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FOREWORD

The microclimate of the soldier is represented by conditions in
the layer of air from the surface of the ground to a heigh* of about
two meters. Greater differences in tempereture may exist within this
layer than in any other two meter thickness of the whole atmosphere.
Standard observations, taken in an instrument shelter approximately five
feet above the ground, represent thls important layer inadequately. It
is for this reason that the Army has conducted numerous microclimatic
studies in various parts of the world.

This report highlights some of the microclimatic changes character-
izing the lowest layer of the atmosphere during a typical winter season
at Yuma Proving Ground {formerly Yuma Test Station}, Yum, Arizona.
Together with its companion study, EP-120 "Yuma Summer Climate,” it
provides new and revealing information about the changing character of
desert climate through the seasons.

The study wcs conducted under DA Project 1V025001A129, Task 02, Fot
Envircoments.

L. W. TRUEBLOOD, Ph.D.
Chief
Earth Sciences Division

Approved:
DALE H. SIELING, Ph.D.
Scientific Director

W. M. MARTZ
Colonel, USA
Commending
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ABSTRACT

This study consists of an analysis of winter temperetures at and
near the ground and wind velocities at standard heights, at three sgites
within Yuma Proving Ground. Two of the sites were selected for their
representativeness of surface types characterizing the desert basins of
southwestern United States. The third site was selected to represent
the many low rocky mountain areas of the desert. The study develops infor-
mation on the nature of diurnal temperature fluctuations, based on hourly
records of temperature of January and February 1957, at ten levels ranging
from 25 centimeters below the ground to 200 centimeters above the ground
suriface. In addition, hourly records of wind speed and directicn at the
standard shelter height were kept and analyzed.

Results show that the temperature regime at the ground level differs
merkedly from thaet for the "standard" or 200-centimeter level at all
sites, particularly in diurnal range, both actual and average (at Desert
Pavement the average temperature range is 37 F° at the surface and 22.4 F°
at 200 centimeters). Some differences in temperature from site to site
were also noted, the most significart being the higher nighttime tempera-
tures at laguna Top the most elevated station, as compared to those for
the two lower stations, Sandy Plains and Desert Pavement (average ove:

6 F* at the surface and 7 F° st two meters). Strong radiational cooling
and alr drainage into low areas resulting in the formation of nighttime
inversions account for the lower daily minimum temperatures at the two
low-lying stations. Iaguna Top, in contrast; is unaffected by the night-
time inversions because of its height. Another difference of note is the
higher temperatures just beiow the ground surface during the afternoon at
the Desert Pavement site (over 7 F°) as compared to the Sandy Plains site.
At Sandy Plains the 1light colored sands with insulating sir spaces absorb
less incoming radiation during the day and store less heat in the ground
than the weather darkened gravels of the Desert Pavemert site.

The wind regimes of the two low-lying cites, Sandy Plains and Desert
Pavement, were very comparable, wind speeds being strong during the day
and weak at night. At laguna Top, ca the other hand, the winds were
strong both day aund night, even taough speeds at night were somewhat below
the daytime maximm.
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YUMA WINTER MICROCLIMATE

1. _I(ntmduct ion

In a previous study (2), the microclimete of that layer of the atmos-
phere affecting the majority of operations conducted by the Army in desert
enviromments was examined in some detail for e two-month period during the
summer of 1956. The preseat study complements the first through analysis
of similar date for a two-month period of the following winter season.
Temperature extremes for the study year, ranging from the highest surface
temperature recorded during the heat of the sumer, to the loweet temper-
ature rscorded during the winter, are thereby covered by the two studles.
Together they provide the basis for realistic judgments of the thermal
conditions endured by the soldier while cperating in desert areas analo-
gous to those within and about Yuma Proving Ground.

