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BETA : A Program for Calculating and Archiving
Backscatter Profiles

A. Weickmann

ABSTRACT

BETA is a FORTRAN program that processes signal data
from the NOAA Coherent Lidar and creates and archives
aerosol backscatter profiles. This document focuses on

the program software and its execution.

1. INTRODUCTION

This document supersedes a previous memorandum written by Post
et al. (1983), describing the BETA program. The introduction and
scientific basis borrow heavily from that document but because the
actual BETA software and execution are vastly different, new

documentation is warranted. Over the years, the BETA program has

been the collaborative effort of many software designers.

NOAA has developed a pulsed, infrared Doppler laser-radar
(lidar) system (Post and Cupp, 1990) for measuring atmospheric

winds to ranges of 10-20 km. Pulses of 3 »s duration are

transmitted up to 20 Hz pulse repetition frequency (PRF), and a
very small amount of energy from the outgoing pulse is scattered by

aerosol particles back toward the lidar. By measuring the



frequency shift (Doppler shift) of this backscattered signal, one
can deduce the velocity component of the aerosols which are in line
with (radial to) the Ilaser beam. Since the aerosols are very
small, they move "exactly" with the winds; thus we obtain a
measurement of the radial wind component. By scanning the lidar
beam in a conical pattern, it is possible to deduce the average

wind speed and direction within the pattern.

The whole process depends on having enough aerosols to
backscatter energy from the transmitted pulse. Therefore, there is
a genuine need to document the backscattering properties of the
aerosols and their statistical fluctuations. The backscattering
coefficient, beta, 1is a measure of the aerosol"s backscattering
ability. By definition, it is the effective total cross-sectional
area in square meters of all the particles iIn 1 m3 of air, divided
by drr. The division by 47r assumes the energy Iis scattered

isotropically into a 4t steradian solid angle (sphere) . Therefore,

beta has units of m2/m3/sr or m! sr’l.

The most efficient way to measure beta versus altitude, or the
beta profile, is to point the lidar beam vertically (elevation
angle = 90° or zenith angle = 0°), but any elevation angle is

allowed.

The BETA program uses recorded lidar signals and calculates

the beta profile that had to exist iIn order to give rise to the



signals. Either raw signal data or moment data (zeroth moment of
the frequency spectrum) can be used in the calculations, but raw
data are the primary input. Moment data require a different signal
decoding routine, but otherwise program functions remain the same.
The program code is listed iIn Appendix A and is available from the

Wave Propagation Laboratory, Atmospheric Lidar Group, on magnetic

tape or PC-DOS format fTloppy disks.



2.0 SCIENTIFIC BASIS

The lidar®s raw data-taking system digitizes an analog voltage
originating from the heterodyne signal detector and records this
signal on 9-track digital magnetic tape. The digitizer has 8-bit
resolution, a minimum sampling interval of 100 ns (maximum rate of
10 MHz) and a sampling capacity of 2048 consecutive points. The
data are complex; that is, for each data point, two numbers are
generated (R and Q) which are 90° out of phase (hence they are in
"quadrature'" and represent the real and imaginary parts of a
complex number).

Generally, signal power is computed by squaring both R and Q and
taking the sum of the squares. However, due to iInfrequent
digitizer problems, we have developed the ability to analyze signal
power from either the R or the Q channel. In this case, signal
from the single channel is squared and doubled. Amplifiers in the
analog signal chain saturate at high signal levels, so nonlinear
signal correction factors have been derived from measured input
versus output curves. Third or fourth order polynomial correction
factors are applied to recorded signal power values above 2500.
Individual correction factors have been computed for (R2 + Q2), 2R2,
and 2Q . For the single channel data, two sets of correction
factors have been computed. The correction can be applied to
either unaveraged data or time averaged data.

The gain of the receiving chain is adjusted so that when no
signal is present, the mean background noise level uses only 1-3

bits of the dynamic range of the digitizer, leaving 7-5 bits for



the (additive) signal level. The maximum unsaturated signal plus

noise is 1282 or 16,384.

We know the relationship between the volume backscatter

coefficient, /3, and the system signhal to noise ratio, SNR. It is

8*hv*bw*R2*snr (R) *Ai
N*E1*A3*ej*C*D2*A2*E2 (R) *A4

= calibration factor  (10<dhcal/10>)

Ai
) = shot noise factor (1.0 - 10 shtdat/1°)
a
A3 = optical loss factor
= round trip atmospheric absorption factor, T(R)
El heterodyne detector quantum efficiency
e? receiver efficiency, f(R)
h Plank™s constant (J s)
y frequency (s 1)
bw bandwidth (s’1)
R range (m)
snr signal to noise ratio, T(R)
ej pulse energy (J)
c speed of light (ms 1)
D telescope diameter (m)
The calibration factor, A,, 1is computed using dbcal, an

independent measurement of how well

5

the system performs with



respect to theory. SHTDAT in A2 is the system shot noise at the
time of the data. The measured roundtrip optical power loss factor
is 0.5307 and the heterodyne detector efficiency is assumed to be
0.40 for all wavelengths. The diameter of the telescope mirror is
0.28 m. The pulse energy is measured manually for each data run by
averaging the laser®"s output power for several seconds and dividing
by the PRF.

The round-trip atmospheric absorption parameter accounts for
molecular absorption of C02 radiation and can be calculated by two
methods. First, one of five pre-computed seasonal models
accounting for the absorption of radiation by H20, C02, N20, CH4, 03
02, CO, and the H20 continuum can be used. The second method
calculates absorption from a radiosonde profile and accounts for
H20, CO02, and H20 continuum. Fewer molecules are used 1In the
interest of program speed and because the omitted molecules
contribute a small fraction to the total absorption. Both methods
use the AFGL Hitran Database (Rothman et al., 1987). Total
absorption values are computed for round trips through 1 km layers
up to 30 km. The absorption coefficients above 10 km in altitude
become nearly constant, despite changes 1iIn density, owing to
pressure and temperature effects on the C02 1line shape and
strength. When using a radiosonde profile, absorption coefficients
between the maximum radiosonde height and 30 km are set equal to
zero, so that round trip integrated absorption above the maximum
height remains constant.

Average noise 1Is computed as the average power within a



selected range or noise window. The noise window is an altitude
range of at least 1 km where the received power is at a consistent
minimum. This occurs at an altitude above any clouds where there
are no signals from aerosols. The average signal power is the sum
of the signal values within a selected range resolution, usually
0.5 km, divided by the number of data points within the range. The
range resolution is centered about the range R. The SNR at each
range R is then the average signal for the range resolution minus
the average noise divided by the average noise.

