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Foreword 

Persons engaged in field-testing items of equipment and clothing 

at Fort Churchill have observed marked differences between temperatures 
and wind speeds at their site of operations and those recorded at the 

Canadian Meteorological Station at the airfield. In order to determine 
the nature of these differences, especially with respect to local effects 

of relief and vegetation, a study was made during a 23-day period in 
January and February 1955. The results of this study are a contribution 

to the understanding of variations in local climate at Fort Churchill, 
and should aid in the selection of sites for cold-weather tests. 

This study, the first such undertaken by this Command, served as a 
prototype for other, more comprehensive microcltmatological investiga¬ 
tions which are now in progress at Big Delta, Alaska, and at tropical 

and desert test sites. 

Austin Henschel, Ph.D. 
Chief 
Environmental Protection Research Division 

Approved: 

James C. Bradford, Colonel, QMC 

Commanding Officer 
QM R and D Center Operations 

A. Stuart Hunter, Ph.D. 

Scientific Director 
QH Research & Development Command 
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Abstract 

A topoclimatic stud/ was conducted during a ?3-day period from 16 
January through 7 February 1955, to obtain information concerning local 
variation of winter temperatures and wind speeds in the vicinity of 
Fort Churchill, Canada. Temperature and wind speed at five field sta¬ 

tions and at the Canadian Keteoroloçical Station at the main camp were 
noted and compared. 

Resuits ol the study indicate that lowest temperatures may bi ex¬ 
pected in low, snow-covered areas having little or no vegetation. The 
warmest areas are those that are heavily wooded; vegetation reduces 
loss of heat and lowers wind speeds by its frictional effect. During 

the observation period, strongest and most consistent winds were re¬ 
corded on a ridge overlooking Hudson Bay, and at the main camp where 

the anemometer was about 70 feet above the ground. Lowest wind speeds 
and the greatest freouency of calms occurred in the woods. Low tem¬ 

peratures occurred more freouently with light to moderate winds than 
with calm conditions. 

For the period of study, there was no correlation between hours of 
sunshine and diurnal temperature range, or between hours of sunshine and 
diurnal wind variation. 
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A TOPOCLIMATIC STUDY AT FOHT CHURCHILL, CANADA 

1. Introduction 

Fort Churchill, Canada, ia in tha province of Manitoba on the 
western shore of Hudson Bay, at latitude 58° 47' N. and longitude 
94° OS' W. ÍF1*. 1). The military camp, situated close to the town 
of Churchill, is used for winter testing by various technical services 
of the United States Army. 

The climte of Fort Churchill is similar in many respects to that 
of cold continental interiors, but because of the influence of Hudson 
Bay, temperature extremes are not as great as those of most interior 
regions. 

low temperatures, the major consideration for Arctic and sub¬ 
arctic testing, prevail throughout the long winter period. Temperatures 
at or below 0°F may be expected on 20 days in December, 30 in January, 
and 27 and 26 days respectively during February and March. Temperatures 
at or below -25°F occur from December through March; January and February 
have about 18 and 17 days respectively with such temperatures. The ab¬ 
solute minimum temperature recorded at Fort Churchill, -57°F, occurred 
in both January and February, in different years. 

Figure It Location of Fort Churchill 

1 



In a Union to 1 w temper it urc-s; wj nd muât be considered in tests 
relatei to determinin' the proper functioriinj of clot hin it and equipment. 
This is especially true in Arcti- and subarctic renions where windchill 
(the coolinr effect of wind a: i low temperature) plays a critical role 
in doLorminm.’ the suitability of clothinr and m affecting physiologi¬ 
cal reactions of troops servin'’ as teat subjects. Frrt Churchill is 
known for its high wind speeds whicn persist throughout the yeer. From 
November through March the average monthly wind speed is over 14 mph. 
during these months* winds of 13 to mph may be expected about 50 
percent of the time or more. 

The Fort Churchill area is flat and water-logged, generally less 
than 25 feet in elevation. Exceptions to this are ridges of hard, 
crystalline rock, and a few scattered gravel ridges which rise to 100 
feet and upon which the major -portion of the military installation is 
located. The ground is frczen and sncw ccvered from late September 
or early October until Aprix or May. 

