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THE HistoricAL OccurRRENCE OF FIRE

IN THE CENTRAL HARDWOODS®

Steven D. Olson

hat did the forests of the
\/\/ Midwest look like at the

time of European settle-
ment? What ecological processes
were at work on the landscape?
And just how important was fire—
how much of the land burned and
how often? Answers to these
questions can be found in the
writings of early European visitors
and settlers.

Early Fire History

The two sources of fire prior to
European settlement were Native
Americans and lightning. Anthro-
pogenic (human-caused) fires gen-
erally do not coincide with the
timing of natural fires (Martin
1991). In the Midwest, lightning
fires are most likely to occur in
late summer, whereas anthro-
pogenic fires before the arrival of
Europeans usually occurred in
spring or fall.

Native Americans set many fires to
keep areas clear for villages and
agriculture (Noss 1985). Parts of
the Midwest were known for their
smokiness at certain times of the
year. In 1796, an early surveyor of
the Ohio River, Andrew Ellicot,
noted daylong fog and smoke near
Gallipolis, OH, due to “the effect of
fires extending over the vast forests

Steve Olson is a natural resource specialist
for the USDA Forest Service, Hoosier
National Forest, Tell City Ranger District,
Tell City, IN.

" This article summarizes an article published in 1996
by the author under the title “The Historical
Occurrence of Fire in the Central Hardwoods, With
Emphasis on Southcentral Indiana” in Nafural Areas
Journal, 16(3):248-256.

Since fire suppression began,
the open oak forests and woodlands have become
closed forest stands, and the canopy oaks are
declining in some regions.

of our country” (Gordon 1969).

In his 1823 journal, the traveler
William Faux mentioned the
daylong smoke of “Indian Sum-
mer” near Princeton, IN (Faux
1823). Ladd (1991) cites numerous
authors during the period of early
European settlement who discuss
the occurrence of fires in Missouri.

Fire explains the frequent observa-
tion by European travelers that
many forests in the Eastern United
States lacked undergrowth. In his
review of the literature concerning
the Native American influence on
the landscape of the Northeast,
Day (1953) cites authors as far
back as 1670 who attributed the
open character of the forests to
annual burning. Low-intensity
surface fires kept woodlands open
in the Ozarks as well (Guyette and
Cutter 1991).

The brushy character of many
areas can also be attributed to
frequent fire (Marks et al. 1992).
If short-return-interval fires are
interrupted for several years, oak
and hickory can regenerate,
increasing woody fuels and reduc-
ing herbaceous fine fuels. Fire
then no longer passes through

a stand except under severe con-
ditions. When those conditions
occur, fire top kills seedlings and

saplings in the understory but
not their well-established roots,
which quickly send up new shoots
(fig. 1). A low, brushy growth can
result and persist for many years.
Early travelers in the Midwest
described the resulting pattern of
woody undergrowth often domi-
nated by “grub-forming” oaks in
dense thickets (Ladd 1991).

Early travelers also left many
accounts of large stands of trees
killed by fire (Williams 1994).
However, Day (1953) notes “that
there is no evidence in the early
authorities for the wholesale
conflagration of southern New
England . . . but only burning

‘in those places where Indians
inhabit,” and outside the swamps.”
Similarly, there is scant evidence
of widespread, all-consuming fires
in the Midwest.

In the survey notes left by the
USDI General Land Office (GLO—
predecessor to the USDI Bureau of
Land Management), references to
fire-killed trees are rare, probably
because catastrophic fire was
indeed quite infrequent, whereas
the effects of low-intensity fires
were so common that the survey-
ors considered them unworthy of
note. On what is now the Hoosier
National Forest in Indiana, the
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Figure 1—Dry upland forest community in the first summer following a prescribed fire
on Boone Creek Barrens, Tell City Ranger District, Hoosier National Forest. Note plentiful
sunlight on the forest floor and abundant sprouting by shrubs and saplings after being
top killed by fire. If fire is again excluded from the area, this woody growth might form a
dense understory. Photo: Steven D. Olson, USDA Forest Service, Hoosier National Forest,
Tell City Ranger District, Tell City, IN, 1992.

GLO mentions three areas of fire-
killed timber:

e Surveyors found “poor brushy
hills; timber dead by fire” on one
survey section line about 5 miles
(8 km) east of Tell City, IN.

e At the opposite end of the forest,
about 2 miles (3 km) west of
Waymansville, surveyors found
the area “hilly and poor; w&b
[probably white and black] oak;
mostly killed by fire.” An adja-
cent line outside what is now the
Hoosier National Forest also had
fire-killed timber.

e The largest burned area men-
tioned in the GLO notes was
5 miles (8 km) east of Shoals,
where surveyors on three con-
tiguous lines inside the forest
and three more outside found
the timber “all” or “mostly killed
by fire.”