2. Observational Program

In May 1956, three microclimmtic stations were installed within Yums
Proving Ground and were operated continuously for a pericd of fourteen
moaths. The site of each station was selected for its representativeness
of a surface or terrain type characterizing the Yume area. The first and
primary station was erected on a sandy plain ea:t of the main post area
at an elevation of 420 feet above sea levei. This s)te represents the
many areas of sand and small gravel that abound in the Yuma area and im-
part to the desert its overall light tan coler. The second station was
located on & patch of desert pavement not far from the Ordnsnce Firing
Range at an elevation of approximstely U425 feet sbove sea ievel. This
site represents the many weatker-darkened "patinated" or "varnished" rock
and large gravel surfaces of the south-western deserts. The third sta-
tion was locsted on a rocky peak of the North Lagurna Mountains at an ele-
vetion of 630 feet sbove ses level. This site represents the "patinated”
bare rock slopes of the mountain ranges in the Yums area. For reference
convenience, the mmber one site will be referred to as "Sandy Plains,'
number two as "Desert Pevement," and number three as "Laguua Top" through-
out the text. The location of the stations as well as some of the prin-
cipal physicel and cultural features of the Yuma Test Staticn is shown
in Figure 1. Figures 2, 3, and 4 are photographs of the three stations.

At each of the sites, temperature measurements were made at 10 levels
using thermocouples of 20 gauge wire placed al: {(a) heights of 2.5, T.5,
25, 50, and 200 centimeters above the surface of the ground; (b) depths
of 2.5, 7.5, and 25 centimetiers below the surtace of the ground; and (c)
the surface of the ground, where the thermocouple was kept lightly dusted.
At all points above the surface of the ground, the thermocouples were
shaded by special radimtion shields, as shown in Figures 2, 3, and 4.
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Figure 2

Sandy Plains

Figure b4

Laguna Top

Figure 3

Desert
Pavement
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The measurements were recorded on rell caarts of a 12-point Brown Re-
corder at & rate of one measurement per minute. This meant that for
each of the 10 points concerned, one temperature measurement was recorded
every 12 minutes, the time required to complete the 12-point cycle.
Continuous records of wind speed and direction were obtaired at each
site by special aerovane anemometers installed at a height of five feet
above the surface of the ground.

The Army has operated a standerd weather station at Yuma Proving
Ground since 1951. The record for this station provides the meens Tor
determining the general westher conditions prevailing at any time during
test reriods, as well as a "standard” with which the microclimatic meas-
urenents may be compar=sd.

3. Analysis of Data

From the fourteen months of recoré avaiiable for analysis, the

months of January and February 1957 were selected as the two-month period
rost representative of winter weather conditions. These months not only
acluded the coldest weather sxjerienced during the winter of 1956-1957
but also had the lowest average temperatures of any two months of the
fourteen montus of observation. The data in Table I show the comparison
of temperature and rainfall data for Janmuary and February 1957 with data
of a fairly long period of record (1952-65). Mean daily maximm and mini-
mm temperatures for January 1957 are slmost the same as the lhi-year
valueg, but thoge for February 1957 are warmer than average by about 5 F°.
The rainfall data indicale no significant difference between the cghort
and long periods, though January 1957 has 3 more days with rain, and
Feorusry 1957 somewhat less totel rainfall than the average for the 1k-
year period. Data from the Yume Weather Bureau Airport Station (13) in-
dicete Jamuary and February 1957 received 21 and 11 percent less sunshine,
regpectively, than the average from 1952-1965 for the same mcnths. Conse-
quently, any microclimatic effects due to daytime solar heating are apt to
be iess proncunced in the two months selected for the study than might

normally be expected.

From the Brown recorder charts for Jenuary and February 1957, values
were read for hourly temperatures at each of the tem observational levels
concerned and the date punched on cards. Hourly wind speeds end direc-
tione for eech site were also punched. Using ms~hine processing methods
to sort, tabulate, and summerize, the data were subsequently prepared for
enalysis and presentation. The basic hourly data were first averaged end
tabulated to produce mean hourly values. The mean hourly temperatures
and windspeeds were then compared at the three sites. An analysis of the
differences in average temperatures for the coldest night and warmest day
were prepared for all sites, as well as lapse rate curves of temperature
for representative cloudy and clear nights. Finally, the frequency dis-
tribution of temperatures for selected levels at each site were deter-
mined and graphed.
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TABLE I

C son of Yuma Weather Records for Jen and Feb 1957
S ' with Averages for 1952-15%5

s

Mean  Mean Absolute Absolute Kkain No.Deys $ Possible
Max(°F) Min(°F) Max(°F) Min(°F) (in.) w/Rain Sunshine®

