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ABSTRACT 

During February, 1965 series of temperature and radiation 
measurements were made wi in Death Valley by Colorado State 
Unive rsity. Members of the atellite and Mesometeorology Research 
Project of the University of 0 icago assisted in the field operations by 
precisely locating and photog+aphing thermograph and surface temp
erature sites which had been Fstablished in the area. Since the measured 
temperatures depend upon in~trument location, a detailed description i s 
given of the terrain features surrounding the sites. A temperature 
analysis of Death Valley and ~e Sierra Nevada range was also made 
utilizing Nimbus I HRIR data land mean shelter temperatures recorded 
at five synoptic s tations in th~ area. 

1. Introduction 

On August 28, 1964 the first Eeteorological satellite in the Nimbus series was 

launched into a quasi -polar orbit. IThe orbital characteristics of Nimbus I provided 

near local noon cloud photography Tuy the Advanced Vidicon Camera Subsystem (A VCS) 

and near local midnight radiation 1easurements by the High Resolution Infrared Radio

meter (HRIR). The HRIR carried ~y Nimbus I was spectrally sensitive in the 3. 4 to 

4. 2 micron near-infrared window ar.dwasdesigned to produce detailed cloud-cover 

pictures of the dark side of the ear r · 

Assuming a surface emissivifY of 1. 0, a zenith angle of o0
, and cloud-free con

ditions, Kunde (1964) has theor etichlly calculated the magnitude of atmospheric 

absorption in the 3. 4 to 4. 2 micro, near-infrared band for several model atmospheres . 

The attenuation of outgoing infrare~ radiation in this band results from weak absorption 

by atmospheric C02 and H20. A d~ference of O. SC to 2. OC was found to exist between 

The re search reported in thi~ paper has been supported by the National Aeronautics 
and Space Administration under gr~nt NASA NsG 333. 
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the assumed mid -latitude surface te,peratures and equivalent blackbody temperatures 

corresponding to the calculated infrarj d energy escaping into space . The spectral 

range of the Nimbus I HRIR thus corr~sponds to a very clean atmospheric window and 

the observed radiation intensities sho Id provide an excellent indication of the actual 

surface temperatures and mesoscale emperature gradients . 

As demonstrated by Fujita and Sandeen (1965) , the HRIR subsystem has s ignificantly 

increased the quality of radiational m pping obtainable from the original satellite analog 

traces. This increase in mapping det il resulted from the clean atmospheric window 

and the O. 45° field -of-view resolution offered by the Nimbus I radiometer as compared 

to 5 . o0 for the preceding TIROS satel ites . 

2. Comparison of Nimbus I Radiation Analysis and Shelter Temperatures 

Observation by Nimbus I of the ry and cloud-free southwest United States during 

overpass of Orbit 73 on 2 September is provided some interesting radiational profiles 

resulting from pronounced topographi features such as Grand Canyon, [)eath Valley and 

the Sierra Nevada range. By analyzin a section of the foregoing region, Fujita and 

Bandeen (1965) have shown that a high !degree of correlation exists between terrain height 

and the actual Nimbus I surface temp rature measurements . The ir equivalent black

body surface temper atures were obtai ed by applying a 1° (scan angle) running mean 

smoothing technique to the original satellite analog traces. 

[)eath Valley was especially not worthy because of the high temperatures and meso

scale temperature gradients observed by Nimbus I. Figure 1 shows the mean equivalent 

blackbody temperature analysis as ob a ined from the calibrated Nimbus I analog traces 

while Fig. 2 gives the corresponding opographic map. Inspection reveals an excellent 

correlation between terrain height an temperature. The surface temperatures ranged 

from -12C for Mt. Whitney (14,495 ft msl) to 18C for [)eath Valley , which are , respectively , 

the highest and lowest land areas in e contiguou s 48 states. The maximum observed sur

face temperature corresponded to tha!section of [)eath Valley ranging in elevation from - 200 

to - 282 ft msl. Dry lakes and small odies of water located at relatively low elevations, 

such as Owens Lake and the Haiwee R servoirs in Owens Valley, stand out as warm 

ar eas in the near m idnight (1145 PST) radiation analysis . The str ongest surface temp

erature gradients were found to coinc~de with the slope of the Sierra Nevada range from 

the floor of Owens Valley to Mt. Whit$ey and the slope from [)eath Valley to Telescope 
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Peak in the Panamint Range. Figure 3 shows an enlarged HRIR picture of Death Valley 

and the Sierra Nevada range corresp nding to the radiation analysis given in Fig. 1. 

