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We modeled and analyzed the economic impacts of the six weeks of large, catastrophic wild-
fires in northeastern Florida in June and July 1998, among Florida’s most devastating in recent
history. The result of the unusually strong El Niño-Southern  Oscillation (ENSO)  in 1998, the
Florida wildfires produced economic impacts of at least $600 million, similar in scale to recent
category-2 hurricanes. Improved understanding of the interactions between management,
wildfire, and its costs may yield large payoffs to society by identifying optimal intervention
activities.
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ldfires  engender far-reach- such as timber and capital. However,
ing costs and losses to soci- wildfires also can produce gains, for ex-
ety. Government agencies ample, by sustaining fire-dependent

and private landowners spend money forested ecosystems.
for presuppression and suppression ac- The increasing costs and damages
tivities as wildfires damage the physical associated with wildfires during the
stocks and productivity of resources, 1990s  suggest a need to analyze the

amount we should spend to prevent
and suppress wildfires. Using the least-
cost-plus-net-value-change criteria,
Gorte and Gorte (1979) explained that
the economically optimal amount of
presuppression effort or expenditures is
the point at which they minimize the
wildfire’s cost, including both presup-
pression  and suppression costs, plus the
net value change of the affected re-
sources (the sum of all wildfire-induced
gains and losses).

Clearly, minimizing the economic
impacts of catastrophic wildfires re-

Above: Fire  plumes in Florida as seen from the
NASA GOES-8 satellite, June 6, 1998.



figure I.  The locations of the June and July
1998 wildfires in Florida are shown in red.
The St. John’s River Water Management
District is outlined in black.
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F i g u r e z . Average fire size and total fire area for Florida in June and July, all fuel types (federal lands
excluded), 1981-99.

quires careful calculation of all associ- sion expenditures averaged $500 mil-
ated costs,  losses,  and gains.  Neverthe- lion per year for the period 1994-99.
less, we know of no organization in the Such totals, however, shed no light on
United States that systematically and suppression expenditures for one fire or
empirically quantifies economic im- set of fires to enable optimal suppres-
pacts of wildfires. The National Intera- sion and prevention pol icies .  Although
gency Fire Center (2000) reported that a few analysts have expanded wildfire
the federal portion of wildfire suppres- cost accounting to include other eco-

nomic components of costs and net
value change (e.g., Bellinger et al.
1983; Mills and Flowers 1985; Price-
w a t e r h o u s e C o o p e r s 1998),  i n  m o s t
studies net value change usually refers
only to timber losses (Gorte and Gorte
1979).

Wildfires create both short- and
long-run economic impacts. Where
human populations are high and wild-
fires are catastrophic, unique near-term
losses associated with large-scale local
economic disruptions are often gener-
ated.  Long-term costs and losses are in-
curred in vegetation management, rou-
tine wildfire monitoring, and impacts
on timber and other forest values. The
summer of 2000,  when wildfires
burned more than 8 million acres in
the United States, is a testament to the
potential impact of wildfires on people
and their  economic systems.  As human
populations increase, and as the num-
ber of structures in and near wildlands
increases over time, the costs and eco-
nomic losses from occasional cata-
strophic wildfires are l ikely to increase.
Detailed analyses of the potential im-
pacts of catastrophic wildfires are
needed to help the public and policy-
makers better understand the potential
return to alternative presuppression
and suppression strategies to reduce
risks and impacts of wildfires.

Wildfires of 1998
The fire season of 1998 was the

most  devastat ing in Florida’s  recent  his-
tory. Approximately 500,000 acres
burned, mostly in the forests of 18
northeastern Florida counties (fig. I)
that compose the St. John’s River
Water Management District. Although
the actual number of fires in Florida
(federal lands excluded) for 1998 was
below average (4,9  16 fires versus the
5,720 average for the period 1981-99),
more than twice the usual number of
wildfires occurred in the summer
months of June and July 1998 (2,255
versus an average of 935). The 1998
fires also were unusually large, averag-
ing 200 acres in 1998  compared to 59
acres in an average year, propelling
total area burned to more than twice
the long-term average between 198 1
and 1999 (Jig. 2).

