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TECHNICAL MEMORANDUM X-64986 

BASELl NE METEOROLOG I CAL SOUND I NGS FOR PARAMETR I C 
ENVI RONMENTAL I NVESTIGATISNS AT KENNEDY SPACE 

CENTER AND VANDENBERG A I R  FORCE BASE 

INTRODUCTION 

Table 1 presents a collection of atmospheric soundings representative 
of the environment a t  Kennedy Space Center (KSC), Florida, and Vandenberg 
AFB (VAFB) , California. These soundings include wind speed, wind direction, 
temperature, and pressure a s  a function of altitude together with the surface 
density and standard deviation of the wind azimuth angle a t  the surface. The 
height of the surface mixing layer is also given. These a re  necessary 
meteorological data inputs to the NASA/MSFC Multilayer Diffusion Model. 

Synthetic soundings were generated for meteorological regimes 
representative of KSC and VAFB. Characteristic cases of fall, spring, and 
sea-breeze regimes for KSC and sea-breeze cases of low and high level 
inversions for V A F  B are  presented. 

To illustrate and document actual launch operations, seven T-0 soundings 
obtained from KSC during the launches of the Titan are  included. To illustrate 
the temporal variations in atmospheric conditions, eight soundings are  presented 
for  the 32 hour period before the May 30, 1974, Titan launch. 

\ 

METEOROLOG I CAL DATA FOR KSC 

Fall, Spring, and Sea-Breeze Meteorological Regimes 
The synthetic soundings for the fall, spring, and sea-breeze regimes a t  

KSC were derived from the mean monthly wind speed, wind direction, and 
temperature profile6 for  KSC [ 1,2]. These profiles have been used in previous 
diffusion calculations for  space vehicle launches a t  KSC [ 3-71. A study of the 



KSC climatology indicated that the average depth of the surface mixing layer in 
the fall season associated with the easterly winds required to transport the 
ground cloud inland is approximately 1000 m. During the spring, there are 
occasions when the surface mixing layer reaches a depth of 2000 m. The after- 
noon sea-breeze, which is common to all seasons, has an average surface 
mixing layer of 300 m. The fall, spring, and sea-breeze meteorological data 
a r e  presented in Tables 2, 3, and 4. 

Pre-Cold Front, Cold Front, and Post-Cold Front 
Meteoro!ogicaI Regimes 

Three meteorological regimes are  associated with the approach and 
passage of a cold front. These regimes a re  presented in Tables 5, 6, and 7. 
The meteorological data of October 19, 20, and 21, 1972, were selected to be 
representative of these regimes a t  KSC. At 0700 EDTon October 19, a cold 
front was located northwest of Florida, extending from Georgia through 
Southeast Alabama and then westward. Florida weather was fAr  with scattered 
hi& clouds and local haze conditions. The 0700 EDT sounding showed a stable 
layer from the surface to approximately 218 m above the ground. At 0700 EDT 
on October 20, the cold front was oriented from cast to west and was located 
just to the south of KSC. Rriin and rain showers were occurring in the vicinity 
of the front. The KSC 0700 EDT sounding indicates the presence of a moist, 
unstable a i r  mass over KSC with a surface mixing layer extending to about 
2000 m. The cold front had moved south into the Straits of Florida by 0700 EDT 
on October 21. The 0700 EDT sounding at KSC indicates a surface mixing layer 
depth of approximntcly 1400 m with dry, warm a i r  aloft, 

Additional Meteorological Regimes 

Tables 8, 9, and 10 illustrate a stationary front south of KSC, n cold 
front south of KSC, and a fair-weattier, high pressure regime at E<SC for 
measurements at 10 km on October 2, 1972, November 26, 1972, and November 
27, 1972. 



Titan Meteorological Data 

Tables 11 through 17 a r e  meteorological data inputs for  the Titan l a u n ~ h e s  
a t  KSC. The dates and times a r e  the missions flown by the Titan. The weather 
data on August 20 and September 9, 1975 f Tables 16 and 17) a r e  the Viking 1 
and 2 space missions to Mars. 

