
S. c. Picktold

College of Forest Resources
University of Ntrashiogto[
Seattle, $Tashingtoo 98195

G. R. Fahnestock

Foresr Fire Consultant
16110 North Ashworth Avenue
Seattle, Washington 98133

ano

R. Ottmar

Foresuy Technician
Pacif ic Northvresr Forest

and Range Experiment Station
Seattle, Vashington 98 1 1 5

Weather, Fuel, and Lightning Fires in Olympic National Park

Abstract
Seven hundred forty-seven forest fires burned 2502 ha, Ln Olympic Narional Park, \Fashington
(exclusive of the coastal strip), from 1916 ro 1Ct75. The 274 liehtnine fires accounted foi 81
percent of the area burned; 17 fires larqet than 4 ha accounted for 96 xrcent of the area butned
by lightning fires. Lightning started fires in only 22 of rhe 60 years, although l-50 thunderstorms
per year occurred during rhe summers of a l9,year sample period. Probabiliry o{ one or more
fires resulring from a rhunderstorm depended on the numbet of days without 2.5 nm of rain
preceding the storm. Eighry-seven percent of the fires and all but one of the fires larger than 40
ha burned in the northeasterly half of the Park, presumably because of lower precipitition. More
than hatf of the fites statted ̂ lro\te 1220 m elevation, and four-fifths above 915 m. Differences in
fuel types and quantities had little influence on {ire occurrence or behavior. Most fires started
and most areas burned in the subalpine zone, which has the lightest, least continuous fuels.

lnttoduction

I7ater, not fire, is the aocient elemeor rhat comes first to mind upon mention of Olympic

Nadonal Park. The west side of the Olympic Peninsula in l/ashiogton is the wettest
spot in the contiguous 48 states of the U.S-A- aod seems, therefore, an unlikely place

to study the natural role of fire. However, available weather aod fire statistics reveal
exteosive lightning activity.

Io 1976, the Pacific Norhwesr Region of rhe Narional Park Service cootracted for
a preliminary study of the fire potential within Olympic National Park.1 This paper

reports the major findings of that study.

The Park comprises about 323,890 ha of land, most of which lies as a solid block in
the heart of the Olympic Mountaios (Fig. 1). Elwations raqge from a few tens of
meters above sea level to 2428 m at the clest of Mt. Olympus. Precipitatioo at peripheral

rC-ontract #CX-9000-6-0116. Detailed report on file at Olympic Natioral Park Headquarteis, Pon
Angeles, \Tashington, and C-ollege of Forest Resources, University of \trashingtod, Seanle.
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stations averages 2550-3680 mm annually except in the nottheastern rain-shadow area,
which receives as little as 760 m. July-Augusr precipitation averages less than 5 per-
ceot of the total. Normal summer aftelooon tempelanues at lower elevations vaxy from
15 to 20oC, usually accompanied by relative humidities near 60 percenl The prevailing
vrind io summer blows frorq the wesr and nolrhwesr ( Phillips and Donaldson, 1972).

Dense coniferous forest predomioates on the two-rhirds of the Park that is below

e3
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Figure l- location of Olympic National Park and weather statioos used for references: 1. Cush-
man Dam;2.  Quioaul t  R.S. ;  3.  Clearwater;4.  Forks;5.  Clal lam Bay;6.  Port  Angeles;
7. Sequim; 8. Port Townsend; !. Quilcene; 10. Bremerton; atrd 11. Seattle/S€a-Tac.
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dmberlioe-generally 1670-1830 m, The main species are Douglas-fir (Prc*doxr.ga
menziesii Mirb. Fromes), western afld mounraio hemlocks (Twga heterophltlla Rap.
Sarg. and T. mefieuiana (Bong.) Carr), western redcdar (Th*ja plicata) Doon., sub-
alpine and Pacific silver firs Abies lasiocarpa (Hook.) Nutt., and A. grandfu (Dorgl.
Forbes), westero vrhite and lodgepole pines (.Piws monticola Dougl., and P, contorta
Dougl.), Alaska yellowcedar (Chamaecyparit nootkd.tensir') (D. Don), and red alder
(Alnut rubra) Bong. Fooda and Bliss (1969) ideotified the major community types as
Douglas-fir, Douglas-fir-western hemlock, westem hemlock-Douglas-fir, and silver
fir-westerq hemlock in the mootaoe zooe; and silver fir mounrain hemlock and sub-
alpine fir in the subalpioe zone.