The 1998 catastrophic wildfires
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were caused in large part by the
weather patterns associated with an un-
usually strong (“super”) El Nifio-
Southern Oscillation (ENSO),  the
central Pacific Ocean temperature fluc-
tuation that affects weather patterns
worldwide. ENS0 can be divided into
three recognizable phases-El Niiio,
La Niña,  and neutral (Green et al.
1997)--all  of which affect weather in
Florida. The El Niño  phase is charac-
terized by heavier-than-normal precip-
itation in Florida, whereas the La Nifia
phase usually produces reduced levels
of precipitation or drought. The neu-
tral phase, following an El Niiio-La
Nifia oscillation, is typified by normal
precipitation patterns in Florida.

The ENS0 pattern of 1997-98 (fig.
3) was atypical compared with other
ENSOs  because of the extraordinarily
high rainfall in Florida during the wet
El Niño  portion of the cycle. The
quick return to the La Nifia phase was
also atypical and created a severe
drought. During the El Nifio phase
(1997 and early 1998),  vegetation ac-
cumulated in northeastern Florida. By
April 1998, when the drought took
hold, the vegetation dried up and be-
came a large and hazardous fuel source.
In late spring and early summer 1998,
the Keetch-Bryam drought index, a
standard measure of wildfire danger,
flirted with the maximum possible
value of 800 for several weeks. Indeed,
these conditions were so extreme that
bald cypress swamps and other lowland
forests burned more often than upland
types (Mercer  et al. 2000).

In addition, the weather patterns
present under La Nifia and the result-
ing fuel buildup changed the mix of ig-
nition sources for wildfire. Typically,
arson is the most common source of
wildfires in Florida. During the spring
and summer of 1998, however, light-
ning was the most prevalent ignition
source, with total strikes exceeding
60,000 for the St. John’s River Water
Management District from June to
mid-July 1998.

Economic Effects
We examine seven major categories

of costs and losses associated with cata-
s trophic wildf ires:  presuppression costs ,
suppression costs ,  disaster  rel ief  expen-
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Figure 3. Nifio 3 sea surface temperature anomaly and departure from normal rainfall for Florida by
month from May 1997 to December 1998. The El Nifio and La Niña  phases are depicted in green and
orange, respectively.

ditures, timber losses, property dam-
age, tourism-related losses, and human
health effects. This list is by no means
exhaustive,  as other potential  costs  and
losses may exist (e.g., lost wages, de-
creased quality of life, higher long-run
firefighting expenditures, landscape re-
habilitation, environmental degrada-
tion). But examining these seven cate-
gories  al lows us to focus on data that  is
readily available to produce a conserva-
tive, lower-bound estimate.

Unlike much of the wildfire-vulner-
able West,  northeastern Florida is  heav-
ily populated, and private land owner-
ship predominates. The wildfires of
1998, therefore, required evacuations
of hundreds of thousands of people
and destroyed private and public tim-
ber resources. Because Florida, like the
West, is a popular tourist destination,
the 1998 wildfires also disrupted
tourism to popular attractions such as
beaches, Disney World, and a major
stock-car race. The smoke from the
wildfires also posed a potential health
risk to Florida’s  large and vulnerable el-
derly population. In the following sec-
tion, we examine the economic scale of
each of these impacts in Florida.

Timber losses. Natural catastrophes
such as wildfires can have short- and
long-term effects on timber markets.

Short-term effects (one to two years)
include the immediate destruction of
valuable standing timber and eco-
nomic disequilibrium associated with
the flooding of markets with salvaged
timber. The glut of salvaged timber dri-
ves prices downward temporarily,
which affects owners of the killed tim-
ber, owners of undamaged timber, and
timber consumers. Holmes’s 1991
analysis of a major southern pine bee-
tle outbreak in Texas and Louisiana,
and Prestemon and Holmes’s 2000
study of the effects of Hurricane Hugo
in South Carolina document the short-
run price drops caused by gluts of sal-
vage material. Long-run effects on tim-
ber markets can arise from the loss of a
large portion of standing inventory, a
loss that tends to drive prices upward
for extended periods and produce a
windfall for owners of undamaged tim-
ber. They also can create conditions fa-
vorable for a contraction in timber de-
mand. Prestemon and Holmes (2000)
found that the elimination of more
than 10  percent of the inventory in a
region could drive up long-run prices,
assuming no contraction in demand.
Therefore, large-scale catastrophes
often redistribute wealth among pro-
ducers and consumers and cause a net
economic loss .
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Timber Market Effects of the 1998 Wildfires in Florida

