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ATMOSPHERIC TRANSMISSION MEASUREMENTS AT
WHITE SANDS MISSILE RANGE, AUGUST 1978

INTRODUCTION

During August 1978 measurements were taken over a two-week period at White Sands Missile
Range (WSMR), New Mexico. The Naval Research Laboratory’s (NRL) Infrared Mobile Optical Radi-
ation Laboratory (IMORL) was used to make high-resolution atmospheric transmission measurements
over an elevated 6.4-km path in order to assess the effect of the atmosphere on laser transmission. The
expected high turbulence at WSMR was a new parameter for the existing IMORL data base [1,2] and
restricted operations to midmorning and late afternoon. Detailed surveys of the actual path used, pro-
viding beam elevation as well as local ground topography vs range, were carried out in support of this
program. Meteorelogical parameters monitored at the endpoints of the path included air temperature,
dewpoint, solar radiation, wind speed and direction, and the temperature structure parameter Cy. Laser
extinction coefficient measurements were made to a precision of +0.008 km™'* at HeNe, Nd-Yag, deu-
terium fluoride (DF), and CO, wavelengths. To achieve this precision for the highly transmissive DF
wavelengths, a longer path was used than those chosen for previous IMORL operations. New dual-
scatter-plate beam integrators were employed to reduce pointing errors at the receiver [3]. The
turbulence-induced beam spread caused possible overfill of the 1.2-m (4-ft) receiver mirror and limited
the path length to the 6.4 km used for successful operation during all but the periods of highest tur-
bulence. Times of day and levels of turbulence for which this limitation became operative will be dis-
cussed in the section on laser extinctions.

Extinction measurements of the DF lines are in good agreement with predictions from sea leve!
algorithms simply reduced in total pressure for most lines measured. The 2—1 P DF line shows indi-
cations of an H,O continuum dependence different from the mode! developed by the Army Atmos-
pheric Sciences Laboratory, WSMR. This discrepancy is in the direction of smaller absorption
coefficients for the 2—1 Ps; component of a multi-wavelength beam. The DF laser extinction measure-
ments were used to calibrate Fourier Transform Spectrometer (FTS) data, providing absolute transmis-
sion spectra for the first time at the WSMR-MAR site. This information will be of substantial benefit
to the future laser propagation programs at WSMR.

PLAN AND RATIONALE FOR THE WSMR EXPERIMENT .

The technical objectives of this measurements program were threefold. A primary objective was
to characterize the propagation environment at WSMR by measuring long path atmospheric extinction
at several near- and mid-IR laser frequencies, together with local meteorological parameters. Second,
this work was intended to provide basic experimental atmospheric transmission data at WSMR for sys-
tems analysis studies. Third, this measurement program was designed to acquire precise high-
resolution atmospheric transmission spectra in-situ at WSMR.

Specific problem areas identified prior to the WSMR field measurements include the nature,
composition, and effects of average atmospheric aerosol concentrations occurring in the inland desert

Manuscript submitted April 29, 1980.
*This error limit is larger than that reported for previous measurements with the IMORL [3] because of the high turbulence en-
countered at WSMR.
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environment, anticipated new ranges of absolute humidity, and confirmation of the level and variability
of HDO/H,0 abundance in the inland environment. Each of these atmospheric properties strongly
affects the propagation of DF laser radiation in the atmosphere.

LASER EXTINCTIONS

The laser extinction procedures used at WSMR are described in References [1] and [4]. With use
of the basic procedure of a chopped beam and phase-locked ratiometry, an experimental uncertainty of
+0.008 km~! was achieved in the measured extinction coefficients, with transmissions near 90% over
the path. The required precision in the detector hardware was achieved through the use of tandem
scatter-plate beam integrators having a deviation of less than 1% of detector—integrator efficiency over
the entire 1.2-m (4-ft) collector pupil. This unique design was developed by R. F. Horton of NRL’s
Optical Radiation Branch [3]. Precision AC voltage regulators were added to the transmitter electronics
to maintain uniform source temperatures and amplification characteristics of electronics under the
sometimes harsh field environment. A magnetic tape data logger normally used for storage of meteoro-
logical parameters was expanded to include the laser extinction numbers from the ratiometer for
improved temporal resolution in data analysis. For example, with the high turbulence frequently
encountered at WSMR, the distribution of values from the ratiometer will have a larger than normal
standard deviation and, if beam spreading nearly fills the 1.2-m receiving aperture, a skewness of the
distribution appears that is easily recognized. This skewness flags a loss of validity of the laser extinc-
tion measurements and requires a new algorithm that selects an averaged ratio near the distribution
edge away from the tail, depending on the degree of mirror fill.

Results of the long path DF extinction measurements are shown in Table 1. The calculated
extinction coefficients are obtained from a line-by-line computer calculation commonly referred to as
HITRAN, which uses a recent edition of the AFCRL line atlas [5], containing spectroscopic data for
the seven principal IR molecular absorbers and their isotopes. All line wing contributions within a
range of 25 cm™! to either side of the wavenumber of interest are included in the calculation as contri-
butions to the absorption coefficient. Midlatitude summer average values scaled to WSMR barometric
pressure and air temperature are used for the amounts of all absorbers except H,O, which is referenced
to the measurement of actual dewpoint. A continuum contribution for N, and H,O is included in the
HITRAN calculations and is derived from the model used in LOWTRAN 3B [6]. No aerosol contribu-
tion is modeled in the numerical calculations, since all experimental conditions exceeded 80 km visibil-
" ity, indicating a negligible aerosol component. A more detailed description of the visibility measure-
ments will be given in a later section.

For help in assessing the correlations of the DF laser extinctions with atmospheric conditions,
Table 2 contains a breakdown of individual contributions to the total molecular absorption coeflicient
from each molecular absorption component for a midlatitude summer atmosphere scaled to 33°C air
temperature, 1172 Pa (8.8 torr) of water vapor, and 88 x 10% Pa (660 torr) total pressure. Absorption
of the 2—1IP,, (abbrv. P,10) line, for example, is dominated by the N,O content of the atmosphere.

The variation of absorption coefficient for each of the DF lines with water vapor partial pressure is
shown in Figs. 1 and 2. Included in the figures are previous sea level measurements and a plot of a
polynomial algorithm [1] developed by Science Applications, Inc. (SAI). The recent measurements at
WSMR are indicated by the W symbols, and the boxes and crosses represent data from Cape Canaveral,
Florida, and Capistrano, California, respectively. The solid curve is a least squares fit to the Florida
data, and the dashed curve is the polynomial calculation of SAI.

One notable result of the DF laser extinctions is the P,5 line, which indicates a different trend
with water vapor than that expected, as shown in Fig. 2. Absorption of this line is dominated by HDO
line and H,0 continuum absorptions, and any discrepancies in either species should also show up in
some of the well-behaved lines observed, such as the P,7 which is also HDO-line dominated.
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Table 1 — DF Extinctions Measured over 6.4-km Path at WSMR and HITRAN Predictions
for Corresponding Meteorological Conditions*

Time Line Experimental Calculated Experimental
Date (local) Line ID | Position Extinction Absorption —Calculated

(cm™)) | Coefficient (km™') | Coefficient (km™!) (km™1)
11 Aug 78 | 0900 | P,8 2631.068 0.021 0.023 —0.002
11 Aug 78 | 0910 | P,8 2717.539 0.120 0.107 +0.013
11 Aug 78 | 0912 | P,7 2742.998 0.030 0.025 +0.005
11 Aug 78 | 0912 | P.6 2767.968 0.069 0.063 +0.006
11 Aug 78 | 0915 | P,8 2631.068 0.035 0.023 +0.012
11 Aug 78 | 0917 | P,10 2580.097 0.092 0.060 +0.032
11 Aug 78 | 0919 | P,12 2527.391 0.038 0.026 +0.012
11 Aug 78 | 0924 | P,8 2631.068 0.031 0.023 +0.008
14 Aug 78 | 0952 | P,8 2631.068 ~0.012 0.014 —0.002
14 Aug 78 | 0953 | P,7 2655.863 0.041 0.038 +0.003
14 Aug 78 | 0954 | P,5 2703.999 0.012 0.011 +0.001
14 Aug 78 | 0955 | P;8 2717.539 0.078 0.057 +0.021
14 Aug 78 | 0957 | P,7 2742.998 0.014 0.012 +0.002
14 Aug 78 | 0959 | P;6 2767.968 0.034 0.033 +0.001
14 Aug 78 | 1001 | P,8 2631.068 0.013 0.014 —0.001
14 Aug 78 | 1002 | P,10 2580.097 0.059 0.052 +0.007
14 Aug 78 | 1002 | P,12 2527.391 0.027 0.018 +0.009
14 Aug 78 | 1004 | P,8 2631.068 0.014 0.014 0.000
15 Aug 78 | 0927 | P,8 2631.068 0.009 - 0.011 -0.002
15 Aug 78 | 0929 | P,7 2655.863 0.025 0.027 —0.002
15 Aug 78 | 0930 | P,5 2703.999 0.017 0.008 -+0.009
15 Aug 78 | 0934 | P8 2717.539 0.038 0.038 ~ 0.000
15 Aug 78 | 0936 | P,7 2742.998 0.013 0.009 +0.004
15 Aug 78 | 0937 | P,6 2767.968 0.026 0.024 +0.002
15 Aug 78 | 0939 | P,8 2631.068 0.011 0.011 0.000
15 Aug 78 | 0940 | P,10 2580.097 0.066 0.050 +0.016
15 Aug 78 | 0943 | P,12 2527.391 0.030 0.016 +0.014
15 Aug 78 | 0946 | P,8 2631.068 0.012 0.011 +0.001
19 Aug 78 | 0944 | P,8 2631.068 0.019 0.022 —0.003
19 Aug 78 | 0945 | P,7 2655.863 0.072 0.067 +0.005
19 Aug 78 | 0947 | P,5 2703.999 0.023 0.020 +0.003
19 Aug 78 | 0948 | P,8 2717.539 0.109 0.099 +0.010
19 Aug 78 | 0949 | P,7 2742.998 0.023 0.023 0.000
19 Aug 78 | 0951 | P;6 2767.968 0.047 0.058 —0.011
19 Aug 78 | 0952 | P,8 2631.068 0.025 0.022 +0.003
19 Aug 78 | 0954 | P,10 2580.097 0.072 - 0.059 +0.013
19 Aug 78 | 0956 | P,12 2527.391 0.032 0.025 +0.007
19 Aug 78 | 0957 | P,8 2631.068 0.021 0.022 —0.001

*See section on micrometeorology.
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Table 2 — Contributions to Total Molecular Absorption Coeflicient
(km ~Y) for DF Transitions of Interest for a Midlatitude Summer
Atmosphere* Scaled to 33°C Air Temperature, 8.8 Torr H,0, and

660 Torr Total Pressure Calculated Using HITRAN

: Total

LIIII;e z‘;g‘;‘ggz ConI:tIizncx)luml Contliqnzuum HDO | CHs | N0 H,0 CO,
2-1P12 0.019 0.009 0.009 0.000 | 0.001 | 0.000 | 0.000 | 0.000
2-1P10 0.054 10.008 0.002 . | 0.002 | 0.000 | 0.041 | 0.000 | 0.001
2-1P8 0.017 0.008 0.001 0.002 | 0.003 | 0.000 | 0.003 | 0.000
2-1P7 0.050 0.008 - 0.001 0.039 | 0.002 | 0.000 | 0.000 | 0.000
2-1P5 0.014 0.010 0.000 '0~004 0.000 | 0.000 | 0.000 | 0.000
1-OP8 0.076 0.010 .0.001 0.065 | 0.000 | 0.000 | 0.000 | 0.000
1-OP7 0.016 0.011 0.000 | 0.003 | 0.002 | 0.000 0.000 | 0.000
1-OP6 0.042 0.012 0.000 0.025 | 0.005 | 0.000 | 0.000 | 0.000

*Contribuitions due to CO, O3 and O, are not significant for the calculations represented in this table.
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The scatter of the P,10 line data in Fig. 1 exceeds the 0.008 km™! uncertainty in the measurement
and clearly indicates variations in the amount of the dominant absorbers for those atmospheric absorp-
tion lines that do not correlate with atmospheric H,O. In this case it is the N,O molecular component
that comprises approximately 80% of the total absorption for the P,10 line (see Table 2). Inaccuracies
in isolating the P,10 line from a neighboring DF line by the operator would tend to give a bimodal
slope, depending on which of the two lines was present during measurement, but this is not indicated.
The observed variation is present at both coastal measurement sites as well as the recent WSMR loca-
tion. Software to obtain a ratio of the FTS spectra and numerical predictions will be generated to assess
abundances of the IR absorbers along the path. A quantitative measure of the uncertainty caused by
atmospheric variations and their influence on the measured absorption coefficient is given by the scatter
of the data for the P,8 line shown in Fig. 1. The water-vapor concentration as integrated along the path
will vary with the flux of air masses through the path and is only approximated by the two endpoint
meteorological stations. Absorption of the P,8 line is dominated by H,0O line and H,0 continuum
absorptions as shown in Table 2. Consequently, the uncertainties resulting from the use of the end-
point approximation to true-path-integrated H,O result in a distribution of absolute humidities about
the true value and contribute to the scatter seen in Fig. 1.

