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FOREWORD 

The United States Army needs to know more about the layer or the 

atmosphere in which military ground operations are conducted. It is 

WELL KNOWN THAT STANDARD METEOROLOGICAL OBSERVATIONS PURPOSELY AVOID 

THE COMPLEXITIES OF THE MICROCLIMATE WHICH EXISTS CLOSER TO THE GROUND 

THAN THE HEIGHT OF STANDARD HUMIDITY AND TEMPERATURE MEASUREMENTS IN AN 

INSTRUMENT SHELTER (APPROXIMATELY 5 FEET ABOVE THE GROUND). BECAUSE THE 

SOLDIER AND HIS EQUIPMENT OPERATE MOSTLY IN THE LOWEST LAYER OF THE AT¬ 

MOSPHERE, A GREAT DEAL MUST BE LEARNED ABOUT THIS LAYER BEFORE FULL 
ASSESSMENT CAN BE MADE OF THE IMPACT OF ENVIRONMENT ON MILITARY ACTIVITY. 

The IMPORTANCE OF THE MICROCLIMATE TO MILITARY OPERATIONS HAS BEEN 

RECOGNIZED EVER SINCE WORLD WAR II. ÏHE QUARTERMASTER CORPS BEGAN 

studies of "The Climate of the Soldier" in 194]; by 1949 four reports 
HAD BEEN PUBLISHED. THESE INCLUDE A COMPREHENSIVE BIBLIOGRAPHY AND STUDIES 

OF THE VARIATION OF WIND AND TEMPERATURE IN THE MICROCLIMATIC LAYER. SINCE 

I949 THE CAPABILITY FOR ANALYZING THE LARGE AMOUNT OF DATA INVOLVED IN A 

MICROCLIMATIC STUDY HAS INCREASED, AND THE DESIRABILITY HAS BECOME EVIDENT 

OF MAKING MICROCLIMATIC INVESTIGATIONS IN THE EXTREME ENVIRONMENTS OF THE 

WORLD WHERE THE ENVIRONMENTAL STRESS ON MILITARY OPERATIONS IS GREATEST. 

Plans tor conducting such studies at arctic, desert, and tropical sites 

WERE MADE in 1954, AND THE OBSERVATIONAL PROGRAM BY THE U. S. ARMY SIGNAL 

Corps, Army Electronic Proving Ground, Fort Huachuca, Arizona, began in 

1955. This report, covering a summer period (1956) AT YuMA ^EST Station, 
Arizona, is the first dealing with the Signal Corps observations. Other 

MICROENVIRONMENTAL STUDIES ALREADY PUBLISHED OR IN PREPARATION BY THE 

Quartermaster R&£ Command are listed on the inside front cover of this 

REPORT . 
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Chi ef 
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Division 

Approved : 

CARL L. WHITNEY, It. Col., QMC 
Commanding Officer 
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ABSTRACT 

OCT Al LCD AND CONTINUOUS TEMPERATURE, WIND, AND RADIATION RECORDS 

TOR A 2-MOm SUMMER PER I OD^UNOER DIVERSE TERRAIN CONDITIONS AT YUMA 

Test Station, Arizona,(were analvzed> 4r-y» rouwo that the temperature 
REGIME NEAR AND AT THE EARTH'S SURFACE VARIES SIGNIFICANTLY FROM THE 

REGIME AS FOUND BY ^STANDARD* OBSERVATIONS. MIDDAY TEMPERATURES GREATER 

THAN l40F WERE FREQUENT ^ BOTH SANO ANO DESERT PAVEMENT SURFACES. TEM¬ 

PERATURES AT LEVELS 200 CENT IMETERS ABOVE THESE SURFACES WERE SELDOM MORE 

THAN 110F. 

The wind regimes at the relatively low sandy plains and desert pave¬ 
ment SITES WERE QUITE SIMILAR, WITH STRONGEST WINDS IN THE AFTERNOON AND 

VERY LIGHT WINDS AT NIGHT. WINDS MEASURED AT THE CREST OF A HILL AVERAGED 

STRONGER DAY AND NIGHT AND HAD IMPORTANT EFFECTS ON THE TEMPERATURE REGIME. 

The TOTAL INCOMING RADIATION AT ¥WHA TeRT' 6TRf4BM AT MIDDAY IS EX¬ 

TREMELY HIGH, OFTEN EXCEEDING 5OO BTu/fT^/hR. OUTGO I IjjG RADI AT I ON IS ALSO 

AT A MAXIMUM AT MIDDAY WHEN IT AVERAGES OVER 3°^ Btu/fY^/hR. THE NET 

RADIATION IS POSITIVE (INCOMING) FOR AN AVERAGE OF 12 HOURS EACH DAY, AND 

EXCEEDS 150 Btu/çI^/hR FOR AN AVERAGE OF 6 HOORt EACH DAY. AT NIGHT THERE 

IS A SMALL NEGATIVE RADIATION BALANCE. 
\ 
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YUMA SUMMER MICROCLIMATE 

1. Observational program 

AS PART OF A BROAD PROGRAM TO INVESTIGATE THE CLIMATE OF THE LOWEST 

LAYER OF THE ATMOSPHERE IN EXTREME ENVIRONMENTS, SIX MICROCLIMATIC STA¬ 

TIONS WERE INSTALLED AT YUMA TEST STATION, ARIZONA, AND OPERATED CONTIN 

UOUSLY TOR A PERIOD OF l4 MONTHS* THE LONG OBSERVATION PERIOD MADE 

POSSIBLE THE DETERMINATION OF MONTHLY AND SEASONAL AVERAGES AS WELL AS 

EXTREME TEMPERATURE GRADIENTS NEAR THE GROUND. ÏHE STATION SITES WERE 

CAREFULLY SELECTED AS REPRESENTATIVE OF CHARACTERISTIC TYPES OF DESERT 

SURFACE; THREE OF THE STATIONS ARE CONSIDERED PRIMARY BECAUSE OF THEIR 

FAIRLY COMPLETE INSTRUMENTATION, AND THREE ARE SECONDARY BECAUSE OF 

THEIR LESS COMPLETE INSTRUMENTATION* IHE RESULTS OF AN ANALYSIS OF THE 

RECORDS FOR A SUMMER PERIOD AT THE THREE PRIMARY SITES ARE INCLUDED IN 

THIS REPORT; DISCUSSION OF THE LESS DETAILED RECORDS AT THE SECONDARY 

STATIONS WILL BE INCLUDED IN A SEPARATE REPORT. 

The MOST COMPLETELY INSTRUMENTED SITE WAS LOCATED ON A SANDY PLAIN 

EAST OF THE MAIN POST AREA OF YUMA TEST STATION AT AN ELEVATION OF 420 

FEET. THE SECOND STATION WAS LOCATED ON A DARK BROWN DESERT PAVEMENT 

NEAR THE ORDNANCE FIRING RANGE AT ABOUT THE SAME ELEVATION. THE THIRD 

AND HIGHEST OBSERVATION POINT WAS ON A ROCKY PEAK OF THE NORTH LAGUNA 

Mountains at an elevation of 630 feet, or 210 feet above the plain. 