Jan (1952-65) 67.3 k2.5 86 28  0.k3 2 85
Jan 1957 65.1 2.5 Th 35 0.52 5 6k
Feb (1952-65) T2.1  k46.2 oh 2k 0.3 2 90
Feb 1957 T7.0  51.4 gk 33  0.05 2 79

a. Mean Hourly Temperatures

Isotherms of mean temperature for the two-month study period were
drawn against height and tvime for Sandy Piains site (Fig. 5), for the
Desert Pavemert site {(Fig. 6), and for the Laguna Top site (Fig. 7). The
graphs are based on mean hourly temperatures for the two-month period of
January and February 1957 at the ten observational lewvels.¥* The graphs
demonstrate some of the characteristic features of the microclimatic
layer, and permit quantitative statements concerning the temperature re-
gimes within and above the ground.

-

Diurnal temperature ranges are greatest at the ground surface and
least at the -25 cm level at &1l stations. The Desert Pavement profile,
for example (Fig. 5), shows an average ground surface temperature range
from sbove 80°F during the heat of the day *o less than 50°F during the
coolest part of the night. a range greater tham 30 F°.¥#% In contrast,
mean maximm and minimum velues at the -25 cm level are.65°F and 61°F, sn
average of sbout 4 F°,#%#% At the standard shelter level (2 meters) mean
temperatures range from about 54° to £7°, a differemce of approximetely
13 F*. Both laguna Top and Sandy Plains profiles show similar ranges.

¥ Yuma Weather Bureau Airport Station data.
¥ Originelly, the data for January and Pebruary were averaged sepa-
rately, but since there was iittle difference in the temperature
profiles for the two months, the original data were reaveraged and
presented here as a8 two-month average.
*% During July and August 1956 this range was over LOF®. (Ref. 2). "
#% During July and August 1G56 this range was about 10F¢. (Ref. 2). ;
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MEAN HOURLY TEMPERATURE PROFILES FGR SANDY PLAINS SITE, YUMA, ARIZONA
(January & February 1957)
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MEAN HOURLY TEMPERATURE

HEIGHT (Centimeters)

PROFILES FOR DESERT PAVEMENT, YUMA TEST STATION, ARIZONA
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MEAK HOURLY TEMPERATURE PROFILES FOR LAGURA TOP, YUMA TEST STATION, ARIZONA
{January & February 1987)
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There is & decided lag in time between occurrences of the daily ex-
tremes at the surface and these at the subsurface levels. Between the
surface and the -25 centimeter level, the lag emounts to about 5 hnours,
from approximately 1430 hours to 1930 hours in the case of maximum tenm-
peratures, and from approximetely OTOO or 0730 aocurs to 1100 or 1130
hours in the case of the minimum temperstures. The highest mean hourly
temperature computed, 89.3°F, is based cn observations for laguna Top
station, occurring at the grourd surface at 1430 hours. The lowest meen
hourly temperature computed, 45.3°F, is based on observations for the
Sandy Pleins Station, occurring at the ground surface at 0730 hours.

Figures 8, 9, 10, and 11 are designed to show station-to-station
differences in average temperature at the various levels. They demon-
strate that the mocst elevated station, laguna Top, 1s by far the warmest.
When compared with Sendy Plains (Fig. 9), and with Desert Pavement (Fig.
10), Laguna ‘fop is some 4 to 7 degrees warmer st most levels and hours.
Only occasinnally from late morning through early aftermoon is the trernd
for higher temperatures at ieguns Top reversed, and then by a degree or
two only and not et all levels. Perhaps this unusuval situation can bhest
be explained on the baeis of differences in slope and exposure. The in-
struments at Laguna Top are located within a few feet of the crest on a
south-facing slope of the mountain. Because of this oriertation, the
rock surfaces of Lhe Laguna Top site face the low-angle sunlight of the
winter season more directly than the horizontal surfaces of either of
the other two sites. Conseauently, both air end soil are hested more
rapidly and the heat retained in the soil longer.