We quantified economic effects of the 1998 wildfires in
northern Florida’s southern pine sawtimber and pulpwood
markets (data limitations prohibit analyses of hardwood mar-
kets impacts). The affected region corresponded closely to
Timber Mart-South Area 1 (Norris Foundation 1998),  so
base  p r i ce  es t imates  were  based  on  the  T imber  Mar t -Sou th
report for Area 1 for the second quarter of 1998. We as-
sumed that northern Florida timber prices moved in a way
similar to price changes identified by Prestemon and Holmes
(2000)  for sawtimber and pulpwood stumpage  in South Car-
olina following Hurricane Hugo: a salvage glut period, in
which prices were lower than they would have been without
the catastrophe, and a price rise after the salvage period
was completed. The price rise after Hugo followed the loss
of 16 percent of southern pine inventory in the coastal plain
and ‘lower Piedmont ‘of
South Carolina. A similar
scale of inventory loss was
experienced in northern
Florida-14 percent of saw-
timber inventory and 19 per-
cent of pulpwood inventory
(Mercer  e t  a l .  2000)--so
this price path seems justi-
fied. Of the sawtimber and
pulpwood inventories killed
in Florida in 1998, landown-
ers salvaged approximately
24 percent and 23 percent
of killed pine and hardwood
volume, respectively. These
sa lvage quant i t ies  amounted
to more than twice the aver-
age annual removals for the
region, implying that both
pine and hardwood timber

P I
P O

PI

and harvest quantities, we calculated the economic surplus
(consumer and producer surplus effects) of the fires on the
northern Florida economy. This approach was partial equilib-
rium, ignoring any feedback effects that may occur between
the timber sector and other sectors.

markets faced gluts of salvage materials for several months
after the fires ended. Communications with experts in the
field revealed that the salvage period was over by mid- 1999.

A statistical analysis of the price effects of the Florida
wildfires in the manner of Prestemon and Holmes (2000)
was not possible, because we lacked a long time series of
observed prices following the wildfires. As an alternative, we
estimated the timber price changes by applying a structural
economic model: using supply-and-demand relationships
available in the literature and data from Mercer et al. (2000)
on inventory losses and salvage volumes. The price effects
were estimated by assuming a path of salvage volume and
regular harvest volumes in northern Florida and then finding
the pure effects of the salvage glut and inventory reductions
caused by the fire on prices. In other words, we calculated
how far observed prices in northern Florida should have de-
parted from actual prices in the quarters following the fires.
Using those price departure estimates, salvage volumes,

Methods
The figure below is a graphical representation of the

northern Florida timber market, showing the shift in supply
and the glut of salvage of either sawtimber or pulpwood
s t u m p a g e  offered to the market. Before the 1998 wildfires,
equilibrium was at point a, the intersection of the supply
curve based on the original available inventory, So(P,@,  and
demand, D , establishing a price P O and a quantity Qo.  During
the first salvage period after the fires, a glut of damaged ma-

terial, V,  entered the pulp-
wood and sawtimber mar-
kets. This material was com-
bined with the undamaged
timber ( f & I offered from the
new supply curve, S 7 P , ! 1 1 ) .
The new supply of timber
was based on a smaller in-
ventory (1,) and intersected
the demand curve at point b,
establishing a short-run price
( 4 ) and quantity ( & I . The
sa lvage  vo lume,  V,  g radual ly
shifted toward the price axis
as the salvage material was
exhaus ted .  We assume tha t
four-sevenths of the sal-
vaged volume was recov-
ered in the first period after
the fires (the third quarter of
1998),  two-sevenths in the

fourth quarter of 1998, and one-seventh in the first quarter
of 1999. (Although other allocations across quarters could
have been used, such as a linear decrease over time, the es-
timates of economic surplus changes would have been only
trivially different from our assumed allocations. The salvage
allocations over time also better fit price paths observed
during the salvage period for Hurricane Hugo [Prestemon
and Ho lmes 20001. )

After the salvage was exhausted, the new equilibrium,
based on the new supply curve, was point c , a price of P I
and a volume per quarter of 91.

Supply-and-demand equations were specified as expo-
nential functions, and changes in surplus were based on
changes in the areas between the price axis and the curves
(Just et al. [1982]  provided an overview of this technique for
ca lcu la t ing  we l fa re  changes . )

Each quarter after the fires, an estimated price change
was calculated, based on a salvage wood quality adjustment
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Losses and gains in producer and consumer surplus caused by 1998 wildfires in the St. John’s River Water
Management District, Florida ($ million 1999),  assuming a 6 percent real discount rate.

