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FOREWORD

The maps presented in this report are a result of a request from

the Army Research Office for information on the worldwide distribution
and frequency of high dry-bulb and high wet-bulb temperatures. They are
intended primarily for use by the Army Research Office in staff briefing
sessione. The report considers temperatures which produce problems for
the successful operation of many types of equipment and the proper func-
tioning of personnel engaged in vigorous activity. Special emphasis is
placed on wet-buldb temperatures in humid tropics areas, where continuously

high values may have harmful physiological effects on men and hasten the
deterioration of materiel.

The accompanying textual meterial is designed to facilitate inter-
pretation of the maps, even by those without a scientific background in
climatology. Considerable attention is given to the methods of comnstruct-
ing the maps and to analyses of their accuracy. It is anticipated that
these maps will be useful not only to military planners, but to those in
many areas of scientific research.

PEVERIL MEIGS, Fh.D.
Chief
Earth Sciences Division

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

CLIFFORD T. RIORDAN
Colonel, QMC
Commanding
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ABSTRACT

Thie report presents a series of 18 originsl worldwide maps showing
the patterns of extremes but more particulaerly the frequency and dura-
tion of high dry-bulb ( 2100°F) and high wet-buldb ( > T0°F) temperatures.
Methods used in drawing the isolines for each mep are presented and their
accuracy (where estimated) analyzed. Notes are given to assist in inter-
preting each map or to explein its limitation in specific areas.

As expected, Saharan Africa and southwestern Asla possess a large
proportion of the total world area with high dry-bulb temperature. RKearly
all of the Sahare and large areas in Saudi Arsbis, Iraq, West Pskistan,
and India commonly experience dry-bulb temperatures between 105 and 110°F.

Only small areas in other parts of the world have high frequencies of such
temperatures.

Truly high wet-bulb temperatures, close to or above 80°F, are widely
spread geographically only under humid tropic conditions of climate. They
are found along the Pacific coast of southern Mexico, in the Amazon Basin,
the Sudan region of Africa, the Mozambique, Tanganylka and Kenya coasts
of Africa, southern and southeastern Asis, the islands of the Esst Indies,
and the north coast of Australia.

viii




WORID MAPS OF HIGH IRY-BULB AND WET-BULB TEMPERATURES

INTRODUCTION

1. ose

The meps presented in this report were prepared for use by the Army
Research Office in staff briefing sessions where extreme accuracy of de~-
tail is not required, hence the small scale and the high degree of gen-
eralizetion used in their construction. For this reason they should not
be used to obtain data for specific locations. In generalizing at the
small scale of the maps (approximately 1:39,000,000), many mesoscale varia-
tions hed to be ignored. In addition, the scarcity of data for meny areas
made it necessary to rely frequently on professional judgement in drawing
particular isolines.

2. Basic data: source and nature

a. British Afir Ministry climatological tables

The basic data for constructing the maps were tsken from Tebles
of Temperature, Relative Humidity and Pres’-:itation for the World, British
Air Ministry (1). Because of the short time allotted to complete the maps,
it was expedien®t and convenient to rely on this publication with its excel-
lent worldwide coverage. Record lengths for stations listed in the publi-
cation vary from 2 or 3 to over 70 years, but no attempt was mede in pre-
paring the maeps to reduce any of the data used to a common period. As
described below, other sources of data were used in preparing the report,
but in all cases values plotted on the maps were taken directly from or
calculated from data given in the British Air Ministry publicetion.

b. United Sts*es Weather Bureau dats

The Unlted States Weather Bureau publication, Iocal Climatologi-
cal Data (2), was used as a source for daily and hourly data to develop

certzi? methods used in constructing the maps. (See part I, sections k
and 6.

¢. Yuma, Arizona, and Panama Canal Zone climgtic analog data

Data taken from Analogs of Yums Climate, I-XI (3) and Analogs
of' Canal Zone Climgte, I-X (4) were used to guide the dxawing of isolines
on certain of the maps. (See Part I, section L.)




