Frequency and Characteristics
of Arctic Tundra Fires

ABSTRACT. Characteristics of over 50 tundra fires, located primarily in the westem Arctic, are summarized. In general, only recent records were available and the
numbers of fires were closely related to the accessibility of the area. Most of them
covered areas of less than one square kilometre (in contrast to forest fires which
are frequently larger) but three tundra fires on the Seward Peninsula of Alaska
burned, in aggregate, 16,000 square kilometres of cottongrass tussocks. Though
tundra fires can occur as early as May, most of them break out in July and early
August. Biomass decreases,and so fires are more easily stopped by discontinuitiesin
vegetation, with distance northward.
&UM&. Friquence et curacttWstiques des incendies de toundra de l'Arctique.
L'auteur rbume les caractiristiques de 50 incendies de toundra ayant eu lieu principalement dans l'Arctique de l'ouest. Eh g6nnk.al il disposait seulement d'une documentation r h n t e et le nombre des incendies &ait 6troitementlit$ B PaccessibilitC de
la r6gion. La plupart des incendies couvrait des surfaces inf6rieures A un kilombtre
carré (en contraste avec les incendiesde fori%), mais une totalit6 de 1600 kilom&tres
c m & de tussach de linaigrette brQlhrent au cours de trois incendie? sur la phinsulc
de Seward en Alaska. Même si d6jB en mai des incendies de toundra peuvent s'allumer, la plupart ont lieu en juillet et au d6but d'aoQt. Au fur et B mesure que l'on
monte vers le Nord la quantit6 de vbg6tation ( C A " de combustible) diminue et les
incendies sont ainsi plus facilement arrêtb par lesintervalles qui sbarent les
surfaces couvertes de vhgétation.

INTRODUCTION

Little has been writtenon the subjectof Arctic tundra fires and almost
no detailed
quantitative informationon them exists in the recorded literature,but fires occurring near the treeline both in the Arctic and in alpine areas have received much
more frequent mention.For instance, it has been demonstrated in alpine treeline
studies that forested areas may become tundra-like after fires, because trees reestablishextremelyslowly(Billings 1969; Douglas and Ballard 1971; Stahelin
lDepartment of Biology, University of NewBrunswick,
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1943). Similar comments have been made
about treeline areas in the Arctic (Clark
1940; Hustich 1954; Lutz 1956; Ritchie 1962).
Before 1970, the only data available on tundra or forest-tundra fires in the
(1965), CochraneandRowe
Canadian Arctic werethosesuppliedbyBrokx
(1969), and Cody (1964, 1965). More recently, the 1968 tundra and forest-tundra
fire near Inuvik in the Mackenzie Delta area has been examined from the point
ofviewof
disturbance (Mackay 1970; Heginbottom 1972) and plant recovery
(Wein and Bliss1973).
One of the first steps in assessing the importance of Arctic tundra fires is to
obtain data concerning the frequency and characteristics of past outbreaks. Such
informationis presented in this paper.
METHODS

Records of tundra fires have been accumulated since1970 by the presentauthor
as a result.of his field work in the Northwest
Territories and inthe northern Yukon
Territory. A questionnairewas sent to researchers, who have workedor are working in the North, requesting observations on fires, and Canadian government fire
records were examined also. With the aid of high-altitude satellite imagery which
has recently become available, firesof recent occurrence were located, some definitely, but even more provisionally. Recent large fires in sparse vegetation can be
located with relative ease, but ground investigation is essential to be certain of
identification. Those whoare particularly interested in an exampleshould examine
the summer-1972 satellite imagery of the fire which occurred in 1968 immediately
east of the town of Inuvik, Northwest Territories. The northern part of the burned
area is in the tundra zone and the boundary between the burned and unburned
areas is very distinct. When small areas of tundra were burning at the same time
as satellite imagery was in progress, a plume
of smoke provided easy identification.
(1975).
An example of this has been published in Shilts
RESULTS AND DISCUSSION

