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PREFACE 

Periodic variations of density at geometric altitudes in the stratosphere 

and mesosphere are of concern to meteorologists supporting military operations 

at or through these altitudes, and to those people who plan future operations 

in these regions of the uoper atmosohere. During 1964, 1965, and 1966, nearly 

500 meteorological rockets were launched at Cape Kennedy Air Force Station 

(CKAFS) in support of major missile and space vehicle tests, and/or to provide 

synoptic and climatological data for the Air Force Environmental Rocket Sound¬ 

ing System. Thermodynamic data reduced from 379 FWN-6A launches are tabulated, 

giving means, standard deviations, and extremes of temperature, pressure, and 

density between 80,000 and 220,000 feet. Inferences on the annual periodicity 

of temperature at 160,000 feet and at the stratopause are discussed. Seasonal 

variations in the height of the stratopause are considered. The density data 

at 160,000 feet are then arranged in a table according to hour and month. A 

nomogram of density is developed from this table. This work is considered 

applicable to subtropical atmospheres and is geophysically significant. 

The original data were reduced on the meteorological computer at Patrick 

Air Force Base, Florida. The summaries were processed on this same computer 

using a program prepared by Captain John Pohle, USAF. The individual efforts 

of the members of the Data Section, Detachment 11, 6th Weather Wing, who 

prepared these data for processing and applied local quality control, are 

gratefully acknowledged. Thanks, also go to the members of the Meteorological 

Data Reduction Section and to Mr. 0. H. Daniel of the Range Division Meteorol¬ 

ogical Office (PAA) for their programming and data reduction efforts. 

EDWARD V. VON GOHREN, Major, USAF 
Aerospace Environmental Consultant 
Hq 6th Weather Wing (6V) 
Andrews AFB, Maryland 20331 
31 August 1967 

DISTRIBUTION: (page ii) 

This document has been approved for public release 
and sale; its distribution is unlimited. 



Technical Report 197 August 1967 

DISTRIBUTION: 
HQ AWS. 
Wings. 5 

except 7 Wea Wg. I7 
ETAC. 25 
Squadrons . 1 
Forecasting Detachments . 1 
Special 

TABLE OF CONTENTS 

Page 

Section A Introduction. 1 

Section B Discussion of the Data. 1 

Section C Summaries of Pressure, Temperature, and Density . 2 
Annual. 2 
Seasonal. 2 
Monthly . 3 

Section D Annual Temperature Variations at 160,000 Feet and at the 
Stratooause . 3 

Section E Density Variations at 160,000 Feet. 3 
Annual and Diurnal. 3 
Interdiurnal. 6 

Section F Summary and Recommendations for Further Investigation ... 9 

REFERENCES. 10 

LIST OF ILLUSTRATIONS 

Figure 1 Cape Kennedy ARCASONDE 1A Temperatures, December, January, 
February, March, 1964-1966. 4 

Figure 2 Cape Kennedy ARCASONDE 1A Temperatures, June, July, August, 
September, 1964-1966. 5 

Figure 3 Cape Kennedy Annual and Diurnal Variations of Density at 
160,000 Feet, 1964-1966 . 7 

Figure 4 Cape Kennedy Interdiurnal Variations of Density at 160,000 
Feet, 1966. 8 

LIST OF TABLES 

Table 1 Cape Kennedy Summary, January through December 1964-1966, 
I3OOZ to 0000Z. 12 

Table 2 Cape Kennedy Summary, January through December 1964-1966, 
ooooz to 1300Z. 13 

Table 3 Cape Kennedy, Winter Summary. 14 

Table 4 Cape Kennedy, Simmer Summary. 14 

Table 5 Cape Kennedy Summary, January 1964-1966, 130OZ to OOOOZ . . 15 

ii 



)im:N HH 1ÊMM n W* Ifmn«iTXK v.mv irmjrtt w*. 

August 1967 Technical Report 197 

Table 6 

Table 7 

Table 8 

Table 9 

Table 10 

Table 11 

Table 12 

Table 13 

Table 14 

Table 15 

Table l6 

Table 17 

Table l8 

Table 19 

Table 20 

Cape Kennedy Summary, February 1964-1966, 13OOZ to OOOOZ 

Cape Kennedy Summary, March 1964-1966, 13OOZ to OOOOZ 

Cape Kennedy Summary, April 1964-1966, 130OZ to OOOOZ 

Cape Kennedy Summary, May 1964-1966, 130OZ to OOOOZ . 