P r i c e  e l a s t i c i t i e s

Change in producer surplus, undamaged market
Change in consumer surplus, entire market
Change in producer surplus due to lost inventory
Change in producer surplus from salvage revenues

Total change in consumer and producer surplus

NOTES: Supply elasticities with respect to inventory were set at 1.0 for both sawtimber  and pulpwood markets. Demand elasticities with respect  to price for
both products were -0.5. Supply elasticities with respect to price for both products were 0.3. These were the same as those used by Abt et al. (2000).
Negative surplus changes imp/y net economic losses, and positive changes imp/y net economic gains.
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Table 1. Wildfire impact on summer tourism for counties in the St. John’s
River Water Management District, Florida, June-August 1998.

Change in summer
County h o t e l  r e v e n u e

Alachua $ (403,181)
Baker -

Brevard (4,599,488)
C l a y ( 3 5 , 7 4 4 )

Duval 1,033,772
F l a g l e r ( 4 4 2 , 1 4 8 )

Indian  River (302,288)
L a k e ( 3 3 0 , 6 7 6 )

Marion -
Nassau ( 2 9 9 , 3 4 7 )

Okeechobee 28,883
O r a n g e ( 48 ,835 ,556 )

Osceola 9,169,125
P o l k ( 6 6 6 , 8 4 6 )

Putnam 129,424
S t .  J o h n ’ s (7 ,823 ,967)

Seminole 1,169,430
V o l u s i a (8 ,790 ,112)

T o t a l $ ( 60 ,998 ,679 )

Change in summer
tourist spending T o t a l  c h a n g e

$ (510,522)  ^ $ ( 9 1 3 , 7 0 3 )
- -

(5,823,976) (10,423,424)
( 4 5 , 2 6 0 ) ( 8 1 , 0 0 4 )

1,308,997 2,342,769

( 5 5 9 , 8 6 2 ) (1,002,010)

(382,768) (685,056)
( 4 1 8 , 7 1 3 ) ( 7 4 9 , 3 8 9 )

( 3 7 9 , 0 4 4 ) ( 6 7 8 , 3 9 1 )

36,573 65,456
( 61 ,837 ,230 ) ( 1 1 0 , 6 7 2 , 7 8 6 )

1 1 , 6 1 0 , 2 5 6 2 0 , 7 7 9 , 3 8 1
( 8 4 4 , 3 8 4 ) (1 ,511 ,230)

163,881 293,395
(9 ,906 ,972) (17 ,730 ,939 )

i , 4 8 6 , 7 7 1 2 , 6 5 0 , 2 0 1
(11 ,130 ,336 ) (19 ,920 ,448 )

$ ( 77 ,238 ,589 ) $ ( 1 3 8 , 2 3 7 , 2 6 8 )

fires produced between $322 and $509
We calculated that the 1998 wild-

million in net losses to the Florida pine
timber market (for details, see “Timber
Market Effects of the 1998 Wildfires in
Florida,” p. 12). These losses exclude
the hardwood timber market, where ef-
fects are probably smaller but likely
amount to tens of millions of dollars.
Because of data limitations, we did not
estimate the economic effects of the
wildfires on hardwood markets, but
hardwood t imber inventory losses were
similar in scale to softwood  inventory
losses (Mercer et al. 2000). Different
segments of society were unequally af-
fected by the wildfires, and these dif-
ferences were economically significant:
Consumers lost $400 million to $1.5
billion, owners of damaged timber lost
$360 to $460 million, and owners of
undamaged timber gained $400  mil-
lion to $1.4 billion.

fires in June, about $9.4 million (cov-
lion annually. Before the major wild-

ering 377,936 acres) had been spent
on prescribed fire in Florida in 1998.
Total presuppression and vegetation
management expenditures may easily
surpass $12.7 million annually, as we
do not have data for other manage-
ment activities aimed at wildfire risk
reduction, such as thinning and herbi-
cide treatments.