For convenience,in this report the stations are referred to as Sandy 

Plains, Desert Pavement, and Laguna Top, respectively. Figure 1 is a 

STATION LOCATION MAP, AND FlGUREi 2, 3j 4 ARE PHOTOGRAPHS OP THESE 

PRIMARY STATIONS AND THEIR SURROUNDINGS. 

At EACH PRIMARY SITE, TEMPERATURES WERE MEASURED AT 10 POINTS BY 20 

GAUGE THERMOCOUPLES PLACED ATI ( a) ELEVATIONS OF 2-5? 7*5> 25> 

100, AND 200 CENTIMETERS ABOVE THE SURFACE, (b) DEPTHS OF 2*5, 7*5, AND 

25 CENTIMETERS, AND (c) THE SURFACE, WHERE THE THERMOCOUPLE WAS KEPT 

LIGHTLY DUSTED. THE THERMOCOUPLES ABOVE THE SURFACE WERE SHIELDED, AS 

shown in Figures 2, 3> AND 4. Aerovane anemometers were installed 

lj FEET ABOVE THE GROUND AT EACH SITE FOR WIND OBSERVATIONS, AND NET AND 

TOTAL RADIATION WERE OBSERVED AT THE SANDY PLAINS SITE. ÏHE 10 TEMPERA 

TURES AT EACH SITE WERE RECORDED IN SEQUENCE AT INTERVALS OF APPROXI¬ 

MATELY 1 MINUTE SO THAT EACH COMPLETE CYCLE REQUIRED 10 MINUTES. 

A STANDARD WEATHER STATION HAS BEEN MAINTAINED BY THE SIGNAL CORPS 

at Yuma Test Station since 1951 • Récord from that station gives 

AN ADEQUATE INDICATION OF THE "ST AND ARD"1 CLIMATE AND PROVIDES A BASE 

FROM WHICH MICROCLIMATIC VARIATIONS CAN BE DETERMINED. SOLAR RADIATION 

AND DEWPOINT MEASUREMENTS FROM THE STANDARD STATION WERE USED IN THIS 

REPORT . 
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2. Analysis or data 
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Because the most extreme microclimatic conditions in hot deserts 

OCCUR IN SUMMER, THE PERIOD OF JULY AND AUGUST 1956 WAS SELECTED FOR 

analysis. Hourly temperatures at each of the 10 levels, hourly wind- 

speeds AND DIRECTION FOR EACH SITE, SOLAR RADIATION MEASUREMENTS AT THE 

STANDARD WEATHER STATION, AND NET AND TOTAL RADIATION MEASUREMENTS AT 

the Sandy Plains site were punched on cards. Four different machine 

METHODS WERE USED TO ANALYZE THE DATA. FIRST, MEAN HOURLY TEMPERATURES 

AND WINDSPEEDS FOR JULY AND FOR AUGUST WERE DETERMINED AS A BASIC STEP 

FOR COMPARISONS BETWEEN STATIONS. SECOND, TEMPERATURE DISTRIBUTIONS 

DURING THE PERIODS OF NET INCOMING AND OUTGOING RADIATION WERE STUDIED. 

Third, temperature distributions during extended periods of high and low 

ABSOLUTE HUMIDITY WERE ANALYZED. FINALLY, THE FREQUENCY DISTRIBUTION OF 

TEMPERATURES AT EACH STATION WAS DETERMINED. 

a. Mean hourly temperatures and windspeeds 

Figure 5 shows July and August mean temperature isotherms drawn 

against height and time for the Sandy Plains Station. (The data were 

ORIGINALLY PLOTTED SEPARATELY FOR JULY AND AUGUST, BUT SINCE LITTLE DIF¬ 

FERENCE WAS NOTED IN THE TEMPERATURE PROFILES DURING THE TWO MONTHS, THE 

OBSERVATIONS WERE COMBINED AND ARE PRESENTED HERE FOR THE TWO MONTHS.) 

The graph, based ON mean HOURLY TEMPERATURES at each of THE 10 OBSERVA¬ 

TION LEVELS, DEMONSTRATES WELL-KNOWN CHARACTERISTICS OF THE MICROCLIMATIC 

LAYER, AND MAKES POSSIBLE QUANTITATIVE STATEMENTS AS TO TEMPERATURE DIF¬ 

FERENCES TO BE EXPECTED IN AND ABOVE THE GROUND. 

The daily temperature range was greatest at the^ground surface, 
MAINLY BECAUSE OF THE EXTREMELY HIGH TEMPERATURES AT THE SURFACE DURING 

THE DAY. THE RANGE OF TEMPERATURE NARROWED MUCH MORE RAPIDLY WITH DEPTH 

BELOW THAN WITH HEIGHT ABOVE THE SURFACE. THE TEMPERATURE EXTREMES IN 

THE SOIL LAGGED BEHIND THE EXTREMES AT THE SURFACE SO MUCH THAT THE 

LOWEST MEAN HOURLY TEMPERATURE AT THE 25~CENTI METER DEPTH OCCURRED AT 

I23O MSI; THE HIGHEST WAS AT 2230 MSI. THE HIGHEST MEAN HOURLY TEMPERA¬ 

TURE OBSERVED, 13ÔF, OCCURRED AT THE GROUND SURFACE AT 1^30. THE ABSO¬ 

LUTE MAXIMUM AT THIS LEVEL WAS 148F. The LOWEST MEAN HOURLY TEMPERATURE, 

76F, DIO NOT OCCUR AT THE SURFACE AS WOULD BE EXPECTED, BUT AT 7-5 CENTI¬ 

METERS ABOVE IT AT 0430 MSI. THE ABSOLUTE MINIMUM TEMPERATURE OBSERVED 

at Sandy Plains during the two-month period was 62F. It occurred at the 
SURFACE, AND AT THE 2-5 AND 7*5 CENTIMETER LEVELS. 

In Figures 6, ], 8, and 9 the differences which occurred between 
ti-e Sandy Plains regime, shown in Figure *nd the regimes at the other 
SITES ARE DEPICTED. 
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DIFFERENCE IN MEAN MONTHLY TEMPERATURE BETWEEN DESERT PAVEMENT AND SANDY PLAINS. 

YUMA TEST STATION. ARIZONA 

HOURLY MCASURfMINlsrt) AT NINE LfVILt. iULY ItM 

0030 0230 0430 0630 0830 1030 1230 1430 1630 1830 2030 2230 0030 

STANDAR 3D TIME 

Figure 6 

6 



O
B

S
E

R
V

A
T

IO
N

 
DIFFERENCE IN MEAN MONTHLY TEMPERAI URL BETWEEN DESER! PAVEMENT AND SANDY PLAINS 

YUMA TEST STATION. ARIZONA 
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DIFFERENCE IN MEAN TEMPERATURES BETWEEN LAGUNA TOP AND SANDY PLAINS, 

YUMA TEST STATION. ARIZONA 

HOURLY MEASURfMfN1$ ) AT NINE LEVELS. JULY 1996 

STANDARD TIME 

FlCURE 8 
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DIFFERENCE IN MEAN TEMPERATURES BETWEEN LAGUNA TOP AND SANDY PLAINS, 

YUMA TEST STATION. ARIZONA 

HOURIY Mf ASUCEMÍNTS (*F ) At NINf UVItS AUGUSl líSé 

0030 0230 0430 0630’"Õ830 1030 1230 1430 1630 1830 ‘¿030 2230 0030 

STANDARD TIME 

F I CURE 9 
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(0 Comparison or Desert Pavement and Sandy Plains tlmperaturcs 

DirrcRENCcs in mean hourly temperatures between Sanov Plains 
ano Desert Pavement are shown in Figure 6 (July) and Figure 7 (August). 

