [Wale and Peskett, this issue]. However, there is also a 
potential error caused by motional chopping. This is the result 
of vibration of the scan mirror (or some other part of the 
optics) in synchrony with the radiometric chopper. In the case 
of wideband channels, motional chopping has the effect of 
changing the field of view. The components were measured 
during test and have an effect similar to a downward shift of 
the field of view by 0.02". The temperature retrieval uses wide- 
band fields of view that include motional chopping on the 
assumption that it was unchanged between prelaunch test and 
operation in space. Wale [1981] has shown that for the 
pressure-modulated channels motional chopping effects 
should be much smaller than for the wideband. Table 3 gives 
the effect of changing wideband motional chopping by 100%; 
it is reasonable to allow possible errors of half of this, giving 
errors of up to 1 K. Motional chopping is discussed further by 
Wale and Peskett. 

3.2 Horizontal Weighting Function Shfts 
The weighting functions are primarily functions pf log- 

(pressure). The emission origmates within about 200 km hori- 
zontally of the tangent point in casts where the total absorp- 
tion along the tangent path is less than about 0.5 (the optically 
thin case). However, for absorption near unity the mission is 
centered about a point nearer the satellite than the tangent 
point; for the range of data used in the temperature retrieval 
this horizontal displacement can be up to 300 km. Temper- 
ature is assumed constant on pressure surfaces along the line 
of sight. The net effects of this approximation are (1) the tem- 
perature derived for the upper stratosphere and lower mao-  
sphere corresponds to a point roughly 100 km nearer the 
satellite than the tangent point; (2) the pressure registration 

s [  - -2 

4 -1 
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Monthly zonal mean SAMS-SSU brightness temperatures 
for SSU channels 25, 26. and 27: (dashed dotted line) January 1980, 
1981: (dotted line) April 1980: (solid line) July 1980; (dashed line) 
October 1980. 

Fig. 5. 
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will be in error where there is a strong horizontal temperature 
gradient in the atmosphere. For zonal means the effects cancel 
at latitudes where the SAMS views primarily east-west, errors 
only arising north of about W N  and south of 40"s. In this 
case a temperature error corresponding to the change in about 
100 km is to be expected, thus approximately k0.5 to k 1 K 
depending on season and pressure, with corresponding 
tangent height errors of 125 to 250 m (0.002" to 0.004"). 

3.3 Doppler Shift 
The SAMS views perpendicular to the direction of motion 

of the satellite, so the radiation suffers no Doppler shift as a 
result of satellite velocity, except for relatively minor errors 
caused by the orientation of the satellite. However, the earth's 
rotation causes a Doppler shift of about k400 m s-' in the 
tropics, falling to zero at extreme northerly and southerly lati- 
tudes. In the case of the CO, channels the effects are small, 
and no attempt is made to allow for them. 

3.4 Ozone Contamination 
The mid-latitude annual mean ozone profile given by Krue- 

ger and Minzner [1976] was used to correct the wideband 
channels. Table 3 shows the effect of reducing the ozone 
mixing ratio in the model by 30% at all levels. Consequently, 
the retrieved temperature increases in the stratosphere to ac; 
count for the observed emission. Minor decreases occur in the 
mesosphere because of compensation associated with the 
pressure-modulated channels being unaffected by ozone. These 
changes in temperature are to be expected from 30% ozone 
mixing ratio increases in the atmosphere (more ozone giving a 
higher apparent temperature). Ozone mixing ratios given by 
Heath [I9801 show maximum deviations of this magnitude 
about the mean model, with a lower and mid-stratospheric 
maximum in the tropics and minima at the poles. This would 
adequately explain the behavior of SAMS-SSU as a function 

r 
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1980 month 1981 

Fi& 6. Monthly zonal mean SAMS-SSU brightness temperature for 
SSU channels 25 and 27 at 50"s. SOON, and 67.5"'. 

TABLE 3. Changes in Temperature Retrieval ( K )  Resulting From 
Changes in Assumed Conditions 

Level (In fp,M SSU Channel 

2-4 4-6 6-8 8-10 25 26 27 

Ozone less 30% 1.1 1.9 -0.4 -0.3 1.3 1.2 0.4 
C1 WB shifted -0.1 2.2 -0.6 -1.0 1.0 1.5 0.7 

A I  PM not used 0.2 0.5 -0.3 6.3 0.4 0.3 0.0 
Doppler shift -0.4 -0.3 0.4 0.9 

up 0.02" 

corrected at 
eauator 

of latitude (Figure 5) for channel 25, although only if the curve 
is moved upward by about 1 K. 

3.5 The Effects of Tides 
SSU measurements from two satellites measuring both tem- 

perature and its east-west gradient every 6 hours have shown 
solar tides of up to 3 K amplitude (J. L. Brownscombe and J. 
Nash, private communication, 1983) for channel 27. Model 
calculations by C. F. Rogers et al. (private communication, 
1983) indicate that in the tropics the semidiurnal tides 
averaged over the SSU weighting function have amplitudes of - 1 K, whereas the diurnal oscillation, because its phase 
changes rapidly with height, should have a much smaller am- 
plitude. However, at mid-latitudes the diurnal wave would be 
expected to dominate, with a maximum temperature at about 
1800 hours local time. These calculations appear to be con- 
firmed quite well by SSU measurements. Table 1 shows the 
biases of SAMS and SSU zonal means produced by a diurnal 
sine wave peaking at 1800 hours. For each satellite the north- 
bound and southbound measurements are assumed to be 
averaged together, and deviations from the true mean arise 
because, in general, the two measurements for a given satellite 
at a given latitude are not 12 hours apart. At 50"s the bias of 
the SAMS relative to the SSU daily mean is expected to be 
104% of the diurnal amplitude, whereas at 50"N, where com- 
parable tidal amplitudes can be expected (in the correspond- 
ing season), the bias is only M%-consistent with the much 
smaller channel 27 SAMS-SSU differences found there. Thus 
it is reasonable to ascribe t h e  differences to tides. At 67.5'". 
where the bias would be 75% of the tidal amplitude, smaller 
tidal amplitudes are expected, so the smaller discrepancies 
there are reasonable. Tidal amplitudes are believed to increase 
rapidly with height in the stratosphere, so although tides may 
explain discrepancies in channel 27, their effects should be 
very much smaller at channel 25 Ievels, and much less than the 
observed discrepancies. The SAMS measurements show little 
difference ( -1  K) between northbound and southbound 
measurements, consistent with a diurnal tide peaking at 1800 
hours local time, since the SAMS measurements are symmetri- 
cally placed about that time. 

Brownscornbe and Schlapp E19831 have shown that the lunar 
semidiurnal tide is detectable in SSU channel 27 data. with a 
maximum amplitude of about 0.2 K in January and February 
and a mean of 0.15 K averaged over the year investigated 
(1980/81). The amplitude is smaller for lower channels. This 
would have the effect of modulating the differences with a 
period of 14 days and a zero mean. A simple calculation. using 
the times given in Table 1. shows that this would cause an rms 
SAMS-SSU component of 0.15 K in the tropics (averaged 
over the year). Compared with the smallest observed standard 
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deviation for channel 27, which is 0.79 K at Ascension Island, 
the lunar tide contributes only 4% of the variance. Hence it 
has been ignored in this study. 

3.6 
Comparing mean differences between the three Sensors at 

the three rocket stations shows that at Primrose Lake the 
differences are considerably smaller than at Kwajalein or 
Ascension Islands. Nash ond Brownscombe [I9831 found a 
similar effect, comparing the TIROS-N and the NOAA 6 
SSUs with rockets for different periods. They found good 
agreement to - I K at mid and high latitudes of the northern 
hemisphere, but going further south, the rocket-SSU difference 
progressively increased, being larger at Ascension Island than 
at Kwajalein Island. The results presented here (see Table 2) 
support those findings, with the SAMS and SSU generally 
agreeing with each other but not with the rocket. At Kwaja- 
lein Island the difference is only marked for channel 27, but at 
Ascension Island, differences are evident at all levels. Several 
potential problems with the SAMS have been outlined, but 
the offsets they can introduce should all be identical within a 
fraction of a degree at both tropical stations. This is also true 
for the SSU, but also no doubt for the rocket measurements, 
both rocket stations measuring at about the same local time. 

Comparisons Between Satellites and Rockets 

4. CONCLUSIONS 
There are various, quite different uses to which temperature 

fields derived from the SAMS measurements will be put, and 
they determine the types of error that are acceptable: 

(1) The temperature fields are used directly as the source of 
data for study of the dynamical and radiative properties of the 
atmosphere, e.g.. calculation of momentum fluxes. For this 
application, slow changes of bias with height and latitude of 
the magnitude found are probably not too serious. 

(2) They may be used to monitor long-term trends related to 
climate change or the solar cycle; here biases do not matter, 
provided they do not change. Some of the sources of error 
discussed here can, in principle, drift (notably motional 
chopping), but there are also others, such as mirror surface 
degradation and second-order effects associated with C 0 2  cell 
pressure and satellite temperature drifts, that are discussed by 
Wale and Peskett [this issue]. Thus long-term changes of bias 
must be expected, with a probable magnitude of 1-2 K. 

(3) For many studies it is advantageous to combine SAMS 
with SSU and other data because each measures over different 
time and space domains with different resolution. However, 
this is dilficult whom they do not agree. whether because of 
temporal effects or instrument erron. because sharp gradients 
far more seriow thu~ the absolute error of either alone arise 
at the interfaces. 

(4) The pressure-scale of the SAMS scan is determined from 
CO, meaurements by a proass intimately linked with the 
temperature sounding such that they both depend strongly on 
each other. The SAMS minor constituent measurements rely 
on correct registration of the scan, and since there is no way 
to verify this, a level of confidence can only be obtained in- 
directly from the instrument's performance as a temperature 
sounder. Based on discrepancies found in this comparison, it 
appears that the pressure-scale registration may have a bias of 
up to kO.006" in satellite roll angle, corresponding to about 
360 m at the limb. The implication of pressure-scale errors on 
the constituent sounding are outlined by Jones and Pyle [this 
issue]. 

( 5 )  Temperature measurements are a necessary input for 
constituent sounding, since thermal emission measured by the 
minor constituent channels is proportional to the Planck func- 
tion. The effect of temperature errors is discussed by Jones and 
Pyle [this issue] for the 7 - ~ m  CH4/N20 channel. At this wave- 
length, at 240 K the Planck function changes by 3% K - ' ,  and 
the temperature uncertainties are a limiting factor. 

The SAMS has been compared with other sensors in the 
stratosphere, and differences with random components of 1-2 
K have been bound. Mean differences show marked patterns 
that, to some extent, are understood. They indicate that 
SAMS temperature measurements are probably subject to 
biases (excluding those due to tides) of up to 2 K in the low 
stratosphere and 1 K in the upper stratosphere. The difference 
is perhaps to be expected, since the upper stratosphere is the 
middle of the SAMS temperature retrieval range and is the 
lower level for which the temperature is measured by the pres- 
sure modulator channels. 
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OBSERVATIONS OF CHq AND N 0 BY THE NIMBUS-7 SAMS: A 
COMPARISON WITH IN SITU D ~ T A  AND TWO-DIMENSIONAL 
NUMERICAL MODEL CALCULATIONS 

lReproduced from Journal of Geophysical Research, 89,5263-5279 (1984).] 

