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TECHNICAL MEMORANDUM

ATMOSPHERIC OBSERVATIONS FOR STS-1 LANDING

I. INTRODUCTION

T'he successful launch and landing of the Space Shuttle concluded the
first phase of NASA's space vehicle/flight program. This report presents
a summary of synoptic conditions and the atmospheric observations taken
in support of the Sonic Boom Measurement Program and flight verification
of the STS-1 Orbiter.

The Space Shuttle STS-1 was launched from Complex 39A at the Ken-
nedy Space Center. Florida. into a nominal 150/150 nautical mile altitude
circular orbit on April 12, 1981,

The deorbit maneuver was initiated at approximately 5s hours, 31
minutes, ground elapsed time during the 36th orbit, with subsequent land-
ing on Rogers Lake bed at Edwards Air Force Base, California, on April
14, 1981. Runway 23 was the primary runway, 17 was the backup, and
04, the alternate.

This documernt is written under the requirement Level 1l PRCB, dated
May 5, 1980, Request S-13705A, to furnish atmospheric data at the surface
and aloft for flight verification of STS-1 Orbiter during its descent into
Edwards Air Force Base, California.

I1. GENERAL SYNOPTIC CONDITIONS AT LANDING TIME

Deorbit maneuvers for STS-1 were initiated at 1731 GMT April 14, 1981,
while passing over the western portion of the North Pacific Ocean. The
Shuttle Orbiter then descended into the atmosphere. passing rapidly
through the stratosphere and then the troposphere over Southern Califor-
nia. It landed at 1818 GMT at Edwards Air Force Base. This section
describes the general synoptic conditions during this period. These con-
ditions were derived using both satellite imagery (visible and infrared
data from the GOES-W satellite) and conventional surface and upper-level
rawinsonde measurements of temperature, winds, moisture, and pressure.
Analysis of these data was performed by the Man Computer Interactive
Data Access System (McIRAS) in the Space Sciences Laboratory of the
Marshall Space Flight Center.

Overall synoptic conditions for the STS-1 landing were optimal con-
sidering winds aloft and at the surface as well as visibility along the glide
slope. The central and western United States was dominated by a large



high pressure cell, as shown in Figure 1. A major cyclone had moved
through the central U.S. and was located over the Great Lakes. Aviation
weather in that region was poor, with low ceilings, poor visibility, and
moderate precipitation developing along the frontal zone and around the
low pressure area. Fortunately, this system had developed and moved
eust of the landing site 24 to 36 hr prior to landing.

Figures 2 through 4 show infrared satellite images over the western
United States at 1815 GMT.  State and geographical boundaries are super-
imposed. I nese fipures show that skies were completely cloudless both
over and west of Edwards Air Force Base. This can be supported by
image enhancement of the black and white image in Figure 3 where clouds
would be represented by dark green, reds, and white. The 500 mb
(. 5000 m/18,000 ft) wind barbs (m/s) and a geopotential height analysis
(decameters) superimposed in Figure 4 show very light wind conditions
(+ 10 m/s) in the middle troposphere from the southwest, which is sup-
ported by the weak gradient of geopotential height over the landing area.

This pattern of weak winds and gradients in the height field extended
throughout the troposphere. This is shown in Figures 5 through 8, which
display wind barbs and geopotential height analyses for 700 mb (+ 3000 m/
10,000 ft). 500 mb ( 5000 m/18,000 ft), 300 mb (« 9000 m/30,000 ft), and
200 mb (v12,000 m/40.000 ft), respectively. over the western United
States. No frontal zones were present along the plide slopes. but a weak
upper-level disturbance with nigh cloudiness was moving northeast through
Arizona and New Mexico. This system had passed over the landing site
during the previous 24 hr period.

Figure 9 shows a full-resolution (1 km) visible picture of the Edwards
areca (small cross) also at 1815 GMT on Apri 14. Snow over the southern
Sierra Mountains is seen toward the upper left, and low cloudiness (~ 2000
ft AGL) is evident over the cold ocean woter off the southern California
coast, Skies were clear over and surrounding the landing site. Light
surface winds and excellent visibility prevailed along the California portion
of the final ground track.

Figure 10 1s a plot of the vertical distribution of winds (m/s), tempera-
ture (solid line 1 °C), and dew-point temperature (dashed line in °C)
at 1200 GMT April 14 taken at Edwards Air Force Base. The profiles
extend from the surface to 100 mb (~ 17,000 m/55,000 ft). Winds speeds
are light ¢ 15 m/s) at all levels associated with weak vertical wind shears
aloft. The temperature structure is statically stable or near neutral at
all levels. Turbulence in clear air was. therefore. unlikely. The temper-
ature/dew- pamnt temperature spread is such that relative humidities were
less than 50 pereent at all levels,

In summary . hinding weather for STS 1 was unusually optimal con-
stdering vhe active nature ot weather disturbances that traverse that
area during the spring season.
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IlI. DISCUSSION OF BASIC DATA

A. Collection of the Data and the Data Acquisition System

Past experience gained on Apollo and Skylab programs has shown that
it is necessary to have atmospheric data to verify the analytical techniques
used for engineering analysis. For this reason, atmospheric data at the
surface and aloft were obtained by using the Rawinsonde System. One
Rawinsonde System was placed at Wheeler Ridge and a second one at
Tehachapi, California. These sets were positioned along the STS-1 reentry
track shown in Figure 11. The requirements to collect atmospheric data
approximately 2 hr before landing and at the time of landing from these
two locations have been met.

The Rawinsonde System is a transportabie radio direction finder
designed to track a balloon-borne radiosonde automatically. A radiosonde
signal containing information about the atmosphere in the form of an ampli-
tude or frequency modulation data signal is received, amplified, and
detected by this system. The detected signul is passed to separate equip-
ment in the system where it is recorded. By reference to calibration
data for the radiosonde. this recorded information is converted to values
of temperature, humidity, and pressure. Recordings of time versus pro-
gressive changes of the elevation and azimuth positions of the ascending
balloon package, as determined by tracking of the signal from the radio-
sonde, are made so that they can later be converted to wind speed and
direction.

The radiosonde consists of a transmitter, modulator, antenna, battery,
and pressure, temperature. and humidity sensing elements. The radio-
sonde, parachute, and train weigh approximately 2 kg (4 1b) and can be
carried to an altitude of approximately 30 km by a helium-filled balloun.
The battery furnishes power to the modulator and transmitter. The
transniitter operates in the 1660 to 1700 MHz band; and its carrier is
amplitude modulated by an audio-frequency pulse, the rate of which is
determined by the pressure, temperature, and humidity sensing elements.

The Rawinsonde antenn i automatically tracks the balloon-born. radio-
sonde by continuous homing on the radiosonde signal to horizontal dis-
tances of approximately 200 km and altitudes of up to 30 km. The equip-
ment recorder records the elevation and azimuth angles of the position of
the radiosonde versus time.

B. Methods of Processing

The procedure used to compute the soundings is described by Fuelberg
[1] and Turner [2]. All raw data keypunched were checked for errors by
caleulating centered differences on the input data. Additional checks
include centered differences on computed winds and checks on lapse rates
of computed temperatures and dew points. Suspected errors were checked
with the original recorder chart information and the appropriate corrections
made.



The final data set consists of data computed at each pressure contact
as well as data at 30-sec intervals. Thermodynamic quantities were com-
puted at each pressure contact, while winds were computed from the
available 30-sec interval angle data by means of centered finite differences.
Winds were subsequently intcirpolated to each contact.

The following procedures were employed in the processing of these
data which differ from those described by Fuelberg [1]:

1) Humidity values, including dew-point temperature, were computed
only at temperatures above —40°C; at temperatures below —40°C, humidity
values are missing and wre indicated by a field of nines. Moisture values
were computed if the relative humidity exceeded 1 percent. If the value
wits below 1 percent, it was set equal to 1 percent and used in the compu
tation of other moisture variables,

2) Winds based on low elevation angles are denoted by asterisks. One
asterisk denotes angles less than 10° but greater than 6°, while two
asterisks denote angles less than 6°.  Caution must be exercised in the use
of data at low elevation angles, since it is subject to rather large RMS
errors.

3) Wind direction and speed were determined for contact levels by
interpolating time values.

In pro essing the data, corrections were made for any errors made
in recording the observational data.

IV. DISCUSSION OF UPPER AIR DATA

A. Accuracy Estimates

Estimates of the RMS errors in the wind and thermodynamic quantities
of the STS-1 descent rawinsonde soundings are the same as those given
by Fuelbery [ 1], The error estimates for thermodynamic variables are
presented in Table 1.