PART I. CONSTRUCTION AND INTERFRETATION OF THE MAPS

A, Dry-bulb Temperature Maps

1. "Warmest month"

For the dry-bulb temperature maps, all station date are for the warm-
est month at each station. This month, of course, varies from station to
station, so any one map mey be based on data from several different calen-
dar months. The "warmest month" is defined as the single month with the
highest mean daily maximm for the entire period of record. Where more
than one month registered the highest mean daily meximum, 1.. mcnth with
the highest mean monthly maximum temperature was selected, and if the mean
monthly maximuim was the same for 2 or more months, the choice consisted of
the month -ontaining the absolute maximum.

Defined in this way, the "warmest month" will produce temperature
statistics slightly lower than where the warmest month for each year is
used to compute statistics for the period of record without regerd to the
month in which it happens to occur during eny one year. This is shown in
Table I. At Dallas, for example, during the period 1949-1961 the mean
daily maximum temperature, when based on the warmest month each year (dur-
ing the 13 years, July was the warmest month 7 times, August 5 times, and
June once) is 97.4°, compared to 95.8° for the mean warmest single moath
EJuly) over the entire 13 years.* If the warmest 30-day period each year

with no regard given to coincidence with calendar months) were used as a
base for compiling "warmest month" statistics for a period of record, this
definition of "month" would produce an even higher mean daily maximum tem-
perature. It is apparent, therefore, that the data shown on the maps will
underestimate the warmest month-long conditions that men and materiel could
be expected to meet in a given area over a period of years.

2. Plate I. Warmest month - mean daily maximum temperature

Mean daily maximum temperature, as defined here, is the arithmetic

mean of all daily maxima for the particular month selected as the warmest
of the period of record.

It is often wrongly assumed that 50 percent of the days at a given
station will have higher (or lower) temperatures than the mean daily maxi-
rmun. This is generally not true for warm climates. An investigation of
the frequency distribution of *aily maxima for 6 stations (five in the
southwestern United States anu San Juan, Puerto Rico) produced the data

*All temperatures in this report are given in degrees Fahrenheit.




shown in Table II. For the 6 stations, the percent of days with maximum
temperatures equaling or exceeding the mean daily maximum varies from ap-
proximately 56° to 62°, hence the mean dailly maximun apparently cannot
serve as an exact indication of the 50th percentile.

This departure of the mean from the median is caused by occasional
days in the record of each station with unusually low maximum temperatures.
In other words, the low temperature end of the frequency distribution lies
farther from the mean than does the high temperature end. At Las Vegas,
Nevada, for instance, the lowest daily meximm for the 1l-yesr period of
record of Table IT was 81°, or 23 degrees below the mean, while the high-
est was 116°, only 12 degrees above the mean (see alsc Fig. 1). This gen-
eral relationship is almost universally true during the warm season in
areas with hot climates, consequently, nearly without exception the mean
daily mexime of Plate I will be exceeded on more than 50 percent of the
deys.

3. Plate II. WVWarmest month - mean monthly meximum temperature

The mean monthly meximum temperature is the arithmetic mean of the
year-by-year maxima for the month 1n question. If June is the warmest
month for a particular station, the absolute June maxima for each year of
the record are totaled, the mean obtained, and the result termed the "mean
monthly maximm" for June for that period.

The data in Table II indicate that 5 to 10 percent of the days of the
warmest month may have maxima which equal or exceed the mean monthly maxi-
mum temperature of thet month. On a percentage-of-time basis, it has been
found that hourly temperatures above the mean monthly meximun occur about
1 percent of the time in ~n average surmer month.¥ Table I shows that the
warmest-wonth mean monthly maxims as determined in this report will be 1 or

2 degrees lower than the mean monthly maxime based on the warmest month of
each year.