The temperature regimes of Sandy Plsins and Deser: Pavement (Pig.
11) are similar, showing few significant differences. One difference
worthy of note, however, is the higher temperatures at the Desert Pave-
ment site during the afternoon hours at the -2.5 centimeter level., At
this first level below the ground surface, temperatures average 7 to 8
degrees; higher than at Sandy Plains from 1100 hours to 1630 hours. This
variation probasbly 1s caused by differences in the heat absorpticn of
80ils at the two sites. Measurements tsken near these sitee® sghow that
about 65 percent of the solar radiation at midday is absorbed by light
colored sandy s0ils of the Sandy Plains type, whereas about 85 percent
is gbsorbed by the dark colored "patinated" gravels of the Desert Pave-
ment type. More heat is thereby made available for transmission into

# Measurements taken at a8 height of about 300 feet with an Eppley
Pyrhelioneter attacned to the underside of s helicopter and subse-
quently compared with the incoming radiation measurements at the
standard weather station.

hl
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MEAK HOURLY GROUND SURFACE TEMPERATURES, FOR SANDY PLAINS,
LAGUKA TOP, AND DESERT PAVEMENT, YUMA TEST STATION, ARIZONA

(January & Febreary 1957)
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the ground at the Desert Pavement site. The amount of heat actually
trensmitted to the subsoils, however, is dependent ox the thermal diffu-
sivity of the soil ~ & term deroting ivteraction of conductivity, density,
and specific heat. Dry sand of the Sandy Plains type i1s noted for its
low thermal diffusivivy (#). It cen be concluded, therefore, that less
heat is transmitited downward to subsurface levels at the Sandy Plains
site.

Another signi?icant comparison between the two sites should be pointed
out. It might be assumed that the greater absorption of radiant energy
by the dark-colored surface materials at Desert Pavement would produce
higher ground surface temperatures during daylight hours; but, instead,
slightly lower surface temperatures were measured during these hours at
Desert Pavement. This is most likely explained by the same physical
qualities of the materisls involved, as described in the paragraph above.
The low diffusivity of sand causes concentraticu in a thin layer near the
surface ci the sand of most of the heat generated by absorption of radia-
tion from the sun and sky. This produces a greater increase in surface
temperature at Sandy Plains than at Desert Pavement, vhere e greater
amount of total heat is involved, but is spread through s considerably
thicker depth of material.

b. Temperature Gradients

The .emperature records for the various cbservationsl poipis
provide a means for examining vertical temperature grsdients immediately
above and below the grouné surface in somewhat greater getall than most
earlier studies wouid permit. Since air and soil temperatures are charac-
teristically different in their respective rates of heating and cooling,
each is accorded separate treatment in the following discuasion.

(1) Atmospheric Gradicuts

The layer of air between the ground surface and the two-
meter level is a zone in which temperatures continuously change between
limits fixed by the complex interaction of outgoing and incoming radia-
tion, atmospheric conduction, convection and advection; the nature of
the air mass involved, and the nature c¢f tne underlying ground surface.
The possible variety of resulting lapse rates is extremely large, dbut
commonly occuring types can be identified for certain periods of the day
and certain weather conditions. Tre range of temperature differences
likely to be found in winter in an enviromment simiiar to that of Yums
is fairly well covered in Figures 12, 13, and 1k.

Figure 12 shows simltaneous lapse rates for Sandy Plains, Desert
Pavement, and laguna Top, constructed from records for the 0730
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TEMPERATURE LAPSE RATES FOR SANDY PLAIRS, DESERT PAVEMENT, AND LAGUNA TOP
(1430, 6 FEBRUARY, 1837]
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observation on 22 January 1957. At this time the temperature dropped

to 29.5°F at Sandy Plains, the lowest temperature recorded at any site
during January or February 1957. Below freezing temperatures were ex-
perienced on only eight nights of the study period, the total hourly
duration cf which amounted to 23 hours. The graph accentustes the higher
temperatures of Laguna Top as compared to the inversion-reduced tempera-
tures at the twe low lying stations. The inversion appears to be best
developed at Sandy Flains where the surface is about seven degrees cooler
than that at the two-meter height. Average temperatures at Sandy Plains
are higher than at Desert Pavement above the 25 cm. height {about three
degrees at the two meter level). At the surface the tempersture is about
five degrees lower. Another interesting festure of this graph is +he
super-adisbatic lapse rate between the surface and the 7.5 cm. heizht at
the Desert Pavement site. This is nct an isolated evample, for this
super-adiabatic rate appears rather frequently in the records for the
early morning hours at Desert Pavement. This temperature ancmely is
probably caused by the difference in thermal diffusivity of the soils at
Desert Pavement and Sendy Plains¥*, and the fact that more heat 1s ini-
tialiy made available for transnittal to subsurface levels during the

de, at Desert Pavement because of thz weather-blackered gravels. The
resulting reversal of tke normal nighttime conditions, therefore, can be
explained or the basis of a slight warming from beneath of the cool air
draining into the area from the more elevated sandy areas surrounding
the Desert Pavement site.