Fire history of a given site varies
with its physiographic character
(Kline and Cottam 1979). Exposed
ridges and dry south- to west-
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facing slopes would burn more
frequently than protected slopes
and mesic sites. Deep ravines pro-
tected by high cliffs would burn
only rarely.

Ecosystem Fire
Dependence

Physiologically, upland oaks such
as white oak and chestnut oak have
several adaptations to frequent fire,
including thick bark, resistance to
rotting, sprouting ability, fire-
created seedbeds, deep roots,
xeromorphic leaves, and high
photosynthetic rates during
drought (Abrams 1992). These
characteristics give them greater
resistance to fire than late-
successional species such as

beech and sugar maple.

Fire suppression favors oaks over
grasses because the growing point
of the grasses is below the surface
of the ground, whereas that of oaks
is exposed to flames. By removing
heavy amounts of combustible
materials in the form of grasses,

fire suppression reduces the load-
ing of fine fuels and the intensity
of fire (Guyette and Cutter 1991).
Suppression also favors sugar
maple and beech over the upland
oaks (Packard 1991). Beech and
sugar maple lack the adaptations of
oaks, making them more suscep-
tible to damage from fire. Addi-
tionally, the shade produced by an
oak canopy moderates the tem-
perature and moisture conditions
at a site. Without fire, the meso-
phytic sugar maple and beech can
gain a foothold at such sites.

The occurrence of fire in the up-
lands appears “to be the common
denominator for the development
of oak forests” (Abrams 1992).
Even though many upland oak
forests appear to be relatively
stable communities showing little
sign of succession to forests domi-
nated by more mesophytic species,
most upland oaks require occa-
sional disturbance to reduce com-
petition (Johnson 1993). Many
forest trees other than oaks are
also fire tolerant or require ex-
posed soil—such as occurs with
fire—for seed germination (Martin
1991). Eastern hemlock, for
example, easily invades burned
ground.

Prairie and forest species often
overlap in midwestern oak forests,
depending on drought cycles and
on fire and other disturbances,
such as grazing animals and
storms (Bronny 1989, Packard
1991). Fire enhances habitat for
ground- and brush-foraging birds
(Martin 1991). Woodpeckers, espe-
cially the common flicker, are well
adapted to open forests. Many
other birds take advantage of
woodpecker-created cavities for
nesting, including Bewick’s wren,
eastern bluebird, and eastern
screech-owl. Several species of




migratory birds with declining
populations could be fire depen-
dent, including prairie warbler and
Bachman'’s sparrow.

Fire Suppression and
Biodiversity Loss

In the Great Lakes region, canopy
oaks are already declining, and
regeneration is poor in the dense
shade of the beech and maples
(Apfelbaum and Haney 1991). The
situation is much the same on the
Hoosier National Forest (USDA
Forest Service, Hoosier National
Forest 1990). Since fire suppres-
sion began, the open oak forests
and woodlands have become closed
forest stands, without a concurrent
change in the herbaceous flora
towards shade-tolerant species
(Packard 1991 and 1993). The
remaining plants appear to be
debilitated by shade (fig. 2).

Based on the numerous early
accounts of fire in the Midwest, the
prevalent trees and herbs in the

region, and the character of exist-
ing forests, it can be said that cata-
strophic fire was quite rare but
that low-intensity fires were com-
mon and widespread. The vegeta-
tion of the Midwest, including all
of the organisms comprising its
woodland systems, has evolved
under a regime of frequent low-
intensity fires since the glacial
period. Recent attempts at wood-
land preservation—including fire
suppression—have created what
could be the first prolonged fire-
free interval in the history of the
central hardwoods. Such an abrupt
change is bound to bring major
structural and compositional alter-
ations (Ladd 1991).

Abrupt changes in the abiotic fac-
tors influencing natural systems
appear to result in a loss of native
species. Moreover, no rich associa-
tion of mesophytic organisms from
the eastern cove forests is likely to
migrate into the midwestern oak
woodlands across today’s frag-
mented landscape. Because there

Wl

Figure 2—Dry upland forest on Boone Creek Barrens, Tell City Ranger District, Hoosier
National Forest, looking across a recent fireline into forest unburned for 50 years. Note
dense shade, leaf litter, abundant understory trees and shrubs, and little herbaceous
growth beyond fireline. Photo: Steven D. Olson, USDA Forest Service, Hoosier National
Forest, Tell City Ranger District, Tell City, IN, 1992.

are no longer adequate mecha-
nisms for recolonization by conser-
vative species adapted to the new
environmental parameters, the
overall effect of fire removal from
the fire-dependent central hard-
woods will be decline and loss
(Ladd 1991).