L, Plates III - VII. Warmeet month - frequency of days with maximun tem-
perature >100°, >10°°, >110°, >115°, and 2120°

The frequency data for this series of maps were estimated from & nomo-
graph (Fig. 2), the original version of which appeared in QM R&E Command
Special Report 61, Frequency and Duration of ‘'gh Temperatures (5). In
constructing the originai nomograph, actusl da.ly meximum temperatures of
the warmest month for 31 statioms in the United States (19 to 20 years of
record) and 25 foreign stations (1 to L years of record) were used to com-
pute percentage frequencies of occurrence for 2110°, 2115°, and >120°.
These station frequencies were used to comstruct the 110°, 115° and 120°

¥Based on unpublished woih of the Farth Sciences Division.




NUMBER OF CASES

LAS VEGAS, NEVADA (1952-1962)
FREQUENCY DISTRIBUTION OF
WARMEST MONTH
MEAN DAILY MAXIMUM TEMPERATURES

70

pl

65 | n = 341
Mean Daily Max.
60 —
Temp. = 104.5°F
55
50 —
45
40
35 F—:— —
30 |
25 —
20 +
15 +
|
10
|
5 ——
0

2818
¥8-€8
98-G8




S B A e e

oo_ 06 08 0/

g samzig

13A31 d@3lvDOIAaNI FA08V JO 1V

JANLVIIdWIL WNWIXVW ATIVA 40 3IDNIYYNID0 40 ADNINOIA4 IOVINIOAI
09

0§ oy o€ 0¢ 0] 0

Alﬂ__?:___m____‘____
— _

H.:__

TTT _:;_:T‘:_J___qulﬂ__;_;:;u_.,ﬁ:i_lﬁﬂqai

TITITIT[ 77T, S8

.

|

L}

|

1
o
(o8

N

(|

ol

1 11

[ |

| S B TR

b i T b b

:_; Jof ]

__:,L___

|
|
|

| )
plh__xrhplr -h‘ »rl__L.g..,,,_H,.,.,.m,pk,..

HINOW ISIWJIVM - JANLVIIdWIL WAWIXVW ATIVA NVIW

SIYNIVIIdWiIL <<3<<_x<<< >.__<o NVIW
40 S3IIDNINOIA4 IOVINIDYId ONILVWILST JO4 HAVIOOWON

5




TABLE I. COMPARTSON OF MEAN MAXIMUM TEMPERATURE (DAILY AND MONTHLY)
COMPUTED FROM: a) WARMEST WMONTH FACH YEAR
AND b) WARMEST MONTH OF PERIOD OF RECORD

Mean Daily Max Temp Mean Monthly Mex Temp

Period Based on "Wermest month": Based on "Warmest month":
Station of Recorrd Each year Entire period Each Year Entire period
Dallas, Tex. 49-161 9Tk 95.8 (Jui) 105.6 103.4 (Jul)
El Paso, Tex. 150-160 96.7 96.1 {Jun) i0k.9 104.1 (Jun)
Tucson, Arlz. '50-162 99.7 99.1 (Jun) 108.k 107.7 (Jun)
Yumsa, Ariz. 49-162 108.5 107.9 (Jul) 1174 115.3 (Jul)
Des Molnes, Ia. 'ho-'62 86.8 86.0 (Jul) 98.4 96.6 (Jul)
San Juan, P.R.  '49-'61 86.2 86.0 (Sep) R.9 91.5 (Sep)
TABLE II. PER CENT OF DAYS WITH MAXIMJM TEMPERATURES
AT OR ABOVE MEAN DAILY MAXIMJM AND MEAN MONTHLY MAXIMUM TEMPERATURES
Mean % of Days Mean % of Days
Deily at or Monthly at or
% of No. Max . above Mean Max. above Mean
Station Record Days¥* Temp. Daily Max. Temp. Monthly Max.
Yuma, Ariz. ho-t62 L3k 108.5 56.1 115.8 L.6
Fresno, Calif. ho-162 L3k 98.5 61.3 106.2 6.9
ILas Vegas, Nev. 152162 341 10k.5%% 506 111.9 6.2
Dallas, Tex. thg-161  LO2 7.k 57.5 105.0 7.0
Little Rock, Ark. tho-162 L33 g3.4 53.6 100.6 12.2
San Juen, P.R. '50-161 367 83.0 61.6 91.8 7.1

*#i.e., total number of days in the warmest month, during the period of

record indicated.