Observations of CH, and N,O by the NIMBUS 7 SA'MS: 
A Comparison With In Situ Data and Two-Dimensional 

Numerical Model Calculations 

R. L. JONES 

Departmrnt of Atmospheric Physics. Clarendon Laboratory 

J. A. PYLE 

Rutherford Appkton Loboratory 

Monthly man. mnd mean mururements of CH. and N,O for 1979 made by the stratosphenc and 
maosphenc sounder ISAMS) on the NIMBUS 7 satellite are presented for the first iime. Cornpanson 
wth in situ and other avalable data c o n h i  a general pattern of mixing ratios decreasing with height 
and of mama. at a gven pressure level. in low latitudes. The SAMs data. by virtue of IU exiensive 
covmgc, revals new features. There include dunng certan months a "doubk peak" when. along a 
wnsiani prarurc surface. mixing ratio rnaxuna am found in low lrtituda of both hemispheres with a 
I d  minunurn ai ihe equator In the upper stratosphere arc found repons of w a k  and strong honzon- 
tal gradients. Cornpanson with a twdunensiond model shows many areas of agreement. apnally for 
CH, and the model is uud to interpret atmosphenc behavior The model ovmstunata the observed 
N,O in the upper stralosphcrc. This is invatigated in ienns or a possible underniimation of the 
photochrmral sink. We believe strongly. however. that unaRainties in irmspon representation cannot 
be rulal out. 

1. INTRODUC~ON 
The stratospheric and mesospheric sounder (SAMS) instru- 

ment launched on the NIMBUS 7 satellite in October 1978 is 
a multichannel infrared limb scanning radiometer employng 
conventional chopping and prasure modulation techniques to 
measure atmosphmc temperature and the abundanca of a 
number of minor constituents by detecting either their thermal 
emission or. in some casa. raonantly scattering sunlight. In 
this paper we p r a m t  monthly mean cross sections of CH, 
and N,O for 1979 derived from SAMS measuremenu. The 
satellite data provide a great increase in spatial and temporal 
coverage compared with previous measurements and many 
featura which could not be resolved by limited in situ 
measuremenu become accessible to invatigation. S i n a  the 
production of CH. and N,O is at  the ground and the photo- 
chemical sink is weak in the stratosphere, the satellite data 
should prove particularly useful for tracing atmospheric mo- 
tions. Comparison of the mad man data with a two- 
dimensional model p L u a  a strons constraint on the transport 
and p h o t o c h c d  rhemer uta l  by the model In areas of 
good agreement tbr modd can be used diagnostially to make 
inferenca about atmorpberic proa+la For the comparison 
we have used the twodimmriond circulation model devel- 
oped initially at tbe University of Oxford. 

In the followins section* the CH, and N20 channels of the 
SAMS instrument are brietly described. An error analysis of 
the retrieval of the ndkna dau to pve  mixing ratio profila 
u s u e  ' The dau for 1979 are then presented and a 
compuuon with other mcuuremenu made. This is followed 
by a brief description of the numerical model. After a compan- 
son with the model results. a number of pprticulu featura 
shown by the data are dircwred in more detail. 

Copyn#bt 1984 by the A w n a n  Gcophysd Union. 
Paper number 3D16U. 
0 1 * 8 . 0 ~ 2 7 / 8 4 i 0 0 3 ~  t bus05.00 

2. THE CH, AND N,O SENSING CHANNEL ON SAMS 

A detailed description of the SAMs instrument has been 
p e n  by Dnunmond er d. [1980]. Broad spectral selection for 
the CH. and N,O (C2/3) scnstng channel is provided by a 
dichroic beam splitter and a filter consisting of three separate 
components. which together define a spectral passband w i t h  
maximum transmission at 7.8 pm (1280 an-') and half 
heightsat 7 . 5 ~ m ( 1 3 4 0 c r n - ' ) a n d 8 . 3 r m 1 1 2 0 0 c r n ~ ' ~ .  Atmo- 
spheric emission in this region of the spectrum anses pnrnarilv 
from the P and Q branches of the Y. band of CH, and the v I  

band system of N,O, with minor additional contnbutions 
from CO,, H,O, SO,, 0,. and "0,. Atmospheric radiant 
energy directed into the C2/3 channel parses through two 
pressure modulated ells (PMCs). the first containing U:O gas 
and the second CH, gas. which act as optical filters allowing 
emission from each of these specie to be detected selectt~ely 
[see Dnunmond er ai.. 19803. The mean pressure oi gas in each 
modulator can be set to either of two praelected pressures 
(see Table 1) extending the useful vertical coverage that may 
k o b t u n d  with each channel. To illustrate this effect. in 
Figure I are curva showing the variation wtth height of the 
emissivity ol the CH, and N,O channels for the two available 
m a n  PMC pnsrum. The k t  measurements are obtained 
over the height range where the emissivity gradient is  large. 
with little d u l  information being obtained from rhe !evels 
where the emissivity is close to zero or unity. By altering the 
mean PMC pressure, the spectral response of the pressure 
modulated channel is moved closer to or further from the 
m t e n  of emission ha, shifting the regon of maximum 
emissivity gradient in the vertical. The effect is evident 'n  !he 
CUIVCI shown in Figure I (compare curves a and b m d  Lurres 
c and d). The emissivity curva of the N,O channel !end to 
zero at lower levels than those of the CH. channel xL.iuse 
of the much more rapid drop-off of N,O with height 

&uw the CH, and N,O PMCs share a comrncr. 2c:cc-  
tor. only one channel can be enabled at any one iirnc . k ~ t  

5263 
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TABLE I Nominal Mean PMC Pressures in the CH, and N,O 
Pressure Modulators 

0.1 1- 
Mean PMC Pressure and 

Channel Mode Estimated Error, mhar 

C2(N,O) C2SO 7.15 (*3.5%) 
C2Sl 24.4 ( k 2.0%) 

C? ICHJ C3SO 22.5 (f 1.0%) 
c3s 1 47.8 (* 1.0%) 

Cell length 3 mm. approximate compression ratio: 1.7. 

simultaneous measurements of both gases are not possible. 
Normally, therefore, measurements of CH, and N,O are 
made on alternate days and this, together with the SAMs 
duty cycle of 3 days on and 1 day off, means that measure- 
ments of each species are possible for -40% of the time (- 12 
days a month). 

3. RETRIEVALS 
The signal-to-noise ratio of the measured radiances was not 

in general sufficient to obtain individual profiles of CH, and 
N,O. Normally, therefore, we derived zonal mean mixing 
ratio profiles directly from zonally averaged radiance profiles 
and effective zonal mean temperature profiles. To a m u n t  for 
the nonlinearity of the Planck function at 7.8 pm, at each level 
we first average zonally the Planck function at this wavelength 
using the SAMS derived temperatures [see Bornett and 
Corne!. this issue]. Each zonal mean Planck function profile is 
then inverted to give an effective temperature profile for each 
latitude band. Some error does result through averaging zo- 
nally rather than by using smaller longitudinal segments and 
then averaging the retrieved profiles but, as is discussed fur- 
ther in section 4.3. we found this to be minor when compared 
with other systematic errors. 

Normally, we averaged radiances over 10" latitude bands 
and 0.2 scale height ( -  1.4 km) intervals. The choice of these 
values is somewhat subjective, with these representing a suit- 
able compromise between latitudinal resolution and the com- 
putation time required for the retrievals. The signal-to-noise 
ratios of the zonal mean radiance profiles depend greatly on 
the atmospheric temperature structure (see Figure 2) and the 
instrument channel used. Signal-to-noise ratios reached typi- 
cally -30 in the low stratosphere. The restrictions that this 
places on the accuracy of retrieved solutions are discussed in 
section 4.5. 

The retrieval method employed a sequential estimator to  
update an a priori profile and covariance. To ensure rapid 
convergence, the most recent previous measurement at each 
latitude was used for the a priori profile with an overestimated 
variance. This method is described in detail elsewhere in this 
issue [Rodgers el al., this issue]. 

4. ACCURACY AND PRECISION OF THE SAMs CH4 AND N,O 
MEASUREMENTS 

An important feature of atmospheric measurements made 
from a satellite-mounted instrument such as SAMs is that 
spatial and temporal variations in atmospheric state become 
accessible to measurement. It is particularly important, there- 
fore. that those errors that may introduce spurious features of 
these kinds are well understood and their magnitudes known. 
In the following discussion of error sources we have attemp- 
ted, where possible, to distinguish between the errors of this 
type and those which to first order only lead to constant 

0 
EmLssrvity 

Fig. 1. Variation of emissivity with pressure level for the SAMS 
N,O and CH, channels assuming typical equatorial mixing ratio and 
temperature profiles. Curves a and b are for the N,O channel for 
mean PMC pressures of 24.4 and 7.15 mbar. respectively, and curves 
c and d are for the CH, channel, 47.8 and 22.5 mbar, respectively. 

biases in the retrieved fields. Where the distinction cannot be 
made reliably, we have, if anything, erred on the conservative 
side. 

Systematic errors in the retrieved constituent fields fall 
broadly into four categories: uncertainties in the spectroscopy 
of the absorbing gases; instrumental uncertainties; limitations 
and simplifications in the retrieval method and algorithm (e.g., 
uncompensated Doppler shifts and errors associated with the 
zonal averaging of radiances and temperatures); and inaccur- 
ate knowledge of the atmospheric state (primarily of the tem- 
perature field). These various error sources and their impacts 

O.' 7 

1 . :. -; 100 - - 
0.00 0.10 0.20 0 

RodL once 
0 

Fig 2 Examples of zonal mean radiance profiles for July 2. 1979 
(expressed as a fraction of the signal observed from a black body at 
290 K )  The honzontal bars denote measurements and their ( f lu) 
errors. and the solid curves are synthetic profiles computed from the 
retrieved mixing ratio profile The difference between the protiles is 
mainly due to the large interhemisphenc temperature gradient present 
at the time 
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TABLE la. Summary of Error Budget for the C3 (CH,) Sensing Channel on SAMs 

5265 

Pressure Level 20 mbar 7 mbar 2 mbar 0.6 mbar 0.2 mbar 

I .  Spectroscopy 
2. Field of view 
3. Mean PMC pressure 
4. Uncompensated Doppler 

5 .  Zonal averaging 
6. Interference of N,O 
7. Temperature ( f 2 K) 
8. Line-of-sight attitude 

9. RSS of latitude and 

shifts 

( +0.006') 

time dependent errors 
10. RSS of bias errors 
I I .  Net RSS accuracy 
12. Precision of monthly 

mean cross section 

f 7 0% 

f 2% 
f 3% 
f I .5% 

f 8% 
f 5 010 

f 50% 
5 4 O/b 

f 5 I % 

f 9% 
- + 52?6 

*5-15"/. 

f l'";, 
f I O i  

f 2Oc 
$ I Y o  

f8% 
t 2 %  
i 15% 
f 2% 

- + 15% 

f 6% 
f 18% 
f 3- 10% 

- + 5 x  
- + 3% 
f 6% 
f I .5% 

+8% 
f0.5"/0 
+ 10% 

6% 

- + 12% 

f 89'0 
f 17% 
f 3- I 3% 

f 5 0% 

+ 696 
6% 

f 6% 

f 8 % 

f 10% 
f 10% 

- 

f 17% 

f 10% 
f 2 I Yo 
f 4- 13% 

+ 59'" 
f 3 "h 
- + 3"% 
f 7% 

f 89'0 

f 10% 
f 6% 

f 14% 

f 7V" 
f I7"% 
f 20-40% 

- 

on the retrieved constituent fields are described below. Other 
more minor error sources also exist, and, although these are 
not discussed individually below, their effects have been in- 
cluded in the error budget summaries given in Tables 2a and 
26. 

