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ment of very high temperstures at the desert station, and thus pro-
vides a belter understanding of the dsily environment encountered
during these spells of severe conditions in hot dry regions.
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ABSTRACT

Team at the Tuma Proving Ground, Arizona, provide scae basic lower and
upper limits to vertical solar and total eky radistion, ground-surface
temperature, dewpoint tempersture, wind speed, and wiad Zirection dur-
ing occurrence of high aablent air tempereturss. However, even th2
more favorable combinations of these surface coadiiions do not provide
22 adaquate explanation for occurrence of extreme temperatures at Yums,
The apparent key is the temperature of the uir layer betweez 850 and
650 mbs. If this layer is varm, and a mechanism exists for bringing
the air down to the surface, hizh ambient aii temperatures ~xist, The
mechanism may be the vertical exchange induced by the afternoon con-~
vection, or it may be the f8hn effezt hrought about by the symoptic
pressure pattern.
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CLIMATOLOGICAL CONDITIONS FAVORING OCCURFINCE OF HIGE TEMPERATURES
LT YUMA PROVING GROUND, ARIZORA

1. Introduction

Very high ambient air temperatures undoubtedly result, as Lanbl
has proposed, from the sumulative effects of all compatible and
favorable envirommental conditicns. The favora»le factors he gives
are, in dbrief, as follows: (a) high ground-surface temperatures in-
duced by intense radiation, (b) long passage of air over the heated
surfece, (c) advection of previcusly heated air, (d) subsidence, and
(e) the fohn effect. The first three factors are practically
ubijuitous climstological characteristics of hot deserts in summer,
as are high ambient air temperatures. Thus it is reasonable to 23sume
that the compatible and favorable conditions for higher temperatures
occur frequently at a desert stationm.

Because of frequent Ligh temperatures and an unusually cumplete
observation program, meteorological data taken at the Army desert
test station near Yume, Arizons, provide a basis for evaluating the
canperative significance of the favorable factors listed above and
mey also provide some quantitative values for the elements involved.
These values may not only be typiesl of hot desert regioms but may
also be indicative of necessary conditic s for occurrence of high
temperatures in any contipnental aresa.

The Yums Provirg Gnrund is located close tc the junction of the
Colorado and Gila Deserts and the Gran Desierto, which comprise the
Sororan Iesert of southhestern United States esna northwest Mexico.
Topograpwy in the area consists of the sandy piains, stony hills,
desert pavement and broed washes characterisiic of hot deserts. Tne
Coloredo River is west of the test area.

The weather observation rrogram at the proving ground includes,
in additiocz to the standard hourly data, a temperature profile
(eleven levels fram 25 cm depth to 400 cm above the ground) reccrded
on the same hourly base; vertical solar, total hemispaeric, and net-
exchange values of radiastion integrated hourly on true solar time;
and a probe of the upper air twice daily for temperature, numidity,
and wini data. In general, this study is limited to presenting the
analysis of data observed during days wvith "afternoon temperatures”
(defired in the next section) of 105°F or higher. Ninety-sever such
days occurring during the warmer months of 1961, 1962, and 1963 are
used in this study.




2. General Conditions

Uf primary irterest is the range in radiation values associated
-ith high temperatures and whether a noticeable difference exiats in
raediatio. received at progressively higher ambient temperature levels.
Bowever, since high temperatures occur under both high and low dew-
point regimes, it seems desirsble to incorporate dewpoint temperatures
into this gonersl anaiysis of air temperature and radiatior. Thus,
the data are grouped in Figure 1 according to aversge afternoon tem-
perature in ranges of 105 tc 107°F, 166 to 110°F, aud 111°F and over.

For this study "e®ternoon temmeratur" is defined 2s the average
of the hourly shelter temperatur:s for & S5-hour span. With but few
exceptions, these are the 1400 to 1800 hourly readings. This S-hour
span encompasses, essentially, &ll of the camparatively flat top of
the diurnsl temperature curve, a characteristic of these hot days.
Sinilerly, "afternoon dewpcint” is the aversge of the correspoading
five dewpoint temperaturcs. These are, gererally, around the lowest
for the day. Vertical £ppley and “otal hemispheric values are, &gain,
averages, but of the three highest consecutive integreted readings,
since the rediation curve at the Yuma Proving Grcund remnins near peak
values for only two or three hours, The readings are predominately
the 1200 to 1400 houriy integrated values slthough there is usually
little difference between the 1100 and 1400 integrated hourly resdings.