Figure 4 illustrates the shelte temperature versus station height profile obtained 

for Death Valley and several station in the area for the years 1960 and 1962. The 

average values for the two-year sam le reveal that the decrease in shelter temperature 

with an increase in station elevation orresponds closely to the value for the dry

adiabatic lapse rate. Furthermore, the Death Valley region is dominated by a hot 

desert climate which precludes exteJsive convective activity with subsequent cloudiness 

and precipitation. The average numr r of clear days per year is 283 with a mean annual 

precipitation of approximately 2 inchf s, most of which falls in winter and during a few 

violent summer showers. Therefor~ , the small seasonal and diurnal variation of cloudi

ness and atmospheric turbidity have ~ negligible effect upon the average temperatures 

given in Fig. 4. 

As shown by the curves in Fig.l 4, the mean maximum and minimum shelter temp

eratures for the two-year period exlubit a noticeable departure from the dry-adiabatic 

value. This departure r eflects an in~rease in the daily temperature range with height 

resulting from relative ly weak absorl:>tion of solar and te rrestrial radiation by the colder 

and less dense atmosphere at the higper station elevations. 

At the near midnight Nimbus I bservation one might at first expect Death Valley 

to be filled with cold air. However, the infrared radiation analysis (Fig. 1) indicates 

a warm valley floor. Since Death V~lley is in reality a large depression in the earth's 

surface, with an average width of 10! 15 miles, the usual concept of a valley bottom 

filled at night with cold air does not ecessarily apply. It is the authors' view that most 

of the effective cold air drainage at night originates from the lowest 1000 ft of mountain 

slope. However, as shown by Fig. ~ · this lower slope area is small in comparison to 

the large areal extent of Death Valley. The lack of well-developed cold drainage winds 

is especially evident during the hot symmer months when the minimum shelter temp

eratures are often only a few degreel lo~ r than the maximum daytime temperatures. 

In Fig. 5, satellite-measured :urface temperatures are plotted against the cor

r esponding terrain heights . A u:r;iiqu relationship between the surface temperatures and 

topography is again clearly demons t± ted. The point values in the scatter plot were 

obtained by carefully selecting areas of relatively flat ground at various elevations and 

locating the proper temperatures fro the radiation analysis. Rugged topography, 

such as steep mountain ridges intersbersed with narrow valleys, was generally avoided 
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in preparing the scatter diagram . :f such cases, the radiative intensities measured by 

the satellite correspond to an effecti e terrain height which is rather difficult to estimate. 

The instantaneous lapse rate o surface temperature given in Fig. 5 is approximately 

8. SC/km, as compared to the dry-adiabatic lapse rate of !OC/ km . The temperature 

profile measured by Nimbus I at 114I PST (Fig. 5) thus represents a transition stage 

between the mean maximum and min mum shelter temperatures as given, respectively, 

by the dashed and dash-dotted curve in Fig. 4. This implicitly assumes uniform soil 

emissivities and a fairly constant dik erence between the shelter and surface temperatures 

with increasing elevation. 

3. Description of Death Valley Tern rature and Radiation Measurements 

In order to investigate the tern rature and radiation profiles within Death Valley, 

a series of measurements were mad during February 1965 by Marlatt* of Colorado 

State University. A map of Death V lley and adjacent deserts and mountain ranges is 

shown in Fig. 7. The locations num ered from 1-7 correspond to thermograph sites 

(Fig. 6) located at approximately 10~0-ft intervals from a 6000-ft msl elevation near 

Aguerreberry Point to the valley floafr. Figure 8 gives a panoramic view from Aguerreberry 

Point looking eastward across Death alley while Figs. 9- 15 show the various thermograph 

sites positioned down Trail Canyon t the Devils Golf Course, The site s were established 

to provide data on the 24-hour tem31.rature profiles at varying elevations above the valley 

floor . Infrared radiation emitted by the canyon floor and surrounding walls near the 

thermograph sites was also recorde during the 24-hour study by a hand-carried 8-13 

micron radiometer. 

At points A and B in Fig. 7, a petwork of 20 electronic thermistors was established 

over a circle of 100-ft radius to me~sure surface temperatures. Figure 9 illustrates the 

surface temperature site at the Dev4s Golf Course. In addition, a medium resolution 

radiometerwithan.8-13 micron filte1 was flown over points A and B by a Piper Twin 

Comanche aircraft. The surface terpperature measurements were taken coinciding 

with flyover by the aircraft at appro:hmately three hour intervals during a 24-hour 

period. 

The data acquired from the ab@ve experiments are now under reduction and evalua -

tion by the Department of AtmospheJ ic Sciences at Colorado State University. 