#%¥The lowest daily maximum temperature for the period was 81° (23 degrees be-
low the mean); the highest dally maximum temperature for the period was 116°
(only 12 degrees above the mean). These data, for Las Vegas, are plotted on

Figure 1.



lines shown in Figure 2 of this report. For the present series of maps,
the 100° and 105° lines were added by plotting frequencies of those values
for 18 stations in the United States with 20 years of record. Eighteen
stations were considered a sufficient number to plot since the data for
these stations produced lines of best fit that corresponded closely to the
trend of the higher-value temperature lines of the original nomograph.

Frequency data used to construct Plates TIII through VII were obtalned
by using the "warmest month" mean daily maximm temperature from the
British Air Ministry publication a&as the dependent variable tc enter the

nomograph. In this manner, frequency data were obtained for nearly 400
stations scattered around the world.

As stated in Special Report 61 (5), "The frequencies have a reason-
ably satisfactory vaelidity above values of about 2 percent, except in the
monsoon area of India and some troplical areas, where the abrupt start of
the rainy season sharply terminates the precedling dry, hot season at vary-
ing times after the beginning of the month, thus distorting the relation-
ship between means and freguencies."

In plotting frequencies for the > 100° map a difficulty was encoun-
tered. Several humid-tropic stations, particularly those with maritime
locations, had warmest-month mean daily maximum temperatures near 90°,
which, when used to enter the ncmograph, indlcated approximately 5 percent
of the days could be expected to have maximum temperatures > 100°. A check
of absolute mexime indicated, however, that some of the stations had never
experienced temperatures at or above 100°. This error is due to the fact
that the method was developed from stations located almost entirely in mid-
latitude, continental climates where the range of dally maxima about the
mean 18 considerably greater than in humid-tropic areas.¥* The error was
avoided, at least to some extent, by using the period-of-record absolute
maximum tempersture as a control over frequencies in the preparation of all
maps in the series. If the absolute maximum indicated that temperatures
had never actually exceeded the particular level, a zero frequency was plot-
ted for that station regardless of the value taken from the nomograph.¥*¥

¥For example, Iloilo, in the Philippine Islands (10°42' N) and Grand
Junction, Colorado (39°07' N):

Tloilo G. Jwmciion

Warmest month mean daily meximum temp 2 32
*bsolute maximum 98 105
Absolute minimum 67T -"1

#%¥Since absolute maxima are available for a greater number of stations than
are the monthly mean dailly maxima, the absolute maximam were used to assist
drawing 1solines in areas lacking data to compute frequencies. In doing
this, the two serles of publications, Anclogs of Yuma Climate (3) and Ana-
logs of Canal Zone Climatic (L), were of great value in providing data for
many atations not included in the British Air Ministry publication.

T




5. Plates VIIL - XI. Warmest month - frequency of hourly t mmperatures
>100%, 2105°, 21107, and >115°

The frequencies given in this group of maps are for the percent of
total hours of the entire month (selected as the warmest) at or above the
designated temperature levels. In cther words, of the 720 hours of a 30-
day month (including nighttime hours) a certain percentage can be expected
to occur at or above the indicated temperatures.