A time difference of slightly more than a half hour exists be-
twveen the temperature and radiation readings. Coordinates for the
Yume Proving Ground are 32°50'N and 114°24'W and the time meridisn
18 the 105th. Thus meea solar noon is about 38 minutes after 12:00
standard time, but in the summer actual noon is at 12:32 or 12:33.

For the period studied, the svm is only 10 to 14 degrees fram vertical
at solar noon,

Figure 1 shows the vertical Eppley and total hemispheric radiation
values, grouped accordiug to afternoon temperature, plotted against
afternoon dewpoint. The values given inside the graph and corres-
ponding *o the dewpoint temperatures sre the respective relstive
humidity velues, These were obtained fram pesychrametric tables for
the srerage tempersture cf the group.

Radiation patterns shown in the three tempersture groups of
Figure 1 are essentially the same. In each group, vertical solsr
radiation decreases from 98 to 100 lys/ur¢ et the lower dewpoints to
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92 to 94 lys/hr ai the nigher “ewpeints. Similarly, total hemispaerie
radiation decreases from 135 tc 138 lys/hr at the lower dewpoints to
below 120 lys/hr at the higher dewpoints. Evidently, afternoon surface
dewpoints during these days of high temperature must be i..dicative cf
the water vapor content of a substantial +thickness of air.

Figure 1 show:s a8 more diestinct upper limit existing between readia-
tion and dewpoint than a lower limit. On checking the data for days
with lower radiation intensities, it became apparent that once the
me tceorological pattern for developing higher tempersiures is estsablished,
& temporary lLapse in intensity of rediation receivzd for a day 3dcer not
necessarlly cause a col.d}.e to the continued development towards higher
temperatures. Anotner item shown by these graphs is the reisatively
greater number of occurrences of higher temperatures during high dew-
roint regimes than during pericds with dryer air masses.

Radistion patterns shcwn in Figure 1 are not unique to days vith
high, average afternoon temperatures. Similar data were plotted for
35 days, of the same general period, with average afiernoon temperatiuces
of less than 100°F and for 14 of the days vhere ““= average was less
than 95°F. The pattern of rudiastion velues 13 similar to that of adsys
with the higher afternoon temperatures. In this plot about two-thirds
of the days had afternoon dewpointe in the 29 to 42°F range. This also
was reflected among the 14 days with less than 95°F aversge afterncon
temperature.

Thep on a typical summer da;y, the vertical sclar radiation may
average from 92 to 100 lys/hr over a three-hour pericd during midday.
This 78 to 84 percent of the value (2.00 lys/min) given to the sclar
constant, is indicative of the high transparency of the desert atmos-
phere. Although intense solar radiation 1s undoubtedly basic to the
development of high, ambient air temperature, the readiation pattern at
the Yuma Proving Ground on & typically clear day would show littie
essential difference between days with aflernoon temperatures in the
90's and days with efternoon temperatures of over 110°F.

One direct effect of the radiacion and terrein conditions in
deserts is the high ground-surface temperetures. But, as is shown by
Figure 2, afterncor air temperatures can be quite varied under similar
groucd temperature regimes. The latier are, azain, an average cf the
five highest consecutive hourly readings of the day, »ither the 1100 to
1500 or the 1200 to 1600 hourly readings. The figure ah«ws the poss‘ble
scatter between ground surface and shelter temperatures. For days with
average afternoon temperatures of 1CA°F, surfece tempaisiures varied
from 128 to 150°F whereas, at iC0°F, the values were slizhtly lower,
127 to 128°F. But at 110°F, the values were slightly hizher at 132 to
155°F,




While not cornclusive, one could deduce that at these higher tem-
peratures & minimum difference of about 20 F° exists between the
shelter temperature and the ground surface temperature during the
afternoon while the maximum difference would seldar be more than twice
that amount. The figure does show the tendency of the groumnd surface
temperature to top-off in the area of 150°F. This is not & feature of
days with aversge, afternoon temperatures of less than 100°F. Here, a
distinct incresse occurred (130 to 1%1°F) for the upper values as the
afternoon averege air temperature increased from 86 to 99°F. However,
ground surface temperature was, again, between 20 and 40 F° higher than
the ambient.