Within the limits of the scatter shown in Figs. 1 and 2, the molecular algorithms represented by
the dashed lines accurately predict the water-vapor partial pressure dependence of DF laser molecular
absorption near 30°C air temperature at WSMR.

Additional data were acquired in the 10-um region with a CO, laser, and the results are shown in
Table 3 along with HITRAN predictions for the observed atmospheric conditions. Agreement with
predictions is generally not as good as that observed at DF wavelengths. With the exception of the
R10-20* line, the differences between experiment and theory change with atmospheric conditions along
the path. The precision of the CO, extinction experiment is equal to that of the DF results and cer-
tainly more than adequate to not give rise to the large discrepancies observed here. Hardware malfunc-
tions of this order would be detected during zero path calibrations, where uncertainties are routinely in
the third significant figure.

The R10-20 line absorption coefficient is consistently under that predicted for the observed atmos-
pheric conditions. The dominant absorption process for this line, as shown in Table 4, is a strong H,0
line nearly coincident with the 975.931 cm™! position of the R10-20 line. The H,O line position is
approximately 976.012 cm™! and is apparently incorrectly identified in line position or line strength in
the AFGL line atlas [5]. For example, were remeasurement to shift the H,O line position by 0.05
cm™!, agreement would be reached with the observed R10-20 extinction. If the line position is found
to be correct, then the line strength must be significantly larger than previously believed. Figure 3
shows a HITRAN calculation using the existing AFGL line atlas behavior in the vicinity of the R10-20
line.

The large absorption effects at 10.6 um that appear to vary with time are not modeled correctly by
HITRAN. There is no direct correlation with water vapor, since better agreement and lower absorption
coefficients were observed during the highest water-vapor conditions encountered, such as the 10
August measurement of 10.8-torr HyO. Table 4 contains a breakdown of the molecular absorption
mechanisms included in the theoretical predictions of HITRAN for conditions on 19 August. It is easy
to see from Table 4 that our observations cannot be explained by increases in H,0 and CO, along the
path, since all of the lines would be affected to some degree, and a characteristic shape for wavenumber
dependence of the absorption would occur. Figures 4 through 7 show the comparison of experiment to
theory for the range of water vapor conditions encountered. In all cases the upper trace at 975 cm™! is
the measured value. The effect seems to be broadband so as to affect neighboring lines but not so
much so as to occur uniformly across the window. Absorption bands induced by airborne silicates are

*The notation R10-20 denotes the Ryq line of the 001—100 CO, band; the same line in the 001—020 band would be denoted by
R02-20, for example. ‘
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Table 3 — CO, Extinctions (km™') Measured over 6.4-km Path with HITRAN Predictions
for Corresponding Meteorological Conditions*

Time Line Experimental Calculated Experimental
Date (local) Line ID | Position Extinction Absorption ~Calculated

(cm™!) | Coefficient (km™") | Coefficient (km~!) (km™1)
10 Aug 78 | 1001 | P10-20 944.195 0.198 0.208 —-0.010
10 Aug 78 | 1004 | P10-26 938.689 0.173 0.181 -0.008
10 Aug 78 | 1006 | P10-30 934.895 0.166 0.168 —0.002
10 Aug 78 | 1008 | P10-38 927.009 0.148 0.142 +0.006
10 Aug 78 | 1010 | P10-14 949,480 0.197 0.203 —0.006
10 Aug 78 | 1016 | R10-20 | 975.931 >1. 0.598 >04
10 Aug 78 | 1021 | R10-28 | 980.914 0.522 0.166 +0.356
10 Aug 78 | 1024 | P02-20 | 1046.854 0.509 0.208 +0.301
10 Aug 78 { 1028 | R02-20 | 1078.591 0.238 0.207 +0.031
11 Aug 78 956 | R02-38 | 1089.001 0.110 0.139 —0.029
11 Aug 78 958 | R02-20 | 1078.591 0.211 0.231 —0.020
11 Aug 78 | 1000 | P02-20 | 1046.854 0.459 0.233 +0.226
11 Aug 78 | 1005 | R10-20 | 975.931 0.713 0.691 +0.022
11 Aug 78 | 1010 | P10-20 944.195 0.585 0.242 +0.343
14 Aug 78 | 1028 | P10-38 927.009 0.170 0.071 +0.099
14 Aug 78 | 1030 | P10-20 944.195 0.770 0.148 +0.622
14 Aug 78 | 1035 | R10-20 | 975.931 >1. 0.403 >0.6
14 Aug 78 | 1047 | R02-38 | 1089.001 0.105 0.071 +0.034
15 Aug 78 | 1006 | P10-20 944,195 0.577 0.121 +0.456
15 Aug 78 | 1008 | P10-38 927.009 0.520 0.048 +0.472
15 Aug 78 | 1010 | R10-20 | 975.931 0.715 0.281 +0.434
15 Aug 78 | 1014 | R10-20 | 975.931 0.660 0.281 +0.379
15 Aug 78 | 1017 | P02-20 | 1046.854 0.179 0.147 +0.032
15 Aug 78 { 1020 [ R02-20 | 1078.591 0.178 0.149 +0.029
15 Aug 78 | 1023 | R02-38 | 1089.001 0.618 0.053 +0.565
17 Aug 78 | 1912 | R02-38 | 1089.001 0.052 0.078 —0.026
17 Aug 78 | 1914 | R02-20 | 1078.591 0.155 0.186 —0.031
17 Aug 78 | 1915 | P02-20 | 1046.854 0.165 0.182 —0.017
17 Aug 78 | 1916 | R10-20 | 975.931 >1. 0.456 >0.5
17 Aug 78 | 1920 | P10-20 944,195 0.486 0.162 +0.324
17 Aug 78 | 1922 | P10-38 927.009 0.602 0.079 +0.523
18 Aug 78 | 1007 | P10-38 927.009 0.150 0.120 +0.030
18 Aug 78 | 1010 | P10-20 | 944.195 0.642 0.197 +0.445
18 Aug 78 | 1014 | R10-20 | 975.931 >1. 0.589 >0.4
18 Aug 78 | 1018 | P02-20 | 1046.854 0.497 0.204 +0.293
18 Aug 78 | 1021 | R02-20 | 1078.591 0.228 0.205 +0.023
18 Aug 78 | 1036 | R02-38 | 1089.001 0.483 0.104 +0.379
19 Aug 78 | 1023 | P10-20 944.195 0.128 0.219 —0.091
19 Aug 78 | 1024 | P10-38 927.009 0.085 0.153 —0.068
19 Aug 78 | 1026 | R10-20 | 975.931 >1. 0.633 >0.3
19 Aug 78 | 1029 | P02-20 | 1046.854 0.502 0.217 +0.285
19 Aug 78 | 1032 | R02-20 | 1078.591 0.222 0.216 +0.006
19 Aug 78 | 1033 | R02-20 ] 1078.591 0.219 0.216 +0.003
19 Aug 78 | 1036 | R02-38 | 1089.001 0.130 0.123 +0.007

*The line identification notation used is as follows: P10-20 corresponds to the Py line of the CO, 00°1 — 10°0

vibrational band, P02-20 corresponds to the Pyq line of the CO, 00°1 — 02°0 vibrational band.
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Table 4 — Contributions to Total Molecular Absorption
Coefficient (km™') of a Midlatitude Summer Atmosphere
Scaled to 25.8°C Air Temperature, 10.8. Torr H,O
and 660 Torr Total Pressure for CO, Laser Lines of Interest*

Total H,0
Line ID Molecu!ar Continuum CO, H,0 0O,
Absorption
P10-38 0.153 0.125 0.026 | 0.002 | 0.000
P10-20 0.219 0.118 0.093 0.008 | 0.000
R10-20 0.633 0.106 0.099 | 0.428 | 0.000
P02-20 0.217 0.089 0.118 0.001 | 0.009
R02-20 0.216 0.084 0.0128 | 0.004 | 0.000
R02-38 0.123 0.083 0.036 | 0.003 | 0.000
*Contributions due to CHy, N,O, HDO, CO, and O, are not significant
for the calculations represented in this table.
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Fig. 4 — Top trace at 975 cm~! is measured CO, absorption coefficient over 6.4-km path.
Bottom trace at 975 cm™! HITRAN is the prediction for 534 Pa (4.01 torr) H,0.
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Fig. 5 — Top trace at 975 em™! is measured absorption coefficient over 6.4-km path.
Bottom trace at 975 cm~! is the HITRAN prediction for 903 Pa (6.77 torr) H,0.
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Fig. 6 — Top trace at 975 cm~! is measured absorption coefficient over 6.4-km path.
Bottom trace at 975 cm™! is the HITRAN prediction for 1265 Pa (9.49 tort) H,0.
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known to coincide with the observed absorptions, but the amount of absorption is higher than that to
be expected from airborne silicates. Wind speed and direction are recorded in the section of this report
on micrometeorology and may be used to study correlation with this strong absorption mechanism.

FOURIER TRANSFORM SPECTROSCOPY

A scanning Michelson interferometer with 16-cm retardation capability was used to measure rela-
tive atmospheric transmission from 2 to 6 um and from 3 to 14 wm, with two separate detector—
beamsplitter combinations. For 3 to 14 um, the HgCdTe detector and KBr beamsplitter produce a
lower signal-to-noise ratio and are more sensitive to background radiance levels than the 2- to 6-um
InSb detector and CaF, beamsplitter combination. The advantage of the extended 3- to 14-um
wavelength coverage would be more apparent at lower noise levels; this would be achievable with a
matched detector—preamplifier combination and a smaller detector chip (noise equivalent power for a
detector scales directly with chip area). Currently, the 8- to 14-um window fast Fourier transform
(FFT) data are presented at low resolution for inclusion in this report. Software is being developed to
average noisy spectra and improve the transform process, which will result in higher resolution data in
the 8- to 14-um region.

Representative spectra for the InSb spectral region are shown in Figs. 8 through 11 for conditions
of 1172 Pa (8.8 torr) H,0 and 33°C air temperature. The stronger absorption lines in general appear
narrower than those obtained in earlier atmospheric measurements [7]. Figures 12 through 16 are
HITRAN predictions for the same atmospheric conditions that have been convolved with a 0.08 cm™!
(sin x)/x instrument function to match more closely the data presented in Figs. 8 through 11. In the
5-um region, we observe stronger continuum absorption features than those currently predicted by
HITRAN. Close scrutiny of features reveals minor differences between theory and experiment such as
the window between 2020 cm™! and 2040 cm™!. The AFGL line atlas should be adjusted to match the
structure of the peak of transmission and relative intensities of peaks observed in this spectral region
important for CO laser propagation. As previously observed [8], in sea level coastal measurements, the
4.3-um CO, band edge near 2400 cm™' is more rounded than the HITRAN predictions (Fig. 14). This
indicates that a different absorption line wing profile is required for the strong CO, absorption lines in
this region than the Lorentz shape normally used, or else that a greater N, continuum absorption exists
than is currently modeled in the 4.2-um region. The relative strengths of the two HDO lines and the
one H,0 line at 2730 cm™! (Fig. 9) indicate only slightly less than the 0.03% abundance ratio for HDO
expected relative to HyO. Most spectral features are in fairly good agreement with HITRAN predictions
in the DF region, as indicated by the DF laser extinction results presented earlier in this report.

High dispersion HITRAN plots for the 1172 Pa (8.8 torr) water-vapor conditions of the spectra
shown above are plotted near several DF lines in Figs. 17 and 18. The N,0O dominance of the P,10 line
as well as the H,O and CH, dominance of the P,8 are indicated in Fig. 17.

Representative FTS plots for the 8- to 14-um region are shown in Fig. 19 for data taken on 17
August 1978. The upper panel in Fig. 19 shows a spectrum resulting from a 200-scan average taken
during a 30-min period centered around 1830, and the lower trace is again a 200-scan average taken
during a 30-min period centered around 2030. These data correspond to 1.4 cm™! resolution but can be
processed with improved resolution as software is upgraded. During these measurements, the air tem-
perature was 31°C and the water vapor was 1065 Pa (8.0 torr) at the endpoints of the 6.4-km path.