Additional factors of noise beta and beta ratio describe the
relationship between the pure noise region and backscatter. The
minimum valid SNR, SNRMIN, is computed and replaces SNR in the beta
equation to calculate the noise beta at every range. Beta values
greater than the noise beta are accepted as valid. Beta ratio is
the ratio of noise beta to beta iIn decibels (dB) .

SNRMIN is computed as the quality factor threshold value,

QUAL, divided by the square root of the number of records.
depsam-dgtzi t/bwmhz

_. 1/ [<nine ~17+1/[( hnois
qual \ [ depsam - LC depsam 'I]

snrmin-qual/Jnrec



dgtzrt = digitizer rate

bwmhz = bandwidth in MHz

nnois = number of data points within the noise window

nine = number of data points within the altitude resolution
increment

nrec = number of records processed

These equations arise because there is confidence that a
signal is truly present only if its level is above the root mean
square  statistical Ffluctuation expected in simultaneously
determining both its level and the noise level, given a Tfinite
number of samples of signal and noise. Also confidence grows with
the square root of the number of times the procedure is repeated

(average), hence with the square root of NREC.



3. BETA PROGRAM

The backscatter program, BETA, has evolved over the last
several years iIn conjunction with the C02 lidar system. Since the
lidar is an operating research instrument, changes in hardware due
to improvements or failures have resulted in varying techniques of
data analysis. The software reflects lidar hardware changes by
incorporating options such as a data deglitcher (Ffilter), decoding
of data from single or both digitizer channels, and data storage
modifications on magnetic tape. The program can process raw oOr

moment data, collected from 1986 to the present, but it is

primarily used with raw data.

BETA has been developed on a Data General MV8000 using DG/UX
(Unix) , has an executable size of 280,400 bytes and is linked to an
in-house tape library and a modified Tektronix Plot 10 graphics
library. Half-inch 9 track magnetic tape is used for input and the
output devices are a Digital LNO3 Plus laser printer/plotter, a

Printronix printer, and a graphics terminal running the Tektronix

4010 emulator.

BETA 1s an 1Interactive program, designed to minimize
keystrokes and operator error by assigning default values where
appropriate. These default values are based on typical data
collection methods. When prompted by a question with a default, a
carriage return results in using the default. This decreases run

time and helps to eliminate user mistakes. IT an unacceptable



input is sensed, the prompting question is repeated.

3.1 Input

The information necessary to execute BETA is obtained from
lidar signal data, data collection parameters, and predetermined
system and atmospheric parameters. The data collection parameters
include data shot noise, pulse energy, wavelength, bandwidth, beam
elevation angle, physical location, and attenuation, if used. The
predetermined information includes system dB down from expected

(from system calibrations), receiver efficiency profile, and

atmospheric absorption profile.

The lidar signal data are stored on magnetic tape, which holds
a variable number of data files, and each file contains a variable
number of records. For raw data, the typical vertical profile
contains 1000 records or pulses. Each pulse generally has 2048 16-
bit data values when the profile extends to near 30 km. Otherwise,

the pulse length is set to 1024 or approximately 15 km. The BETA

program can process a maximum of 5000 records.

The shot noise for the data is calculated using
data shot noise = 10.0 * LOG(tel/det) (3.D
where "det" is the average noise in detector blocked file and "tel”

is the average noise iIn telescope blocked file.

The pulse energy is recorded at the start of the data run. It

10



is a measure of the average energy in Joules for the outgoing pulse

during the data run.

The wavelength in microns, bandwidth in MHz and the elevation

angle in degrees are all entered by the lidar operator.

An attenuator is used when the signal is too high, preventing
amplifier or digitizer saturation. The attenuation factor, in dB,

is recorded and used in the program to normalize the attenuated

data.

An ASCII1 text file containing lidar experiment locations and
the corresponding altitudes above sea level is used by the beta

program so that all output data is referenced to sea level.

The CO02 lidar is calibrated off a hard target on a regular
basis. The calibration information is stored in an archive for
automatic retrieval by this and other programs. A record of
equipment changes and the date on which they were implemented is
also maintained. If an equipment change will affect a calibration,
an equipment record is entered iInto the calibration archive. The
calibration date closest to the date and time of the data is used
for analysis, provided no equipment changes have intervened. The
beta equation requires a calibration factor that is computed using
dB down from expected, the difference between expected

(theoretical) and measured SNR for the calibration target. These

11



values of SNR are retrieved from the calibration archive.

Receiver efficiency, that is, how efficiently a signal mixes
with the local oscillator, or is sensed on the detector, changes
with range so range profiles have been computed for wavelengths of
10.591 and 9.25 from 0 to 30 km at 0.5 km increments. IT the
data wavelength falls between these values, a receiver efficiency
profile is linearly interpolated. The profile is then linearly

interpolated iIn range to compute the beta value at a selected

altitude.

Atmospheric absorption profiles for the five seasonal models
at wavelengths 10.591, 9.569, and 9.282 jum are stored in ASCII1 file

ABSORP_.DAT. These profiles, extending from 0 to 30 km ASL at 1 km

increments, have been computed for layers (0-1, 1-2 km _ ) using
the AFGL Hitran Database, wavenumber, and the seasonal atmospheric
models. An absorption profile can also be created during the
execution of the BETA program from an input ASCII radiosonde file,
provided the file contains pressure in millibars, height in meters,
and temperature and dew point In degrees Celsius. A maximum of 100
vertical levels are allowed. The fTile is read as a free format and
must have pressure, height, temperature, and dew point in order, on

each line.

3.2 Output
The only automatic output from BETA is the BETA.PRINT file,

12



which, at a minimum, contains data processing information. If
requested, it also lists vertical profiles of altitude versus beta,
snr, noise beta and beta ratio.

If output to plotter was selected, the file “qgplot®™ will be
created and output to the laser printer. Modification of the
Tektronix Plot 10 package allows simultaneous output to a graphics
screen and a plot file. Other changes allow better text output on
the plots.

The program outputs three types of plots:

Signal power versus time - An average signal value for each

pulse/record is computed and plotted.

Altitude versus signal power - Altitude versus an average
signal value for each point along the vertical pulse,
averaged over all pulse/records. All altitude data are
referenced to sea level.

Altitude versus beta - The beta value is computed using the
equation in Section 2 and plotted against altitude at a
resolution determined by the user.

Jf the profile 1is being archived, the altitude resolution 1is

automatically set to 0.5 km. IT the user selects the running

average option, beta will be calculated and plotted at every point
along the profile. IT both archiving and running average are
selected, two beta plots will be generated, one with beta values at
every 0.5 km and another with values at each point. The dashed
line on the plot is the profile of beta standard deviation. Beta

values above this line are considered valid.

13



Table 1 lists the data output fFiles. Other Tfiles are also
created by BETA, but those pertain to the program execution, and

discussed 1In Section 5.

