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Introduction

The Greater Yellowstone Aren fires of 1988 comprised the largest complex of fires
in the Northern Rockies during the List 50 years (Christensen ct al, 1989). The Greater
Yellowstone Area includes Yellowsone Nationa) Purk and the coniguous Nathanal
Farest and Mational Pask lands. The fires uttracted intensive media anention and deep
public concern (Smith 1989a,b). Hecause the fires were so extensive und becouse they
occurred in relatively undisturbed aress, the fires also generated immense scientific
interest (MSLI 1988).

Ome question that was of copstunt interest wus, “How much of the Greaver Yellow-
stune Aren was burned?™ "This question hes many nswers depending on the definition
of hurned aren and the purposes for which the information will be used. It is fairly
simple 1o determine how much of & warehouse burned and how much of the contents
were destroved, The uses 1o which this information is put are also fairly straightforward.
Tihee warahouse owmer needs 1o knos what inventory mus be replaced. The insurance
conipany needs to know how much they owe. It s plso necessary o distinguish betwesn
those goods totally destroyed and those slightly dameged, ar 1o know how much was
smaoke damaged and how much can be salvaged.

Thase concerned with wildland fircs, on the ather hand, have mare complex needs,
Fuor lands with commercial dmber it is necessary to know how many board feet of lumber
hove been lost or how many ncres will need to be salvage logged. Managers need o
know how many fire fighters they need to put on the fire line and what equipment they
need to order. The public has a natural curiasity about what is happening, and medin
people need to know how many acres have burned in order 1o satsfy thal curiosity. The
scicmtists trying 10 understand the process of fire and the effects of the fire on the ecosys-
tem need to know how much of their study areas have burned, the intensity snd distribu-
tion of the burns, and so on. Wildlife managers need 1o know how much habimt has
been modified. Each of these needs is satisfied by different methuods,

Complicating all this is the complex nature of wildland fire. For example, the fires
may consume all the needles and small branches of the tree canopy over & large area, or
they may creep around on the surface of the ground and cause very little change in the
forest. Usually there is a combination of burn types. An individual fire will often pro-
dica a cantral area of canogy burm and a (ringe area of creeping surfoce Gire thit only
kills some of the trees. Oulside this area will be & number of molaied spuds where cin-
opy burn or surface burm occurred.

A further enmplication anses when ermatic fire behisdor or the joining of severnl
sepurnie fires beoves lnrge unbumed wreas within the gverall perimeter. The number of



acres described as “burned™ will vary depending on whether the perimeter line is drawn
arpund the central area of canopy burn, the outer fringe of the surface burn, the outlying
spois, or the entire complex. Euch of these I'ﬂﬂﬂlﬂd.lbfdﬁﬁning the il acrenge might
e approprinte depending on the wser's needs,

During the fire season, Mummoth Arca Command computed daily fire acrenge
totals hased on information from infrared photography overflights, fram fixed-wing and
helicapeer recannaitcance Mights {when ovuilable), and from observers an the ground.
The nightly infrared overflights produced imagery of the hot spots within the fires. A
line drawn araund the new hat Apols became (he new fire perimeter, The primary
purpose of the perimeter line was to map the progress of the fire so firefighters knew
where the fire was. The perimeter line was also used to make rough acreage estimates
of the area affected by fire. The availability of infrared overflight coverage was deter-
mined by the naticmal pricrily of the fire. All fires could not be surveyed every night.

The information provided the press and the first published acreage estimates were
informal, based on these rough daily estimares. As of September 19, 1988, after the tires
had eompleted all their major rans, the “Yellowstone Fires” information sheet produced
by the Nistionol Pork Service reported that fire perimeters included 1,166,385 acres
within Yellowstone National Park. The information sheet emphasized that these were
acreage totals for all kand within fire perimeters and that “only about half of the vegeta-
tion has burned within many fire perimeters.” Thus, the first stage of estimating acreage
was hased on rough fgures for eoch fire or fire complex which were added together.
This approach necessarily resulted in a “high-end” estimate of burn acreage, More
often than not, total perimeter screage was used by the media without reference 10 the
“mousaic™ noture of the burn (that js, the pattern of burned and unburned areas) within
the perimeter of a given fire. Time would show that the percentage of burn within fire
perimeters varicd greatly from fire 1o fire and from time to time within the fire.