In general it is observed that there is greater continuum absorption in the 12- to 14-um region

than predicted, but otherwise spectral features appear quite similar to the HITRAN calculations con-
volved with a 1.4 cm™! (sin x)/x instrument function shown in Figs. 20 and 21.

14



NRL REPORT 8422

1.0 T T T T T T
of
g
7-
6
5
4_
3»
2,
i M
01560 7980 2000 2020 2040 2060 3080
10 T T T T T T
9
8»
& 7t
3 6r
3 5 |
Za ‘ (Ll
E 3' “ ‘ l l l | | k ‘ ‘l |
! | ] i
o‘ ‘ | A I l | | i
2100 2120 2140 2160 2180 2200
10 T T
9_
a-
7._
6-
5-
4
3
2
|-
o . M
2220 2240 WAVENUMBER
Fig. 8 — Measured atmospheric transmission over 6.4-km path for 1173 Pa (8.8 torr) H,O and
33°C air temperature in the 3- to 5-um region
10 T T T T T T
9_
8- NVVW’W'MWWW
7.-
6_
s
4
3._
2.—
'._
| 1 1 e |
2400 2420 2440 2480 2500
l.o T T T T T
L WW ‘
87
a6
3o .
3y
& 3 .
2._
- L 1
550 2540 2560 2600 2620
10 T T T T T T
oF
8-
7
6|
5
S
3.-
2.
I...
1 1t 1 1 i 1
2640 2660 2680 2700 2720 2740
WAVENUMBER

Fig. 9 — Measured atmospheric transmission over 6.4-km path for 1173 Pa (8.8 torr) H,0 and
33°C air temperature in the 3- to 5-um region

15

[oaded
=r
-
-
=
(¥
L]
oo
L

“



TRANSMISSION

TRANSMISSION

HANLEY, DOWLING, HORTON, CURCIO, GOTT, WOYTKO, AND STORVICK

10, T T T T
S
8|
7
6|
5
4 )
3
2
1 b
2760 Ze0 2800 2820 2840 2860
10 La— T T T T T
9 !
8 \ | viv
7
6
5r l :
4+
al |
ok
T A
2880 2500 2320 2340 ' - 2960
10 T T T T T T
9...
8_
7_
6_
5»
4+
3
| j i [,
! A L L Jh A t A WNAN A | P
3000 3020 3040 3060 3100
WAVENUMBER
Fig. 10 — Measured atmospheric transmission over 6.4-km path for 1173 Pa (8.8 torr) H;0 and
33°C air temperature in the 3- to S-um region
O T T T T T T
9_
8_
7._
6_
o .
4
3_
! A gglh
T ! /v\f\_ A AN W\ TN I Afv\
3120 3140 3160 3180 3200 3220

WAVENUMBER

Fig. 11 — Measured atmospheric transmission over 6.4-km path for 1173 Pa (8.8 torr) H,O and
33°C air temperature in the 3- to 5-um region
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Fig. 18 — High dispersion HITRAN plots for 1173 Pa (8.8 Torr) H,0, 33°C air temperature,

and 88 x 103 Pa (660 torr) total pressure for each DF line of interest
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Fig. 20 — HITRAN predicﬁons for atmospheric transmission over 6.4-km path with midlatitude summer conditions
scaled to 1067 Pa (8.0 torr) H,0, 31°C air temperature, with a 1.4 em~! (sin x)/x instrument function convolution
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PATH SELECTION

Selection of a suitable path for these measurements was subject to several constraints. A major
goal was to maintain beam elevation some distance above ground cover. The elevated beam height
minimizes sensitivity of results to strong vertical gradients of turbulence and aerosols. Funding limited
the size of the earthen berms which could be built for this experiment, and range restrictions ruled out
all but a few locations for beam placement. The transmitter position was built at a test site near a loca-
tion called ARKY. An additional 6.1 m (20 ft) were added to existing high ground in this area, with
the top surface bladed flat and compacted. Earthen ramps were constructed and overall dimensions
were designed to enable zero path calibrations to be carried out on top of the mound without disturbing
transmitter alignment. It was necessary to locate the receiver at 4 to 7 km distance and preferably to
utilize existing high ground to obtain maximum effectiveness of existing monies. Range Control at
WSMR ruled out the first two receiver sites chosen, but finally relented and agreed to the use of the
receiver site at a location called PAT, a distance of 6.4 km from the transmitter as shown in Fig. 22.
This 6.4-km path provides a good compromise between the long path needed for precise absorption
coefficient measurements and the need for limiting path length so as not to allow turbulence beam
spreading to overfill the 1.2-m receiver mirror.

Lt Y T T

N EANDG gEE-

< - L H
L AP T Lt

Fig. 22 — Location of the 6.4-km path used for the WSMR extinction measurements
of August 1978

Figures 23 and 24 show a detailed survey of the entire 6.4-km path. The zero distance position or
receiver site is PAT and the path extends NNW to the transmitter position at a mound built near
ARKY. The mounds for the transmitter and receiver sites are evident in the survey data and provide
an elevated beam path (indicated by the top trace).
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MICROMETEOROLOGICAL DATA

Appendix A contains all of the micrometeorological data obtained in support of the WSMR
extinction experiment. The data are presented in a tabular format of 10-min averages suitable for
correlating with specific events. The tabular data are followed by plots of the atmospheric index struc-
ture constant C#, windspeed, and solar radiation vs time to show more clearly trends in these parame-
ters. For example, one notes the strong correlation of C# and windspeed with blockage of solar radia-
tion near 1500 on August 11. The afternoon "window" or quiet period of turbulence does not occur
until 1930 in August and is approximately 45 min in halfwidth as shown on the 17 August plot.

The micrometeorological towers used for these measurements contained air temperature and
dewpoint sensors manufactured by EG&G, a windspeed and direction sensor built by Young Devices,
Inc., and sensors to monitor the atmospheric temperature structure constant Cr, solar radiation, and
barometric pressure. All tower sensors were sampled at 3-s intervals and were then averaged to provide
the 10-min data presented here. Care was taken to locate the towers at beam elevation and upwind of
the equipment structures for the predominant wind directions.

Figures A1—A16 contain plots of CZ (m~%3), solar radiation (W/m?), and windspeed (m/s)
monitored at the transmitter and receiver meteorological stations during the experiment.

VISIBILITY MEASUREMENTS

Visibility was determined by the contrast method developed by Koschmieder [9-11] in 1942.
Here visibility is defined as the distance from an object that produces a threshold contrast between the
object and the background. In these experiments, the target was a shadowed mountainside (Elephant
Mountain) 33 km away, and the background was the sky immediately above the mountain.

The contrast forrhula is
By — By
By

= ¢~*X = Ty (contrast transmittance),

where By and By are the radiances of the cone of air in front of the target at distance X and the hor-
izon, respectively. Attenuation coefficient @ in the visible region can generally be attributed to aerosol
scattering. However, in high visibility conditions the molecular component is a significant factor and
must be considered in determinations of aerosol effects.

For visibility determination we define y as the threshold contrast where the target is minimally
visible and R as the range at that contrast. For our work we let y = 0.02 at a wavelength of 0.55 um,
so that ‘

Br — By
By
or visibility = 3.92/a. An optical pyrometer is a convenient instrument to use for the determination of

By and By. With a programmable hand calculator, a visibility observation can be made in about 1 min.
Table 5 summarizes the visibility measurements made during the experiment.

= ¢~*R = (0.02,
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Table 5 — Visibilities Measured by
Optical Constrast Method

Date | Time | o (km™!) | Visibility

(km)

3 Aug 78 0900 0.026 148.
4 Aug 78 1200 0.038 103.
5 Aug 78 0930 0.048 81.
1155 0.039 100.

8 Aug 78 0810 0.038 103.
1000 0.046 85.

1300 0.041 9s.

10 Aug 78 | 0830 0.034 117.
0955 0.036 108.

11 Aug 78 | 0805 0.039 101.
0915 0.035 113.

1005 | 0.033 118

1115 0.033 . 118

1215 0.036 110

14 Aug 78 | 0925 0.028 141
1055 0.028 140

15 Aug 78 | 0925 0.024 163.
1037 0.025 158

16 Aug 78 | 0845 0.037 105,
0930 0.036 110

17 Aug 78 | 1930 0.0137 285
18 Aug 78 | 0830 0.038 105
19 Aug 78 | 0950 0.026 149
21 Aug 78 | 0845 0.026 150
1025 0.027 147

22 Aug 78 | 0842 0.029 137
1030 0.030 131

23 Aug 78 | 0830 0.027 145

CONCLUSIONS

~ DF laser extinction was measured for the first time at the inland WSMR location. Extinction did
not have a significant aerosol contribution at DF wavelengths during the observation period in August
1978. High winds carrying large aerosols encountered during setup could limit the operation of preci-
sion optical systems because of both extinction and damage to external optics. High winds (> 10 m/s)
do not occur regularly during August but may affect operations during other months. DF laser absorp-
tion coefficients agreed well with previous coastal measurements once aerosol effects were removed.
Predictions of DF laser transmission using HITRAN calculations and a Burch [12] water-vapor contin-
uum for the conditions at WSMR show less absorption on the average (~0.006 km™!) than the experi-
mentally measured values but this small difference is not particularly significant when compared to the
experimental uncertainty in the measured extinction values.
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Appendix A
METEOROLOGICAL DATA

During the experiment, meteorological measurements were obtained with two measurement sys-
tems, each located at opposite ends of the 6.4-km propagation path. The data are presented here for
each measurement site and for each day, tabulated in 10-min averages, followed by plots of solar radia-
tion, windspeed, and C# vs measurement time. The units of each measured quantity are given in the
appropriate column headings, except for C2, which is given in units of m~%>.

Figures A1—A16 contain plots of solar radiation, windspeed, and C,% monitored at the t_ransmitter
and reciever meterological stations.
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NRL~-IMORL TRANSMITTER

WSMR MICROIMETEORILAGICAL DATA
7 AUGUST 1973
TIME AT PPH203 RH Bp SR* WS WD CNSQ
(DEG) (TORR) (?) (MBAR) (W/5Q M) (M/S? (DEG)

920 23.2 © 0.35 48,5 895, 2 UeT74
930 2344 031 477 895.1 Ve TR
940 23.9 0e35 4646 895.0 UeB83
950 2443 0.29 45.3 895.1 Ue87
1000 24.9 0.23 43.4 895.1 Vedl
1010 2543 017 42.0 895.1 Je96
1020 25.7 0.C6 40,6 895.0 3499
1030 2649 0.13 38.0 895.7 1.43
1040 2645 9.93 38.1 895.0 1.07
1050 26.8 .02 37.9 B895.0 1.10
1100 267 9.85 37.3 B95.0 l1e.13
1110 28.0 9.68 341 894,.8 1.16
1120 28,2 9,61 33.6 894.8 1.19
1130 28.7 9.61 32.5 894.8 1.21
1140 2B.3 9456 33.2 894.7 1.24
1150 2847 9.49 32.1 894.7 1.26
1200 28.8 9.32 31.4 B94.5 1.28
1210 29.0 9.28 30«9 BG4 1.29
1220 29.3 9.19 30,1 894.3 1.31
1230 29.5 9,19 29,7 894.3 1.32
1240 29.8 9.11 29.0 894.0 1.32
1250 3.4 9.12 28.1 893.8 1.33
1300 30.1 9.17 28.6 B893.7 1.34
1310 30.3 8.94 27.6 893.5 1.34
1320 3.5 8485 27.0 893.5 1.34
1330 3007 8074 26.4 893.4 1034
1340 31.1 B.68 25.6 893,2 1.34
1350 32.C 8447 23.8 893.¢ 1.32
1400 31.3 8.18 23.9 893.5 1.32
1410 31.8 8.08 23,0 892.9 1«30
16420 32.3  7.9) 21.9 892.7 1.29
1430 32.3 T.50 20.7 £92.6 1.25
1440 33.°0 T.70 20 .5 892.4 1.26
1450 32.9 TeB4 2049 892.2 l1.24
1500 32.8 Te62 2046 B892.1 1.22
1510 324 7.57 20.8 892.0 1.19
1520 33.4 755 19.6 B91l.8 l.17
1530 329 T¢43 19.9 891.5 l.14%
1540 33.2 736 19.4 B891.4 1.11
1550 33.1 734 19.% 891,2 1.28

107. 1.97E-14
148 1.66E-14
123 1.69E-14
127 1.99E-14
97. 2.33E-14
100. 2.82E-14
173. 3.84E-14
69, 1.14E-13
1390 8071E°14
127. 3.42E-14
97. 2.60E-14
98. 8.37E~-14
72. 8.42E°14
112' 8018E‘14
92. 4.T4E-14
1870 7.57E—14
147. 5.12E-14
2030 6080E‘14
207. 9020E-14
222« T+10E-14
174 B84B1lE-14
229 1.36E‘13
143, 5030E‘14
168. 6.0BE-14
146 6.36E-14
156. 5.38E-14
187. 6.54E-14
127 9.21€E-14
175. 4.75E-14
690 70936‘14
110. 80705-14
201. 8.78E-14
235. B8.98E-14
1820 1016E‘13
168. Te41E-14
152. 6.02E-14
1520 8.16E'14
1960 3.23E-14
203.
149.