The RMS errors for wind speed and direction are difficult to describe
since they are a function of tracking geometry and other factors. Maximum
RMS errors for winds (speed and direction) computed at 30 see intervals
(based on the worst geometrie tracking contiguration) for 10 and 40 degree
clevation angles are presented in Table 2. The accuracy of the wind data
at pressure contacts is greater than that stated for the 30-sec winds
because of the added smoothing and interpolation performed. In addition,
the crrors stated for the 30-sec winds were maxima for the stated conditions.
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TABLE 1. ESTIMATES OF THE RMS ERRORS IN
THERMODYNAMIC QUANTITIES

Parameter Approximate RMS Error
Temperature 0.5°C
Pressure 1.3 mb from surface to 400 mb
1.1 mb between 400 and 100 mb
0.7 mb between 100 and 10 mb
Humidity 10 percent
Pressure Altitude 10 gpm at 500 mb
20 gpm at 300 mb
50 gpm at 50 mb

TABLE 2. ESTIMATES OF RMS ERRORS IN WIND DATA

RMS Errors (mshl) RMS Errors (degree)
in Speed in Direction
Pressure 10-degree 40-degree 10-degree 40-degree
mb elevation elevation elevation elevation
700 2.5 0.5 9.5 1.3
500 4.5 0.8 13.4 1.8
300 7.8 1.0 18.0 2.5

An example of the contact data is given in Table 3, with the explana-

The first line of data for the time
The three numbers in the upper right-hand
corner are the number of pressure levels computed, the minimum pressure

and an identifier with the value 0 for 30-sec angle input

tion of column headings in Table 4.
0.0 min is surface data.

obtained (mb)
and 1 for 1-min angle input.

and B,

Tabulated Data

The contact data and the 30-sec data are presented in Appendices A
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TABLE 4. EXPLANATION OF COLUMN HEADINGS OF TABULATED
SOUNDING DATA FOR THE STS-1 ORBITER DURING ITS

DESCENT AND LANDING

TIME (MIN)
CNTCT
HEIGHT (GPM)

PRES (MB)

TEMP (DG C)

DEW PT (DG C)

DIR (DG)

SPEED (M/SEC)

U COMP (M/SEC)
V COMP (M/SEC)
POT T (DG K)

E POT T (DG K)

MX RTO (GM/KG)

RH (PCT)
RANGE (KM)

AZ (DG)

Time after balloon release.
Contact number.

Height of correspondi*.g pressure surface in geopoten-
tial meters.

Pressure in millibars.

Ambient temperature in degrees Celsius.

NOTE: An asterisk indicates that time from release
and/or temperature were linearly interpolated.
Dew-point temperature in degrees Celsius.

Wind direction measured clockwise from true north
and is the direction from which the wind is blowing.

Scalar wind speed in meters per second.

NOTE: An asterisk indicates that wind quantities are
based on an elevation angle that is between 10° and 6°,
A double asterisk indicates that the elevation angle is
less than 6°,

The E-W wind component, positive toward the east and
negative toward the west.

The N-S wind component, positive toward the north
and negative toward the south.

Potential temperature in degrees Kelvin.
Equivalent potentisl temperature in degrees Kelvin.
Mixing ratio in grams per kilogram.

Relative humidity in percent.

Distunce Lalloon is from release point along a radius
vector.,

Direction toward balloon measured clockwise from true
north.




Figure 1. Large-scale analysis of weather conditions over
North America and the U.S., including surface map,
500 mb (approximately 18,000 ft) height contours
high and low surface temperatures, and 24-hr
precipitation map for 1200 GMT 14 April 1981.
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STATION RO. 2
UHEELER RIDGE, CALIF

t4 APRIL 1901

1338 GnY

TINE CNTCY HEIGHT PRES TENP  DEV PT DIR SPEED R HUN
MIN CPM ne oG C oG C oG M/SEC rCY
0.0 6.7 168.0 100t .4 7.0 8.? 350.0 .9 S6.0
.3 ?.8 276.2 966. 06 15.?2 4.4 2%0.1 .3 4.0
1.0 9.3 410.0 972.3 14. 4 3.6 239.2 .6 47.9
1.5 1.0 $76.6 954.0 14,1 3.4 243.3 2.0 40.?
2.0 12.8 ?16.9 938.3 13.?7 3.7 244 .4 1.8 S0.8
2.5 14.3 082.1 920.23 13.0 3.0 219.3% .4 50.8
3.0 15.5 1004.0 902.0 12.5 3.0 1.3 6 52.5
3.3 16.8 1120.3 €94.3% 1.5 2.9 129.4 .6 35.3
4.0 t8.3 1270.9 876.35 10.6 2.5 $5%.7 .4 $7.0
4.5 19.5 1390.4 866.0 10.3 1.3 80.8 1.4 831.9
5.0 20.6 1303.0 54 .4 11.0 -1.8 123.7 3.4 39.4
S.5 22.0 1643, ¢ 840.0 t1.9 -8.0 135.7 6.1 22.4
6.0 23.3 1783.6 826.0 1.2 -9.3 118.2 2.3 22.7
6.5 24.6 1897.3 813.0 16.9 -8.3 1139.3 8.9 24.6
?.0 RS.8 2015.7 803.3 t0.3 -0.1 119.9 9.8 26.0
?.5 2?.0 21438.9 ?91.0 9?2 -0.2 122.9 9.3 27.4
8.0 28.3 2304.3 ?76.0 8.3 -8.3 124.3 9.6 29.3
8.5 29.8 2436.3 763.5 7.1 -0.93 125.9 9.6 32.1
9.0 31.0 2373.8 1.0 5.4 -%.3 127.3 10.0 33.6
9.5 32.3 2710.8 ?36.5 4.4 -9.3 126.8 1.1 33.6
10.0 33.5 2843.6 ?26.95 3.2 -10.1 126.8 11.4 37.0
10.3 34.8 2969.9 718.3 2.0 -11.3 127.8 1t.4 35.9
11.0 36.3 3134.9 700.9 1.3 -13.3 130.9 10.6 32.3
1.5 37.5 3264 .8 669.3 -.2 -14.2 137.4 9.4 33.8
12.0 38.6 33e?.5 679.0 -1.2 -15.6 146.4 8.7 35 4
2.5 3%.8 3514.6 668.3 -1.3 -18.3 195.7 8.3 26.1
13.0 41.3 3680.3 634.5 -1.6 -23.0 167.2 .3 12.6
13.5 42.5 3821.1 643.0 -2.8 -24.3 183.? 3.7 16.0
14.0 43.6 3937.8 633.6 -3.2 ~23.2 190.3 4.9 t6.4
4.5 44.8 4067.8 623.3 -4.95 -26. 1 181 .4 4.4 16.4
1.0 46.0 4210.8 612.0 -5.5 -27.0 166.2 4.2 16.4
15.9 47.3 4356. ¢ 600.0 -6.S -27.9 163.8 4.1 16.4
16.0 48 .4 4491.9 $90.4 -6.9 -28.2 176.? 4.0 16.3
16.5 49.5 4623.7 580.5 -?7.5 -28.6 182.0 3.9 16.6
17.0 50.6 474%.2 s7t.2 -7.9 -28.8 193.3 3.6 16.7
1?7.S 51.98 4865.6 $61.3 -8.8 -28.6 202.3 3.1 16.3
te.0 33.0 3027, % 351.0 -10.0 -2%.¢2 202.9 2.6 18.9
18.5 54.3 5183.3 340.0 -10.9 -30.0 196.8 2.3 19,0
t9.0 55.8 5333.9 $29.5 -12.2 -30.9 203.0 2.7 19.3
19.5 §¢.6 S4€9.0 $20.2 -13.8 -31.9 214.98 2.2 19.3
20.0 57.6 5586.6 S12.2 -14.6 -32.0 214 .1 2.2 19.4
20.5 8.8 5723.6 503.0 ~16.0 -34.0 200.9 2.4 19.4
21.0 6.0 5674 .4 493.0 -17.0 -34.8 196.2 2.6 19.4
2.5 61.3 6026.1 483.0 ~18.0 -335.6 193.6 2.2 19.2
2.0 62. 4 6177.9 473 .4 -19.3 -36.8 204.6 1.7 20.0
2.9 63.4 6307.4 465.2 -20.9 -36.9 212.4 1.4 21.3
<3.0 64.5 6e438.9 457 .0 -21.0 -36.9 207.0 1.9 23.7
3.8 65.6 6568. 9 447.9 -23.4 -37.2 206.5 1.0 26.7
24.0 67.0 6745. 4 438.0 -24.9 -3%.8 213 .4 2.0 3%.1
24.5 68.3 6912.7 420.2 -26.6 -37.4 231 .4 1.? 34.9
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TINE
MIN
25.9
25.5
26.90
26.5
27.0
27.5
28.9
28.5
29.90
29.5
3¢.0
30.5
31.0
3.3
32.0
32.5
33.0
33.%
34.0
34.9
35.0
35.5
36.0
36.5
37.0
37.5
38.0
3&5.5
39.0
3%.5
40.0
40.3
41.0
41.5
42.0
42.5
43.0
43.9
44.6
44.5
45,0
45.5
46.0
46.5
47.0
47.5
48.0
48.5
49.0
49.5

CNTCY

69 .4
?0.5
71.¢
72.6
?73.6
74.9
?5.8
?7.0
78.3
79.4
80.4
8t .4
82.4
03.?
84.7
85.8
86.8
87.8
88.8
89.8
90.8
9.8
$3.0
94 .0
9%.0
96.2
97.3
98 . 4
99.4
100.4
101.4
102.4
103.5
104.6
105.6
106.6
107.6
108.6
105.6
110.6
t11.6
112.5
113.4
114 .4
115.4
116.3
1172.2
118.0
118.8
t19.?