The area is in the transition cone between the subarctic boreal 
forest and the Arctic tundra, and the vegetation shows pronounced 
evidence of the severe environment. There are no trees on the more 
exposed positions. Owing to the swampy conditions generally associated 
with a high permafrost table, plants well adapted to moist or wet ground 
tend to dominate. Twc major vegetation types may be distinguished: 
(l) northern coniferous forest, and (2) tundra, which includes lichenous 
high tundra on ridges, and muskeg in lower areas. 

2. Purpose 

The purpose of this study was: 

a. To determine the degree tc whicn temperature and wind speeds 
differ at field locations having different vegetation and topographic 
features, and the difference between these field stations and the 
Canadian Meteorological Station at the main camp. 

b. To support, where necessary and possible, the test activities 
of other elements of the Quartermaster Corps, by providing meteorologi¬ 
cal ard climatic data during periods of testing. 

c. To serve as a prototype, paroi-uiarly with regard to selection 
of sites, instrumentation, and procedures, for topoclim&tic studies to 
be conducted in the future at ctner Department of the Amy test sites in 
the Arctic and subarctic areas. 

3. Location of Observing Stations 

Four weather-ebserving sites were selected, based on the following 
considerations: (1) the greatest differences in temperature and wind 



could be expected, {'Z ¡ tney were representative of different types of 

terrain and vegetation, and (3) personnel of the Quartermaster Corp? 
and other Technical Servicer were conducting tests there. Stations were 

placed (with the exception of the Forest Station.) 60 to 100 yards from 

heated buildings which were used to house the electrical recording ele¬ 
ments of the instruments. 

Data from these stations we"e supplemented by tempt 'ature and wind 

data from the Canadian Meteorological Station at the airfield, and by 
temperature data from the Corps of Engineers test area at South Camp. 
Locations of stations are shown on Figure 2. 

a. Farnworth Lake 

A station was established on the ice at Famworth Lake, 4.4 miles 
(by road) from the main camp. The station was about 75 yards south of 
the headouarters building of the Quartermaster Field Evaluation Agency 

test team, and 35 yards out on the ice of the lake (Figs. 3 and 4). The 
surface of the lake was frozen and covered with 8 to 12 inches of snow. 
This station was far enough from buildings or vegetation so that measure¬ 
ments were not influenced by them. 

b. Quartermaster, South Camp Station 

A second station, designated “QM, South Camp", was installed in the 
South Camp area approximately 2 miles from the main camp (Figs. 5 and 6). 

This area is used by the Corps of Engineers for testing equipment. The 
station was in a shallow depression about 60 yards from the headqu. rters 

building of the Corps of Engineers. There was no surrounding vegetation, 
and cold air drainage into this area could be anticipated under calm 

conditions. 

Because of the depth of the snow (l to 2 feet) the instrument shel¬ 

ter was placed on a wooden platform on top of the snow cover to provide 

stability for the shelter and to maintain the proper height of recording 
instruments (Fig. 6). The recorders were located in the heated head¬ 

quarters -building of the Corps of Engineers. 

c. Corps of Engineers. South Camp Station 

This station, established and operated by the Corps of Engineers, 
was called "ENG, South Camp". It was approximately 100 yards from the 

QM, South Camp Station. The temperature-sensing element (thermocouple) 
was located at the top of a 2-foot pole on the roof of an unheated part 
of a building. The thermocouple was about 15 feet above the ground, 
35 to 40 feet higher than the thermograph in the instrument shelter 
of the QM, South Camp Station. It was shielded from direct radiation 

3 
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Figur« 3. Farnworth Lake Station. Tiaw looking 
south. 

Figur« k. Farnworth Laka Station. View looking 
east toward QN Field Evaluation Agency test area. 
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Figure 5. QM, South Camp Station. View looking south. 

Figure 6. QM, South Camp Station. View looking east 
toward Corps of Engineers headquarters building. 

6 



by a tin can. The recording element (notentiometer) had a range from 
-100°F to t- 500°F. No continuous wind observations were made at this 
station. 

d. Forest Station 

The Forest Station was in a relatively dense wooded area (Figs. 7 
and 8), miles from the main camp and about 50 yards off a tank trail 
through the woods. This station was accessible only by use of a tracked 
vehicle (Otter) or by use of skis or snowshoes. Snow cover in the woods 
was 2 to 3 feet deep with little or no drifting, since wind speeds with¬ 
in the forest are usually too low to blew snow. Consequently, trees 
were heavily laden with snow. 

