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PREFACE 

This note is the second in the series "Studies to Aid TECOM in 
Analyses of Environmental Risks to Materiel." It was produced 
under Project 1Tl62112A528 (Environmental Support to TECOM), 
and the work was authorized by the Geographic Sciences Laboratory, 
UoS. Army Engineer Topographic Laboratories, Fort Belvoir, Virginia. 

In recent discussions with U.So Army Test and Evaluation 
Command (TECOM) personnel, it has been brought to our attention 
that, although the Army expends considerable funds and effort to 
test materiel at extreme-environment test sites, it is uncertain 
how representative of the extreme climates of the world these sites 
really are. In other words, TECOM would like some assurance that 
by testing materiel at the Tropic Test Center, at Yuma Proving 
G~ound in summer, and at the Arctic Test Center in winter, the 
materiel is being exposed to environmental conditions as severe as 
it is likely to encounter during its service life. Lacking this 
assurance, TECOM would like to know where its testing program may 
need improvement. The maps contained in this series should help 
to answer such questions by indicating the extent and locations of 
areas which have greater climatic severity than the testing sites. 

It should be emphasized, however, that these studies are not 
intended as arguments either for or against retention of the 
environmental testing centers at their present sites, because 
several other factors in addition to climatic conditions should be 
considered in evaluating the location of testing sites. 

The studies, moreover, do not imply that all Army materiel 
will fail in areas which the maps indicate have conditions more 
severe than the test siteso This, of course, depends on the 
nature and purpose of individual items of materiel. For some 
items it will make little difference whether the operational 
environment is more severe than the testing environment, because 
no problems with the climatic factor in question were encountered 
in testing and none are anticipa-ted under even_ mor_e rigorous 
conditions. However,~cases where the performance characteristics 
of materiel are only marginal at the testing sites and environmen
tal effects are considered to be the cause, the maps can serve as 
indicators of areas in which such materiel may fail to perform 
adequately. Under these circumstances, the greater the degree of 
exceedance indicated on the map, the more likely that the materiel 
will fail or the shorter its service life will probably be. 
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WORLD AREAS WITH HIGHER TEMPERATURES THAN 
THE YUMA PROVING GROUND DURING SUMMER 

I. INTRODUCTION 

This note presents a set of five world maps iilu:itrgting the 
distribution of areas with mean maximum temperatures for ri .. "' 
warmest month greater than the mean monthly maxima for each ·"''nth 
of the period from May through September at Yuma Proving Groun~ 
(YPG). The study is designed to aid TECOM personnel in assessing 
the possibility of equipment failure due to heat stress under 
field conditions or in rating the high-temperature performance 
characteristics of Army materiel. The maps provide two criteria 
for determining the environmental risks to materiel: (1) By 
indicating the extent and location of areas with mean warmest month 
maximum temperatures higher than each of the mean monthly 
temperature maxima recorded at YPG during the 5-month period 
generally regarded as the summer testing season; and (2) by 
portraying the degree to which the warmest month maximum tempera
ture for the world areas delineated in (1) exceeds the summer month 
maxima at YPG by a series of isotherms*, labeled 110°F, 115°F, 
120°F, and 125°F. 

II. EFFECTS OF HIGH TEMPERATURES ON MATERIEL 

Some of the materials that are commonly used in fabricating 
Army materiel, such as certain plastics, some metals, rubber, and 
lubricants, are adversely affected when ambient temperatures rise 
above 95°F. Because thermal effects become apparent at different 
levels of heat load in materials subject to high temperature 
deterioration, no fixed temperature level can be selected as 
equally applicable to all materials in terms of severity of impact. 
Metals, as represented by components of the M-48 Tank for example, 
undergo considerabl~ physical expansion at temperatures above 
l00°F, a condition leading to engine overheating and carburetor 
vapor lock. Stated differently, the principal problem involved is 
one of achieving adequate- cooling, which- bae_omes more acute as 
temperatures rise. At 125°F, the operating limit for many 
vehicles is reached, the result of overheated engines and/or 
transmissions. Such critical temperatures, particularly in 
relation to their effects on mechanical equipment, appear to be 
concentrated in classes of (l)between 95°F and l00°F, (2) between 
ll0°F and 115°F, and (3) 1250F and over. 

* An isotherm is a line drawn through points of equal temperature 
value. 
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Heat alteration of the physical properties of materials, and 
thus their performance characteristics when considered as items of 
equipment, takes place through a process called thermal aging. In 
metals, aging is manifested by oxidation, structural change, chemical 
reaction, and physical expansion. In liquids and, in some degree, 
plastics, transformations through viscosity reduction, evaporation, 
softening, melting, and/or sublimation can be expected. Resulting 
failures are typified by insulation breakdowns, alteration of 
electrical properties, structural fatigue, loss of lubrication 
properties, and increased wear on moving parts. 

III. EXPLANATION AND EVALUATION OF DATA 

According to the Glossary of Environmental Tenns (Terrestrial), 1 

mean monthly maximum temperature (Tmax) is"•·• the highest 
temperature for the month, averaged over a period of years .•• •" 
This means that for a 30-year record, for example, the value of 
Tmax is computed from 30 monthly extremes, one for :ach year of 
record. When based on 10 or more years of record, Tmax is generally 
a highly stable parameter, and it is nearly always dependent on the 
presence of extremely warm air masses (for the locality in question). 
Because the mean is the 50th percentile value in normally distributed 
data, it can be expected, on the average, that Tmax will be exceeded 
only once every 2 years. 