To compute the magnitudes of systematic errors. a synthetic 
radiance profile was computed for typical mixing ratio and 
temperature profiles, with all the uncertain parameters set to 
their nominal values. This data set was then retrieved with 
each uncertain parameter offset in turn within its limit of un- 
certainty, and the retrieval is then compared with the original. 
Several tests were performed that demonstrated that the errors 
were suficiently insensitive to the temperature and mixing 
ratio profiles used for the results presented below to be of 
general applicability. 

4.1. Spectroscopic Errors 
Uncertainty in the atmospheric absorptions of CH, and 

N,O was minimized by measuring in the laboratory the re- 
sponse of sensors, identical in design and construction to those 
used in the tlight instrument, to simulated atmospheric limb 
paths containing these gases. Corresponding line-by-line 
transmission calculations were then performed, using spectral 
data from the compilations of McCIatchey et al. [1973] and 
Rothman [1981], which demonstrated that minor improve- 

ment and modifications to the spectral data were required 
[Jones, 19833. Using the modified spectral data, residual un- 
certainty in the absorptions of CH, and N,O is estimated to 
be equivalent to bias error of - +5-7% in the retrieved 
mixing ratios of both CH, and N,O (Tables 20 and 2b. row 1). 

4.2. Instrumental Uncertainties 
The CH,/N,O channel field of view was measured as an 

integral part of the prelaunch testing to be approximately 
Gaussian in the vertical with a half width at half height of - 4  
km. Some uncertainty is present in this measurement which 
may be thought of as being approximately equivalent to an 
uncertainty in view angle of +0.003" or approximately k0.2 
km at the tangent point. The effect of such an error is to 
change the vertical gradient of the retrieved profiles, leading to 
biases of up to * 5 %  in the retrieved mixing ratios of CH, 
and up to + 7 %  in those of the N,O (see Tables 2a and Zb, 
row 2). 

The mean pressure of gas in a PMC is critical in defining 
the spectral response of that channel (refer for example to 
Figure 1); any error leads to both a vertical gradient change 
and an offset in the derived fields. The gas pressures in the 
CH, modulator are known to k 196 and those in the N,O 
modulator to &3.5% and &2% for the low and high mean 
cell pressures, respectively (see Table 1). These lead to bias 

TABLE 26. Summarv of Error Budget for the C2 (N,O) Sensing Channel on SAMS 

Pressure Level 20 mbar 7 mbar 2 mbar 0.6 mbar 
~~ ~ ~~ 

I .  Spectroscopy f 7 %  
2. Field of view f 2% 
3. Mean PMC pressure f 3% 
4. Uncompensated Doppler shifts f 3% 
5. Zonal averaging f 8 Y o  
6. Interference of CH, +8 .5% 
7. Temperature ( f 2 K) f 50% 
8. Line-of-sight attitude f 4% 

f 5 1 % 

f 52% 
f 12-20% 

( * 0.006") 
9. RSS of latitude and time 

dependent errors 
IO. RSS of bias errors f 9% 
I I .  Net RSS accuracy 
12. Precision of monthly mean 

cross section 

f 7% 
f 4% 
+2% 
f 2% 
f 8% 
f 2% 
f 15% 
f 8% 

f 17% 

f 7% 
f 20% 
f6- 17% 

f 5% f 5% 
f 7% +8% 
f 17% f 2 I %o 

- +45% + 15% * 8% * 8% 
f 5% f25% 
f 10% f 20% 
f 12% f 3 % 

* 48% * 35% 

+ 20% + 24% 
+ 50% I 4 3 a  

*10-24% f 50- 100% 
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errors of up to 5 6 %  in the retrieved CH, mixing ratios 
(Table la. row c) and up to 25% in those of N,O (Table 26, 
row 3). 

4.3. 

A problem inherent in using a gas correlated device such as 
a pressure modulator is the Doppler shifting of atmospheric 
emission lines relative to those in the PMC on the orbiting 
'spacecraft. In normal operation the instrument line-of-sight is 
nominally perpendicular to the direction of spacecraft motion 
so that the shift is due to the combined effects of the earth's 
rotation and atmospheric winds. In practice, an additional 
component arises because of yaw angle errors in the spacecraft 
orientation (estimated to be 50.6") .  The dominant 
component-that due to the earth's rotation-can be precom- 
puted from a knowledge of the instrument viewing geometry 
and is therefore included explicitly in the model for calculating 
atmospheric radiances. The other sources cannot be d e ~ l t  with 
reliably and have not been allowed for. This results in uncer- 
tainties of up to -5% in the CH, abundances and up to - *30% at higher levels in those of N,O (see Tables 2a and 
26. row 4). 

As was stated above, zonal mean mixing ratio cross sections 
have been derived directly from zonal mean radiance and tem- 
perature and cross sections. While this approach is likely to be 
satisfactory when the temperature and constituent fields are 
zonally symmetric (frequently the case in the summer hemi- 
sphere), significant errors might arise during more active 
winter periods when large waves in temperature and constit- 
uent concentration may be present around a latitude circle. A 
direct test of the accuracy of this approach was therefore 
made. using as an example a single days data (February 9, 
1981). At this time a large temperature wave was present at 
high northern latitudes with an amplitude in excess of 30 K 
peak-to-peak between 30 and 1 mbar. In contrast, the temper- 
ature field in the summer (southern) hemisphere was almost 
zonally symmetric. Radiances in the latitude bands from WN 
to 67.5"N and from 50"s to 40"s were retrieved by using 
different numbers of boxes around each latitude circle, namely, 
(1) one 360' longitude box (the standard), (2) four 90" lon- 
gitude boxes, and (3) twelve 30" longitude boxes. 

A mixing ratio profile was retrieved for each box. A zonal 
mean mixing ratio profile was then obtained for each test by 
averaging the individual boxes together with due regard for 
their uncertainties. As expected, the zonal mean profiles for 
the band between 50"s and 40"s were almost indistinguish- 
able. while those for the 60"N-67SoN band showed minor 
differences, with an rms scatter of between 3.5 and 8% at 
different heights. However, in spite of these differences the 
important features were faithfully reproduced in all three pro- 
files. We have taken an error of * 8% as being the maximum 
error incurred through the zonal averaging of radiances 
(Tables 2a and 26, row 5).  This, of course, represents a worst 
case, appropriate only when large deviations from a zonally 
symmetric atmospheric state are present. 

4.4. Uncertainties in the Atmospheric State 
Atmospheric thermal emission in the 7.8 pm region of the 

spectrum arises predominantly from CH, and N,O, with 
minor additional contributions from CO,, H,O, O,, SO,, and 
"0,. The use of a gas correlated technique like pressure 
modulation virtually excludes emission from the minor con- 
tributors, although the mutual overlap of the CH, and N,O 

Limitations in the Retrieval Method 

bands is such that a small correction caused by absorption by 
the other must be applied in the retrieval of both species. As 
the atmospheric distributions of both species are of course 
measured by the SAMS, we have applied a correction using 
the most recent previous measurement of the abundance of 
.the interfering gas at that latitude. Uncertainties in abun- 
dances of the contaminating gas lead to uncertainties of + 5% 
in the retrieved mixing ratios of CH, at low levels, decreasing 
rapidly with height, and <6% over most of the stratosphere 
for N,O. increasing to -25% at the stratopause level (see 
Tables 2a and 26, row 6). 

An error in the assumed atmospheric temperature structure 
leads to an anti-correlated error in the retrieved minor constit- 
uent fields. The atmospheric temperatures used in the re- 
trievals are derived from SAMs measurements of thermal 
emission from the 15-pm band of C02 in a coupled 
temperatureiline-of-sight attitude retrieval. Uncertainty in the 
retrieved temperature field is estimated to be 5 2  K [Barnett 
and Corney, this issue] and 50.006" in attitude, equivalent to 
f 0.37 km at the tangent point (J. J. Barnett, private com- 

munication, 1983), both with possibly significant latitudinal 
and seasonal components. An uncertainty in temperature of 
* 2  K translates to a mixing ratio error of 2 15% (See 
Tables 2a and 26, row 7). while an uncertainty in attitude of 
*0.006' gives rise to an error of g10% (Tables Zn and Zb, 
row 8). 

4.5. Random Errors 
Random errors on the retrieved solutions are predomi- 

nantly due to radiance noise. We can determine the e5ects of 
radiance noise on the retrieved mixing ratio profiles straight- 
forwardly from the diagonal elements of the error covariance 
matrix obtained from the retrieval process [see Rodgers e f  a / . ,  
this issue]. Typical values for the random errors on a monthly 
mean cross section obtained in this way are shown in Tables 
20 and 2b. row 12. A precise value cannot be given as this 
would depend on the atmospheric temperature structure 
(which as can seen from Figure 2 largely determines the 
signal-to-noise ratios of the radiance measurements) and to a 
lesser extent on the temporal coverage obtained during each 
month. Errors obtained in this way are overestimates in that 
they take no account of the correlations that are present be- 
tween the retrieved mixing ratios at the various levels. 

4.6. Summary of Errors 

For both channels, insuficiently accurate knowledge of the 
atmospheric temperature structure and to a lesser extent of 
the line-of-sight attitude are potentially significant sources of 
spurious latitudinal or seasonal features. For the N,O 
channel, uncompensated Doppler shifts are another poten- 
tially serious problem, particularly in the upper stratosphere 
(see Table 26 row 4) where the emission lines of N,O at 7.8 
pm are Doppler broadened and hence narrow. Comparison of 
Tables 2a and 26, rows 9 and 10 shows that purely bias errors 
are generally small in comparison. 

The net RSS accuracies of the CH, and N20 measurements 
made by the SAMs are shown in percentage terms at various 
heights in Tables ?a and 26 row 11 .  Over much of the strato- 
sphere the CH, measurements are seen to be superior to those 
of N,O with an RSS accuracy of 520% compared with 25- 
50% for the latter. This is a consequence of the greater sensi- 
tivity of the N,O channel to unwanted Doppler shifts and to 
interference by CH, in the upper stratosphere and is offset to 
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some extent by the more rapid vertical drop-off of N 2 0  
mixing ratio with height and the consequential increase, in 
percentage terms, of the features observed (e.& latitudinal 
gradients) in the cross sections. These values are to be com- 
pared with the precisions at various heights obtained on a 
monthly mean cross section (Tables 2a and 2b row 12). 