14



File Name

ASCIIl Text Files:

BETA_PRINT

BETA_RAWDAT
LOOKABSP
ABSPSONDE

*filename*

Plot File:
qgplot

Table 1. BETA Output Files

Contents

data processing information
vertical profile

average signal power at each point
interpolated absorption profile for radiosonde
absorption information at radiosonde heights

profile information same as archive

relative signal power vs time
altitude vs relative signal power

altitude vs backscatter (beta)

Binary Archive Files:

*fFilename® .DRCT

"filename”

unique profile iInformation and pointers into
main data file.

main data file for profile iInformation

"filename®™ - Data fTile name is selected by the user during
program execution.

15



3.3 Questions and Answers

When executing the BETA program, the user is asked a series of
qguestions. Most questions have obvious answers; there are some,
however, that require some prior knowledge and experience working

with the data. The following is a question and answer section for

those less obvious questions.

Is this a multiple file run?

Usually we calculate beta profiles from one file at a time,
but the program can produce beta profiles for individual files and
then average all the profiles into one profile. The maximum number

files you can average is 10. |If you answer YES, be prepared to
input the file numbers of all the files to be used. They need not

be contiguous, but they should be entered in ascending order.

Do you want calibration data from the archive?
The normal answer is YES and the calibration archive will be

searched for the appropriate information. You will be asked to

confirm the value of dB down. IT you answer YES and the program

cannot find a value for the data or if you answer NO, you get the

next question.

Enter dB down from expected?
This value depends on how well you Tfeel the lidar was

performing. A good default value for the NOAA CO2 lidar is 4.0 dB.

16



Enter shot noise for the data (dB)?
Refer to Section 3.1 for shot noise calculation. A good

default value for the NOAA CO2 lidar is 5 dB, but the value is

highly dependent on the detector used.

Enter the energy per pulse for the data (J)?
This value is on the operator®s log sheet, noted at the time

the data was taken.

Default plot types and scale?

This question references the first two plots, signal versus

time and altitude versus signal. 'Average Plot" produces one plot
of all records averaged together over time. '"Single Plot" produces
a single plot for every record. There are other programs that

analyze single records so the "Single Plot” option is rarely used.
"Linear Scale" plots the signal power on a linear as opposed to a
dB scale. "Medium Scale" plots the signal power on a scale of 0-

2000 as opposed to "Low"™ of 0-400 or "High" of 0-20000.

Do you want the beta profile ARCHIVED?
IT the data are of good quality, you may want to store the

profile in a data archive. The profile can later be accessed by

other programs for statistical analysis. The archive structure 1is

described iIn Section 6.

Is the value of PRF correct?

17



PRF is an acronym for Pulse Repetition Frequency. Check the
value displayed above this question (from the file header) against
the value written on the log sheet. Occasionally the PRF is
changed for data collection and the tape header iInformation is not
updated to reflect the change. The value on the log sheet is

correct.

Do you want the data decoded using: ?

R2Q2 decodes data from both the real and imaginary channels,
R and Q (Section 2.). This is the customary method of decoding the
data. However, there have been problems with the signal digitizer
in the past, so we have the ability to decode data coming from only
one channel. After the signal has been decoded, coefficients are
applied to correct for saturation and the signal is then passed on
to other parts of the program. The coefficients correct for
nonlinearities in the signal which generally occur in values above
2500. The coefficients have been derived empirically using a least
squares Ffitting routine with either third or Tfourth order

polynomials.

Do you want to De-Glitch the data?
The old A-D digitizer, before 15 November 1990, produced
periodic spikes in the data. The spikes are not representative of

the data, so we 1identify them as bad points, remove them, and
insert an average value. Bad points are identified as being

greater than or equal to 10 times the average of the previous

18



points at that height. A minimum of four points are used in the

average. A bad point is replaced by the average of the previous

points.

Enter the altitude of the last clear air (km) on an even 0.5 km
interval?

When archiving, the operator is asked if clouds were present.
IT there was a cloud, it 1is important to know where the cloud
occurs in the profile because a cloud attenuates the signal
returning from above the cloud. For this reason, we want to know
the highest altitude, at an 0.5 km increment, that is not affected
by the cloud; this is called the "last clear air'”. Remember, the

beta value at the 0.5 km interval is calculated using data = 0.25

km.

Enter the beginning, ending altitude for the noise window?

The noise window is chosen by examining the altitude versus
signal power plot. Choose an altitude range where there is a
constant minimum signal for at least 1 km. This generally occurs
at the top of the profile, after any clouds, where the signal
becomes jJust the noise. IT you have chosen the noise window
correctly, approximately 16 percent of the beta values in the pure
noise region will be above the noise beta sensitivity line. After
viewing the beta profile that results from a noise window
selection, the operator may chose a different noise window and

iterate until satisfied.

19



Is the data attenuated in this file?
Check the log sheet for an attenuation value in dB associated

with the file; usually the answer is NO.

Choose the averaging method?

The beta values are calculated using an average of the points
within the chosen altitude resolution. If you are archiving, the
resolution is automatically set to 0.5 km and the beta values are
calculated centered at standard 0.5 km increments (5.0, 5.5, 6.0,
etc.). Two averaging methods are available: block and running.
Both methods use an equal number of points on either side of the
altitude.

The block average computes a beta value at selected heights in
the following manner. The beta calculated for 5.5 km uses the data
points from 5.25 to 5.75 km, and the beta at 6.0 km uses data from
5.75 to 6.25 km, etc. In practice, no data point is used twice.

The running average computes a beta value for every point in
the vertical profile. A template corresponding to the altitude
resolution in length and centered about the desired beta value,
defines the data points used in the averaging. The template is

moved along the profile to compute beta values at each data point.
Would you like to process another tape file?

You can skip forward or backward to other files on the tape.

You can also process other records within the current file.

20



4. TYPICAL BETA EXECUTION

There are many options in the BETA program, but most data
collection methods allow for a standard usage of the program.
Usually one fTile is processed, calibration constants are retrieved
from the archive, and the profile is printed and archived. Plots
are output to both the plotter and the screen. The example program
execution shown 1in this section is Tfollowed by the standard
outputs. In addition, there are samples of the optional types of
printer and plotter output. All samples are based on the same data
file.

Several pieces of information necessary for program execution
are obtained by examining the operator®s log sheet (Figure 4.1),
which is Ffilled out as the data are taken. These are : fTile number,
number of records, wavelength, bandwidth, elevation angle, prf,
pulse energy, attenuation, and location.