T-32 to T-0 Meteorological Data fo r  a Titan Launch 

An interesting collection of meteorological data is presented in Tables 
18 through 25, This is the May 30, 1974, launch of the Titan. There a r e  eight 
data se t s  from T-32 to T-0 hours. The Cape Kennedy area was influenced a t  
T-24 on May 29 by northwesterly wind flow from 915 m (3000 ft) altitude to 
6100 m (20 000 ft) altitude caused by an upper l e w l  high prcssure system over 
the central United States. Below the 915 m (3000 ft) level another high pressure 
system affecting the lower layers was centered just off the Central Atlantic 
coast, producing southeasterly winds over Florida. Wind speeds were generally 
less  than 5 m/s (10 knots) in these lower layers while they were occasiona!ly 
reported above 13 m/s (25 knots) in the 2130 to 2440 m layer  (7000 to 8000 ft). 
Also, a shallow band of almost calm air at 915 m (3000 ft) represented the 
boundaries between the upper and lower level flow and pressure systems. The 
f i rs t  significant change in the atmospheric circulation from May 29 to May 30 
occurred a s  a weakening of the surface high pressure system in the Atlantic 
and a simultaneously shifting of its center further south. The immediate and 
noticeable effect of this change was to create a gradual clockwise shifting in 
wind direction from southeasterly to southwesterly in the lowest 915 m (3000 ft) 
altitude over Cape Kennedy. The Cape Kennedy winds in the lowest 1525 m 
(5000 ft) continued to shift from southwesterly at  T-5 to northwesterly a t  T-0. 
The winds ranged from 3.6 m/s ( 7  knots) a t  the surface to 7.7 m/s (15 knots) 
a t  6100 m (20 000 ft). The coincident T-0 wind direction profile betwecn the 
surface and 6100 m (20 000 ft) was generally northwesterly a t  all levels. 



METEOROLOG I CAL DATA FOR VANDENBERG A l R  FORCE BASE 

Morning and Afternoon Fai r-Weather Regimes 

In the absence of frontal activity, the weather in the lower 2000 to 3000 m 
a t  VAFB is dominated by the land-sea-breeze regime. The inversion produced 
by subsidence is present a t  VAFB over 90 percent of the time in the summer and 
apprordmately 50 percent of the time in the winter. With the Pacific high 
centered to the west and a thermal low common over the California interior, 
the prevailing gradient wind in all seasons is fmm the north o r  northeast. Cold 
air  drainage from canyons in the vicinity of the launch areas contributes to the 
offshore winds at night an3 during the morning (Table 26). A t  the time of the 
sounding, the westerly sea breeze is beginning to develop near thc surface with 
northeasterly winds above. The surface mixing layer extends to the base of the 
inversion which is approximately 400 m above the ground. 

During the d ~ ,  the layer of onshore flow deepens as the sea-breeze 
becomes well established. Table 27 shows typical wird speed, wind direction, 
and temperature for an afternoon sea-breeze regime; the inversion base is 
approximately 225 m above the surface. Ilelatively high inversions a r e  also 
observed a t  VAFB, oftel: associated with an upper level trough to the west. 
Table 28 shows typical wind m d  temperature profiles for an afternoon sea- 
breeze regime with an inversion base approximately 775 m above the surface. 
A stationary upper level trough west of VAFB, a cold front northl. s t  of VAFI3, 
and a cold front south of VAFB are  shown in Tables 29, 30, and 31. 



TABLE 1, SUMMARY OF CLASSICAL AND ACTUAL 
METEOROLOGICAL REGIMES 

No. Weather 
Data 

2 

3 

4 

6 

6 

7 

8 

9 

10 

Meteorologkd Data 

I Da*, 

Typlcd Rqlrner 

Typical Reglmes 

i ypicd Rcglmee 

October 19, 1872 

October 20, 1972 

October 21, 1872 

October 2, 1972 

November 26. 1972 

November 27. 1972 

Time (2) 

1115 

1115 

1116 

1116 

1116 

1116 

EDT 

I Cold F m t  *utb of KSC 

Stationary Fmnt South of YSC 

Cold Front South of KSC 

Fair Weather, High Pressure 

Actud Titan Launch Soundings from KSC 

Fair Weather, Ili& Pressure I December 3, 1973 

Cold Fmnt N o w  of KSC ( February 11, 1974 

Hlgh Pressure. Central Unlted 
States 
Falr Weather, High Pressure 

May 30, 1974 

December 10, 1974 

Fair Wcather. Hlgh Pressure I May 20. 1975 

Fair Weather. High Preasure 1 !.ugumt 20, 1975 

Occasional Shower Actlvity Near 
KSC 

7 
September 9, 1975 

May 29, 1974 

I I May 29. 1974 

May 29. 1974 

May 29, 1914 

May 30, 1974 

May 30, 1974 

May 30. 1974 

May 30, 1974 

T-24 132: 

T-14 230( 

T-10 03M: 

T-R 0500 

T-6 0800 

T-n 1300 

High Pressure IU&e lacated 
in Central Unitad  StaLes 
Exmdlng into Florlds 

Morning I 
Sea Breeze with Low Level Inversim Typical Hoglmem I 
Sea Breeze with High Level lnvermion I 
StaUonnry Upper-Level Trough October 10, 1972 
West of VAFB I 
Cold Fmnt Norlhwest of VAI.'R January 16, 1973 

Cold Front Gouth of VAFp January 17, 1973 
-- 
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