Frequencies were calculated by mechine from data punched on EAM cards
using a method developed by Dr. Earl E. Lackey of the Barth Sciences Divi-
sicn (6). The three climatic statistics required for application of the
method are: 1) the period-of-record mean, 2) absolute maximum temperature,
and 3) absolute minimm temperature for the month being considered. The
success of the method, which was developed from data of 20 stations located
between 12° and T0° N. lat., depends on the similarity - emong differeat
climates - of the normalized cumilative frequency curves of hourly tempera-
tures for given positions of the mean monthly temperature between the abso-
lute extremes. The frequency of any temperature is thus expressed as an
empirical function of that temperature on a normalized 100-point scale,

the functional parameters being the locations of extremes and the asym-
metrical position of the mean.

Performance of the Lackey method was tested agalnst actual houriy tem-
perature frequencies of 40 widely scattered stations, including several
located within the tropics. A large number of estimated percentile fre-
guency levels were checked agalnst known levels, and it was found that 90
percent were within *5 degrees of the actual temperature level of the per-
centile. (As an example: if the estimated 5 percent frequency for a giv-
en station is 100°, the chances are approximstely 90 out of 100 that the
true level for that frequency 1s *3 degrees either side of 100°.) The
greatest errors discovered in the method were in continental middle and
high lacitudes where temperature ranges were greatest, and the smallest
errors were in the humid tropics.

6. Plates XII & XIIJ. Warmest month, mean duration (hours) of hot
spells with temperatures -100° and > 105"

Hot spells are defTined for this study as periods of 1 hour or more
with temperatures ccntinuously at or above specified levels.

The mean duraticn for the warmest month was determined by dividing
the total number of hours of such spells by the number of deys on which
they occurred. I{ a 10- ear period at a station has 40 days with liot
spells 2100° that total 100 hours, the mean duration is 4.0 hours. Such
a statistic 1s made more valusble, of course, 1f supported with data giv-

ing the frequency of days with temperatures 2=100°. If a station were to




have only one hot spell 2>100°, with that hot spell lasting several hours,
the lack of information that thls occurred only once would give a false
impression concerning hot spells at that station. Consequently, these two
"duration” maps should be consulted together with the two maps showing the
frequency of days 2 100° and >105° (Plates III and IV).

The hourly data necessary to determine hot spell durations are readi-
ly available for only a few places in the world, and the tesk of computing
durations from sctual data for large numbers of stations would have re-
quired considerably more time then was allotted for the completion of these
maps. Therefore, an attempt was made to develop a method by which esti-
mates could quickly be made from the data available in the British Alr
Ministry publication. The method finally adopted for use is based on the
assumption that the higher the mean daily maximum temperature for a par-
ticular month, the longer, on the average, the temperature will remain
above specified levels.

To test this hypothesis, 10 years of warmest-month hourly data for
38 stations in the United States were used to establish the mean duration
in hours of hot spells with temperatures > 100® and > 105°. Regression
and correlation analysis were then used to establish the nature of the
relationship between these duration statistics and warmest-month mean dai-
ly meximum temperatures. It was found that both the > 100° and 2 105°
data were significantly correlated with mean dally maximum temperature and
that the relationship was best expressed in the linear form, Y' = a + bX
(see Figs. 2 and 4). Correlatign statistics for the 100° hot spell re-

lationship were: = 0,96, = 0.91 and S{x 0.55; for the 105° re-
lationship: = o’% = o’%z and Syy 06. The coefficients of
determination ) indica e that changeb in mean deily maximum tempera-

ture account for 29C_YL percent of the variance from the mean of durations of
2100° hot spells, and fcr 62 percent of the variance from the mean of
durations of 2105° hot spells. The standard errcrs (S}?() show that the
departure from the regression line (Figs. 3 and 4) for thirds of the
2100° estimated durations are < 0.55 hours, and < 1.06 hours for the
2105° estimated durations; and that 95 percent of the 2 100° estimeted
durations will be in error by 1.1 hour or less, and 95 percent of the es-
timated 2105° durations will be in error by 2.1 hours or less.