Few respondents to the questionnairereported tundra fires. The general type of
response is indicated by the personal communications of two researchers who have
spent considerable time in the tundra. Dr. J. P. Kelsall, of the Canadian Wildlife
Service, has stated: “In all my years working on the tundra I never did see a fire
of any signilicant size.” Dr. D. M. Hopkins of the U.S. Geological Survey noted
several tundra fires on the Seward Peninsula of Alaska in 1947, and although he
visited the area regularly he did not recall seeing burned areas again until 1971
when lightning strikes during frequent thunderstorms ignited many. In essence,
the respondents indicated that tundra fires occurred infrequently, and were invariably smallin areal extent.
Frequency and distribution
The frequency of tundra fires is v e q low when compared to that in forested
areas of Canada (Simard 1975) and the$ are insufficient recording stations in the
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remote areas of tundra to make direct comparisons. Most of the fires recorded in
Tables 1-4are dated witbin the past few years, because moreaircraft flights have
provided better surveillance and government personnel have made more complete
records. Much more research on various forms of disturbance has been carried
out recently and researchers from diverse backgound are recording fire locations.
Records are more numerous and are available for a longer period of time in the
Mackenzie Delta area, but as more research is conducted along the west side of
Hudson Bay in anticipationof a gas pipeline,it is probablethat more burned areas
will be located.
No records are available from the northeastern
part of the District of Mackenzie,
N.W.T., or in the northwestern part of the Districtof Keewatin, N.W.T. Fires have ’
occurred as far north as 64’45% in the District of Keewatin, 69’27% in the
District of Mackenzie, 68’00’N in the Mackenzie Delta, and 70’05’N in Alaska.
Fire has also been recorded as far north as 70’N latitude in the U.S.S.R. (Kryuchkov 1968a, b). Fires will probably be found in other parts of the mainland Arctic
in the future, because there is sufficient biomass (i.e. weight
of vegetation per unit
area, sometimes referred to as “fuel”) to carry a fire, at least in local areas. No
fires are expected in the Canadian Arctic Archipelago, because biomass there is
insufficient andtoo discontinuous.
Tundra firerecordsfor the easternArcticarerare.Severalreasonsmight
account for this, among which would be the inaccessibility of the area to people
who could start fires,and the climatological bnditions that result in low f i e
weather indices (Simard 1973).The only record fromthe tundra of northern Que
bec was from Rousseau(1968 p. 500) who indicated that tundra fires were important and started easily when lichens became dry. The Forest Protection Service
of the Government of Quebec had no record of tundra fires up to and including
1975, and Wilton and Evans (1974) recorded
no fires fortundra areas of Labrador.
Fire size
The sizeof area over which a fire spreads is strongly influenced by meteorological conditions. When these conditions are conducive to burning, biomass and
topographic variability within the area determine the ultimate extent
of the fire.
As biomass diminishes, topographic discontinuities become more important. This
is exemplified by records of fire sizes between Inuvik and Tuktoyaktuk in the
Mackenzie Delta area (Table 2). Fires near the treeline are larger, because the
biomass and subsequent releaseof energy is sufficiently great to permit the fire to
jump across drainage channels and other small areas of normally-wet vegetation.
Further north, the limited biomass does not generate enough energy
to burn readily
through the moist areas,
into the wind,or down-hill.
In the District of Keewatin variation in biomass is not as great as near the
Mackenzie Valley; therefore, one would expect fire size
to depend on topographic
discontinuities.
Causal agents
Lightning, until recently, has been the main causal agent
of tundra fires, although
indigenous peoples and early fur traders may have left campfires along river trans-
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portation routes which burned from the forested lowlands up into the tundra.
Meteorological records indicate that lightning storms decrease in frequency with
increased distance north, and about three times as many lightning storms occur in
the eastern part of the District of Keewatin as in the western part of the District of
Mackenzie (Kendrew andCurrie 1955).