A heated shelter was not available at this site. Therefore to 
protect wind-recording equipment from extreme cold, it was necessary 
to house it in an insulated box heated by two 600-watt heating elements 
(wired in series). Electrical power was provided by a 1.6 kilowatt 
gasoline engine-driven generator. 

e. K-22 Station 

This station was about 100 yards north of Temporary Building K-22, 
on an exposed ridge overlooking Hudson Bay, in the northwestern part of 
the main camp (Fig. 9). 

Each of the field stations (ENG, South Camp, excepted) was equipped 
with an arctic-range thermograph (+50^ to -80°F), maximum and minimum 
thermometers, Townsend support, and standard instrument shelter. At 
the K-22 and Forest Stations, Beckman-Whitley Climate Survey wind systems 
were used with two Esterline-Angus recorders. The Farnworth Lake and 
QM, South Camp, Stations were provided with Signal Corps GMQ-1 wind sys¬ 
tems modified fer use with Esterline-Angus recorders. 

f. Canadian Meteorological Station 

The Canadian Meteorological Station was at the airfield near the 
hangar, about 150 yards from the nearest obstruction. The temperature 
data were obtained by a thermograph in an instrument shelter. Wind 
speed was measured by a 3-cup anemometer approximately 70 feec above 
the ground, on top of the control tower at the northwest corner of the 
hangar. 

4. Kinds of Data Collected 

Continuous temperature data were obtained from the six stations 
for the 23-day period beginning 16 January 1955 and ending 7 February 
1955. In the few instances where temperature data are missing, the 
cause can usually be attributed to mechanical difficulties. 

7 



Figure 8. Forest Station. View looking east. 
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Figure 9. K-22 Station. View looking northwest from 
ridge overlooking Hudson Bay. 

The temperature data from the SMGt South Camp Station, are subject 
to two sources of errors 

1) The tin can which served as a radiation shield prewnfc@d free 
air circulation around the thermocouple and probably heated up during 
periods of sunshine, thereby causing temperatures slightly higher than 
those of ambient air. 

2) A small error was probably introduced by the large range (-100° 
to ^500^) of ths chart fro» which the hourly temperatures were read. 
However, since moat of the days during the period of the study had less 
than sis hours of sunshine, and because primary interest in this stmly 
is centered on the occurrence of low temperatures (which usually occur 
during the long night when there is no solar radiation), it is felt 
that these data are of sufficient interest and accuracy to warrant their 
use. 

In addition to these two possible sources of error, temoeratures 
recorded at this station may also have been influenced by the great®? 
height abov@ the ground of the sensing element (15 fest as compared to 
4Ï feet at the other stations). 

Instruments were calibrated prior to installation and were checked 
twice each day by observers of the Signal Corps, United States Am:». At 
the Canadian Station, Instruments were serviced and maintained, and 
weather observations were taken, by personnel of the Canadian Meteorologi¬ 
cal Service. 

9 



Figure 9. K-22 Station. View looking northwest from 
ridge overlooking Hudson Bay. 

The temperature data from the ®iG, South Camp Station, are subject 
to two sou reel* of error: 

1) The tin can which served as a radiation shield prevented free 
air circulation around the theimoeoupls and probably heated up during 
periods of sunshine, thereby causing temperatures slightly higher than 
those of ambient air. 

2) A small error was probably introduced by the large range (-100° 
to f-500°F) of the chart fro» which the hourly t#aperaturee were road. 
However, since most of the days during the period of the study had less 
than six hours of sunshine, and because primary interest in this study 
is centered on the occurrence of low temperatures (which usually occur 
during the long night when there is no solar radiation), it is felt 
that these data are of sufficient interest and accuracy to warrant their 
use. 

In addition to these two possible sources of error, temperatures 
recorded at this station may also have Uen influenced by the greater 
height above the ground of the sensing element (15 feot as cospared to 

feet at the other stations). 

Instruments were calibrated prior to installation and were checked 
twice each day by observers of the Signal Corps, United Stats* Anoy. At 
the Canadian Station, instruments were serviced and maintained, and 
weather observation» wore taken, by personnel of the Canadian Meteorologi¬ 
cal Service. 

9 



Wind data are available foi five of the six stations for the 23- 

day period. Continuous wind da„a are net available for the ENG, South 

Camp, Station- since only occasional . instantaneous wind observations 

were nude. 

