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pertinent information concerning environmental conditions at Army- 
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Test Coordinator, Research and Development Division, Office of The 

Quartermaster General, the program of test site studies was under¬ 

taken to enable test planners to select optimal conditions for 

scheduling performance tests of Quartermaster equipment at selected 

testing installations. By request of the Assistant Chief of Staff, 

G-4, environmental studies for Dugway Proving Ground, Utah (.Environ- 

mental Protection Division Report No. 227), and Devils Lake, North 

Dakota, were included in the site atudy program to complete the 

coverage of installations presently used by agencies of the Depart¬ 

ment of the Army. 

This test site study will serve as a convenient reference for 

those who require information concerning the climate, terrain, and 

vegetation at Fort Churchill, Manitoba, Canada. 
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Abstract 

Fort Churchill, Manitoba, Canada, 1. located ‘PP/“^«£,500 

ni le s south of lhe Arctic Circle on the west shore ofHuason Bay In 
the transition region between the Arctic and Subarctic. 

Extreme low temperatures, often in combination with high wind 

aoeeds and long periods of daylight in winter provide ideal condi 

tiens for cold weather testing. The absolute minimumtemperature 

recorded was only -57°F (because of the proximity of HudsonBay^b 

“ J^rSán Sarad «i.th arctic .tatlon., la a dacidad «daantaga 
for arctic testing in high latitudes. 

The Fort Churchill area is a flat, waterlogged 

less than 25 feet in elevation. Exceptions to this are ridges of 

hard crystalline rock and a few scattered gravel ridges^which rise 

So 100 Set and upon which the main part of 
rated. The «round is frozen and enow-covered from late September o 

early October until April or May. During the remaining months the^ 
swampy terrain is dotted by many shallow lakes and creeks which mak 

movement by men and vehicles difficult. 

The area is located in the transition zone between the subarctic 

forest and the arctic tundra and the vegetation shows pronounced evi- 

h«nra^ofthe severe environment. Trees are few or entirely absent 

from the more exposed positions, those exposed to the wind are one¬ 

sided in appearance, apd because of the swampy conditions generally 

acanMatad with a high permafrost table, plants well-adapted to moist 

or wet ground conditions tend to dominate. Two 
L ^«Mntmished* (l) the northern coniferous forest and tns 

Zdbr: of th. lichen-covered high tundra, found on 

the ridges, and the muskeg, or low tundra. 
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HANDBOOK OF FORT CHURCHILL, MANITOBA, CANADA, ENVIRONMENT 

1. Introduction 

Fort Churchill (latitude 58°47'N., longitude 94017'W„) is located 

about 500 miles south of the Arctic Circle on the west shore of Hudson 

Bay near the mouth of the Churchill River (Fig. 1). The military camp 

is situated just southeast of the town of Churchill (Fig. 2). Churchill 

has the dual distinction of being the most northern rail-served port in 

Canada and the only deepwater port on Hudson Bay with railroad facili¬ 

ties. Its population, consisting of a permanent core of white people 

supplemented by nomadic Indians and Eskimos, is employed chiefly as 

trappers, fur traders, and by the Canadism National Railroad and the 

Churchill Harbor Board. 

The original Army post, established by the United States in 1942, 

was planned as an air evacuation center for casualties from Europe. 

Never used as such, it became a service station for aircraft engaged 
in the transfer of lend-lease goods to Ekigland. In 1944 control of the 
station passed into the hands of the Canadian Government which admin¬ 
istered the affairs of the base through its Department of Transport. 

LOCATION MAP 
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The post has served as a base for various Exercises including "Exercise 
Lemming" in 19k? and "«xarcise Muskox" in February 1946, but in recent 
years has been used aainly for «inter testing. Between July and 
September 1946 the rammer trials of ene ^"«ctorate of Vehicle Develop¬ 
ment were staged in the vicinity of Churchill. 

The Canadian Army assumed administrative control of the post in 1946, 
giving It the name "Fort Churchill“ to distinguish it from the town and 
to identify it as a military installation. 

Few, if any, military installations in northerly latitudes are better 
situated to execute the mission for which they were established. A ter¬ 
minal point for both air and rail traffic. Fort Churchill is adequately 
served year-round. Twice weekly, commercial planes (Canadian Pacific 
Airlines) make the trip from Winnipeg, arriving and departing the same 
day. The Royal Canadian Mr Force provides air service, on a trip-a-week 
schedule, from Montreal via Winnipeg. United States Military Mr Trans¬ 
port Service flights are mads from Washington, via Westover Mr Force 
Base, Massachusetts. Biweekly train service from Winnipeg is maintained 
throughout the year. The modem harbor of Churchill is accessible to 
ocean-going transport for at least three months of ths year and thr navi¬ 
gation season for overseas vessels is from 5 August to 15 October. Hous¬ 
ing facilities, limited at first to the Unitad States Evacuation Hospital 
and a number of semi-permanent buildings, have been greatly expanded and 
improved by the Canadian Army. The installation offer« easy access to 
extensive areas of arctio tundra, and field testing programs can be 
readily supported and administered. Fort Churchill experiences arctic 
conditions in winterj however, there is always at least 6 hours of day¬ 
light, & distinct advantage for field testing. 