HEIGHTY
GPN
7049.4
2190.5
7333.5
7466.4
?590.6
7730.3
7881.7
6044.3
8193.3
8350.4
84869.0
0621 .6
8743.9
8915.2
9048.6
9188.0
9342.7
9480.2
9613.8
9753.4
9653.2
10035.4
10184.6
10332.0
104862.0
10640.3
10797.9
10950.7
110971
112851.7?
11393.0
11337.4
11200.2
11867.0
12022.2
12189 .1
12344.5
12492.0
1265t . 4
12607.8
12976. 1
13125.9
13264.0
13437.3
13623.5
13778.98
13920.3
14064.7
14212.9
14364.5

PRES
N®
420.2
412.0
403.0
396.2
369.4
381.96
373.6
365.0
352.3
349.2
J42.2
338.6
329%.6
321.3
315.0
308.5
301.4
295.2
289.2
263.2
27?.2
271.2
26%5.0
259.0
233.0
246.8
240.¢
235.0
229.6
224.0
219.0
214.0
208.5
203.0
198. ¢
193.0
188.0
183.6
179.0
174.6
170.0
166.0
162.4
158.0
153.4
149.7
146.3
143.0
139.7
136.3

TENP
06 C
~26.2
-29.6
-30.6
-31.4
-32.3
-33.8
-33.9
«35.3
-37.3
-38.8
-40.1
-41.1
-42.4
-43.4
-44.95
-46.0
-46.9
-47.4
-48.2
-49.9
-50.9
-51.9
-53.2
-53.8
-55.4
-55.9
-56.9
-58.0
-58.8
-59.5
-59.6
-59.8
-59.8
-60.4
-6t.9
-61.0
-60.9%
-59.?
-36.6
-58.2
-358.1
-5¢e.2
-58.2
-$7.9
-57.7
-58.2
-58.3
-59.1
~39.1
-359.3

bEV PY
b6 C
-38.6
‘39-°
-40.6
-41.4
-42.2
-43.1
-43.7
-44 .9
-46 .6
-48.1
99.9
99.9
99.9
99.9
99.9
99.9
99.9

CLLLLLLLOOLLLLLLeY Y
WO D DODYDODDYYO OO0 DD

VOVOLOOVDBODOOVOOOOYOY

VOOV
VOB D
WOOw

99.9
99.9
99.9
99.9
99.9
99.9
99.9
99.9
99.9
9.9

STATION NO.
WHEELER RIDGE,

DIR

oG
251.9
263 .4
267 .4
266.6
256.6
238.7
227.2
227.6
240.8
255.2
265.1
276.2
273.9
201.1
264.8
279.7
2?7 .4
260.9
203.6
280.3
294 .1
294.6
2686.7
280.1
2°7.6&
281.0
2685.1
2668.8
291.9
252.6
29%0.9
285.8
280.2
277.3
274.7
269.9
263.1
287 .1
253.7
252.0
250.7
249.4
248.1
246.3
244 .4
243.0
242.7
2436
243.5
243.7

14

APRIL
1538 GHY

SPEED
N/SEC
1.6

-
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- s o S s s wh A o w S wh wh b = = wn
NWWEBEWON == e QOO = N0 OVDNOABLWRNNRNWNWNNWEDODRONROOOD -

12.8
t3.3
14.9
15.0
19.?

2
CALIF

1981

R WUN

PCY
35.6

36.3

36.4

36.4

36.6
36.?
36.3

36.3
36.5
36.1
999.9
999.9
999.9
999.9
999.9
999.9
999.9
999.9
999.9
999.9
999.9
999.9
999.9
999.9
999.9
999.9
999.9
999.9
995.9
999.9
999.9
999.9
999.9
999.9
999.9
999.9
999.9
999.9
999.9
999.9
999.9
999.9
999.9
999.9
999.9
999.9
999.9
999.9
999.9
999.9
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STATION NO. 2
WHEELER RIDGE, CALIF

14 aPRIL 1981

1538 GNT
TIME CNTCT HEIGHT PRES TENP  DEV PY DIR SPEED R HUM
MIN GPNR L)) 0G C o6 C DG N/SEC PCT
S0.0 120.8 14519.6 133.0 -59.5 99.9 243.7 15.3 999.9
$0.3 121 .4 14671.7 129.0 -39.3 9.9 240.4 19.4 999.9
51.0 t22.3 14825,3 126.7 -89.0 9.9 238.8 16.? 999.9
51.5 123.2 14992.95 123.3 -56.4 99.9 240.2 17.9 999.9
52.0 124.0 13164.4 t20.0 -356.4 99.9 244.7 1?.8 999.9
$2.$ 124.8 15297.2 t112.5 -38,1 99.9 249.4 16.2 999.9
§3.0 125.7 15469.6 tt4.3 -38.1t 99.9 250.% 18.2 999.9
s2.8 126.5 1562?7.7 t11.3 -38.1 99.9 247 .4 14.2 999.9
S4.0 127.2 15770.5 t09.0 -58.0 9.9 243.5 13.3 999.9
54.95 128.2 15926 .8 106.3 -%57.9 99.9 240.2 12.4 999.9
55.0 129.0 16127.9 103.0 ~37.6 9.9 23%.9 10.? 999.9
55.9 129.8 16282.0 100.5 -59.0 99.9 225.1 9.0 999.9
$6.0 130.7 16440.1 9.0 -59.6 9.9 217.3 10.4 999.9
$6.95 131.9 16601.3 95.93 -60.3 99.9 214.9 tt.3 999.9
57.0 132.3 16757 .1 93.t -60.9 99.9 214.9 12.0 999.9
57.93 133.0 16901 . 1 91.0 -690.9 99.9 218.2 12.5 999.9
$8.0 133.7 17650.0 88.9 -60.9 99.95 216.4 13.8 999.9
58.9% 134.9 17217 .4 86.5 -60.9 99.9 219.2 4.7 999.9
§9.0 135.3 17381.2 84.3 -60.7 99.9 222.9 14.8 999.9
59.95 133.9 17821.0 82.4 -60.4 99.9 226.7 14,1 999.9
€0.0 136.7 17704.3 80.0 -59.9 99.9 229.3 13.5 999.9
60.5 137.4 17866 .4 2.7 -38.5 99.9 233.1 13.4 999.9
61.0 138.1 180%7.2 ?S5.6 -57.8 99.9 237.6 13.4 999.9
61.5 136.6 18215.9 73.8 -358.0 959.9 242.1 12.6 999.9
62.0 139.4 18354.5 2.1 -57.9 $9.9 246.0 11.3 999.9
62.9 140.1 18468.6 v0.6 -37.5 99.% 2498.2 9.9 999.9
63.9 140.8 18639.4 66.8 -57.1 99.9% 241.9 8.3 999.9
63.5 141 .4 18650.95 66.7 -36.5 99.9 231 .4 6.7 999.9
64.0 14219 19042.6 64.7 -33.9 99.9 214.2 S.0 999.9
64.5 142.9 19184.6 63.3 -53.9 99.9 202.9% 4.4 999.9
5.0 143.5 19368.0 61.5 -96.3 99.9 199.6 4.7 999.9
65.5 144 .1 19546 . 6 59.8 -36.7 99.9 201.9 S.2 999.9
RE. 0 t44,7 19666.3 58.7 ~-56.6 99.9 211.7 S.6 999.9
66.5 145.3 19822.2 57.3 -56.5 99.9 219.0 6.0 999.9
67.0 145.9 20032.8 55.4 -56.4 99.9 223.6 6.2 999.9
6?.5 146.5 20192.95 S4.0 -36.95 99.9 2o .6 6.9 999.9
83.¢0 147 .1 20384 ,2 S52.6 -56.7 99.9 <30 3 6.6 999.9
68.5 147 .8 20536.8 50.7 -57.2 99.9 240.t 3.6 999.9
9.0 148.3 207%6.5 49.4 -57.¢ 99.9 247.3 4.5 999.9
69.5 148.3 20885.7 40.4 -56.9 99.9 255.4 3.0 999.9
0.0 149.3 21023.8 47.0 -56.7 99.9 248.0 .8 999.9
70.5 145.9 21301 .1 45.3 -%6.7 99.9 95.8 1.9 999.9
7.0 150.4 21474.7 44 .1 -56.6 99.9 108.3 .7 999.9
71.5 151.0 21635,0 43.0 -36.4 99.9 122.3 3.1 999.9
Te.0 151.95 21864.7 41.9% -56.2 99.9 130. 4 1.0 999.9
7e.S 152.0 22054.5 40.0 -36.1 99.9 279.8 1.3 999.9
73.0 152.9 22242.90 39.1 -33.9 99.9 3.6 3,1 999.9
v3.8 152.9 22391.2 36.2 -35.9 99.9 16.0 6.2 999.9
4.0 153.4 2259%9.2 2.2 -85.0 99.9 25.9 6.2 999.9
74.3 183.9 22732.1 36.2 -%4.0 .9 39.4 S.6 999.9
42
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STATION NO. a
WHEELER RIDGE, CALIF

14 APRIL 1961
1535 GNT

¢ TINE CNTCT HEIGNT PRES TEMP  DEW PT DIR SPEED R WuUM
b NIN GPN L) oG C oG C G N/SEC PCT
H ?5.0 154 .4 22992.7 34.06 -33.6 99.9 46.7 3.6 999.9
i ?5.3 154.9 23270.6 33.3 -33.3 99.9 S2.1 S.? 999.9
> 6.0 155.3 234%50.1 32.4 -53.6 9.9 St.6 6. 999.9
‘ . 76.5 155.7 23604 .3 3.6 -54.2 99.9 50.3 8.1 999.9
; ??.0 136.1 23724.7 30 8 -54.3 99.9 49,9 9.3 999.9
: ??.5 156 .4 24000.1 29.? -S4.1 99.9 S1.9 9.8 999.9
¢ 78.0 156.8 24241.5 26.6 -53.6 99.9 531.5 10.4 949.9
' . 8.8 137 1 24443.9% 27.7 ~-83.0 99.9 321 10.9 999.9
79.0 152.5  24605.6 27.1 -52.1 99.9 S6.0 1.8 999.9