For the Forest Station wind data are available for only 300 hours 

Ox the total possible 552 hours. This was due to the rather frequent 
breakdown of the ¿enerator. When this occurred, the insulated box con- 
taininr the wind recording instruments quickly cooled until the batteries 

(the source of power) froze. This situation was corrected during the 
next visit of the observers,, but occasionally several hours passed before 

the obse.-vers arrived. 

In addition to the temperature and wind data from the six stations, 

sunshine data from the Canadian Station are also included, since both 

wind and diurnal range of temperature are usually directly related to 

the duration of sunshine and tc solar radiation, 

5. Analysis of Temperature and Wind Speed Data 

In order to compare temperature and wind conditions at the various 

stations, mean values of temperature and wind speed were computed for 

each station. In addition, the frequencies and cumulative frequencies 
of hourly temperatures and wind speeds (in percent) were computed. 

a. Temperature 

Table I lists the true daily mean temperatures, and daily maximum 

and minimum temperatures, for each station for the 23-day period of 
reu-iv 16 January to 7 February 1955. Table II lists the mean, mean 
maximum, and mean minimum temperatures for each station for the period. 
These data are shown in graph fora in Figure 10. The graphs show that 
when temperatures are considered, the coldest stations wars QM and 

Farnworth, while the warmest were Forest, ENG, and Canadian. This is 
to be expected, since the QM and Farnworth Stations were lower than the 
surrounding terrain, and cold air drainage and accumulation take place 

through cooling of the earth:s surface during the long winter rights. 
In addition, these stations, because of slightly lower elevations, were 

more sheltered from wind which tends to destroy the ponding of cold air. 

The higher temperatures recorded at the ENG, Forest, and Car « dr> •: n 

Stations may be explained in several ways. The thermocouple of the 
ENG Station was undoubtedly influenced by the effects of radiation on 
the tin can which covered it. In addition, the thermocouple was at a 
higher elevation above the ground where the frequency of higher wind 
speeds was probably greater and the effect of cold air drainage was 

negligible. The Forest Station plainly showed the warming influence 
of the vegetation. Although the lower wind speeds which occurred at 
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TABLE II: Mean Maximum, Mean Minimum and Mean 

Temperatures for Six Stations 

Mort Churchill, Canada, 16 January - 7 February 1955 

(°F) 

Station 

Mean Mean 
Maximum Minimum Mean 

Farnworth -16.2 -30.1 

QM, South Camp -16.9 -31.1 
ENG, South Camp -11.5 -29.2 

Forest -12,4 -27.9 
K-22 -14.8 -28.7 
Canadian -12.0 ^25.9 

-23.3 
-23.8 
-20.0 
-21.4 
-21.3 

-18.5 

this station would generally increase conditions favorable for the oc¬ 

currence òf lower temperatures, the vegetation radiated heat to the 
ground, thereby reducing the net loes of terrestrial radiation. This 
prevented extreme cooling of the surface as takes place in open, snow- 

covered areas. The Canadian Station, although located 150 yards from 
the nearest building, probably was influenced by the proximity of the 

main camp installations, and by its higher elevation. 

K-22 Station recorded temperatures generally between those of the 

warmest and coldest stations. This station was on an exposed ridge 
overlooking Hudson Bay, and was not subjected to the influence of cole 

air drainage as were stations at lower elevations and farther inland. 
At no time during the period of study did calm conditions occur at this 

station, the wind preventing the accumulation of cold air. 

Frequencies and cumulative frequencies (in percent) of hourly 

temperatures at each station are shown in Figures 11 and 12. 

The greatest frequency of temperatures occurred in the range 
from -25°F to -35°F. The most frequent temperature values at each 

station were as follows: 

32°F 
32°F and -34 F 

29°F 
29°F 
30°F and -31°F 
28°F 

These values further testify to the differences in temperatures recorded 

Farnworth 

QM 
ENG 
Forest 
K-22 
Canadian 
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-vc. the various stations. From the graphs on Figure 11 it may be seen 
that the highest temperature observed during the period (19°F) cooured 
at the Forest and Canadian Stations. 

Figure 12 shows the cumulative frenuencies of all temperatures 
recorded at each station for the period of study. From this figure, 
it is readily seen that the Farnwortn and QM Stations were colder than 
the others. For example, temperatures at or below -20°F occurred nearly 
70 percent of the time at these two stations, but only about 60 percent 
of the time at the ENG, Forest, and Canadian Stations, and 65 percent 
at K-22. It may also be noted from this graph that differences between 
stations were least at the extreme high and extreme low temperatures, 
i.e., above 10°F and below -40°F. 