The vertical extent of useful CH, and N,O measurements 
made by the SAMS is influenced by a number of factors. The 
spectrocopy and the atmospheric distributions of each species, 
together with the spectral response of each channel, couple to 
define the height range over which information may in prin- 
ciple be obtained (refer for example to Figure 1). In practice, 
however, the finite signal-to-noise ratio of the radiance 
measurements and the sensitivity of the retrievals to system- 
atic errors reduce the useful coverage. We feel that useful 
measurements of monthly zonal mean cross sections of CH, 
are made between 20 mbar ( -  30 km) and 0.2 mbar ( -  60 km) 
and of N,O between 20 mbar (- 30 km) and 0.6 mbar ( -  53 
km). The data presented below have been restricted to within 
these confidence limits. 

5. THE DATA SET 

Since launch in October 1978, over 4 years of CH, and 
N,O radiance measuremenLs have been accumulated. Data 
from the whole of 1979 and a 3 month period in early 1981 
have been retrieved and studied extensively. In the following 
discussion we will concentrate our attention on the first full 
year of data. In Figures 3a-31 and 40-41 are shown monthly 
mean, zonal mean cross sections of N,O and CH, for 
January-December 1979. Mixing ratios are plotted only be- 
tween the confidence limits discussed in the previous section. 
Note that the coverage is asymmetric about the equator, ex- 
tending from 50"s to 70"N. The gross structure suggested by 
these cross sections is of a low latitude, low stratosphere maxi- 
mum, with the mixing ratios of both CH, and N,O decreasing 
with height throughout the stratosphere, the former by a 
factor of -6,  the latter much more strongly, by a factor of 
-60. Superimposed on this basic structure are large, appar- 
ently seasonal, changes. Of particular note is the marked cor- 
relation between the changes observed in the CH, and N,O 
cross sections throughout the year (simple inspection of Fig- 
ures 3 and 4 is sufficient to reveal this). 
During January (refer to Figures 3a and 4) the distri- 

butions of CH, and N,O showed a marked asymmetry about 
the equator, with a region of elevated mixing ratios extending 
throughout the stratosphere, tilting from the equator at - 20 
mbar into the summer (southern) hemisphere, reaching a lati- 
tude of - 20"s at the stratopause level. By way of contrast, at 
this time a more rapid drop-off of mixing ratio was evident in 
low northern (winter) latitudes with a region of weaker gradi- 
ents above. This structure persisted through February (Figures 
3b and 4b)). but during March and April (Figures 3c and 3d 
and 4c and 4d) the southern hemisphere maximum began to 
subside, and a second similar feature began to develop in the 
northern hemisphere, giving by May (Figures 3e and 4e) an 
almost symmetric pattern. This "double peak" structure in 
which two low latitude maxima, on a fixed pressure surface, 
are separated by a local mixing ratio minimum near the equa- 
tor will be discussed in detail below. 

By July, the pattern was a reversal of that of January, with 
an area of elevated mixing ratio now extending into the north- 
ern hemisphere with again an area of weaker vertical gradients 
in the winter mid-stratosphere (Figures 39 and 49). The struc- 

ture during the second half of 1979 differed in many respects 
from that of the first. During August and September through- 
out the middle stratosphere there existed a pronounced maxi- 
mum at low latitudes. At  high northern latitudes very little 
height variation of the mixing ratio is evident in the upper 
stratosphere (Figures 3h and 3i and 4h and 4i). Coverage does 
not extend sufliciently far into the southern hemisphere to 
establish the existence of a corresponding feature 6 months 
earlier. By October, the maximum had subsided somewhat, 
although the region of uniform mixing in the vertical still 
persisted. The "double p e a k  structure evident during May 
was not observed. In the final months of 1979. the maximum 
continued to subside giving, by December. an almost sym- 
metric distribution (Figures 31 and 40. 

The high degree of correlation between the distributions of 
CH, and N,O is expected because both originate in the 
troposphere, and their long photochemical lifetimes (of the 
order of many months for both gases in the mid-stratosphere) 
mean that the distributions of both species are determined in 
large part by the same dynamical processes. It is important to 
note that because of the more rapid vertical decrease of N,O, 
the errors required to introduce similar spurious features into 
the distributions of both species are radically different. How- 
ever, the sensitivities of both species to known errors are of 
comparable size or do not influence the CH, distribution slg- 
nificantly (see Tables Za and 2b), and we therefore have con- 
siderable confidence that the features evident in Figures 3 and 
4 are substantially real and are not artifacts of the instrument 
calibration or the retrieval algorithm. 

6. COMPARISON WITH OTHER MEASUREMENTS 
Vertical profiles of CH, and N,O have been measured on 

numerous occasions over the last decade, the majority by local 
sampling using either evacuated grab samplers or cryo- 
samplers although several remote measurements using infra- 
red absorption techniques have also been made [see World 
Meteorological Organization, 19823 (WMO). These data do 
not provide uniform spatial coverage, being strongly weighted 
to latitudes of 32"N. 44"N. and 52"N for CH, and to equa- 
torial latitudes and 44"N for N,O. 

Because of the large variability evident in the profiles of 
CH, and N,O measured by other workers (much larger than 
the precisions of 2-5% quoted by the individual cxperi- 
menters) and the absence of any clearly defined seasonal 
trends, we feel that a comparison of SAMs zonal mean CH, 
and N 2 0  profiles with the few profiles measured during 1979 
would be of dubious value. Instead, in Figures 5- 10 we com- 
pare all the available measurements made using in situ and 
other remote techniques (as presented in W M O  [ 19821) with 
annual mean profiles of CH, and N,O for 1979 measured by 
SAMs at various latitudes and leave a discussion of the ob- 
served seasonal changes to section 8. 

As the SAMS measurements are made with respect to pres- 
sure coordinates while those of other workers are generally 
quoted in relation to geometric height, we have used a clima- 
tological annual mean, zonal mean temperature cross section 
kindly provided by J. J. Barnett (private communication, 1983) 
to relate the two. 

For CH,, SAMs and other measurements are consistent 
where overlap occurs (the SAMs measurements extend to 
much higher levels). At low latitudes (< lo"), there are too few 
measurements to draw firm conclusions, but the SAMs profile 
and the one available in situ measurement are consistent 
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x,ng potto (ppmv) 

Fig 5 Comparison of the SAMS CH, annual mean profile (solid 
line) for 10 S to 10" with other measurements (nrcle, WMO [1982]) 
The dashed envelope (dashed line1 shows the standard deviation of 
the montly mean profiles for the latitude band and the honzontal 
bars the estimated accuracy The heavy dot-dash envelope shows the 
annual vanation of the model profiles over the indicated latitude 
band 

(Figure 5). Between 25"N and 35"N, many more measure- 
ments have been performed. These show an almost linear 
drop-off of mixing ratio with height from 1.6 ppmv at 15 km 
to 0.5 ppmv at 40 km, although with much greater variability 
than at other latitudes. A similar dropoff is evident in the 
SAMS measurements, reaching a somewhat higher mixing 
ratio of 0.7 ppmv at 40 km, with a region of weaker vertical 
gradients above (Figure 6). Between W N  and W N  (Figure 
7). the in situ measurements show a rather more rapid, al- 
though still approximately linear drop-off of mixing ratio with 
height up to 35 km. The SAMS measurements reproduce well 
the vertical gradient, showing the drop-off extending to above 
40 km with, again, a region of weak vertical gradient above. 
The S A M s  measurements are also consistent with the one 
profile measured at 65"N (Figure 8). 

For N,O, at equatorial latitudes (Figure 9) above 30 km the 
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SAMS measurements agree well with other measurements 
both in terms of vertical gradient and absolute amount. Below 
30 km the SAMS measurements are biased high, but neverthe- 

accuraaes. At 43-N (Figure IO), aitnougn me SAM> measure- 
ments reproduce fairly well the vertical gradient suggested by 
the in situ measurements, they appear biased high relative to 
the latter, by 20-30% at 30 km and rather more below. It is 
conceivable that this discrepancy is exacerbated by a combi- 
nation of the more rapid vertical drop-off of N,O compared 
with that of CH, and inaccuracies in relating the geometric 
height and pressure scales of the two data sets. 

Overall, the SAMS measurements reproduce well the gross 
features shown by other measurements, namely, the low 
stratosphere, low latitude maxima, the almost linear decrease 
of CH, with height at mid- and high latitudes, and the much 
more rapid vertical drop-off of N,O. There is some indication 
of a bias (SAMS higher than other measurements), particu- 
larly in the low stratosphere at high latitudes, although the 
two data sets are consistent to within their estimated accu- 
racies. 
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Fig. 9. As Figure 5, except the SAMs N,O is plotted for the 10"s- 
10"N latitude band. 

7. MODEL 
The model used in this study is the two-dimensional circu- 

lation model described by Harwood and Pyle [1975]. The 
model calculates the zonal mean values of temperature, wind 
components, and chemical constituent mixing ratios with a 
resolution of nil9 in latitude, 0.5 in In (p,/p) (approximately 
3.5 km) in the vertical and with a 6 hour time step. A second- 
order partial differential equation is solved for the meridional 
stream function given the forcing by radiative and other dia- 
batic heating and eddy heat and momentum fluxes. The dy- 
namical and radiative formulation employed is that described 
by Haigh and Pyle [1982]. 

The horizontal eddy momentum fluxes are derived from 
data from the selective chopper radiometer flown on 
NIMBUS 5. Monthly means of the 1973 values are used. The 
eddy fluxes of heat and tracers are calculated by using the K 
coefficients derived by Luther [I9731 and based on atmo- 
spheric statistics. It is clear that by using these data we should 
not expect the model to reproduce the behavior of any partic- 
ular month's synoptic situation, still less that it should repro- 
duce behavior on a shorter time scale. Neither will the model 
necessarily reproduce long-term average behavior since, for 
example, the momentum fluxes were obtained from just one 
year of data. However, experiments using different K coef- 
ficients and momentum fluxes [Hanvood and Pyle, 19801 still 
preserve the main features of the month-to-month changes in 
the model and maintain the broad agreement found on com- 
parison with observations. Thus, we are confident that the 
model development is at  least representative of some mean 
atmospheric behavior. This should be borne in mind when 
considering the comparisons presented later. 

The photochemical scheme is based on that used by Haigh 
and Pyle [ 1982) in which family groupings are employed. The 
kinetic data have been updated by the recommendations of 
W M O  [I9821 and Baulch et ol. [1980]. HO,NO, and HOC1 
are now included in the photochemical scheme, and in this 
case continuity equations are also solved for CH, and N,O 
with sinks calculated using the reactions in Table 3. At the 
bottom boundary the mixing ratios of CH, and N,O are fixed 
at their tropospheric values. The upper boundary at approxi- 
mately 60 km is a rigid lid to tracers. Unlike in Haigh and 
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Fig. 10. As Figure 9, except at 40-50"N. 

Pyle, the photochemical model used here contains a source of 
chlorine which simulates the natural background. 