From these statistics it can be seen that the method is capable of
estimating hot-spell durations within reasonable error limits. Therefore,
the regression equations were used to calculate such durations for approx-
imately 40O stations. The resulting data were used to comstruct the 2 100°
end >105° maps. (Sufficient hot-spell data were not aveilable to estab-
lish valid relationships for the 100°, 115°, and 120° levels.)
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T. Plate XIV - Number of months per year with mean daily maximum tem-
peratures > 100"

The date for this map were obtained by counting, in the British Air
Ministry publication, the number of months of the year with meen daily
maximm temperatures 2 100°.

8. Plate XV - Rumber of months per year with mean monthly maximum tem-
peratures 2 100°

Similarly, the data for this map were obtained by counting in the
British Air Minlstry publication, the number of months of the year with
mean monthly meximum temperatures > 100°.




B. Wet-bulb Temperature Maps

1. "Most humid month"

For the wet-bulb temperature maps, all station data are for the most
humid month at each station. As in the case of the dry-bulb temperature
maps, this month varies from station to station, so any one map may be
based on data from several different calendar months. The "most humid
month" is defined as the month with the highest mean daily maximum wet-

bult temperature, provided certain precipitation requirements discussed
below are fulfilled.

2. Computation of wet-bulb temperature - intrcduction

Reliable wet-bulb temperature data are not available for many parts
of the world, particularly for the humid tropics where contlnuously high
values may have harmful physiological effects on men and hasten the de-
terioration of materiel.* It was necessary, therefore, in the prepara-
tion of these maps to develop methods for estimating wet-buvlb temperature
from a type of data commonly available for a large number of stations.

It was decided that any methods (relying, as these must, on tempera-
ture as the key varisble for meking estimatess would be dependable cnly
at times with sufficient precipitation to insure the presence of abundant
green vegetation or continuously damp ground. Such conditions come close
to insuring the presence of air with moisture content high enough to pro-
duce saturation nearly every night. This conditior must be approximated
for one of the methods (discussed later) to be valid. This rainfall re-
quirement also has the advantage of eliminasting from consideration arid
lands where during certaln seasons the influx of alr with relatively high
water vapor content produces wet-bulb temperatures hlgh enough to include
them in the group ( >70°) established for these mays. Though these dry
lands (southwestern Arizoms is .in example) at times experience high wet-
bulb temperatures, the associated low relative humidity and lack of rain-
fall prevent development of the host of problems caused in the humid trop-
ics by the prevalence of warm alr continuously near saturation.

Mean monthly rainfall was used as the variagble to determine whether
a station met the humid tropic reguirement. Considerable subjec ive judge-
ment was used in establishing the amount of rainfall necessary to qualify
a particular month at a given station. For instance, if the month under
consideration occurred near the beginning of the rainy season, 4 inches met

*¥The Army Research Office, for whom these maps were prepared, requested
that they be limited to areas where so-celled "humid-tropical" conditions
occur at least one month of the year.
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the requirement for humld tropic classificetion. If the month concerned
fell at the end of the ralny seascn, 1 inch wes considered sufficient..
If there were no dry season, 1.5 to 2 inches per month was considered
enough to clessify as humid tropiec.

3. Plate XVI. Most humid month, mean daily maximum wet-bulb temperature

Two methods were used to compute monthly mesn daily maximum wet-bulb
temperatures for this map. The first, called the "assumed dew point" meth-
od, was based on the assumption that the monthly mean daily minimum dry-
bulb temperature is close to the monthly mean dew point, and thet the dew
point does not change radically duxing the day. (This last is usually true
in areas where humidities and rainfall are fairly high.) In this method,
average maximum wet-bulb temperatures were computed using the monthly mes+
daily minimum temperature as though it were the dew-point temperature at
the time of average maxlimm tempersture., If the daily minimum temperature
does not always fall to the dew point, as occurs frequently in dry climates
and occasionally in humid tropic climates, this method will overestimate
the average wet-bulb temperature.

In the second method, called the "relative humidity" method, the
monthly mean daily maximum wet-bulb temperature was computed from the mesn
daily maximum dry-bulb temperature and the afternoon relative humidity.