Figure 4.2 is the signal power versus time plot, which
immediately follows a pause in the execution while the data tape is
accessed. This plot gives the user an indication of the smoothness
or consistency of the data-taking process. IT the system
sensitivity changes, or clouds come and go during the file, such
changes will be obvious. After the user views the plot and presses
the carriage return, the altitude versus signal power plot appears
(Figure 4.3). This plot needs to be examined carefully to pick a
noise window altitude interval of at least 1 km. In this example,
an altitude interval of 18-21 km appears to contain a consistent

minimum signal. IT the profile is to be archived, the plot must
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also be examined for the altitude of the last clear air before a
cloud. This value is chosen to the closest 0.5 km interval. In
this case, the cloud occurs between approximately 10.2 km and 11.8
km. Therefore, the altitude of the last clear air was chosen as
9.5 km. In this case, 10.0 km is not correct because the beta
computation includes signal data from 9.75 to 10.25 km.

Since the profile is being archived, the data averaging method
chosen was block averaging. Figure 4.4 is a plot of the block-
averaged data. The dashed line is the calculated noise beta at
each 0.5 km altitude increment. The mimimum altitude of the data
is determined by the altitude of the lidar above sea level plus the
minimum effective range of the lidar which is 1.5 km for the
standard pulse length. When archiving, an additional altitude
increment may be added so that the mimimum profile altitude
coincides with an even 0.5 km altitude.

If, after pressing the carriage return to erase the plot, the
user elects to exit the program, the BETA._PRINT file will be output
(Figure 4.5). This printout is a record of the input variables
used for execution and contains noise data information, data
quality information, the vertical profiles of altitude, beta, and
snr, and other calculated parameters.

Figure 4.6 is an example of a running average beta profile
using the same iInput data. The plot resolution is one beta value
for each of the 2048 points in the vertical profile. The averaging
Ffilter or template is 0.5 km, so that each beta value, except at

the ends of the profile, 1iIs an average of the calculated beta
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values within 0.25 km either side of the current beta value. The
beta values at the ends of the profile are not averaged.

The optional ASCIl1 output Tfile (Figure 4.7), contains the
vertical profile of altitude, beta, snr, and noise beta.
Additional information on line 1 is file number, date, time, start
record, and number of records processed. Line 2 is wavelength,
bandwidth, and beginning and ending altitude of the noise window.
This Tile option has been created so that a user can download a
profile to a floppy disk.

The final type of output the user can choose is the ASCII file
BETA.RAWDAT (Figure 4.8). This TfTile contains the average power
values for every data point in the vertical profile. This data
also corresponds to the altitude versus signal power plot, (Figure
4.3) .

IT a radiosonde profile i1s used to calculate the absorption
profile, there are other output files, as shown in Table 2. These
files are created so that the user can verify program input when it

is derived from a radiosonde profile.
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(boris) : beta

BETA program is running

Enter the operator~s initials (2 characters)
? . aw

Are you using the TEK 4051? (Y or N)
(default = N)

Plot to screen (0), plotter (1), or both(2)
?7 01

Output diverted to laser plotter *

— INITIALIZATION CONSTANTS
(These inputs are static in this run.)

Enter the magnetic tape unit number
?7 10

Opening tape drive /dev/rmt/c22dOm 5
** Tape /dev/rmt/c22dOm is now read only**

Choose the lidar site from the following list
by the corresponding number. IT the site is

not on the list enter 0

1 T22 (Table Mountain) 2 Edwards AFB
3 San Clemente 4 RL-3 Parking Lot
5 BAO 6 CP-3 (Brighton)
7 Radio Building 8 Stapleton
9 Miller Watch, WSMR 10 Brush Creek
11 Texex 12 Mesogamma 86 (Front Range)
13 Mesogamma 86 (Phase B-BAO) 14 FIRE 86 (Oshkosh,Wi)
15 Chinook 87 (Betasso) 16 Erie Site #1
17 FIFE (Manhattan, Ks) 18 LASBEX87 (Moss Landing, Ca)
19 JPL 87 (Pasadena, Ca) 20 DBC 87 (RMA, Co)
21 Trail Ridge, Co 22 Mauna Loa
23 MOFFETT FIELD, CA 24 grand canyon
25 Battersby, Canada 26 Rocky Flats
?7 11

25



CHANGEABLE INITIALIZATIONS

Is this a multiple file run (Y or N)
(default = N)

?

Input the requested information for each file.

Enter the file number
? 02

Enter the starting record number
N o

Enter the number of records to process
? . 1000

Would you like to
Continue with program - C
Modify recent inputs - M
(default = ()

*9

Positioning tape to requested Tfile

Select the data wavelength

10.591 microns -
9.569 microns -
9.282 microns

other -
(default = A)

o0 wW>

Select the data bandwidth
10.0 MHz -
5.0 MHz -
3.0 MHZ -
other -

oo wX>

(default = A)

26



Do you want calibration data from the archive
(otherwise manual input) Y or N

(default = Y)

9

The archive will be searched for the nearest
date to the data. The values will be displayed

before proceeding.
Searching calibration file /Zusr/local/database/CALARC.DRCT

Calibration on : 4/13/90 1:11:29
Calibration : dB down from expected = 3.20185

Is this value ok (Y or N) ?
(default = Y)

Enter shot noise for the data (DB)
? . 6.13

Choose an atmospheric absorption model
0 No correction for absorption

Tropical

Midlatitude Summer

Midlatitude Winter

Subarctic Summer

Subarctic Winter

Derive from Radiosonde Profile

~NO R WN PR

O
e
« L

Is the Elevation angle of the scanner 90 degrees
(Y or N) (default = Y)
? .

Enter the energy per pulse for the data (J)
9 ¢« .5

Enter the initial range in km
(default = 1.581)
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The number of points per pulse is 2048.
2048 points - approx 30 km range.
1024 points - approx 15 km range.

Enter the end range in km
? .22

Would you like to
Continue with program - C
Modify recent inputs - M
(default = 0)
7 .

The default plot types and scale are as follows:
Average Plots, Linear Scaling, Medium Scale
Are these the values you want (Y or N)
(default = Y)
? .
Printer Outputs
Do you want a RAW data printout, (Y or N)

(default = N)
? .

Do you want a BETA PROFILE printout, (Y or N)
(default = Y)
Y

Archive Output
Do you want the beta profile ARCHIVED (Y or N)

(default = N)
?2 0y

Enter the archive file name (max of 25 characters)
? . samplearc
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Would you like to
Continue with program - C
Modify recent inputs - M

(default = 0)

? e

File 2
on 4/10/90
at 12: 7:30
Data Type: Raw
1 Digitizer Rate (.08 - 10MHZz) 10.00
2 Delay to 1st sample (US) 1.05
3 Number of samples per pulse 2048 .00
4 Trigger Mode .00
5 PRF 8.00
10 Number of records digitized. 1000.00

Is the value for PRF correct (Y or N)
(default = Y)
LU

Do you want the data decoded using

R2Q2 - B
R2 - R
Q2 - Q

(default = B)
?