Costs of suppression and disaster relief:
The Federal Emergency Management
Agency (FEMA) approved wildfire sup-
pression reimbursement and disaster re-
lief aid to Florida in the wake of the
1998 wildfires. FEMA originally autho-
rized $50 million for the Fire Suppres-
sion Assistance Program (FSAP), al-
though the final tally was expected to
top $100 million (this discussion draws
from Suiter and Copenhaver 1999).
FSAP reimbursed state and local gov-
ernments for 100 percent of their fire-
f ighting costs ,  including wages for  fire-
fighting crews and the costs of their
gear, and the leasing of multiple fixed-
wing aircraft, helicopters, fire engines,
and bulldozers. FEMA disaster relief
expenditures were expected to total  $20
to $25 million, with 25 percent repre-

Costs  ofpresuppress ion andprescribed
burning. Each year in Florida, approx-
imately 506,000 acres of land are sub-
jected to prescribed fire to reduce the
risk of wildfire. Assuming a treatment
cost of $25 per acre, prescribed burn-
ing in Florida costs federal, state, and
private landowners about $12.7 mil-

senting state  and local  government dis-
aster relief expenditures. Disaster relief
covered the expenses of debris removal,
relief centers, temporary housing, and
cris is  counsel ing.

Property losses. The 1998 wildfires
damaged or destroyed 340  homes, 33
businesses,  and several  cars and boats.
These losses amounted to between $10
and $12 million (Saunders 1998). Be-
cause of  data constraints ,  this  est imate
only includes losses to insured prop-
erty. Homes accounted for the major-
i ty  of  the total  property  losses .

Tourism and trade  losses.  Compared
to previous years,  tourism expenditures
in northeastern Florida fell consider-
ably below expected levels during the
summer months of 1998. While na-
tionwide media coverage of the effects
of the 1998 wildfires-including re-
ports on mandatory evacuations,  exces-
sive smoke, and road closures-dis-
couraged travel to the state,  the unusu-
ally hot, dry conditions may also have
reduced the attractiveness of Florida to
tourists .  As we were unable to separate
out the independent economic effect,
if any, of merely bad weather on
tourism, we assumed that  al l  the reduc-
tions in tourism were the result of the
wildf i res .

We stat ist ical ly tested for changes in
tourism during the 1998 wildfire sea-
son for the 18 counties lying at least
partially within the St. John’s River
Water Management District. The sta-
tist ical  analysis of hotel  revenue effects
used data from the Florida Depart-
ment of Revenue’s transient rental
(hotel) tax receipts, where revenues
equal the hotel tax divided by the cor-
responding county hotel tax rate
(Baker and Marion Counties were ex-
cluded because they do not report
hotel taxes). The months of June, July,
and August 1998 were analyzed, with
August included to account for any
lagged effects the fires may have had on
tourism.

The change in tourism expenditures
was estimated by comparing predicted
(without fire) with observed expendi-
tures. The predicted level was deter-
mined by multiplying 1997 tourism
revenues, as recorded by each included
county, by 1 plus the mean annual per-
cent change occurring over the previ-
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ous lo-year period. Calculations were
performed separately for June, July,
and August 1998. To determine
whether the change in gross sales from
1997 to 1998 was statistically signifi-
cant, the percent change was compared
to the 95 percent confidence interval
for the average percentage change oc-
curring in the previous 10 years for
each county. If the percent change
from 1997-98 fell outside the confi-
dence interval, it was determined to be
statistically significant.

The difference in tourism expendi-
tures in June and July 1998 compared
to the previous 10 years was not statis-
tically significant. August tourism
losses (792,19  1 hotel-room nights),
however, were statistically significant
compared to the predicted revenues for
August 1998 (p < 0.05). Reduced
tourism resulted in an estimated $61
million gross loss in hotel revenues and
an estimated $77.2 million gross loss in
non-hotel-related tourist spending.
Most of these losses were experienced
by the hotels and businesses of Orange,
Volusia, St. Johns, and Brevard Coun-
ties 

Health care costs. Air pollution emis-
sions were estimated for the 1998 sum-
mer wildfires by county (table 2), and
these emissions formed the basis for es-
timating some of the economic effects
of the wildfires on health. Brevard, Fla-
gler, and Volusia Counties accounted
for over 82 percent of the wildfire-
related pollution. The Volusia County
Health Department and the Florida
Department of Health examined the
frequency of hospital visits for asthma,
bronchitis, and other respiratory con-
ditions between June 1 and July 6,
1998. Sorenson et al. (1999) surveyed
seven hospitals in Volusia County and
one in Flagler County in 1998 and
compared admissions and emergency
room visits for each county for the
same period in 1997. They found that
emergency room visits increased by 9 I
percent for asthma and by 132 percent
for bronchitis with acute  exacerbation
during the 1998 fire season.