Implications for Fire
Management

Reintroduction of fire to the cen-
tral hardwoods is not a panacea for
full ecosystem recovery. Many
other equally important factors are
vital to the ecological health of a
woodland system, including
hydrology, soils, plant—soil reac-
tions, erosion, area size, and other
often poorly understood criteria
(Ladd 1991).

There are frequent calls for studies
on an area before considering the
use of prescribed fire, but there are
no corresponding calls for studies
to justify the exclusion of fire from
an area. This approach has a funda-
mental flaw: the decision not to
burn is a management action with
at least as many ramifications and
potential pitfalls as the decision to
burn. In light of available evidence
about the pervasiveness of fires in
the pre-European settlement
woodland systems, a case can be
made that stronger justification
should be required for fire exclu-
sion from a site (Ladd 1991).

If preservation of biodiversity is a
worthwhile goal, then steps should
be taken to ensure that representa-
tive examples of midwestern wood-
lands are managed to sustain their
diversity (Ladd 1991). Fire is an
important tool for managing the
landscape (fig. 3). As Heinselman
(1973) said, “To understand the
dynamics of fire-dependent eco-
systems, fire must be studied as an
integral part of the system. The
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Figure 3—Upland forest community after
a 375-acre (152-ha) prescribed landscape
burn on Boone Creek Barrens, Tell City
Ranger District, Hoosier National Forest.
Right: Dry—mesic site in spring (2-3 weeks
after burn). Note top-killed shrubs and
saplings, remnants of burned leaf litter,
and emerging herbs. Below: Dry sife in
first summer after burn. Note standing
top-killed understory shrubs and
saplings, abundant herbaceous growth,
and little leaf litter. Also note apparent
sunlight in understory. Photos: Steve
Olson, USDA Forest Service, Hoosier
National Forest, Tell City Ranger District,
Tell City, IN, 1992.

search for stable communities that
might develop without fire is futile
and avoids the real challenge of
understanding nature on her own
terms.” To be able to use fire effec-
tively, as Mutch (1992) put it,
“[flire history and fire regime in-
formation [are] not just ‘nice to
know’ reference data, but rather
[are] absolutely essential back-
ground data for the appropriate de-
sign and implementation of
resource management projects at
the ecosystem and landscape level
of organization.”
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Haines INnDEX CLiIMATOLOGY

FOR THE WEsTERN UNITED STATES

John Werth and Paul Werth

and dry air have been associated

with the development of large
wildland fires in the United States.
Brotak and Reifsnyder (1977) ana-
lyzed characteristic values of low-
level atmospheric lapse rates on a
number of large wildland fires in
the Eastern United States. (See
sidebar for definitions of special
terms used in this article.) They
found that most of the major fire
runs occurred on days when the
atmospheric lapse rate in the vicin-
ity of the fire exceeded the stan-
dard atmospheric lapse rate.
Haines (1988) conducted a rudi-
mentary comparison of atmo-
spheric lapse rates and dry air
during or immediately before large
wildland fires with the values ex-
pected climatologically for these
factors. Results from his study pro-
vided further evidence of a strong
relationship of environmental
lapse rates and dry air to large fire
growth. More recently, Potter
(1996) conducted a detailed statis-
tical analysis on a number of atmo-
spheric properties, concluding that
surface temperature, surface
dewpoint depression, and surface
relative humidity differed signifi-
cantly from climatology on days
with large wildfire growth.

For years, atmospheric instability

John Werth is the fire weather focal point
for the National Weather Service Forecast
Office, Seattle, WA; and Paul Werth is a
fire weather meteorologist for the
National Weather Service’s Forecast
Office, National Interagency Fire Centfer,
Boise, ID.

Atmospheric lapse rate or envi-
ronmental lapse rate refers to
how slowly or quickly tempera-
ture changes with height in the
Earth’s atmosphere. Normally,
temperature falls the higher one
rises in the Earth’s atmosphere.
However, under certain condi-
tions, temperature can remain
constant or even rise with in-
creasing height in the atmo-
sphere.

Climatology describes the typical
or expected values for a particu-
lar weather element (such as
temperature, humidity, or wind)
for a given region.

Foehn-type winds are warm, dry
winds that blow down from
mountains (the term derives
from the German word “Fohn”
for a seasonal wind that blows
north from the Alps across
southern Germany).