We have discussed above some of the problems related to 
comparing model and observations arising from the repre- 
sentativeness of the model transport fields. For non- 
conservative tracers, like CH, and N,O, the comparison will 
also, depend, for example, on how well the model reproduces 
the fields of O(lD), CI, and OH, with which CH, and N,O 
react. A detailed analysis of the behavior of all the model 
constituent fields and their budgets is beyond the scope of this 
paper, and, indeed, for the important radicals the data base is 
not adequate to allow latitudinal and seasonal comparisons. 
Nevertheless, it can be stated that for OH and CI there is 
reasonable agreement between model profiles and the very 
limited number of observations. 

8. COMPARISON WITH A TWO-DIMENSIONAL MODEL 

8.1. Model Behavior 
In Figures 1 1  and 12 are shown cross sections of the CH, 

and N,O volume mixing ratios for equinox and solstice from 
a model run, run A. Notice that the model domain covers the 
entire globe. There is a broad similarity in the two distri- 
butions, as would be expected for gases that originate at the 
surface and are transported into the stratosphere where their 
lifetimes against photochemical destruction are long. 

The model exhibits much less variability than the observa- 
tions on "short" spatial ( ~ 2 0 "  latitude) and temporal 
(< month) scales. This is to be expected since the model is 
driven by, for example, radiative heating rates and eddy fluxes 
which are either smoothly varying or monthly averaged. 

TABLE 3. Model Photochemical Sinks for CH, and N,O 

Rate Constants 
~ ~ ~~~~~ 

N,O + hv-+N, + 0 
N,O + WID)-. 2NO 
N,O + WID)-. N, + 0, 7.2 x lo-" 

4.4 x 10-11 

1.4 x IO-'' 
2.4 x IO-" exp f - 1710 T )  
9.6 x IO-'' exp ( -  1350 T )  

CH, + WID)- CH, + OH 
CH, + CI -+ CH, + HCI 

CH, + OH -. CH, + H,O 

Rate constants are in units of cm' molec-l s -  ' 
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Fig. l l b  
Model distributions of CH, mixing ratio (ppmv x 100) for (a) March, (b)  June, (c )  September, (6) 

Short-term or small-scale features, which might have a signifi- 
cant influence on the monthly mean observations for a partic- 
ular month, should not be expected to be reproduced by the 
model. I t  should be noted, for example, that there is much 
larger variation in the monthly observations than found be- 
tween successive months of the model. The fact of atmospheric 
variability must be borne in mind when considering the com- 
parisons discussed below. 

The model behavior is quite simple. For any constant pres- 
sure surface the maximum mixing ratios are generally found 
throughout the year in equatorial latitudes. The latitudinal 
excursions of this maximum are small with the maximum con- 
fined to within 10' of the equator. The model does not pro- 
duce a "double peak." a point discussed in more detail below. 

The distributions for the solstices (Figures Ilb, Ild, 12b, 
and 12d) are quite symmetric. In  contrast. there are significant 
hemispheric differences in the upper stratosphere at the equin- 
oxes (Figures 1 la. I IC, 120, and 1 2 ~ ) .  For example, in March 

December. 

(Figure 120) the upper stratospheric N,O mixing ratio de- 
creases from about 25 ppbv at the equator to less then 5 ppbv 
at the southern pole. The photochemical lifetime of N,O de- 
creases in the upper stratosphere, being a few weeks at l mbar, 
and the decrease of N,O in the high latitudes of the sunlit 
upper stratosphere is, at least in part, due to the integrated 
photochemical destruction there throughout the polar 
summer. Six months later the pattern is reversed with a 
mixing ratio at the southern hemisphere stratopause of about 
10 ppbv, produced by transport from the summer hemisphere 
and the much reduced loss by photochemical processes. 

A n  interesting feature of the model behavior (see, e.g., 
Figure Ild) is the presence of a mixing ratio minimum in 
middle latitudes of the midstratosphere. This appears to be 
produced when the reverse mean meridional circulation is es- 
tablished in high latitudes, carrying high mixing ratios aloft at 
the pole and bringing down air relatively poor in CH, and 
N,O into middle latitudes. This Eulerian circulation is op- 

140 



APPENDIX F 
JONES AND P I L E :  SAMs OBSERVATlONS VERSUS MODEL CH, AND NzO 2213 

RUN 70L OAY 12260 z i  w r  

L 

w a 

100 a I - 
I 

IO00 I I 
90s 60 30 0 30 60 90N 

LATITUOE 

Fig. l l c  

RUN 70L DAY 12350 21 DEC 

I 1 

1 -  

a 
E 

$ l o -  

rn w 
a a 

100 - 

50 

- 
LO g 

t 
I 
0 

-30 ? 
z z 

20 
- a  a 

a 

W 

1000 
905 60 30 0 30 60 90N 

LATITUOE 

Fig. 

posed by eddy transports. Nevertheless, the net effect in the 
model is to produce the mid-latitude minimum. 

8.2. Cornparkon With Data 
When the modd and data are compared, there is satisfac- 

tory agreement with I w p t  to the gross features. For both 
gases there is a decrease of mixing ratio with altitude, this 
decrease being most pronounced in high latitudes. Both model 
and data have equatorial or low latitude maxima associated 
with upward transport in the stratospheric extension of the 
Hadley cell. 

In both observations and calculations the decrease with 
height is more pronounced for N,O which has a much shorter 
photochemical lifetime than CH, in the upper stratosphere. 
This also results in a greater dynamically produced variability 
of N,O in the summer upper stratosphere, as discussed above 
in connection with the model fields and confirmed by the 
observations. Thus, transport in the meridional plane converts 
the large N,O vertical gradients into correspondingly large 

I Id 

horizontal gradients. CH, is more nearly mixed. For example, 
there is a factor of 20 difference between N,O mixing ratios in 
low and high northern latitudes at about 2 mbar in Septem- 
ber, compared with a factor of only about 2 for CH, (Figures 
1 IC and 124. 

As discussed above, the model, at certain times of the year, 
produces mid-latitude minima in N,O and CH, in the middle 
stratosphere. As a consequence of the more limited latitudinal 
coverage provided by the data it is not possible to confirm this 
feature with confidence, although there are suggestions of such 
a feature in, for example, Figure 4c. 

To consider more quantitative aspects of the comparison, 
the range of CH, and N,O mixing ratios over a model year 
has been plotted at a number of latitudes in Figures 5-10 
along with the SAMs data and the other available observa- 
tions. For CH, the agreement between model and S A M s  is 
generally extremely good (Figures 5 ,  7, 8). In the low strato- 
sphere the model gives mixing ratios below those observed, 
but these appear to be biased high when compared with the in 
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Fig 12 Model distnbutions of N,O mixing ratio (ppbv) for (a) March, (b)  June, ( c )  September. (4 December 

situ measurements. The upper stratospheric values agree well. 
Notice that the model reproduces the change in the vertical 
gradient found between 40 and 45 km. We have also found 
this feature in a model whose vertical domain extended to 80 
km, thus ruling out spurious boundary effects. 

Agreement is least satisfactory between 20"N and 40"N 
(Figure 6) where the SAMS observations excede the model 
results throughout the middle and upper stratosphere. At 
these latitudes the model shows a minimum, compared with 
higher and lower latitudes, throughout much of the strato- 
sphere. While this feature, as stated above, appears possibly to 
be present in some of the observations it cannot be identified 
unambiguously and is clearly not so pronounced as in the 
model. Data from other years need to be analyzed before it 
can be said that this represents a serious discrepancy between 
the model and data. In the model, the minimum is associated 
with downward transport, which shows only slow latitudinal 
variation with time. It is possible that, on the average, down- 

ward motion in the atmosphere covers a greater latitudinal 
extent, thus producing a less strong minimum. 

For N,O the agreement is less satisfactory than in the case 
of CH,. At the equator (Figure 9). where for CH, there is 
excellent agreement between model and observations, the de- 
crease of the mixing ratio with height is significantly under- 
estimated in the model. On the other hand, the comparison at 
47"N (Figure 10) is somewhat more satisfactory. 

The variability of the data makes comparison with an 
averaged model difficult, even when the annual range is plot- 
ted. By choosing specific latitudes it is possible that agreement 
will appear more satisfactory or disagreements more serious 
than is the case. A comparison of the twodimensional distri- 
butions should provide a good complementary test, and this 
has been attempted in Figures 13 and 14 for the month of 
February. 

For CH, (Figure 13) there are many satisfactory areas of 
agreement. The data exhibit a low latitude maximum, dis- 
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placed toward the summer hemisphere compared with the 
model. The slopes of the contours in middle latitude of the 
model northern hemisphere compare well with the observa- 
tions, and there is a suggestion in the data of a mid-latitude 
minimum in the midstratosphere, although this is not a strong 
feature of the model in this month. Around the stratopause 
the data have less strong latitudinal gradients. suggesting per- 
haps a stronger horizontal transport than found in the model. 
On the whole, the agreement is good. 

Although the basic distributions are similar, there are more 
areas of discrepancy for N,O (Figure 14). For example, the 
observed mixing ratios decrease more rapidly with height than 
the model would indicate, although a comparison at about 
25"s would suggest reasonably good agreement up to I mbar. 
The data show a minimum in low latitudes in the upper 
stratosphere and the double peak discussed earlier. As with 
CH,, the horizontal gradients in the upper stratosphere are 
weaker in the observations than those found in the model. 

While the gross features of the observations are satisfac- 
torily reproduced by the model, there are important differ- 

I2d 

. -  i 9 7 i  

ences of detail. The variability exhibited by the satellite data 
emphasizes the dificulty of comparing averaged models with 
observations. In this regard, notice the sharp horizontal gradi- 
ents which sometimes exist. For example, at about 3 0 "  
where many observations are made there are often large gradi- 
ents in CH, in the middle statosphere (see Figure 4i). Fur- 
thermore, this is the latitude at which many one-dimensional 
models are run. These variations indicate the problem of using 
a limited number of vertical profiles to infer coefficients for 
vertical transfer. 

In one-dimensional models the problem of satisfactorily 
modeling CH, and N,O (and, for example, CFCI,) simulta- 
neously with a single eddy diffusion profile has been apparent 
for some time. It has been suggested that a major source of the 
discrepancy for N,O. which tends to be over estimated in the 
upper stratosphere when reasonable CH, mixing ratios are 
reproduced, may be an underestimation of the photochemical 
sink. Froideuaux and Yung [1982] have recent]) considered 
model sensitivity to the absorption cross sections of molecular 
oxygen around 200 nm. By using average data in agreement 
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Fig. 13. A comparison of model (solid line) and SAMS (dashed line) CH, cross sections for February 1979. 

with the observations of Herman and Mentall [1982] and 
more in line with those suggested by Brewer and Wilson 
[ 19653, they were able to improve their model representation 
of various trace gases. 

We have performed a similar study within the two- 
dimensional model. Between 196 and 225 nm the oxygen ab- 
sorption cross sections were reduced by a factor of 0.55. This 
gives values a little lower than those calculated by Brewer urd 
Wilson [1965]. Since our primary aim is to investigate the 
model sensitivity, the use of this constant factor is justifiable, 
particularly as the value of the cross sections in still the sub- 
ject of debate. 