Although the Canadian Army serves as the maintenance unit, Fort 
Churchill ia operated on a joint service and intarsenrlce basis. 
Canadian elements at the base include representatives of the Navy, the 
Army, the Mr Force, and the Defense Research Board) the United Kingdom 
Winter Warfare Study Tea» representa the military service« of the UKj 
and ths First Arctic Test Detaotarvnt represente the U.S. Army. In ad¬ 
dition to ite military functions, the station is used as a baie of 
operations for scientists from an fields. The services of the airport 
are also available to both military and civilian aircraft, but the oper¬ 
ation and control of the field are the function of a unit of the Royal 
Canadian Mr Force. 

The mieaion of the United States Army Detachment includes the test¬ 
ing of Army materiel and equipment under arctic oonditione. The 7099th 
Area Service Unit (FATD, USA), organised under the Commanding General, 
Military District of Washington, provides logistic and administrative 
support for the various technical service teams sent to Fort Churchill. 
Only such equipment as may be required for testing is brought to Fort 
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Churchill by the test teanu,. These teams are afforded maximum freedom 
to devote entire effort to their respective test program . 

Wirt«, testing, which «anally 
last of March, has bsan «ndartaken y . (Fisld Evaluation Agency 
of the United States Amy: 0^., W M.dic2 
and Environmental Protection Divisio J, n . Corps and Transporta- 
Service, Corps of ^dnssrs, Signü Corp^Ord^Ç»^ 8t the 
tion Corps, iransporoawxw.n Corps neaoquan. 
base and is not show on the map \Fig. - 

2. Climate 

a. General.. Climatically., the Fort^hurchiU^est^area^ma^be^^ 

considered transitional between the Arctic - d S b ^nth to 
nition that uses a ^^/emperature of JU r in temperature of 
establish the line of division,* Churchill e average 71 

5L0? places it on the subarctic side of the boundary. ™™»™ £ 

and severely cold and summers are which in combination 
best illustrated by the low ^"^f^'fofScSc testing. Pre- 
with strong winds create J-he extremes J7 ll ht ^ „inter snow 
cipitation, though adequate for lorest growtn, is g , 

ooPv.r i. not d..p “HSiS. forl'Snt^ .xp.ri- 

-- windchill; (3) blowing art 

drifting snow. 

b, Tamparaturn. ».«monthly t»pa^^ Fort^CrtrchiU^r^a. 

fro» -191% in J«»^y î2î*t— b.low -250F -T 
characteristic of the long winte j _ February and less 

5" aIP7vdinntSS7hir Ä.°fr«2«a..r through April. Tmaparatura. 
frequently in the other mom. „e of 46 days each year. An 
Kainw -25WF have been recorded on an average ox 40 , _cqof 

abaoluta low of -57°F ooourrad »or»¿ly, 

Dacambar to tb. and of ■ 

February. 

mnrfaratelv warm. Temperatures above 80°F may be 
Simmers are cool to "a™, ^ occur m0st frequently in 

expected no more t^“‘tJ°UrWhiS high temperatures are rate (a high of 
July, the warmest month. While „«nther is character- 

2n2r2nÄ2U.2 bo0? .=p.ct.d on «out half 

of the days in July and in August. 

íkB^ÍHí. and Geiger R. Handbüçh g 
buchhLidlung, Gebrüder Bomtraeger, Berlin, 1936. 

Vol. 1, C, Verlags- 
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c. Precipitation. Precipitation averages 14-4 Inches per year 

with more than 1C inches falling from June to October. July, the 

rainiest month, averages 2,8 inches, closely followed by August with 

2.5 inches. The maximum monthly rainfall, 7.3 inches, was recorded in 

July 1934. Although ns much as 3-7 inches has fallen in a 24-hour peri¬ 

od, most summer precipitation falls as light rain or drizzle, seldom 

exceeding a total of 0.5 inch in a 24-hour period. Even though the 

greatest amounts of rainfall occur in July and August, rain is most fre¬ 

quent in September and October, when more than a trace is likely on about 

16 (ays per month. A very small part of summer precipitation may be ex¬ 

pected in the form of snow, since snowfall has been recorded in all 

months except July. 

Winter is the dry aeasonj January and February precipitation averages 

but 0.4 inch per month and no month from November through May averages 

more than 0.8 inch. Practically all winter precipitation falls in the 

form of snow, and snow cover may be expected from October to April or 

May. Although the season of snowfall is long, total snowfall is rela¬ 

tively small. It averages 43.8 inches per year. October, November, 

March and April are the months of heaviest snowfall, each averaging more 

than 6 inches. 