Methods

The 191.6-1975 fire history of the Park was compiled from records of the Pacific North,
west Regioo, U.S. Forest Service, Portland, Oregon, and from those records of Park
Headquarters, Port Angeles, Washington. Information on thunderstorm occulrence came
from fire lookout and weather station obrrvarioos obtaioed by the Washington State De-
partment of Natural Resources for the years L945-7963. Published weather records and
summaries for the same period from 11 peripheral starions ( Figure 1) provided data on
precipitation and wind ( Phillips and Donaldson, 1972). Probability that occuuence of
lightning would start ofle or more fires was calculared as a function of the number of
rainless days since a day on which all 11 stations reponed at least 2.5 mm of rain.

Surface fuels wele measuled by the line-inrercept techlique (Brown, 1974) along
10 or 15 randomly orielted ffansects in each of 8 staods representing 7 communiry
types (Fonda and Bliss, 1969). At the end of each uansec, duff depth was measured
aod converted to $/eighr according to relations found by Balci (1964): expected ioirial
rate of spread of surface fire and probability of crownfire occurrence (crowning po,
tential ) were determined with objective keys ( Fahnestock, 1970); ard Iire rate of
spread and lesistance ro control were estimated with refelence to regional standafds
(U.S. Forest Service, 1968). Extensive reconnaisance indicated that the samples were
sufficiently lepresentative for this general study.

Fire History
The statistical record showed th^t 747 fires burned about 2502 ha ftom 1916 through
797 5 (Table 1 ) ; of these, 63 percent were man-caused, but lightning fires accounted for
81 percent of the rotal area burned.

Man-caused fires are an annual feature; only two years (1954,1972) had none. The
maximum number in a single year ( 1965 ) was 2). Sir,ce 1946, mao-caused fires have
burned only about 10 ha in all, with no fire larger than 4 ha. This good record appears

lllABLIl 1. S'rmmary oi Iorest li.e experience 1916-1975.

Siza Number ol Fires
Class Man-caused Lightnina All

Hectaros Buned
Man-caused Ljghinins

4 0 8  1 5 9  5 6 ?
.17 ?8 125
1 6  2 7  4 3

2 7 9
3 3

473 21-4 747

A (<.1 ha)
B (-1 3 ha)
C  ( 3 - 3 0  h a )
D  ( 3 0 - 3 0 0  h a )
E  ( > t 0 0  h a )
TOTAL

2.0 4.8
?7.3 111.3

4 1 5 . 8  6 9  8 . 3
5 8 6 . 2  ? 3 1 . I
9 5 5 . 5  9 5  5 . 5

2,036.3 2,502.3

2 . E
34.0

2 8 3 . 0
tnr.,

465.5
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r
due to effective prevenrion aod prompr suppression, especially io view of greatly in-
creased visitor use.

By contrast, lightning fires occurred in less than one-third of the past 60 years
(Figure 2). Six years accounted for 82 percent of all lightning fires; three years had
more than )0 fires each. Ninety-four perceot of the total area burned by lightniog fires
occufied irt only four years, three of which were also high-occureflce yea$. Fifty-seven
percent of all lightning fires burned less than 0.1 ha each; another 29 percent were
smaller than 4 ha, and ooly 4 percent (11 fires) exceeded 40 ha. The largest fire in
1924 burned 348 ha.2 A downward trend io ma-rimum fire size may reflect improving
fire-control capabilities and changiog fire cootrol policy. In the ea y days, inaccessible

1950
Year

Figure 2. Annual occurrence of lightning fires, 1916.191i.
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lightning fires had low suppressioo priority and could burn unmanned for considerable
periods (I7illiam Goo.lpaster, Hoodsport, Nfashington, pers. comm.).

Extensive stands of relatively youog forest containing occasional fire-scared older
trees bear witness to fires aotedatiog the statistical records. The largest such areas are
in the north aod northeast part of the Park. Limited fire-scar dating placed rhe latt fire
in the Elwha at 1891 and that in Maiden Creek at 1901. Another fire had occurred about
45 years eadier in Maiden Creek, and still older scars undatable with the period of
explolation and eady development suggest the fires were man-caused, as others in the
geoeral atea ale known to have been.3

Some areas burned more rharr once, as evidenced by occasional deeply scarred trees,
usually western redcedar, with the wood exposed by the first fire charred by a subsequent
fire. We found one of these that had last burned more than 220 yeats ago, judging from
the charred face. Ages of old, evenaged Douglas-fir staods wele 300-plus years in sweral
instances, suggesting that the Olympic Peoinsula experieoced the same fire episode that
burned millions of hectares on Vaocouve! Island and the adjaceot mainland of British
Columbia ( Schmidt, 1970). Although lightning probably caused most prehistoric fires
in the Park,Iodians may have started some, since certain ttibes (e.g., Quilleute, Quinault)
hunted in the inrerior during summer (Singh, 1!66).