Figure 13 portrays graphically the difference between the cumulative 
frenuency of temperatures at the field stations and at the Canadian Sta¬ 
tion, which serves as a base. It is apparent from the graph that the 
Canadian Stat. -> was the wannest of the six stations utilized in the 
study, since the frequency of very low temperatures is greater at the 
five field stations than at the Canadian Station. 

The greatest frequency difference between the Canadian Station 
and field stations occurs at a temperature of -30°F. The frequency of 
hourly temperature at or below -30°F is about 37 percent greater at 
QM, South Camp Station than at the Canadian Station. 

b. Wind Speed 

Wind speed data for five stations (data were not available for 
ENG Station) exhibit even greater differences than the temperature 
data. Table III lists the mean daily wind speed and the maximum and 
minimum wind speeds that occurred each day of the observation period. 
The mean wind speed for each station is presented in graph form in 
Figure 14. The cumulative frequency of wind speeds (in percent) is 
shown on Figure 15. 

The greater values of the daily mean wind speeds of K-22 and 
Canadian Stations are easily recognized on Figure 14. The higher 
wind speeds recorded at the Canadian Meteorological Station are in 
agreement with previous findings. Research performed for the Office 
of The Quartermaster General* showed that under stable conditions 
wind speed 5 feet above the ground will be approximately 40 percent 
of the wind speed 70 feet above the ground. Under convective condi¬ 
tions the wind speed at 5 f«et will be about 70 percent of that at 
70 feet. 

•See Number 8 in Bibliography. 
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Figure 15« Cumulative frequencies of hourly wind speeds 
at five stations. Fort Churchill, Canada. 

16 January - 7 February 1955 

The highest mean daily wind speed recorded during the period, 34. - 
mph, occurred at K-22 Station on 5 February. On this day the mean wind 
speed at the Forest Station was less than 1 mph, an Indication of the 
protection afforded by the vegetation surrounding this station. In 
general, the highest daily me-.n wind speeds occurred at the K-22 and 
Canadian Stations, and the lowest at the Forest Station. Barnworth 
and QM South Camp Stations had values between the two extremes. 

From an examination of Figure 15 it is apparent that the greatest 
frequency of strong winds occurred at the K-22 and Canadian Stations. 
At K-22, the lowest wind speed recorded was 5 mph, and also the strong¬ 
est hourly wind recorded during the study, 42 mph, was observed at this 
station. At the Canadian Station, cala conditions occurred less than 
1 percent of the time, and the most frequent wind speeds were in the 
order of 15 to 25 mph, as compared to 10 to 20 mph for the K-22 Station. 

Nearly 70 percent of the observations from the Forest Station were 
calm. Although almost half of the observations are lacking from this 
station, comparison of the data with those from the other stations in¬ 
dicates that the wind speed data from the Forest Station are reliable. 
For example, on 27 January At 2000 hours the Forest Station had calm 
conditions. At the same time a wind speed of 35 mph was recorded at the 
K-22 Station, 38 mph at the Canadian Station, 12 aph at Farnworth, and 
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19 mph at QM. Comparison ni’ the Forest Station data with those from 
other stations for other times and days produced much the same result. 

It mav be concluded, therefore, that, if the remainder of the data were 

available for the Forest Station, these data would continue to show an 
overwhelming preponderance of calms for that station. At no time.during 

the period of study did strong winds occur at this station, the high¬ 

est recorded being only 7 mph. The lack of high wind speeds at the 
Forest Station is further substantiated by the fact that throughout the 
period of the study the snow remained on the trees (Figs. 7 and 8). 

The Farnworth Station was che second (after the Forest Station) 

least windy of the five stations, having calm conditions over 20 per¬ 
cent of the time. The K-22 and Canadian Stations, exposed to full 

effects of the wind, had by far the greatest occurrence of strong 
winds; the Farnworth and QM Stations, at more sheltered locations, 
had fewer occurrences of strong winds; and the Forest Station, protec¬ 
ted on all sides from prevailing winds, had a very small frequency 

of even light winds. 