Very often a lightning storm will cause a number of fires. On 14-15 August
1973, ninefiresbroke out just south of the treeline (60°07'N, 101'48W to
60°23'N, 101'44'W) (H. W. Gray, NorthwestLands anf Forest Service,personal communication). A similar grouping of five fires started by lightning about
4 July 1974 were recorded from 57'07'N to 57'42'N south of Fort Chimo (A.
Guay, Forest Protection, Government of Quebec, personal communication).
Shilts (1975) (Table 1) determined multiple tundra fires from one storm in the
District of Keewatin when satellite imagery took place at the same time as the
fires burned, and the smoke plumes providedready identification.
As industrial activity increaseson the tundra, there will probably be an increase
in the percentage of fires caused by man, just as in the boreal forests. Man has
ignited 10 of the 12 tundra fires of known cause between Inuvik and Tuktoyaktuk
(Table 2).
Dates of fires
Fires can be ignited as soon asthe snow melts andthe vegetation dries. This can
be as early as mid-May or as late as the end of August. Great length of day early
in the season is conducive to melting the snow and drying vegetation and plant
litter. The possibility of fire in September is small becauseof the higher humidity
levels associated with the reduced length of day. The fire at 68'53'N, 133'42W
(Table 2), which started on 13 June 1974, burned in spite of patches of snow in
depressions and inthe leeward of shrubs. This fire burned onlythe standing vegetation, because the surface soil was saturated. It is to be expected that fires which
occur later in the season under drier conditionswillremovemoresurface-soil
organic matter and kill more plant parts, so that there will be slowerrates of regeneration of the plant community. This hypothesis, however, requires testing with
experimental fires.
Fire dynamics
Tundra fires have burned through a considerable variation in landscape types,
but there is insufficient detail in the records to determine the specific communities
burned.Dwarfheath-lichen,dwarfwillow-birch,cottongrass,andevensedge
meadows in years of low precipitation, have burned (Shilts 1975; Wein and Shilts
1976).
Fire dynamics are poorly quantified at present, but a few generalities can be
given from abum located at 68'25'N, 133'35W (Table 2). This fire burned from
8-13 August 1968 after a drought period of 86 days. It spread north from the
open forest-tundra near Inuvik to about 15 km into the tundra. Near Inuvik the
groundfke wasblockedbyfire-guards,by
streams that normallyhaveflowing
water in summer, or by small lakes.In $e tundra of the northern part of the burn,
small streams or even polygon cleavage$ were sufficient
to block the fire.
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Tundra with scattered trees was more susceptible to fire than the tundra to the
north, but not all of the former vegetation type burned. White spruce trees and
alder shrubs located along stream channels survived, because
the wet moss understory did not carry the fire. Some small areas of paper birch on the southwestfacing slopes survived because the understory
of grass, shrubs and litter layer
carried only a light fire. In moss-dominated depressions fire burned large areas of
dry moss. There were, however, some areas where the moss was sufficiently wet
to permit the survivalof a few black spruce trees. Narrow bandsof lakeside sedge
communities usually did
not burn.
Tundra vegetation also carriedthe fire, but here the fire boundary was irregular.
Lowland areas of polygons usually burned; however, a few raised polygons were
protected from fire where the surrounding trenches were sufficiently deep. Even
small drainageways protected some areas. The streamside willows usually were
not damaged, and the fire stopped withina number of communities where vegetation cover was discontinuous.In communities with discontinuous plant cover the
fire stopped, at least in part, because of the lack of fuel, although many other
ambient environmental factors such as precipitation, wind and topography were
important.
Few data exist, as yet, on the rate of spread of fire in Arctic vegetation. Some
calculations made from Hill (1969)indicated that the 1968 fire travelled about
3 km per day in the forested areas, while in the tundra the movement was about
2 km per day. Shilts (1975)has observed tundra fires moving very rapidly across
sedge meadows and one firethat burned at a rate of one metre per minute against
to objectively determine fire
a 10-15 km-per-hour wind. Experimental studies
rate-of-spread and the magnitude of controlling factors remain to be conducted.
CONCLUSIONS