79.5 157.8 2476%.6 26.4 -~51.1 99.9 4?.2 12.0 999.9

80.0 156.2 24941 9 2s.7 =30.6 .9 42.3 12.4 999.9

. 80.5 156.5  25142.9% a4.9 -50.? 9.9 34.0 12.6 999.9
) 8t.0 156.,9  25344.1 24.2 -50.9 99.9 26.0 13.0 999.9
. 81.5 189.2  235589.0 23.3 -50.2 9.9 2r .2 t2.2 999.9
82.0 159.5  25846.2 22.4 -49.9 9.9 31.3 .t 999.9

82.5 159.8  26103.9% 21.3  -48.7 99.9 36.3 10.¢ 999.9

83.0 160.1 26339.3 20.7 -48.) 99.9 37.6 9.6 999.9

83,9 160.4 26613.7 20.0 -40.0 99.9 32.4 9.9 999.9

84.0 160.6 26867.9 19.2 -47.9 99.9 27.6 10.4 999.9

84.5 1606.9 271221 18.5 -47.0 99.9 23.2 t0.9 999.9

35.0 161.9 27337.6 17.8 -47.3 9.9 20.8 1.1 999.9

835.3 161.3 274938.2 17. 4 -46.1 99.9 21.0 10.8 999.9

86.0 161.3 276%52.9 1?2.0 -44.9 99.9 21.2 10.4 999.9

86.5 161.7 27610.4 16.6 -43.7 99.9 1.9 10.4 999.9

87.0 161.9 27968.0 16.2 ~42.95 99.9 1.7 9.8 999.9

87.9% 162.1 28179.9 15.6 -41.8 99.9 999.9 99.9 999.9

89.0 162.3 28473 .4 15.1 -41.6 99.9 999.9 99.9 999.9

88.95 t62.5 28766.9 14.5 -41.9 99.9 99%.9 99.9 999.9

89.90 162.7 29060.4 13.9 -41.4 99.9 999.9 99.9 999.9

89.5 162.9  29383.9 13.2 -41.3 99.9 999.9 $9.9 999.9
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STATION NO. 4
TEHACHAPY, CALIF

14 APRIL 1981
1941 GNT
TINE CNTCY HEIGHT PRES TENP  DES PT DIR SPEED R HuM
MIN oPM M8 06 C ¢ ¢ 1 N/SEC PCT
0.0 19.1 1366.0 867 . 4 9.0 3.9 60.0 4.1 ?06.0
.3 20.95 1534.0 850.5 13.4 -2.7 93.0 4.9 34.9
1.0 22.0 160S.3 83%5.0 12.7 ~-8.8 66.4 6.3 21 .4
‘-5 23-5 \8‘2.4 0‘9-5 ‘20‘ -9,1 95-5 0-0 21 17 .
2.0 24.6 1976.0 806.3 11.5 -8.4 109.6 8.8 23.9
2.5 26.3 2132.2 ?91.5 9.5 -8.8 117.5 8.3 26.5
3.0 27.8 2264 .2 ?79.0 8.9 -7.8 116.68 8.9 29.8
3.5 2%9.0 2424.5 764.0 2.3 -?.8 116.0 10.3 33.¢ .
4.0 30.5 2587.4 749.0 5.7 -?.9 113.0 to.e 26.9
4.5 3.8 2724.7 ?36.5 4.4 ~?2.9 1161 1.2 40.4
3.0 33.3 2891.7 721.9 .6 ~8.2 11,2 11,2 44.5
5.5 34.9 30272.. 709.5 1.4 ~8.6 115.2 t1.6 47.3
6.0 35.8 3164.2 69?.5 2 -8.8 116.2 1.8 50.6
6.3 37.3 3326.2 683.35 ~-1.? ~-12.7 122.4 11.0 43.9
2.0 38.4 3456.6 672. 4 -1.? -22.9 134. 4 10.0 8.0
2.5 3.7 3600.5 666.3 ~2.0 -24.3 144.3 9.3 16.2
8.0 41.0 3780.1 648.0 ~2.2 -24.3 1352.7 9.5 t6.¢
6.5 42.3 366%.0 636.8 -3.4 -25.7 154.7 16.1¢ 18.7
9.0 43.5 4036, 1 625.0 -4.3 -26.1 1S4.0 10.S5 16.4
9.5 4.8 418S.1 613.3 -5.? -26.9 153.9 10.2 16.8
10,0 45.0 4329.8 602.0 -?2.0 ~27.8 156.8 9.5 17.4
16.5 47.3 4476.7 590.8 -8.1 ~29.2 163.7 ?.8 16.3
11,0 48.93 462%5.9 $79.5 -8.8 -29.9 174.3 S.4 16.1
11.5 49.6 4?81.0 $?70.2 -9.5 -30.4 186.0 3.5 16.4
12.0 S6.6 4868.2 $61.6 -10.9 =311 189.9 2.5 16.3
12.9 S51.8 3011.0 $51.3 -11.? -32.1 187.3 2.3 16.4
13.0 53.90 3184.,5 541.0 ~-12.2 -32.6 192.9 2.3 16.4
13.5 54.2 5305.6 530.4 ~-13.1 -32.7 210.2 2.1 17.4
14,0 35.3 S430.7 Szt.8 -14.1 ~33.4 241 .8 2.1 17.6
4.8 56 .4 5576.6 Stir.8 -18.2 ~34.2 223.8 2.4 12.?
15.0 57.3 5707 .4 503.0 -16.2 ~35.2 221.0 2.5 17.5
5.5 58.6 3840.0 494.2 -17.2 ~36. 4 206.3 2.3 16.8
16.0 54.6 $962.2 486.2 -18.0 -36.9 167.4 2.2 L |
16.5 60.6 6086.1 478.2 -18.8 -36.5 17&.1 2.2 19.3
7.6 61.8 6230.4 469.0 -20.2 -34.4 162.4 1.8 26.9
17.8 63.0 6389.6 459.0 -21.6 ~34.1 174.7 .7 31.0
18.0 64,0 6502.6 452.0 -22.8 -35.1 129.4 .2 31.3
18.5 65.3 6666 .5 442.0 -24.0 -35.6 56.5 .7 33.%
19.0 66 .4 6812.90 433.2 -25.9% ~36.9 359 .1 1.3 33.5
19.3 67 .4 6937.6 425.8 -26.7 -38.1 331.1 2,0 32.7
20.0 68 .4 7067 .4 418.2 -27.6 -39.0 311.4 2.3 32.4
20.5 69.5 v200.7 410.5 -28.9 -40.1 294.? 2.4 32.9
21.0 70.6 7338.9 402.86 -30.0 -490.9 282.7 2.1 33.2
2.9 7.9 7479. 4 394.08 ~20.9 -41.?7 266.9 1.3 33.4
22.0 ?3.0 7637.8 3686.0 -32.5 -43.1 2331 9 33.5
22.5 ’4.2 ?7292.7 377.6 ~33.8 -44.3 229.% .9 33.?7
23.0 ?5.2 7923.5 370.6 ~35.0 -45.3 222.3 .9 34.0
23.5 6.2 80%6.2 363.6 ~-36.4 ~46. 4 214.8 .9 34.3
24.0 ?7.2 819¢.7 356.6 -37.5 ~47.3 218.9 1.0 34.6
24 .95 7e.2 8323.2 349.8 -38.7 -48.3 243.4 t.t 35.1
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32.0
32.9
33.0
33.9
34.0
3‘.3
35.¢0
35.8
36.0
36.9
37.0
3?.5
38.0
36.5
39.0
39.9
40.0
40.93
41.0
41.935
‘z-'
42.3
‘300
43.3
44.0
4.5
4500
45.35
46.0
4.9
47.0
47.5
49.0
40.5
‘,l'
49.9
560.0
$0.5

CNTCY

9.2
0.2
o .2
02.2
3.2
4.2
es.2
6.2
.3
0.4
9.4
9.4
9.4
2.4
93.4
9.4
5.4
96 .4
97.4
9.4
99.4
100.3
101.2
102.0
103.0
104.0
105.0
106.0
106.8
107.0
108.7
109.6
110.6
111.8
112.3
113.2

HEIGHT
orn

0445.9
e562. 0
0284.1
0048. 4
0974. 0
s105.0
9252.3
9304 .1
9530.3
9693.0
9029.6
9978.7
10105.4
10842.0
10376.1
108912,.3
10636.0
16002.4
10946. 4
11067.3
11220.4
11369.1
11409.2
11611.3
11761.6
11918.2
12040.4
12200.3
12337.4
12472.0
12613 .4
1273591
12926.9
13076.2
13216.6
13372.9
13503.4
13669 .2
13809.3
13952.3
14073.0
14214.1
14384.5
14340.6
14706.35
14865.3
15000.0
15185.0
18314.6
13439.9
1864S.7
15769.3

PRES
no
J‘ll‘
336.8
330.6
u3l.
r.e
311.6
304.6
2%6.9
292.3
265.0
279.2
273.4
267.6
262.0
2%6.6
251.0
248.6
240.0
234.6
229 .4
224.6
219.3
213%.2
211.0
206.0
201.0
197.0
192.0
187.0
183.8
179.7
175.6
171.0
167.0
163.3
159.3
1356.0
1892.0
148.7
143.3
142.95
139.4
135.7
132.3
129.90
128.7
123.0
120.0
t12.0
114.3
114.0
108.9