The most notable difterences between these stations were at the 2.5 cen¬ 

timeter DEPTH, WHERE MIDDAY TEMPERATURE VALUES AT THE DESERT PAVEMENT 

SITE AVERAGED 7F HIGHER THAN THOSE AT SANDY PLAINS IN JULY ANO \kf 

higher in August. At greater depths, the Desert Pavement site was also 
consistently warmer. 

The DIFFERENCES IN SUBSURFACE TEMPERATURES CAN BE EXPLAINED BY 

DIFFERENCES IN HEAT ABSORPTION AT THE SURFACE AND MEAT TRANSMISSION INTO 

THE GROUND AT THE TWO SITES. MEASUREMENTS TAKEN NEAR THESE SITES* SHOW 

THAT ABOUT 65 PERCENT OF THE SOLAR RADIATION AT MIDDAY IS ABSORBED OVER 

THE SANDY PLAINS AREAS, AND ABOUT 85 PERCENT IS ABSORBED OVER THE DESERT 

FAVCMENT AREAS; THAT IS, THERE IS MORE HEAT AVAILABLE FOR TRANSMISSION 

INTO THE GROUND AT DESERT PAVEMENT. The AMOUNT OF HEAT ACTUALLY TRANS¬ 

MITTED INTO THE GROUND IS DEPENDENT UPON THE THERMAL OIFFUSIVITY OF THE 

SOIL; THERMAL OIFFUSIVITY IS A TERM DENOTING JOINT CONSIDERATION OF CON¬ 

DUCTIVITY, DENSITY, AND SPECIFIC HEAT. DRY SAND IS NOTED FOR ITS LOW 

THERMAL OIFFUSIVITY (GEIGER, 195?)> thUS LESS HEAT IS TRANSMITTED INTO 
THE GROUND AT SANDY PLAINS. 

The DAILY RANGE OF SURFACE TEMPERATURES AT DESERT PAVEMENT IS 
GENERALLY LESS THAN AT SaNDY PLAINS. Dü« I N.G AUGUST, AFTERNOON SURFACE 

TEMPERATURES WERE AS MUCH AS 4P LOWER AT DESERT PAVEMENT; MORNING TEM¬ 

PERATURES WERE AS MUCH AS JF HIGHER. HOWEVER, THE HIGHEST TEMPERATURE 

RECORDED FOR THIS STUDY, OCCURRED AT THE DESERT PAVEMENT SURFACE 
in July. 

The reason for somewhat higher daytime temperatures at 2.5 

centimeters above the ground at Desert Pavement is not apparent. Sur¬ 

face ROUGHNESS AND THE THERMAL CAPACITY OF THE SURFACE MATERIAL ARE TWO 

FACTORS INVOLVED IN THE TEMPERATURE REGIME JUST ABOVE THE SURFACE. ALSO 

THE POSSIBILITY OF SLIGHT ERROR IN THE LOCATION OF THE THERMOCOUPLES 

CANNOT BE ENTIRELY DISCOUNTED, ALTHOUGH THESE POSITIONS WERE CHECKED 
PER IODICALLY. 

(2) Comparison of Laguna Top and Sandy Plains temperatures 

Figures 8 and 9 show that Laguna Top has a smaller daily 

RANGE OF AIR TEMPERATURES THAN SANDY PLAINS, WITH APPRECIABLY HIGHER 

TEMPERATURES AT NIGHT AND LOWER TEMPERATURES DURING THE DAY. THE 

'The measurements taken by Mr. Richard Pratt of the Biophysics Branch, 

Environmental Protection Research Division, with an Eppley Pyrheliometer 

ATTACHED TO THE UNDERSIDE OF A HELICOPTER, WERE COMPARED W1TN THE IN¬ 

COMING RADIATION MEASUREMENTS AT THE STANDARD WEATHER STATION. 

1Ö 



DECREASE IN TEMPERATURE RANGE IS PARTICULARLY DISTINCT IN AUGUST; NIGHT¬ 

TIME HOURLY TEMPERATURES WERE A3 MUCH AS ÛF WARMER AND DAYTIME TEMPERA¬ 

TURES WERE AS MUCH AS 4P COOLER » BECAUSE Of THE GREATER THERMAL DIF- 

FUSIVITY OF THE ROCKY SURFACE AT LAGUNA TOP, INCOMING RADIANT ENERGY 

IS STORED FOR GRADUAL RELEASE AT NIGHT. ÍHE REASON FOR LOWER DAYTIME 

TEMPERATURES AT LAGUNA TOP IS PARTLY ASCRIBED TO THE STRONGER WINDS AT 

THAT SITE. (See following section.) The range of temperatures AT THE 

SURFACE IS ALSO GREATLY REDUCED AT LAGUNA TOP, WITH MAXIMUM DAYTIME 

VALUES AVERAGING LOWER AND MINIMUM NIGHTTIME VALUES AVERAGING ÔF 
HIGHER. THE HIGHEST SURFACE TEMPERATURE AT LAGUNA TOP WAS l4ôF, THE 

SAME AS THE SANDY PLAINS SITE* 

AN INTERESTING FEATURE SHOWN IN FIGURES 8 AND 9 THAT IN 

August the temperatures at Laguna Top are relatively higher than in 

July. The instruments at Laguna Top were on a slight, south-facing 

slope. Because of this orientation, the sun shines more directly on 

the Laguna Top surface in August when the angle of incidence of the sun 

is lower than in July; at the Sandy Plains site, where the ground sur¬ 

face IS ESSENTIALLY FLAT, THE REVERSE IS TRUE. IT IS REASONABLE TO 

ASSUME THAT THE COMPARATIVELY HIGHER AUGUST TEMPERATURES AT LAGUNA TOP 

ARE CAUSED BY THE SLOPE DIFFERENCES OF THF TWO SITES* 

(3) Significance of temperature comparisons 

In order to determine whether the temperature differences 

shown in Figures 6, 7> Ö, and 9 were real or possibly due to chance, 

the August data (too many days were missing in July) were analyzed. In 

ANY ONE SEQUENCE (e*G., THE COMPLETE 24-HOUR COMPARISON BETWEEN DESERT 

Pavement and Sandy Plains at a particular height is shown in Fig. 7), 

IF THERE WERE NO REAL DIFFERENCE IN THE MEAN TEMPERATURE AT EACH ONE OF 

THE 24 HOURS, THERE WOULD BE A CHANCE THAT THE TEMPERATURE OF ONE 

POINT WOULD EXCEED THE TEMPERATURE OF THE COMPARABLE POINT AT THE OTHER 

SITE. THE TEMPERATURE DIFFERENCES WERE TRANSLATED INTO A SERIES OF 

SIGNS (PLUS OR MINUS), WHICH FORMED SEQUENCE PATTERNS. OF THE l8 SE¬ 

QUENCE PATTERNS IN THE ANALYSIS, ONLY ONE COULD REASONABLY HAVE BEEN 

EXPECTED BY CHANCE. 