Arctic tundra fires do occur, although
there are few actual records of them. With
increased industrial activity fire frequencywill probably increaseas it has in more
southerly areas. Most tundra fires are infrequent and are relatively small when
compared to fires in
the forest-tundra or closed forest farther south. Little is known
about the ecological significanceof tundra fires, but if they are to be studied inthe
future an accurate record of them should be maintained. If fires are not recorded
within a few years, there may be sufficient vegetation regrowthfor the burn not to
be readily noticed. It is hoped that this paper will stimulate sufficient interest in
tundra fires for at least the locations of them to be recorded.
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TABLE 1. Recorded firesin tundra vegetation west of Hudson Bay, Districtof Keewatin.
LOCATION

64" 45' N,
64" 37' N,
64" 26' N,
64" 24' N,
64" 23' N,
64" 22' N,
64" 00'N,

93" 15' W
94" 10' W
94" 25' W
99" 00' W
95" 05' W
94" 22' W
95" 30' W

29 July 1973
29 July 1973
August 1973
19 June 1960
29 July 1973
30 July 1973
28 July 1973

Not known
Lightning(?)
Not known
Lightning
Not known
Lightning(?)
Lightning( ?)

SIZE IN
HECTARES*

VEGETATION
CHARACTERISTICS

13-16 X 102
31-39 X 102
4 x 102
Not known
8-10 X 102
8 x 102
10 x 102

Not recorded
Not recorded
Not recorded
Not recorded
Not recorded
Not recorded
Dwarf birch lichen
on peaty mat
Lichen mat and
heath species on
old raised beach
Lichen mats, low
heaths, mixed
lichen heaths
Lichen mats,
low heaths, mixed
lichen heaths
Not recorded

Shilts 1975
Shilts 1975
Shilts 1975
Cochrane and Rowe 1969
Shilts 1975
Shilts 1975
Shilts 1975

Sparse vegetation
in bouldery outcrop areas
Sedges

Shilts 1975

Dwarf willow
birch
All vegetation
types common to
Kaminak area
Not recorded

Shilts 1975

63" 54' N, 96" 42' W

1970

62" 51' N, 92" 12' W

24 June 1968
Man

65

62" 51' N, 92" 11' W

Late
summer
Man
1967

120

10' Wor
62" 50' N, 92"
Man

July
August 1973
August 1973

Several
(hectares)
4

62" 26' N, 95" 43' W
62" 07' N, 95" 20' W
62" 09' N, 96" 01' W
62" 00'N, 95" 27' W
61" 10' N, 94" 15' W
61" 22' N, 95" 26' W

60" 32' N, 94" 35' W

known Not

Lightning( ?)

spot

13August1973Debrisfromanother
fire( ?)
24 July 1973
Man
to 2 August 1973
2-19 Aug. 1973 Lightning

26-32

1May 1973 toNotknown
20 July 1973
15-18Aug. 1973 Not known

4-20 X 102

May
to midNot
known
June 1973

23 x 102

4-8
13 x 102

16 x 102

Dwarf willow-birch
and lake-bed sedges
Moss, lichens and
grass-sedge

REFERENCE

Wein and Shilts 1976
Cochrane and Rowe 1969
Cochrane and Rowe 1969
Shilts 1975

Shilts 1975

Shilts 1975
cl

Shilts 1975
Shilts 1975
Shilts 1975

*lo2 hectares = 1 km2

c

Y

"
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"

TABLE 2. Recorded fires in tundra vegetation eastof the Mackenzie Delta, Districtof Mackenzie.
1
LOCATION

69" 27' N, 132" 57' W
69" 26' N, 131" 20' W
69" 25' N, 133" 01' W
69" 24' N, 133" 03' W
69" 23' N, 133" 09' W
69" 23' N, 132" 57' W
69" 20' N, 133" 02' W
69" 17' N, 133" 05' W
69" 05' N, 131" 10' W
69" 03' N, 133" 48' W
69" 00' N, 130" 4
0
'W

31 August 1971
10 May 1968
26June 1969
2 July 1973
9 July 1972
24 July 1974
1 August 1968
16 July 1970
30 July 1973
22June1973
1954

Campfire in driftwood
Not known
Not known
Campfire in driftwood
Campfire in driftwood
Campfire in driftwood
Not known
Clean-up fire
Lightning
Clean-up fire
Not known

68" 59' N,
68" 54' N,
68" 53' N,
68" 49'N,
68" 4
4
'N,
68" 31' N,
68" 25' N,

9 July 1972
11 May 1968
13 June 1974
1971
11 August 1968
19 June 1971
8 August 1968

Camplire
Signal fire
Clean-up fire
Lightning
Not known
Not known
Campfire

133" 27'
133" 33'
133" 42'
134" 11'
132" 02'
132" 25'
133" 35'

W
W
W
W
W
W
W

SIZE IN
HECTARES*

VEGETATION
CHARACTERISTICS

1
6
4
spot
1
spot
8
24
2
spot
2,000 x 102
(400 x 102
tundra)
1
2
32
17
spot
6
350 x 102
(115 x 102
tundra)