Figure 15 shows equatorial profiles for two model runs, run 
A and a run including the modified oxygen cross section, run 
B. Both profiles are for the northern hemisphere winter sol- 
stice. Also plotted are SAMS data. To emphasize again the 

variability shown by the data, equatorial profiles for the De- 
cember and January means are plotted. It is clear that the 
calculations in run A exctde the observations in the upper 
stratosphere. The discrepancy is reduced in run B where the 
agreement with the January observed profile is good. On the 
other hand, the December observations are still exceeded by 
the model. 

Changes in the oxygen absorption cross sections do not 
simply influence N20. The varying penetration of ultraviolet 
around 200 nm influences many other species, as well as af- 
fecting the radiation balance. The impact of all t hae  processes 
needs to be considered. Such detailed investigation is beyond 
the scope of this paper. However, to summarize the compari- 
son of runs A and B, it appears that changing the 0, absorp- 
tion cross section has both a positive and negative influence. 
For example, the ozone distribution in run B is less satisfac- 
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Fig 14 A comparison of model (solid line) and SAMS (dashed line) N,O cross Sections for February 1979 
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Fig. IS. SAMS equatorial N,O profiles compared with various 
model runs. 

tory. The total column amounts are increased by 20-30 
Dobson Units. depending on the latitude, leading to a signifi- 
cantly overestimated ozone column in low latitudes. The 
changes in the ozone column amount arise from increases in 
ozone in the low stratosphere which more than compensates 
for decreases in the upper stratosphere. These changes will 
also affect the penetration of ultraviolet radiation. In fact, the 
changes in ultraviolet heating lead to a somewhat improved 
model temperature and zonal wind fields. Following the 
changes in ozone, the temperatures are reduced in the upper 
stratosphere and increased in the lower stratosphere. Latitudi- 
nal variations in these changes lead to reductions in the 
stratospheric jets which tend to be overestimated in the model. 

Since the N,O profile is sensitive to the penetration of radi- 
ation around 200 nm, any solar cycle variations at these wave- 
lengths may be significant. To study to what extent the solar 
cycle variations, or simply uncertainty in the solar flux, might 
affect the comparison of model and observations we have im- 
posed on the model the solar variability suggested by Brassncr 
and Simon 119813 for the 11 year sunspot cycle, and thesc 
results are also plotted in Figure 15, the envelope indicating 
the ensuing variations in N,O. 

In reasonable agreement with Brasseur and Simon we find a 
variation of N,O during the solar cycle of more than 30% in 
the upper stratosphere. The decrease in N,O when the flux is 
maximum does not appear to be sufficient to explain the ob- 
served profiles. 

In some respects, model experiments including the lower 
oxygen cross sections and solar flux variations can lead to an 
improvement in modeled N,O; they clearly indicate the 
necessity of establishing thesc parameters accurately before 
N,O can be modeled with confidence. Nevertheless, this 
should not be taken to mean that the discrepancy is necessari- 
ly photochemical in origin. The lower chemical activity of 
methane results in much weaker gradients than for N20.  Its 
distribution is therefore much less sensitive to transport pro- 
cesses. The modeled methane will be more robust to the repre- 
sentation of transport (just as an inert, uniformly mixed gas 

with no net sources would be completely insensitive to tram- 
port). In consequence, while the overestimate of the N,O 
mixing ratio in the model could plausibly be ascribed to an 
underestimation of the sink, we believe that this is yet to be 
conclusively demonstrated. 

9. DISCUSSION 
The year of results presented here provide an enormous 

increase in our knowledge of the distributions of CH, and 
N,O and will clearly be the subject of much detailed analysis 
in the future. For the present we comment on just a small 
number of the more obvious features that require explanation. 
These are the maxima found in low latitudes, the double peak 
structure found in the midstratosphere during a few months of 
the data and the uniform region sometimes found in mid- 
latitudes in the upper stratosphere. 

The low latitude peak we have attributed to the strato- 
spheric extension of the Hadley circulation. It is interesting to 
ask what velocities are implied by the changes in the monthly 
mean mixing ratios. For example, if we compare the methane 
cross sections for January and February, the I ppmv contour 
of CH, at the equator, situated near 10 mbar. ascends by 
approximately 0.5 pressure scale heights between January and 
February. This corresponds to a vertical velocity of about 1.4 
mm s - '  which is comparable with that calculated in the two- 
dimensional model. Of course, this can only be regarded as a 
very rough estimate since horizontal motion and photochen- 
istry, both of which would be important, have been ignored. 
We believe that the data are sulliciently good that we will be 
able to use them to traCe stratospheric motions, and this work 
is already underway. 

The double peak structure is most strongly evident in the 
upper stratosphere between February and May. It does not 
appear to be present during the southern hemisphere spring. It 
is not clear yet whether it would be present in a climatology of 
CH, and N,O; analysis of further data is clearly required. 
Although the model does not produce a double peak, we be- 
lieve that some insight into its development can be gained 
with the help of the model. Figure 16 overlays the model N 2 0  
cross sections for January and July. While the peak mixing 
ratios are always found in equatorial latitudes, it is evident 
that there are significant seasonal variations at around 30" 
latitude. The increase in January at 30"s is consistent with the 
fluxes marked by the arrows. Such a flux could well give rise 
to the maximum seen in the data which characteristically tilt 
with height. Of course the model results are also consistent 
with a predominantly horizontal flow in the middle atmo- 
sphere. The model mean circulation, however, would not sup- 
port this interpretation. If we accept the view shown in Figure 
16 then the double peak will arise when the sun crosses the 
equator, and the upward motion is predominantly in the 
northern hemisphere. 

It is unclear why there should be a minimum at the equator 
or, alternatively, why the southern hemisphere ascending 
branch should preserve its identity. It would appear from the 
data that if this is a plausible explanation, the stratosphere is 
more stable in the horizontal than the model indicates. 

At these latitudes the rising motion in the model is driven 
by radiative heating which varies only slowly with latitude. It 
is likely that the lower stratosphere is much more variable 
than in the model, and, consequently, the radiative heating 
and associated motions will also show greater structure which 
might be needed to explain the observations. 
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Fig 16 Model cross-section of N,O mixing ratio (ppbv) for January (dotted line) and July (solid line). Tentative fluxes 
are shown by the arrows. 

It is interesting to note another feature in Figure 16 com- 
mented on above. In the southern hemisphere middle and high 
latitude mid-stratosphere the contours of constant mixing 
ratio are at a greater height in January than in July. This is 
due to the predominantly rising motion found throughout the 
summer stratosphere transporting high mixing ratios upward. 
However. at about 1 mbar the pattern changes with the 
summer hemisphere having less N 2 0 ,  a reflection of the fact 
that the photochemical time constant is decreasing with 
height. 

A number of the observed cross sections show a region in 
the upper stratosphere of the summer hemisphere across 
which there is a strong horizontal gradient, while in the winter 
hemisphere the horizontal gradient is small. The area of 
marked horizontal gradient is also the region, commented on 
earlier. where the vertical gradient becomes very small (see, 
e.g., Figures 3h and 4h at -40'" and 2 mbar). 

The behavior involves both transport and photochemistry. 
We identify the area of very small vertical gradient as a transi- 
tion region. Equatorward of this the high mixing ratios are 
produced by strong upward transport confined to low lati- 
tudes. The horizontal flow in the upper stratosphere is from 
the summer to the winter hemisphere. The weak horizontal 
gradients in the winter hemisphere are thus produced by 
strong horizontal transport from low latitudes. Poleward of 
the transition region the air has low mixing ratios of N,O and 
CH,. This can be thought of as old stratospheric air, having 
been at high altitudes for sullicient time for the slow photo- 
chemistry of N 2 0  and CH, to reduced the mixing ratios. This 
air is transported equatorward. The transition region arises 
when the vertical transport becomes of comparable impor- 
tance to the horizontal. 

The model produces these features, although less markedly 
than does the data. This was discussed in section 8.2. Figure 
17 shows profiles of N,O at 47-N for February and October. 
In October. representative of late summer:early autumn. the 
features found in the data are reproduced. namely, a sharp- 

ening of the gradient in the low stratosphere and a much 
weaker vertical gradient found in the upper stratosphere. 

10. CONCLUSIONS 
In this paper. monthly mean, zonal mean mixing ratios of 

CH, and N 2 0  for 1979 obtained from the SAMs instrument 
on NIMBUS 7 have been presented for the first time, with a 
coverage from 67.5"N to 50"s and including most of the 
stratosphere. These data represent a vast increase in the 
knowledge of the behavior of the two gases in the upper atmo- 
sphere. 

The data have been compared with the small number of 
available measurements. At low altitudes, there appears to be 
a consistent difference between the two data sets with the 
satellite data higher by - 10-40%. Nevertheless, the two sets 
of data are consistent within their estimated errors. 

The SAMS data confirm the broad features revealed by in 
situ and other remote measurements. In particular, the de- 
crease of the mixing ratios with height is more rapid in middle 
latitudes then in the tropics. Many new features are revealed 
by the satellite data. The large variability from month to 
month and with latitude is of interest and emphasizes the 
problems of comparing theoretical models with single ob- 
served profiles for a particular day. 

For any pressure level in the stratosphere. maximum mixing 
ratios. as we have stated. are found in low latitudes and are 
associated with upward transport. Between February and 
May 1979 a double peak is found with maxima in the sub 
tropics in the middle stratosphere and a local minimum at the 
equator. This feature is not found in the model. but the sea- 
sonal change in the model fields does suggest a somewhat 
similar behavior with upward transport following the sun. In 
the model, horizontal transport prevents the occurrence of an 
equatorial minimum. It  will be of great interest to see if the 
double peak is found in subsequent years. These data are yet 
to be analyzed. A more detailed investigation of the double 
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Fig. 17 Model N , O  profile at 47" for February and October. 

peak in which the velocity fields are diagnosed is also impor- 
tant. 

Another feature discovered in the data is a region of very 
strong horizontal gradients, and weak vertical gradients in the 
mixing ratios, found in the upper stratosphere summer hemi- 
sphere. A similar, if less pronounced feature, is found in the 
model. This transition region marks a loose boundary be- 
tween air of high mixing ratio, which is being transported 
upward and into the winter hemisphere, and low mixing ratio 
air which has been in the stratosphere for a sufficiently long 
time for the slow photochemistry to produce low mixing 
ratios of CH, and N,O. 

Comparison of the data with the model has proved a very 
useful exercise. The broad features agree well. suggesting that 
the gross behavior of the model is satisfactory. One feature 
found in the model is a middle latitude minimum. Although 
suggestions of this are found in the data, the coverage is not 
suflicient for an unambiguous identification. As discussed 
above. investigation of the model has helped in understanding 
the double peak and transition regions found in certain 
months. 

The quantitative comparison for CH, is extremely good; 
the model agrees with the data very well. For N,O the agree- 
ment is not so satisfactory with the model results tending to 
exceed the observed values in the upper stratosphere. Such a 
disagreement has been found in other models and for other 
species (e.g., CFCI,). It  could be suggested that because the 
agreement of CH, is generally good, the model's failure to 
reproduce the N,O profile may be due to an underestimation 
of the stratosphere sink. We have considered two possibilities. 
a reduced oxygen absorption cross section around 200 nm a n d  
solar flux variations. While both cases can help to reduce the 
discrepancy, the results are not conclusive. Since the CH, 
gradients are weak, it is less sensitive to transport than N,O. 