Cape Kennedy Summary, June 1964-1966, 130OZ to OOOOZ. 

Cape Kennedy Summary, July 1964-1966, 130OZ to OOOOZ. 

Cape Kennedy Summary, August 1964-1966, 130OZ to OOOOZ 

Cape Kennedy Summary, September 1964-1966, 130OZ to OOOOZ 

Cape Kennedy Summary, October 1964-1966, 130OZ to OOOOZ . 

Cape Kennedy Summary, November 1964-1966, 130OZ to OOOOZ. 

Cape Kennedy Summary, December 1964-1966, 130OZ to OOOOZ. 

Mean Monthly Temperatures at 160,000 Feet and at the Strato¬ 
pause 

Cape Kennedy Distribution of Observstions of Density at 
160,000 Feet, 1964-1966 . 

Cape Kennedy Mean Densities, 160,000 Feet, 1964-1966. , 

Frequency Distribution of Interdiurnal Density Changes, 

Page 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

27 

28 

29 



August 1967 Technical Report 197 

SUMMARIES OF PRESSURE, TEMPERATURE, AND DENSITY OVER CAPE KENNEDY AFS, 

INCLUDING PERIODIC DENSITY VARIATIONS 

SECTION A — INTRODUCTION 

Atmospheric data at altitudes above 100,000 feet have become increasingly 

important as the various Air Force and NASA aerospace programs move toward 

hypervelocity re-entry programs. Providing forecasts of insertion altitude 

density and profiles of density along the flight trajectory for the USAF ASSET 

and START/PRIME Programs, and the need for increased quality control of the 

meteorological rocket data has emphasized the importance of defining the 

periodic variations of density at geometric altitudes. Increased knowledge of 

these periodicities, when coupled with latitudinal variations and actual ob¬ 

servations, should assist in defining the density regime along the flight pro¬ 

file to the desired accuracy. These variations have been investigated at 

satellite and rawinsonde altitudes [l], [6], and in the upper stratosphere and 

mesosphere [3], [4], [5], [?], [9], flO], [ll], [12], [I3], [l4], [l6], [17]. 

Most investigations in the upper stratosphere and mesosphere have been re¬ 

stricted to the analysis of data collected using a variety of sounding systems 

at several locations. Others have inferred results from a limited number of 

soundings spaced rather far apart. More recently, there have been various 

attempts to determine diurnal periodicity by launching at frequent intervals 

over a 48-hour period [8], Now, for the first time, data from a single sta¬ 

tion are available in sufficient quantity and quality to attempt a more defin¬ 

itive evaluation of these periodic variations by statistical or climatological 

methods. This report is designed to present annual, seasonal, and monthly 

summaries of temperature, pressure, and density between 80,000 and 220,000 

feet at Cape Kennedy Air Force Station (CKAFS), and to present mean annual, 

diurnal, and interdiurnal periodicities of density at 160,000 feet. The mean 

monthly temperatures at 160,000 feet and at the stratopause are discussed 

along with seasonal variations in the height of the stratopause. 

SECTION B — DISCUSSION OF THE DATA 

Temperature profiles with increased accuracy and detail were obtained at 

CKAFS starting in January 1964. The system used is the PWN-6A. This is an 

ARCAS motor and the ARCASONDE 1A payload. The payload is tracked by precision 

radar to obtain space position data, and the temperature data is recorded on 

1 
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the AN/TMQ-5 recorder record as received through the AN/GMD receiver. An alti¬ 

tude versus temperature profile is calculated from the radar and AN/TMQ-5 

data. Temperatures are neither corrected nor adjusted to coincide with rawin- 

sonde temperatures in the rr '/. jn of overlap. In general, the temperatures in 

the lower overlap region are comparable to rawinsonde temperatures. Above 

85,000 feet, the rawinsonde temperatures become gradually colder than rocket- 

sonde temperatures but this is to be expected, considering the long-wave 

radiational error in the rod thermistor used in the rawinsonde observations. 

A vertical pressure profile is computed hydrostatically using the conjugate 

raob pressure at 80,000 feet as the base pressure. A density profile may 

then be constructed using the equation of state. The technique follows the 

method of hydrostatic integration described in AWS Technical Report 175 [1*0. 