SpeciaL TErmvs UseD
IN FIRE WEATHER RESEARCH

Radiosonde data are collected us-
ing a miniature radio transmitter
that is carried aloft (attached to
balloons) with instruments for
broadcasting atmospheric humid-
ity, temperature, and pressure.

The standard atmospheric lapse
rate is the average atmospheric
lapse rate for the entire Earth. It
is often used in comparison with
the actual atmospheric lapse rate
to determine relative atmospheric
stability.

Subsidence is the slow, sinking
motion of air within high-pres-
sure systems covering thousands
of square miles. The air mass
warms and dries due to compres-
sion.

Synoptic-scale refers to atmo-
spheric, weather, or other condi-
tions that exist simultaneously
over a broad area (often thou-
sands of square miles).

The Haines Index

However, Haines (1988) was the
first researcher to devise a national
fire weather index based on the
stability and moisture content of
the lower atmosphere. Originally
called the Lower Atmospheric Se-
verity Index, it is now commonly
referred to as the Haines Index, as
a tribute to the pioneering work
done by Haines in the field of fire
and forest meteorology.

Due to large differences in eleva-
tion across the United States, three
combinations of atmospheric lay-
ers were used to construct the In-
dex. The layer chosen for each
region was thought to be high
enough above the surface to avoid
major diurnal changes in tempera-
ture and relative humidity caused
by heating of the Earth’s surface
due to exposure to the sun, and to
preclude the effects of surface-
based inversions on temperature
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and humidity. Figure 1 shows a
map of the United States divided
into three regions based on surface
elevation. In the mountainous re-
gion of the Western United States,
the Haines Index uses the differ-
ence in temperature at 70 kilo-
pascals of atmospheric pressure
(about 10,000 feet (3,050 m)) and
at 50 kilopascals of atmospheric
pressure (about 18,000 feet (5,500
m)), and the temperature—
dewpoint spread at 70 kilopascals
of atmospheric pressure (about
10,000 feet (3,050 m)).

The Haines Index is calculated by
adding a temperature term (A) to a
moisture term (B). The tempera-
ture term is broken into categories
1 to 3, depending on the magni-
tude of the temperature difference
within the predefined layer for
each region. The moisture term is
also broken into categories 1 to 3,
depending on the dryness of the
layer’s lower level. The resulting
Haines Index varies from 2 to 6:

a 2 indicates moist, stable air,
whereas a 6 indicates dry, unstable
air. The potential for large fire
growth or extreme fire behavior is
very low when the Index is 2 and
high when the Index is 6. Table 1
shows the temperature and mois-
ture limits used to compute the
high-elevation Haines Index.

Land management agencies and
fire weather meteorologists have
used the Haines Index operation-
ally since the early 1990’s as an in-
dicator of the potential for extreme
fire behavior, such as high rates of
spread, extensive spotting, prolific
“crowning,” and the development
of large convection columns.
Werth and Ochoa (1993) found a
correlation between a Haines Index
of 5 or 6 and large wildfire growth
in central Idaho. Other fire
weather meteorologists and fire
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managers in the Western United
States have also associated a
Haines Index of 5 or 6 with ex-
treme fire behavior.

Haines developed a Haines Index
climatology for the high-elevation
West using radiosonde data from
Winslow, AZ, for the 1981 fire
season. He concluded that atmo-
spheric conditions during the 1981
fire season were representative of
the long-term climate, because

fire activity (number of fires and
acres burned) on national forests
in the United States was near
normal that year. Preliminary
results from his study indicated
that 6 percent of all fire season
days are “Haines 6 days” (that is,
days with the highest Haines Index
of 6), and 62 percent are “Haines
2 and 3 days” (that is, days with
the very low Haines Indices of

2 and 3).

Figure 1—Haines Index elevation map. Due to large differences in elevation across the
United States, three combinations of atmospheric layers were used to construct the
Haines Index. The high-elevation Haines Index is in the Western United Stafes.

Table 1—Limits for high-elevation Haines Index (Haines Index = category for
temperature term (A) + category for moisture term (B)).

Temperature term (A)

Moisture term (B)

70 kPa T -50kPaT: | Category | 70 kPa T — 70 kPa Td" | Category
<32 °F (18 °C) 1 < 27 °F (15 °C) 1

32-38 °F (18-21 °C) 2 27-37 °F (15-20 °C) 2
=39 °F (22 °C) 3 > 38 °F (21°C) 3

Difference in temperature (T) at 70 kPa of atmospheric pressure (about 10,000 feet (3,050
m)) and at 50 kPa of atmospheric pressure (about 18,000 feet (5,500 m)).

b Difference between the temperature (T) and the dewpoint temperature (Td) at 70 kPa of
atmospheric pressure (about 10,000 feet (3,050 m)).