Usually, this type of fine-scale health
data is not recorded or easily accessible.
Longer time series data would, among
other things, allow hypotheses to be
tested, such as whether and to what de-

Table 2. Wildfire emissions by county for the St. John’s River Water
Management District, Florida, June-July 1998.

County Acres C a r b o n V o l a t i l e
burned’ organics*

N i t r o g e n
Particulates m o n o x i d e o x i d e

. . . . . &“S  . . . . . . . . . . . . I . . . .

Alachua 6 , 7 8 4 5 1 9 4 , 2 7 4 7 3 3 1 2 2

Baker 6 6 5 5 1 4 1 9 7 2 1 2

Brevard 5 7 , 0 4 2 4 , 3 6 4 3 5 , 9 3 7 6 , 1 6 1 1 , 0 2 7

C l a y 6 , 9 6 2 5 3 3 4 , 3 8 6 7 5 2 1 2 5

Duval 8 , 4 3 8 6 4 6 5 , 3 1 6 9 1 1 1 5 2

F l a g l e r 9 5 , 8 0 9 7 , 3 2 9 6 0 , 3 6 0 1 0 , 3 4 7 1 , 7 2 5

I n d i a n  R i v e r 3 0 2 1 9 3 1

Lake 8 8 2 6 7 5 5 6 9 5 1 6

Marion 9 7 3 7 4 6 1 3 1 0 5 1 8

Nassau 2 , 2 1 9 1 7 0 1 , 3 9 8 2 4 0 4 0

Okeechobee 1 , 2 7 4 9 7 a03 138 2 3

O r a n g e 6 , 7 0 4 5 1 3 4 , 2 2 3 7 2 4 1 2 1

Osceola 8 , 2 0 1 6 2 7 5 , 1 6 6 a 8 6 1 4 8

P o l k 7 , 0 9 4 5 4 3 4 , 4 6 9 7 6 6 1 2 8

P u t n a m 4 , 5 3 2 3 4 7 2 , 8 5 5 4 8 9 8 2

St. John’s 1 1 , 8 4 9 9 0 6 7 , 4 6 5 1 , 2 8 0 2 1 3

S e m i n o l e 2 , 0 4 6 1 5 7 1 , 2 8 9 2 2 1 3 7

V o l u s i a 1 6 1 , 3 2 9 1 2 , 3 4 2 1 0 1 , 6 3 7 1 7 , 4 2 3 2 , 9 0 4

T o t a l 3 8 2 , 8 3 3 2 9 , 2 8 7 2 4 1 , 1 8 5 4 1 , 3 4 6 6 , 8 9 4

‘ G r a s s y  f u e l s  e x c l u d e d .
‘Expressed as methane.

gree wildfire size, intensity, or severity
affects the incidence of respiratory ail-
ments. A complication may be that res-
piratory ailments also are affected by
other factors associated with the kind
o f  w e a t h e r experienced during
droughts, such as increased levels of
dust, pollen, and fungal  spores. Disen-
tangling the specific effects of fire-cre-
ated pollutants using empirical analy-
ses is challenging, but respiratory prob-
lems represent a tangible cost that can
exceed thousands of dollars per patient,
and these ailments traditionally target
sensitive populations such as children
and the elderly.

We applied the findings of Sorenson
et al. (1999) to calculate the economic
effects of the 1998 wildfires on health.
We assumed that the observed in-
creases in treatment for asthma and
bronchitis were the direct result of the
wildfires and that these increases oc-
curred at the same rate in the remain-
ing counties in the St. John’s River
Water Management District (normal-
ized for population differences). The
additional asthma-related health care