6. Temperature and Wind Combinations 

The occurrence of strong winds in combination with low tempera¬ 

tures is one of the more critical conditions soldiers must face in 

the Arctic and subarctic during winter. Windchill, which may be 
defined as the cooling effect of air movement and low temperatures 

in combination, is of vital concern in the development of proper 
clothing and equipmer-Q for use by troops in cold environments. Vin<- 
chill must be considered by physiologists, biophysicists, and otner 

scientists who concern themselves mainly with the reaction of the 
body to the extreme cold, or with the protection afforded by clothing 
and equipment. It has long been known that, with identical tempera¬ 

tures, heat loss from the body occurs more rapidly during times of 
strong winds. To illustrate this point, the following example is 

offered: 

Temperature 
(oF) 

Wind speed 
(mph) 

Windchill 
(kg-cal/m2/hr) 

-20 5 1438 

-20 30 2112 

To provide a basis for studying the occurrence of wind speed» 
at various temperatures, the relative distribution of wind and tem¬ 

perature data from the stations where both wind and temperature were 
recorded are presented in graph form in Figures 16, 17, and 18. These 
figures show the actual occurrences of wind speeds (grouped according 
to Beaufort scale) in combination with temperature groups (5 degree 

(F) intervals), plotted in three-dimensional form. 
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Figur» 16. 0@3un*«MM of ChSSlll t2£S 
FunWBftte and I-S2 SfcattoM, F rfc 6hurohin, ovtäm 

16 JunuaiT - 7 February 1955 
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QM STATION, SOUTH CAMP 
Total Observations —516 

EXAMPLE WIND SPEEDS DF IS Î0 24mph 
OCCURRED 74 TIMES IN COMBINATION WITH 
TEMPERATURES Or TO -IS#F 

Figur# 17* OoowrruncM of wind spoodo at various tsapsraturesi 
ON (South Osap) and Canadian Stations, Fort Churchill, Canada 

16 January - 7 February 1955 
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It is usually assumed that with the occurrence of very low tempera¬ 

tures (1.6., at or below -25°F). calm conditions exist much of the time, 

and that this lack of wind compensates m part for the extreme cold. 
From a study of the graphs it is immediately apparent that, with the 
exception of the Forest Station, higher wind speeds occur in combination 

with low temperatures as frequently as with higher temperatures. 

For example, at the K-22 Station (Fig. 16) there were $1 occurrences 
of wind speeds between 13 and 18 mph in combination with temperatures 
between -30° and -34°F. This was the maximum occurrence of any combina¬ 

tion of a wind speed group with a temperature group at this station. 
From this graph it is evident that the greatest number of occurrences of 
strong winds was in combination with temperatures below -25°F, and rela¬ 
tively very few occurrences of strong winds at temperatures above 0 F. 

There was no significant increase in the number of lower values of wind 
speeds, or occurrence of calms at temperatures below -25°F. In fact, 
there were no calms reported at this station during the period of record, 

although temperatures below -40°F were recorded. 

An examination of the graph for the Famworth Station (Fig. 16) 

shows the same pattern even though this station was located in an area 

where calm conditions would be expected much of the time, especially 

during the hours of darkness. 

From the graph for the QM, South 4amp Station (Fig. 17) It may 
be noted that the maximum occurrence (78) is for wind speeds of 8 to 

12 mph in combination with temperatures of -30° to -34°F. In this 
temperature class the next greatest occurrence (38) Is not at lower 

wind speeds, as might normally be expected, but at higher wind speeds 
of 13 to 18 mph. During the entire period, at this station, at this 
particular temperature grouping - between -30° and -3¿°F - calms oc¬ 

curred only twice, while the total number of occurrences of wind 
speeds equal to, or greater than, 4 mph was 152. It should be empha¬ 
sised that this station was much less windy than either the K-22 or 
Canadian Stations, and that a greater frequency of calms could nor¬ 

mally be expected. 

At the Canadian Station (Fig. 17) the most frequent combination 

was the wind speed group of 13 to 18 mph with the temperature group, 
-25° to -29°F. The next most frequent combination was not at a weaker 

wind group and higher temperature, but actually at stronger winds with 

the same temperature group. 

The vegetation at the Forest Station had a pronounced influence 

on both temperature and wind. Almost 70 percent of the wind spead 
observations at this station were calms, and 20 Bercent of the calms 

were at temperatures from -25° to -29°F (Fig. 18). 
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FOREST STATION 
Totol Observations —300 

5 

Figure IS. Occurrences of wind speeds at various temperatures. 
Fort Churchill, Canada. 16 January - 7 February 1955. 