Where the sequences were shown to be nonrandom, it was 

REASONABLE TO CALCULATE A CONFIDENCE INTERVAL WITHIN WHICH THE TRUE 

DIFFERENCE BETWEEN THE TWO POINTS WOULD BE EXPECTED TO FALL 95# or THE 

time. The confidence intervals, assuming a normal distribution of dif¬ 

ferences, ARE PRESENTED IN TABLES I AND II FOR SELECTED TIMES AND 

HE 1GHTS. 

As THESE TAQLES SHOW, THERE WERE ONLY THREE CASES IN THE 

SAMPLE SELECTED WHERE THE DIFFERENCES COUL0 HAVE ARISEN BY CHANCE « 



TABIC » 

TABLE OF 95* CONFIDENCE LIMITS FOR TEMPERATURE DIFFERENCES BETWEEN DESERT 

PAVEMENT AND SANDY PLAINS (August) 

Observation 
Level ( cm) 

ÕwÍmF 

Time 

95* Confidence Limits 
Dirr. in (*F) 

Mean Temp.* Lower Upper 

200 

100 

O23O 

O83O 
223O 

OI3O 

163O 

233O 

.3.1 

1 .0 

-3.Ô 
.1.7 
-2.5 

-3-5 
0.7 

-3.0 

-3-3 
-1.9 
-2.9 

-2.6 
1-3 

-2.2 

-2-7 
-1.5 
-2.1 

25 

2*5 

Surface 

-2*5 

-7*5 

0730 
1230 
2230 

0630 
0930 
2330 

0730 
1430 
2330 

0230 

1330 
2030 

0230 
0930 
2230 

-1.6 
-1 #0 

1-9 

5*3 
-0.2 N.o 

6.6 
-4.1 
3*3 

-2*5 
13.8 
-2.6 

2.2 
5.O 

1.6 

1.1 
-1.9 
-1.2 

1.6 
4.5 

-0.5 

6.3 
-4.6 
3*1 

-2.8 
13.O 
-2.9 

2.1 
4. 
1. 

i*5 

-0 J 

2.2 
6.1 
0.1 

6.9 
-3*6 
3*5 

-2.2 
i4.6 
-2*3 

2*3 
5*1 
1.8 

-25 

0230 
0730 
1730 

2-3 
2.1 

^•3 

2.1 
1.8 
4.1 

2. 
2. 
4.5 

•Minus signs indicate: lowcr temperatures at Desert Pavement than at Sandy 

Plains; otherwise Desert Pavement temperatures are higher. 

n.d. -When the significance limits include 0, the temperature difference 

IS NOT SIGNIFICANT AT THE 95^ LEVEL; ALL OTHER TEMPERATURE DIFFERENCES IN 
THIS SAMPLE ARE SIGNIFICANT. 
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TABLE II 

TABLE OF 95* CONFIDENCE LIMITS FOR TEMPERATURE DIFFERENCES BETWEEN LAGUNA 

TOP AND SANDY PLAINS (August) 

95* Confidence Limits 
Observation Diff. in (°F) 

Level (cm) Time Mean Temp.*_ Lower_Upper 

200 

100 

25 

7*5 

2-5 

Surface 

-2-5 

-7-5 

-25 

0530 
0930 

2130 

0530 
0930 
2130 

0530 
1230 
2030 

0530 
1130 
2030 

0530 
1330 
2030 

0830 
1530 
2330 

0730 
1130 
1930 

0730 
1630 
2330 

4.9 
-1.8 

5-7 
-2-7 
0.9 

6.9 
-2.2 
3.0 

7-3 
-3-3 
3.8 

7.6 

1- 7 
3-3 

.1:1 
2- 5 

4.0 

6.8 
-6.4 
2.1 

O33O 0.2 N.D. 
0730 0.8 
I53O 2-3 

4- 3 
-2.1 
-0.2 

5- 1 
-3.1 
0.2 

6-3 
-2.3 
1.6 

6-3 7-5 
-2.6 -1.8 
2.2 3.8 

6-7 7-9 
-4.1 -2.5 
3.0 4.6 

6-9 
1.2 
2.5 

8.3 
2.2 
4.1 

7.1 8.3 
-9.2 -8.0 
2.0 3.0 

4.4 
7-1 

-3-9 

7.2 
-6.1 
2.5 

0.0 0.4 
0.5 1.1 
2.1 2.5 

♦Minus signs indicate lower temperatures at Laguna Top than Sandy Plains; 
otherwise Laguna Top temperatures are higher. 

n.d. - When the signipicance limits include 0, the temperature difference 
is not significant at the 95^ level; in only two cases in this sample are 
MEAN TEMPERATURE DIFFERENCES TOO SMALL TO BE CONSIDERED SIGNIFICANT. 
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MIAN HOURIV WIND SPUDS AT VUMA TEST STATION 

awwir AvcMocs at pour «mai. un.y and august isse 

Fig. 10 

(4) Mean nouait winospecps 

The daily windspeco patteshs at the three microclimatic 
SITES AND AT THE STANDARD STATION ARE GRAPHED IN FIGURE 10. THE OUT¬ 

STANDING PE ATURE OF THE LOW STATIONS IS THE DIURNAL VARIATION IN WINDS 

FROM MEAN SPEEDS OF LESS THAN 2 MPH IN THE EARLY MORNING TO MORE THAN 

10 MPH IN THE AFTERNOON. ANOTHER FEATURE IS THE CONSISTENTLY STRONGER 

WINDS AT Laguna Top. This is particularly important at night when near- 
calm CONDITIONS PREVAIL FAR MORE OFTEN AT THE LOWER STATIONS AND ALLOW 

THE DEVELOPMENT OF INVERSIONS. No IMPORTANT DIFFERENCES BETWEEN THE 
WIND REGIMES OF THE LOWER STATIONS ARE APPARENT. 

a. Temperature gradients 

The GREATEST VERTICAL TEMPERATURE DIFFERENCES IN THE LOWEST 
LAYER OF THE ATMOSPHERE OCCUR DURING THE PERIOD OF MAXIMUM INCOMING 

i4 



SOLAR RADIATION WHEN HIGH TEMPERATURES OCCUR AT AND NEAR THE GROUND 

SURFACE. The REVERSE SITUATION OCCURS IN THE EARLY MORNING WHEN OUT¬ 

GOING RADIATION DOMINATES AND RESULTS IN A COOLING TREND NEAR THE SUR¬ 

FACE. 

( 1 ) Outgoing radiation type 

The outgoing radiation type of temperature distribution was 

BEST DEVELOPED BETWEEN 013® **0 053^ MST. To STUDY THIS TEMPERATURE DIS 

TR I BUT I ON; ALL CARDS IN WHICH THE 7*5*CCNT1HCTCR TEMPERATURE WAS LOWER 
THAN THE 2-METER TEMPERATURE DURING THIS TIME PERIOD WERE SORTED OUT AND 

ANALYZED. THE 7.5-GENT I METER HEIGHT WAS SELECTED AS THE BASE OF THE 

INVERSION BECAUSE IT WAS THE HEIGHT WITH THE LOWEST MEAN EARLY MORNING 

TEMPERATURES AT SANDY PLAINS, THE STATION WITH THE MOST INVERSIONS. 