expenditures due to wildfires ranged
from $325,000 to $700,000. These ex-
penditures included costs associated
with emergency room visits, inpatient
care, outpatient care, and doctor’s of-
fice visits. The majority of the expendi-
tures stemmed from inpatient and
emergency room care (because of data
limitations we examined asthma only).
Cost per treatment was calculated by
dividing total expenditures by the
number of visits, from Weiss et al.
(1992) and Smith et al. (1997),  for in-
patient care and emergency room vis-
its. Weiss et al. and Smith et al. exam-
ined a sample of asthma occurrences in
1985 and 1987, respectively, and ex-
trapolated to determine nationwide in-
cidence and cost. To calculate the range
of expenditures from outpatient and
doctor’s office visits, we assume that
the ratio between inpatient and emer-
gency room visits to outpatient and of-
fice visits that occurred nationwide in
1985 and 1987 also held for 1998. We
estimated that the wildfires caused the
inpatient admission of 59 more people
than normal, at a cost of $2,200 to
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$6,300 per visit of roughly five days,
and that an additional 686 patients
were treated in emergency rooms, at a
cost of $110 to $290 per visit. The fires
also produced 80 to 800 additional
doctor’s office visi ts ,  at  a  cost  of  about
$45 per visit, and 20 to 90 additional
incidents of outpatient care,  at  a cost  of
$80 to $400 per occurrence. Because
of data limitations, these numbers do
not  include costs  associated with t reat-
ment for other conditions such as
bronchitis, shortness of breath, wheez-
ing, or other respiratory ailments that
have been shown to increase during the
six-week extreme wildfire season. Fi-
nally, these estimates do not include
expenses paid for medications or indi-
rect  costs  from lost  wages.

Discuss ion
Based on this analysis, we predict

that the 1998 wildfires will cause net
damages of $300 to $500 million to
the pine timber market in Florida in
the long run. These are conservative es-
timates, as they ignore both the hard-
wood timber market and the general
equilibrium effects that changes in the
timber market have on the larger econ-
omy. The additional $280 million in
estimated nontimber economic losses
are also conservative estimates. Pre-
scribed burning costs around $12.7
million annually, but how much more
is being spent  on other  presuppression
methods? FEMA considered the $100
million in fire suppression and related
support to be a minimum value. Wild-
fire-related property losses of $10 to
$12 million also provide a lower bound
to actual  losses,  given that  they do not
include uninsured property losses, nor
do they account for residents’  t ime and
effort spent cleaning up and repairing
damaged property.  Tourism losses may
have l ingered well  past  August  and may
have become more severe as cleanup
continued and media attention per-
sisted.  Gross tourism revenue losses in
August  were almost  as large as the com-
bined losses  of  June and July.

Asthma-related healthcare costs,
proxied as the cost of asthma treat-
ment, were small compared to other
economic losses. However, three im-
portant points should be made before
we discard them for economic insignif-

icance. First, it is possible that socially
and politically important distributional
effects exist, as sensitive populations
are harmed first. Weiss et al. (1992)
found that almost half of all emergency
room visits for asthma were to treat
children. Second, these health effects
were only for the short-run costs of
treatment and do not include potential
longer-term health impacts. Third,
they do not account for the real costs
associated with pain and discomfort
experienced by all people who were
subject to smoky conditions.

Even given the conservative nature
of our cost accounting for the 1998
wildfires, the season’s total estimated
impact, at $600 to $800 million, rivals
the economic effects associated with
category-2 hurricanes. The size of this
impact underscores the importance of
a complete and accurate accounting
and economic analysis of such cata-
strophic events. In future studies of
catastrophic losses from wildfire, we
recommend a more detailed account-
ing framework than that used currently
by government agencies:

1. Because more than half of the
total costs of the 1998 wildfires in
Florida were in timber losses, we sug-
gest a more sophisticated evaluation of
timber market impacts. This evalua-
tion should include a more detailed
tally of inventory losses, salvage vol-
umes by species, and salvage material
quality degradation, and it should in-
clude an analysis of the long-term ef-
fects on the forest sector.

2. We believe that an established
system for monitoring wildfire smoke
emissions in the vicinity of vulnerable
populations and in conjunction with
careful monitoring of hospital admis-
sion rates would enable analysts to
more accurately link smoke to health
impacts .

3. A refined accounting framework
should include a system for performing
a complete accounting of property
losses, including both insured and
uninsured. This is particularly impor-
tant for evaluating the effects of such
events in heavily populated areas and
in areas where people have limited eco-
nomic means.

The magnitude of our impact esti-
mate highlights the need for mitigating
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fire hazards, especially in areas where
population is dense and in proximity
to fire-prone forest ecosystems. Because
relatively large expenses are incurred by
wildfire suppression crews and emer-
gency personnel to prevent the kinds of
economic losses detailed in this article,
a better understanding of actual losses
can inform decisionmakers on the ap-
propriate amount of suppression ex-
penditures and presuppression expen-
ditures (e.g., vegetation management
activities). Enlightened wildfire policy
and land-use decisions are unlikely
without more complete and accurate
accounting of the costs and losses to
society of wildfires.
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