® o 8 ¢ & ® & 5 & & & & 6 B o & 3 o ® o ¢ e T o 8 T O s *
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NRL-IMORL TRANSMITTER

WSMR MICRUMETEOROLOGICAL DATA
7 AUGUST 1978
TIME AT PPH2U RH BpP SR~* WS WD CNSQ

(DEG) (TORR) (Z) (MBAR) (W/SQ M) (M/S) (DEG)D

1600 32.8 737 19.8 891.1 1.04 3.0 130.
1610 33.4 T¢37 19,2 891.0 1.01 2.9 268,
1620 33,5 729 18.9 B92,9 0.97 4.5 163,
1630 32.9 Te24 19.3 89C.9 0.93 2.7 138,
Q
. BT 2
9_1 = 3——-00
- o
a o —
4 N '8}
S g =
2 ATe s
O , & ]
B 4 — bl
" = (]
; 1 ol b
=3 iy 84T g
3 R 2 =z
- . Ve H K\‘ { N ,l o =<
4 L “.'r‘n A /\." Y CE] a
B _',‘_ : o V! “‘ ,"\/: ‘- ‘\,' ' 8 ~T o
‘C_?‘ 1 1 T T 1 1 d"'o
500 1000 1200 1400 1600 1800 2000
TIME
Fig. A-1 — Solar radiation, windspeed, and C,% at the optical transmitter

meteorological station on 7 August 1978
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TIME

910

920

930

940

950
1000
1010
1020
1030
1040
1050
1100
1110
1120
1130
1140
1150
1200
1210
1220
1230
1240
1250
1300
1310
1320
1330
1340
1350
1400
1410
1420
1430
1440

HANLEY, DOWLING, HORTON, CURCIO, GOTT, WOYTKO, AND STORVICK

NRL-IMORL TRANSMITTER

WSMR MICRYMETEIRILIGICAL DATA
8 AUGUST 19718
AT PPH29 RH BP SR” WS WD

(DEG) (TARR) (%) (MBAR) (W/5Q M) (M/S) (DEG)

20,7 2.15 6645 8B94,5 Ve32 3.1 323.
20 9 2419 65,8 BY94.5 £e39. 3.9 322
213 234 65.2 £94.5 .42 2.9 323.
21.4 2.18 63.6 894,.,5 .47 3¢2 324.
21.7 2¢30 63.2 8964.5 Jed5 2.8 318,
22,0 2040 62.4 B94.5 .63 2.7 318.
2244 2.65 62.5 B894,5 045 2.9 324.
22¢7  2.2B 59.3 8964.5 Le88 267 322
23.5 2425 5643 B94.5 ley?7 2¢4 316,
23.9 187 53.4 894.5 e840 25 323.
243 1.60 5N,8 B894.5 089 21 241,
2445 1.27 48,9 894.5 HeT6 2.4 281,
25.2 1.29 46.9 894.5 0.82 Je9 174,
2543 0.84 44.7 B894.5 090 1.1 156,
2543 Ne97 45.5 894.5 Ue92 l.2 208.
2546 1.30 46.0 894.4 1.12 1.8 228.
2567 1.38 45,8 894.1 1.10 2.1 215,
261 le4l 45.0 894,.1 1433 2s1 219,
262 133 44,4 894.1 le27 1.8 2C1.
2645 1.42 43,9 894.9 1.20 1.5 180.
2649 1.48 43,3 893.9 lelb 1.8 175.
2648 1e34 42.9 893,.8 1.21 262 176,
27.5 1.43 41.4 893.7 1.21 1.8 221.
274 1.31 41.2 B93.4 1.28 2.0 226,
27.9 1.22 39.8 892.2 1.2¢ 1.3 250,
27.8 0.97 39.2 893.2 1.22 2.4 132
28B.2 058 36.9 B893.0 l.21 1.9 256.
28. 4 .41 35.9 892.9 1.25 le2 256.
29.2 0.54 34.6 892.7 1.25 lel 195.
293 D642 34.2 892.6 1.26 l.6 175,
295 C.44 33,8 892.4 1.2% le4 272,
3061 0.33 32.4 892.2 l.24 1.8 124,
30 .0 (.69 33.6 891.9 1.26 26 78,
2942 Ce76 35.5 B91.9 Je28 262 112

36

CNSQ

71426E-15
10026‘14
1.29E-14
1.13E°14
1.45E-14
1.096-14
1.,75E~-14
1.48BF-14
2.76E-14
2.30E-14
2.59%E-14
l1.61E-14
8.01FE-14
3.50E~14
2.14E°14
5.87E—14
4.91E-14
5.46E-14
4.14E-14
5023E-14
6.95E~-14
4.82E-14
9.43E-14
T.86E~14
1.02E-13
1.19£-13
Be72E-14
Be4bE~-14
9.54E~-14
B.6T7E-14
1.07E-13
1.04E-13
7.02E-14
276E-14
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Fig. A-2 — Solar radiation, windspeed, and C,% at the optical transmitter
meteorological station on 8 August 1978
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TIME

900

91C

920

930

940

950
1000
1010
1020
1030
1040
1050
1100
1110
1120
1130
1140
1150
1200
1210
1220
1230
1240
1250
1300
1310
1320
1330
1340
1350
1400
1410
1420
1430
1440
1450
1500
1510
1520
1530

HANLEY, DOWLING, HORTON, CURCIO, GOTT, WOYTKO, AND STORVICK

NRL-IMGRL TRANSMITTER

WSMR MICRIMETEGROLUGICAL DATA
12 AUGUST 1978
AT PPH2T RH BP SR” WS WD

(DEG) C(TORR) (Z) (MBAR) (W/SQ M) (M/S) (DEG)

21.0 1.22 60,1 893.7 e59 3.0 318.
215 1.13 58.0 893.7 0.63 2.6 352
2242 C.97 54.5 B893.7 Ueb8B 2.4 258,
22.9 1.04 52.8 B93.7 Be72 2+4 300,
23.3 (.83 5G.5 892.7 {76 2.4 309,
23.8 C.74 48.4 893.7 (.80 262 226,
244 073 46.8 B893.7 (.84 2.3 299.
24.8 033 44.1 893.7 l.88 1.6 171.
25.2 0.05 41,8 893.8 .91 1.1 127,
25.4 0.08 41.5 893.8 0«93 1.6 199.
2545 0.13 41.3 893.8 De36 1.8 202,
2642 €.27 40,3 893.7 1.08 1.2 268.
26.5 0.34 39.8 893.7 1.03 1.4 106.
2740 0.22 38.3 893.6 1.06 1.1 BC e«
2649 0.14 38.2 893.5 le.18 l.4 262,
2742 .01 36.9 893.5 1.13 1.6 221.
277 9.75 34.9 893.% 1.16 1.9 259.
28.2 9.68 33.7 893.2 l1.18 1.5 238.
2846 9.46 32.2 893.1 1.2C 1.9 280.
2845 9.20 31.6 893.0 1.25 1.8 178.
28.7 9.19 31.1 892.8 1.27 1.4 131.
29.2 9.01 29.56 892.7 1.28 240 98.
29.9 8.95 28.% B892.6 1.24 3.0 86
28.7 Be39 28.4 892.2 1.02 243 58.
29.0 8423 27.3 892.2 1.31 2.0 208.
2946 Be34 26.8 892.0 1.36C 2.6 243.
29.9 8.38 26.5 891.7 1.29 le7 266,
29.8 Be31 26.5 891.56 1.36 2.8 174,
29.7 8,22 26.3 891.4 1.30 2.7 196,
29.9 8.06 25.5 891.3 133 262 250
29.9 T.92 25.7 891.2 1.29 1.6 148,
3N.1 Te45 23.2 891.0 1.22 3.2 110.
3Ce2 739 223 B890.9 1624 25 110,
3te1 Te42 23.2 B890.7 1.24 2.4 267,
39.9 Te44 22.2 890.5 1.21 3.9 250.
30.6 T.34 22.3 89(.2 le.20 3.2 169.
31;0 702£ 2104 89301 1‘19 303 211.
31.1 7.13 21.1 89040 1.17 2.1 214.
31.3 7«12 2%.9 889.9 l.14 2.6 213,
31.7 7.59 21.7 889.8 lo11 1.5 185,

38

CNSQ

1.80E-14
1.40E-14
1.76E-14
2.63E-14
1.8BE-14
2.7T6E-14
3.58E~14
3.21E-14
6.2TE-14
3.92E-14
4.79E~-14
5.55E~-14
8.92E-14
1.14E-13
5.946—14
7.97E-14
9.47E-14
9.35E~-14
9.98€-14
7.92E‘14
9.37€-14
1.07e-13
l.16E~13
5.65E~14
8.16E-14
8.30E-14
1.09€-13
1.02E-13
9.20E-14
1014E-13
5.53E-14
Te29E-14
6.30E-14
5018E-14
8.35E—14
5093E‘14
1.08£-13
6.94E-14
9.84E-14
T.78BE-14
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NRL-TMORL TRANSMITTER

WSMR MICROMETECRALUGICAL DATA
12 AUGUST 1975

PPH2O RH gpP SR~ WS WD

(DEGY (TARR) (%) (MBAR) (W/SQ m) (M/S) (DEG)

31.8 6.97 19.8 8B9.5 le07 242 70,
3l.4 6.9 20.1 889.3 1.35 1.9 155,
31.4 6.83 19.8 889.3 1.3C 1.6 170.
3242 6.78 18.9 B89%.2 .98 3.1 119.
31.4 6671 19.6 889.J 0.92 3.3 153,
31.7 6+80 19.4 888,7 <89 2.6 205.
31.8 682 19.5 BBBe6 (86 4.0 164,
31.6 6.84 19.7 B888.6 Ue 82 3.3 147,
31.5 6.79 19.7 888.6 C.75 2.6 166,
ng
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Fig. A-3 — Solar radiation, windspeed, and C,?, at the optical transmitter

meteorological station on 10 August 1978
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TIME

830

840

850

90C

910

920

930

940

950
1000
1010
1020
1030
1040
1050
11C0
1110
1120
1130
1140
1150
1200
1210
1220
1230
1240
1250
1300
1310
1320
1330
1340
1350
1400
1410
1420
1430
1440
1450
1500

HANLEY, DOWLING, HORTON, CURCIO, GOTT, WOYTKO, AND STORVICK

NPL-TMHYRL TRANSMITTER

WSMR MICROMETEOGROLIGICAL DATA

AT PPH20O

11 AUGUST

RH

(DEG) (TORR)Y (%)

22.2 1.56
2244 1.50
2249 1.52

23.2 1.60
23.3 1.63
23.8 1.74
2443 1.79
2444 1.78
247 1.88
25,1 1.83

2543 1.83
25.9 1.85
2643 1.87
27.0 1.87
26.9 1.75
274 l1.51
27.5 1.05
27.9 l1.41
287 1.39
2945 1.13
29.3 N.84
29.7 N.97
3t.3 0.87
3.4 0.47
31.1 0.59
31.3 Ne36
31.1 9.96
31.5 9.72
21.9 9.75
32.4 9.39

32.2 9.12
32.9 9.25
32.8 9.25
33.3 8.81

23.4 8.39
33.5 8.38
32.7 Be 44
33.7 B.44
33.7

33.1 8.18

57.5
56.5
5448
54.4
54,3
53.1
51.7
51.3
50.4
49.5
48'8
47.1
4643
4.5
43.9
42.0
40.2
40 .6
38.7
36.0
35.5

.35.1

33.6
32.2
31.3
3.2
29.5
28.1
27.6

£.9
25.3
2448
24.9
23.1
21.9
21.7
22.8

21.56

0.7
21.6

BP

(MBAR) (W/SQ M) (M/S)

890.7
893J.7

890.2

895.9
892.9
89549
890 .9
B94 .9
891.1
891.1
891.1
B91.!1
B91.06
891.0
890 .9
895.7
89C.4
890.7
890.7
B9U.6
890 .6
B9L .6
890. 4
89¢.3
B9(e2
890.1
890.1
894y e{
890 o0
889.9
B8%.6
88946
889.6
889.4
88943
§89.1
889.1
E§B88.8

Vel

88846

40

1978

SR”

£e45
b.50
le55
Qabl
feb4
069
.74
0178
Ue81

.85 .