Such an occurrence of minimum temperatures at some point above the sur¬ 

face HAS BEEN NOTED IN OTHER DESERT REGIONS (SINCLAIR, 1922, RANDAS, 

I95I, AND RaSCHKE, I957), AND HAS BEEN OBSERVED REPEATEDLY AT THE 

University of Washington above several types of surface on clear nights 

(Fleagle and Badgley, 1952)• 

The development of an inversion near the surface depends 

UPON THE AMOUNT OF COOLING AT THE SURFACE AND THE AMOUNT OF MIXING OF 

AIR IN THE LOW LEVELS. BECAUSE THE AMOUNT OF MIXING IS PARTIALLY A 

FUNCTION OF WINOSPEED, THE OBSERVATIONS IN WHICH INVERSIONS WERE FOUND 

WERE SUBDIVIDED INTO WINDSPEED CLASSES OF 3 MPH (TABLE |||>. 
« 

Inversions were most common at Sandy Plains, where they 

OCCURRED ON 201 OF 3Q5 EARLY MORNING HOURS, OR PERCENT OF THE TIME 

from 0130 to 0530* Laguna Top, inversions occurred during 66 percent 

OF THE EARLY MORNING HOURS AND AT DESERT PAVEMENT THEY OCCURRED ONLY 

35 PERCENT OF THE TIME* 

Al 

AVAILABLE FOR T 

OF CLOUD COVER 

stations. The 

THEREFORE, WAS 

CONFIGURATION, 

THOUGH NIGHTTIME CLOUD COVER OBSERVATIONS WERE NOT 

HIS STUDY, IT IS REASONABLE TO ASSUME THAT THE EFFECT 

ON OUTGOING RADIATION WAS OF THE SAME ORDER AT THE THREE 

DIFFERENCE IN THE NUMBER OF INVERSIONS AT THE THREE SITES 

CAUSED BY OTHER FACTORS SUCH AS AIR MOVEMENT, SURFACE 

OR SURFACE MATERIALS. 

AT EACH STATION, AVERAGE WINDSPEEDS WERE LOWER DURING 

PERIODS OF INVERSION, HOWEVER, DESERT PAVEMENT, THE STATION WITH THE 

LIGHTEST WINDS, HAD THE FEWEST INVERSIONS, AN INDICATION THAT FACTORS 

OTHER THAN WIND ALSO ARE INVOLVED IN THE FORMATION OF INVERSIONS. It 

IS LIKELY THAT AT DESERT PAVEMENT, HIGHER NIGHTTIME SURFACE TEMPERATURES 

(Figs. 6 and 7) prevented a more frequent occurrence of inversions. 

15 



TABLE Ilf 

NUMBER OF OBSERVATIONS WITH AND WITHOUT INVERSIONS AT THREE SITES AT 

YUMA TEST STATION, BY WlNOSPEED CLASSES* (Based on hourly observât ions 
FROM 0130 TO 0530 MST DURING JULY AND AUGUST, I956) 

Sandy Plains Desert Pavement Laguna Top 
Wind Class Inversion Inversion Inversion 

(mph) Yes* No** Yes* No** Yes* No** 

Calm 

1-3 

4-6 

7-9 

10-12 

13-15 

16-18 

19-21 

131 5 

87 2 

45 9 

16 5 

2 3 

64 72 

30 60 

13 46 

1 1? 

1 

1 

29 3 

30 23 

67 21 

4i 21 

11 i4 

7 

3 2 

2 

Total Hours 

% of Hours 

Mean Speed 

28l 24 

92 8 

1.8 4.9 

108 197 

35 65 

1.1 2.4 

181 93 

66 34 

4.6 6.9 

♦Temperature at 200 centimeters higher than at 7.5 centimeters. 

•»Temperature at 200 centimeters equal to or less than at 7.5 centimeters. 



TABLE IV 

INVERSION FREQUENCIES DURING JULY AND AUGUST I956 AT YUMA TEST STATION 
(Based on hourly observations from 0130 to 0530 MST at three stations) 

WTño ------— 
Class Number of hours with indicated inversion (0F)* 

<"PH} <112 3 4 5 6 7 6 9 10 >10 Total 

°-3 79 77 57 31 22 10 8 4 4 

^-9 79 68 22 7 5 2 

10-15 7 6 

15+ 2 1 

*+ 371 65 

I83 32 

13 2 

3 <1 

Total 160 155 100 64 36 24 10 8 4 4 1 4 570 

% 28 27 18 11 6 4 2 1 <1 <1 <1 <i 

Temperature at 200 centimeters higher than at 7.5 centimeters by the 
indicated amount 

OfiA ^*BLE ^ TME: am°UNT of nighttime inversion BETWEEN THE 7-5- AND 
¿OO-CENTIMETER heights is indicated for the three stations by windspeed 
class. In no case was an inversion of more than 5F associated with a 
WIND Of MORE THAN 3 MPH. The BEST-DEVELOPED INVERSION, 14F, OCCURRED 
at the Sandy Plains site during a period of low humidity in early July. 

IND ROSES, FOR THE PERIOD OF OUTGOING AND INCOMING RADIATION, ARE 
shown in Figure 11. The random directions of the light morning winds 
IS QUITE APPARENT AT THE SANDY PLAINS AND DESERT PAVEMENT STATIONS. 

ALMnconE:iViCTLE:D *T THESE TW° SITES NEARLY HALF THE TIME BETWEEN 01 3O 
AND 053J MST. At Laguna Top, nighttime winds averaged over 5 mph, and 
PREVAILED FROM THE WEST-SOUTHWEST . CALM CONDITIONS OCCURRED ONLY 11 PER 
CENT or THE TIME, 
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TEMPERATURE GRADIENTS DURING PERIOD OF STRONG 
INCOMING RADIATION AT YUMA TEST STATION 

AVERAGES AT THREE SIT'S WHEN SURFACE TEMPERATURE 

WAS GREATER THAN I2S*F, JULY AND AUGUST I9S« 

TEMPERATURE CF) 

Figure 12 

(2) Incoming radiation type 

The type of temperature gradient associated with strong in¬ 
coming RADIATION IS LIMITED FOR PURPOSES OF THIS STUDY TO TIMES WHEN 5UR- 
F*CE temperatures were above 129F« This indirect method of delimitation^ 
USED BECAUSE THE RADIATION DATA WERE NOT COMPLETE, IS SATISFACTORY BECAUSE 
A HIGH NET INCOMING RADIATION IS REQUIRED TO RAISE THE GROUND SURFACE TEM¬ 
PERATURE above 129F. At Sandy Plains, surface temperatures were above 
I29F FOR 2b7 HOURS DURING THE 2-MONTH PERIOD, AN AVERAGE OF OVER 4 HOURS 
A DAY, OR ABOUT l8 PERCENT OF THE TIME. At DESERT PAVEMENT, SURFACE TEM¬ 
PERATURES WERE ABOVE 12.9F ABOUT 1¾ PERCENT OF THE TIME, WHILE AT LAGUNA 
Top, about 10 percent of the observations were this high. The average 
temperature gradients at the three sites during these periods are pre¬ 
sented IN Figure 12. 