Do you want to De-Glitch the data (Y or N)
(default = N)
?2 1y

The data tape is beilng accessed...
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30

1 thru 1000

4/10/90
7

12
2

Date
Time
File
Rees

CM CO
VO O

127.12

3.25 to 23.67 km
10.59 microns

As 1

Altitude,
Average Power
Wavelength

COnhh CJ Z < -l (LOS5LWUCt

Figure 4.2 Signal power versus time, Scales are linear and
medium (0-2000), and data is averaged for each pulse.

30



1 thru 1000
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Figure 4.3 Altitude versus signal power. Scales are linear and
medium (0-2000), and data is averaged over time.
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Are there clouds present in this profile (Y or N)
(default = N)
?2 1y

Enter the altitude of the last clear air (km)
on an even 0.5 km interval.
? . 9.5

Data above minimum range occur at
Start Altitude = 3.25
End Altitude = 23.669

Enter the beginning, ending altitude (km) for the
Noise Window
? . 18,21

User :
If you want to enter your own value for

Unattenuated Average Noise
and the data is not attenuated,
answer the following questions as
Data attenuated ? Y
Attenuation factor ? 0.0
Unatten. avg Noise ? vyour desired value.

Is the data attenuated in this file (Y or N)
(default = N)
?

Choose data averaging method

Running Average - R
Block Average - B
(archives are automatically block

averaged)
(default = B)
? e
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altitude resolution.
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Do you want to write the block averaged profile
to an ascii text file (Y or N)
(default = N)

Woulld you like to pick another Noise Window (Y or N)
(default=N)
?

Do you STILL want to archive the data (Y or N)
(default = Y)
20y

Archive filename is samplearc

Is the quality of the beta data known
to be good (1) or were there assumptions

made in the calculations (0). Enter 1 or 0
?7 01

Would you like to
Continue with program - C
Modify recent inputs - M
(default = ()
?
Archive file exists, info will be appended
Profile : number, date, time = 3 41090 120730

Data has been archived in file samplearc

Would you like to process another tape file (Y or N)
(defaults)
? .

Beta program Ffinished
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Beta Program Output ( Processed on 3/18/91 at 14:43:44 by aw)

Altitude and Location are 1.669 km asl at T22 (Table Mountain)

File Date Time Starting Record # Records
2 4/10/90 12:7:30 1 1000

Calibration dB down from expected is 3.20 (Archive: 4/13/90)
Shot Noise (dB) for the data is 6.13

Calibration factor is 2.764

Bandwidth (MHZz) is 10.00

Wavelength (microns) is 10.591

Energy per pulse (J) is .50

A/D Average energy per pulse (J) is .37

Elevation angle (deg) is 90.00

Azimuth angle (deg) from tape is .00

Initial and end ranges (km) are 158 22.00

Atmospheric absorption model is No. 3 - Midlatitude Winter

Average plots only
Scale of Signal Axis : Linear
:0-2,000 (Medium)

Plots : Altitude vs. Relative Signal Power (RSP)
RSP vs. Time, Altitude vs. Beta
Printouts : Raw data printed out in file BETA.RAWDAT
BETA profile printed out in file BETA.PRINT
This profile was archived to file samplearc

Altitude of the Noise Window : 18.0 to 21.0 km
Altitude Resolution : .50 km

Mean Noise = 47.67

Noise Standard Deviation =  1.45

Normalized Noise Std Dev = .0304

Estimated Mean Noise Std Dev = .1018

Estimated Normalized Noise Std Dev = .214E-02
Estimated Normalized Noise Std Dev (dB) = -26.70

—————— Data Quality--------
Quality Factor Threshold = 25 (2.6% bad data)
Quiality Factor Threshold = 19 (16% bad data)

Clouds present, Altitude of last clear air is 9.5 km

Figure 4.5 The output file, BETA_PRINT, Input data and noise
information.

35



File Date lime  Start Record # Records
2 4/10/90 12:7:30 1 1000

Digitizer correction applied to R2Q2 data
Altitude of Noise Window: 18.0 to 21.0 km asl
Wavelength : 10391 Bandwidth : 10.0 Data Good : Q-Factor GT .19

ALT (KM) BETA(M-1 SR-1) Q-FACTOR SNR(DB) BETA RATIO
3.500 6.04E-10 84934 14.292 -3630
4.000 3.67E-10 363.41 10.604 -32.81
4.500 3.64E-10 265.08 9.234 -31.44
5.000 4.85E-10 266.93 9.264 -31.47
5.500 3.10E-10 133.17 6.244 -28.45
6.000 1.21E-10 41.32 1.162 -23.37
6300 7.44E-11 20.76 -1.827 -20.38
7.000 4.93E-11 11.36 -4.447 -17.76
7300 2.34E-11 433 -8.436 -13.77
8.000 137E-11 239 -10.864 -11.34
8300 1.29E-11 1.83 -12.374 -9.83
9.000 1.30E-11 1.60 -12.969 -9.24
9300 131E-11 1.63 -12.868 -9.34
10.000 139E-11 132 -13.189 -9.02
10300 337E-10 30.16 -.206 -22.00
11.000 138E-09 119.68 5.780 -27.99
11300 6.44E-10 43.76 1411 -23.62
12.000 2.35E-11 1.44 -13.405 -8.80
12300 3.45E-12 .19 -22.172 -.03
13.000 1.02E-11 32 -17.877 -4.33
13300 1.14E-11 33 -17.759 -4.45
14.000 9.14E-12 .39 -19.114 -3.09
14300 7.47E-12 .29 -20.354 -1.85
15.000 1.09E-11 .39 -19.077 -3.13
15300 8.00E-12 27 -20.751 -1.45
16.000 1.91E-11 39 -17.298 -4.91
16300 6.87E-12 .20 -22.063 -14
17.000 3.63E-12 .10 -25.136 2.93
17.500 1.63E-11 40 -18.932 -3.27
18.000 1.48E-12 .03 -29.637 7.43
18300 1.11E-12 .02 -31.177 8.97
19.000 1.21E-11 .25 -21.066 -1.14
19300 1.00E-20 -.05 .000 .00
20.000 1.00E-20 -22 .000 .00
20300 1.00E-20 -.03 .000 .00
21.000 1.00E-20 -11 .000 .00
21300 436E-12 .07 -26.601 4.40
22.000 1.05E-11 15 -23.232 1.03
22300 6.09E-12 .08 -25.820 3.61
23.000 1.45E-13 .00 -42.299 20.09
23300 1.00E-20 -4.04 .000 .00