Snow depths are difficult to measure because of drifting caused by 

strong winds. In forested areas accumulations may be deep, while in 

open country snow is blown from exposed positions and accumulates in 

depressions. 

d. Wind. Prevailing winds are from the northwest and are generally 

strong throughout the year. Wind speed averages 16 to 17 mph from 

September through November, when maximum speeds greater than 32 mph may 

be expected seven or more days each month. Wind spe^d averages more than 

12 mph in every month except July. The absolute maximum recorded wind 

speed occurred in December, averaging 78 mph over a one-hour period. Com¬ 

parable hourly averages greater than 40 mph have been recorded in all 

months except July. 

e. Windchill. Strong winds and low temperatures combine to make 

Fort Churchill an area of extreme windchill. Windchill, or dry atmos¬ 

pheric cooling, is a measure of the heat which the atmosphere is capa¬ 

ble of removing from exposed skin surface, computed in units of kilogram- 

calories per square meter per hour. A windchill factor over 1,400 is 

considered freezingly cold and one over 1,900 dangerously cold.* Wind- 

chills over 1,400 are reported. 76 to 89 percent of the time from December 

through February. From November through April, windchill exceeds 1,400 

approximately 62 percent of the time, and values greater than 1,900 have 

occurred in all months during this period, with the most in January (39 

percent of the time). 

«Windchill terms are taken from Fort Churchill Meteorological Office, 

Daily Weather Observations. 



f Humirfltv Relative humidity is high throughout the year. 

Haading3~ãt~Õ73o" hour, and 1930 hour. ar. f8“”* ^?T 

1. ÆTc» or U »t- through .»poruti.n fro. 

the lungs and skin. 

Visibilities of less than one mile are e. Obstructions to JVisioUo _Wc>,r 

roported^Tyorount or r10^? t^*pQQr.8t l^N^vomb.r^wh.n^ápprox- 
September and October, visxbiiity is p . mil« In 
iaatõly 16 percent of all observations are lees than^one ^ ^ 

8Uimn6rf the chief restriction is fog; K-îbilitv to less than 
ffiost common during July and August, restricting vi.ibUity^le-s^nan 

one mile in 7 percent of all observations, b-owii^S ^ ibility in 14 
greatest intensity during November, when it restricts visibility ^ 
percent of all observations. 

h. Oloudlnoss. Cloud co,.r 1. raUtlvly .xt.n.l». 

a.pt.h.rrefr ^ 
the sky covered on 73 to 77 psreent o or uore cloud COver 

ïrs^rroÆr », 
Qrn f-at or more are reported at 28 percent oi an uu’°l .. . .+_ 

i » wh«n low overcast cloudiness is most frequent. Heights of November, when low overcast, oxuuux t f ail observations during 
9,7i>0 feet or more are reported on 70 percent or an ooo«> 

March. 

4 nolar Radiation. Located approximately 7 to 8 degrees south of 

th. totfCirol., FoS Churchill «g8^0" to 
inflation Irom »H-.r to .bout 6 hour.. D..pit. 

a«rî"i. Sth“t”™ i^Sgí"’* fSÂiLïS trotlo 

testing in high latitudes. 

aniar radiation on a hor ital surface has been computed for 
Fort Churchill from observation Winnipeg, with proper adjustment 
r ít^Sference in latitude, tiadiation ranges from a low of 25 

V i u4 erVt rtf lanelevs ^n June. Because of lanaleys* in December to a high ox 550 1 8 •/ _anv iow_ 
1^1 summer daylight the June value equals or exceeds that at many low 

latitude stations. 

»T„nel«y mav be defined as one gm-cal/cm2. 
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Climatic Summary. A summary 
mentioned above is given in Table I. 

in Appendix A (Figs. 5~4l)- 

of most of the climatic features 
Detailed data on climate are given 

3. Toruain and Surface Conditions 

a. OssaraX. In general the Fort Churchill ‘«^_is¿or.^on!1 

waterlogged plain averaging le along the shore of Hudson 

f ^ 1°, ‘^ea*L:íví c^lnf «ck ->y rle. to over 

ZZMlrZ uZãlTt ZT Jost south of the poet. The remaining «»Pi t.rrai^i. lotted V ^ 
-v^now lakes and creeks so closely spaced that in summer iv J.» ^ 
tonsil for any diatanoe without continually altering direction. 

around condition, vary H"lÄ”'unSl ZT 

ä nrrÆ.aÂratV.' U-ahl. in .^r are 

frozen and easily passable in winter. 

Penuafrost la ever preaant, and tha depthtowhich ^ Jfd “r,¿n 
aumer dependa on the thlckneaa and inavd^g ^Ürost layS U 
peat and the density o veg ^ considerably under rivers and 

ÄdTssÄ« aÏÏ Sir. th. vsgstation covsr ha. bssn 

removed. 

b. Foreshore Flats. Bordering Churchill Bay and Hudson Bay^thsrs^ 

iB a broad belt of gently sloping land, inundated ^ ^ 

rr^T^Än ofaÄÄ Ä1 fstsd in this 
S ftrrain unit. The foreshore flats are widest just south of 

Sto “o? Churchill and Just east »^^^^TnsuJrtbe 
casional P»tehea of aard ^ «raT - tle lop, ot the land, conblned 
surface materials of the flats^ in g ^ accounts for the 

S“tÄf X.™ 1“ =%¾ th. ^dth of beach un- 
covered at low tide amounts to more than a mile. 