The original profiles of pressure and density were reduced by the con¬ 

tractor-operated Meteorological Data Reduction Section at the Air Force 

Eastern Test Range, Patrick AFB, Florida. The summaries were processed in 

this Sa.me facility using a program prepared by Captain John Pohle, USAF. The 

mean values of density used to derive the 160,000-foot annual and diurnal 

periodicity nomogram (refer to Figure 3) were computed on a machine calculator 

by the author. A total of 379 rocket thermistor observations have been used. 

These were acquired between January 1964 and the end of December I966. The 

summaries are for each 10,000-foot interval from 80,000 to 220,000 feet. Al¬ 

titudes are geometric and are expressed in English units because this is con¬ 

vention to the aeronautical engineer. 

SECTION C SUMMARIES OF PRESSURE, TEMPERATURE, AND DENSITY 

Annual 

Annual summaries of pressure, temperature, and density over CKAFS are pre¬ 

sented in Tables 1 and 2. Table 1 is the summary of data acquired between 

130OZ and 0000Z (08OO EST and 1900 EST). Table 2 summarizes data acquired be¬ 

tween 0000Z and 1300Z. Mean values and extremes are shown. A comparison of 

these two tables show the strong diurnal character of the data. 

Seasonal 

Seasonal summaries of mean values, standard deviations and extremes of 

pressure, temperature, and density for "winter" und "summer" are listed in 

Tables 3 and 4, respectively. Again, the summaries are for the hours between 

13OOZ and 0000Z. "VJinter" refers to the months December through March; 

"summer" denotes the months June through September. These periods can reason¬ 

ably be considered as representative of the general thermodynamic features 

tVi/iV 
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which occur with the respective westerly and easterly stratospheric wind re¬ 

gimes. Figures 1 and 2 display the seasonal temperature summaries and compare 

the results to the applicable AFCRL 1962 Supplemental Atmosphere for 30°N. 

Monthly 

Monthly summaries of mean values and extremes of pressure, temperature, 

and density are tabulated in Tables 5 through 17 for the hours between I30OZ 

and 0000Z. 

SECTION D — ANNUAL TEMPERATURE VARIATIONS AT 160,000 FEET (48.8 km) 

AND AT THE STRATOPAUSE 

Batten [2] shows double maxima at 30°N at a height of 50 km (164,000 feet) 

(April and September-October). Toth [l8], in an independent analysis of 

Meteorological Rocket Network (MRN) temperatures, shows double maxima at 30®N 

at 50 km (164,000 feet) fl^ay and October). Quiroz, et al. [l4] states that the 

lowest temperature generally occurs in December-January, implying also at a 

height of 164,000 feet. CKAFS (28°N) temperatures at 160,000 feet show maxima 

in May, September-October, and December-January (Table 17). In fact, the 

absolute maximum monthly mean temperature at 100,000 feet occurs in December. 

This feature was totally unexpected but is confirmed by J. E. Morris (paper 

oresented at the AMS Conference on High Altitude Meteorology and Space 

Weather, 29-31 March 1967, Houston, Texas). This finding merits further 

study. 

These data do not permit a resolution of the mean stratopause height 

nearer than 10,000 feet (3.28 km). Nevertheless, the level of mean maximum 

temperature can be seen (Table 17) to vary throughout the year, reaching the 

maximum height in October. The mean monthly temperature at the mean strato¬ 

pause height follows the same triple maxima found at 160,000 feet. 

SECTION E — DENSITY VARIATIONS AT 160,000 FEET (48.8 km) 

Annual and Diurnal 

The distribution of observations by hour and by month is shown in Table 18. 

It is obvious that the distribution is not ideal; however, inspection of the 

available data indicates that the density in the upper stratosphere is strong¬ 

ly dependent upon time of day and day of the year. Mean values of density 

were calculated for each time period that had an observation. These mean 

values are shown In Table 19. These means were assigned to the midooint of 

3 
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Figure 1. Cape Kennedy ARCASONDE 1A Temperatures, 
December, January, February, March, 
1964-1966. 
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Figure ?. Cape Kennedy ARCASONDE 1A temperatures, 
June, July, August, September, 1964-1966. 
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the period and the resulting grid was analyzed for isopleths of density. 