Fire in Relation to Enyironmental Factors

Weather Effects

Ocuotence ol Ligbtning

Thunderstorms generally develop io western Washington when cool, unstable, marine
air is advected aloft over warm continental air. This process commotrly takes place when
an upper-level low lies over the region o! is moving northward along the California
coast. Frontal, orographic, and radiational rhunderstorms also occut either independently
or in conjunction with this situatioo (Phillips and Donaldson, 1972). Ftom 1945
through 1!63, June through September,447 thunderstotms were reported in the Park,
averagrrrg 24 pet year and ranging from 3 to 50 per year. Heaviest thuoderstorm activiry
occulred from mid-July through mid-September, but Juoe also had significanr numbers
of storrns.

Ocaurence of Fires

Some reported thunderstorms produce no cloud-to-ground lightning, some occur whefl
fuels are too green or wet to buro, and some produce enough rain to extinguish paft
or all of the fires they stalt. Etom 1945 to 1953, lor one or a combination of rhese rea-
sons, lightning fires in Olympic National Park occurred orrly from July 6 to September
12. The percentage of stoms that start fires bears a direct relatioo to the number of
days between the srorm and the last rain of at least 2-5 mm (so-called "significant rain-
fall") at all of rhe 11 weather starioos (Figure l). Fewer rhan one srorm in five started
fires within five days of a sigdficanr rain; about half the storms started fires afrer
l5-2O dry days, but upwards of 70 percent of s.oms smf,red fires after 25 dry days. On

lSince completion of this study, the 1978 Hoh Lake fire burned about 400 ha-
3Olympic National Forest file memorandum 1-INFORMATION--Olympic-Historical, of Jan.
21, 1943, bv Vondis E. Miller.
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Washington coast; the secood, mosr common in fall aod winter, involves development of
high pressure easr of the Cascades due to inflow of cold cofltinental air (Cramer, 19)7).
The July 17, 1941 fire "bust" came ar the eod of the first type of situatioo; on Septem-
ber 11-12, 1961, winds produced by the second situatioo caused severe fire control prob-
lems on several fires which had stared eadier.

Topographic Effects

Phyiogtaphy

The Park can be divided logically into a west€rn slope that irrcludes only westvrard-
flowing drainages and an eastero secrioo whose streams flovr north, easr, and south
except for the Quinault River above the mouth of O'Neill Creek. As nored eaflier, the
west slope receives very heavy annual rainfall, the eastern secrion much less. The eastern
section comprises )7 percent of total area, but has had 87 percent of all lightning fires,
including all but one of rhose larger rhan 40 ha (Fig. 4). The physiographic effect
appe:us ro be purely a macrer of precipirarion.

Eleaation
Lightniog fire occurrence in Olympic National Park, as in the northern Rocky Moun-
tains (Bauows, 1951), varies with elevation. Eighty-two percent of rhe fires have
stated above )14 n zod 51 percenr above 722O m. Above 1220 m, occurrence rate has
been about the same ( 1.1/50,000 ha/yt) ot both sides of the Park; at lower elevations,
the eastside rate (.72/50,OOO ha/yr) is about triple thar of the westside (.21/50,O0O
ha/yr). Fires larger than 4 ha accounted for 96 percent of all burned area; 75 percent of
this area resulted from ignitions above 1220 m and 91 percenr from ignitions above 915
m. Ooly two fires rhar reached 40 ha started below 915 m.

Fuel Effects
A fuel-type map of the Park (in Olympic National Park Fire Atlas) as of abour 1940
shows roughly !0 percent of the area as nofl-foresr or low to moderare in both expected
rate of fire spread and expecred resisrance to control (U.S. Forest Service, 1968). Rel-
ative oumerical ratings corresponding to descriptive words are:

Rate of spread
Resistance to contol

Low Moderate High Extreme

1 5 2 5  1 2 '
1 2 4 8

The fuel-type map, adapted from the U.S. Forest Service's 1936 "Forest Type Map for
the State of Vashington," shows fuel hazard in subalpine and some bottomland forest as
Iow-Low, in other oldgrowth as Low-Moderate, and in young forest (less than 100
years old) as mosdy Modelate-Moderate, with some areas of Moderate-Iow and Moder-
ate-High. A few thousand hectares of receot burn, in scattered patches, have higher
ratings due to the presence of standing and fallen fire-killed trees. The old map still gives
a generally valid picrure of fuel hazard in the Park.