In summer, tides run at a speed of approximately 1° knots and 
constitute a hazard for small boats which operate " -^^^ „ith 
o*T the shore of the test area. In winter, the flats are coverea wxcu 

1«, sacs of which »ay b. large, ^ ¾ “^^Snd^ Ud. end 

Í« ZT Tls1!.^ « Pr - “ss ^ th. new ice 
crlckfd S nZZlyZZZl and th. rough-surfaced pack ics, is e 
type of surface common along arctic coasts. 
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TABLE I: CLIMATIC SUMMARY FOR FORT CHURCHILL, MANITOBA, CANADA* 
(Elevation 115 feet) 

TEMPERATURE (°F) 

Month 

Jan 
Feb 
Mar 
Apr 
May 
Jun 
Jul 
Aug 
Sep 
Oct 
Nov 
Dec 

Jan 

Feb 

Mar 

Apr 

May 

Jim 

Jul 

Aug 

Sap 

Oct 

Nov 

Dec 

Jan 

Feb 

Mar 

Apr 

May 

Jun 

Jul 

Aug 

Sep 

Oct 

Nov 

Dec 

Mean 
Monthly Max. 

-18 -11 

-17 - 8 

- 6 4 
14 24 

• 30 38 

43 52 

54 64 
52 62 

42 49 

27 34 

6 13 

-11 - 3 

Number of Paya 

Daily 
Min. 
-27 

-25 

-16 

4 
22 
34 

43 

43 

34 
20 

- 2 
-19 

Record 
Highest Lowest 

39 

31 

41 
62 

67 

68 
96 

87 

84 
62 

45 

34 

-57 
-52 

-52 

-26 
-14 

13 
22 
25 

15 

-17 

-53 

-47 

Maximum 
? 50° £32° £32° 

0 <L 31 

0 0 31 

31 
30 

•27 
11 

Minimum 
^0°-<-25° 

29 16 

0 

1 

3 

13 
28 

27 

12 
2 
0 

0 

1 

6 
23 

29 

31 <1 

31 <1 

29 
20 
2 

Cl 

6 
24 
30 

31 

2? 
25 

13 
cl 

0 

0 

0 

0 

cl 
15 

27 

15 
6 
0 

0 

0 

0 

0 

0 

0 

1 

8 

Mean 

in 

Month 

0.41 
0,36 

0.63 

0.69 

0.65 

1.51 
2.81 

2.54 

1.97 

1.50 

0.78 

0.56 

PRECIPITATION (INCHES) 

Max. 

in Mean 

Day Snowfall 

0.80 4.1 

-'0.50 3-4 

2.20 6.3 

1,10 6.0 
1.00 2.1 
1*2? 0.8 
3.71 0 
1.60 T 

1.87 0.3 
1.10 7.6 
0.80 7.6 
0.71 5.6 

Number of 

Days £ .01 

7 
6 
7 

7 
8 
9 

10 
12 
12 
12 
11 
9 

.RELATIVE HUMIDITY (%) 

(0730 HrsJ 

91 

92 

91 
90 

93 
88 
89 

93 

94 

94 
96 

95 

(193O HrsJ 

88 
90 

93 
92 

89 
78 

71 

74 

85 
90 

94 

95 

WIND 

Speed (mph) 

Max. in Prev. 

Mean Hr. • Dir* 

14.9 52 W 

14.6 45 NW-N 

14.2 a N 

14.3 55 Nw 
13.4 51 N 

12.2 41 N 

11.5 37 N 

I3.O 42 N 
16.3 55 N 

17.1 54 NW 

16.» 58 N 

14.9 78 N 

No. of Days 

^32 mph 

3 

3 

3 

3 
1 

1 

1 

2 
7 

7 

7 

3 

SKY COVER 

(No. of Days) 

Partly 

Clear Cloudy Cloudy 

15 3 13 

13 4 11 

14 4 13 

10 5 15 

4 5 22 

5 6 19 

7 8 16 
6 7 18 

3 5 22 

4 4 23 
6 3 21 

12 4 15 

POSSIBLE 

SUNSHINE 

(No. of 

Hours) 

7 

9 
12 
15 

17 
18 

18 

16 
13 
10 
8 
6 

•»Data largely from original lecords. Period of record approximately 

19 years or more for all items except Relative Humidity which is for 

4 to 6 years. 
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c. Rock Outcrops. Along the shore of Hudoon Bay between Churchill 

and Halfway Print, outcrops of bedrock alternate with gravel beaches. 

The outcrops provide an excellent foundation for all types of structures 

in ar area where permafrost limits serviceable base conditions over wide 

areas. These rocke also provide solid footing for infantry overland 

movensnt but they are, for- the most part, in their natural state, too 

frost shattered and irregularly surfaced to be suitable for vehicular 

traffic. 

d. Gravel Ridges. Gravel ridges found throughout the test area are 

glacial deposits or raised beaches resulting from marine terracing. In 

addition to gravel, they contain other sorted materials, ranging from 

fine clays and sands to pebbles and stones two to three inches in diame¬ 

ter. These ridges serve as a source of good gravel for roads and build¬ 

ing construction. Although some are covered with a thin layer of peat, 

parts of the ridges known as eskers are so well drained as to prevent 

the gravel from cementing with ice; they thus form a readily accessible, 

friable source of gravel for road surfacing and other purposes in both 

winter and sunnier. Borne of the gravel ridges offer areas of easy move¬ 

ment, although their small extent and lack of continuity limit their 

usefulness. 