Figure 13 shows simultaneous lapse rates for the three stations
drawn trom records for the 1430 observation on 26 February 1957. At
this time, the surface temperature at Sandy Plains reached 110.5°F, its
maximm for the study months. At the same time temperatures were
110.9°F et Isguna Top and 110.3°F at Desert Pavement. Clear skies favor-
ing mexirum solar radiation and low wind speeds (highest, 8 mph at Sandy
Plains) were other conditions helpful to the generation of extreme tem-
peratures on the afternoon of 26 February. The outstanding feature of
this graph is the extreme steepness of the lapse rates (super adiabatic)
within the first 2.5 cm of the ground surface. This characteristic is
caused by strong heating of the ground surface, and contrasts sharply
with the inversion type of lapse rate featured in Figure 12. A compari-
son of Figures 12 and 13 reveals that the greatest change in temperature
with time occurred at the surface level where, at Sandy Plains for exam-
ple, a difference of 81F° has been experienced, as evidenced by a minimum
temperature of 29 5°F reported for the coldest night of the study months,
‘exid a maximum temperature of 110.5°F for the warmest day.

¥ Thermal diffusivity of dry sand in cm°/gsec is 0.0013 while that for
store {granite) is 0.021.
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Figure 14 provides a measure of the possible range in actual lapse
rates as compared to average lapse rate conditions at Sandy Plains as
weather condéitions vary. Using the 0430 surface level average for
January and February 1957 as the zero or standard base, it shows devi-
ations from that standard, expressed in Fahrenheit degrees, at each
of the observational levels for {a) mean temperature for the two-month
period of Jaruary and February ‘1957, (b) actual temperatures on a
cloudy and windy night as represented by the 0430 temperstures on
30 January 1957, and {c) actual temperstures on a calm, clear night ss
represented by the 0430 temperatures on 2 January 1957. The differences
clearly indicate the higher probability for inversion on calm clear
nights. The 2 January curve of temperature differences shows a better
than 3 F°® increase from the surface to the two-meter height as compared
Yo a c¢ parative figure of zero for the 30 January curve.

Sor = idea of the ever-changing nature of temperature lapse rates
near the . .sface can be gained from Figures 15 and 16.

Figure 15 shows the hourly progression of lapse rates at Desert
Pavement during a six-hour period of rising temperatures (0730-1330)
for 26 February 1957. The chart indicates that the rate of temperature
rise at all points is greatest during the first hour or two after sun-
rise and the least as the heat peak for the day is approached. During
this six-hour period; the temperature increase at the surface level was
57 F°; at the 7.5 cm level, L1 F°; at the 50 cm level, 33 F*; and at
the 200 cm level, 30 F* (about 1/2 the surface temperature rise). The
graph also provides further support for the argument advanced earlier
that low level inversion development is retarded at the Desert Pavement
site. BEven at 0730, the time of the lowest temperature and greatest
probebility for inversion development, inversion is not appsreat. Wind
speed at the time of this obeervation was two miles per hour.

Figure 16 presents a bi-hourly progression of lapse rates as tem-
reratures fall during the veriod from 1430 on 26 February to Ok30 on the
following morning of 27 February 1957. In keeping with the heating curve
for the morning of the 26th, that for the following afternoon and night
shows the greatest rate of heat loss just after sundown and the least
during the following hours of late evening and early morning. Both Pig-
ures 15 and 16 show that the interface area between air and ground, as
represented by the interval between the surface and the 2.5 cm level,
is the zone of greatest tempersture change and varisbility.