TENP

e C
-39.9
-40.9
-42.1
-43.3
-44.8
-45.4
~-46.7
-47.7
-48.7
"‘9.7
-300‘
-5' 2
-52.1
-32.9
-54.1
-85.2
-335.9
-56.9
-57.8
-368.6
-58.9
-39.0
-359.2
-39.6
-59.3
-60.2
-66.9
-60.7
-60.1¢
-60.0
-59.3
-88.1
-57.4
-57.5
-37.9
-58.1
-38.1
1414
-57.9
'50-3
-356.9
-59.0
-58.7
-30.6
~38.0
-38.8
-56.6
-358.4
-5.12
-50.2
-56.1
-50.6
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STATION NO. 4

TEHNACHAPL, CALILF
14 APRIL 1901

1341 GHT

bIR SPEED R WUM
bG N/SEC PCT
263.93 1.9 999.9
202.9 2.0 999.9
295.4 2.9 999.9
306.0 2.1 999.9
Ji12.8 2.3 999.9
314.2 2.3 999.9
314.6 2.3 999.9
313.9 2.6 999.9
312.3 2.9 999.9
309.3 3.9 999.9
304.9 $.2 999.9
29%.7 6.7 999.9
297.1 8.1 999.9
2%.2 9.2 999.9
29%.3 9.9 999.9
293.9 10.0 999.9
2%0.6 10.2 999.9
207.0 11.4 999.9
205.9 13.3 999.9
206.90 15.2 999.9
287.1 18.5 999.9
285.9 14.4 999.9
202.9 12.8 999.9
2?77.3 1.2 999.9
271 .6 111 999.9
272.0 12.2 999.9
274.5 13.9 999.9
273.8 13.¢ 999.9
267.8 12.9 999.9
2%9.7 3.1 999.9
255.2 t3.e 999.9
235.8 14.7 999.9
2%6.5 5.2 999.9
256.4 15.2 999.9
238.9 14.8 999.9
2%2.2 14,2 999.9
247.2 13.8 999.9
239.7 13.35 999.9
235.0 14.3 999.9
234.2 15.2 999.9
236.2 16.4 999.9
239.6 17.9 999.9
242.8 18.3 999.9
244.7 17.9 999.9
244.6 16.7 999.9
242.1 16.4 999.9
240.9 17.9 999.9
241.3 10.6 999.9
244.0 18.9 999.9
247.2 19.0 999.9
240.2 16.2 999.9
244.7 15.1 999.9
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127 .6 15919, 0 106.3 -58.9 99.9 242.3 15.4 999.9
128.3 16076 . 1 102.?7 -38.9 99.9 240.8 15.4 999.9
129.2 16470.0 100.5 -89 99.9 2s8.9 14.2 999.9

130.0 16427 .2 96.0 -60.2 99.9 23&.0 12.¢ 999.9
130.? 16363.5 95.9 -60.8 99.9 223.3 12.6 999.9
131.5 16720.5 93.8 -61.¢0 99.9 219.6 13.4 995.9
132.3 16886, 8 8.0 -61.0 99.9 218.9 14.2 999.9
133.1 120%6.7 9.6 -60.9 9.9 218.4 14.9 999.9
133.9 17209.0 86.4 -60.9 99.% 216.8 16.6 999.9
134.86 172363.6 04.3 ~60.9 95.9 210.7 té.o 999.9
135.3 17526.0 82.1 -60.2 93%.9 222.3 8.1 999.9
136.0 17690.4 80.0 -568.9 99.9 228.9 16.7 999.9
136.7 17864 .9 ?7.9 -58.6 99.9 231 .4 14,0 999.9
137.8 18014, 4 76.90 -58.1 99.9 233.7 13.¢0 999.9
136.3 18169.6 ?4.1 -58.2 99.9 236.6 14.0 999.9
133.0 18352.9 2. ¢ -99.3 95.9 240.7 16.6 999.9
139.7 18609.6 69,1 -57.9 99.9 246.4 13.5 999.9
140.4 18747.8 67.6 -57.2 99.9 247.8 10.2 999.9
141.0 16006 . 4 67.90 -%6.7 99.9 242.7 6.6 999.9
141.7 19014.2 64.9 -56.1 99.9 224.5 7.6 999.9
142.4 19211.6 62.9 -56.3 99.9 2141 8.2 999.9
143.0 19402. 1 61.0 -36.9 9.9 206.9 8.4 999.9
143.6 19601.9 59.1 -86.? 99.9 202.6 7.2 999.9
144.2 19771.2 37.6 -56.7 99.9 198.2 6.4 999.9
144 8 19894.6 56.4 -57.90 99.9 195.1 6.1 999.9
145.4 20030.6 5S.2 ~5?.0 99.% 196.6 6.6 999.9
146.0 20174.5 34.0 -%6.9 99.9 200.3 7.7 999.9
146.6 2037%. 4 82.3 -57.2 99.9% 208.0 7.2 999.9
1474 20564.2 0.8 =-57.4 99.9 217.9 6.9 999.9
147.7 20704.8 49.7 -57.2 99.9 234.6 6.7 999.9
148,2 20878.1 48.3 -57.0 99.9 245.7 é.1 999.9
148.8 21100.3 46.7 -56.9 99.9 250.4 4.4 999.9
149.3 21273.8 45.4 -56.8 9.9 226 .2 2.6 999.9
149.8 214147 44 .4 -%6.5 99.9 160.1 3.1 999.9
150.3 21605 .1 43 .1 -56.9 99.9 149. 4 4.1 999.9
150.8 2184b. 4 41.6 -57.¢ 99.9 183.7 4.1 999.9
151.3 22012.95 40.4 ~-57.8 99.9%5 18S5.8 2.7 999.95
151.86  22170.4 39.4 -8$7.2 99.95 162.6 .4 999.9
152.3 22333.8 36.4 -56.7 99.9 .3 2.1 999.9
152.8 22500.9 37.4 -56.0 99.9 5.9 4.9 999.9
153.3 22664.9 36.8 -53.0 89.9 18.2 5.9 999.9
182.7 22026.9 38.5 ~53.? 99.9 36.9 6.3 999.9
154 .2 23012.6 34.5 ~53.1 99.9 48.0 6.9 999.9
154.8 23234. 1 33.4 -53.9 99.9 S1.1 7.2 999.9
154.9 23455.6 32.2 -54.5 99.9 33.9 7.6 399.9
155.3 23627.2 3.4 -54.95 9.9 46.0 8.3 999.9
1355.7 23786.2 30.6 -354.3 99.9 41.4 9.3 999.9
156 .1 23968.6 2%.0 ~S4.1 99.9 37.9 10.1 999.9
156.9 242238.9 28.6 -53.8 9.9 40.3 10.4 999.9
156.8 24486.3 22.8 -53.6 99.9 42.9 10.6 999.9
157, 24689 .9 26.6 -33.1 99.9 45.3 11.0 999.9
157.3  24833%.6 23.9 -32.8 99.9 47.4 11.4 999.9
157.9 25021 .4 25.3 -5t1.9 99.9 49.3 t1.8 999.9
198.2 25¢78.1 24.7 -51.4 99.9 46.7 1.8 999.9
158.4 23326.90 241 -5t .1 99.9 41.0 11.9 999.9
188,72 25479.8 23.6 -50.8 99.9 35.0 11.4 999.9
159.0 2%630.2 23.0 -50.4 99.95 28.9 11.3 999.9
139.3 2%5884.2 22.2 ~30,0 99.9 29.6 1t.4 999.9
199.6 26136.3 21.3 -49.7 99.9 30.3 11.4 999.9
159.8 26392.3 20.5 ~49.3 9.9 3.0 1.5 999.9




81.0 160.1  266%51.9 19.7 -40.9 9.9 30.8 11.? 999.9

81.5 160.4 26919.6 19.0 -448.3 99.9 20.4 12.2 999.9

82.0 160.6 27197.3 1.2 -49.0 9.9 26.9% 12.8 999.9

82.5 160.9 2743%5.0 17.5  -47.¢ 9.9 24.0 13.3 999.9

L 83.0 161.1 27666.4 16.6 -46.9 9.9 24.6 13.¢ 999.9

S 83.5 161.3 27870.2 16.4 ~45.9 99.9 27.0 11.9 999.9

. 84.0 161.5 2080%2.0 16.0 -44.9 9.9 29.9 10.7 999.9

. 04.5 161.7 26233.9 15,5  ~44.0 2.9 33.4 .5 99.9

R 85.0 162.0 28415.6 18,1 -43.0 99.9 38.0 8.4 999.9
LRI 8%.5 162.1 208390.0 14.7 ~42,7 9.9 999.9 $9.9 999.9
W . 86.6 162.3 26762.¢ 14.4 ~-42.6 9.9 999.9 99.9 999.9
PP 96.% 162.5 26935.2 14.0 ~-42.6 99.9 999.9 99.9 999.9
EooL . 87.0 162.7 29107.8 13.6 ~-42.5 929.9 999.% .9 999.9
- 87.5  162.9 29260.4 13.3 ~-42.4 99.9 999.9 9.9 999.9
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HEIGHT
GPH
166.0
246.2
360.35
Ste.3
630.2
781.8
873.8
1004 .4
1121.3
1286 .1
1418.5
1561.9
tégt .9
1808.2
1936 .1
206%5.6
2160.7
2302.2
2425 .0
259338, 0
2666.9
2765.6
2892.6
3004 .9
141 .9
32741
3379.%
35161
3644 .9
3747 .1
3668.7
3991.8
4122.0
4242.6
4338.9
4500.4
4637.0
4771 .4
4086 . 4
5016.8
5140.5
5262.9
5383.7
$500.1
5625.5
5760.9
s881.7
60ue . ¢
€152.8
6278.7
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-8.9
-9.9
-11.1
-12.1
-13.7
-14.6
-16.0
-16.9
-22.0
-23.2
-24 .1
-2%. ¢
-25.9
-26.7
-27.¢
-27.4
-2?.9
~27.86
~26.2
~268.5
-29.2
~29.9
~30.3
-31.0
~31.7?
-32.8
-33.5%
-34.7
-35.4
=33.9
-33.2