The first published attempt to estimate actual burn acreage within fire perimeters
resulted from fire managers in the National Park Service reviewing the above informa-
tion end conducting helicopter overflights immediately following the fres' Jast mujor
runs in late Scprembeer. Az the times, it was recognized thiat becoose of smoke-limited
visibility and the crudeness of the tachnique, these were only the roughest of gures; for
example, they tended to include only the effects of crown fires, because those were the
maost visible from the air and also most significant. That would mean that this approach
tended 1o result in a “law-end” estimate of actunl acreages affected by fire. This review
produced an estimate that about 440,000 acres within Yellowstone Mational Park were
actually affected by fire (Schullery 19897,

These preliminary estimates were of course not satisfactory for long-term uses, such
as podifire operational reviews and scientific research. More detailed analysis was
necescary, The magmitude of the fires compelled muppers o employ smell scale



{ 1:60,000) high-altimde (U2 afrcraft) acrial photopraphy 1o create the first generally
accurate map of the burns. This work was under way before the fires were declared ous.
In early September of 1988, the Greater Yellowstane Coordinating Committee as-
sembled the Burned Area Survey Team o produce this preliminary survey of burned
ureas for the Greater Yelowsione Areo (GYPFRAC, BAST 1988),

This preliminary survey hod o resolution of 200 acres, menning that it depicted units
200 acres or larger. Because the mosaic of the fires often occurred on a much finer
resolution than 200 acres, mappers realized that this preliminary survey did not fully
reflect the compbexity of the burn mosaic, nor did it resalt in a final total of acres af-
fected by the fires. It was instead an impartant intermediate step between the earlier,
coarser estimates and the more detailed and precise figures reported here,

The preliminary survey, then, reported that a total of 1,405,775 acres in the Greater
Yellowstone Area were affected In some way by fire. In Yellowstone Nadonal Park, the
total affected acreage was 988,925. Canopy fires, wherein the needles or leaves and
many smaller branches were consumed and the trees were wotally or almost totally
blackened (and killed), accounted for 562,350 acres or a little mare than half the total,
The rest was a misure of surface, meadow, and sape/grassiand burns,

The preliminary survcy was adequate for reconnaissance cvaluations and emer-
gency use in the Greater Yellowstone Area, but it was not of sufficient sccuracy for long-
term sciemific work in Yellowstone Navional Park. Therefore, & second project was
inidared by the Division of Besearch in Yellowstone National Park 1o provide a more
detailed map and associated dats base. This report presents a summary of the resules of
this investgation. Addidonel technical publications are in preparation. These will
address guch issues as accuracy, precision, and sampling methods.

Obiects

The primary objective of this mapping cffort was to produce 8 map and accompany-
ing tabular dats that represented o finer scale estimate of burned aren within Yellow-
stone National Park, including burn intensitics and levels of soil heating. This would
provide & more precise estimate of actua! burned acreage than did the preliminary map
produced in 1288, A secondary objective was to evalunie the suitatulity of satellite
imagery for detecting burned aress. The project was initinted in October of 1988 with
the nequisition of serinl photography und Londsat imagery. The study ares was about
2.2 million acres.



Methods
Acrial Photography Interpretation

Mapping was sccomplshed in different and often concurrent stages. Venical,
steren, color infrared photography was emplayed. Photographs were taken in early
Qctober 1988, A team of scientists and technicians, experienced in the interpretation of
nenal photography and vegetution mupping, used stundserd soil and vegemtion mopping
techniques to delineate areas by intensity of burn, degree of soil heating, and type of
vegetaton burned (LS, Forest Service, 1986; Pame, 1981; Sl Survey Staff, 1985). The
scale of photography was 1:24,000, and minimum map unit size (resalution) was 5 acres.