(2) Sub-Surfuce Gradients

Temperature profiles, based on average temperature values
for the two-wnth period of Janusry and February 1957 at four levels
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ATHRE NEAR THE CROUND DURING THE PERIDD GF RISING
TEMPERATURES AT DESERT PAVEMENT, YUMA TEST STATION, ARIZGNA
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MEAN TEMPERATURE NEAR THE GROUND DURING THE PERIOD OF FALLING
TEMPERATURES, DESERT PAVEMENT, YUMA TEST STATION, ARIZONA
26 AND 27 FEBRUARY
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from the surface to the -25 ca depth, are shown for lLaguna Top and
Desert Pavement stations in Figures 17 and 18, respectively. A graph
of the subsurface temperatures at Sandy Plains was not prepared since
mich of the data obtained at the -25 cm level at this station is known
te be in error.

The graphs for laguna Top and Desert Pavement both demonatrate some
rather well known characteristics of soil temperatures, namely, that the
diurnal range of temperature narrows repidly downward from the surface,
and that the times of occurrence of the subsurface dally extremes lag
farther and farther behind their surface counterparts as depth increases.
For example, at Iaguns Top the lag between the time of occurrence of the
daily maximum temperature at the surface and that for the -25 cm level
amounts to about five hours, from 1430 (surface) to 1930 (-25 cm level).
As for daily range, at Laguna Top there is a narrowing from about 37 F°
at the surface (89.3°F average meximm and 52.3°F average minimum) o
less than 5 F* at the -25 cm level {(69.8°F average maximum snd 65.3°F
aversge minimm).

¢. Temperature Frequencies

Temperature frequencies have often proved useul in planning
military operstions. ¥or example, it is sometimes necessary to kmow for
food storage purposes, what percent of the time temperatures caa be ex-
pected to remain at or above some such critical level as 120°F, or,
conversely, what percent of the tlme they car be expected to remain at
or below the freezing point. To provide a means for making realistic
estimates of such parameters, curves of temperature frequencies at four
points {200 om, 7.5 cm, surface, and -7.5 cm) are given in Figures 19,
20, and 21.

The graphs show that at all stations the highest temperatures oc-
curred at the ground surface. The record high fcr any site during the
two-month study period was 12C.8°F at laguna Top. Surface temperatures
at or above 100°F were experienced small percentages of the time at all
three stations, with Sandy Plains and Desert Pavement showing between
two and three percent and Laguns Top nearly five percent. At the 7.5 cm
level, temperatures were considerably lower, reaching 100°F at Laguna
Top only, and there for something less than one percent of the time. At
Desert Pavement the highest tempe ‘ature reached at levels above 7.5 cm
was 98°F, recorded at the 200 cm level. On the low side, freezing tem-
peratures were experienced at Sandy Plains and Desert Pavement, but per-
centage occurrences were low, not exceeding two percent at either site.
At the 200 cm level freezing temperatures were observed on one occasion

only.
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CUMULATIVE TEMPERATURE FREQUENCIES AT SANDY PLAINS, ARIZONA
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PERCENT OF OBSERVATIONS BELOW IKDICATED VALUES

CUMULATIVE TEMPERATHRE FREQUENCIES AT LAGUNA TGP. ARIZONA

JANUARY AND FEBRUARY 1987

10 o 0
o ll T T3
— I P —
7
g0 b— A4 10
0000 200 CMm. c? ' , 7
— o~ SURFACE Ol/. /
20 —_—— —75CKh. C )/ 4 20
[
. / L
[ { /
¥
70 o) / 30
:
|— ! —
60 40
50 50
40 60
/

30 70
— / —
20 7‘ 80
10 :L 90
Jad” 1A | 1 ol L] ! 160

40 50 60 70 80 90 100 110 120 130
TEMPERATURE [°F)
Figure 20

26

PERCENT OF OBSERVATIONS ABOVE INDICATED VALUES




PERCENT OF OBSERVATIONS BELOW INBICATED YALUES

CUMULATIVE TEMPERATURE FREQUENCIES AT DESERT PAVEMENT, ARIZONA
JANUARY AND FEBRUARY 1987
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d. Wind Speed and Directions

Hourly winds at tne standard weather station and the three micro-
climatic sites sre graphed in Figure 22. A feature of this graph is the
moderate strength and consistency of the winds at Laguna Top. Even at
night the mountain winds remain above 6 mph on tke average, a figure not
too far removed from the highest average speeds of 8 to 9 mph reachel
during the heat of the day. The strength of the mountain winds during
the heurs of darkness indicates that the nighttime inversions that form
in the valleys velow do not deepen to the point of reaching the elevation
of Lagune Top. The wind regimes of all three low-lying stations (stand-
axd, Sandy Plains, and Desert Pavement) are strikingly similar at all
hours, showing strength throughout the dsy and weskness at night. From
about 1800 in the evening tc 0700 in the morning, the sir has little or
no motion, with winds averaging a scant cne to two miles per hour during
the period of the nighttime inversion. After sunrise, the winds pick up
rapidly with sverages climbing to 5 to T mph by 1000 hours, a level main-
tained throughout the remainder of the day.