e. Swamp and Marsh. Host of the test area can best be described as 

swamp and marsh. Treeless grassy marsh, often called "muskeg", is found 

near the Churchill River, in lowlands bordering Hudson Bay, and in poor¬ 

ly drained depressions throughout the test area. The swamp is character¬ 

istically dominated by moisture-tolerant trees such as black spruce and 

tamarack. A soft spongy matting of peat, varying in thickness from two 

inches to several feet, and couponed of partially decayed plants and 

plant roots, overlies the swamp and marsh soils. This peat, however, 

is separate from the underlying soil. Free water is usually encountered 

at the surface and in the upper part of the peat. The moisture content 

of the peat is very high, ranging from about 350 to 600 percent of the 

dry weight. Under the peat, soils consist of varying percentages of 

sand and gravel mixed with eilt and day. In winter, when the swamp and 

marsh are completely frozen, the major restrictions to overland movement 

are those caused by irregular!ties in the hard frozen surface. During 

summer, however, the ground thaws to a depth of 20 to 40 inches, and 
muskeg soils will not support vehicular traffic. Ihren men on foot are 

likely to find walking difficult. Scattered rocka and boulders consti¬ 

tute another danger for vehicular traffic. 

Many shallow lakes and creeks are associated with the marsh and 

swamp terrain. They rarely exceed 8 feet in depth and many of the 

smaller ones are less than a foot deep. Lake floors are frequently 

covered with a uniform layer of rooks and boulders and may be crossed 

by vehicular traffic. The steep banks inclosing them, however, are 

difficult to negotiate. In winter, frozen lakes and streams provide a 

9 
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suitable surface for travel. However, danger of soft or thin ice is 

always present in crossing water bodies with heavy equipment, especially 

if deep snow has accumulated before a thick ice cover has formed. In 

fact, a deep snow cover will usually prevent the formation of thick ice. 

In the frozen muskeg the numerous hummocks may cause some trouble for 
travelers. 

f♦ Summary of Terrain Condition, A summary of terrain conditions 

is given in Table II. The terrain map is given in Figure 3* 

4. Vegetation 

a* General. Since the area is located within the transition zone 

between the arctic tundra and the subarctic forest, the vegetation shows 

pronounced evidence of the severe environment. Trees are few or entirely 

absent from the more exposed positions and even the lichen-moss cover is 

thin and composed of relatively few species. All plants exposed to the 
wind are markedly one-sided in their appearance. The gnarled spruce oc¬ 

casionally found on higher positions, though perhaps more than 100 years 

old, are short and bent toward the leeward, and their windward sides are 
completely bare of branches. 

Because of the swampy conditions generally associated with a high 
permafrost table, plants well-adapted to moist or wet conditions tend to 
dominate. Exceptions to this are the plant ocmmunities occupying the 
low ridges near the coast and ths occasional low gravel ridges farther 
inland. 

There are two distinct types of vegetation recognized within the 
test areas (l) Northern coniferous forest and (2) Tundra or treeless 
marsh. This division is probably adequate during winter. In summer, 
the tundra may be subdivided as follows: (a) High tundra - occupying 
the drier, more exposed ridges and low hills, *md for the most part, 
blanketed by a continuous lichen-moss cover, and (b) Muskeg or low 
tundra - characteristically a marshland too moist for most trees and 
dominated by swamp grass, sedge, and water-tolerant shrubs and bushes. 

b. Northern Coniferous Forest The principal species of the co¬ 
niferous forest are white spruce, black spruce, and tamarack (American 
larch). White spruce occupies the higher, better drained land and is in¬ 
dicative of the most trafficable ground conditions within the forested 
area; black spruce, the most prevalent species, usually occurs in poorly 
drained terrain bordering muskeg or low tundra; tamarack, the least numer¬ 
ous, is most common on moist low ground adjacent to streams. There are 
considerable differences in density and tree size within the forest. 
Scattered stands of scrub trees tend to prevail, although thick stands 
of tailor trees are common, especially in areas well-dheltered fron the 
wind. Trees rarely excssd 30 fset in height. Undergrowth consists of 
dwarf willow a;;d dwarf birch, together with numerous berry bushes. 
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TABLE II: SUMMARY OF TERRAIN AND SURFACE CONDITIONS 
IN FORT CHURCHILL TEST AREA 

Terrain 
'.Fypea_Elevation 
FORESHORE Area of 
FLATS ricial in¬ 

undation 
(sea level). 

ROCK 25 to 150 
OUTCROPS* feet above 

sea level. 

Surfaee 
Materials 

Clay aná sand 
with many atones 
and boulders. 

Vegetation Remarks 
Grasses, sea 
weed, and low 
beach plants 
such as sand¬ 
wort. 

Exposed at low 
tide, covered 
with pressure 
ic® in winter. 

Hard rock out¬ 
crops. Numer¬ 
ous loose sur¬ 
face rooks. 

Heath, li¬ 
chens, and 
small shrubs. 

Moderate slopes 
but many abrupt 
surface irregu¬ 
larities. Ex¬ 
cellant founda¬ 
tions for con¬ 
struction. Fair 

GRAVEL 25 to 100 Gravels prevail. 
RIDGES feet above Well-sorted soil 

sea level. materials range 
fro® clays to 
pebbles. Some 
ridges covered 
with peat. 