It was recognized that even a 5-acre resolution does not fully portray the details of
all burn mosaics; patterning often occurs even on a scale of inches. A S-acre resolution
was the best compromise of cost and efficiency and provided sufficient accuracy 1o be af
use to researchers investigating landscope-scale effects of the fires,

While aerial photography was being annhyzed, field imvestigntions were conducted
to verify thal analysis. This process, known informily as “ground trothing,"” allowed
mappers (o determine the precision and accuracy of the aerial photography anakbysis and
0 improve and refine their photographic interpretive procedure. Groumd trulling wis
accomplished by investigating 5 sites at each of 30 locations (150 total sites) that were
representative of the majgar burn types in Yellowstone Mational Park. Actual fire effects
on these 30 locations were compared against photographic interpretations. As an addi-
tional check on aerial photography analysis, fixed-wing overflights were wsed 0 further
verily interpretations of aerial photography.

In order to economize and take advantage of readily available digital satellite
imagery, representative samples of asrial photographic analysis were digitized. These
samples give mappers the opportunity to use sstellite imagery to complete the project at
1 substantinl financial savings compared to the digitizing of all aerial photographic dasa.
By using represenintive sorples of aeml photographic analse o check the accuracy of
the satellite imngery (which was already in a digital format), it was passible (o scquire
consistent, reliable information about all burned areas at less expense and in bess time.

Satellite Image [nterpretation

Formunarely the October 2 pass of the Landsar satellite was on 8 dey free of clouds
and smoke and included all the fires. Some of the most spectacular of these images have



been published in books and perindicals, but the scientific application of satellivc im-
agery may be unknown to mast pecple. In brief, Landsat does not muke phowgraphs in
the traditional sense. Instead, Landeat measures the reflectunce from 75 meter SuBECE
(0.15 acres) of the eanth's surfaces in gelected wavelenglh bands {Johannsen und Sund-
ers, 1982). These values can then be used to drive a light source that produces an image
resembling & photograph. More importantly, these values can be subyected 10 stotisticnl
routines that classify each square. In each of these wavelength bands, burned areas
reflect different emounts of lght than unburned areas, allowing them to be distingurhed
from one another.

Preliminary analysis of that imagery, conducted by the EROS Data Center in Sioux
Falls, South Dukota, revealed 32 distinet classes of burned areas. By visually compiiring
the same area on the satellite image and interpreted aerial photographs, these 32 closses
were feduced 10 7 classes or burn types.

Computers make it pessible 1o analyze very Inrge areas consistently and alyectively
on avery finc scale. Each and every small square is analyzed in exactly the same man-
ner, and decisions as o which class a square belongs in are made by the machine, Onee
this is donc the image can be projected onto a screan and printed on paper i minutes
The total acres in cach type can be quickly calculated, and analyses and comparisons can
be made with other digital dawm.

On the other hand, the eatellite cannat make inferences about whel i probably
burned based on how the surrdunding area i burned (@ human interpreser can) and it bs
not able to readily distinguish between dark shadows and blackened tree trunks, For
example, large areas in the Greater Yellowstone Area experienced u surface burn, in
which ground vegetation was hurned but the forest cnnopy was not, Landsat, measuring
only reflectance of what it “seec” from space, may have missed some of the burn that
occurred under an unchanged forest canapy, Therefore, some form of ground truthing
was required 1o fdentify and eorreet these kinds of problems.

Comparison and Evahmton

Grround truthing for Landsat wes provided by the aerial photographic interpretation
project described above. Ten areas in Yellowstone National Park, containing a repre-
sentative variety and distribution of burn types as well as unburned areas, were sclected
for & eomparison analysis with Landsat mmogery, These nrens were nbout the size of
United States Geological Survey (LISGS) 7.5 minute topographic quadrengle meps.