Refining the Haines
Index Climatology

This study establishes a more
detailed high-elevation Haines
Index climatology for the Western
United States based on upper air
data for 1990 to 1995 from the
20 radiosonde sites located in the
Western United States. National
figures for both the number of
fires and the number of acres
burned were near normal during
this period, with an average of
74,963 fires and 2,891,966 acres
(1,170,350 ha) burned per year.
This compares with the 10-year
(1987 to 1996) average of 73,914
fires and 3,270,669 acres
(1,323,607 ha) burned per year.
Nationwide, fire activity was near
normal in 1991 and 1992, below
normal in 1993 and 1995, and
above normal in 1990 and 1994.

For this study, we constructed
maps and frequency tables for the
observed Haines Index for June
through October, 1990 to 1995,
for upper air soundings at 1200
coordinated universal time (UTC)
(0500 Pacific daylight time (PDT)
or 0600 mountain daylight time
(MDT)) and 0000 UTC (1700 PDT
or 1800 MDT). Questions we
addressed include:

e How frequent are Haines 5 and 6
days in the Western United
States?

¢ Does the frequency of these days
vary by location?

e [s there a significant diurnal
difference in the frequency of the
Haines Index between 1200 UTC
and 0000 UTC?

e Are there monthly variations in
the Haines Index?

e Is the frequency of Haines 5
and 6 days unusually high in
California, as many California
fire weather meteorologists say?

The Haines Index is useful in predicting
large wildfire growth and extreme fire behavior,
although further refinement is needed.

Methods

Daily upper air data were collected
for the 20 radiosonde sites located
in the Western United States

(fig. 2) for June through October,
1990 to 1995. For each station, the
Haines Index was calculated using
the high-elevation limits described
in table 1. Separate data sets were
constructed for 1200 UTC and
0000 UTC. Each data set included
600 to 700 days of Haines Index
values for each site. Seasonal (June
through October) frequency distri-
butions were calculated for each
radiosonde site (table 2).

Individual data sets were developed
for each station using 0000 UTC
Haines Index data for the same
time period. Data for each station
were further stratified by month to
show monthly trends in the Haines
Index. Table 3 summarizes the

monthly frequency distribution of
Haines Index 2 through 6 for each
radiosonde site. Afternoon upper
air data were used in this portion
of the study because 0000 UTC is
either during or just after the most
active burning period (usually
mid- to late afternoon) for
nonwind-driven fires in the
Western United States. The use of
afternoon upper air data was also
consistent with Haines’ study.

Additional data sets were created
for a smaller subset of stations
using 0000 UTC data for June
through September 1994. For each
site, calculated values of the
Haines Index were separated into
their individual components
(moisture and stability). The data
were then entered onto spread-
sheets for further statistical
analysis.

SITE ID (feet (m))

UIL (203 (62)

GEG (2,365 (721))
GTF (3,657 (1,115))
GGW (2,297 (700))
SLE (200 (61))
MFR (1,329 (405))
BOI (2,858 (871))
LND (5,558 (1,694))
OAK (10 (3))

WMC (4,336 (1,322))
ELY (6,262 (1,909))
DRA (3,310 (1,009))
SLC (4,225 (1,288))
GJT (4,838 (1,475))
DEN (5,330 (1,625))
NKX (30 (10))

INW (4,881 (1,488))
TUS (2,556 (779))
ABQ (5,314 (1,620))

ELP (3,916 (1,194))

Radiosonde Site Legend

LOCATION

Quillayute, WA,
Spokane, WA,
Great Falls, MT.
Glasgow, MT.
Salem, OR.
Medford, OR.
Boise, ID.

Lander, WY.
Qakland, CA.
Winnemucca, NV.
Ely, NV,

Desert Rock, NV.
Salt Lake City, UT.
Grand Junction, CO.
Denver, CO.

San Diego, CA.
Winslow, AZ.
Tucson, AZ.
Albuguergue, NM.
El Paso, TX.

Figure 2—Twenty radiosonde sites in the Western United States, by location and eleva-
tion. Daily upper air data collected at these sites for June through October, 1990 fo 1995,

were used in this study.
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Table 2—Seasonal frequencies for Haines Index 2 through 6 at 1200 UTC and 0000 UTC, 1990-95 (percent of days, June through October).*

