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High Altitude Wind Speed, Direction and Air Temperature 
at Black Rock, Nevada for Amateur Rocketry Application

Ken Biba
AeroPac Inc., Santa Rosa, California, 95404

This paper analyzes the NOAA radiosonde data to provide a reference 
for the historical behavior of wind direction, speed and air temperature 
between 10kÔ and 100kÔ MSL at Reno Nevada - the nearest reporting site to 
the amateur rocketry launch site at Black Rock Desert in Northwestern 
Nevada.    While there  are strong average trends during each of the major 
launch windows of late June, early August, and late September - stochastic 
daily variation dominates the behaviour of wind speed and direction.   
Accurate prediction of launch profile and recovery location requires near 
real-time wind data from either the Reno NOAA radiosonde or a local 
radiosonde launch.

1.  Introduction

Amateur rockets are almost exlcusively fin-guided during ascent and use a staged 
parachute recovery to minimize drift.    In both cases, the effect of high altitude wind 
speed and direction are critical to reasonable predictions of flight performance and 
recovery location.

Analysis  of historical atmospheric measurement data can reveal much about the 
trends and variability of upper atmosphere winds and hence provide a database that 
can be used with rocket simulation systems (such as RockSim Pro1) to more accurately 
predicut flight performance on the ascent and likely recovery areas.    The most recent 
FAA rules defining flight waivers for Class 3 rockets make this information even more 
timely.

This  paper examines the historical data contained in the worldwide National Oceanic 
and Atmospheric AdministrationÕs radiosonde database2 to provide just this  analysis for 
the upper atmosphere winds at the best North American location for amateur rocketry - 
the Black Rock Desert in Northwestern Nevada.

  1.1 Methodology

The National Oceanic and Atmospheric AdministrationÕs National Weather Service 
operates a network of 102 observing stations covering the United States, Pacific and 
Caribean islands.  Each station launches a balloon carried radionsonde twice daily (at 
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1 RockSim Pro,  Apogee Components, http://www.apogeerockets.com/rs-pro.asp

2 NOAA National Weather Service Radiosonde Program, http://www.ua.nws.noaa.gov/factsheet.htm
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0h and 12h Universal) radiosonde sampling air pressure, geometric altitude, wind 
speed, wind direction and air temperature.    The legacy system determines 
radionsonde position using a radar-like ground station with a directional radio telemetry 
antenna, while a modern replacement system is  introducing new radiosondeÕs based on 
on-board GPS as the altitude reference standard.

The NOAA radiosonde data can best be accessed via a web based database 
access3.   Our interest is  in finding the best source of data for Black Rock during three 
periods of time defining major organized rocket launch windows at Black Rock - late 
June, early August and late September - the times for AeroPacÕs Mudrock, Aeronaut 
and ARLISS/XPRS launches and TripoliÕs BALLS launch.

Sadly, there is  no radiosonde site at Black Rock and Reno, NV is  the nearest 
radiosonde location to Black Rock and generally upwind.   A more complete analysis 
might look at the data for Elko Nevada as well.

For this analysis, we looked at the twice daily (morning - 4AM local and afternoon - 
4PM local) radiosonde data for Reno, NV for the 10 consecutive days at the end of June 
(corresponding the the Mudrock launch window), the 10 consecutive days at the 
beginning of August (corresponding to the Aeronaut launch window) and the 10 
consecutive days at the end of September (corresponding to the ARLISS, XPRS and 
BALLS launch windows).  We have analyzed the data for 2007 and 2008, separately 
and together.

The atmosphere column varies substantially due to adiabatic solar heating so we 
would expect this data to vary by time of day, season and latitude.

The full spreadsheets including the Reno 2007 and 2008 data can be obtained here4.

  1.2  Application

The data from the NOAA radiosondeÕs basically correlate air pressure, temperature, 
wind speed, and wind direction with geometric altitude.    It is easily incorporated into 
rocket simulation programs to estimate flight path and recovery location.    The 
appendices provide summary information suitable for RockSim Pro.

In addition to this analysis, we will see that this  data is  useful in the examination of 
the accuracy of rocketry avionics.

2.  Wind Direction
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3 http://raob.fsl.noaa.gov/

4 http://idisk.mac.com/kenbiba-Public?view=web - Atmosphere folder
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Wind direction at Black Rock varies by time-of-day, season and altitude.   Season and 
altitude are the primary variables with substantial daily variability.

The analysis takes into account the circular coordinate system of wind direction, using this5 
methodology to compute the mean and standard deviation of wind direction.

2.1  Average Wind Direction

The average direction for winds at all altitudes is fairly predictable and consistent for all of the 
analyzed launch windows.

Figure 1:   Average Wind Direction
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5 http://www.webmet.com/met_monitoring/622.html
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For the June and August launch windows, both morning and afternoon, show  a consistent 
pattern of an average wind direction from the southwest up to about 60kÕ MSL, changing to 
coming from the south/southwest above 60kÕ MSL.