We believe that inaccuracies in the representation of the trans- 
port cannot be ruled out as a cause of the discrepancy. 

Finally. we stress again the advantages provided by this 
large data set. Although the absolute accuracy is not high 
compared with some in situ measurements. this disadvantage 
is more than otTset by the spatial and temporal coverage. We 
believe much useful analysis on the interaction of transport 
and photochemistry is possible by using the data. 
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Some Aspects of the Design and Behavior of the Stratospheric and Mesospheric 
Sounder 

M. J. WALE' AND G. D. PESKETT 

Department o j  Atmospheric Physics, Clmendon Laboratory, Uniwrsity of Oxjord 

The measunng task, the engtnccnng constrams. and the resulting design of the stratosphcnc and 
mesosphcnc sounder are described in broad terms The calibration system and its performance are 
discussed in more detail One significant side effect in the design and its unpact on the fields of view IS 
also discussed The major lessons lor future pressure modulator radiometer designs are s u m m a d  

1. INTRODUCTION 
The rapid development of remote sounding techniques has 

meant that new instruments are rarely simple developments of 
older designs. Radiometers such as .the .stratospheric and 
mesospheric sounder (SAMS) consist of optical, electronic, 
mechanical, and thermal systems that are related to one an- 
other in complex ways. Consequently, the designer who, after 
having optimized the various trade-offs to produce the best 
overall performance, does not find when the instrument has 
been built that his decisions have led to unexpected side effects 
may count himself as being very fortunate. Particularly 
troublesome are those side effects whose magnitudes may be 
different in orbit (e.g.. owing to the change to a zero g envi- 
ronment). Such effects cannot be characterized satisfactorily in 
the laboratory, and ideally they should be eliminated by re- 
design. but this may not be possible because of constraints of 
finance or of schedule. We feel that a discussion of some of 
these aspects of the S A M s  radiometer may be of interest to 
geophysicists engaged on the analysis of S A M s  data as well as 
to others involved with the design of instruments. This paper 
should be read in conjunction with the description of the 
S A M S  instrument given by Drummond et al. [1980]. 

2. BASIC DESIGN AIMS AND THEIR REALIZATION 

The basic task of the SAMs radiometer is to measure the 
thermal emission from chosen molecular species present in 
atmospheric limb paths whose tangent point altitudes range 
upward from 20 km. Since the radiometer is itself a significant 
source of radiation. it is necessary to label the incoming radi- 
ation. In some of the channels in S A M s  this function is com- 
bined with the spectral selection of the part of the incoming 
radiation which has been emitted by the desired constituent. 

The problem of spectral selection has two main aspects: the 
separation of the wanted lines from other atmospheric emis- 
sion and the minimizing of the contribution due to compo- 
nents of the instrument's own optical system. (Variations in 
the instrumental emission can often decide the minimum de- 
tectable radiance.) Both objectives would be achieved if a 
spectral response profile limited to just those very narrow 
regions embracing the wanted lines could be realized. 

A good approximation to the ideal spectral response is ob- 
tained in S A M S  by employing multilayer dielectric filters to 
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isolate the desired parts of the chosen emission bands, com- 
bined with pressure modulators [Curfis ef a/.. 19741 which 
provide the necessary detailed spectral selectivity. A pressure 
modulator is an optical absorption cell which is filled with the 
gas whose emission is to be measured. The pressure of the gas 
is modulated at a few tens of Hertz, resulting in cyclic trans- 
mission variations which are confined to spectral regions 
within the absorption lines of the molecule in question. The 
desired output from the detector is extracted by "lock-in" type 
electronic signal processing referenced to the frequency and 
phase of the pressure cycling. In the channels where pressure 
modulation is not used (the so-called wideband channels) a 
vibrating black vane chopper is used to label the incoming 
radiation, and lock-in techniques are again employed. 

As the tangent height of the atmospheric limb path is in- 
creased, the signal observed in a radiometer channel falls 
toward zero and is eventually lost in instrumental noise. In 
order to sound the widest possible altitude range, therefore, it 
is necessary to use the best available detectors and to maxi- 
mize the energy gathered by the telescope by employing the 
largest practical aperture and field of view. 

The choice of detectors for S A M s  was constrained by the 
limited cooling technology then available for long missions, 
and only two of them were cooled. These were an indium 
antimonide photovoltaic detector covering the 4 to 5-pm 
region, cooled by a two-stage radiation cooler, and a lead 
sulphide photoconductor for 2.5-2.7 pm, cooled by a simpler 
radiator. The remaining detectors were triglycine sulphate 
(TGS) pyroelectric devices operated at room temperature. 
These offered the highest radiometric sensitivity which could 
be achieved without cooling, but they also showed unwelcome 
microphonic behavior, which will be discussed later. The costs 
of increasing the aperture of the telescope become dispro- 
portionately high once a mirror diameter of about 20 cm is 
exceeded, bearing in mind that the signal to noise ratios ob- 
tained are proportional to the diameter (not the area) of the 
collecting optics when, as in SAMS, the detector area is 
matched to the collecting area. The field of view in the vertical 
direction is determined largely by the requirements of vertical 
resolution and is usually of the same order as the natural 
height range of a limb path (about 4 km), while for a number 
of reasons the horizontal width of the field of view is best 
limited to at most 10 times the vertical height. The telescope 
in S A M s  had an aperture of 177 an2 and a field of view of 
0.16' x 1.6" (nominally 10 km x 100 km at the tangent point). 

Since the objective of a limb emission sensor such as S A M s  
is to measure radiances that range down to those that are 
barely distinguishable from zero radiance (space view) it is 
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essential i o  measure the atmospheric radiances as differences 
from the zero radiance level, so that low frequency noise 
(drifts) i n  the instrument response can be eliminated. Differ- 
ence measurements could in principle be made either by rotat- 
ing the uhole instrument between the chosen limb path orien- 
tation and a clear view to space or by using an additional 
tilting mirror. The former approach would require a high pre- 
cision mechanism capable of rotating the whole instrument 
sulliciently rapidly to provide adequate coverage with minimal 
loss of observing time, a difficult engineering requirement. In 
addition. the associated angular momentum changes would 
have had a significant effect on the roll attitude of the space- 
craft, to the detriment of other limb viewing instruments. 
Consequently, a scanning mirror system was chosen, in spite 
of its disadvantages, which are that the optical system must 
contain an additional component and that the system is una- 
voidably changed as the mirror is tilted. The mirror tilt re- 
quired to achieve a clear space view is, however, only of the 
order of 2'. and, as will be shown later, chis does not cause 
significant changes in instrument response. 

Standard calibration radiances for the various channels are 
provided by introducing a black-body source into the optical 
path. The most straightforward way of achieving this would 
be to move a large black body cavity into place across the 
viewing aperture. This approach would, however, have given 
rise to diffculties in achieving adequate temperature stability 
and uniformity, and, indeed, accommodation of such a system 
on the spacecraft would not have been at all straightforward. 
An alternative scheme of introducing a small black body at 
the first focal point of the telescope was therefore chosen. The 
implications of this are discussed in section 4. 

3. ZERO RADIANCE (SPACE VIEW) SIGNAL 
There are a number of contributions to the zero-radiance 

signal. The main ones are listed below. 
1. Emission from the optical components situated in front 

of the modulators makes a contribution which depends on the 
temperatures of the components and their emissivities. 

Radiation enters the beam in front of the modulators as 
a result of scattering from imperfections in the optical surfaces 
and through optical aberrations and diffraction. 

3. When the pressure modulator (or chopper) in any given 
SAMS channel is at the point in its modulation cycle where 
the transmission is low (or zero), it acts as a room temperature 
radiation source of high emissivity. Consequently, the modu- 
lated (or chopped) radiance at the detector has the largest 
amplitude when the incoming atmospheric radiance is zero, 
and this amplitude will change as the temperature of the mo- 
dulator (chopper) changes. 

The pressure oscillation in the pressure modulator cell 
is unavoidably accompanied by an oscillation in the gas tem- 
perature. These temperature variations lead to an oscillating 
radiance at the detector which is synchronous with the pres- 
sure modulation, yielding an offset in the signal channel 
output which is dependent on the modulation depth, on the 
mean pressure in the modulator, and on the temperature of 
the cell. 

Finally. a system employing lock-in type signal processing 
will respond to any synchronous input. including those not 
related to the modulated radiance. For example. vibrations in 
the instrument structure excited by the mechanical modula- 
tors may be picked up by microphonic detectors. The TGS 
detectors in SAMs have a large microphonic response and 

2. 

4. 

significant offsets due to this occur in both the pressure modu- 
lated and wideband channels. Another source of offsets of this 
type is electrical pick-up of phase sensitive detector (PSD) 
reference or modulator drive waveforms. 

The difference method of measuring small signals discussed 
in section 2 relies on all the contributions to the zero radiance 
signal mentioned above (and also the gain) remaining constant 
when the scan mirror is moved between space view and the 
atmospheric limb view. (In addition, the contributions must 
drift sufficiently slowly that the zero radiance signal can be 
estimated with the necessary accuracy between space views.) 

In general, the instrument is designed such that the temper- 
ature changes that affect the instrument response occur only 
slowly; similarly, the signal offsets due to temperature cycling 
in the modulator cell and electrical synchronous pickup would 
also be expected to be stable in the short term. Our attention 
should therefore be focused on the stray radiation reaching 
the detector as a result of optical system imperfections and on 
the microphonic component of the synchronous pickup. Both 
of these effects may vary as the scan mirror is tilted, the vari- 
ation in the microphonic case being due to changes in me- 
chanical couplings between the various parts of the instru- 
ment. The variations likely to be encountered in orbit are not 
easily assessed in the laboratory before launch, because it is 
difficult to arrange for the radiation environment of the instru- 
ment to be suficiently well simulated and because the me- 
chanical couplings responsible for the microphonic compo- 
nent may well change when the sensor is in zero-g. A check 
obtained in orbit that the zero-radiance offset does not depend 
on scan mirror position is therefore of special value. 

Ideally, we should like to be able to tilt the spacecraft about 
its roll axis, so that the instrument has a clear view to space 
throughout the entire scan range: we could then investigate 
the variation in offset with scan angle directly. It has unfortu- 
nately not been possible to do this with NIMBUS 7, but a 
clear view to space is nonetheless available over a scan range 
of about 2.5" in the line of sight. 

Figure 1 shows the variation in space view offset with scan 
mirror position in channel A1 WB (a temperature sounding 
wideband channel operating near 15 pm in the v 2  band of 
CO,) during a typical orbit. The data were obtained as fol- 
lows. The instrument was programed to perform a uniform up 
and down scan of 2.9" amplitude in the nominal space view 
region of the scan range, with occasional excursions to view 
the middle atmosphere so that a check on the attitude of the 
spacecraft could be obtained by using the CO, channel radi- 
ances [see Barnett et al. this issue]. The data are presented in 
Figure 1 in terms of the tangent height of the atmospheric 
path viewed at any given time, determined from these attitude 
checks. The dependence of the observed radiance on scan 
angle is very weak, typically less than 0.1% of the radiance, 
which would be received from a 290 K black body (or about 
0.2% of the radiance received from an atmospheric path of 
low transmission and stratospheric temperatures (240 K)). It 
should be noted that this is much less than the noise level in a 
normal measurement sequence. 