Figure 3 is the nomogram developed from this analysis. 

The major features of this nomogram are: 

a. Minimum annual densities occur during December and January nights. 

b. Maximum annual densities occur during June and July, with a tendency 

for nearly equal diurnal maxima near 1000 EST and again in the midafternoon. 

c. Maximum diurnal densities from October through March occur about 

I3OO EST. 

d. There is evidence of multiple periodicities in the diurnal density 

during May, June, July, and August. 

e. There is a hint of multiple periodicities during other months of the 

year. 

f. Simple calculations from the nomogram show that for a given hour the 

June-July density is about 15^ higher than the December-January value. Simi¬ 

larly, the diurnal variation of density ranges from about 10^ in January and 

February to about 7 or in June and July. These values are in agreement 

with Cole and Kantor's [5] tentative assessment of the diurnal variability at 

about the same latitude (Eglin ROBIN density observations, 9-10 May 196I and 
12 October I962). 

g. The nomogram has been used to predict density at 160,000 feet at CKAFS 

on an independent data sample. Preliminary results, based on 67 rocket sound¬ 

ings made during the first five months of I967, indicate that density can be 

predicted to an accuracy of 3$ with a standard deviation of ± 1$. The sample 

will be extended to one year and reported on in a following report. 

Interdlurnal 

The interdiurnal variation of density at 160,000 feet was investigated 

using the I966 data. The analysis follows Quiroz, et al. [l4]. The mean dif¬ 

ferences in density observed from one to ten days apart were calculated. Only 

observations that occurred within multiples of 24 hours of each other were 

considered. A leeway of plus-or-minus one hour was allowed. This ensured a 

minimum amount of contamination of the results by diurnal variations. The 

distribution of the data sample is not optimum; therefore, one should recog¬ 

nize that the results could be affected by distribution bias. However, the 

distribution is the best available and the results should give at least a 

general indication of interdiurnal variability of density. Results of this 

analysis are displayed in Figure 4 and a frequency distribution of interdiur¬ 

nal density changes is provided in Table 20. These results are in accord with 

the inferences of Quiroz, et al. [l4]. Their work has been extended and, for 
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Figure 3. Cape Kennedy Annual and Diurnal Variations 
of Density at 160,000 Feet, 1964-1966. 
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Figure 4. Cane Kennedy Interdiurnal Variations of 
Density at l60,000 Feet, 1966. 
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CKAPS, it has been shown that the lower limits of their results (24-hour vari¬ 

ability, 2 to 4$; 48-hour variability, 3 to 8fj) are applicable at 160,000 feet 

A 3-day periodicity is indicated in the interdiurnal changes in density. 

There is a minimum in the mean change of density after three, six, and nine 

days. The validity of this observation is purely speculative. 

Manual computations are always tedious but sometimes rewarding. The larg¬ 

est interdiurnal changes in density were observed to occur coincidental with 

the spring and fall stratospheric wind reversals and during mid-December, the 

time of the year sometimes described as the midwinter storm period. These 

extreme changes ranged from 7^ in 24 hours, 9% in 48 and 72 hours, to 10% in 

8 days. This is smaller by a factor of 2 than one would expect based on Cole 

and Kantor’s results [5]. Cole and Kantor recognized that their estimate 

probably included some diurnal and semidiurnal variations due to solar and 

lunar effects. 

SECTION F — SUMMARY AND RECOMMENDATIONS FOR FURTHER INVESTIGATION 

The summaries indicate that the densities over CKAFS, Florida, between 

80,000 feet and 220,000 feet are dependent upon time of day and month of the 

year. The effect is more noticeable above 100,000 feet than below. The 

nomogram <,1 densities at 160,000 feet shows further detail of how stratosphere 

densities vary with time. Seasonal and diurnal variability contribute sig¬ 

nificantly to the already small standard deviation of density. Mean 24-hour 

(2%) and 48-hour (3%) variability is small compared to interdiurnal changes 

which occur near the time of stratospheric wind reversal and during the mid¬ 

winter storm period. 

The Air Force Environmental Rocket Sounding System should make an effort 

to gather more data at times other than local noon. These data would confirm 

or correct the results of this report. 