STATION NG.
UHEELER RILGE,

DIR

DG
330.0
284 .4
260.9
269.2
273.0
198.2
1852.4
114.%
194.9
155.4
132.0
134.7
133.7?
131.3
126.9
126.1
126.6
125.9
126.5
126 .9
127.6
130.0
135.5
143.6
151.8
160.6
167.3
166.3
164.2
161.5
156.0
152.0
147 .9
152.4
159.9
168.6
179.
191.8
202.95
207.7
208.5
c0e.8
204 .14
203.8
2035.6
204.8
196 .6
1e7.8
1824 .4
191.2

14

APRIL
1815 GNT

SPEED

M/SEC
.9

.3
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2
CALIF

1981

R HUN

PCcT
33.0
42.9
44,0
46.0
46.3
4?7.0
S0.4
S50.6
S0.9
S50.7
46.?
20.8
21.6
22.9
24.1
2%.2
26.7
26.9
29.7
3.8
3.7
31.5
30.0
28.0
27.2
5.9
21.4
16.7
16.0
16.0
15.9
15.8
15.8
15.9
15.8
16.4
17.0
17.3
17.6
17.7
12.7
18.4
19.3
19.6
19.4
19.4
19.4
19.95
24.0
28.7
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STATION NO. 2
UHEELER RIDGE, CALIF

14 APRIL 1961

1918 GNY
TINE CNICT HEIGHY PRES TENP  DEVW PY DIR SPEED R HUM
MIN PN ne oG C 06 C 06 M/SEC PCT
25.0 65.0 6406 .1 461.0 -21.0 <-34.% 183.7 1.4 28.3
2s.3 66.2 6338 ¢ 451.6 ~22.1 =-33.¢ 195.8 t.0 27.4
. 26.0 67.2 6676.1 444.4 -23.3 -36.6 226.2 .6 26 .1
. 26.5 66.2 6605.3 436.6 ~24.6 =-37.6 265.1 .8 26.6
27.0 69.2 69261 429.4 -26.1 -36.3 294.% .8 30.3
27.8 70.2 7056.4 421.6 -27.3 -39.5 308.2 1.2 30.3
28.0 71.2 ?2178.7 414.6 -28.4 -40.1 306.9 1.4 31.1
. 23.3 72.2 7300.6 407.6 -29.6 -41.0 292.1 1.0 3n.?
29.0 73.3 7434.7 400.0 -30.6 -41.0 219.9 1.0 32.2
2%.5 74.4 ?592.4 391.2  -31.86 -42.7 216.6 1.8 32.6
3¢0.0 7S.4 7719.8 “84.2 -32.8 -43.6 229.2 2.6 3.0
30.9 76.4 7649.3 377.2  <33.3 -44.3 236.4 3.2 3.7
31.0 77.5 7993.8 369.5 <34.5 -45.3 245.3 3.6 3.0
3.8 70.6 01291 362.4 -35.8 -46.5 253.5 3.7 3.9
32.0 79.6 87%6.6 355.8 -37.0 -47.6 260.9 3.6 32.0
32.5 80.6 9393.7 348.6 -38.3 -48.6 266.0 3.2 32.3
33.0 e1.6 €320.7 342.4  -3%.6 9.9  266.2 3.0 999.9
33.% 82.6 0653.6 335.6 -40.? 9.9 261.0 3.2 999.9
34.0 83.6 8784.3 329.4  -41.6 99.9 257.5 3.6 999.9
34.9 84.6 8921.4 322.8 -42.7 9.9 261.1 .3 999.9
35.0 8%.6 9056.2 316.4 -4.9 99.9 267.9 5.2 999.9
35.5 86.5 91721.6 311.0 -44.6 99.9 266.3 6.1 999.9
36.0 e7.4 9288.7 308.6 -45.3 99.9 263,53 6.0 999.9
36.5 86 .4 9429.7 299.2 -46.4 9.9 256.0 7.4 999.9
37.0 89.4 957¢.5 292.6 -47.4 99.9 254.0 7.8 999.9
7.5 90.4 97141 286.6 -48.6 99.9 2%5.2 8.0 999.9
38.0 91.5 965S.2 200.5  -49.9 9.9 2%9.1 9.2 999.9
6.5 92.8 9964 .6 275.0 -%50.7 99.9 264.8 8.5 999.9
39.0 93.4  10113.6 269.6 ~-51.5 99.9 271.6 9.0 999.9
39.5 94.4  10259.4 263.6 -52.5 99.9 279.4 9.8 999.9
40.0 95.4  103y7.8 28,0 -853.5 99.9 266.0 9.7 999.9
40.5 96.4  10533.7 252.6 -%4.4 99.9 208.6 9.6 999.9
41.0 97.3  10666.3 247.3 -55.3 95.9 200.3 9.4 99%.9
4.8 98.2 10786.2 242,86 -55.9 99.9 288.1 9.3 999.9
42.0 99.2  10935.3 237.2 -56.6 99.9 250.4 9.3 999.9
2.5 100 0 11047.3 233.0 -57.4 99.9 291.1 9.6 999.9
43.0  101.0  11212.0 227.0 -57.9 93.9 285.0 9.9 9°9.9
43.5 101.8 11328.0 222.6 -%56.6 9.9 27%.2 10.9 999.9
4.0 102,90 11409.7 217.2  -%9.2 9.9 269.2 12.3 999.9
44.5  103.8 11641.4 212.0 -5%9.4 9%.9 270.9 13.1 999.9
¢S 0 104.8 11790.7 207.0 -%9.7 99.9 277.4 12.9 999.9
5.5 105,7  11902.4 203.3 -%9.8 99.9 281.4 11.? 999.9
46.0 106.6 12037.0 199.0 -60.3 99.9 278.4 10.2 999.9
4.5  107.6 1219%.5 194.0 -60.8 99.9  266.1 ’.? 999.9
47.0  108.6 123%8.0 189.0 -60.8 99.9 2%4.6 10.7 999.9
47.5  109.6 12504.8 184.6 -59.8 99.9 249.3 11.8 999.9
«8.0 110.6 12662.9 180.0 -%9.5 99.9 247.3 11.9 9.9
8.5  111.6 12817.6 175.6 -59.6 9.9 246.2 1.9 999.9
49.0 112.5  12965.7 171.8  -99.4 99.9 244.3 12.2 999.9
3.5 113.4  13117.3 167.4 -S8.6 9.9 242.3 12,8 999.9
. URIG Nag, PAGE 19
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HE1GNT
arn
13269.6
13426.2
13576 .1
13712.9
13832.4
13995.6
14165.6
14322.0
14494 .6
14664 .6
14835.4
14976 .8
15134.3
185246.53
15413. 0
15565.4
18726.2
15°24.2
160es.0
16215.2
16371.98
16518.0
16662. ¢
16028.1
169?74.1
17137.9
17305.90
17461.9
17624.3
17807.2
179686.7
18140.9
18318 .1
18479.3
18606.6
18780.6
18957.8
19139.6
19291 .1
19447 )
19621 .4
19722.9
199081
20123.
2030¢.
20437 .
20603.
20794 .7
2094¢.2
21076. 4

NN

TENP
0G C
-57.7
-S7.3
-57.0
-37.4
"57-‘
-57.4
-37.?
-57.7
-56.0
-58.2
-%8.9
-5¢8.9
"'5..'
-57.3
~37.4
-57.0
-56.8
"5‘-2
-86.7
~-%6.7
‘5"'2
-5?2.?7
-58.4
-%59.8
-60.6
-60.9
-60.?7
-60.2
~39.7
-359.6
-39.4
-58.4
-56.1
-57.5
-36.1
-56.2
-56.3
~-56.4
-56.6
-37.0
-57.9%
-37.4
-36.9
-56.8
~56. ¢
-5%6.9
-57.0
-57.3
-$6.9
-36.1

OEV PT
oG C
9.9
9.9
9.9
9.9
99.9
9.9
89.9
9.9
9.9
99.9
9.9
9.9
9.9
9.9
9.9
99.9
9.9
9.9
99.9
9.9
99.9
99.9
9.9
99.9
99.9
9.9
99.9
99.9
99.9
99.9
99.9
9.9
99.9
99.9
99.9
99.9
99.9
9.9
9.9
99.9
9.9
9.9
9.9
9.9
99.9
95.9
9.9
99.9
99.9
9.9

STATION NO.
WHEELER RIOGE,

DIR

oG
240.6
239.7
240.0
241.90
241.6
239.0
234.8
230.8
226.9
229.6
231.9
233.0
233.8
230.4
226. 1
2260.3
230.4
232.7
234.0
232.0
226.6
221.5
210.0
220.4
223.8
227.?7
232.1
237.3
237.3
239.93
244.2
231.9
2C1.0
237.9
212.6
208.0
206.95
206 .6
20e.4
209.5
208.3
210.¢
213.?
224 .6
234.9
242 .4
223.8
189.9
158.2
108.1

