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Abstract

Resumen

Prescribedburninghas long been recognizedas a usefultool in
rangelandmanagement,but with it comes the risk of fire and
smoke damage to the property of others. All but 2 states have
codified laws specifyingcriminalpenaltiesor liability rules for
prescribed burning, but the laws in a number of states have
changedin recentyears or are underreview.We developan economic model of the incentive and welfare effects of prescribed
burninglaw and regulationin whichthe likelihoodand extentof
externaldamagecan be reducedby precautionaryeffort on the
part of both the burner and/or the victim. The model provides
implicationsregardingthe comparativeadvantagesto the public
of strict liability versus negligencerules. We concludethat the
relativeeffectivenessof a liabilityrule dependsin large part on
the relativeability of burnersand other landownersto mitigate
the probabilityand extent of damage,as well as the legal costs
associatedwith implementinga givenliabilityrule.

La quema prescrita ha sido reconocidamucho tiempo como
una herramientauitilen el manejo de pastizales,pero con ella
viene el riesgo de daiio por humo y fuego a otras propiedades.
Exceptuando2 estadosel restoha establecidoleyes especificando
penalidades criminales o reglas por daiios a terceros para la
quema prescrita. Desarrollamosun modelo economico de los
efectosdel apoyode gobierno e incentivosde la ley y regulacion
en quemaprescrita,en el cual los daiiosa los vecinosy lo extenso
del daiioexternopuedenser reducidospor un esfuerzoprecautorio tanto del que quema como de la victima.El modelo provee
implicacionesrelacionadasa las ventajascomparativaspara el
puiblicoestrictoen danos a tercerosversus reglas por negligencia. Concluimosque la efectividadrelativade una reglade daios
a tercerosdependeen gran parte de la habilidadrelativade los
que quemany de otrospropietariosparamitigarla probabilidad
y extensi6ndel daino,asi comode los costoslegalesasociadoscon
la implementacionde una reglade daiiosa tercerosdada.

Key Words:fire, naturalresourcespolicy,prescribedfire, rangeland fire, rangelandpolicy
Prescribedburningis an inherentlyrisky rangelandmanagement tool that can result in litigation and considerableliability
exposureto the prescribedburner.Throughmuchof the 20thcentury,prescribedfire was resistedby policy makersandmanynaturalresourcesmanagersbecausefire was considereda detriment
to either ecosystem integrity or to ecosystem products (Pyne
1982, Biswell 1989). Even thoughfire is now widely viewed as a
useful vegetation and fuels managementtool (Bernardoet al.
1988, Svejcar1989, Briggs and Knapp1995, Zimmerman1997,
Babbitt1995, Pattison1998), the exposureto liabilityremainsa
primaryimpedimentto increaseduse of prescribedburningin the
UnitedStates.At the same time, stateandfederalprograms(e.g.,
U.S.D.A. EnvironmentalQualityIncentiveProgram)andpolicies
encouragethe use of prescribedbuming.The Federalgovernment
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tion thatit is amongthe most riskyactivitiesof federallandmanagement agencies (U.S. Department of the Interior, U.S.
Departmentof Agriculture1995).
The relativeincentivesfor individualprescribedburners(and
society as a whole) versus the potentialvictims (individuals)of
escapedfire differwidely becauseof the widely varyingliability
rules among states in the U.S. Virtuallyall states have codified
civil or criminal statutorylaw for prescribedburning,but the
structureof these laws variessubstantiallyacrossstates(Yoderet
al. 2003). Only4 statesimpose strictliabilityon prescribedburners. Under strict or unlimitedliability, defendantsare liable for
the damagecausedby an escapedprescribedfire even if thereis
no evidenceof negligenceon theirpartandregardlessof the precautionstakento containthe fire. Most stateswith prescribedfire
statutesimpose negligencerules of some form on the prescribed
burner,but again,these negligencerulesvarysubstantiallyacross
states (Yoderet al. 2003). Not only do prescribedburninglaws
vary substantiallyacross states, but these laws currentlyare in
flux. The laws in most stateshave been revisedsince 1990, anda
numberof statutesarecurrentlyunderreview.
We buildon a modeladaptedfromthe law andeconomicsliteratureanddevelopedin Yoderet al. 2003 to comparethe capacity
of the differentliabilityrules to inducethe economicallyappropriatelevel of precautionby prescribedburnersand theirneighbors. The intentof this paperis to providea conceptualframework for assessingthe economicefficiency and incentiveeffects
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of prescribedburningliabilitylaw so that
rangeland resource managers can more
knowledgeablyarticulateto policy makers
the relative merits of alternativeliability
statutes.