6.89
{92
(495
Ua98
lei2
1.25
1.08
1.11
l.14
1.17
1.19
1.21
1.23
1.25
1.26
1.27
1.29
1.30
1.31
1.21
l«B6
l.36
1.41
1.42
1.39
1.33
1.3¢C
1.29

l.24
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bt gt s ot i et D o ped CT T NS D Mt PO bt B S e e GO PO W N W RO W W W

® 8 © 8 & o & ¢ 8 8 8 s 8 O o o 6 ¢ & O 2 o * o 9 6 s s 0 2 > *» & 0

w(Dd)@rﬂ#\m-ﬁh)OCDhlO\9C3H(FQ)OCIU1brv%’&k»G\H\DGDNLnS‘N\OHBW\O

-
[ ]
x

WD
(DEG)D

158.
162.
169.
174.
164.
175,
175.
175.
179.
164.
155,
163.
151.
123.
139.
163.
114.

18,
18,
18.
18.

18.

CNSQ

1.06E-14
1004E-14
1.75E~-1¢
2.25E~14
1.88E~-14
2.95E~14
3.54E~14
3.11E-14
3.68E-14
4.04E-14
3070E-14
5.22E-14
4.36E‘14
Te21E-14
4+29E-14
5.78BE-14
5042E—14
3.72E-14
5.966-14
1.18€£-13
4449E-14
5.86E~-14
1.29E-13
S.97E-14
1.71E-13
1.35€6-13
1.22€-13
1.04E-13
1.29E-13
9.93E-14
50.73E-14
231€-13
1018E“13
le26E-13
1.01E-13
9.34E-14
4.74E-14

6.24E-14



TIME

1510
1520
1530
1540
1550

AT

(DEG)Y (TORR)Y (&)

33.5
3402
32,5
33.6
33.5

~
‘o
o

CNSO

] 0‘11

by rraat

10'15

Ll

-

oo gt

1

NRL REPORT 8422

NRL-TIMIRL TRANSAITTER

WSMR MICROMETEOFGLOGICAL DATA

PPH20

8.18
8429
8.19
8.37
8.13

11 AUGUST 19732

RH up SR*”

21.1 888.5%6 1.20
2C.6 888B.5 1.18
21.2. BBB.4 1.19
21.6 888.6 1.13
21.1 888.1 1.06

WS WD

(MBEAR) (W/SQ M) (M/S) (DEG)

19.
19.

21,
19.

O e OO O

1.
1.
1.
2.
1.

5.0

4.0
|
T

8

2.0 3.0
! ]
1 T
4 6

1.0

SOLAR RADIATION (W/S0 M)
{
2

[am]
.
al

800

T
1000

T T T T
1200 1400 1600 1800
TIME

1
2000

Fig. A-4 — Solar radiation, windspeed, and C,?, at the optical transmitter

meteorological station on 11 August 1978
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19.-

WIND SPEED (M/S)

CNSQ

6.93E-14
1.10E-13
T.75E-14
1.095-13
5.88E—14
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HANLEY, DOWLING, HORTON, CURCIO, GOTT, WOYTKO, AND STORVICK

NRL-IMORL TRANSMITTER

WSMR MICRIMETEOGRILGGICAL DATA
14 AUGUST 1973
TIME AT PPH2T3 RH BP Se~- WS WD CNSQ

(DEGY C(THIRR) (1) (MBAR) (W7SQ M) (M/S) (DEG)

840 25.8 9.006 36.) 890.9 C.50 1.4 340. 5.78E-15
850 2645 8495 34.5 890.9 55 1«3 311. 1.37E-14
910 27.5 8.80 31.9 890.9 Geb5 1.6 129. 1.76E-14
920 28.0 Be72 30,8 89049 (71 25 208. 3.06E-14
940 28.8 B.58 29.0 890.9 (.83 3.2 332. 3.05&-14
950 29.1 8.43 28,3 890.8 (78 33 178. 3.36E-14
1000 29. 4 Bs4d 27.4 89047 be69 3.4 316. 2.78E-14
1010 29.5 B.40 27.2 890.7 0.99 365 255. 3.54E-14
1020 29.8 B.66 2649 89LL7 0.817 3.8 312. 4.39E-14
1040 30.1 B8e43 26.4 8907 (.83 3.2 293. 4.28E-14
1050 30.2 8¢38 2641 B90.T f.88 2.5 283. 3.61E-1¢
1106 305 8434 25.5 B9J.7 1e(t5 3.1 265+ 3.95E-1¢4
1110 309 8429 24.8 890.7 1.13 3.1 135. 5.79E-14
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TIME

950

94(
1000
1010
1020
103¢C
1040
1050
11CC
1110
1120
1130
1140
1150
1200
1210
1220
1230
1240
1250
1300
131¢C
1320
1330
134C
135¢
1400
1410
1420
1430
1440
1450
1500
1510
1520
1530
1540
1550
1600
1610

AT

(UEG) C(TORRD (%) (MBAR) (W/SH M) (M/S)

29.4
2347
29.7
3C.

3049
31.7
31.7
318
32.6
3244
3246
32.9%
33.2
32.9
33.2
33.7
34.5
34,3
3542
3447
35.9
35.4
35,7
35.4
3% .6
35.8
3546
36.1
3662
35.8
35'6
36427
36.1
35.9
35.8
3641
35.3
35.4
25,7

NRL REPORT 8422

NIL-IMERL RECIEVER

WSMR MTCKAMETEGRILOGICAL DATA
14 AUGUST i97¢8

PPH2® RH HP SR~” WS

4479 1546 l1.08 se8
5423 1747 1ey?2 1.5
4,65 14.%8 1.13 1.1
4421 1247 1.18 SeT
4,03 12.7 1.22 49
3.83 11.% 1.27 Le9
3.82 10.9 1.32 1.1
3.78 1043 1.3°5 1e
3.84 17,8 1385 i.
3.90 1046 142 1.
4409 11a2 l1l.46 i,
4.42 11.° 1.4% l.
4.5U0 1241 Le51} 2e
4e62 1242 «53 1.
44,94 13.2 le55 1.
4475 1245 1.58 1.
4eTh 1242 1.59 Ze
4.99 12.3 160 3
5.03 1245 leb7 2
5443 12.3 163 6
529 12.9 163 Ze
543 12.4 1.62 5
5.89 13.8 l1.62 6o
5¢74 13.7 163 3.
EeTi 134% 1.9%% 4.
5497 13.3 le62 6
587 1345 l1.61 5
5693 13.7 l.606 B
599 13,5 le64 Te
635 14,2 1.63 5e
625 1443 1.59 5
6.03 14.1 l1.47 4,
606 13.6 la63 6o
6.96 1347 156 6
6.4 13.8 1.17 5e
612 14." 1.39 5e
623 14.7 le.8 5
6.30 14.5 Lebf Lo
6.42 15." le5 5
643 14,8 Je.78 5e
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TIME

1620
1630
1640
1650
1700
1710
1720
1730
1740
1750
18¢¢
1810
1820
1830
1840
185C
19CC
1910
1920
193¢
1940
1950
2000
2010
202¢
2030
2040
2050
2100
2110
2120

HANLEY, DOWLING, HORTON, CURCIO, GOTT, WOYTKO, AND STORVICK

NRLU-IMZRL RECICZVIR

WSMR MICROMETEORSLAGICAL TATA
14 RUGUST 157¢
AT PPHZ23I RH &P SR MS WO

(DEGY (TIRRD () (MZARD) (W/ST #) (K/S) (DES)

3644 6653 14.6 1e37 7.2 233,
3644 6462 1447 123 543 232
3642 6445 14.5 1.22 7.1 224,
35.9 642 1446 GeB13 565 236,
36.1 6639 l4.4 1,00 5.9 213,
3642 6.38 14.3 l.05 5.2 231
36.2 6637 14.3 levl Te2 215,
36a.1 6629 1442 UeI5 7.5 238,
35,6 6037 1445 U e 91 5ed 246
3640 632 14,3 Ue B4 bel 2¢3.
3546 632 146 {e78 53 226,
35,7 6622 14.3 Uel3 549 216,
3544 619 1l4.4 Ceb3 6.6 213,
35.2 6421 14.7 Ue57 5.5 220
A%.7 6.1% 14.6 £e51 S«7 219,
3447 el 15au Le 38 Seb 237
34,5 6.14 15,1 037 6ot 219,
34.1 6.13 15.3 vae3b beli 217,
3441 6411 15.% ve33 5.3 219.
33.7 6405 15,5 Ge39 be2 218,
33,3 5499 15.7 Ge29 56 216,
32.7 5.95 16.1 vel§ 5.0 215,
327 592 16.6 Je28 e 216,
31.5 S«88 17." vel9 L] 222
30,8 Se71 17,1 Cel9 4.3 214,
3063 574 1747 Le2S 3.6 223,
30,2 583 18.1 fa20 3.8 229,
30a1 5088 18.3 ve2l 367 269
30 e 4 5.03 18.2 ;;‘-3'5" 2,5 264,
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TIME

840

850

900

910

920

930

94

950
1000
1010
1020
1030
1040
1050
1100
111C
1120
1130
1140
1150
1200
1210
1220
1236
1240
1250
1300
1310
1320
1330
1340
1350
1400
141y
1420
1430
1440
1450
15€¢C
1510

AT

{(DEG) (TORR)D

22.1
2244
23.1
23.9
24.8
2567
2643
2¢6.9
27.4
2T T
2843
28.6
28.7
29.3
29.7
36,0
3062
30,5
30 .7
3N.9
31.1
3le4
31.7
22.1
31.9
32.8
33.1
32.7
33.2
33.2
33.6
3346
34,4
34,6
A |
34,7
3544
3.1
38,7

35.3

WSMR

PPH2 Y

4425
4432
4.38
4437
4,36
44217
422
4.16
4,09
4405
4.03
3.87
4,12
4.264
44330
4037
4.44
4.54
4.66
4.73
4.78
4488
4 .88
4.86
4.88
4494
4.86
4.92
4492
494
4490
492
5.23
5449
5459
S5e Ty
5.88
5.91
6456
be36

NRL-IMORL TRANSMITTER

MICKIMETEIRIL G ICAL

H

RH

NRL REPORT 8422

AUGUST

ep

(%) (MzaR)

21.2
21.2
ZU b
19.7

18.%
17.3

165

15.7
15.2

14.5
13.9
13.2
14.7
13.9
13.7
13.8
13.8
13.9
14.1
14.2
14,1
14.2
13.9
13.6

13.8

13.2
12.9

13.3

13.2
13.7
12.7
12.7
12.°2
13.4
13.3
13.9
13.8
14.1
15.1

&N
N N

891.9
851.9
B92. U
892.1
89242
89242
892472
892.2
892.2
892.3
B92.4
89244
892.4
892.4
B9Z .4
892.4
802.4
232.4
892. 4
BY2.2
892.1
891.9
891.9
B91e7
891.6
391.5
391.4
891.2
B91.2
891.1
831y
89..9
895.7
BYeb
8G. .6
8GC .4
8952
B89l .
8%89.9
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T 1978

<o

SR

(W78 ¥) (M/S)

L‘ .b‘;
1e58
L+64
3‘69
!}.74
.78
Led2
6.36
PR I
(93
UQQY
1eul
1o 2
leib
101':'
1.13
l.17
1.2{)
123
1425
1.26
1.238
1.28
1.31
1.33
1.34
1.34
1.34
1+ 35
1.3¢
1.35
1.33
1.32
1.31
1431
.32

W27
l.2"
1.23

.. 5
iel

e & ©® 9 8 © & 9 & S e ¢ T 2 & 0 2 s O o s

WA W WLWWWWHEHRNNNRMNONNODNNRORODONMNNDNNNNNVNW WA SOV,

e ® & 9 & & o 0 & ¢ & b o+ 0 * s o

O W O R rNO OO OV DNNVNNDODROVNC N ONG OGP N D0WH OSSN w

WD

(DEG)

335,
347.
347,
345,
343,
336
332,
333.
340,
342,
333,
313,
314,

271

312.
24 3.
174.
257,
196.
124,
188.
103,
T4,
242,
101.
i44.
22G.,
116.
160.
174,
2 Ta
242
178
222,
1687,
252
201.
184.
254,
265,