Not recorded
Tundra
Shrub-tundra
Sedges
Sedges
Moss
Tundra
Tundra
Shrubs
Tundra
Spruce in south
to tussock-shrub
in north
Non-forested
Shrub tundra
Shrub tundra
Birch-heath
Not recorded
Tundra
Spruce in south
to heath tundra
in north

*lo2 hectares = 1 km2
**N.W.L.F.S. (11-71) refers to Northwest Lands and Forest Service(fire no. 11 in 1971)

ij
REFERENCE**

N.W.L.F.S. 11-71
N.W.L.F.S. 7-68
N.W.L.F.S. 28-69
N.W.L.F.S. 6-73
N.W.L.F.S. 3-72
N.W.L.F.S. 22-74
N.W.L.F.S. 25-68
N.W.L.F.S. 5-70
N.W.L.F.S. 19-73
N.W.L.F.S. 7-73
Cody 1964
N.W.L.F.S. 4-72
N.W.L.F.S. 5-68
N.W.L.F.S. 4-74
N.W.L.F.S. 5-71
N.W.L.F.S. 20-68
N.W.L.F.S. 7-71
N.W.L.F.S. 34-68

cl

DATE

TABLE 3.

Recorded firesin tundra vegetation between the Mackenzie Delta
and the Alaska border.
IN

LOCATION

SIZE
HECTARES*

CHARACTERISTICS

VEOETATION

REFERENCE**

68" 0
0
'N, 137" 15' W

1971

Not known

1 x 102

Shrub-tundra

Wein (personal
observation)

67" 38' N, 136" 40' W

18 June1972

Lightning

5

Shrubs

Wein (personal
observation)

67" 26' N, 135" 23' W

2 July 1969

Not known

12

Shrub-tundra

N.W.L.F.S. 30-69

67" 22' N, 135" 30' W

16 July 1972

Lightning

40

Shrub-tundra

N.W.L.F.S. 5-72

67" 22' N, 135" 21' W

2 July 1968

Not known

1

Tundra

N.W.L.F.S. 9-68

67" 16' N, 135" 17'W

18 June1971

Lightning

1

Shrub-tundra

N.W.L.F.S. 6-71

67" 16' N, 135" 45' W

1971

Lightning

1

Tussocks

Wein (personal
observation)

67" 10' N, 135" 15' W

1972

Lightning

4

Shrub-sedge

Wein (personal
observation)

67" 10' N, 135" 15' W

1971

Lightning

1

Shrub-sedge

Wein (personal
observation)

67" 07' N, 135" 41' W

17 July 1972

Lightning

1

Shrub-tundra

N.W.L.F.S. 7-72

TABLE 4. Recorded fires in tundra vegetation of Alaska.
LOCATION

SIZE IN

VEGETATION

HECTARES*

CHARACTERISTICS

REFERENCE

70" 05' N, 147" 50' W

1969

Lightning

2

Wet coastal plain

Barney and Comiskey
1973

69" 4
0
'N, 148"

59'
W

1970

Man

28

Wet coastal plain

Barney and Comiskey
1973

69"

04'
N, 148"

41'
W

1971

Lightning

2

Barney and Comiskey
1973

69"

02'
N, 155" 55' W

1971

Lightning

4

Dry moraine hills
Dry moraine hills

68"

49'
N, 153" 33' W

1969

Lightning

16 x

Well drained ridges

Barney and Comiskey
1973

66" 00'N, 152" 0
0
'W

5 July 1957

Lightning

Not known

Not recorded

Komarek 1964

67" 30' N, 159" 0
0
'W

3 June 1948

Lightning

Not known

N o t recorded

Komarek 1964

Seward Peninsula

1974

Lightning

Extensive

Cottongrass
tussocks

D. M.Hopkins

Cottongrass
tussocks

D. M.Hopkms
(personal
communication)

Seward Peninsula

*lo2 hectares

=

1 kmz

July 1971
(3 fires)

Lightning

102

1,600 x 102

Barney and Comiskey
1973

(personal
communication)