*Personal communication, repbrt to be published in near future . 
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4. Radiative Surface of Death Valley 

Death Valley represents a vast repository containing a wide array of soil types 

and rock formations. Possible varifltions in the infrared emissivity of the widely dif

fering surface materials led to a se 'ies of emissivity measurements by Colorado 

State University in conjunction with e temperature measurements described previously. 

A number·of rock and soil samples were also obtained for laboratory examination at 

a later date. 

Several terrain features typic 'l of the Death Valley are a are shown in Figs. 16-20. 

Figure 16 illustrate·s the sand dunes located immediately north of Stovepipe Wells. 

Over a period of time, dust and sand-laden winds sweeping from the north collided 

with the mountainous obstruction lo~ated at the bend of the valley near Stovepipe Wells. 

The ensuing turbulence and loss of v.elocity resulted in the formation of sand dunes 

by the fallout of windborne erosion articles over a localized area. 

Figures 18-19 portray terrain at the surface temperature sites located by points 

A and Bin Fig. 7. The Devils Golf ourse (Fig. 18) represents the rugged surface of 

a 1000-ft thick interbedded layer of alt and water bearing gravels. Capillary action 

brings salt-laden water from below. Upon evaporation, a small amount of salt is deposited. 

Pillars of salt are eventually forme which at times may reach 18 inches to 2 ft in height. 

The Amargosa Desert (Fig. 19) liesl at an average elevation of 2500 ft msl to the east 

of Death Valley. Bare Mountain forl s the background in Fig. 19 while hardy desert plants, 

such as the creosote bush, are foun9 in the foreground. The sandy soil is covered by a 

thin layer of gravel coated with "de ~ert varnish," a darkening of the rock surface due to 

long exposure. 

Figure 17 illustrates the salt flats immediately north of the Devils Golf Course. 

During the cool and moist Ice Age, !I lake 100 miles long and up to 600 ft deep covered 

the floor of Death Valley. After the uplifting of the Sierra Nevada range to the west, 

ancient Lake Manly slowly evaporat d leaving behind deposits of silt, clay and salt. 

The fresh water oasis at Furnace C eek (Fig. 20) provides a vivid contrast to the 

adjacent dry and relatively barren vklley floor. 

5. Conclusions 

As indicated by a mesoscale t(j!mperature analysis of Death Valley and the 
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Sierra Nevada range, the Nimbus 11· RIR system has provided a significant increa se 

in the quality of radiational mappin obtainable from satellite data . A unique relation

ship was found to exist between the atellite-measured surface temper atures and terrain 

height. The instantaneous lapse ratle of surface temperature was computed as 8. SC/km 

for the area covered by the radiatiot analysis . On the average , the lapse rate of 

shelter te.mperatures for five statio s located at differing elevations in the area was 

found to closely correspond to the d y -adiabatic value . 
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Fig. 1. Mean equivalent blackbody surface temperatures for Death Valley and the Sier_ra Nevada range 

obtained by Nimbus I during Orbit 73, September 2, 1964. Isotherms are contoured for every 2C. 

00 



Beotty ~ c::;:;::i 0 
-~ ~·~ 

Fig. 2. Topographic map of Death Valley and the Sierra Nevada range. 
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Nevada range corresponding to the temperature analysis given in 
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Fig. 7. Detailed map of Death Valley and adjacent mountain ranges. 



Fig. 8. Panoramic view from Aguerreberry Point looking eastward across Death Valley. 



Fig. 9. Thermograph site No. 7 and surface temperature 

equipment located on the Devils Golf Course at an elevation of 

-260 ft msl. 

Fig. 10. Thermograph site No. 6 located at an elevation of 

1000 ft msl . Horizon i s indicated by ticks on the photograph border. 
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Fig. 11. Thermograph site No. 5 located at an elevation of 2000 ft msl. 

Fig. 12. Thermograph site No. 4 located at an elevation of 3000 ft msl . 
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Fig. 13. Thermograph site No. 3 located at an elevation of 4000 ft msl. 

Fig. 14. Therrnograph site No. 2 located a t an e levation of 5000 ft msl. 
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Fig. 15. Thermograph site No. I located at an elevation of 6000 ft msl. 

Fig, 16. Death Valley sand dunes situated near Stovepipe Wells. 



Fig. 17. Salt Flats located immediately north of the Devils Golf Course. 

Fig. 18. Detailed view of the rugged surface terrain at the Deviley Golf 

Course. 
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Fig. 19. Amargosa Desert located at an average elevation of 2500 ft msl 

to the east of Death Valley • 

Fig. 20. Furnace Creek Oasis. 
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