At Laguna Top, mean temperatures during the period of strong 
INCOMING RADIATION DECREASED WITH ELEVATION IN A REGULAR MANNER, THE 
GREATEST DECREASE OCCURRING IN THE LOWEST 2-5 CENTIMETERS. ÄT DESERT 
Pavement ano Sandy Plains the greatest decrease also occurred in the 
lowest 2-5 centimeters; however, slight increases in temperature with 
HEIGHT CAN BE NOTED AT THE HIGHER LEVELS. THE EXISTENCE OF THESE INVER¬ 

SIONS DURING THE OAT WAS UNEXPECTED, ALTHOUGH THEY HAVE BEEN RECORDED 
before by Sinclair (1922) and are discussed by Geiger (1957). Such 

’9 



DAYTIME INVERSIONS MAY BE A FUNCTION OF EDDY DIFFUSION OR TURBULENT 

MIXING NEAR THE SURFACE. TABLE V SHOWS THE HEIGHTS AND AMOUNTS OF 

AFTERNOON INVERSIONS AT SANDY PLAINS AND DESERT PAVEMENT BETWEEN THE 

HOURS OF I23O AND 173° MSI. 

At Sandy Plains, the primary layer of daytime inversion 
IS BETWEEN 2*5 AND 7.5 CENTIMETERS. INVERSIONS BETWEEN THESE LEVELS 

OFTEN WERE GREATER THAN IF AND ON TWO OCCASIONS WERE GREATER THAN 5^* 
AN INVERSION ALSO EXISTED BETWEEN $0 AND 100 CENTIMETERS ON 87 OF THE 

POSSIBLE 372 HOURS DURING THE TWO MONTHS. THIS INVERSION,- HOWEVER, WAS 
SELDOM GREATER THAN IF. 

At Desert Pavement, inversions occurred more frequently 
than at Sandy Plains and the temperature gradient pattern was differ¬ 
ent. Occasionally (71 out of 372 observations), inversions were found 
BETWEEN 2.5 AND 7.5 CENTIMETERS. In THREE CASES THESE INVERSIONS WERE 

GREATER THAN 3F. INVERSIONS EXISTED BETWEEN 2¾ AND 5O CENTIMETERS MORE 

THAN TWO-THIRDS OF THE AFTERNOON HOURS (205 OF 372 OBSERVATIONS); THE 

GREATEST WAS MORE THAN 5F. The INVERSIONS AT SANDY PLAINS AND DESERT 

Pavement occurred despite the afternoon air movement ., (Fh r: ‘ . 

The daytime inversions discussed above WERE based mainly 

on afternoon observations. However, at both Sandy Plains and Desert 

Pavement, daytime inversions were often more pronounced in the morning. 

Total incoming radiation and net radiation were measured 

DURING THE DAY AT THE SANDY PLAINS SITE* SOLAR AND SKY RADIATION WERE 

MEASURED WITH AN EPPLEY PYRHELIOMETER AT THE NEARBY WEATHER STATION. 

The Eppley is not sensitive to longwave radiation beyond approximately 

2.5 MICRONS (.00025-CENTIMETER WAVELENGTH) BECAUSE THE INFRARED IS NOT 

TRANSMITTED THROUGH THE GLASS BULB OF THE INSTRUMENT. THE TOTAL HEM¬ 

ISPHERIC RADIOMETER THEORETICALLY IS SENSITIVE TO THE TOTAL RADIATION 

IMPINGING UPON IT AND THUS WILL INDICATE HIGHER VALUES THAN THE EPPLEY, 
THE DIFFERENCE BEING MAINLY LONGWAVE RADIATION. THE NET RADIOMETER IS 

SIMILAR TO THE TOTAL HEMISPHERIC RADIOMETER EXCEPT THAT IT IS SENSITIVE 

TO THE DIFFERENCE IN RADIATION FROM THE GROUND AND THE SKY (ClER AND 

Dunkle, 195 0- 

In Figure 13 the daily march of incoming radiation, net 

RADIATION, SOLAR RADIATION, AND THE OUTGOING RADIATION (OBTAINED BY SUB¬ 

TRACTING THE NET RADIATION FROM THE INCOMING RADIATION) ARE PRESENTED 

FOR THE PERIOD 053^ THROUGH 2030. RADIATION TOTALS ARC HOURLY AVERAGES 

FOR THE 2-MONTM PERIOD. THE TOTAL INCOMING RADIATION EXCEEDS THE SOLAR 

RADIATION DURING THE DAYLIGHT PERIOD BY 110 TO 160 Btu/fT^/hR, THE 

GREATEST DIFFERENCE OCCURRING AT THE TIME OF MAXIMUM SOLAR RADIATION. 

[HE OUTGOING RADIATION IS ALSO GREATEST NEAR THE TIME OF MAXIMUM SOLAR 

RADIATION. 
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MEAN HOURLY RADIATION TOTALS DURING DAYLIGHT HOURS 
AT YUMA TEST STATION, ARIZONA 

(JULY AND AUGUST 1956) 

c. Humidity effects 

Fi cure 13 

In Figures )4 through 21, mean temperature gradients above the 

GROUND DURING PERIODS OF HIGH AND LOW DEWPOINTS ARE PRESENTED IN DETAIL 

FOR THE Sandy Plains and-Desert Pavement sites. At Yuma Test Station, 

THE FIRST WFEK OF JULY ]^6 WAS CHARACTERIZED BY LOW DEWPOINTS. THE 

PERIOD 2 THROUGH 5 JULY WAS ¿¿ELECTED AS REPRESENTATIVE OF THIS LOW HUM) 

oiTY period. Dewpoints were consistently high at the end of July, and 

the PERIOD FROM 27 THROUGH 3I JULY WAS SELECTED TO REPRESENT THIS HIGH 

HUMIDITY PERIOD.* At BOTH THE SANDY PLAINS AND DESERT PAVEMENT SITES 

THE TEMPERATURE GRADIENTS WERE GROUPED ACCORDING TO DAILY PERIODS OF 

RISING AND FALLING TEMPERATURES TO FACILITATE READING THE GRAPHS. MEAN 

HOURLY DEWPOINTS AND WINOSPEEDS DURING THE RESPECTIVE HUMIDITY PERIODS 
ARE INCLUDED AS INSERTS IN THE EIGHT BASIC GRAPHS. 