The mean monthly maximum temperature was selected as the index 
to represent extremely high temperatures in this study because it 
avoids certain problems associated with other commonly used high 
temperature indices such as the mean daily maximum temperature (a 
lower value than Tmax) and the absolute maximum temperature (a 
higher value than Tmax)• Its principal advantage over the mean 
daily maximum lies in its derivation from observations taken almost 
exclusively in hot air with closely comparable air mass properties, 
as opposed to observations taken in several contrasting types of 
air raasses that are used to determine the mean daily maximum temp
erature. By comparison with the absolute maximum temperature, Tmax 
has t!i.e advantage of being _much more stable in its relationship to 
the entire temperature profile and does not require identical 
periods of record at all weather stations to be useful for regional 
comparisons. 

lu.s. Department of Defense, Glossary of Environmental Terms 
(Terrestrial), MIL-STD 1165, 25 March 1968. 
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The data on which the maps are based were extracted from a six 
part series2 published by Her Majesty's Stationery Office, London, 
England. The values of fmax so obtained were derived from 
observations recorded in standard weather instrument shelters and 
are considered representative of the areas within which they were 
recorded. A word of caution, however, should be stated about 
standard observations and how they might relate to exposure tests 
being conducted at YPG. Standard observations are those recorded 
in a Stevenson screen (instrument shelter) at an elevation 
appraximately 5 feet above the ground. As such, they are free-air 
shade temperatures and must not be confused with skin temperatures 
such as those associated with the exposed surface of materials 
under test. Temperatures of metal surfaces, for example, can be 
40F0 or rnore,higher than simultaneous temperatures taken within the 
shelter. Not uncommonly, skin temperatures higher than 150°F have 
been measured at the same time that air temperatures barely exceed 
l00°F. 

Because of diversity in topographic features and surface 
materials, YPG has considerable mesoclimatic differentiation, as 
reflected in variations in maximum temperatures at different sites. 
Although these local differences might appear to invalidate the 
comparison between YPG's mean maximum temperatures and those for 
the rest of the world, it should be kept in mind that many, if not 
most, of the other hot areas of the world have similar mesoclimatic 
differences. If we consider the values used in this stuJy to be 
average or representative for their area, the maps should have 
validity for the stated purpose. 

IV. SIGNIFICANCE OF MAPS TO RISK ANALYSIS 

The maps (Plates I-V, folded into rear of study) are, for the 
most part, self-explanatory. In using the maps, it should be 
remembered that the YPG mean monthly maximum temperatures are being 
compared with their equivalents for the warmest month of the year. 

2Great Britain, Meteorological Office, Air Ministry, Tables of 
Temperature, Relative Humidity, and Precipitation for the World, 

Part I (North America, Greenland, and the North Pacific Ocean), 
Part II (Central and South America, the West Indies, and Bermuda), 
Part III (Europe and the Atlantic Ocean North of 35°N Lat.), 
Part IV (Africa, the Atlantic Ocean South of 35°N Lat., and the 

Indian Ocean), 
Part V (Asia), and 
Part VI (Australia and the South Pacific Ocean), Her Majesty's 
Stationery Office, London, England, 1958. 
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The reason for this somewhat unusual procedure is that warm weather 
testing generally begins in May and ends in September at YPG, but 
the greatest heat stress on materials is incurred during periods of 
highest temperatures in the hot areas of the world, whatever the 
month in which they occur. 

During the 5-month testing season at YPG, mean monthly maximum 
temperatures range from 1040F for May, the mildest month, to 1130F 
for July, the hottest month. Intermediate severity marks September 
with a Tmax of 109°F, while heat loads during June and August, both 
of which record 112°F, reach a level nearly that of July. These 
differences are revealed on the maps by variations in the areas of 
temperature exceedance shown. However, the maps do not indicate 
the specific days or weeks within the month when the highest 
temperatures will occur, nor do they offer a basis for predicting 
the years when higher-than-average extremes are likely to be 
experienced; at present, such predictions are beyond the state-of
the-art. 

The values for mean monthly maximum temperature at YPG used in 
this study, namely, 104°F for May, 112°F for June, 113°F for July, 
112°F for August, and 109°F for September, were computed from 
annual summaries available for YPG covering the 12-year period from 
1961 to 1972. 

V. CONCLUSIONS 

Extensive areas of North Africa and Southwest Asia have 
warmest month mean maximum temperatures higher than those reported 
for YPG during the 5-month summer testing period. The areas of 
exceedance are substantially more widespread when determined by 
comparison with a temperature value of 104°F, the Tmax at YPG for 
May, the coolest of the summer season testing months, than when 
-d~termined by comparison with a value of 113°F, the Tmax at YPG 
for July, the warmest month. 7he most 41IOminent area of temperature 
exceedance is the desert region of North Africa, which is batter 
than Yuma at all levels of comparison used in this study. 

As a series, the five maps will provide information for 
determining the validity of test results obtained at YPG as a 
measure of potential materiel performance in other extremely hot 
areas of the world. 
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