If The time of maximm dry-bulb temperature coincides with the time for
which the afternocon relative humidity is given, average msximum wet-bulb
temperatures can be computed with reascnable accuracy. Unfortunately,
these two times do not ususlly coincide and any variation results in s

computed average maximm wet-buldb temperature higher than that actually
occurring.

Bach of these methods was applied to the date of the approximately
40O stations available in the British Air Ministry publication. The lower
of the estimates produced by the two methods was plotted on the map, since
in either method errors are likely to consist of overestimating the wet-
bulb temperature.

The sbove methods were tested sgainst a number of stations whose ac-
tual mean monthly dally maximum wet-bulb temperatures were known. Maxi-
mn errors in areas of humid tropic climate (meeting the rainfall require-
ment) were not grester than 1 degree, but as dry climatic conditions were
approached, errors increased rapidly. At Yuma, Arizors, the error was 15
degrees using the "assumed dew point" method, and 5 degrees using the "rel-
ative humidity" method. Using the lower value of these two methods, as
was done in plotting the map, the following errors were cbserved:

1h




Wet Tropic Areas Error (°F)

Fort Benning, Georgia
Cape Canaveral, Florida*
Anderson Air Force Base, Guam

+ + +
DS O
=N

Transition Areas

Honolulu, Hawaii + 1.1

Midway Island +2.8

Austin, Texas + 3.0
Dry Areas

El Paso, Texas + 4.0

Yuma, Arizona + 5.1

Dhehran, Saudi Arabia +18.0

. Plate XVII. Most humid month, mean daily minimum wet-bulb temperature

This map was constructed with data for the same stations and .nonths
used for the mean daily maximum wet-bulb temperature map (Plate XVI). The
values plotted on the map were estimated directly from the mean daily min-
imm dry-bulb temperature under the assumption implicit in the "assumed
dew point" method described for Plate XVI that the dew point and mean daily
minimum temperature will be very close together., Since the wet-bulb tem-
perature elways lies between the dry-bulb temperature and dew-point tem-
perature, except at saturation (when wet bulb and dew point are identical),
errors expected from estimating the mean daily minimum wet-bulb tempera-
ture directly from the mean daily minimum dry-bulb temperature will be
smaller than those reported for Plate XVI.

5. Plate XVIII1. Number of months per year with mean daily maximum wet-
bulb temperatures >T0°

Estimation of wet-bulb temperatures for this map was done with the
metheds described for Plate XVI. After a value for the meen daily maxi-
mum wet-bulb temperature was established for each month of the year at a
given station, the number of months in which the value was equal to or
greater than T0° were counted to prepere data for the maps.

¥Now Cape Kennedy, Florida
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PART IT. DISCUSSION OF DISTRIBUTION OF HIGH TEMPERATURES

1. Distribution of high dry-~bulb temperature

The outstanding feature of the distribution of high dry-buld temper-
ature is the large concentration in Saharan Africa and southwestern Asia
of a large proportion of the total world area with high dry-buldb tempera-
tures. Within this stretch of arid land, larger in area than the United
States, only immediate coastal districts and scattered mountains and high
plateaus are outside the 2100° category. Included in the > 100° cate-
gory are virtualiy all of Saharan Africa and large parts of the Arablan
peninsula, Iraq, West Pakistan and India. Nearly all of the Sahara and
large areas in Saudi Arabia, Irag, West Pakistan and India commonly expe-
rience temperatures between 105° and 110°, while a large part of the west-
ern Sahara has temperatures that exceed 110° and even 115°. In contrast,
as soon as the temperature rises much above 100°, or the frequency of days
or hours with temperature 2100° gets large, areas in these categories
mapped in other parts of the world diminish considerably in size or dis~
appear altogether.