Individusal burned areas within the ten sample areas were digitized directly from the
seral photogruphs using stercoplotter/microcomputer techniques. Because acrial



phowgraphs very in scale acroas the image, USGS high elevation photography of Yel-
lowstone Nutionel Park {produced prior 1o the fires) was used to provide digitizers with
scale cogrections,

The results of the twi [FOCESes were compared and analyzed vsing the Yellow-
stone National Park Geographic Information System (GI15). This svstem uses Geo-
graphic Resource Analysis Support System (GRASS) software. Within the G135 sysiem,
Landsat caregories of burned areas were compared with digitized photographic dutn. [n
this comparisan, the resolution of the Landsat imagery was sat at 0.60 acres. The com-
position of each Landsat category was determined based on data from the photographs.
This information was used o further condense the 7 caregories into 4 final burned
categories: Canopy Burn, Mixed Burn, Nonforested Burn, and Undifferentinted Burn.
An addivional carcgory, Undelineatcd Burn, was calculaeed from the unburned nren 1o
account for surface burns under unburned canopics.

Results

The map depicts the distribution and character of the burned areas as of October 2,
1988, As was untcipated, wotal burn screage was reduced significantly from the totals in
the preliminary burned arca survey, Total area affected by fire in Yellowstone MNational
Park wus 793,330 gcres. Of thar, 323,201 was Canopy (catcgorics are cxplained below):
281,098 was Mived; 51,301 was Nonforested: 37,202 was Undifferentinied; nnd 100,988
was Lindelineated,

Faollowing i a deseription of the final burn categories. Four of these catsgories
appear on the map and are called map units, The ffth category (Undelinested Burn)) is
not shown on the map buot is calculated from the ares mapped by Landsat as unburned,

Proportions given for map unit composition are averages for the entire park. For
cxample, there is some varistion from one arca of Canopy Burn 1o the nexe, but for the
purposes of this analysis an average hos been computed and spplied to all Canopy
Burns.

Canopy Burn Map Unit

The forest overstory burned. Meedles were consumed, and bane, black branches re-
mumed. If trees were dead before the fire, branches were burned {rom tree trunks, and
the trunks were purtially comsumed. Ground cover was also consumed, and a layer of
gray or hinck ush covered the surface.



Hanl was charred fom (L5 em o 5 emon depth, and in some ploces w0 10 em, These
more deeply burned soils may have tan or reddish surface layers, and cccurred anly
where roots or large logs on the surface burned out.

On the average, %0 percem of this map unit was canopy burn as described above.
Five percent was overlap (the term “overlap” refers 1o small discrepancies at map unit
boundaries due to differences in resolution between agrial photography and Landsat
imagery). Five percent was a combination of areas that did not burn (for example, areas
of bare rock); surface burns in old burns that had standing dead trees that did not burp
in 1988; or areas of dark ground in nonforested sxpandes that may or may not hove
burned.

Mixed Burn Map Unit

This was characterized by a cambination of unburned, searched, and blackened
trees. The ratio of unburned 1o burned rrees varied widely; the farest canopy was not
bhumed uniformly, though the ground surface was usually bumed.

Soil charring was variable depending on the type of burn. Where the canopy was
hurned, soil was charred from 0.5 to 5 em in depth. Where surface logs burned out, soil
may have been charred to 10 cm and the scil surface may have turned reddish or tanin
color. Other areas may have had charring only in the surface 0.5 em.

The unburned/scorched/canopy burn mosakc occupied an average of 50 percent of
the map unit. Forty percent consisted of large areas of canopy burn in eparse stands of
trees. Scattered scorched trees occurted, and the ground surface was a lghter calor than
in the areas mapped in the Canopy Burn map unit. Five percent of this map unit was a
combination of small, burned meadows; tlands of burned trees surrounded by unburned
areas; areas in shadow; unbumned steep slopes and talus slopes; and burned shrublands
along drainages. Five percent of this unit was averlap.