SWAMP Sea level 
AMD MARSH to 75 feet 

above sea 
level. 

Relatively soft 
mat of partial¬ 
ly decayed plant 
material over- 
lying silty or 
clayey sands and 
gravels. Often 
numerous surface 
rocks, especial¬ 
ly in forested 
areas. 

•See Figures 42 and 43 in Appendix B. 

Frequently 
bare, but 
more often 
mantle.! with 
heath and li¬ 
chens on top 
with shrubs 
and emeU 
tress on 
sides. 
White spruce, 
black spruce, 
tamarack, 
dwarf birch, 
alder, wil¬ 
low, Labrador 
tea, reindeer 
moss, heath, 
sedges, mos¬ 
ses, cotton 
grass, meadow 
gale, water 
hemlock, and 
water parsnip. 

trafficability, 
hampered by 
rough surface. 
Glacial moraines 
and old marine 
terraces. Gen¬ 
tly undulating 
relief. Good 
trafficability. 

Flat, poorly 
drained. Dot¬ 
ted with nu¬ 
merous lakes. 
Generally poor 
traffioability 
in summer but 
good in winter. 
High permafrost 
table. 
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grasses, lichens, and mosses. Mosses are a prominent element in the 
undergrowth in moist situations, and lichens are more widespread on thei 
drier, better drained soils. 

One of the outstanding characteristics of this marginal northern 
forest is its lack of uniformity. Not only are there considerable dif¬ 
ferences in tree sise and form but also numerous breaks in the continuity 
of the forest. Lines of high tundra appear atop the exposed low ridges, 
and patches of grassy muskeg frequently interrupt the forest stand in 
poorly-drained depressions. 

Trafficability is fairly good in all forested areas in dry weather 
but low areas may be badly waterlogged in rainy periods. Willow and 
alder thickets bordering water bodies are difficult to penetrate at all 
times. 

c* Tundra or Treeless Marsh 

(1) High tundra. The high tundra occupies better drained 
exposures on the hard rock ridges along the coast and the gravel ridges 
scattered throughout the area. Reindeer moss (a lichen) dominates the 
plant cover which includes a number of grasses, herbs, low shrubs, and 
flowering plants (saxifrage, vetches, and heather). Rock outcrops are 
usually covered with rock lichens and are surrounded by small shrubs, 
principally cranberry. On the more exposed ridges the lichen cover is 
thin and there are fewer flowering plants* A very scanty and widely 
scattered bush and tree growth is present, composed principally of dwarf 
birch, and, in moist situations, clusters of willow. 

(2) Low tundra or muskeg. Muskeg occupies most of the surface 
of the test area. Its composition differs greatly from the high tundra 
and the physical conditions which govern plant growth are also quite 
different. 

Muskeg, occupying poorly-drained surfaces, is very common throughout 
the forested area. Generally, such areas are hummocky and waterlogged 
much of the time. The dominant vegetation is swamp grass with a con¬ 
siderable admixture of dwarf willow and dwarf birch. Other common plants 
are alder, Labrador tea, bog bilberry, black orowberry, cotton grass, 
mosses, and marsh marigold. In many areas black spruce and. tamarack grow, 
very stunted in form and seldom exceeding eight to ten feet in height. 

Trafficability is generally poor in the muskeg. Thickets of willow 
bordering streams, lakes, and ponds constitute one of the obstacles to 
traffic in all seasons. 

d. Strand. Strand vegetation occupies large parts of the zone of 
tidal inundation, which is most extensive in Churchill Bay and along 
the beach to the east of Gordon Point. Sandwort and blooming yarrow 
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cover the narrow belt of sand and gravel beach above the reach of the 

tide». 

e. Claeaification of Vegetation. Table II give» a classification 
of vegetation in the test area. Figure k gives a vegetation map of the 

area. 

5. Insects 

Insects constitute a serious problem during summer. At least 17 
cpecles of mosquitoes have been reported within the test area. Mosquito 
larvae begin hatching at the end of May, pupate in mid-June, and usually 
emerge as full grown mosquitoes in late June. They are a serious past 
from early June to mid-July, then gradually decrease in number, disappear¬ 
ing almost completely with the first killing frost. Arctic mosquitoes are 
not known to be transmitters of malaria, yellow fever, or other diseases 
commonly transmitted by mosquitoes in warmer climates. They are found in 
all parts of the test area but are more numerous in damp, poorly drained 
forest situations. Camps located on slopes freely exposed to coasts^ 
winds tend to be less affected since mosquito activity decreases with 
wind speeds exceeding 3 mph. Activity also decreases when temperatures 
fall below 45°F. In addition to mosquitoes, black flies and deer Tiles 
are widespread pests. Black flies, which appear about the first of July, 
breed in great numbers in swift flowing streams, and are far less common 
in open tundra than in forest regions. Deer flies bite less frequently 
than mosquitoes and black flies, but their bite is especia-.ly severe, ^ 
causing the affected area of the akin to swell and itch. They appear »© 

be more common in or near the forest. 