7. Relationship of Temperature Range. Sunshlne^ md Wind Speed. 

In order to provide information directly related to the diurnal 
temperature range, the duration of sunshine (radiation data were not 
Bailable) for etch day during the period of record was studied. It 
was expected that there might be a direct correlation between the 
number of hours of sunshine on any one day and the range of tempera¬ 
ture for that day, and that the greater the number of hours of sunshine 
the larger would be the temperature range. This did not prove to be 
true. The data on duration of sunshine, as recorded at Canadian Sta¬ 
tion are shown in graph form in Figure 19. 

During the period of the stuay the maximum number of hours of 
sunshine that occurred on any one day was slightly more than 7 hours 
(on the 1st and 6th days of February), while on 3 days (20 January, 
and 4 and 5 February) no sunshine at all was recorded. On most days 
the duration of sunshine was between 2.5 and 3.5 hours. 

The diurnal temperature range (see ttk&sI)wM Plotted aplnet home af 
sunshin® for the Canadian Station. From this it wss immediately evi¬ 
dent that there was little correlation between the number of hours of 
sunshine and diurnal tmiperature ranga during the 23-day period of study. 
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Figure 19. Duration of sunshine (hoursy 
Fort Churchill, Canada. 

16 January - 7 February 1955 

On those days wnen there was little aunahine, or none at all, son* of 
the largest diurnal temperature ranges occurred. Thit lack of corre¬ 
lation uas explained through study of daily weather «ai-: ,. Usually 
Isr«* diurnal, temperature ranges were associated with ej*si.ssic acti¬ 
vity (low pressure systew, fronts, and/or trough® * passing ever the 
ArM, with activity of this nature there was almost alMys eonsiesr- 
abl > ilcndiness, which reduced the ntsthur of homrs of sunshine to a 
ninimum, with the result that sany of the days which had a large di¬ 
urnal range in temperature also had little or no sunshine. 

This eaiot relation holds true with re§ard to diurnal wina 
variation. Strongest winds were associated with cyclonic activity 
(occurring shortly before, during, or after passage of a low pressure 
system, front, or trough), rather than with hours of sunshine. 

ft. Concluslone 

a. Lowest winter temperatures aay be expected in open, snow- 
covered, nan-vegetated, areas lower than ths surrounding terrain. 
Into these area® cold-air drainage win t*k* p*ac# durini heure of 
das**»* when there is little or no cloud cover, and this air will tend 
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to accuruulaoe in the depressions, causing extremely low temperatures. 

b. . Highest temperatures may be expected in forests or wooded areas, 

•Aere the loss of heat by terrestrial radiation is reduced by the trees 
and the trees themselves radiate some heat, or in areas where wind keeps 

the air stirred and prevents the accumulation of cold air. 

c. Strongest winds occur at higher, exposed locations where there 

are no obstructions, and weakest winds may be expected in areas of dense 

vegetation and/or in lower, sheltered areas. 

d. The greatest windchill occurs in areas where winds are strong¬ 
est, even though these stations have slightly higher temperatures than 
stations in low-lying areas. The windchill is least in forests or wooded 

areas. 

e. The assumption that calm or nearly calm conditions usually occur 

simultaneously with extreme low temperatures was not borne out at Fort 
Churchill during the period of the study. In order to substantiate these 
findings, further investigations are required at Fort Churchill and at 

other Arctic and subarctic stations. 

f. There was no correlation between number of hours of sunshine 
and diurnal temperature range. The greatest ranges occurred with the 

temperature changes associated with cyclonic activity. This was also 

true of the diurnal variation in wind speed. 

9. Acknowledgment s 

The authors are indebted to Dr. Charles F. Brooks, Director, The 
Blue Hill Observatory, Harvard University, for his review of this paper 
and many helpful suggestions in its preparation. Appreciation is also 

expressed to Sir Hubert Wilkins for his advice concerning the selection 
of sites in the Fort Churchill area; to the United States Signal Corps 

observers who had the difficult tasks of installing, maintaining, and 
servicing the instruments at each site; to Major Edward Zimmerman, 
Commanding Officer, Corps of Engineers Arctic Test Team, for providing 
services and facilities reouired for establishing the QM Station at 

South Camp; and to Mr. E. J. Kermode, Official-in-Charge, Aviation 
Forecast Office, Fort Churchill, for providing data from the Canadian 
Station. Special thanks are due Mr. C. L. Bcmmarito, QM EPD Test Offi¬ 

cer, Fort. Churchill, without whose aid this study would not have been 

satisfactorily completed. 