Ir light of the rather regular vertical radistion patiern over the
range of higher afternoon temperstures as shown in Figure 1 and the
scatter between the paired ground surface and air temperatures as shown
in Figure 2, ome could conclude that no predictiable relationship exlets
between the vertical Eppley and ground surface data. In fact, a plot
v, the paired data produced as much scatter as is shown in Figure 2,

A consistent feature during afternoons of higher temperatures is
the predominance (80 percent of the afternoons) of west, west-soutaweat,
and southwest winds. Average wind speed at the six-foot level for the
5-hour period of higher temperatures ranges fram 5 co 18 mph., These
show a concentration (sbout half) in the range cf 8 to 11 mph, and
sbout a quarter of the totel were from 12 to 15 mph. There were five
afternoons with average wind speeds from 16 to 1€ mph and the rest
(about 15 percent) ranged fram 5 to 7 mph. This predominance in wind
direction and range of wind speed is also applicable for days with
average afternocu temperstures of less than 100°F.

A similar situstion is rep-rted at the Yuma city airport, about 25
miles southwest of the test station. During July almost 70 percent of
the afternoon end early evening winds &t the Weather Bureau station are
from the southern quadrant. Average vgnd speed 18 close to 11 mph and
the maximum reported speed was 27 mph.~

Thus, oa & typical summev afternoon at the Yuma Proving Ground,
the fetch of surface air is essentially from the Gran Desierto of
northern Mexico, over the Coloredo River lowlands, and through the
river gap in the cestern rim of the valley. Although comperatively
shallov (150 to 250 feet), the river gep must give the more westerly
component to the wind direction at the Proving Ground. A slight
adiabatic cooling (lese than 1 F°) could be involved as the air flows
from the river bottom (150 feet) up the steep slope to the test station
(32k feet} cn the rim.




In this presentation of general comnditicns during occurrence of
high, ambient air temperatures at the Yuma Proving Ground, some basic
lover and upper limits to verticel solar and total sky radiation, ground
surface temperature, dewpoint temperature, wind speed, and wind direc-
tion have been established. Hciever, valuee within these limits also
occur during days of lower temperature. The fuct is thet, individuaily,
these values occur wi~h such frequency as %o e regarded a3 ubiguitous
climatic characteristics of the desert site. Although redistion must
be considered the basic elsment, no one camponent appears as 2 dominant
factor. Some degree of campensation in terms of campatibility smong
the meteorological elements is evident, Since a relationship exists
between dewpoint tempersture ard radiation, a campariscn of the deily
cycle of the elemerts during & high dewpoint regime with those during a
low dewpcint regime may show the direction in which the compsensaticn
takes place.

3. Eigh Versus Low Dewpoint Regimes

To explore the contrsst between high and low dewpoint regimes, the
records w.re sBearched for two daye with precticmlly identical after-
noon temperature regimes but differing markedly in their devpoint tem-
peratures. The two days chosen were 19 July 1961, a day of higher
dewpoints, and 25 June 1962, a day with lower dewpoints. How well the
two ambient air temperature regimes match is shown by Figure 2.

The regime of 25 June 1962 shiows the influence of grealer night-
time radisticnal cooling under the drier air mass by the dip iu tem-
perature at 0400 hours and in the more repidly decreésing temperatures
after 130C hours. From sunrise to 1900 hours a slightly faster rate
of heating occurs under the drier conditions; however, a slight pro-
longation of the high afternoon temperstures occurs under the more
moist air maess, RFevertheliess, the tempersture regimes during these two
days are consldered sufficiently alike for the purposes of this study.

On the other hand, dewpointis on 19 July 1961 ranged from 55°F during
the eariy morning to the iov forties by early evening. Correspondingly,
the relative humidity dropped rspidly from the low fifties at 0500 hours
tu 1% percent at 1400 hours and remained around *his level to nesrly
the end of the dsy. In contrast, dewpoint temperstures of 25 June 1962
only ranged fro. the low thirties around 0600 hours to the mid-twenties
by afterncap. The low point occurred et 2000 heours but after 2100 hours
the dewpoint increased sharply to S0°F. Correspondingly, the relative
humidity ianged from 17 percent at 050C hours to S percent by noon ard
remsined at this level until the influx of moister air. This influx
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wag brought ahout by advectiorn of air from the Rulf of Californis as &
small, closed low developed over the Yuma area. This moist, advected
air was less than 2500 feet deep, as indicated by the tcliowing morning
upper air sounding.