•Change in air mass with resultant change in humidity is a regular 

FEATURE OF THE YUMA SUMMER ENVIRONMENT (BRYSON AND LOWRY, 1955«) 
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MIAN TEMPERATURES NEAR THE GROUND DURING A PERIOD OF HIGH HÜMiDIIY 
AT SANDY PLAINS. YUMA TEST STATION. ARIZONA 

MEAN TEMPERATURES NEAR THE GROUND DURING A PERIOD OF HIGH HUMID! IY 
AT SANDY PLAINS, YUMA TEST STATION. ARIZONA 

FIGURE 15 
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MIAN liMPitATUtiS NIAt THE GtOUND DURING A PERIOD OP LOW HUMIDITY 
AT $ANDY PLAINS. YUMA TEST STATION. ARIZONA 

MEAN TEMPERATURES NEAR TR! GROUND DURING A PERIOD OF LOW HUMIDITY 
AT SANDY PLAINS YWA TEST STATION; ARIZONA 

nweú i itlLv, If« 

FlGURC 17 
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MIAN ÏIMPiRATURES NEAR THE GROUNP DURING A PERIOD OF HIGH HUMIDITY 
AT DESERT PAVEMENT, YUMA TEST STATION, ARIZONA 

MEAN TEMPERATURES NEAR THE GROUND DURING A PERIOD OF HIGH HUMIDITY 

AT DESERT PAVEMENT SITE, YUMA TEST STATION. ARIZONA 
37 THRU 3! JULY, 1956 
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MIAN TIMffRATUirS NFAX ÏHI GROUND DURING A RltlOD OF LOW HUMIDITY 

AT DESERT PAVEMENT. YUMA TEST STATION, ARIZONA 

MEAN TEMPERATURES NEAR THE GROUND DURING A PERIOD OF LOW HUMIDITY 
AT DESERT PAVEMENT SITE, YUMA TEST STATION, ARIZONA 

Figure 2l 
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At Sandy Plains during the high humidity period or rising tem> 
PERATURE (Fig l4), INVERSIONS BETWEEN 2.5 AND 7.5 CENTIMETERS WERE WELL 
DEVELOPED IN THE MORNING. A SLIGHT INCREASE IN TEMPERATURE WITH HEIGHT 
IS ALSO FOUND BETWEEN JO AND 100 CENTIMETERS AT 0030,0830, AND l430. 

During the high humidity period of falling temperatures, an early morning 
INVERSION IS NOTED BETWEEN THE GROUND AND 2.¾ CENTIMETERS, BUT AT BOTH 
THESE LEVELS TEMPERATURES WERE HIGHER THAN AT 2e) CENTIMETERS (FlG I5). 

During the period of low humidity at Sandy Plains (Figs l6 and 17), 
MINIMUM TEMPERATURES WERE CONSIDERABLY LOWER AND THE EFFECT OF COOLING 
FROM THE SURFACE AT NIGHT WAS MORE APPARENT. NO DAYTIME INVERSIONS 
SIMILAR TO THOSE FOUND DURING THE PERIOD OF HIGH HUMIDITY OCCURRED DURING 
THE PERIOD OF LOW HUMIDITY. 

At Desert Pavement during the high humidity period (Figs 18 and 
19)* an INVERSION OCCURRED BETWEEN AND 5O CENTIMETERS DURING THE AFTER¬ 
NOON. During the low humidity period (Figs 20 and?'}; the inversion at 
THIS LEVEL WAS MORE DISTINCT, AVERAGING MORE THAN ¿F BETWEEN 1230 AND 1¿P 
MST. There was no inversion between 2*5 and 7*'i centimeters as at Sandy 
Plains. Daytime surface temperatures were generally higher at Sandy Plains 
than Desert Pavement, especially during the high humidity period. 

During the low humidity period, at Desert Pavement, early morning 
(OO30-O630) temperatures at the surface were higher than early morning 
TEMPERATURES AT SANDY PLAINS (e.G., AT 0^0 THE SURFACE TEMPERATURE AT 

Desert Pavement averaged 71F> compared to the average of 67F at Sandy 
Plains). The warmer surface temperatures at Desert Pavement during the 
EARLY MORNING HOURS HAVE ALREADY BEEN SHOWN IN FIGURES 6 AND 7. THEY ARE 

ASSOC,A7ED WITN THE HIGHER THERMAL CAPACITY OF THE PAVEMENT SURFACE. 

0. Temperature frequencies 

For military planning purposes it is often useful to know the 
OCCURRENCE FREQUENCY OF TEMPERATURES. CUMULATIVE TEMPERATURE FREQUENCY 

CURVES FOR FOUR LEVELS AT EACH STATION ARE PLOTTED IN FIGURES 22 THROUGH 

24. At ALL STATIONS, THE HIGHEST TEMPERATURES WERE AT THE SURFACE, WHERE 

TEMPERATURES WERE ABOVE 100F MORE THAN 40 PERCENT OF THE TIME. ÄT DESERT 

Pavement and Sandy Plains, surface temperatures were above 13OF more than 
)5 percent of the time, and at Sandy Plains temperatures were above i40F 
ABOUT 4 PERCENT OF THE TIME. THE HIGHEST SURFACE TEMPERATURE OBSERVED 

WAS I5OF AT THE DESERT PAVEMENT SITE. HI GH SURFACE TEMPERATURES WERE NOT 

AS FREQUENT AT LAGUNA TOP, PROBABLY BECAUSE OF THE STRONGER WINDS. A FEW 

CENTIMETERS ABOVE THE SURFACE, TEMPERATURES WERE MUCH LOWER, RARELY ABOVE 

12uF. At The 200 centimeter level, occurrences of temperatures above 110F 
WERE EXTREMELY RARE AT THE THREE STATIONS. 
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CUMULATIVE TEMPERATURE FREQUENCIES AT SANDV PLAINS 

Figure 22 
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CUMULATIVE TEMPERATURE FREQUENCIES AT DESERT PAVEMENT 
YUMA TEST STATION. ARIZONA 

JULY AND AUGUST. 1986 
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CUMUUIIV! TEMPERATUR! FREQUENCIES AT LACUNA TOP. 
YUMA TEST STATION. ARIZONA 

FI CURE 24 
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The standard temperature averages at Yuma Test Station tor July 

and August 1956 or 92.7F and 92.0F, respectively, compare with the 5-year 

AVERAGES OP 92^ AND 91 *9f’* THE CUMULATIVE TEMPERATURE - FREQUENCIES FOR 
I956 ARE LIKELY TO BE FAIRLY REPRESENTATIVE OF THE LONG-TERM FREOUENCY 

CURVES, EXCEPT THAT HIGHER AND LOWER EXTREMES EXPECTED IN A LONGER RECORD 
WOULD CAUSE EXTENSION OF THE ENDS OF THE CURVES. 

3« Conclusions 

a. General 

The temperature regime at the height of "standard observations," 
APPROXIMATELY 200 CfNTIMETERS, DIFFERS MARKEDLY from THE REGIME CLOSE TO 

THE GROUND. DIFFERENCES IN TEMPERATURE REGIMES AT THE STANDARD LEVEL 

ABOVE THREE GROUND SURFACE TYPES WERE ALSO NOTED. THE VARIATION FROM THE 

"STANDARD" CLIMATE AT EACH SITE AND BETWEEN SITES IS GREAT ENOUGH TO 

WARRANT CONSIDERATION WHEN TESTS ARE PLANNED AT YUMA TEST STATION, OR IN 

OTHER HOT DESERT AREAS, PARTICULARLY WHEN THE TESTS INVOLVE CONTACT WITH 
THE GROUND SURFACE. 

a. Specific 

The FOLLOWING SPECIFIC CONCLUSIONS CAN BE DRAWN FROM THE 1956 
STUDY OF THE SUMMER CLIMATE NEAR THE GROUND AT THREE SITES, SANDY PLAINS, 

Desert Pavement, and Laguna Top (a hilltop) at Yuma Test Station. 