14

APRIL
1813 GNT

SPEED
M/SEC
12.9
12.5
12.7
‘zl’
12.7
.20.
13.3
14.3
18.2
15.6
15,4
14.6
13.6
13.8
15,6
16.95
16.1
15.8
14.?
12.8
11.6
11.6
12.3
13.8
15.9
15.9
14.6

WO =RNRLAPRANDOCONGLLENO -

e a2 » @ & @ * * e & e e = = & = =

PRNGUEEIVNNEAL =2 DAN=N=2WWRONVNAN

2
CALIF

R HUM

rCcY
999.9
999.9
999.9
999.9
999.9
999.9
999.9
999.9
999.9
999.9
99%.9
999.9
999.9
999.9
999.9
999.9
999.9
999.9
999.9
9%9.9
999.9
999.9
999.9
999.9
9999
999.9
999.9
999.9
999.9
999.9
999.9
999.9
999.9
999.9
999.9
999.9
999.9
999.9
999.9
999.9
999.9
999.9
999.9
299.9
999.9
999.9
999.9
999.9
999.9
999.9

RN




< P

B e N

STATION WO, 2
UMEELER RIOGE, CALIF

14 APRIL 190t
1913 guY

TinE CNTCY NEIGHT PRES TENP  DEW PT DIR SPEED R MUM
NIN GPn ne 06 ¢ oL C [ [ N/SEC pCY
8.0 151.3  21214.3 46 .4 -35.8 9.9 102.3 2.4 999.9
?3.8 151.0  213%52.¢6 45.4 -%6.0 9.9 126.3 1.3 999.9
76.0 182.3 21839.7 44,1 -56.0 .9 164.6 ? 9.9
6.8 152.86 217%9.2 42.6 -55.¢8 99.9 249.7 .8 999.9
??.0 183.3  21973.8 4.2 -36.0 9.9 106.6 1.4 299.9
??.8 153.7 22109.6 39.¢ -356.3 .9 102.4 4.8 9.9
70.0 154.2 22379.0 Jo.6 -86.2 .9 9%.95 ?.5 9.9
7e.8 154.6 22831.4 37.7 -38.4 9.9 3.7 8.? 999.9
79.0 155.1 22707 .6 36.7 -54.7 .9 6.1 $.3 9.9
79.8 155.6 22978.4 35.2 -54.4 9.9 S4.0 .0 999.9
80.0 136.1 23227.9 33.6 -34¢.1% 9.9 30.9 6.9 999.9
0.3 156.5 23369.0 33.0 -83.9 .9 4.9 ?.1 9.9
81.0 156.9 23582.0 3¢.2 -33.? .9 8t 9.1 999.9
01.9 137.3 23697.¢0 3.8 -82.9 9.9 50.9 e.3 99.9
82.0 157.6 2383S.1 30.8 -51.9 .9 4.9 8.3 299.9
0.5 137.9 23974.3 30.1 -50.9 9.9 45.3 0.6 999.9
83.0 138.3 24186.! 29.2 ~30.) .9 4.7 0.9 999.9
83.% 158 6 244%6.1 20.2 -49.4 9.9 49.9 9.3 999.9
84.0 1586.9 246461 27.2 -48.6 .9 .0 9.? 999.9
04,93 199.3  24827.3 2.3 -48.4 9.9 82.7 16.8 999.9
85.0 159.6 24996.2 25.8 -40.2 9.9 54.0 1.7 999.9
85.3 199.9  2%516S.2 2s.1 -46.1 9.9 $S.0 12.8 999.9
6.0 160.2 23397.? 24.3 -47.8 9.9 2.7 12.2 299.9
86.5 160.5 236461 23.4 -47.6 9.9 40.6 1.3 999.9
87.0 160.8 25894.9 22.9 -47.3 9.9 44.3 10.4 999.9
8?.5 161.¢ 26106.2 21.90 -47.3 9.9 40.2 s.0 999.9
88.0 161.4 26262.9 21.3 -48.3 .9 37.6 9.5 999.9
88.5 161 6 26419.4 26.6 -49.1% 99.9 34.9 9.3 999.9
89.0 161.9 26376.0 20.3 -49.9 9.9 2.0 .0 999.9
89.8 162.1 20763.1 19.7 -50.¢ $9.9 a . 0.7 999.9
%0.0 1672.3  2699€.0 19.14 ~49.0 9.9 19.3 8.4 999.9
%0.3 162.5 27229.0 18.4 ~48.0 99.9 11.2 e.3 999.9
9.0 162.7 27461.9 17.8 ~47.0 9.9 2.8 0.3 999.9
9.8 163.0 27594.0 177 ~-4%5.9 99.9 3%4.6 8.5 999.9
2.0 163.1 27921.3 16.6 ~43.2 9.9 %6 0.7 999.9
92.% 163.3 28146.3 16.1 ~44.9 99.9 348.5 9.0 999.9
93.0 163.5 20371.2 15.6 -43.8 9.9 341.7 9.3 999.%
3.9 163.7 28%9%¢.1 15.0 -43.2 9.9 338.1 .6 99%.9
94.0 163.0 20821.0 14.5 -42.8 9.9 334.0 10.0 999.9
9.9 164.0 29043.9 14.0 ~-41.0 9.9 331.8 10.4 999.9
5.0 164.2 2%266.3 13.9 -40.8 9.9 999.9 9.9 9.9
5.5 164.5  2952¢.6 13.1 -39.2 9.9 9999 9.9 9.9
96.0 164.7 29766.9 12.6 -32.9 99.9 999.9 99.9 999.9
9.9 164.9 J0007.3 12.2 -36.6 %.9 9999 9.9 9.9
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22,0
22.5
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CNTCT

20
21
24
23
27
23
30
3z
34
35
3?7
38

(1]
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a0 A
[ R R S A

NN NN
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~

.0
.?

.0
.7
4
.0

.?
3

.0

.2

.S

COPANWDNEAWCONIAWCONWODAWSTNNOANWDUNGENDGS

HEIGHY
GPHM

1366
1540
1275
1936
2112
2274
2456
2630
2607
2982
3111
3273
3401
3580
3749
3898
4057
4234

. 0
.6
‘9
3
1
.3
.5
-}
.
.9
.6
]
e
2
.8
.0
.?
.8

Q(Il(nl\t'l'}'l@@*Qk‘&wu”ow—wﬁﬁ'&OFJ\I;O(-J\IUN

TENP
DG €

DEW PTY
bG C
2.3
-4.7
-8.0
-?.6
-?2.8
-8.1
-8.6
-8.7
-9.2
-9.9%
-10.8
-18.0
-20.8
-21.2
-23.9
~24.2
-25.3
-27.2
-27.9
-28.4
-29.1
-30.5
-31.8
-32.7
-32.5
-33.3
-34.1
-35.¢
-35.8
-36.4
-35.7
~34.4
=35.1
-35.5
-36.6
-38.0
-38.9
~4¢.
~41,
-42.
-43.
~45.

]
»
~
WOV OD0WNGWE OO -

OIR

DG
150.0
113.8
106.6
t12.9
119.7
117.9
1720
117.4
t14.0
112.3
112.1
124.0
i41.86
149.2
183.0
158.3
163.0
170.4
177.3
186.9
199.9
206.6
204 .6
195.3
206.8
212.3
218.9
220.8
209.4
197.9
131.2
200.1
318.8
347.0
327.?
30z.6
30t.5
2906.6
262.0
23%.9
239.5
241.4
244.0
247.2
251 3
256.8
265.6
262.7
255.2
253.3

STATION NO.
TEHACHAPL, C

t4 APRIL
1818 GNT

SPEED
M/SEC
6.2
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4
ALIF

1981

R HUM
PCT
29.0
2.7
21.9
24.9
28.0
286.9
.3
35.3
37.9
42.0
41.8
25.3
19.5
20.8
16.7
1?2.5
17.5
16.3
16.2
16.95
17.0
17.0
16.9
16.6
18.0
18.4
18.9
19.8
19.4
19.9
24.5
30.0
32.5
35.1
36.0
35.9
35.7
35.6
35.4
35.1
35.6
35.5
35.4
35.4
35.3
999.9
999.9
999.9
999.9
999.9
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TIME
MIN
25.0
23.5
26.0

. 26.95
27.0
27.%
28.0

s 28.9
29.0
29.5
30.0
30.5
31.0
31.8
32.0
32.95
33.0
33.8
34.0
34.5
33.0
35.5
36.0
3.9
37.0
3?.3
38.0
28.5
39.0
39.5
40.0
40.5
41.0
41.5
42.0
42.5
43.0
43.5
44,0
44.5
45.0
45.5
46.0
46.5
47.0
47.5
48.0
48,5
49,0
49.5

CNTCTY

89.3
$¢.3
9.6
92.6
94.0
95.3
96.4
97 . 4
98.5
99.8
101.3
102.8
103.6
105.0
106.0
107.3
108.3
109.6
110.6
1.6
t12.6
113.¢6
t114.6
115.6
116.6
117.6
118.6
119.6
120.6
121.6
122.6
123.8
124.3
125.2
126.0
126.8
127.7
128.9
129.4
130.3
131.0
13.8
132.7
133.6
134.5
$135.3
136.1
136.9
137.7
138.6

HEIGHT
GPM
9405.2
9573.3
9724. 1
9863.6
10062.7
10238.9
10391.4
103522.6
10667.0
10864.2
11073.6
11268.2
11446.7
11630.0
117680.6
11943.4
12142.2
12322.3
12470.0
12628.6
12/83.6
12950.4
13113.7
13266.6
13423.5
13564.4
13749.4
13919.0
14093.2
14272, 4
14427.6
14578. 0
14738.2
146894 . 1
13020.3
15154.3
15336.9
15501 .6
15681.0
15634.3
15960.3
16111.3
16308.3
16507.7
16684 .2
16851.3
17017.6
17168.7
17345.2
17554.9