CNSQ

9012E-15
1.02E-14
1.315‘14
1.54E-14
1.39&£-14
le564E~14
le64E-14
1.8B6E-14
3.33E-14
3.27:-14
4:635_14
3.68{5‘14
4.36E-14
4,33E-14
6e41E-14
4o TTE~14
4o26E~14
5e¢91LE~14
6.83E~14
6.11E-14
6e44E~14
5.93E~-14
6.85E-14
T.29E-14
3.98E-14
T.62E-14
1.,07e-13
3.68BE-14
6.72E-14
5.865—14
6.97E-14
7+39E-14
1.02E-13
1020E‘13
6.86E-14
1034E‘13
T.25E~14
1. 25E-13
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TIME

1520
153C
15406
1550
1600
1610
1629

HANLEY, DOWLING, HORTON, CURCIO, GOTT, WOYTKO, AND STORVICK

AT

NRL-TMJRL TRANSHMITTEK

WSMR MTCRUMCTEGROLOGICAL DATA

PPH2

15 AUGUST

~H

kP

1978

SR

WS WD

(DEG) (TIRR) (%) (MBAR) (W/SQ ®) (M/S) (DEG)

VT 644 14.8 B889.0 1.17 55 239.
35.8 5.26 14.3 B8G.9 1.14 4.1 24%.
35.8 614 1441 389a.7 1.11 beb6 269,
360” 60“6 13'7 88906 1-'».18 5.1 2530
35.9 6.03 13,3 886G.6 loué 5.3 251,
3547 6.2 13.3 889.6 1.90 4.2 245.
35.5 597 1547 388945 ve 97 3.2 232,
2.
7 o
- T2
Tg: E 3"—«)
. (]
- wn
. ~
2 =3
5 z L
-
7 o
=3 o
. 2
. o
. «
Ja
4 O TN
n
.
'9 T T T T T 1 c-lo
800 1000 1200 1400 1600 1800 2000
TIME

Fig. A-5 — Solar radiation, windspeed, and C,?, at the optical transmitter
meteorological station on 15 August 1978
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WIND SPEED (M/S)

CNSQ

1.39E-13
1.25€£~13
1.0(BE-13
9.76E-14
1-[«5E‘13
9.87E‘14
9.26E-1¢4



TIME

200C
2010
2020
2030
2040
2050
210C
2110
2120

AT

(DEG)

33.4
33.72
32.8
32.6
32.3
32.¢
31.1
31.1
3.8

NRL REPORT 8422

NRL-IMIRL TRANSMITTER

WSMR MICROMFTIOROLAGICAL DATA

16 AUGUST 1978

PPH2O3 RH 3P SR”

(TORR) (X)) (MBAR) (W/S5SQ M) (M/S) (DEG)

6.22 16,2 8RB.3 Goeltl
615 16.2 2RB.3 Loul
610 16.5 888.3 Ueli?
609 16.5 BBR.4 Gel"
6.29 16.3 . 888.4 Jevl
6.09 17.2 838.4 Goull
607 17.9 888.6 Lol
6.10 18.1 8Rbe6 L ed
6.14 18,4 888,56 vell

47

PSR VT NUCRICIIVO RS S N N
OO~ O WG S

WD

2364

232.
231.
233,
235,
233.
241,
239.
246,

CNSQ

5cr]3E-15
8.11£-15
B«e97E-15
9.(6E°15
1-25E"'14
1.556~-14
1.9%E-14
2.15E-14
2.22E-14
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TIME

1120
1130
1140
1150
1200
1210
1220
1230
1240
1250
1300
1310
1320
1330
13490
1350
1400
1410
1420
1430
144C
1450
1500
1510
1520
1530
1540
1550
1660
1610
1620
1630
1640
1650
1700
171C
1720
1730
1740
175C

HANLEY, DOWLING, HORTON, CURCIO, GOTT, WOYTKO, AND STORVICK

AT

C(OEG) (TORR) (Z) (MBAR) (W/30 M3 (M/3)

33.8
34410
33.9
34.5
36,2
3445
3444
3447
4.4
3446
3446
35.3
35.3
35.4
34.9
3545
3641
3547
3546
36.2
3641
36,1
36.8
36.8
37.2
36.6
37.1
37.0
3747
36.38
3646
36.8
367
36.2
3646
3645
2643
26.%
36.1
364

WSMR

PPH2

7.3%5
Te.14
7.29
Te47
T.49
7.52
T.52
Ta45
Te36
T.34
7.31
7.38
7.39
T+54
750
Te46
7.28
7625
7.38
T.36
T.27
7.33
7435
T.07
6.98
7.11
T.02
T.01
6.99
7.08
T06
T.00
7.8
7«05
Te.13
Tel6
TD5
7.05
T.04
T.01

NRL-TMJRL TRANSMITTER

MICRUMETCORSLAGICAL OATA

17

RH

18.7
18.1
18.5
18.4
18.7
18.5
18.5
18.2
18.1
17.9
17.8
17.4
17.4
17.¢6
18.0
17.3
16.4
16.7
17.1
16.5
16.3
16.5
16.%
15.3
14.2
15.6
1540
15.1
14.5
15.2
15.5
15.4
15.4
15.8
15.6
15.83
15.7

.5
15.8
15.¢6

AUGUST

Bp

R91.2
891,1
891.1
89119
89749
895 .8
89 .6
B3Js¢&
890 .5
890 . 4
B95e2
29051
80‘:‘01

839.9

889.9
889.6

889.3

88943
889.1

888.9

§68.8
888.6

88843

888.3
868.2
888.1
88%.¢
887.8
887.7
887.8
B87.8
BRT.T
B3T«6
88745
887.4
BB7e3
88743
R8T7.3
887473
887.2

48

1973

SR*

1.19
1e22
1.24
l.206

«283
1437
1.31
1.32
1.33
1.33
133
1433
1.3¢
1+33
1.28
1.31
1.3
1633
1.27
1.26
1.18
1,20
le27
108
1.21
1.21
l.156
1.13
Le82
1e05
(.29

4«81

Lab1

0071
507’
abé
veS3
ved7

P NDOA N g ANPTPAIOINO NN O~ NOINPATIT NP0
® 5 6 & 9 & & B ¢ 5 & & 6 % 9 S O o v O o 4 O 3 s 3 p % 9 & 2 8 6 o e * o

P WDV O HOWOND OONN D= DONONANUNC O WNOMN DO ONDN NN

WD
(DEG)

268
248,
278,
263,
292.
277.
284,
272
288,
284,
273
263,
267,
260,
212.
231.
278,
263,
259,
260,
267
264,
256.
263,
251,
233,
248,
224.
240,
256.
281.
276
260G,
288,
262
270,
272
268,
253.
281.

CNSQ

1.58BE~-14
1.735-14
8.65E-14
1.(2E—13
1.15E-13
1.125-13
1005E"13
1.21E~13
1.63E-13
1.V2ZE-13
1.26E-13
1.225-13
1.54£-13
9.46&‘14
1.23E-13
1.09E-13
1.13E-13
le11E-13
1.356-13
1.09E-13
1.02E-13
1.328-13
1006&‘13
l1.16E-13
1.10E-13
1.37E-13
1.19€E-13
1.2G€E-13
6.95E-14
8037E‘14
7.93E‘14
T.05E-14
3.885“14
4.866-14
4.6LE-14
4. 66E~14
4.,13E-14
3.69E-14
2.98E~14



NRL REPORT 8422

NRL-IMIEL TRANSMITTER
WSMR MICROMETEGROLJIGICAL LDATA

17 AUGUST 1978
TIME AT PPH23 R BP SR~” WS WD CNSQ
(DEG) (TARRY (¥) (MBAR) (W/7SQ #> (M/S5) (DEG)

1820 35.7 T.06 16,2 887.3 Gae38 Te9 268+ 1.53€E-14
1850 3542 6.87 16.3 887.2 Se24 Be4 2924 3446E-15
1910 3447 6487 167 B887.4% Uelt 6e2 2B7. 5.10E-16
1940 33.6 733 18.9 887.5 el 52 270s 2.67E-15
1950 33.2 T«5C¢ 19.7 B87.6 veul 5«7 278+ 3.11E-15
20G0 32.8 Ta61 26, .5 887.8 o072 4.5 279. 4.70E-15
2020 32.6 T.71 2¢.,9 887.8 el 4.6 275. 6421E-15
2030 3143 T.71 22.5 B8RT7,5 Deul 5e% 270s 6.35E-1%5
2050 31.6 7.71 22.1 888B.1 el 3.9 254, 1.(0E~-14
TD_‘—
: )
: s
o £ Gte
. foul
- m —
4 ~ N
o] ol =
Z ] z"’"(ow
o o 0
- - L]
= (o8]
p ol &
=3 247" g
4 o =z
i o =
4 a
J0
4 O TN
n
Tg T T T Rt T 1 d“D
1100 1300 1500 1700 1800 2100 2300

TIME

Fig. A-6 — Solar radiation, windspeed, and C,\Z, at th.e optical transmitter
meteorological station on 17 August 1978
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TIME

102C
1030
1040
1050
1100
1110
1120
1130
1140
1150
1200
1210
1220
1230
1240
125
13C0
1310
1320
1330
1340
1350
1400
1410
16420
1430
1440
1450
150C
1510
1520
1530
154V
1550
1600
1610
1620
1630
1640
1650

HANLEY, DOWLING, HORTON, CURCIO, GOTT, WOYTKO, AND STORVICK

LT

(DEG) (TORR)D

3"’.9
31.‘3
31.8
31.4

31.9

32474
32.2

3245

33.1
33.1
32.9
33.1
34,1

33.7

34.2
34,4
34.2
3441
3443

34.7
34.8

36,7

34.9
35.3

Sel
3544
35.5
35.5

36.2°

35.3
36.¢
35.4
3647
3641}
36.1
3642
35.8
35.9
3€a2
3547

WSMK

PPH2U

6.41
6.56
6.68
657
6.66
6464
655
6.664
677
6.71
6458
6.83
7.09
T.15
717
6.98
T.08
7.92
T.23
7.23
7.01
6.89
6.91
T.04
7.09
7.01
6.83
650
6.55
691
6.78
6,91
691
685
6.84
6.77

NRL-THRL RECTEVE=

RICRIMITEYROLEGIC AL DATA

17
RH
(€

19.2
19.%
19.7
19.1
18.9
1845
18,2
18.1
17.9
17.8
17.5
18.5
17.9
18.4
17.9
17.7
17.4
17.7
1745
17.1
17.4
17.5
16.8
16.5
16.%
16.1
16.4%
16.5
15.7
16.1
14.7
15.4
15‘4
15.7
15.3
15.5
L
15.6
15.3
15.6

i97°P

SR”

(MBAR) (W/7S4

{e99

1-'\}6
1.14
1.2!
1e27
131
1.347
lo4?
l.“*(‘
1.47
1.7
1.52
155
1.56
1.5¢
1.57
1.5%
1.58
1.58
1.58
1.58
157
1.57
1.56
1.55
1.53
1.51
1.53
1.4%
1.1°7
1.43
134
1.31
1.35
1.2%
1.36
1.28
1.12
1.17
e 94

M) (M/S)

W PO e

NV NS DWONRR OPON O @MW O~N O MO OONWVIEN O8NS oW

L] [ ) L ] » [ ] » L ] . L] ® L] L ] [ ] L] * L] » L] L ] . [ L] L ] . . L] L ] L] ] ) [ ) L] * L [ ] [ [ ] - L L]

DL O OO NDPRDDAEANTET NP g NORTWW S O O s

WD

(DEG)

110
215,
233,
243,
280,
215,
265,
175.
192.
187
183,
2U1.
2670
270 .
266
242,
244.
259.
234,
221.
240 .
2640
221,
224.
250.
250
227
238,
258,
254.
277.
267,
263.
272
268,
2%1.
251.
268.
273,

26T,

CNS®Q

le2BE-13
2.83E-13
1.73E-13
1.70E‘13
1.256-13



TIME

1700
1710
1720
1730
1740
1750
1800
1810
1820
1830
1840
1850
1900
1910
1920
1930
1940
1950
2000
2010
2020
2030
2040
2050
2100
2120
2130
2140
2150
2200
2210
2220
2230
2240
2250
2300
2310
2320
2330
2340

AT

(DEG) (TORR) (%) (MBAR) (W/SQ

35.3
35.2
35.(
35.3
3562
35.2
350
34.9
34,9
34.9
34.6
34,4
34.2

33.9

33.5
33.1
32.7
32.2

31.7
31.7
31 .6
31 .b
31.6
31.2
31.1
31.0
31t

31{’.7

30.1
3041

29.7

29.5%
29.9

29.9

29.8
293
2848
28T

WSMR MICKOMETEORALUGICAL CATA

PPH20T.