6. Summary 

Climatic conditions suitable for cold-weather testing occur through¬ 

out the long winter season at Fort Churchill, Manitoba, Canada. Low 
temperature, the governing climatic control for arctic testing, strong 
winds, drifting and blowing snow prevail in winter. Mean monthly temper¬ 
atures range from -19°F in January to 54°F in July. Daily extremes be¬ 
low -25°F may be expected on at least half of all days in January and 
February, and below-freezing temperatures may be expected on all days 
from November through April. Precipitation is light, averaging less than 
15 inches per year, and is concentrated chiefly in the period from uune 
to October. Winter precipitation is almost entirely in the form of snow, 
which though small in amount, remains on the ground from October until 
May. Exoosed surfaces are swept bare of snow by strong winds, deep drifts 
accumulate in sheltered places, and deep soft snow gathers beneath the 
stunted trees and about the shrubs and bushes. Winds, predominantly from 

the northwest, are strong throughout the year. 

Except for smrll coastal rock outcrops and a few small gravel ridges, 
the test area is a flat, marshy plain. The thin acid soils are generally 
covered with a thick, partially decayed layer of peat. In summer the 
area is essentially a lake-dotted bog, which may be crossed with diffi¬ 
culty. In winter, when the ground and the surface watsr bodies are 
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froaen, movement Is restricted by surface rocks and trees and bushes,, 

Located within the transition zone between forest and tundra, the 

Fort Churchill test area exhibits many features of each. Low tundra 

prevails on well-drained situations north of the forest zone and on ex¬ 

posed ridges within the forest. A grass marsh, often referred to as 

muskeg, occupies poorly drained sites throughout the test area. Such 

bogs are most difficult to cross in summer. Trees are stunted in fora 

and rather widely dispersed. The fringe forest begins some distance 

south of the base station and covers the southern two-thirds of the test 

area. It is frequently interrupted by grass marsh at low elevations and 
by high tundra along the exposed ridge tops. 

Insects abound during the short summer period, reaching their 

greatest activity early in July. The worst pests are mosquitoep and 
black flies. 
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APPENDIX A 

CLIMATIC DATA 

Sources of data 

Extreme temperature frequencies, for 12 months 

Temperature regime 

Precipitation frequencies, for 12 months 

Precipitation regime 

Snowfall 

Wind speed 

Relative humidity 

Dewpoint 

Sky cover 

Sky condition 

Hours of possible sunshine 

Solar radiation 

WindchiU 

Wind Roses 

Page 

22 

23 

35 

36 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 
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SOURCE OF DATA 

Climatic data used were obtained fron Air Weather 

Un Ana,r Air Force> Air Services Meteorological 
m^ision. Department of Transport, Toronto: the files of 

the Environmental Protection Division, Quartermaster Re- 

aearch and Development Command, Natick; and certain basic 

articles included in the bibliography. Many of the find- 

ings presented are derived from data accumulated over a 

relatively short period of time. Length of record is 

shown on all graphs and tables and should be considered by 

personnel using the handbook as a guide to the reliability 

of the data presented. It is believed that this informa¬ 

tion, when used in conjunction with the tables and maps of 

vegetation and terrain and ground conditions will provide 

valuable information to personnel concerned with planning 
test programs. * 44 
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Exampiet 0.02 inches or more precipitation may be expected 
to occur 4.7 days during February (or approxi¬ 
mately 17 percent of the days). 

Figure 19 
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FREQUENCY OF OCCURRENCE (PERCENT OF DAYS) 

percent of the days). 

Figure 20 
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FREQUENCY OF OCCURRENCE (PERCENT OF DAYS) 

Exompl«' 0.02 inches or mo‘e precipitation may be expected to 
occur 6.5 days during April (or approximately 22 
percent of the days). 

Figure 21 
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FREQUENCY OF OCCURRENCE (NUMBER OF DAYS) 

Number of days (or percent of days) when the dally précipitâtIcn 
may be expected to be the Indicated amount or greater. 

Example! 0.05 inches or more precipitation may be expected to 
occur 4 days during May (or approximately 13 
percent of the days). 

Figure 22 
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FREQUENCY OF OCCURRENCE (PERCENT OF DAYS) 

Number of days Ur percent of days) when the daily precipi¬ 
tation may be expected to be the indicated amount or greater. 

Example1 0.11 inches or more precipitation may be expected to 
occur 4 days during June (or approximately 13 
percent of the days). 

Figure 23 
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Figure 24 
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FREQUENCY OF OCCURRENCE (PERCENT OF DAYS) 

Number of days (or percent of days) when the dally precipitation 
may be expected to be the indicated amount or greater. 

Example! 0.05 inches or more precipitation may be expected to 
occur 8 days during August (or approximately 26 
percent of the days). ^ 

Figure 25 
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FREQUENCY OF OCCURRENCE (PERCENT OF DAYS) 

Number of days (or percent o* days) when the dally precipitation 
may be expected t be the indicated amount or greater. 

Example: 0.0 4 inches or more precipitation may bs expected to 
occur 8 days during October (or approximately 27 
percent of the days). 

Figure 27 
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FREQUENCY OF OCCURRENCE (PERCENT Of DAYS) 

Number of doys (or percent of days) when the doily precipi¬ 
tation muy be expected to be the indicated amount or greater. 