4. GAIN CALIBRATION 
As mentioned earlier, gain calibration is achieved in SAMs 

by introducing a small black-body source at the first focal 
point of the telescope. The temperature of this source is very 
close to the temperature of the secondary optics components 
which accept its emitted radiation. Consequently, the emiss- 
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Fig. I .  Radiance profiles observed in channet A I  WB (CO,, IS 
pm band) in the space view region of the scan range. The data shown 
are taken from the portion between latitudes 50"N and W N  of a 
single orbit of NIMBUS 7. The bars indicate lo error. "Day" and 
"night" indicate the ascending and descending parts of the orbit, re- 
spectively. 

ivity of the source does not have to be very high, since any 
radiation which is reflected by it is of the same temperature as 
the radiation emitted by the source itself. Wale [1981] has 
shown that the gain error resulting from the assumption that 
the SAMs internal black body is of unity emissivity should be 
less than 0.1% under all normal operating conditions. 

The main drawback to the use of a calibration black body 
that is not at the front of the whole optical system is that 
correaions need to be made for emission from the scan mirror 
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and objective mirror, which are excluded from the system 
when the black body is in the beam. It should be noted. how- 
ever, that if the mirror temperatures are close to the black 
body temperature the corrections are small, tending to zero in 
the case of an isothermal instrument. In SAMS the error in 
the correction may be as large as 30% before the error in the 
temperature measured by the 15-gm band carbon dioxide 
channels exceeds 0.1 K. 

It is possible that the level of microphonic synchronous 
pickup is dependent upon whether the black body is in or out 
of the beam. The black-body mechanism is a small one, and 
the only change in configuration involved in moving the 
source into the beam is slight, but other small perturbations 
(e.g.. the opening of the solar door on the ERB instrument) did 
have an observable effect in ground test. Since, however, we 
have no way of quantifying the effect, we have no choice but 
to ignore it. The ultimate test is comparison with results from 
other instruments [see Barnett and Corney, this issue]. 

5. MOTIONAL CHOPPING 

One of the sets of measurements carried out during ground 
testing was designed to determine the shape of the field of 
view of each channel. This was achieved by rotating the whole 
instrument in such a way that the line of sight elevated slowly 
through a nearly parallel beam of radiation from a collimator. 

The measurements revealed unexpected features : The pro- 
files were found to be asymmetric, and they often showed 
spikes at the edges. A typical profile is shown in Figure 2. The 
general features are similar in all of the channels, both wide 
band and pressure modulated, although the positions of the 
negative and positive peaks are reversed in some cases. The 
spikes arise from vibrations at the edge of the scanning or 
telescope mirrors at modulator or chopper frequency, re- 
sulting in unwanted synchronous scanning about the roll axis. 
Estimates of the effective reaction mass of the instrument and 
its mountings and a knowledge of the uncompensated mo- 
mentum of the pressure modulators and chopper indicate that 
motions of the required amplitude (of the order of 1 gm) are to 

C 

I 

r3NCULMI PDSITIDN OF LINE OF SIOM / DECREES 
Fig. 2. Field of view response profile of channel C1 PMR, measured during ground testing. 
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be expected. The question arises as to what are the "real" 
fields of view. 

Consider the situation shown in Figure 3, where a source of 
very limited angular extent (the collimator beam) is filling the 
aperture of the sensor. If the field of view is described by the 
function F(0),  a small movement AB in the angular position of 
the source will result in a change in the radiance of 
(d!dO)F(e)AO. If A0 takes the form of an oscillatory function 
synchronous with the modulation in the channel under con- 
sideration, an additional signal proportional to (d/dO)F(O) will 
be observed at the output of the channel. We call this effect 
motional chopping of the second kind, to distinguish it from 
amplitude modulation of a beam resulting from unwanted vi- 
bration of a nonuniform optical component near an aperture 
plane, long known to us as motional chopping. 

It should be noted that in a pressure-modulated channel, 
the motionally chopped contribution is a wide band one 
derived from the whole channel bandwidth defined by the 
band pass filter, not just the pressure modulated fraction of 
that bandwidth. It is for this reason that the effect can be 
significant, even though the motions involved are very small. 
In SAMs an enhanced effect is also present in the wide band 
channels, since only a small part of the optical system aperture 
is modulated by the vibrating chopper, but the whole aperture 
contributes to the motionally chopped signal. 

We describe the signals obtained as follows. In the absence 
of motional chopping the signal consists of a single term 

s(@) = a{ j L,(e)h,(e - B) d e }  

where L,(B) describes the angular distribution of the source 
radiance which is selected spectrally by the channel, 0 is an 
elevation angle referred to the instrument mountings, h,(O 
- 0') is the field of view profile when the line of sight is 

directed at 8' in this coordinate system, and a is a constant. If 
the line of sight is now allowed to move at the modulation 
frequency, 

0' = eo + A0' sin (ut + Q), 
we obtain a second term, of the form 

It should be noted that L ,  and h, are new functions which 
may differ from L ,  and h , .  For example, in the SAMs 

source 
inlensitr- 

Angular p s i l i o n ,  

Fig 3 Schematic illustration of field of view measurement 

pressure-modulated channels, L ,  is the pressure modulated 
(narrow band) radiance, while L, is a wide band radiance. We 
would, however, expect h ,  to be the same as h, in this case. In 
the wide band channels, h,  is the field of view resulting from 
the modulation of the small part of the aperture occupied by 
the chopper blade, while h, is the field of view resulting from 
the use of the whole aperture. The main difference between h ,  
and h ,  is a scaling factor, although there are minor differences 
in the shape of the profile caused by the off-axis siting of the 
chopper. L ,  and L ,  are in this case essentially the same func- 
tion, but the off-axis nature of the wide band chopping has an 
effect on the spectral selection of the source radiance, owing to 
angle of incidence effects on dielectric interference filter coat- 
ings. 
In the laboratory we approximate the shape of L ,  and L, 

by a delta function (the collimated beam); that is, L ,  = k,6(0) 
and L, = k26(8), where k ,  and k,  arc constants. In this case 
the signal observed is 

d 
d0' 

SJB) = ak ,  . h,(B) + aAB cos Q. k ,  - h2(B) 

When observing the atmosphere, the signal obtained is 

d + aAV cos Q JL.30) h,(B - 6') d0 

where we have used the fact that L2(0) does not depend on 6'. 
Considering first the wide band channels and assuming that 

the differences between L, and L, (and, hence, between k ,  and 
k,) can be neglected, 

d 
dB SL(6') = ak,{h , (B)  + AB cos Q - h,(6')} 

and 

Combining the two equations, 

s,(B) = L:(e)s,(e - e) de 
'I I 

We conclude that under the assumption that the effect is the 
same in zero-g, the motional chopping is taken into account 
simply by employing the field of view profile in the raw form 
measured in the laboratory (i.e., including the spikes). The 
consequences of this assumption being incorrect have bem 
studied by Barnett and Corney [this issue]. 

The treatment of motional chopping in the pressure- 
modulated channels is not so straightforward. The reader will 
perhaps have realized that the conclusions in the wide band 
case do not in fact depend on the precise functional form of 
the additional term so long as it depends only on 0'. In the 
pressure-modulated case, however, we must establish the cor- 
rectness of the model in order to procecd. The first step is to 
derive the underlying pressure-modulated field of view profile 
from the laboratory measurements. Equation (1) may be inte- 
grated numerically to obtain an estimate of h,(e) for trial 
values of the constant A6' cos Q. k,/k,. The result of such an 
integration using a value for A0 c o s  4 . k 2 / k ,  of -0.01" is 
shown in Figure 4. It should be noted that the integration has 
had a useful smoothing effect, reducing the noise level. Also 
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Fig. 4. Underlying pressure modulated field of view in channel CI PMR, derived from the profile shown in Figure 2, 
using a value for the constant A0 cos k 2 / k ,  of -0.01". 

shown is the difference between the derived profile and the 
raw measurement. 

Compelling evidence of the correctness of the model may be 
adduced by comparing the difference profile with the profile 
shown in Figure 5. The latter was obtained with an absorbing 
path of gas interposed between the collimator source and the 

sensor. The amount of gas in the path was suficiently large for 
the pressure-modulated radiance L, to be strongly attenuated, 
but L, was scarcely affected. 

When observing the atmosphere, the ratio of the mag- 
nitudes of L, and L, in the pressure-modulated channels is 
much smaller than the ratio of k, and k, in the laboratory. 
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Fig. 5.  Field of view profile observed in channel C1 PMR with a path of carbon dioxide interposed between the source 
and the SAMS instrument. 
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Fig 6 Field of vie- profiles for channel C1 PMR denved by using different values of the constant A0 cos k , / k ,  

This is because a spectrally uniform source (a hot filament) 
was used in the latter case, and the motionally chopped term 
contains in consequence a large contribution from spectral 
regions between the absorption lines of the gas. In the atmo- 
spheric case, however, the emission lines are usually narrow 
and well separated, and the contribution from spectral regions 
between the wanted lines is much smaller than in the labora- 
tory case. The best course in the pressure-modulated case is to 
ignore the motional chopping term and to use a derived field 
of view profile such as that shown in Figure 4. 

The criteria for choosing the optimum value of the constant 
A@ cos 4 k ,  l k ,  are less clear than one might have hoped. A 

typical set of trial derivations is shown in Figure 6. The 
bottom profile may be rejected on the basis that spikes are 
still visible and the top two look suspiciously oversmoothed, 
but the remaining profiles are all plausible. The uncertainty in 
the value of the constant leads to an uncertainty of about 
- +0.003' in the position of the center of the field of view in this 
case. 

6. CONCLUDtNG REMARKS 
We believe that the basic approaches employed in the 

design of SAMS were sound, but two changes of detail would 
be desirable if another instrument were 10 be built within the 
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same constraints. First. the linear momentum of the pressure- 
modulator pistons should be compensated in some way to 
eliminate the motional chopping (of the second kind) which 
results from vibrations excited in the instrument structure. 
Second, in the wide band channels. the use of a balanced 
rotating chopper instead of an unbalanced vibrating one 
would reduce the motional chopping effect to negligible levels 
and also eliminate the microphonic component of syn- 
chronous pickup. (This chopper should modulate the entire 
aperture. so that the spectral response profiles applicable to 
the pressure-modulated and wide band channels are identical.) 

New spacecraft such as the Upper Atmospheric Research 
Satellite ( t iARS) offer a relaxation in the power and weight 
constraints. and closed cycle detector coolers suitable for use 
on long missions (e.g., 2 years) are now available. The much 
lower noise levels and absence of microphony offered by quan- 
tum detectors operating at  medium temperatures (70-80 K )  
could improve the performance achieved in S A M s  by 2 orders 
of magnitude. Such an enormous improvement, welcome 
though it is, will of course mean that all the effects mentioned 
in this paper and indeed all the design trade-offs will need to  
be re-examined very carefully if the additional signal to noise 
ratio is to be effectively utilized. 
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