Figure 4.5 (continued.) BETA.PRINT file,
information.
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NOISE BETA

1.35E-13
1.92E-13
2.62E-13
3.46E-13
4.44E-13
536E-13
6.82E-13
8.26E-13
9.82E-13
1.16E-12
1.34E-12
135E-12
1.76E42
2.00E-12
2.25E-12
232E-12
2.80E-12
3.10EM2
3.42E-12
3.76E-12
4.11E-12
4.49E-12
4.88E-12
5.29E-12
5.72E-12
6.17E-12
6.64E-12
7.14E42
7.65B-12
8.18E-12
8.74E-12
9.32E-12
9.92E-12
1.05E-11
1.12E-11
1.19E-11
1.25E-11
1.33E41
1.40E-11
1.48E-11
136E-11

vertical

profile
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2
10.591
3.500
4_.000
4.500
5.000
5.500
6.000
6.500
7.000
7.500
8.000
8.500
9.000
9.500
10.000
10.500
11.000
11.500
12.000
12.500
13.000
13.500
14.000
14 .500
15.000
15.500
16.000
16.500
17.000
17.500
18.000
18.500
19.000
19.500
20.000
20.500
21.000
21.500
22.000
22 .500
23.000
23.500

MeQure 4.7 Ascii text file with altitude versus block averaged
beta,

4/10/90

10.0

12: 7
18.0
6.04E-10
3.67E-10
3.64E-10
4 _85E-10
3.10E-10
1.21E-10
7.44E-11
4 _93E-11
2_.34E-11
1.57E-11
1.29E-11
1.30E-11
1.51E-11
1.59E-11
3.57E-10
1.58E-09
6.44E-10
2.35E-11
3.45E-12
1.02E-11
1.14E-11
9.14E-12
7.47E-12
1.09E-11
8.00E-12
1.91E-11
6.87E-12
3.63E-12
1.63E-11
1.48E-12
1.11E-12
1.21E-11
1.00E-20
1.00E-20
1.00E-20
1.00E-20
4 _56E-12
1.05E-11
6.09E-12
1.45E-13
1.00E-20

snr,

=30 1 1000
21.0

14 _.292
10.604
9.234
9.264
6.244
1.162
-1.827
-4.447
-8.436
-10.864
-12.374
-12.969
-12.868
-13.189
-.206
5.780
1.411
-13.405
-22.172
-17.877
-17.759
-19.114
-20.354
-19.077
-20.751
-17.298
-22.063
-25.136
-18.932
-29.637
-31.177
-21.066
.000
.000
.000
-000
-26.601
-23.232
-25.820
-42.299
-000

and noise beta.
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1.35E-13
1.92E-13
2_62E-13
3.46E-13
4 _44E-13
5.56E-13
6.82E-13
8.26E-13
9.82E-13
1.16E-12
1.34E-12
1.55E-12
1.76E-12
2_00E-12
2_25E-12
2_52E-12
2_80E-12
3.10E-12
3.42E-12
3.76E-12
4_11E-12
4 _49E-12
4_88E-12
5.29E-12
5.72E-12
6.17E-12
6.64E-12
7.14E-12
7.65E-12
8.18E-12
8.74E-12
9.32E-12
9.92E-12
1.05E-11
1.12E-11
1.19E-11
1.25E-11
1.33E-11
1.40E-11
1.48E-11
1.56E-11



File: 2
Records : 1 - 1000
Date : 4/10/90 Time : 12: 7:30

Average Power vs. Range :

1 2379.34 2 2172.33 3 2075.55 4 1967.37 5 1845.50
6 1838.79 7 1777.74 8 1696.16 9 1653.14 10 1550.84
11 1499.86 12 1419.85 13 1385.17 14 1327.18 15 1285.42
16 1233.68 17 1211.96 18 1170.34 19 1140.59 20 1111.27
21 1101.32 22 1039.49 23 1016.95 24 984.34 25 1011.29
26 984.92 27 930.83 28 875.74 29 850.98 30 842.39
31 842.22 32 808.80 33 798.69 34 759.34 35 724.77
36 720.30 37 732.59 38 689.96 39 687.47 40 698.69
41 691.40 42 689.56 43 659.25 44 633.91 45 601.51
46 606.12 47 623.75 48 608.98 49 577.97 50 581.90
51 563.60 52 563.30 53 563.80 54 571.08 55 543.89
56 524.62 57 517.42 58 502.96 59 527.90 60 513.73
61 496.76 62 510.31 63 507.36 64 505.78 65 467.77
66 481.67 67 466.02 68 472.27 69 479.65 70 472.74
71 468.80 72 466.80 73 465.20 74 474.41 75 462.02
76 456.32 77 461.75 78 478.36 79 481.78 80 451.99
81 426.35 82 427.19 83 427.70 84 439.68 85 418.37
86 405.48 87 427.02 88 426.04 89 442.16 90 435.33
91 434.10 92 426.44 93 412.66 94 420.18 95 427.87
96 448.38 97 443.09 98 462.71 99 449.72 100 477.17
101 478.30 102 476.96 103 492.09 104 488.86 105 473.41
106 480.37 107 492.43 108 524.86 109 498.71 110 510.48
111 508.55 112 488.95 113 494.41 114 479.57 115 485.85
116 475.90 117 472.33 118 469.94 119 455.91 120 451.33
121 443.09 122 431.04 123 427.62 124 413.30 125 439.21
126 403.79 127 394.87 128 382.32 129 388.73 130 366.49
131 360.64 132 357.26 133 342.88 134 338.11 135 318.73
136 319.13 137 300.93 138 296.41 139 287.87 140 301.47
141 282.69 142 287.69 143 280.33 144 278.21 145 278.98
146 263.32 147 263.43 148 253.40 149 236.99 150 241.85
151 233.37 152 224.50 153 233.90 154 228.37 155 217.14
156 226.71 157 227.75 158 204.60 159 204.13 160 194.72
161 188.74 162 194.10 163 204.30 164 209.14 165 195.86
166 180.18 167 173.14 168 171.98 169 157.24 170 157.81
171 151.17 172 139.31 173 135.79 174 144.10 175 131.05
176 132.24 177 127.67 178 118.08 179 111.67 180 106.09
181 104.61 182 105.33 183 98.52 184 95.79 185 99.75
186 95.02 187 91.90 188 91.42 189 85.88 190 87.03
191 82.10 192 83.75 193 82.91 194 81.38 195 78.40
196 77.62 197 76.23 198 76.45 199 77.01 200 80.86
201 77.62 202 82.18 203 76.31 204 76.43 205 73.23
206 75.77 207 77.38 208 80.35 209 79.12 210 82.69
211 80.14 212 83.73 213 81.54 214 81.89 215 82.79

Figure 4.8 Subset of the output file, BETA_RAWDAT, averaged raw
data f_or approximately 3.2 km range. The complete
data fTile extends to the maximum profile range, 22 km.
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5. PROGRAM STRUCTURE

The BETA program, written in FORTRAN 77, consists of 44
modulles: the main program, beta.f, and 43 subroutines. There are
nine external common blocks for data transfer between the program
modules. It is linked to a modified Plot 10 Tektronix Graphics
Library and a magnetic tape access library.

