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PREFACE 

This note is the first in the series "Studies to Aid TECOM in 
Analysis of Environmental Risks to Materiel." It was produced under 
Project/Task 1Tl62112Al29 (Environmental Support to TECOM), and the 
work was authorized by the Geographic Sciences Laboratory, U.S. Army 
Engineer Topographic Laboratories, Fort Belvoir, Virginia. 

In recent discussions with U.S. Army Test and Evaluation Com
mand (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, Yuma Proving Ground in 
summ~r, 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 improve
ment. The maps contained in this series should help to answer such 
questions by indicating the extent and location of areas which have 
greater climatic severity than the testing sites. 

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

The studies, moreover, do not imply that all Army materiel will 
fail in those areas which the maps indicate have conditions more 
severe than the test sites. 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 
anticipated under even more rigorous conditions. However, in cases 
where the performance characteristics of materiel are only marginal 
at the testing sites and environmental 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 LOWER TEMPERATURES 
THAN THE ARCTIC TEST CENTER 

DURING WINTER 

I. INTRODUCTION 

The purpose of this Note is to show, by a series of maps, parts 
of the world* that in some month of the year are colder than the 
U.S. Army Arctic Test Center (Fort Greely, Alaska) during each 
month of the winter test season. The study is designed to aid 
TECOM personnel in their analyses of the risk involved in rating 
the low-temperature performance capabilities of Army materiel on 
the basis of testing at the Arctic Test Center. The maps (see 
Plates I-V at end of text) give two criteria for risk analyses: 
(1) They indicate the extent and location of areas which have mean 
coldest month minimum temperatures lower than each of the mean 
winter month (November through March) minimum temperatures at Fort 
Greely; and (2) by use of isotherms** they show the degree to which 
the coldest month minimum temperatures in these areas exceed the 
winter-month temperatures at Fort Greely. 

II. EFFECTS OF LOW TEMPERATURES ON MATERIEL 

Although a few materials are not appreciably affected by low 
ambient air temperatures, some of the materials that are commonly 
used in fabricating Army materiel, such as certain plastics, some 
metals, rubber, and lubricants, are seriously affected when the 
temperature is well below zero. Different materials have different 
temperature thresholds at which the effects become sufficiently 
severe to cause failure. For many materials and equipment, -25°F 
marks the approximate point at which important physi~al changes 
begin to occur, and most materials that are susceptible to low tem
perature stress will experience serious effects when -40°F is 
reached. For some materials, failure may occur gradually after a 
critical low temperature threshold has been passed; for other items, 
failure may be a sudden event after the threshold has been exceeded. 

The structural properties of many metals are altered at very 
low temperatures because of changes in characteristics such as 
ductile-to-brittle transition, phase transformation, and dimensional 

* Except Antarctica, which is excluded as an area of intended use 
for U.S. Army materiel by provision of MIL-STD 210B and AR 70-38. 

** An isotherm is a line drawn through points of equal temperature 
value. 
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alteration. Mechanical properties of metals exhibited at low tempera
tures are increased stiffness, decreased ductility, and decreased 
notch toughness. Under impact of low temperature, many materials in 
addition to metals will experience physical contraction and embrittle
ment. In the case of liquids, increased viscosity, solidification, 
or ice formation may occur. These effects can produce such typical 
failures as loss of lubrication properties, alteration of electrical 
properties, loss of mechanical strength, cracking or fracture, 
struc~ural :ailure, a~d mechanical problems because of increased 
were on moving parts. 

III. EXPLANATION AND EVALUATION OF DATA 

Three commonly used indices of extreme low temperature, in in
creasing order of severity, are the mean daily minimum temperature, 
the mean monthly minimum temperature, and the absolute minimum tem
perature. Of the three measures, the mean monthly minimum was se
lected for this analysis because it avoids problems connected with 
the other two indices. For example, the mean daily minimum may be 
composed of observations from significantly different air masses 
(thereby making it less severe than it would be if derived solely 
from the very cold air mass which produces extremely low temperatures), 
and the absolute minimum, to be useful for comparative purposes, 
should be· derived from the same period of record at all locations. 

The mean monthly minimum temperature is the l~west temperature 
for a given month averaged over a period of years. If 10 years or 
more of record are available, it is a highly stable parameter and is 
nearly always completely derived from the extremely cold air mass. 
Because the mean is the 50th percentile value in normally distrib
uted data, we can expect the mean monthly minimum to be exceeded 
once every 2 years, on the average. 

The data from which the maps were derived come from two 
sources. The mean monthly minimum temperatures for the winter test
ing season (November, December, January, February, and March) at 
Fort Greely were calculated from hourly data recorded at the Central 
Meteorological Observatory.3 Values for the coldest month mean 

1u.s. Air Force, Systems Command, Environmental Engineering, AFSC 
DH 1-5, DN3Al, 2nd ed., 10 March 1971, p. 1-2. 