Differences between the rdiatica regimes for the two days are
shown by Figure 4, Under the drier 2ir msss of 25 June 1962, vertical
solar, totel hem:spreric and net-exchange rsdiation developed more
repidly than under the more mcist air mass of 19 July 1961. Peak values
are 140 lys/hr for total hemispheric radiation and 10i lys/hr {abcut
84 percent of possible) for vertical radiastion in the drier air mass as
compared 1o 125 lys/hr and 94 lys/hr {(about 78 percent of possible},
respectively, under the more moist ccnditicns. However, peak vaiue for
net exchange redisticn is ygreater in the more moist air, the values
being 57 lys/hr during 19 July 1951, &s compared to 43 lys/hr for 25
June 1962, By 1500 hours cumulative totsls from midnight for vertical
and total hemistheric radisticn are sbout 15 percent greater on 25
June 1952 thmen op 19 July 1981. However, cumulative totals For net
exchange radisticn by 152C hours are the same. After 1500 hours the
three sets of curves are prsctically identical.

Rounding out the victure of surface conditions st the Yume Proving
Ground are greund surface temperatures, tecperatures &t 2.5 cm sbove
the ground, and temperatures at the LOO-om level shown in Figure 5.
Only the middle part of the latter curve is given becsuse dats for
earlier and later houis are hardly distinguishable from temperatures
at the other two levels. 273y morning ground temperatures of 25
June 1962 reflect the greater nighttime ccoling under low humidity
conditions and slightly lower winds. These temperatures are 5 %o 8§ F°
below those of 19 July 1951. Between 0700 and 0900 hours, grouni tem-
peraiures increase respidly and at the same rate for both days. Under
low humidity the ground tempersiure cantinues the steep rise until
noon and maintaire a plateau for two hours, after which the two regimes
again match., After 1400 hours ground temperstures decreased at the
same rate until 3arx, vhen ground temperatures under the drier air mass
agein vecame the lower.

The adrupt change a8t noon on 25 June 1962 18 due to sdvectiou of
slightly reoister air, Tnds 1s deduced from the change in dewpoint
curve between 1200 and 1400 nours it conjunction with the shifting of
the wind from northwest to west, to southwest, and thep west and south-
vest again in the hours of 1000 to 1LC0. Source of this air would be
the Coloredo River bottom iands or possitly nearby irrigated areas.

The local circuiastion that brings in the air has not developed suf-
ficiently to totally destroy the stratificeticn under the morming in-
version.
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Curves for tne 2.5-cm neight duplica-e zuch of the ground surface
temperature conditions except for the reversal of conditions between
1000 and 1%00 hours. During these hours temperstures on the moist day
(19 July 1961) at this level are higher. This reflects the net ex-
change rudiation patierns (see Figure U4). Sy 1000 hours ne* exchange
cn 19 July 1961 became greater than on 25 June 1962, but by 1400 hours
radiation values and ground surface temperstures are beccming more
nearly zqual and they bhave begun to drop. This association is pre-
sented with reservations because these differences at the Z2.5-cm level
disappear at the 7.5-cm level {not shown in the Figu-e). Temperatures
&t the LOO-cm level reflect those of the instrument shelter. As men-
tiored, changes brought about by the developing local. circulation
cculd account for the elight dip in thne temperature rurve at 11.00 hours
that occurred on 25 June 1962,

Flgures 2, L, and 5 serve principsliy to show two quite different
sets of meteorological conditions producing practically the same
cumulstive results in afternoon temperatures. It is becoming cvident
that the common denominator for the high temperatures is not to be
fourd emong the surface elemen*s. This 1is further confimed by con-
sidering the synopti: patterns. The normal pattern during the summer
months is & thermal low over the desert and plateau regions of northern
Mexico and southwestern United States, This low is sandwiched between
the well-developed Pacific high to the west and the Bermuda high to the
east. Slight variations occur but a distiact variation could not te
asgociated with days of high temperastures. In the two cases, surface
rressures were slightly lower on 25 June 1962 and the pressure gradient
€2 the west slightly tighter. Hcwever, in toth cases, the 500-mb
pattern showed & closed, warx high over soutnwestern United States,

L, Air Mass Charscteristics

Since the critical component for the highar temperatures is re-
flected neither in the gerersl surface conditions nor in the circula-
tion pettern, there remains the charactericstiics of the air masses to
be locked into. Alr masces of 25 June 1952 and of 19 July 1961 will
be considered first.