Monforested Born Map Unit
This unit was not extensive in Yellowstone National Park. It was made up of
burned sagehrush shrublands, grasslands, meadows, wet meadows, and alpine meadows.
Sail charring was variable depending on pre-fire vegetation, In some areas beneath

burned sagebrush, soil char depthe wers ac much 42 5 ¢m. In most grassiands and grassy
areas in shrublands, sofl charring was less than 1 cm. 'Wet meadows that had @ thick



arganic layer had soil char depths up to 10 ¢m or deeper,

Eighty percant of this unit was composed of burned, nonforested areos. About 3
percent of the unit was made up of canopy burn in sparsely forested areas, Froe percem
of the unit was either unburned areas in shadow or canopy burns on steep slopes. Five
percent was made up of &reas of bare rock or unburned dark areas on flood plains, Five
pereont was overlap.

Undifferentiated Burn Map Undt

This unit was not extensive in Yellowstone National Park. It was made up of 2
warjety of diverse bumn types. Composition varied across the park, and the distribution of
burns was not predictable. The unit was mainly composed of burned areas that could
nut be relinbly placed in one of the other map unis, Soil charring varied with vegetation
and character of burn.

On the average, 30 percent of this unit was composed of small areas of bare, un-
burned ground, oficn on stecp slopes. Twenty parcent was made up of solated simds
of burned wees surrounded by non-forested burne and unburmed ares, Ten pereent of
this map unit occurred as edges of forested burmned areas in the transition zone between
forested and non-forested areas. Ten percent of the unit was canopy burm in sparsely
forested areas. Ten percent was burnt shrubland, Ten percent was surfoce burn under a
scorched wree canopy. Ten percent was dark areas in drainages surrounided by unbumed
arens and isolated unburmed areas of trees that burned previcus 1o 1988 or were killed
by insects.

Unburned Areas

Eighty-sight percent of the ares mapped as unburned by Landsat was unburned.
Five percent was made up of areas that had an unknown burn status; i.c., steep, north-
facing slopes in shadow, Small burned arcas in shrublands, grasslands, or meadows were
also included in thes 5 peroent. Aboul 7 percent of the ure “scen” gs unburned by the
satetlite hod o surfuce burn under & dense, unburned forest canopy. This area falls inta
the Undelineated Burn Category explained below.

Undelineated Burn Category

This entegory is composed of surfece burn under dense, unburned cenopics, Be-
cause: Landsal wis not ulways reliable in sensing this type of burn, an indireer caleulavon,
hased on field transect dota, wus used (o determine the acreage of this category. This
wms & "high-end” estimate to ensure that all burns of this type were included in the
acreage total. The actual acreage of surface burn under unburned canoples was proba-
bly lesz than given here.



1 is the map of burned areas within Yellowstone Mational Park. The Canopy
Burn, Mixed Burn, Nonforested Burn, and Undifferentiated Burn Map Units are in-
cluded in the map. Figure 2 shows the composition of these units kn a graphical format.
Teble 1 gives the cxtent of burned arcas in Yellowstone National Park. Canopy Burn,
Mixed Burn, Nonforested Burn, and Undifferentisted Burn categories ure directly from
mapped duta, and the Undelineated Category was calculated indirectly, Table 2 gives
Uis information broken down by Administrative Fire Unit

Accuracy and Precision

The precision of estimates was dependent on the minimum map unit size used in
the mapping process. Because Landeat used a 0.60 acre map unit, it was very precise. In
terms of accuracy, however, the “ground truth” used a S-acre minimum. Therefore,
though areas as small as .60 acre were delineated, the reported accuracy is § acres
This provided the most realistic estimate of accuracy when comparning these reaulls to
other mapping efforts.