Haines 2 Haines 3 Haines 4 Haines 5 Haines 6 Haines 5 & 6
Site | 1200 0000 | 1200 0000 | 1200 0000 | 1200 0000 | 1200 0000 | 1200 0000
Urc urc urc urc urc urc urc urc urc urc urc Uurc
UIL 46 44 14 20 28 24 12 12 1 1 13 13
GEG 50 49 26 27 16 16 8 9 1 1 9 10
GTF 49 41 29 35 12 13 9 10 2 2 11 12
GGW 51 48 31 29 12 13 6 9 1 1 7 10
SLE 36 35 24 22 27 26 12 17 1 1 13 18
MFR 29 30 27 26 27 26 16 17 1 2 17 19
BOI 31 23 28 24 22 25 14 23 5 5 19 28
LND 30 16 33 27 17 21 15 25 6 11 21 36
OAK 10 10 13 17 34 33 41 38 2 2 43 40
WMC 21 14 22 19 23 22 27 27 7 19 34 46
ELY 15 9 29 16 27 16 21 29 8 31 29 60
DRA 11 10 27 23 24 22 28 33 9 12 37 45
SLC 19 14 24 25 23 24 24 27 10 10 34 37
GJT 19 10 23 26 18 18 23 26 11 19 34 45
DEN 22 17 32 30 16 19 19 18 11 16 30 34
NKX 10 17 19 26 33 31 33 24 4 2 37 26
INW 22 12 36 32 17 21 16 20 9 15 25 35
TUS 34 37 39 38 12 15 12 9 3 2 15 11
ABQ 26 12 40 37 15 17 13 20 6 14 19 34
ELP 43 37 33 39 12 11 8 8 5 4 13 12
2 Percent might not add to 100 across columns due to rounding.
Table 3—Monthly frequencies for Haines Index 2 through 6 at 0000 UTC, 1990-95 (percent of days per month).*
MO. (23 4 5 6|23 4 5 6|23 4 5 6283 4 5 6|23 4 5 6
UIL GEG GTF GGW SLE
JON [ 77 19 4 1] 88 6 5 1] 8 13 5 0] 8 11 6 0O 77 10 13 0
JUL [ 66 23 11 0 87 9 4 0 86 6 9 0] 87 7 4 21 53 29 18 1
AUG| 68 21 11 01 76 15 10 0] 67 16 15 2| 73 14 12 160 24 16 0
SEP | 46 32 21 1] 58 25 16 166 18 13 3|65 19 13 3| 42 32 24 2
OCT|e68 24 7 1| 75 19 6 0] 8 9 5 1178 12 10 0f 65 27 8 0
MFR BOI LND OAK wMcC
JON [ 73 17 8 21 67 17 12 5139 17 28 17| 27 30 40 41 47 19 14 19
JUL | 53 22 24 2| 42 26 26 6| 33 22 32 13|23 32 43 2| 15 23 29 34
AUG| 60 28 11 1131 31 29 10| 32 20 31 17| 23 37 39 2| 24 16 37 23
SEP | 44 29 23 41 40 25 32 21 51 22 20 71 27 31 42 11 34 24 30 13
OCT| 53 32 16 0 68 23 8 1] 63 24 11 3 38 34 27 21 54 29 13 4
ELY DRA SLC GJT DEN
JUN|1 20 15 31 35| 21 16 38 25( 38 20 31 11|29 17 25 33| 36 20 15 29
JUL 7 8 32 53|18 19 43 21| 23 23 35 19| 12 17 34 32| 50 13 16 21
AUG| 15 12 36 38| 32 23 31 15| 33 26 29 13| 37 19 27 17| 49 15 24 12
SEP [ 28 20 27 25| 39 29 27 51 43 25 27 6] 40 21 25 13| 51 20 16 13
OCT| 55 25 20 1] 53 17 28 21 62 22 15 21 60 20 17 3 43 26 18 13
NKX INW TUS ABQ ELP
JUN |21 32 44 4| 17 13 27 43| 32 19 37 12| 11 15 31 43| 29 25 20 27
JUL 133 36 24 6| 34 19 19 29| 72 11 11 3143 13 19 25| 76 9 11 5
AUG| 61 26 14 0f 49 22 21 8| 91 7 2 0] 64 16 17 3 91 7 2 0
SEP | 52 30 17 1] 53 27 17 31 77 19 4 0] 66 21 12 11 90 4 5 1
OCT| 38 33 28 21 58 20 19 3 61 18 11 0] 45 19 28 71 64 25 11 0
@ Percent might not add to 100 across columns due to rounding.
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Results

Haines Index Frequency by Site.
Haines’ original research indicated
that a high-elevation Haines Index
of 6 should occur on about 6 per-
cent of the fire season days in the
Western United States. However,
our study found large differences
in the frequency of Haines 6 days
at 0000 UTC across the Western
United States. The frequency of
Haines 6 days varied from less than
1 percent at Quillayute, WA; Spo-
kane, WA; Glasgow, MT; and Salem,
OR, to more than 30 percent at
Ely, NV (fig. 3). A statistical analy-
sis of the 0000 UTC data showed a
correlation of 0.83 between radio-
sonde site surface elevation and
the frequency of Haines 6 days at
0000 UTC (fig. 4).