Meteorological conditions at very high levels are not critical to
the development of high surface temperatures. Upper air soundings for
the two days show winds in the levels between 450 and 125 mbs (epproxi-
mately 21,000 to 50,000 feet) as moderate (5 to 20 mph) and north-
easterly during days of the more moist regime, whareas a strong
(20 to LS mph) westerly flow occurred at these levels curing the dry
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regime ¢l 2% June 17 and the caye immediately prececing. Below
21,000 feet both air oacses had characteristics of subsidence, light
wiads, ané gradually decreasing humidities. Temperaturz, hunidity, and

vind profiles from the surface to the «00-zb level (approximately
2:,50C feet) are shown 1n Figures 2a ané £b for the two norning and
afrernoon condizions.

In both regimes, subsicence s a factor in causing warming of the
air below 850 —=bs. Cluarly shown is the greater nighttime inversion
develcped in the drier air mass., Wwind was generally light during both
regimes, bat its direction was more consistent in the drier air mass.
In the latter case, wind was mainly couthwesterly whereas during the
n0ist regime the wind had made the general shift from ncrtheast to
southeast and to south as the air mass modified. Humldity was low in
hoth the upper and lower levels in the drier air mass, but a moister
layer of air existed between 700 and 550 mbs. However, by the after-
noon of the 25th the sounding shows a consistent 10 percent humidity
from the surface to «00 mbs. The moist &ir mass also underwent a
gradual drying process. Thie, at first, was more rapid in the upper
levels. t, by the 19th, lowexr humidities were reported at all levels.
However, the feature of mecet concern to this study 1s the developzent
of practically identicel temperature-neight curves during both after-
noons.

The two mc-ning curves (see Fig. 6a) differ priancipally in the
degree t> which the inversions .ave developed and in the layer between
850 &nd 650 mbs where the temp-rature of the drier air mass is 2 c¢o
4 F° below that of the more moist regime. Above 600 mbs the two curves
are essentially alike up to the L50-mb level.

In the surface Zipversions winds are light and variable. In the
stable layer above the inversion in the moist air zmass, winds are
westerly but as the lapse rate epproaciaes the dry adiabatic rate,
winds back to south ané rewain soutnerly up to the stable layer at
500 mbs. In contrast, in the layer above the inversion in the drier

ir zmuss vhere the lapse rate is practically at the iry adisbatic rate,
winds are west-soutswesterly and then teck to coutherly in the more
stavle layer retween 700 and AOC mbs. wWinds again become southwesterly
in the less stable layer bpetween £O0 and 500 abs, and in the stable air
above, the winds begin to reflect the strong westerly flow of the upper
levels.

The striking feature of the two afternoon souncings is, of course,
the identical nature of the temperature-neigh*t curves (see Fig. 6b).
Meteorological and environmental conditions nave combined to create a
very unsisble layer of air from the surface to the 350-mb level., This
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replaces the very z-.able conditions under the morning inversions. Fron

950 mbs to €00 mbs the afternoon lapse rates are only slightly less thar
the dry-adiabatic. In the drier air the lapse rate 1s practically con-

stant, whereas in tze moister air the lapae rate is in two segments, the
air between 800 to 600 mbs being slightly mor= stable than that betweza

950 and 800 mbs. This is similar to the morning condition found in the

drier air mass.

In the more moist regime winds are generally 16 to 20 mph below 700
mbs. They veer ‘rom southwest at the surface to west-northwest at the
750-mb level, and then vack to west-southwest at § mph st the 700-mb
level. The winds then remain light and southerly to the 450-mb level.
winds in the drier air mass are not as strong (14 to 18 mph), but their
direction remains southwesterly frowa the surface to 850 =bs. The wind
veers to west-southwest between ¢5C and 750 mbs and then backs to south-
westerly from 750 mbs to 50C mbs. Above this level begine the strong
wvest-nortowvesterly flow of the higher levels. The taiformly consistent,
southwesterly winds practically to the 500-mb level, the nearly dry
aciabatic lapse rate from %50 to 600 mbs, and the greater degree cf
warming between 850 ané €50 =bs suggests that the vertical exchaage of
air had been greater in the drier air mass than In the more molst air.