All maps and charts used in this study were drafted by Mr. Roland 

Frodigh, Cartographic Draftsman, under the direction of Mr. Andrew 

Hastings, Chief, Cartographic Section. 

27 



10. Bibliography 

1. Conrad, Victor A. Methods in climatology. Harvard Univ. Press, 

Cambridge, Mass., 1946. 

2. _ and L. W. Poliak. Methods in climatology. Harvard 

Univ. Press, Cambridge, Mass., 1950. 

3. Court, Arnold. Windchill. Bull. Amer. Meteorological See. 
29(10):447-493 (Dec. 1944). /devised from Memorandum Report No. 12, 

Env. Prot., Sec., OQMG. Nov. \9klJ 

4. de Percin, F. and S. Falkowski. Frequency and duration of low 

temperatures at Fort Churchill, Manitoba, Canada. Technical Report 
EP-2, Quartermaster Research and Development Center, Department of the 

Army, Natick, Mass. July, 1954. 

i;. and L. White. Handbook of Fort Churchill, Manitoba, 

Canada] Environment. Technical Report EP-4, Quartermaster Research and 

Developnent Center, Department of the Amy, Natick, Mass., Aug. 1954. 

6. Geiger, R. The climate near the ground. Harvard Univ. Press, 

Cambridge, Mass., 1950. 

7. Morley, Thomas K. Climatological atlas of Canada. NEC No. 3151, 
Meteorological Div., Dept. Transport, Ottawa, Canada, December 1953. 

8. Thornthwaite, C. W. The Climate of the Soldier. Part IV. De¬ 
termining the wind on the soldier. Environmental Protection Series 
Report No. 124, Office of The Quartermaster General, Military Planning 
Divisi-m, Research and Development Branch. February 1949. 

28 





(fl » (fl 
•o T Í3 . ■ 
3 3 3, -5 äl du 
33 3Ss> 
sa SE'3 
y !3Î| 
£ JS » 
fjfj »>03* « 
- ^ ^ w < > 2 i ï 
O O ifl O »>•<•-* 4 u<iï. u, 1.1 a. t- u3 

«s, „ 

ße 1 

OH I 
îi 1 

?5 fit 
b h §¿ 5 
i; x: x: . g 
OO »O g * w 
w^i-o2ií.S 11« 3 Ç u 3 j C 
îi. ¿ a.iïu.H Ä 





Riprodacid by 
DOCUMENT SERVICE CENTER 

KNITT BDILBINI, QAVTSI^ 2, OHIO 

TMm documtot la tlw propartj of tha Uoitad Stataa Govarament. It la furnUned ! or t ie du- 
rulon of tha caotrar «ad «hall ba ratt&aad wheat no tegar required, or upon re( all by .VSTIA 
to the following addrew Armnd fltfwlens Tat dale ni laf ornât i mo hgeacy. 
Doeunaat farrleo Caatar, Knott Saftldlag, Dayftoa I, Ohio. 

none«: want mMwmmm or mmm, mâwofoã, spsciticatiomb or other data 
Awn») FOR AMY PORFOn «111 TIAM » OOMNICTXOM WITH A DIFDHTELV »LATED 
OOYlRMMlWr PROCUKlMPyr OPBRATIOIf, TU V. I. OOVBRNMSMr THES S^Y INCURS 
NO REgFOlWmiLflT, »ft AMI OBUOATIOM WH ATSOIVIR; AMD TU FACT TîïAÎ TU 

MAT HAYi mMMvunm» TMtwmm. Oft IM AMY WAY BVPPJMB THE 
5¾¾¾¾ wcwcatkiu, or orm data nS pot to u kxqard sv» by 

0» OTUIWIH AS Dl AMT MAMHEH UCIHUMG TU MOWER C.W AÎ Y CTi tir . 
SK1«?® coRPORATWif, or cmmrmm awy rksts m mmumstoN to 
mt m AMT FATINTKD DWKMT10M THAT MAY Df AMY WAY BE RELJTüD . HERETO. 