6,756
6.78
6473
672
6,76
667
6.46
6.65
6.70
672
646
649
6643
6443
653
6e54
6058
6.88
T.08
T.04
6'94
735
7+48
7.58
7.36
Te53
7443
T34
7«55
Teb.
7.86
B.03
B.156
8.2¢
B.58
8.61
8.‘}7
Ba45
Bebi
8.92

NRL REPORT 8422

NEL-THIRL

17 AUGUST

RH 8P

15.9
1642
1549
16.‘?’
15.9
1547
15.3
15.9
16.1
1641
1545
15.8
15.9
1640
1645
1745
17.4
18.6
19.6
20.1
19.8
21.1
21.5
21.8
21.2
22.1
22.°
2149
22.5
2348
24.5
25.1
2645
26.5
27.2
27.3
27.0
27.3
28.9
30,2
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RECITVER

1978

SR”

(.68
Ja.71
099
UeT6
.89
{eB4
J.69
(o554
0649
GI4S
Qe
Je34
Je33
0a32
G332
Ue32
0.32
(.32
Qae32
Ue32
Le32
Je32
0.32
Ge32
332
Ue32
Je3Z
Ue31
Le3l
Va3l
Je3l
035
G 30
De29
6.29
$e29

® 9 ©® o 8 & 6 & o ® ¢ 9 & 3 v 5 a o

mmm‘;?N""'NJ\D‘-’CDOKO‘CJmO‘NJ-\mUJU*OL»C‘B)O‘#‘.N@(')MO\MNOW.&\QP“N\O

AV IV R A& DNLDAN N DV RNANNDDD WD D

L ) . [ ] [ ) . [ ] [ ] [ L] [ L] L [ ] L ] [ ] ] [ ] L] ) L ]

AW

WD

M) (M/7S8) (DEG)

268,
252,
243,
261.
256.
263.
266,
245,
257,
246.
251.
253.
254,
257.
258.
251
241,
256,
261,
252.
257.
266,
261
253,
2556
254,
254,
258,
259.
253,
249.
250,
256.
260 .
268,
269.
266
266
248,
252,

CNSQ

SeT6E~14
3.93E-14
B.4BE-14
4.66E-14
T«55E-14
5.72E-14
4,73E-14
3.66E—14
2091&‘14
2e4b6E-14
1.81lE-14
le16E-14
4,964E-15
1.10E-15
2.10E-16
1.,74E-15
6246E-15
9.21E‘15
1.91E_14
l.78E-14
la7T4E-14
2.03E-14
1. 81E'14
2.0(5E-14
2+35E-14
1.98e-14
2:45E-14
2.28&‘14
2.20‘5—14
2+69E-14
2e49E-14
2.28E‘14
2058E'14
2.0 2E-14
1.8UE-14

- 1.91E-14

1le70E~-14
237E~-14
2.33E-14
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HANLEY, DOWLING, HORTON, CURCIO, GOTT, WOYTKO, AND STORVICK

NRL-TMIRL RECTEVZ®

WSMR MICRYMETCOROLGGICAL DATA
17 AULUST 197%
TIME AT PPH2G RHY 3P SR” WS WO CNSY

(DEC) (TIR2) (%) (MRAR)Y (W/SQ MY (M/5) (DEG)

2350 2845 8.51 36,1 Geld® 4.6 243, 2.48E-14
o
IO:
) a__o
wn -
4]
1 -~
S T dto
3 !
- w ~
: 2 | €@
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© o) [
4 = @
= 48]
5 ol b
O =t
Q——!j 4w o - (o]
B o =
- —
- o =
4 @
—J +
y [ I A
0"
= H 1
1
A a ;
9 T T T T T 1 O-to
1200 1300 1400 1500 1600 1700 1800

TIME

Fig. A-7 — Solar radiation, windspeed, and C,?, at the optical transmitter
meteorological station on 17 August 1978 (1610 to 1800 h)
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Fig. A-8 — Solar radiation, windspeed, and Dm at the optical transmitter
meteorological station on 17 August 1978 (1800 to 2350 h)
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HANLEY, DOWLING, HORTON, CURCIO, GOTT, WOYTKO, AND STORVICK

NRLU-TMURL TRANSHITTLR

WSMR MICRYMETEGRIL~GICAL DATA
13 AUGUST 1976
TIME AT PPH27= RH &P SR” WS WD CNSQ

(CEG) CTARRY (7)) (MBARY (W/SY %) (M/S) (DEG)

930 n.2 9.64 30.1 B9l.4 LaT6 3.3 321. 1.21E-14
940 3.1 G466 3042 891.4 a8 248 319. 1.23E-14
95L 3% .4 9.68 29.8 391.3 ire83 2¢3 210, 1a.4BE-14
1000 3.8 9.69 29.1 B91.2 Ue87 2e9 197, 1le45E-14
1010 3t .7 9.68 29.? 891.2 Ue9"™ 205 236e 1a6TE-14
1020 31«9 9.7 29.1 891a.7 L4 25 137, 2.M7E-14
103G 31.3 G.T4 258.5 B8B91.3 { e 97 2.4 152. 3.90E-14
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NRL-IMORL RECTEVEK

WSMR MTCRIMETEGROLEGICAL LATA
13 AUGUST 1973
TIME AT PPH2E® RH Kp SR~” #5 WO CNSQ

(DEGY C(TORRY (Z) (MEARD CW/Sq MY (M/S) (DEG)

0 2841 Bebb& 3.4 {e25 3.9 235. 3.35E-14%
10 27.8 8.48 30,3 Vecl 3.2 2394 3.82E-14
50 2747 Be25 29.7 ve27 4e¢) 295. 2.87E-14

100 2T1.7 8.93 32.% 027 4¢3 2944 2.06E-14
110 2742 8.89 22.9 : D27 32 296. 2454E-14
120 2645 9.13 35,3 027 2.3 2B4. 2.39FE-14
13C 26,1 Gl 3640 (te26 2.2 282. 2.23FE-1%
140 255 8.89 36.2 (et (e 248s Te£5E-1%
150 2641 9.19 35.2 Uelb Te7 194. 8.06FE-15
200 2549 9.17 36.6 Vel lel 94. 2.77E-14
220 261 9439 37.3 iel2b 1ay 263, 5.24FE-15
230 256 9«27 37.7 fe26 3e6 259. 3.63F-14
240 26,7 9.11 34,6 he28 £e5 279 2.93E-14
310 27.C 9.49 35.5 {25 feB8 263, 1.7TRE-14
320 2648 9.46 35.8 Je25 61 269. 2.1%E-14
330 2644 9.49 36.8 Je2% S¢S 264&. 2602E-14
340 2644 9457 37.9 Velb 4eh 272. 1.81E-14
41¢C 255 9.7: 39.5 £a.25 3.4 253. 2.73E-14
440 2%e % 9.4%8 41.3 vel® 2.5 182. T.17E-14
450 2445 9.52 41.4 Ue25 1a5 146. 3.22E-14
5C0 2447 9e48 4uab Ge25 seb 220e 6.97E-1°%
51C 2541 9.63 40,32 Ce24 1.3 265, T.87£~15
520 2547 9.38 37,38 ve2b 2¢7 278e. 2.67E-14
540 25.5 9.71 39.8 '.1021‘ 302 273. 3013E—14
550 2546 959 38.9 Lel4 3eU 2674 3.B6E-14
610 21-1 8.79 46.7 »‘024 20:’ 1;‘20 1"?6&'14
630 231 9425 4447 Lelh 1«1 129, 9.86&-15
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TIME

640
650
700
710
720
730
740
750
800
810
820
830
84U
850
900
910
920
93¢
94(C
950
1000
1010
102¢C
1030
1040
1050
1110
112C
1130
1140
1150
1200
1210
1220
1230
1240
1250
1300
1310
1320

HANLEY, DOWLING, HORTON, CURCIO, GOTT, WOYTKO, AND STORVICK

NRL-TMOERL RECIEVER

WSMR MICHREMETEORULOGICAL DATA
13 AUGUST 19748
AT PPH2 K BP SR” WS WD

(LEG)Y C(TSORK) (%) (MgAR)Y (W/S50 M) (4/5) (DEG)

216 9.28 47.9 Ge25 1e5 129.
22.9 9445 45,1 Je27 1.3 99.
22.6 9.51 43.6 ved’ 1.1 119,
24432 .63 42.2 {e33 Ce7 63.
220() 9.34 45.4 ..‘037 105 4(‘0
237 9438 42,7 vell 1.4 67,
23.2 9.17 42.9 .:.46‘ 3.3 59.
23,9 9426 417 Ueb 1 249 51.
24,8 9.37 40,7 UeE6 2.9 50,
2547 9.51 38.4 Pebl 1e7 84.
27.3 9.92 36.3 Lebb 1.8 132,
28.3 9.95 34.5 Ze71 3.1 326,
28473 982 34,2 GelT 2.7 271
2846 9.84 33.5 Ge83 1.9 31l6.
289 9.62 32.2 .53 2eJ) 318,
297 9.3+ 31.0C e94 2.3 3(5,
29,3 9.G7 29.7 ve39 2e4 3Ul.
29.6 Be99 28.9 iet24 25 317.
23¢9 Je22 29.2 A 2.0 316,
343 9423 28.6 l.14 2.1 284.
303 9.21 28.5 1.17 243 249,
3C .1 939 29.2 1.22 27 230,
30.3 9.37 28.6 1.26 242 242,
31.¢ 9439 28.7 1.29 2el1 202
3.4 9,22 28.3 1.34 29 136,
31.7 Deb) 27.9 1.3¢ 1.8 143,
31.9 9e33 2644 1.2¢8 28 104,
32.2 9.41 26,1 151 2ed 18l.
32.4 8,03 22,1 1.57 2.4 250,
2.7 Je2% 2644 ' le64 1.8 227.
31e6 9e25 2667 1«59 led 230
3245 9,23 2640 lel% 1.8 245,
32453 Be92 2446 1.65 2e2 17,
22.9 9al. Chat 1.15 2o 177,
3342 Be78 23,1 le4b 169 221,
33.° 8.25 21.9 Ue3b 5.2 286
32.3 Bebl 23,7 {67 3.5 29%%4.
3243 855 23.7 Lebth 3.6 255,
33.7 8057 22.5\' lt77 ".5 2740
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7050{'-1“
1.31E-14
4.628-14
B43UE-16
9.060-15
1052E"‘14
7.51E_15
1046&‘14
1.05E~-14
8.31£-15
6.75E-15
9.49E~15
1.23&‘14
1.36E-14
2¢43E-14
4,0TE-14
6s.642c-16
T.76E-14%
5.93E-14
10(25"13
6.69E-1¢
T1.87E-14
1.21E-13
9.02E—14
Te26E-14
1.6%9E-13
1.73E‘13
l1.32E-13
5.21E-14
1.65€~-13
1.435-13
2«92&‘13
2.25E-13
6.59E-14
3.55£-14
5.48L-14
2443E-13



NRL REPORT 8422

NRL-IM®RL RECIEVER

WSMR MICROMETEGRILIGICAL DETA
13 AUGUST 1973
TINE AT PPH2Z RH RP SR* WS WO LNSQ

(DEG) (TORK) (Z) (MEBAR)D (W/SO > (M/S) (DEG)