For the September launch window, again for both morning and afternoon, the wind is 
consistently from the southwest at all altitudes to 100kÕ MSL except for a high variability layer at 
75-90kÕ MSL.

 2.2  Strong Daily Variability in Direction

The consistency of  average direction during averaged launch windows is, however, only 
apparent when we look at the detail.  As the individual charts of  Figure 2 illustrate,  there is high 
variability from day to day on the exact wind direction.    The error bars for each data point 
represent the standard deviation of the daily wind direction.

In general, the later in the season, the greater the daily variability in wind direction.   Early 
season afternoon high altitude winds have the least variability.
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Figure 2:  Wind Direction Variability

3.  Average Wind Speed

3.1   Average Wind Speed
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The average wind speed is consistent for all launch windows - gradually increasing in speed 
with altitude until about 40kÕ MSL, then gradually decreasing with an almost null at 60kÕ MSL.

The average speed generally increases again with increasing altitude for the June and 
August launch windows while remaining almost still above 60kÕ MSL for the September window.

Figure 3:   Average Wind Speed

  3.2  Strong Daily Wind Speed Variability

Just as with wind direction, wind speed shows a significant daily variability, particularly at 
altitudes below  60kÕ MSL with only small variability at altitudes above 60kÕ MSL for all launch 
windows.
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Figure 4:  Wind Speed Variability

4.  Temperature
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Average temperature slowly decreases with increasing altitude up until about 55kÕ 
MSL.   The minimum average temperature is about -63C and 0C is crossed at about 
15kÕ MSL.    Temperature slowly increases above 55kÕ MSL.

Figure 5:   Average Air Temperature

There is only small (betwee 1 and 2 degrees C) variation at all altitudes and all 
launch windows.

5.  Conclusion

The are clear trends for wind speed, wind direction and air temperature for the three 
major launch windows for amateur rocketry at Black Rock.    Within each launch 
window, there is  substantial day to day variability in wind speed and wind direction  but 
little variability in air temperature.

Flight simulations can use the average wind behaviour here to plan splash patterns 
for Class 3 airframe waivers.   However, more accurate prediction of launch profile and 
recovery location will require the near real-time radiosonde data of the 4AM Reno 
radiosonde or a local radiosonde flight.
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Appendix A:   Late June AM Wind Table

Altitude 
(Feet 
MSL)

Direction 
(Degrees)

Velocity 
(f/s)

10000 204 22

20000 217 47

25000 225 52

30000 230 65

35000 235 69

40000 239 75

50000 242 69

55000 239 34

60000 244 15

70000 109 18

80000 84 26

90000 80 35

100000 84 46

Direction STD: ! 53 degrees
Velocity STD:! 22 f/s
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Appendix B:   Late June PM Wind Table

Altitude 
(Feet 
MSL)

Direction 
(Degrees)

Velocity 
(f/s)

10000 232 20

20000 223 42

25000 225 53

30000 234 63

35000 235 72

40000 239 82

50000 242 70

55000 231 36

60000 201 13

70000 104 17

80000 88 23

90000 92 34

100000 89 42

Direction STD: ! 68 degrees
Velocity STD:! 23 f/s
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Appendix C:   Early August AM Wind Table

Altitude 
(Feet 
MSL)

Direction 
(Degrees)

Velocity 
(f/s)

10000 224 28

20000 208 42

25000 220 51

30000 225 73

35000 222 89

40000 222 92

50000 222 75

55000 214 25

60000 107 15

70000 95 21

80000 86 32

90000 86 41

100000 89 54

Direction STD: ! 29 degrees
Velocity STD:! 21 f/s
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Appendix D:   Early August PM Wind Table

Altitude 
(Feet 
MSL)

Direction 
(Degrees)

Velocity 
(f/s)

10000 231 19

20000 207 31

25000 214 49

30000 216 69

35000 215 79

40000 216 81

50000 217 62

55000 201 32

60000 124 17

70000 95 20

80000 87 29

90000 87 40

100000 87 44

Direction STD: ! 28 degrees
Velocity STD:! 20 f/s
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Appendix E:   Late September AM Wind Table

Altitude 
(Feet 
MSL)

Direction 
(Degrees)

Velocity 
(f/s)

10000 184 25

20000 248 41

25000 229 55

30000 295 63

35000 299 71

40000 272 76

50000 244 64

55000 261 45

60000 260 25

70000 244 19

80000 123 13

90000 248 13

100000 281 15

Direction STD: ! 68 degrees
Velocity STD:! 27 f/s
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Appendix A:   Late September PM Wind Table

Altitude 
(Feet 
MSL)

Direction 
(Degrees)

Velocity 
(f/s)

10000 234 19

20000 235 44

25000 239 59

30000 266 73

35000 250 81

40000 253 73

50000 254 59

55000 255 41

60000 243 25

70000 233 15

80000 221 13

90000 193 12

100000 257 18

Direction STD: ! 61 degrees
Velocity STD:! 29 f/s
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