(1) The TEMPERATURE REGIME AT THE SURFACE DIFFERS MARKEDLY FROM 
THE REGIME WELL ABOVE THE SURFACE. FOR EXAMPLE, THE JULY-AUGUST I^O 

MST MEAN TEMPERATURE AT THE SURFACE AT SANDY PLAINS WAS 138F, OR 37F 

HIGHER THAN AT THE 200-CENTIMETER HEIGHT (REPRESENTATIVE OF THE "STANDARD" 

measurement). Most of the decrease in temperature with height occurred 
VERY CLOSE TO THE SURFACE, ANO-THE DIFFERENCES IN MEAN TEMPERATURE BE¬ 

TWEEN THE 50-cENTI METER LEVEL AND THE 200-CENTIMETER LEVEL WERE LESS THAN 
3F during day and night (Fig 5). 

(2) The daily temperature range decreases more rapidly below 
THAN ABOVE THE SURFACE; BELOW THE SURFACE, TEMPERATURE LAGS BEHIND THE 

AIR TEMPERATURE SO GREATLY THAT THE HIGHEST TEMPERATURES AT A 25-CENTI- 

METER DEPTH OCCUR NEAR MIDNIGHT AND THE LOWEST NEAR NOON (FIG 5). 

(3) Differences in the temperature regimes at Sandy Plains, 
Desert Pavement, and Laguna Top are due to differences in exposure and 
the nature or the ground surface (Figs 6, 7, 8, and 9). 

(a) The sand surface is warmest during the day and coolest 
AT NIGHT BECAUSE OF THE LOW THERMAL DIFEUSIVITY OF DRY SAND. 



(b) Just bcncath thc suRrACc, at 2.^-ccntinctcrs ocrtm, 
HIDOAY TCMPCRATUBC9 AT DCSCRT PaVCMCRT AVCRACCO 7F VARMCR IN JutT AND 
14F war HCR in August than at Sandy Plains. Tmc tcmrcraturc oirrcRCNTial 
IS CAUSED BY TMC DlfFCRCNCC IN THERMAL Ol TTuSIVITY AND ALBEDO Of THE TW0 
SITES. 

(c) At Laguna Top, temperatures at all levels above the 
GROUND ARE HIGHER AT NIGHT AND LOWER DURING THE DAY THAN AT SANDY PLAINS. 

The occrcased température range is attributed partly to the increabed 
winds at Laguna Top. 

(d) At the 200-centimetsr height, hourly daytime temperature 
AVERAGES AT THE THREE SITES WERE WITHIN 2F OF ONE ANOTHER. AT NIGHT, 
Laguna Top was warmest and Desert Payement coolest, tre difference aver¬ 
aging AS MUCH AS ÔF AT Q^O. 

(4) There is a marked diurnal variation in windspeeds at Yuma 
Test Station; average windspeeds were strongest in,the late afternoon. 
Calm conditions often occurred in the early morning at Sandy Plains and 
Desert Pavement. Winds wcré strongest at all hours at Laguna Top (Fig 8). 

(5) The prevailing directions of wind between 0130 and 05p at 
Desert Pavement and Sandy Plains are difficult to discern. Calm prevailed 
45 percent of the time. During this early morning period, winds prevailed 
from the west or west-southwest at Laguna Top and calms occurred only 
11 percent of the time (Fig 9). 

(6) Winds prevailed from the southwest at Sandy Plains and Desert 
Pavement and from the west at Laguna Top during the period of intense 
SOLAR RADIATION. DURING THIS INCOMING RADIATION PERIOD, CALM CONDITIONS 
WERE RARE, AND MEAN WINDSPEEDS RANGED FROM J TO 10 MILES PER HOUR AT THE 
THREE SITES (FlG 9). 

(7) During the period of intense solar radiation, strong tempera¬ 
ture GRADIENTS ARE PRESENT ABOVE THE GROUND. ÛNLY AT LAGUNA TOP, HOWEVER, 
IS THE AVERAGE DECREASE IN TEMPERATURE UPWARD FROM THE HOT SURFACE NOT IN^ 
TERRUPTED BY A TEMPERATURE INVERSION AT SOME LEVEL. THERE WAS AN AVERAGE 
DECREASE IN TEMPERATURE OF APPROX I MAT EL Y 20F IN THE' FIRST 2.5 CENTIMETERS 
ABOVE THE SURFACE (FlG 10). 

(8) THE DAYTIME INVERSIONS NOTED ABOVE OCCUR MOST FREQUENTLY BE¬ 
TWEEN 2.5 AND 7*5 CENTIMETERS AT SANDY PLAINS AND BETWEEN 25 AND 5O CENTI¬ 
METERS at Desert Pavement. At times these inversions were as great as 
5F, BUT WERE GENERALLY LESS THAN 3F,, (TABLE V) . 

(9) The hourly average total incoming radiation measured at 
Sandy Plains exceeds the solar radiation by 110 to 160 Btu/ft2/hr during 
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THC OAVLIOHT HOURS* THE ORCATCST OirrCRCNCC OCCURSIN6 AT MtOOAY. THIS 

CXCCSS IS MAINLY LONS-WAVC RADIATION. TnC OUT001 NO RAOI AT I ON FROM THC 

eARTH IS ALSO AT A MAXIMUM OUR I NO THC DAY WHCN IT CXCCCOS 300 Btu/fT^/hR, 

NEARLY AS INTCNSC AS THC INCOMING SOLAR RADIATION. TmC RESULTANT OT IN¬ 

COMING AND OUTOOI NO RADIATION* TNC NCT RADIATION* CXCCCOS Ifô Btu/ttC/hR 

FROM IO3O TO )1(30. An OUTGOING RADIATION BALANCE PREVAILS FROM I83O TO 
0630 (Fie 11). 

0 * - . . 

(10) TtfO GENERAL I CATIONS CAN SC MAOC FROM ANALYSIS OF TEMPERATURE 

PROFILES DURING PERIODS OF HIGH AND LOW HUMIDITIES. NIGHTTIME COOLING IS 

GREATER DURING PERIODS OF LOW HUMIDITY, AND THC EFFECT OF HUMIDITY ON TEM¬ 

PERATURE PROFILES IS DEPENDENT Tb SOME EXTENT ON CHARACTERISTICS OF THC 

site. Differences in average temperature profiles at Sandy Plains and 

Desert Pavement are apparent during periods of high and low humidities 

(Figs l4 through 21). 

(11) High temperatures occur most frequently at the ground sur¬ 

face AT ALL THREE SITES. THE MOST NOTICEABLE TEMPERATURE FREQUENCY DIF¬ 

FERENCE BETWEEN SI TÉS AT THE LEVELS WELL ABOVE THC SURFACE IS THE OCCUR¬ 

RENCE OF HIGHER MINIMUM TEMPERATURES AT LAGUNA TOP. BELOW THE SURFACE* 

HIGHER TEMPERATURES OCCUR AT DESERT PAVEMENT DUE TO THE GREATER THERMAL 

DIFFUSIVITY AT THAT SITE (FlGS22 THROUGH 24). 
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