The apparent key o the high temyeratures recorded on these two
days 18 the temperaiure of the layer of air between 850 and 650 mbs.
At the dry adisbatic rate (iines of constant potentiel temperature),
the temperature of this layer at t:e ground would compere favcrably
with the maximun temperature of 112°F, the maximuz hourly temperature
of 112°F, and the sversge of the five highest consecutive readings of
111 °F obtained on btoth of these days. Then it is reasonable to assume
that a warm laver cf air between 850 and €50 favcrs the development of
high embient sir temperatures in desert aresas.

A recessary ~ondition for very nigh temperatures i1s that a
rmechanism exist for effecting the excharge of air between the 850- to
550-mb levels and the surface. On the two days studied, the high
ground surface temperature and the practically éry adiabatic lapse
rate between the surface and the 550-mb level were conducive to effect-
ing this exchange. Cousldering the ubiguitous characteristic of favor-
able surface conditions during & typical summer afiernoon, the problem
becomes primarily one of the frequency of favorable lapse rates in the
lower lsyers of the air msss,

To explore this, the potential temperature of the highest hourly
shelter temperature of the day was compared with the potential tem-
perstures, at J0-zmb intervals, of the afternoon sounding from 950 to
450 mbs ‘or the months of July 13€1 and June 1962, The assumption is
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made that the difference in pctential temperature beiween the surface
and the sounding indicates the atability of the air mass between the
two levels. Since the potentisl temperature at the shelter height was
invariably the larger, the level at which the difference changed from
negative to positive shoull indicate the potential for effecting the
change cf air between “he t/o levels. Besides the few cases of practi-
cally neutrsl stabilit:- 1L the lower layer, in about 10 percent of the
afternoons the change in stabllity occurred by the G00-mb level or
around 2,800 feet; in another 10 percent it occurred by 850 mbs or
about h,ﬁOO feet; and in 70 percent of the afternoons the change in
stability occurred frar %00 to 700 mbs. In the remaining 1U percent it
occurred sbove the TOC-m% level and in one case the change was not
effected until the 600-mt level (about 13,400 feet). Thus the mechanism
is present in the high rediant-energy exchange at the ground surface,
and the high temperatures cf tha? surface, to create instability in the
lover layers of the air in aboui 80 percent of the summer days.

However, active subridence inhibits the development of steep lapse
rates in the lower lay-re of eir. The afternoon of 1C July 1961 is
an example of this. The moming temperature-height curve for that day
is practically identical to that of 19 July 1951, except that it is
about 1 F° warmer at all levels. The vertical Eppley and totsl hemis-
pheric radiation curves for the two days are also prectically 4dentical.
S0 is the ground surface temperature, except for the five hours from
1300 through 1800 when the regime for the 10th ran 5 F° higher than on
the 19th of the month. The afternoon ambient air temperatures were
also higher on the 10th than on the 19th; the efternocon average was
112°F and both the maximum hourly and maximum for the day were 113°F.
However, this increase in shelter temperatures does not totally re-
flect the general 5 F° increase in afternoon temperature of the air
mags At all levels. Furthermore, the air mass on the 10th did not
developr the very unstable layer of air from the surface to the 950
level that was present on 19 July 1961.

The significant difference between the two asir masses is the amount
of subsidence taking place. The general increase of temperature
throughout the &ir mass is ore indication of this. Another indicatiom
i3 the wind field. On the morning of the 10th the surface wind was
light and northeasterly, vhile at 950 and 900 mbs winds were south-
vesterly at 14 to 18 mph. The direction veered to west-northwest at
16 mph for both the 350- and 300- mb levels. But at 750 mbs the wind
shifted to north-northeast at 5 nph in a more stable layer of sir more
than 50 mbs thick. Atove this stable layer the winds became nore
easterly and stronger with height. By afternoon the surface wind had
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becoae the typical southwest breeze, having reached 12 mph. The 95C- and
900-mb winds were still southwesterly hut had dropped to 7 tc & mph. The
wind thea shifted st the 85C-mb level to north-northwest at 5 nph and
continued the shift to north-northeast at 7 mph at the 800-mb level. This
corresponds to the 800- to 750-mb wind shift recorded vwhen the merning
sounding entered the more stable layer of air. Above the stabtle layer,
winds were again more easterly but speeds had dropped to 13 to 18 mph.