Diurnal Variation of the Haines
Index. Haines speculated that indi-
ces calculated from upper air
soundings in the morning (at 0500
PDT or 0600 MDT) might be more
useful in predicting large wildfire
growth later in the day during the
most active burning period.

Are there significant differences
between Haines Index frequencies
calculated from morning upper air

Figure 3—Seasonal (June through
October) frequency of Haines 6 days at
0000 UTC (percent).
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Figure 4—Surface elevation for 20 stations
0000 UTC in feet (m).

soundings and late afternoon or
evening soundings? We found that
the frequency of Haines 6 days at
1200 UTC varied from less than

1 percent at Quillayute, WA,
Spokane, WA; Glasgow, MT; Salem,
OR; and Medford, OR, to more
than 10 percent at Salt Lake City,
UT; Denver, CO; and Grand Junc-
tion, CO (fig. 5). Large increases in
the frequency of Haines 6 days
were noted in the Great Basin and
the Rocky Mountains south of
Montana, whereas little or no
change was noted elsewhere

(fig. 6). The increase was most
pronounced in Nevada, Utah, Colo-
rado, Wyoming, northern Arizona,
and northern New Mexico, where
surface elevations generally
exceeded 3,280 feet (1,000 m).

Holtzworth (1972) found that af-
ternoon mixing heights in this
area of the United States are clima-
tologically between 13,000 and
18,000 feet (4,000 and 5,500 m)
during the summer (fig. 7). On

plotted against frequency of Haines 6 days at

summer afternoons at these sites,
convectively driven thermals of
buoyant surface air rise to great
heights in the atmosphere, trans-
porting sensible heat throughout
the depth of the mixed layer. Fig-
ure 7 shows that at most of the
high-elevation sites in the West,
the depth of the mixed layer en-
compasses most, if not all, of the
layer used to calculate the high-
elevation Haines Index. Therefore,
as the day progresses, the tempera-
ture difference within this layer in-
creases, eventually equaling or
surpassing 39 °F (22 °C), the limit
defined by Haines for unstable air
(category 3—see table 1). Diurnal
increases in the temperature at

70 kPa (about 10,000 feet

(3,050 m)) would also modify the
dewpoint depression, resulting in a
higher frequency of days with very
dry air (category 3) at these sites.

Figures 8, 9, and 10 illustrate this

principle by showing the frequency
distribution of the 70-to-50-kPa

Fire Management Notes




Figure 5—Seasonal (June through
October) frequency of Haines 6 days at
1200 UTC (percent).

Figure 6—Change in seasonal frequency
of Haines 6 days, 1200 UTC to 0000 UTC
(percent).
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18,000 (5468) — ik

16000 4878) | e
Layer used to calculate the
14,000 (4,268) . -

12000 (3858) o ofsie v e vie v v e v

10000 (3048) — .-

8,000 (2,440) —

BOODE BA0) o ooovmeres i

4000012200 —fieiieeiieiiiin

2000 @10) —

high-elevation Haines Index

w L ! W —

OAK SLE MFR GEG

. Afternoon mixing height {0000 UTC)

wox | u | cow | s | ora | ep | wue | ww | asa | ey
SLC GJT LND

GTF DEM

[L] Station surface elevation

Figure 7—Surface elevation and mean summer afternoon mixing heights of Western U.S.

radiosonde sites in feet (m).

temperature difference at three ra-
diosonde sites in the Western
United States for the summer of
1994. Each graph plots both the
1200 UTC and the 0000 UTC fre-
quency distribution curves. Verti-
cal double arrows mark the
temperature difference limits de-
fined by Haines for high-elevation
stations.
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The frequency distribution for the
low-elevation site of Quillayute,
WA, approached a normal distribu-
tion curve, with equal tails to the
right and left of intermediate val-
ues (fig. 8). There was little change
in the frequency distribution from
morning (0500 PDT) to afternoon
(1700 PDT). On most days, the
temperature difference fell into
category 1, indicating stable air

that would tend to restrict large-

scale, vertical motion. There were
no days with category 3 tempera-
ture differences at Quillayute dur-
ing the summer of 1994.

The frequency distribution for the
mid-elevation site of Boise, ID, also
approached a normal distribution
(fig. 9). However, in this sample,
most days fell into category 2, with
smaller percentages in categories 1
and 3. Again, there was no signifi-
cant change in the frequency dis-
tribution between morning (0600
MDT) and late afternoon (1800
MDT).