Plate I, Warmest Month - Mean Daily Maximum Tempersture, may be
taken as an example of this concentration of high temperatures in north-
ern Africa and southwestern Asia. The map (which shows areas with ap-
proximately 50 to 60 percent of the days with temperatures equsl to or
greater than the levels specified) indicates that even in the warmest month,

temperatures 2100° are not common outside of the Sahara-southwest Asia
area.

In North America, warmest-month mean daily maxima >100° are limited
to parts of the southwestern United States and small, scattered areas in
Mexico. The southern cne-third of the Central Valley of Califormia, which
has a reputation for summer heat, just reaches this level (Fresno, 100°;
Bakersfield, 101°), as does the lower Rio Grande Valley (laredo, 100°).
Highest temperatures in North America occur on the floors of low tasins
of the Basin and Renge Province in southeastern California, southern Nevada,
and southwestern Arizona and adjacent parts of Mexice: e.8., Greenland
Ranch, on the floor of Death Valley, reaches 116°; Yuma, 106°; Phoenix, 104°;
Las Vegas, 103° (or the other hend Tucson, at an elevation of only 2,600
feet has recorded only 99°). A thin strip in northwestern Mexico between
the coast and the Sierra Madre Occidental, a portion of the Rio Balsas
Valley, and central Yucatan complete the picture of incidence of 100°
temperature in North America.

In the southern Hemisphere, only northern Australia has substantial

areas in which half or more of the days in the warmest month reach or ex-
ceed 100°. Some of the maps, e.g., Plate II, Wermest Month - Mean Monthly
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Maxirmum Temperature, indicate that all of Australia expects these high
temperatures {except Tasmania and the eastern highlands and coast). Con-
sidering the low latitude and aridity, both of which contribute to high
incoming amounts of radiant energy, this is not surprising. However, tem-
peratures seldom exceed 115°, which is common to parts of the Sshara. In
Southern Africa, temperatures above 100° are experienced principally in
Bechuanalend and the lowlands of Mozambique end Southern Rhodesia. South
America has a large hot aree that extends from the northern Pampas to the
Gran Chaco of Paraguay and Bolivia and across the Mato Grosso to arid north-
castern Brazil. Temperatures of most of northeastern Brazll, however, sel-
dom exceed 105° due to the moderate elevation of the plateau surface.

2P Distribution of high wet-bulb temperature

For reasons explained earlier in this report, wet-buldb temperature
was mepped only for areas with humid tropic conditicns at least orne month
per year. Consequently there is bias in the distribution of high wet-bulb
temperatures shown by the meps. The areas presented in the three wet-buldb
temperature maps comprise, however, most of the msjor ones in which wet
bulb temperatures 27T0° are experienced with amy reasonable frequency.

There are a few arid sections of the world (e.g., the southwestern
United States) where air mass moisture content produces wet-bulb temmpera-
tures 270° at certain times of the year. However, such arid regions will
not cxperience wet-bulb temperatures much in excess of this value except
in the midst of heavily irrigated and cultivated tracts of land. During
a S-year period at Yuma and Phoenix, Arizona,mean wet-bulb temperatures
Por 12:00 to 1L:00 hours LST (close to the time of maximum wet buld tem-
peratures on most days) were 73° for July and August (the most humid months
for both stations.) Wet-bulb temperatures commorly soar considerably above
70°, and sometimes above £0°, around the Red Sea and the Persian Gulf.
With the above exception, truly high wet-bulb temperatures close to or
above 80° are found extensively only under humid tropic conditions.

Such humid tropic conditions with wet-bulb temperatures 2 80° occur
along the Pacific coast of southern Mexico, in the Amazon Basin, the Sudan
rezion of Africa, the Mozambique, Tanganyike and Kenya coasts of Africa,
southern and southeastern Asia, the islands of the East Indies, and the
north coast of Australia. In rortheastern India during the wet monsoon
and in 2 few other small areas, values over 85° are experienced. Such
values also occur in such lower middle latitude humid areas as the Gulf
coast of the United States and the lower Yangtze Valley of China.
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