As a maner of scientific interest, it is worth painting out that fire often affects
landscapes on & much smalier scale than 5 acres. For exampie, a fire may move acrods a
meadow creating a mosaic measured in square inches or square feet. This sort of fire
behavier was routinely observed in Yellowstone in 1988, Were the park's burned arcas
mapped on a scale of § square feet rather than 5 acres, resolution would again improve
and acreage wtals would again decline. But for the purposes of this analysis, to satis-
fymoat administrative and scientific needs, and wo keep within reasonable fnancial
constraints, § acres was considered sufficient resalution.

Map unit descriptions were based on a sample of interpreted aerial photography,
correlated to Landeat map units, On the average, 10 percent of the towl acreage of cach
category was investigated. These areas were selected from a sample of the 10 digitized
sample areas of photographic data. This data base represented about 165,800 acres of
burned area or about 20 percent of the 1otal burned area in Yellowstone National Park.



B Canopy Bum B Undifferentiated Burn
Mixed Burn B Water
. Nounforested Buom — Roads

Frgure 1. Burmed Area Suvey ol Yellowstone National Park: The Fires of 1988, Com-
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Tahle 1. Burned Area Acreages within Yellowstana Mational Park

* Total Area of Yellowstone Matiomal Park is 2,221,800 acres.

Taotal Tlnhareed ares is 1,427 000 seres.

Perceniage of Perceniage of
Huro T Hurned Arza (agres) Burned Are Taotnl YNP Areg*
Canopy xm 41 15
Miwed 281,098 a5 3
Nomforested S1.3m [ 2
Unibilforentiated Iram 5 2
Undelinealed 100,988 13 4
Todal T93.EED 100 M

Table 2. Burned Area Acrenges within Yellowstone Notional Park by Indndduni Fire

Baurs Type Fam  Nonmb

Helroaring Storm  Clower  Saake
River

Huwk Mink Total Burn

Fork Area
Canopy 477 1ELTR 34 ISE 53350 D485 6960 LR 3B
Mixed G863 LB 4407 33 A R 733 el 281,008
Wanforested 46 3967 4153 L8 5951 M2 289 L5 SL30L
Undifferentianed 743 15275 1693 Li8 4124 Aad2 LTDY (K] Wz
Updelineated 3299 4520 4048 2817 19919 IS3T Al 6235 100,988
Total A0 MOG3N 14T LAEW MLTH0 IALIEE Xae) 35457 3,880
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K Additionel Documentation

The preliminary survey, completed an December 1988, was o reconnaissance-level
survey that can be used for large scale investigations and preliminary analysis, This
survey included & reparnt titled “Preliminary Burned Aree Survey of Yellowstone Na-
tional Park and Adjoining Mational Forests; Project Summury und Tabular Areas,” and
o 1:400,000 scale color map titled "Preliminary Survey of Burned Areas: Yellowsione
Mational Park and Adjoining National Forests.” The map had a resolution of 200 acres.
The eolor infrared aerizl photographs used to make this map were ot a scale of 160,000
and date from September 15, 1988,

All of the 1988 fires within Yailldwstone National Park hive been interpreted and
mapped an 1:24,000 scale color infrared serial photographs. These photographs were
taken in October 1988 and are suituble for site selection and detalled investigation of
hurned areas,

A detsiiled puper on the techniques used In this project is being prepared. A
1:125,000 scale fire map is also in preparation. This map will be similar to but larger
than the map in Figure 1.

Fur further mformation on the Burned Area Survey of Yellowstane National Park
contact:

Dion Despain or Henry Shavic
Divigian of Resaarch

Box 168

Yellowsione National Park, WY 32190

For further informetion on the Preliminary Survey or the photographic data bases,

coninet:

Henry Shovic

Division of Research

Box 168

Yellowsione WNatonal Park, WY 82150
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