Figure 5.1 is a diagram of the program flow. Box numbers
correspond to boxes iIn Figure 5.2, which is a diagram of the
subroutine calling sequence. IT upon reaching the end of the
program, box 23, the user chooses to process another file, the
program returns to box 2.

BETA accesses many external data files. The necessary input

files are an atmospheric absorption data file containing vertical
profiles for each of the five seasonal models at the three
wavelengths used in the program and a lidar location file with an
altitude above sea level and a character name for each location
where data have been collected. IT the user selects calibration
data from the archive, then the calibration archive files must be
present. IT the atmospheric absorption profile is to be derived
from a radiosonde profile, two ASCII data Tfiles are needed. One
contains a radiosonde profile of pressure (mb), height (M),
temperature (°C), and dew point (°C). This file is accessed with a
free-formatted read. The other, an AFGL Hitran database contains
line strength data for the wavenumber (cm’l) +*10 cm"l corresponding
the wavelength iIn use.

The user selects various output Ffiles during program
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execution. The beta archive Tfiles are binary and the other

information Tiles are ASCII. A plot fTile containing graphics
commands may also be generated. The primary output text file 1is
BETA._.PRINT and the graphics TfTile name 1is qgplot. Table 2

describes all input and output files.
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start program executibii;

Get tape drive, terminal ahd
data file, records, and
processing information.

generally equal to one unless
using multiple files.

Position tape to beginning of

get calibration data and
compute the calibration

factors; specify output Files.

Figure 5.1 BETA Program Flow Diagram
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Figure 5.1

continued.

43

indicies along the

corresponding to
selected ranges. If processing
multiple files, check current
file for differences fhat
would not allow averaging.

Decode the signal read in from
tape, apply correction to
unaveraged signal data if
using both channels or have
selected a single channel and
unaveraged data; if requested,
plot single record altitude vs
signal
il

Get atmospheric absortion

coefficients from ABSORP.DAT
or radiosonde profile.
(8)

IT processing Tirst file,
write data information to
BETA.PRINT

(@



Figure 5.1

Calculate the average power
over all records at each point
along the pulse; apply
correction factors to averaged
channel data if chosen;
signal vs time
vs signal

Print average power data if
option was choggp.
cu)

Conclude file p:rocessing 100]p
(12)

IT processing multiple files,
calculate an average power for
each point along the pulse
over all records in all files;
plot altitude vs average

ower .
e @

Choose a noise window using
the altitude vs signal plot;

compute the average noise in
the window; get attenuation
information if used}

m.. ... m . MM z

continued.
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compute noise statistics and
write to file BETA;PRINT

Choose beta 'V calculation
averaging method, block or

running average - -
t
witmnil.

Calculate profile information:
beta coefficient, snr, beta
standard deviation, quality
factor at each altitude.

17

Plot the beta profile and
standard deviation.
, \18)

Print profile if requested but

If using running average,
first rerun beta calculations
using block average arid then

print those results.

. Ud -

Figure 5-1 continued.

45



Figure 5.1

IT requested, ; write block
averaged profile to an ascii
text fTile.

Option to pick another noise
window; 1f yes, have option to

Ask User if they still want to

archive the profile* If yes
arid used runnirig average and
did not print the profile,
then recalculate with block
average* Store block averaged
profile in archive.

Option to process another file
oh tape, 1if yes, 1initialize
some variables and go back to
beginning of program, else
rewind the tape and exit the

program.

continued.
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beta.f (main)

initz-f

main

tpsetf

tapos.f

newcalib.f

— compjd.f
calgetf
calrl.f

Figure 5.2 Subroutine calling sequence from main program - BETA.
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Figure 5.2

continued.

tphed.f

rngindx.f

decoder.f

before.f
codeconv.f or amp2pow.f
r2g2.f or fr2.f or g2.f
or twiceq2.f or twicer2.f
plotitf
_ txgrfr.f
plgrfr.f
tpmsg.f

initco.f

— sondeabsp.f
— crinitf
— abscrctn.f

writefilenc.f
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Figure 5.2

continued.

avgplts.f

printdata.f

main

mfcalcave.f

txgrfr.f
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nwindo.f

stddevnos.f

main

calbeta.f

receff.f
snradj.f

pltprofile.f

— txgrfr.f
___ plgrfr.f

calbeta.f

— receff.f
___snradj.f

Figure 5.
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printprofile.f

writeprofile.f

main

calbeta.f

— receff.f
snradj.f

betarch.f

main

Figure 5.2 continued.
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1/0

Out

Out

Out

Oout

Out

Oout

Oout

Out

Out

In

In

unit Type
40 ASCI 1
50 binary
52 binary
65 ASCI 1
42 ASCI 1
graph
22 ASCII
24 ASCII
70 ASCII
30 binary
32 binary

Table 2

File Name

BETA_PRINT

arcname.DRCT

arcname

BETA.RAWDAT

textfile

qagplot

ABSPSONDE

ABSPROFILE

LOOKABSP

CALARC.DRCT

CALARC. INFO

52

BETA Data Files

Contents/Function

data processing information and
vertical profiles of beta, snr,
standard deviation of each,

average power and quality factor

beta archive directory, contains
unique Information for each
profile and pointers into the
main archive file, arcname.

Named by user.

main archive File containing the
profile data. Named by user.

averaged raw data for each point
along the profile.

vertical profile with header
information for output to
floppy disk. Named by user.

plotting instructions for the
plots: signal vs time; altitude
vs signal; altitude vs beta.

absorption parameters at
radiosonde heights. Output from

call to sondeabsp.f

absorption coefficients at
radiosonde heights. Input
crinit.f and abscrctn.f

into

absorption coefficients inter-
polated to 1 km heights. This
replaces data from ABSORP_.DAT
calibration archive directory

calibration archive profiles



170

In

In

In

In

unit

15

60

20

66

Type

ASCI 1

ASCI 1

ASCI1

ASCI 1

Table 2

File Name

ABSORP .DAT

lidarlocs

radiosonde

HIT944_ 1081

continued

53

Contents/Function

absorption coefficient profiles
for the 5 seasonal models at
wavelengths 10.591, 9.569, 9.282
microns.

contains altitude in kn., asl and
character name of all lidar data
collection sites.

vertical radiosonde profile of

height (m), pressure (mb),
temperature (C), and relative
humidity. One line per height,
free formatted read. Named by

user.

portion of the AFGL Hitran
Database for”~wavenumbers 934.6

to 1091.6 cm



6. ARCHIVE STRUCTURE

The vertical profiles of altitude, beta, and average power
along with pertinent data parameters are stored in an archive. The
archive consists of two files, a directory file and a data Tfile.
The directory file contains information that uniquely identifies a
profile and data structure pointers to the first and last records
of the profile in the data file, referred to as head and tail
pointers. Other programs use information in the directory Ffile to

sort profiles for data analysis. Each profile in the data file

contains three header lines and a variable number of vertical

profile lines.