In the 12-hour, daytime period between the two soundings, the gtable

layer had a geueral displacement downward of about 50 mbe, This subsi-
dence is typical of the entire alr mass.

In one sense, this marked subsidence had no effect on the afternoon
+emperatures; the morning sounding showed an air mass slightly wamer
than that of the 19th and the reswltant ambient, afternoon &ir tem-
peratures vwere also slightly warmer than those of the 12th c¢f the month.
On the other hand, if the unstable layer fram the surface to the $50
level had developed, afternoon temperatures would have been about 2 ¥°
higher; if an effec.ive vertical exchange had developed to the T750-mb
level, the afternoon temperatures may well nave been L4 to 5 F° higher
than those reported for the day.

5. Discussion

This dissection of the envirommental conditions favoring development
of high ambient air temperatures at the Yume Proving Ground bhius shown
that there is nothing particularly obvious about these conditioms. Even
the patently direct one, &s put by Lamb,” "Strong heating of the surface,
nost effective on dry sand or bare rock, when the sun is high and when
the atmosphere is especially clear,” has its iimitatioms. Judging fraom
Fig.res 1 and 2, the probability of reaching high surface eir tempera-
tures is greater under something less than this "i{deal” situation. What
rust be avoided is the impl. ed sequence fram intensity of radistion teo
high ground surface temperatures to higher air terperatures. The situa-
tion is samewhrt analogous to & pot of bolling water. The more intense
the heat applied, the quicker the water is brought to boil; once reach-
ing that point, the water boils more vigorously but &t no increease in
temperature., In fact, I would chance the opinion that a radiation and
kinetic energy balance exists so that even the ideal conditions of
intense radiation and high ground surface termperatures of desert areas
would not, in unconfined free air, generate shelter temperatures in
excess of 110°F.

Under this postulate, & long fetch of air over the hot desert sur-

frce aleo has limited capabilities towards development of high ambient
air temperatures. There exdsts the rad{ant transfer of energy to the
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urper layers of the air mass. The effectiveness of thils mechanism
throughout the non-daylight hours is shown by the sreater development
of the early morning inversion under the drier air conditions. It is
clso an effective mechanism during the aftermoon hours. Convection is
also an Important mechanism for transferrirz heat from the ground sur-
face upward into the free air. But even vanen convection was controlled,
as under the strongly subsiding air mass of 10 July 1961, the sbelter
temperatures did net reflect a significant increase, reaching only to
113°F, although this temperature was maintained for a three-hour period.
One must conclude that there exists an upper limit to what the combina-
tion of radiation and ground surface temperature can do in developing
high ambient air temperatures.

The meteorological conditions of 10 July 1961 show the role of sub-
sidence in developing high ambient air temperatures. The inhibition of
vertical convection or circulation in conjunction with advection of a.r
fram Africa was proposed by Lamb* as leading to the record high tempe:a-
tures at M2lta. Subsidence is also an effective mechanism for bringi'ig
warm air eloft down to within the vertica® convection cycie developed
over the desert during the typical summer afterncon. If a suitable
lapse rate develops in the lower layers in corjunction with the rate of
subsidence, then a situation exists for developing very high ambient air
temperatures. The other pogsibility would be a synoptic pressure pettern
such as night develop the fohn effect. Al.chough this effect was not
noticed in the present study, it is Lamb's principal mechanism for ex-
plaining record high air temperatures.> Otherwise, high temperatures
may result,as occurred on 10 July 1961, but the potentiel for developing
very high surface air temperatures will not be reached without the
vertical exchange of air.

5. Conclusions

The envirommental factors favoring the development of high ambient
air temperatures have been shown to be practically ubiguitous climatic
characteristics of desert areus during the summer season. In this sense
they are obvious enough to need no justification. Beyond this, only one
condition is obvious and that is that the potentisl temperature of the
air at shelter height cannot be maintained for many hours at a higher
potential temperature than that of the lower troposphere. Thus, if
there exists one key to the higher temperatures at a station, it must
be the temperature of the zir mass between the 850- and 650-mb levels.
If this air is warm and & mechanism exdsts {or bringing the air down to
the surface, very high ambient 2ir temperatures result. Such a mechan-
ism may be the vertical exchange induced by afternoon convection, or it
may be a fohr. effect brought about by the synoptic pressure pattern.
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