At the high-elevation site of Ely,
NV, there were large changes in the
frequency distribution from morn-
ing to afternoon (fig. 10). The
graph approached a normal distri-
bution curve for the morning
soundings (0500 PDT), but was
highly skewed towards category 3
temperature differences for the late
afternoon (1700 PDT) soundings.
The average temperature differ-
ence increased from 36.7 °F (20.4
°C) in the morning to 41 °F (22.8
°C) in the afternoon.

Sites with average afternoon mix-
ing heights below 13,000 feet
(4,000 m) showed only minor
changes in the 70-to-50-kPa tem-
perature difference from morning
to afternoon, and little or no
change in the frequency of Haines
6 days from morning to afternoon.
Figures 7, 8, 9, and 10 provide
strong evidence that the diurnal
increase in the frequency of Haines
6 days at high-elevation radiosonde
sites in the West was the result of
diurnal increases in the frequency
of category 3 temperature differ-
ences, caused by very high after-
noon mixing heights during the
summer.




Monthly Variations in the Haines
Index. During June 1994, the fre-
quency of Haines 5 and 6 days was
70 percent in northern Arizona
and northern New Mexico, but
only 5 or 6 percent along the
United States—Canadian border
(fig. 11). The low occurrence of

Haines 5 and 6 days in the north
was primarily due to the location
of the polar jetstream and the oc-
casional passage of Pacific frontal
systems or closed, upper level low-
pressure systems over the Pacific
Northwest and the northern
Rockies.
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Figure 8—Frequency distribution of 70-to-50-kPa temperature differences (in F (°C))

for Quillayute, WA.
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Figure 9—Frequency distribution of 70-to-50-kPa temperature differences (in F (°C))

for Boise, ID.

14

In July, the minimum frequency of
Haines 5 and 6 days still occurred
along the United States—Canadian
border, whereas the maximum now
shifted north into Nevada, Utah,
and western Colorado (fig. 12).
Farther south, over southern Ari-
zona and southern New Mexico,
the frequency of Haines 5 and 6
days dropped dramatically, from
nearly 50 percent in June to
around 15 percent in July. The in-
flux of monsoonal moisture from
Mexico was responsible for the
large July decrease at El Paso, TX;
Tucson, AZ; Winslow, AZ; and Al-
buquerque, NM.

Idaho and Wyoming had their
highest frequency of Haines 5 and
6 days in August (fig. 13). The
maximum frequency now extended
from central Nevada into western
Wyoming. Frequencies in the
southern Great Basin continued to
be high but were much lower than
in July, due to the occasional
northward surge of monsoonal
moisture. The minimum frequency
(2 percent) extended across south-
ern Arizona and southern New
Mexico as the southwest monsoon
intensified and pushed farther
north (see figure 14 for EI Paso, TX
(ELP); Albuquerque, NM (ABQ);
and Winslow, AZ (INW)).

Data showed that Oregon, Wash-
ington, and northern California
had their highest frequency of
Haines 5 and 6 days during Sep-
tember (fig. 15), resulting from the
high frequency of days with large
dewpoint depressions (very dry air)
associated with foehn-type winds
in the Cascades and Sierra Nevada.
The maximum frequency still ex-
tended across central California
and central Nevada, with the mini-
mum frequency (less than 5 per-
cent) still across southern Arizona
and southern New Mexico.
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Figure 10—Frequency distribution of 70-to-50-kPa temperature differences (in °F (°C))

for Ely, NV.

In October, the frequency of days
with a Haines Index of 5 or 6 di-
minished significantly in most of
the West (fig. 16). At this time of
the year, jetstream winds again be-
gin to dip farther south, allowing
moist Pacific frontal systems to
move farther inland across the
northern-tier States. However, the
frequency of Haines 5 and 6 days
increased again over the desert
Southwest as the effects of the
summertime monsoon ended. In
southern California, there was a
marked increase in the frequency
of Haines 5 and 6 days due to the
drying effects of strong Santa Ana
winds associated with the occa-
sional development of high-pres-
sure systems over the Great Basin.

When the seasonal frequency of
the Haines Index was stratified by
month, large variations by area be-
came readily apparent. Monthly
variations in the index resulted
from changes in the location and
strength of the polar jetstream, the
onset of the desert Southwest
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monsoon, and the occurrence of
foehn-type winds in the Pacific
Northwest and California in the
late summer and early fall.

California Haines Index. The final
question answered by this study is
whether or not California experi-
ences an unusually high frequency
of Haines 5 and 6 days. Both Oak-
land and San Diego, CA, have less
than 4 percent Hai