PRES
ne
298.5
291.0
284 .4
278.4
270.0
262.9
256.6
251.0
24S.0
236.3
2306.5
223.5
217.3
211.0
206.0
200.8
194.35
189.0
184.6
t80.0
175.6
17,0
166.6
162.6
156.6
134.6
150.6
146.6
142.6
136.6
135.2
132.0
128.7
125.3
123.¢
119.7
112.0
114.0
110.6
108.1
106.0
103.5
100.3
97.2
94.5
92.0
89.6
67.4
65.0
82.2

L

TEMP
PG C
-47.2
-48.2
~49.3
-50.3
-31.6
-53.1
-54.1
-53.0
~55.9
-56.9
-57.3
-88.1
-58.3
~-5€.4
~-56.6
~58.6
-358.8
-58.9
-58.9
-58.9
-59.0
~59.1
-58.7
-58.2
-58.0
-56.3
-58.3
-58.1
-38.3
-58.8
-59.2
-39.4
-59.2
-58.7
-58.4
‘5?:0
~57.1
-57.9
-5706
-57.4
-357.4
~57.4
=-57.9
-3e.?7
-59.9
~60.7
-60.6
-59.95
-39.7
~-59.6

DEW PT
06 €
99.9
99.9
99.9
99.9
99.9
99.9
99.9
99.9
99.9
99.9
95.9
99.9
99.9
99.9
99.9
99.9
99.9
99.9
99.9
$9.9
95.9
95.9
99.9
95.9
99.9
99.9
99.9
99.9
99.9
99.9
99.9
99.9
99.9
99.9
99.9
99.9
99.9
99.9
99.9
95.9
99.9
99.9
99.9
99.9
99.9
99.9
99.9
99.9
99.9
99.9

DIR
DG
264 .6
272.2
273.9
272.2
270.4
274.2
279.8
205.5
280,.2
286.7
263.3
279 .4
274.7
271.9
270.1
267.8
266.4
268.2
264 .6
262.6
259.5
252.7
247.6
245.1
242.6
239.8
236.9
236.1
236.2
235.9%
233.6
232.1
231.2
230.8
231.9
234.5
234.5
231.9
227.3
22%.6
226.3
22¢.8
229.8
220.9
225.%
221.1
217.9
216.3
221.5
223.8

STATION NO. 4
TEHACHAPI, CALIF
14 APRIL 1981
1819 GMY
SPEED R HUM
M/SEC PCT
6.3 999.9
?.9 999.°
9.2 999.9
10.2 999.9
119 999.9
1.7 999.9
11.8 999.9
1.8 999.9
11.9 999.9
12.0 999.9
t1.4 999.9
9.9 999.9
8.6 999.9
8.3 999.9
9.0 999.9
10.0 999.9
12.0 999.9
14.7 999.9
17.0 999.9
17.4 999.9
16.4 999.9
15.1 999.9
14.4 999.9
14.0 999.9
13.9 999.9
14.1 999.9
14.9 99%.9
16.1 999.9
16.9 959.9
16.9 999.9
16.9 999.9
17.9 999.9
18.1 999.9
18.4 999.9
18.7 999.9
12.7 999.9
16.3 999.9
13.7 999.9
16.2 999.9
1?7.6 999.9
19.0 999.9
19.9 999.9
19.8 999.9
18.?7 999.9
12.3 999.9
16.6 995.9
17.9 999.9
19.2 999.9
20.4 999.9
18.8 999.9
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STATION NO. 4
TEHACHAPL, CALIF

14 APRIL 1981
1818 GNY

CNTCY NEIGNT PRES TEWP DEW PT DIR SPEED R NUM
e " 0G C oG ¢ 06 M/8EC pcY

139.¢  1¥213.2 00.1 -%56.8 9.9 229.9 14.0 999.9
140.1  17831.3 0.6 -350.3 9.9 233.¢0 1.3 999.9
140.6 17985.4 76.0 -58.4 9.9 233.6 11.4 999.9
141.4  10154.9 ?4.7 -%8.7 9.9 238.% 12.6 999.9
142.1  18337.0 ?2.6 -59.9 99.9 244.8 14.0 999.9
142.9 10525.2 70.4 -50.7 99.9 249.4¢ 12.9 999.9
143.6 10667.0 $6.9 -%6.4 99.9 241.9 1.1 999.9
144.3 10826.3 6.1 -%8.0 2.9 220.6 ’.0 999.9
145.0 19029.9 6%.0 -57.2 9.9 215.2 9.6 999.9
145.2  19171.2 63.6 -587.0 9.9 212.? 9.0 999.9
146.4  19343.4 61.9 -S87.1 9.9 210.3 .7 999.9
"?a. '”“o‘ ‘... -SI"‘ ,"’ 2..03 ’.3 ’”-’
147.6 19679.3 $8.8 -57.4 9.9 212.1 8.9 999.9
146.3  19834.3 s?.3 -57.3 9.9 216.3 8.¢ 999.9
140.9 20044.1 55.4 -57.7 99.9 221.1 2.9 999.9
149.5  20202.8 $4.0 -57.9 9.9 223.4 7.8 999.9
150.1  2036S.4 s2.6 -99.2 9.9 22%.6 7.0 999.9
150.8 205%.4 50.7 -358.6 99.9 229.8 ?.? 9999
151.3  20771.6 49.3 -58.¢ 9.9 229.3 s.8 999.9
151.9  20914.1 40.2 -%0.53 9.9 221.¢ 2.0 999.9
152.4 21¢50.2 47.2 -857.6 9.9 208.2 2.6 999.9
152.9 21184.7 46.2 -86.6 9.9 199.6 3.1 999.9
183.5 21425.4 44.5 -86.7 99.9 195.1 3.5 999.9
154.1 21669.5 42.8 -%6.8 99.9 136.3 3.8 999.9
15¢.6 21020.8 4.0 -%6.2 99.9 153.0 2.3 999.9
185.1  21970.7 40.8 -35.¢ 9.9 104.8 2.3 999.9
155.5 22115.2 39.9 -56.1 99.9 sS. 1 2.1 993.9
156.0 22259.8 39.0 -356.4 9.9 23.1 3.3 929.9
156.5  22491.8 37.6 -55.53 9.9 50.9 4.0 999.9
156.9 22723.0 ° 36.3 -34.6 9.9 63.6 7.0 999.9
157.4  22903.5 35.3 -54.3 99.9 76.0 6.6 999.9
157.0 23070.1 34.4 -34.2 99.9 92.6 6.0 9.9
158.3 23290.6 33.2 -53.9 9.9 06.? 5.9 999.9
1358.7 233568.3 31.8 -33.¢ 99.9 66.5 6.6 999.9
159.9 23768.1 30.7 -52.8 9.9 88.4 2.7 299.9
159.5  23932.3 30.t  -51.6 2.9 61.6 0.6 99,9
159.8 24076.9 29.4 -50.3 9.9 64.2 .5 999.9
160.1  24065.9 20.6 -49.4 9.9 4.0 10.2 99,9
160.5  24324.6 27.5 -49.2 9.9 3.1 1e.5 999.9
160.9 24777.4 26.4 -49.0 .9 61.5 10.8 999.9
161.2 24968.¢ 25.6 -40.9 9.9 60.2 11.9 999.9
1641.5 25168.3 24.9 -40.0 9.9 59.2 13.6 999.9
161.9 28338.7 24.3 -40.7 9.9 Se.4 185.3 999.9
162.2 29506.9 23.6¢ -48.6 .9 87.1 15.1 999.9
162.5 25673.4 23.1 -468.4 9.9 ss.2 13.9 9999
162.0 25043.9 22.5 -48.3 .9 52.?7 11.9 999.9
163.1 26009.3 21.8 -40.2 9.9 .7 10.7 999:9
163.3 26203.¢ 21.1  -48.2 9.9 7.1 11.2 999
163.6 26337.7 20.3 -48.3 9.9 .0 1.8 299
1685.86 86791.9 19.3 -48.3 9.9 2.7 12.3 9.9
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SIATION NO. 4

TEHACHAP1, CALIF
14 APRIL 1981

1818 GNT

CRTCT HEIGHT PRE® TEMP DEM PT DIR SPEED R HUM
GPN 1 oG ¢ 0G C DG M/SE PCT

164 .1 27011.2 18.8 -48.2 99.9 40.1 12.3 999.9
164.3 2?178.% 1. 4 -4?2.7 99.% 36.1 1.6 999.9
164.5 27345.7 17.9 -47.2 99.9 31.6 10.8 999.9
164 .8 273%12.9 17.8 -46.8 99.9 26 .4 10.2 999.9
165.0 27680.1 17,0 -46.3 99.9 0.7 9.7 999.9
165.2 27930.7 16.4 -43.4 99.9 989.9 99.9 999.9
165.4 28181 .4 15.8 -44.5 95.9 99%.9 95.9 99%.9
165.6 28432.0 15.3 -43.6 9.9 99%.9 9%.9 999.9
165.8 26682.7 14.7 -42,7 99.9 999.9 99.9 999.9
166.0 28933.3 14.1 ~41.8 99.9 999.9 99.9 999.9
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APPROVAL

ATMOSPHERIC OBSERVATIONS FOR STS-1 LANDING

By Robert E. Turner, James E. Arnold, and Gregory S. Wilson
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