Surface fuel loading tends o be light ((112 tonne/ha) in subalpine communiry
types and moderate (112-224 tonne/ha) in montane types that have been uqdisturbed
for a long time ( Table 2, Figs. 5, 6). Expected rate of spread is low to moderate
accordiog to U.S. Forest Service (1!68) standards and neve! more than 12 (usually
much lower) on the 100-point scale of an objective key ( Fainestock, 1970). Resistance
to control is generally low to moderate. Probability of crownfire is moderate to high
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TABLE 2. Dead luels ard iuel r:Ltinss in r€lation 1o habitat hrpe.1

Tvpe"
Wooaly
Suriace

<7.1j cm >?.0 cm All

I'oresi Toi.al SMss

Fuel
Ratnsr

BY KeYi R-6 Sla.dard
R/S C/r  R/S R/C

LP
AF
MH.SF

D l ' ( s a )
DF (HE)
DF (Bu)
DF-WH
l{H-DF
WH-DF (Bu)

6 . 1
6.3
4 . 7

53.6 59.? 2 r i .9
52.4 59.7 28.?
16.4 21.7 2A.5

6.9 61.0 67.9 4: t .7
9.6 26.2 t5.8 57.2
6_3 64_E ?1.1 3 ?.0
9.0 82. t  C1.3 57.2

15.9 119.9 135.8 60.5
9.6 ?16.E 226.4 164.1

86.  r j  2 i
8 8 . 4  1 6
44.6 i r

2 1 -
7 6
1 3

Mod.

ryIod.

Mod.
X[od-

Mod.

Mod.
Mod.
Mod.
High

1 1 1 . 6
9 3 . 0

108.1
14E.5
1 9 6 . 3
394.5

2

4 0
E

4
4
2
t
4
7

lAccoldinc 1() Fonala anal Bliss (1969).

,AF:Subalpine lir; Dl':Douslas{ir: I-Il=Lodsepole Dine; MH=m1. her ock; SF=Pa-ciiic silver fi!.;
WH=wes iern  hemlock ;  (Bu)=191? bum;  (He)=herbaceous unders to ry ;  (Sa)=sa la l  unders lo l ] .
3On ihe basis ol 13 iome/ha per cm oi deplh (Balci, 1964).
aR/S:rate ol spread; B/C:resistance to conlrol: C/P=crorraina potenlial-

'On a relalive scale ol 0-100 lor R/S and 0-10 ior C/P (Fahnestock, 19?0).
oon descripiive levels oi Low, Moderate, Hieh, anil Exbeme (USDA l'orest Service, 1968).

Figure 4. Lightnins fire locations and area burned io Olympic National ParL, 19L6-1915.

Fires in Olympic Naciooal Park 99



(3-7) in the subalpine zone, low to moderate (2-4) elsewhere. Crown fuel is abundant
but relatively unlikely to ignite initially because of wide separatioo from surface fuel.
A )9-year-old burn ( man-caused ) io montane foresr (Table 2) had by far the heaviest
dead-fuel loading and the highest fuel'type rating (Moderate-High ). The worst fuels
seen (bur oor measured) mted Exfieme-Extreme, and we[e in a previous winter's blow-
down just east of the Elwha River above Elkhorn Guard Stations (Fig. 6d). Occurrence

Figure 5. Forest and fuels of the subalpine 2one; a. General view, shoving discontitruity that tends
to limit fire spread; b. View in the very common oldgrowth subalpine fir type with
typically patchy fuel.

YJ:

,-;i .
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of older blovrdowns nearby emphasized the known effect of occasional high winds as a
cause of high fuel hazards.

Fuel types {or the east side of the park can be redefioed somewhat to incorporare
a few refinements based on the ptesenr study. The entire subalpine zone is rated as
Low-Low. (Some of rhe old bums technically still may have higher hazard, but they
are too small and scattered to be of consequelce. ) Borh oldgrowth arld younger montale
forest is Low-Moderate. However, separare mappiog of the two age-classes appears
desirable because they present somewhat differenr suppression problems: bigger wood to
cut io the oldgrowth, higher probability of crowning in the youog forest Oldgrowth is
also divisible into Douglas-fir arrd other species because of variation io resiscaoce co
control from very lovr in the herbaceous-understory (Fig. 6b) to high in the salal phase
(Fig. 6c) ( Fonda and Bliss, i969). The "ror-commelcial rocky" classificarior or rhe
1936 forest rype should be rated Low-High: fires spread slowly in the sparc fuel, bur
are hard to control because of rough terrain arrd rocky soil.

Fire lmDact

Lightning fires of the past 60 years in Olympic Natiooal Park have had oegligible im-

Pact, in tefms of area burned. At the preseot rate, neatly teo thousand yeafs would be re,
quired for the vrhole Park to burn over orrce. As noted earlier, however, there is ample
evidence of much more extensive burriiog before the period of record. In aoy case, im-

Pact is a matter of what fire does to arl ecosysrem, not just how much area ir covets.