2u.s. Department of Defense, Glossary of Environmental Terms 
(Terrestrial), MIL-STD-1164, Washington, D.C. 20351, 25 Mar 68, P.84. 

3u.s. Army Electronics Command, Atmospheric Sciences Laboratory, 
Meteorological Team Data: Fort Greely, Alaska, Central Meteorological 
Observatory, White Sands Missile Range, New Mexico. 
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minimum temperatures were read directly from published data4 and 
plotted on the maps. 

The data used in this study are derived from observations 
recorded in standard weather instrument shelters and are considered 
representative of the areas in which they occur, although at Fort 
Greely temperature differences can be great even over short dis
tances. For example, Bolio Lake, which is located in a basin, is 
often 10F 0 to 15F0 colder in winter than the

5
Central Meteorological 

Observatory, which is only a few miles away. Although this meso
climatic differentiation might appear to invalidate the comparison 
between Fort Greely's minimum temperatures and those for the rest 
of the world, it should be kept in mind that many other areas have 
variations similar to those at Greely. If the values on the maps 
are considered to be average for their areas, the maps should have 
validity. 

IV. SIGNIFICANCE OF MAPS TO RISK ANALYSES 

The maps (Plates I-V, at end of text) are, for the most part, 
self-explanatory. It should be indicated, however, that the ~ort 
Greely mean monthly minimum temperatures are being compared with 
their equivalents for the coldest month of the year. The reason for 
this somewhat unorthodox procedure is that cold weather testing takes 
place at Fort Greely from November through March, but the greatest 
danger to materiel arises when it is exposed to the coldest condi
tions occurring in the extremely cold regions of the world. 

The 5-month winter testing season at Fort Greely may be sub
divided into three groups which differ significantly from each other 
in terms of mean monthly minimum temperatures. The least severe 
temperature conditions are in November and March, when the mean 
monthly minimums are -30°F to -33°F. Intermediate severity char
acterizes December and February, when the lowest temperatures of the 
month average -40°F to -41°F. In January, the mean monthly minimum 
temperature is -50°F, which, being 9F 0 lower than the next most 

4Great 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 (Europe, and the Atlantic Ocean north of 35° N Lat.) and 
Part V (Asia, Her Majesty's Stationery Office, London, England, 1958. 

5Richard D. Sands, Howard L. Ohman, and Fred J, Sanger, Environmental 
Guide for Arctic Testing Activities at Fort Greely, Alaska, Technical 
Report 70-54-ES, U.S. Army Natick Laboratories, Natick, MA, May 1971, 
P· x. 
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severe month, marks this month as having the highest probability of 
experiencing extremely low temperatures. Plate III clearly indicates 
that January has considerably smaller areas of exceedance (i.e., areas 
with lower temperatures than Fort Greely) than the other four winter 
months. However, the maps do not indicate the specific days or weeks 
within any month when the lowest temperatures are most likely to 
occur, nor do they offer a basis for predicting the years when the 
lower temperatures will be recorded. At present, such predictions 
are beyond the state-of-the-art. 

The isotherms on the maps indicate the magnitude by which the 
mean coldest month minimum temperatures exceed the winter-month 
minimums at Fort Greely. The maps for November and March show large 
areas with temperatures more than 10F0 lower than the mean minimums 
at Fort Greely, and so~ewhat smaller areas are indicated for Decem
ber and February. On the maps for January, the only extensive area 
"cold polen region of Siberia, which at its core averages as much 
as 30F 0 colder than the Arctic Test Center. 

The utility of these maps for risk analyses will be greatest 
for items of materiel that exhibit only marginally satisfactory 
performance under conditions of extremely low temperature at Fort 
Greely. It should also be noted that the maps can be used to 
evaluate the risk of materiel failure in the areas of exceedance 
for any testing season at Fort Greely which has a minimum tempera
ture of -30°F or lower. 

V. CONCLUSIONS 

Extensive areas of the world have mean coldest month minimum 
temperatures lower than those characterizing Fort Greely, Alaska 
during the 5-month winter testing season. The maps (Plates I-V) 
indicate that the areas of exceedance are largest when the mean 
coldest month minimums are compared with the mean March and November 
minimum temperatures at Fort Greely. The areas are somewhat smaller 
when the mean December and February minimum temperatures are used 
as base values, and they are smallest in January, the coldest month 
at the Arctic Test Center as defined by the mean monthly minimum 
temperature. For purposes of testing materiel at Fort Greely, 
January is marked as the month with the highest probability of 
having extremely low temperatures, and, therefore, the month most 
suitable for judging the ability of materiel to perform adequately 
in the coldest areas of the world. However, the maps also reveal 
that limited sections of the world have mean coldest month minimum~ 
temperatures from 10 to 30F 0 lower than the January mean minimum at 
the Arctic Test Center. 
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