A similar analysis should be made for other locations near the same lati¬ 

tude, and at other latitudes. This must necessarily wait until the data are 

available in sufficient quantity. 

The nomogram has been used in an attempt to predict densities over CKFAS 

at 160,000 feet (see Section E). It is expected that the regression method 

of predicting density described in AWS Technical Report I87 [15] and this 

nomogram can be coupled to yield a more accurate prediction, 

Interdiurnal periodicities should be investigated further. The 3-day 

periodicity shown in CKFAS I966 data may not be found in the data from other 

years and other locations. The existence of correlations between observation 
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sites and also that portion of the interdiurnal change that can be attributed 

to random Instrument error should be investigated. 

The effect of the present 11-year solar cycle should be sought. Data from 

one quarter cycle are now available. This should be sufficient to establish 

a trend, if such a trend is significant. 
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TABLE 17 

Mean Monthly Temperatures at 160,000 Feet 
and at the Stratopause. 

Month 
Mean Temp (°K) 

(160,000 ft) 
Me.an Height of 
Stratopause (ft) 

Mean Temperature 
at Stratopause (°K) 

Jan 
Feb 
Mar 
Apr 

May 
Jun 
Jul 
Aug 

Sep 
Oct 
Nov 
Dec 

273.2 
267.3 
27I.O 
272.6 

273.7 
271.4 
269.4 
269.O 

270.6 
270.9 
268.8 
273.9 

160,000 
170,000 
160,000 

160,000/170,000 

160,000 
160,000 
160,000 
160,000 

170,000 
180,000 
170,000 
160,000 

273.2 
270.O 
27I.O 
272.6 

273.7 
271.4 
269.4 
269.O 

271.3 
271.8 
269.4 
273.9 

TABLE 18 

Cape Kennedy Distribution of Observations of Density 
at 160,000 Feet, 1964-1966. 

GMT Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec EST 

0330-0429 
0430-0529 
0530-0629 
0630-0729 
0730-0829 

0830- 
0930- 
1030- 
1130- 
1230- 

1330- 
1430- 
1531- 
I63I- 
1731- 

1831- 
1931- 
2031- 
2131- 
2231- 

2331-0030 
0031-0130 
0131-0230 
0231-0329 

0929 
1029 
1129 
1229 
1329 

1429 
1530 
1630 
1730 
1830 

1930 
2030 
2130 
2230 
2330 

2 
11 
5 
3 
1 

1 
2 

14 
4 
3 

1 
1 

11 
10 
3 
2 

2 
11 
12 
3 

1 
11 
9 
3 
1 

1 
7 

12 
2 
1 

9 
12 

7 
11 
3 
1 

1 
22 
6 
3 
1 

2 
2 

223O- 
2330- 
0030- 
0130- 
O23O- 

O33O- 
0430- 
0530- 
0630- 
0730- 

0830- 
0930- 
1031- 
1131- 
1231- 

1331- 
1431- 
1531- 
1631- 
1731- 

1831- 
1931- 
2031- 
2131- 

•2329 
•0029 
•0129 
■0229 
•0329 

-0429 
■0529 
■0629 
■0729 
•0829 

-0929 
-1030 
•II30 
■1230 
■1330 

•1430 
■1530 
■1630 
■1730 
■1830 

■1930 
•2030 
•2130 
-2229 

27 
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TABLE 20 

Frequency Distribution of Interdiurnal Density Changes. 

Time 
±1 Hr 

Magnitude of Density Change (¢) Max 
(^) 

Mean 
(£) 

N 
0-1.0 1.1-3.0 3.1-5.0 5.1-10.0 > 10.0 

24 
48 
72 
96 

120 

144 
168 
192 
216 
240 

17 
5 
8 
5 
6 

11 
11 

9 
7 
8 

12 
10 
13 
16 
12 

10 
19 
17 
10 
12 

9 
10 

4 
8 
9 

7 
7 
6 
8 
3 

6 
6 
2 
5 
4 

4 
7 
3 
2 
5 

1 
1 

6.8 
6.0 

10.1 
10.2 
8.5 

6.9 
9.2 

10.0 
6.8 

10.0 

2.2 
3.0 
2.5 
3.1 
2.8 

2.2 
2.9 
2.6 
2.4 
2.7 

44 
31 
28 
35 
31 

32 
44 
35 
27 
28 
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