1330 33.4 Ba29 21.5 let0® 5.4 28le 2.06E-13
1350 23.6 Be83 22.9 le72 3.1 244. 2.43E-13
1400 33.7 9.03 23.1 1.71 5.4 228. 3.97E-13
1410 33.¢ 9.08 23.46 1.38 201 1774 1e97E-13
1420 3‘*0‘: 8096 22.'-‘ 1.74 503 218. 3.96&“13
1430 34.6 Ba6i 21.7 1.73 7.2 2(8. 5.97E-13
1450 34,1 8,95 22.4 1.53 3¢) 265. 1.75E-13
1500 34,1 8.84 22,1 1.53 3.4 218+ 2.50E-13
151C 34,4 Be99 22.¢ 1.67 38 225. 2.83E-13
1520 350" 8.5:’ 2[’.3 1.61 £e9 229. 4.6:’5-13
1530 34,0 8.53 2C.5 167 563 24T. 3.67E-13
1540 34.9 8e19 19.7 1.65 5«8 246. 2.78E-13
1600 35.% 8.24 19.56 1e4% 5.2 248, 2.970-13
1610 34.5 B,05 19.7 (a7 Ee2 246, 1.04E-13
162¢ 3541 BoG9 19.4 1.31 Teh 242+ 2.64E-13
1630 34,7 Be46 2045 0.75 be8 271e 1e13E-13
1640 34.9 8.2% 19.8 166 Te4 276e 1472E-13
1650 3647 BaD2Z 19,4 le11 52 289 1.682-13
1700 3442 8.31 20.7 PeT6 3.3 260. BJ.63E-14
1720 33.9 8428 21.0 Fed5 3.6 297. 2.47E-14
1730 330(' 7.‘(5 1909 \)olf} 506 329. 1.866"14
1740 31.9 9.65 27.3 Cedl be4 331. 2.13E-14
1800 33 Ne35 32.1 Be37 3.9 277, 3.67E-14
1812 28.‘. 1061 380r: LOB() 6.2 296. 20795‘14
1832 285 1465 39.9 et 4,9 264, 4.64F-15
1842 29.1 1.12 36.9 Vebb 3.4 247, 1.5BE-15
1902 2942 fi.31 364,." R Be4 234, 1,89E-15
1922 29.3 9.86 32.3 (.35 5.7 217+ 1.19F-16
1932 29.3 9445 3049 Le32 663 221. 1.212-16
1942 295 S.13 29.% Ue3J 5¢9 227« Dbe46E-16
1952 29.6 8.94 28.8 0e29 4,2 237+ 1.70E-15
2002 29.6 8.83 28.4 Ue28 3.9 226. 1eT74E-15
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HANLEY, DOWLING, HORTON, CURCIO, GOTT, WOYTKO, AND STORVICK

NRL-IMURL RECIEVER

WSMR MICREMETEGRILHGICAL DATA
13 AUGUST 19379
TIME aT PPH2d RH Le N WS WD CNSQ

CLEEGY C(TIRRY (7)Y (MBAK) (W/5) M) (M/S) (DEG)

2012 294 8.87 28.9 velf 3.0 179. 1l.84E-15
2032 aExs (.67 3845 Jell 5¢4 T2 1.99£-15
2042 2743 1.36 41.8 LelT 5.1 73 4464E-16
2102 2742 1.68 41,7 Je27 4.1 67« 1ef6E-15
2112 2G5 lab4 G446 {e27 41 T4 3.50E-16
2122 2€ .7 1.81 46.9 Ce27 5#2 6le 3438E-16
215¢C 25.1 2.06 51,4 Ja2h 3.5 7le 342JE-15
2200 24,9 1.89 57,2 Ue2b 3.5 5. 5.72E-15
2210 24.7 ZOcz 51.4 5026 206 70. 3'3GE‘15
2220 chet 2416 52.9 Jelb 1.3 Bie 1448E-15
2230 2442 179 5149 Va2t 1e3 186, 4.17:2-15
2250 235 1.98 £5,7 Je26 el 36. 8.3GE-15
2300 2342 2012 57,0 Ue2é l.1 T4. 5.B2E-15
2310 2248 leb66 56,7 Uezb l1eB 221e 9.02E-15
2330 23-( 1.63 5.3 Uto} 245 19'&. 103:#t"14
2340 23.1 1.83 55.9 Le25 2.2 206. 2.66E-14
2350 23e¢ 1.73 55,° {25 2al 197. 2+.65E-14
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Fig. A-9 — Solar radiation, windspeed, and C,% at the optical transmitter
meteorological station on 18 August 1978 (0000 to 0600 h)
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Fig. A-10 — Solar radiation, windspeed, and C,\z, at the optical transmitter
meteorological station on 18 August 1978 (0600 to 1200 h)
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HANLEY, DOWLING, HORTON, CURCIO, GOTT, WOYTKO, AND STORVICK

(S/W) 03345 ONIM
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TIME
Fig. A-11 — Solar radiation, windspeed, and C,e, at the optical transmitter

meteorological station on 18 August 1978 (1200 to 1800 h)
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Fig. A-12 — Solar radiation, windspeed,

and C# at the optical transmitter

meteorological station on 18 August 1978 (1800 to 2400 h)

60



TIME

84C
85y
900
91¢C
920
930
950
1000
1010
1020
1030
1040

AT

(OEG) (TIRR) (¥) (HMEAR)Y (W/57 MDY (M/S)

WS MR

PPH2T

1.73
1.62
1 04:“
1.34
1.39
142
5.89
1.26
1.19
1.17
1.29
1.21

NRL-TMURL TRANSMITTER

NRL REPORT 8422

MICRAMETL ORILUGICAL DATA

19 AULUST

RH

6% .3
5741
54,6
52.3
521
5{".6
55.5
49"
4742
4.9
44,3

ap

894.2
894.2
894.2
B94,.2
89444
89445
BR5,5
59445
894.5
89445
B94.7
894, 7

61

1978

SR~*

Je29
e 38
Coafl
ekl
ceTb
Get2
Lebh
Ueb2
u.g?

~ o~

leJ.

WS

1.2
Je7
Uab
8

W
(DEG)

266,

Tl.
154,
159,
232.
236
185.
184.
184.
148,
177.
169.

LNSQ

7.63E-15
4o.29E-14
1e75E-14
1.15E-14
ba01E-14
4.13E-14
5«73E-14
1.18E-14
lel6E-14
7.03E-15
2.T4E-14
3.76E~14
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HANLEY, DOWLING, HORTON, CURCIO, GOTT, WOYTKO, AND STORVICK

HRL-THIRL RECTEVES

WSMR MICK®METLORYLOGICHL DATA
19 AULUST  poTs
TIME AT PPH29 RH 5P SR* WS WD CNSAQ

C(OEGY (TORR) (%) (MBAR) (W/Sw 43 (M/S) (DEGD

0 231 1.58 54,9 eZ5 Zev 1854 2.59C-14
10 23-3 1.6& 54.ﬁ LQZS l-4 2230 1.“5&‘!4
26 2341 ledy 5349 Se 2% le5 242. 6.218-1%
30 21.9 1.56 58.5 Je it 203 268. 1.682-14
40 2148 1.56 59.1 Velb oG 258. 9.86E-~15
5C 2145 1.33 58,9 Jech 2e6 233, 3.06E-14

IGG 217 Febb 54,6 Cert 309 252 3.12E“14
110 2243 .84 53.7 Lelb 2.1 259, 2.C3E-1¢
120 2245 078 52.8 Jelh 1.1 239, 6,78E~15
130 Zrog 1.69 63'? 0024 104 240 1.245“14
14C 21.7 177 6744 (el2b Je8 219, 1.70E-15
15¢ 23e4 1.73 51.2 ek Ue9 115, 1.99E~15
200 2345 1.32 52.1 veld lel 264s 4.1T7E~-1S
21¢ 24,1 .97 48.7 Celh Jeb 2654 3.69E~15
220 22.8 1.17 53.6 Velh He9 228. 1.85F~-14
240 2048 1.71 63.7 Je23 1.7 98. 1le.66E-14
250 207 1.79 64.3 veld3 3.3 120+ 8.10LE-15
3OC 211 1018 59.5% 5023' 3-4 1360 9.96?‘15
310 21.1 1.72 58.8 vell 2e4 138. 9.2ZE-15
320 2149 .97 58.6 Ue23 1.8 123. 9.22E-15
330 20U 8 0085 58.8 Je23 1.3 132, 4.205‘15
34C 2?04 r‘083 6&02 6‘23 104 167¢ 1.235‘14
350 2% 5 De49 58.7 Vel3 vebd 121. 2.86E-15
400 19.2 NeBI 65.2 Ge23 1.7 37 1e67E-14
410 19.3 lell 6643 Je23 12 62 4e20E-15
420 202 116 62.9 (1ea23 1e0 103. 1.675-15
43( 19.1 0«98 66,2 Te23 1.8 £Be 4e16E-15
440 19,7 1.02 6447 Ce23 l.2 89. 7.92E-15
450 18.8 1113 6803 3-23 104 91. 20245'14
500 18.ﬂ I.GU 71.3 b-23 1.9 54, 2.89E‘14
51 18,2 0e99 T0L.3 Jedl Zel 88. 3.63E-14
520 18.4 CeB5 68.7 Wel? 2et 87, 2.94E-14
53¢ 13.2 o935 T( .0 Lec? 2e5 B3, 2+08E~-14
540 18.2 Ge98 7842 JelZ 244 78+ 1le.30E-14
550 18.5 P76 6742 Vel 3.5 109e 246BE-14
60C 18.8 (leb6 65,1 [Le27 2ot 86. 3.6l£'14
610 1t.8 Nfoth b4,42 Le22 1.2 €He 1.03E-14
630 18,2 V.70 63,2 Uel?2 lel 276. 1.91E-15
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820
83C
84U
850
90C
910
926
930
940
950
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1040
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AT

(DeGY (TURR)
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i€.5
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224 6
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24T
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2T7.4
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29. .3
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3G,1
3.1
29.56
3.2
3("."
31 .2
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WSMR

PPH29

0.65
C.S[’
a7
009"’..‘
(.88
U.73
.88
C.92
1.18
1.34
1.27
1.34
1.48
1.23
C.86
0.77
De74
0,66
de27
Nebl
0.43
Ge51
Doty
le5J
0448
F.94
(.85
fe24
D20
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3.94
9.81
00l
0.22
9.73
0.42
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RH
%)

69.6
67.9
662
6T7.%
6845
6643
63.0
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64,4
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61.2
59.7
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52.7
50,7
49,7
49,3
4847
44,6
45,5
42.5
4145
4443
39."%
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35.4
38."
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33.1
32.7
31.1
3.6
32.2
31.(/)
299
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32.1
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(DEG)

151,
56
67s
64,
53.
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144.

24 1.
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233.
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20T
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1z1.

CNSQ

2.19E-15
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1.79E-14
Te26FE-15
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141C
1620
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(DEG)Y (TIRR)Y (%

HANLEY, DOWLING, HORTON, CURCIO, GOTT, WOYTKO, AND STORVICK

AT

MRU-TMOLL BECTRVER

WSHMR MICROMLTEORSLEGTICAL DATA
19 AUGUST 1974
PPH2dY RH 5P SR~” WS

(MBOR) (W/ST %3 (M/S)

303 .43 32.3 1,51 5.2
30;7 0.37 31.4 1033 6-5
30,4 Ce51 32.4 1eidb bab
3.7 0.45 31,9 leit] 562
3.8 f.45 31.4 Vel3 5.4
3re7 0.7 32.3 ve93 Te0
311 Ce54 31.4 e RO Tei
31.4 9.79 29.1 e 96 57
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Fig. A-13 — Solar radiation, windspeed, and C,& at the optical transmitter

meteorological station on 19 August 1978 (0000 to 0600 h)
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Fig. A-14 — Solar radiation, windspeed, and C,?, at the optical transmitter
meteorological station on 19 August 1978 (0600 to 1200 h)
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Fig. A-15 — Solar radiation, windspeed, and C,& at the optical transmitter
meteorological station on 19 August 1978 (1200 to 1440 h)
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RHAl-TMyRL TRANSMITTOC

WSMR MICRIMETESROLAGTCAL DATA
21 AUGUST 19793
TIME AT PPH?24 RH tP SK” WS W0 CNSQ

(DFG)Y (THRR) (%) (MBAR) (W/SD ®) (M/S) (DEG)

850 20 06 4,87 Bl.7 895.R ed? 163 312. 4431E-15
910 22.2 4.52 72.3 .895.R DeST 1.6 334, T.13E-15
92¢ 2249 9.11 91.3 H95.8 veb? 1.5 286, Ba.66E-15
330 2246 6.78442.6 B895.8 bebh 1e2 239, 1.47E-14
94( 2346 4.15 64.6 H95.8 vell leb6 3074 9.73E-15
950 23¢5 4.4 66.3 895.9 bo?rD 1.6 312 1.(95‘14
1000 2349 4,356 64.6 896C. cel3 1.2 286 1.30VE-14
1010 24¢73 4.31 52.9 89640 ved?Z le1 304. 1.32FE-14
105C 26,7 3.75 5446 B896.0U Ue 7 1.1 197, 3.97E-14
1100 258 3,35 53.4 896.9 leu™ le4 231e 1493E~14
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NRL-TMORL TRANSMITTER

MICRIMETE IRALEGICAL

72 AUGUST

R4

(¥) (MBARD) (W/SQ M) (M/S)
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£4.9
53.¢
56,3
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51.56
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42.7
41.3
40 , 4
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29.5
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892.0
891.7
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Fig. A-16 — Solar radiation, windspeed, and C,\z, at the optical transmitter
meteorological station on 22 August 1978
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