Both files are direct access, binary and unformatted. The
directory file has record lengths of 46 bytes and the data file has
record lengths of 48 bytes. The data file is named by the user and
the directory file 1is the same name with the suffix ".DRCT"

automatically attached. Accessing the archive requires the

existence of both files.

Each profile is numbered iIn the directory Tfile. When a
profile is deleted, the number is set to its negative (-number) to
signify a deleted profile. The data are not removed nor are the

other profiles renumbered. When a new profile is added to the

archive, 1its length is determined (nhumber of 1lines) and the
directory file is searched for deleted profiles that have an equal

or greater number of lines (tail-head+l of deleted profile > new

profile length). if a space can be found, the new profile is

inserted iInto the space and assigned the absolute value of the
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profile number. If space cannot be found, the profile is appended
to the end of the data file and numbered sequentially. The data
structure pointers, head and tail, are written to the directory
file with other profile information.

The First line in the directory file contains a code for
archive type (a beta archive is 1) and a counter for the number of
profiles in the archive. The counter includes deleted profiles so
that all directory entries are searched.

Subroutine betarch.f writes the information to the archive.
Some information, particularly for the directory, is stored in the
archive in a different format than in the common blocks. Table 3
describes the information stored in the archive and its type and
location in common. When the archive data have been constructed
from common block data, an asterisk appears next to the variable
name. Some 1nformation is not contained iIn the common blocks, such
as archive type, process date and time, and number of profiles. In
this case the common block column is left blank.

Four byte 1iInteger and real dummy data fields have been

included in the archive so that future additions will not change

the file structure.
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Table 3. Archive Contents

Variable Description

Directory File, Record 1:

archive type
number of profiles

Directory File, Records 2 - N

profile number

date of profile, MMDDYY

time of profile, HHMMSS
altitude of last clear air, km
head pointer into data Ffile
tail pointer into data file
profile data quality flag

site number

wavelength, microns

bandwidth, MHz

Data File, Header Line 1

beginning tape record

ending tape record

number of data points in the profile
atmospheric model number

Ffirst altitude of the profile, km
last altitude of the profile,km
profile altitude resolution, km
altitude of lidar, km

Data File, Header Line 2

begin altitude of noise window, km

end altitude of noise window, km
average noise

standard deviation of noise
calibration date, MMDDYY

db down from expected

calibration shot noise, no longer used
data shot noise

raw (1) versus moment (2) data flag
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Size

int*4
int*4

int*4
int*4
int*4
real*4
int*4
int*4
int*4
int*4
real*4
real*4

int*2
int*2
int*2
int*2
real*4
real*4
real*4
real*4

real*4
real*4
real*4
real*4
int*4

real*4
real*4
real*4
int*2

Name Ocmnecn
arctyp

numbet

numo

idate* header
itime* header
clrair vars

begrec

endrec

bgc* calc

isite vars

wave> vars

band* vars

irec vars

irend vars

icount calc

model vars

alt(d) signl
alt (icount) signl
dalt calc

altlid vars

begalt calc

endalt calc

avnolis calc

sdnois calc

caldat calc

dbcal calc

shtref calc

shtdat calc

ihead(8) header



Table 3 continued

Variable Description Size Name Garmon

Data File, Header Line 3

elevation angle, degrees real>4 eleva vars
azimuth angle, degrees real*4 azimth vars
data process date, MMDDYY int*4 pdate

data process time, HHMMSS int*4 ptime

operator initials int*2 op vars
guality factor threshold value real*4 qual signl
real dummy real>4 adum

integer dummy int*4 idum

integer dummy int*4 idum

integer dummy int*4 idum

integer dummy int*4 idum

Data File, Profile Lines (1-icount)

altitude, km ~No real>4 alt( ) signl
beta coefficient, m s real*4 betaco( ) signl
average power at each altitude real*4 avsgnl( ) signl
real dummy real*4 adum
real dummy real*4 adum
real dummy real*4 adum
real dummy real*4 adum
real dummy real*4 adum
real dummy real*4 adum
real dummy real*4 adum
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Software Listings
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1L 02 S e A-44
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CALL PLGRFR (RANGE, ARRY, DUM, NPTS,NCURVE, CLABX, CLABY)

GOTO 100

RANGE(1)«R1
I1ST1-ISTRT+1
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WRITE(0,1270) CMODEL (MODEL)

FORMAT Atmospheric absorption model
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Appendix C

Recent Software Changes

N"gs™\Nnrsrs™Nirs™" MmN

affected subroutines and common blocks are describe

eliminated the use of EETAMN( ), BETASD( ), a
calbeta.f SNRSDD( ) and are now using BNOIS( ) and BRATIO( )
BNOIS replaces BETASD and BRATIO replaces SNRSDD.
The computations were made mOre obvious andtte
variables were named more appropriately.
was eliminated because it was the same as BETASD ( )

removed SONDHT check against and override fTill of

initco.f absrp( ) with 1.0. Sondeabsp.f correctly handles
values above the maximum radiosonde height by
setting them to 0.0 and integrating.
) changed message to specify radiosonde file **
newcalib.f pressure, height, temperature, and dewpoint.Added

existance check to radiosonde filename and limited
filename to 14 characters in length.

pltprofile.f use BNOIS i1nstead of BETASD.

changed column headers and column

information to
reflect changes noted in calbeta.f

printprofile.f

reads data file contailning pressure, height,
sondeabsp.f temperature, and dewpoint. Changed equation to
compute volumetric mixing ratio; now uses dewpoint

in a modified Clausius-Clapeyron vapor Pressure

equation. Changed 1000 word arrays to nlev-100.
added program name to lower left corner of plot,
t>xgrfr.f
added program name to lower left corner of plot.
txgrft.f

writeprofile.f use BNOIS instead of BETASD.

CB.CALC remove SHTCAL, no longer used.

radiosonde datafile, RSDATA,

now character*14.
CB.CHARAC

eliminate BETASD( ), BETAMN( ), and SNRSDD( ); add
CB.SIGNL BNOIS( ) and BRATIO( ).
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