222

ARCTIC TUNDRAFIRES

REFERENCES

and COMISKEY,A.L.
1973 Wildfires andthunderstorms onAlaska's North
Slopes. US.,Department of Agriculture, Forest Service,Research Note PNW-212.
BILLINGS, W. D. 1969. Vegetational pattern near alpine timber line as affected by fire-snowdrift interactions. Vegetatio, 19: 192-207.
BROKX, P. A. J. 1965. The HudsonBayLowland
as caribou habitat.(Unpublished M A .
thesis, Universityof Guelph, Guelph, Ontario.)
COCHRANE, 0. R. and ROWE, J. S. 1969. Fire in the tundra at Rankin Inlet, N.W.T. Proceedings, 9th Annual Conference, Tall Timbers Fire Ecology, 1969. Tallahassee, Florida: Tall
Timbers Research Station.pp. 61-74.
CLARK, C. H. D. 1940. A BiologicalInvestigation of the Thelon Game Sanctuary.Canada,
National Museums,Bulletin no. 96 (Biological Series no.25).
CODY, W. J. 1964. Reindeer range survey, 1957 and 1963. Canada, Department of Agriculture, Plant Research Institute.
1965. Plants of the MackenzieRiver delta and reindeergrazingpreserve.
Canada, DepartmentofAgriculture, Plant Research Institute.
DOUGLAS, G. W. and BALLARD, T. M. 1971. Effects of fire on alpine plant communities in the
North Cascades, Washington.Ecology, 52: 1058-64.
HEGINBOTTOM, J. A. 1972. Someeffects of a forest fireon the permafrost active layer at
Inuvik, N.W.T. Proceedings, Seminar on Permafrost Active Layer: US.National Research
Council, Technical Memorandum no. 103. pp. 31-36.
HILL, R. M. 1969. Review of Inuvik forest fire, August 8-18, 1968. Mimeograph, on file at
the Inuvik Research Laboratory of the Department of Indian and Northern Affairs (Government of Canada).
HUSTICH, I. 1954. On forests and trge growth in the Knok Lake area, Quebec-Labrador Peninsula. Acta Geographica, 13: 1-60.
KENDREW, w. G. and CURRIE, B. w. 1955. The Climate of Central Canada. Ottawa: Queen's
Printer.
KOMAREK, E. v. 1964. The natural history of lightning. Proceedings, 3rd Annual Conference,
TallTimbers Fire Ecology,1964. Tallahassee, Florida: Tall Timbers ResearchStation.
pp. 139-83.
KRYUCHKOV, v. v. 1968a. Kochkarnye tundry (Tussock
tundra).
Botanicheskiizhurnal,
53: 1716-30.
1968b. PochvyKrainegoSevera nado berech'(Soils of the Far North should
be conserved). Priroda, no. 12: 72-74.
LUTZ, H. J. 1955. Ecological effects of forest fires in the interior of Alaska. U.S.,
Department
of Agriculture, Technical Bulletin 1133. p. 52.
MACKAY, J. R. 1970. Disturbances to the tundra andforest tundra environment of the western
arctic. Canadian Geotechnical Journal, 7: 420-32.
RITCHIE, J. c. 1962. A Geobotanical Survey of Northern Manitoba. Montreal: Arctic Institute of North America (TechnicalPaper no. 9). p. 25.
ROUSSEAU, J. 1968. The vegetation of the Quebec-LabradorPeninsulabetween
55" and
60"N. Naturaliste canadien,95: 469-563.
SHILTS, w. w. 1975. Tundra fires, southeast district of Keewatin. Canada, Geological Survey,
Paper 75-1, part B, pp. 187-95.
SIMARD, A. 1973. Forest fire weather zones of Canada. Canada, Department of the Environment, Forestry Service (map).
1975. Wildland fire occurrence in Canada. Canada, Department of the Environment, Forestry Service (map).
STAHELIN, R. 1943. Factors infiuencing the natural restocking of high altitude burns by coniferous trees in the centralRocky Mountains.Ecology: 2 4 19-30.
WILTON, w. c. and EVANS, C. H. 1974. Newfoundland ForestFire History,1691-1960. St.
John's: Newfoundland Forestry Research Centre (Information Report N-X-16).
WEIN,R. w. and BLISS, L. C. 1973. Changes in arctic Eriophorum tussockcommunities
following fire.Ecology, 54: 845-52.
and SHILTS, w. w. 1976. Tundra fires in the District of Keewatin. Canada,
Geological Survey, Paper76-1A, Part A, pp. 51 1-5.
BARNEY, R. J.