Wind roses, drawn to show direction percentsges during the warmth
of the day (0930-1530) and the coolness of the night (0030-0630) are
presented in Figure 23. The values given in the center of each rose
represent the percent of time calms prevail. The mean windspeeds shown
were computed from the hourly speeds for the concerned periods of the
day and night. An examination of the roses strengthens the argument for
nighttimre inversions at the Sandy Plains and Desert Pavement sites. It
can readily be seen that the requirement for little or no wind during
inversions is more closely satisfied at the two low-lying sites than at
laguna Top. During the night, calms prevailed more than nalf the time
and windspeeds were generally low during the remaining time at both Sandy
Plaing and Desert Pavement, as opposed to a mere 1C percent of the time
for calms at Laguna Top which had average winds of 6.6 mph. The random
directions of the nighttime wind roses for both low-iying stations fur-
ther suggest light and variable winds. In contrast, the rose for Laguna
Top exhibits a predominance of northwesterly winds; such persistence
suggests moderate strength as well, an effective deterrent in itself to
the formation of inversion. The daytime rcses for all three sites show
better development than those of nighttime, both as to strength and direc-
tion. ILike the nighttime regime, the daytime wind system of ILagura Top
shows higker speeds, a larger percent of northwesterly directions, and
many fewer calms than either Sandy Plains or Dest¢ -t Pavement.

28

,-{f—*r - T - . . - = o p——— - T T AT




T el NN

22 oam3tg

IWIL JdVANVIS

561 ANVNYEIS ANV AUVONYI
NOILVLS 1S3L VWNA ‘SNOILVLS 3NO4 LV SA3AdS ANIM IOVIIAVY ATINOK

YA 0£02 0€81 0£91 0EYI 0£71 0£0!t 0£80 0£90 0EYO 0€Z0 onomv
! | | | { | | ] | | ! !
— — 1
uI/..l....nu/ f o) ha‘m z
‘v/ » ﬁ\ 4 ¢ >
@< P
SRS R 75 n
 SERANSSRLCA o/ ¢
‘Il‘/ pd p; v
o/
AVAN A
= D// d -0 ¢ —1
-W ‘ f’ u.llﬁu‘lclm\h “ \ 9
— /l/. /o\o/olé\ _a” -
- _p—u—a—8<,_u—#
_ /I“\.'l..‘l.l o
, -
7. 6
ol
T — 11
4Ol VNNOVI .—a
INIWIAVL L¥3S3IQ O e zZl
— SNIV1d AGNVS O-—0 — &
NOILVIS Q¥VANVIS ®*—0
4
T — ~ — Gl
1 | | | | ] | | ] | | | 91

(3OV3IAV) HAW




BAYTIME AXT NIGKTTIME WIND ROSES, YUMA TEST STATION, ARIZONA
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4, Conclusions
®. General

At all three stations the temperature regime at the standard
observationsl height differs markedly from the regime at and close to the
ground surface. From station to station ther: are also significant dif-
ferences due primarily to differences in elewation, exposure, and the
nature and configuration of the ground surface. Among these, the most
notable coptrast is ‘the higher temperatures of Leguna Top, the most ele-
vated station, &s conpered to those for Sandy Plains and Desert Pavement.
This difference is great enough to warrant considerstion of laguna Top,
or any similar slope, as a possible winter testing site, particularly in
connection with those test programs requiring comparative freedom from
frosts. Similarly, the Desert Pavement site offers more protection from
frosts than does Saandy Plains where the light colored sand absorbs less
incoming radistion and stores less heat than the weather-blackened gravels
of Desert Pavement. This difference could have special conrotations in

planning tests involving contact with the ground surface.
b. Specific

From the various analyses of the January and February 1957 data
for Tuma, the following coanclusions mey be drawn or inferred:

{1) The diuwnal range of temperatures, both ectual and average,
is greater by far at the ground surface than at any other level, either
sub-surface or supra-surface. At the surface level at Desert Pavement,
for example, the average daily range is 37 ¥° as compared to 22.4 F* at
the 200 cm level, and '.9 F® at the -25 cm level.