Example* 0.09 inches or more precipitation may be expected to 
occur 4 dsys during November (or approximately 13 
percent of the days). 
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Figure 28 
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FREQUENCY OF OCCURRENCE (PERCENT OF DAYS) 
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FREQUENCY OF OCCURRENCE (NUMBER OF DAYS) 

Number of days (or porcont of doy*) whan tha dolly precipitation 
may be expected to be the Indicated amount or greater. 

Example! 0.04 inches or more precipitation may be expected to 
occur 6 days during December (or approximately 19 
percent of the days). 

Figure 29 
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PRECIPITATION REGIME 

CHURCHILL, MANITOBA 

Length of Record: 16 to 19 years 

May Jun. Jul. Aug. 

Figure 30 
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PERCENTAGE OCCURRENCE OF WIND 

SPEED BY GROUPS 
CHURCHILL, MANITOBA 

Length of Record^ 10 to 14 years 

Figure 32 
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MEAN RELATIVE HUMIDITY AT 
SPECIFIED HOURS 

CHURCHILL, MANITOBA 
Length of Record: 4 to 6 years 
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Mean Dewpoint Temperature 

FORT CHURCHILL, MANITOBA 

L«ngfh of Racord: 4 to 6 years 

Dewpoint dato obtsinsd by averaging 01 SO, 0730, 1330 ondl 1030 
valuta. 

Figura 34 
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TYPES OF SKY COVER 

CHURCHILL, MANITOBA 

Length of Record: 8 to 10 years 

CLEAR 
(0 ■ 6/ \ 0 c iouo cover) 

: iii'iiiMiiiiM« 

: ÄWÄ 

ij PARTLY CLOUDY 
|(3/IO" 7/10 cloud cover); 

I00f 

CLOUDY 
(8/10‘10/10 cloud cover) 

Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. 

Figure 35 
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SKY CONDITION 
FORT CHURCHILL , MANITOBA 

Length of Record: 3 to 5 year* 
100 r-—___ 

Figure 36 
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HOURS OF POSSIBLE SUNSHINE 

CHURCHILL, MANITOBA 
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SOLAR RADIATION 
FORT CHURCHILL, MANITOBA 
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WINDCHILL 

CHURCHILL, MANITOBA 

Langth of Record: 

Sop Oct. Nov. Oec. Jan. Fab. Mar. Apr. May. 

LEGEND 

Under 700 

700 to 900 
Cold 

900 to 1,100 
Vary Cold 

1,100 to 1.400 
Bitterly Cold 

1,400 to 1,900 

Freezingly Cold 

Over 1,900 
Dangerously Cold 

Windchill expressed 

in kg. cal. 

Definitions taken from 

Ft. Churchill 

Meteorological Office, 

Daily Weather Observations 

Figure 39 
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SURFACE WINDS 

PERCENTAGE FREQUENCY OF 

OCCURRENCE BY DIRECTION 

CHURCHILL, MANITOBA 

lENSTH OF »’FCOR 0 - 9 TO 12 YE A«$ 

FEBRUARY 

N 
JANUARY 

N 

0.9 1.4 

MAY 

ABRIL N 

N 

05 

Figure 40 



SURFACE WINDS 

PERCENTAGE FREQUENCY OF 

OCCURRENCE BY DIRECTION 

CHURCHILL, MANITOBA 
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Figure 41 
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APPENDIX B 

PHOTOGRAPHS 

Fig, 42: Rock outcrops along Hudson Bay coast 

Fig. 43: Crystalline rock outcrop at Halfway Point 

Fig. 44: Subarctic forest south of Fort Churchill 

Fig. 45: Low tundra in forest tone south of Fort Churchill 

Fig. 46: Tundra south of Fort Churchill 

Fig. 47: Arctic tundra along Hudson Bay east of Fort Churchill 
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Fig. 42. Fractured rock outcrops along tha Hudson Bay coast at 
Fort Churchill. Dwarf sprues trass in background. 
Véhiculer movement in such areas is difficult during 
all seasons. 

Fig. 43. Crystalline rock outcrop at Halfway Point, east of 
Fort Churchill. 
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44, Subarctic forest south of Fort Churchill. Snow accumula¬ 
tion is much greater in forested areas in tundra. Not* 
open character of forest. 

45. A small patch of lew tundra in forest area south of Fort 
Churchill, Low marsh vegetation projects above winter 
snow. Spruce trees that appear in the background ara 
among largest found in Fort Churchill area. 
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Fig, i,6. Tundra south of Fort Churcnill shewing scattorod dwarf 
spruce trees that are characteristic of much of the area. 

Fig. 47. Arctic tundra along Hudson Bay, a few miles east of 
Fort Churchill, 
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í Because of our limited supply, you are requested to retun. this copy WHEN IT HAS SERVED 
YOUR PURPOSE so that it may be made available to other requesters. Your cooperation 
will be appreciated. 
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NOTICE: WHEN GOVERNMENT OR OTHER DRAWINGS, SPECIFICATIONS OR OTHER DATA 
ARETJSED FOR ANY PURPOSE OTHER THAN IN CONNECTION WITH A DEFINITELY RELATED 
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