A variant of the catastrophic fire regime prevails in the Park, as io other moist
conifer forests made up of shorr-needled species ( Fahnest<xk, 1976). That is to say,
fires of appreciable size teod to occur ar long intervals, kill a large proportion of the
trees, and leave more fuel, consisting of fire-kilted tlees, than existed before. The sub-
alpioe situation fits the picture especially well: the fires of the twentieth ceritluy there
are highly visible from the air because large living trees have been virtually eliminated,
but dead trees are conspicuous, both standing arrd down. Similarly, the sharp edges and
evenaged expanse of some relatively youog stands appear to show rhe outlines of older
fires rather precisely. However, low elevation burru in old growrh cao be hard to identi-
fy from the air. Mortality may be limited to thin-barked, sub.canopy spcies*hemlocks,
true fir, some redcedar-leaving a nearly continuous high cover of Douglas-fir and big
cedat crowns; e.g., the 1938 burn ffaversed by the Lake Constance Trail.

The really significant fact of fire impact in the Park is that burned aleas ale re-
forested quickly and completely. The exrensive young-growth areas became established
within a decade of the fires that gave rise ro rhem, and the stands are denser than a
timber-maoagement forester would want, often of the "dog-hair" type. Young trees are
less prominent and s6nds sparser at high elevatioos, but this situation is to be expected
because slow developrnenr and spotty distribution are chamcrerisric of subalpioe forest.
Thus, the qualitative impact of fire is to revise general age-class strucrure aod species
composirion, flor ro cause plolotrged denudation.

Summary and Conclusions
Lightning-caused forest fire is a significant natural process in Olympic National Park.
From 1!16 to 1975, ooe year in three has had at least one fire, one in six has had 10 or
more; appreciable area burfled one year in 15- Nevertheless, the net fire impact was
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Figute 6. Forest aad fuels of the moftarie zone: a. Typicai Dougias-fir-western hen: ock type;
b. Herbaceous phase of Douglas-fit type; c. Salal (Gabheria sbalon) phase of Douglas
fir !ype; d. Receor blowdown in the Douglas-fir-westetn hemlock type.
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negligible during the period: 2502 ha burned, but oo fire was larger than 348 ha. Fire-
scatted trees and extensive evenaged stands are evidence of big fires ar loog intervals.
The most receot of these (late 1800s) may have been mao-caused; eadier big fires
probably resulted from lightning. During the period of record, man's activities have
beeo responsible for neady twice as many fires but ooly one fifth as much burned area
as lightning.

Over and above rhe production of lightning, v/eather is the main determinant of
when fites occur aod how much axea burrs. The probability of a lightning fire occurriog
depends on elapsed time since a rain of at least 2.5 mm, ranging from less than 30 per-
ceot after eight dry days ro )70 percent after 28 days. Long dry periods are associated
with easterly flow produced by well-understood arrd rather predictable synoptic weathei
situadons.

Topography largely determines vrhere fires start and are most likely to become
large. About 87 perceot of lightrriflg fires have started in the drier easr side of rhe
Park. More than half of the fires and 7) percent of the burned area occurred above
1220 m.

Fuel hazard is low to moderate over most of the Park; high-hazard aleas are scatte{ed
and relatively small. The subalpine zone has rhe lowest hazard but rhe glearesr number
of fires and area burned.

The current explorarory study is hardly sufficient basis for sweeping conclusions
or firm managemeot decisions, but it has some strong implications and indicates di-
lectioo for fuRlle resealch:
(1). Over rather long time periods, rhe impacr of uncontrolled lightning fires would

be tolerable throughour most of the Park because of small exrent afld rapid re-
covery of burned areas;

(2). To the exte[t that fire protection is considered lecessaryj wearher {orecasts and
simple precipitation lecords can be used ro direct the effort and minimize cost;

(l). Fuels are not a critical variable governiog ignition and spread of lightning fires.
Sufficient fuel exists pracically ever'.where to slrpport fire spread; but hazard
ratings are mostly low to moderare, with too little contfast ao affect managemenr
decisions significantly. Howeve!, high-hazard fuels io heavy visiror-use ateas ate
a factor to reckon with in protection from man-caused fires; and

(4). Fire history investigations in selected areas of the Park should be undertaken to
provide better understanding of the periodicity of major fires. Climatic history
should be studied concurrently, as feasible, to find out how loog-tetm weather
fluctuar ions affecr l ire periodiciry.
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