(2) 1ne daily temperature range decreases more rapidly below
than abovesthe ground surface level. For example, at the Desert Pavement
site the average daily range at the -7.5 cm level was 20.3 F° while that
for the 7.5 cm level was 30.5 F°.

(3) There is a leg behind air temperatures in the time of occur=-
vence of the sub-surface daily extremes. At the -25 cm level, this lag
amounts to about five hours for both the daily maximvm and minimum
temperatures.

{4) At Desert Puvement, temperatures during the warmest part
of the day average about 8 F* higher just below the surface (-2.5 cm
level) than at Sandy Plains due to the higher thermal diffusivity and
greater radiation absorption rate of the dark colored gravels.
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(3) Mean daily minimum temperatures at all levels were about
8ix to elght degrees higher at Laguna Top than at either of the two lower

lying rites.

(6) Mean daily maximum temperatures at the 200 e¢m level (stan-
dard shelter height) were very comparable, being within a degree of each
other at all sites.

(7) There was a marked diurusl varietion in average windspeeds
at Sandy Plains and Desert Pavement; the winds were of moderate strength
during the day (about 6 mph) and light at night (about 2 mph).

(8) At Lsguna Top, there was little diurnal veriation in aver-
age windepeed; the winds were moderate both dey and night, though some
diminution was apperent during the hours of darkness (dsy 7.6 mph; night
6.6 mph).

(9) At Desert Pavement the lowest nighttime air temperatures
were recorded at the 7.5 cm level rather than at the ground surface. This
departure from the normal condition was probably caused by a slight warm-
ing from beneath of cool air draining into the area from higher surround-
ing areas.

(10) At the valley stations, lapse rates of temperature near
the ground are extremsly stable {inversion type) on clear nights, and
less stable (isothermal tyve) on cloudy nighte.
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13 ABSTPRACT

This study consists of an anslysis of winter temperatures at and near the
ground and wind velocities at standard heights, at three sites within Yuma
Proving Ground. Two of the sites were selected for their representstiveness of
surface types characterizing the desert basins of southwestern United States. The
third site was selected tc represent the many low rocky mountain areas of the
desert. The study develops information on the nsture of diurnal temperature
fluctuations, based on hourly records of temperature of January and Februery 1957,
at ten levels ranging from 25 centimeters below the ground to 200 centimeters above
the ground surface. In addition, hourly records of wind speed and direction at
the standard shelter height were kept and analyzed.

Results ehow that the temperature regi—e at the ground level differs markedly
from that for the "stendard” or 200-centimever level at all sites, particularly in
diuvrnal range, both actual and aversge (at Desert Pavement the average temperature
range is 37 F* at the surface and 22.4 F* at 200 centimeters). Some differerces
in temperature from site to site were also noted, the most significant teing the
higher nighttime temperetures at I:guna Top the most elevated station, as campared
to those for the two lower stations, Sandy Plains and Desert Pavement (aversge
over 6 F* at the surface end 7 F° at two meters). Strong radiation cooling and
eir drainage into low sreas resulting in the formetion of auighttime inversions
account for the lower daily minimum temperatures at the two low-lying ctations.
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13 ABSTRACT (Continued)

Laguna Top, in contrast, is uneffected by the nighttime inversions because of its
height. Another difference of note is the higher temperatures just below the
ground surface during-the afternoon at the Desert Pavement site (over 7 F°) as
compared to the Sandy Plains site., At Sandy Plains the light colored sands with
insulating air speces absordb less incoming radiation during the day and store
less heat in the ground than the weather darkened gravels of the Desert Peve-
ment site.

The wind regimes of the two low-lying sites, Sandy Plains and Desert Pave-
ment, vere very comparable, wind speeds being strong during the dsy and weak at
night. At Laguna Top, on th® other hand, the winds were strong both day and
night, even though speeds at night were somewhat below the daytime maximum.
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