A Model of Liability for
Prescribed Burning
We will examine2 neighboringproperty
owners. One neighborapplies prescribed
burningto his land,anda neighbor'sproperty would suffer damage if the fire
escapedonto his land. Supposethe probability of an escaped fire dependson precautioneffortby the burner,andthe extent
of damage -given that a fire escapesdependson precautionaryeffort taken by
the victim. The following model is adapted from Brown (1973) and developedfor
this scenarioby Yoderet al (2003).
First, consider the efficient (wealthmaximizing)levels of precaution;we will
then examine the effectivenessof various
liabilityrules for inducingthis allocation.
The total net value of a prescribedburn,P,
is the value of the benefits from the burn
minus the precautioncosts and expected
value of damage incurredby the burner
andvictim:
Hl= R - D(V) P(B) _WvV
V WbB (1)
where
* R > 0 - the value of the burnto the burner (includingsocietyin general),
* D(V) _ damage to the victim if fire
escapes(potentialdamage),
* P(B)E(0,1) - probabilityof an escape
thatresultsin damage,
* V _ the level of precautioninvestedby
the victim,
* B - the level of precautioninvestedby
the burner,

also can be considereda costly precaution
by the burner(Robertset al. 1999).
The economicallyefficientlevels of precautioninvestedby the burner(B) andthe
victim (V) are those thatmaximizefI, the
total net expected value of a burn.
Assumingthatthe probabilityof an escape
(P(B)) and damage to the victim (D(V))
decline at a diminishingratewith increases in precautionby the burnerand victim
(B and V) respectively, the model provides a numberof implicationsregarding
the optimal precautionof the burnerand
the victim. Economic efficiency requires
that both the burnerand the victim take
precautions to reduce potential damage
except in specialcases. First,if precaution
by eitherthe burneror the victim (B or V,
respectively)is very costly or ineffective
at reducingeitherthe risk of escape (P(B))
or damage to the victim (D(V)), then it
may be optimalfor one, the other,or even
both parties to expend no precautionary
efforteven when the use of prescribedfire
is beneficialto the burneror to society in
general(i.e. Hl(B= O,V= 0) > 0). Second,
if the probabilityof escape that leads to
damageis very low for optimallevels of B
(precautionby the burner),then it may be
optimal for the victim to expend no precautionaryeffort. Similarly, if potential
damageis very low for even low levels of
V (precautionby the victim), then it may
be optimalfor the burnerto take no precautionaryeffort (see Yoder et al. (2003)
for mathematical justification of these
results).

This model provides a frameworkfor
how differentliabilityrules
understanding
influenceincentivesfor prescribedburners
to practice precaution and for potential
victims to mitigate potential damage.
Strictliabilitywill be consideredfirst,followed by an analysisof negligencerules.

Strict liability
Consider2 scenarios:(1) the burneris
not liable for (not required to pay for)
damagesufferedby the victim,and(2) the
burneris liable for damagesufferedby the
victim.
Scenario (1) representsthe case where
no restrictions or responsibilities were
placed on burnerswith regardto damage
and burning.The victim bears all of the
damage costs from an escaped fire, and
will thereforeexert the economicallyefficient level of precaution. On the other
hand,the burnerbearsnone of the damage
costs if a fire escapes, and will therefore
exert no effort to reducethe likelihoodof
escape. If the burnerhas cost-effective
means of reducing the probability of
escape, this level of precaution(B = 0) is
inefficiently low ("cost-effective"means
herethatbenefitsexceed the cost for some
level of precaution).Therefore,the probability of escape will be inefficientlyhigh
and expecteddamagefrom prescribedfire
will be inefficientlyhigh.
In scenario(2), The burnerbearsall the
damagecosts of an escaped fire in addition to his own precautioncosts, and will
thereforeexert the efficient level of pre-
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fire prescriptions,such as highly restrictive windows of air temperatureand relative humidity,is an importantfactor that Fig. 1. Benefits and costs for the burner (left) and victim (right) under strict liability (top) and
,

I

negligence(bottom).
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cautionfor any given level of victim precaution. The top row of Figure 1 shows
benefitsand costs for the burner(left) and
victim (right) under strict liability. The
burner bears precautionary costs and
expects to pay for damage regardlessof
his precautionlevel. He thereforeexpends
precautionaryeffort B*, which minimizes
total expectedcosts-the sum of expected
damage and precautioncosts (panel A).
The burner will choose to burn only if
total expected costs at B* are lower than
the benefits (benefits are not shown in
panelA). Thereis one crucialweaknessof
a strictliabilityrule such as this: the victim bears none of the damagecosts of an
escaped fire, and thereforehas no incentive to exert effort to reduce potential
damage to his property(panel B). If the
victim has cost-effectivemeans of reducing the extent of potential damage, this
level of precaution(V = 0) is inefficiently
low. Therefore, expected damage,
P(B).D(V), will be inefficiently high for
any level of B. This was the case scenario
(1) as well. This time, however, it is
because potentialdamageto the victim's
property, D(V), is too high rather than
P(B) being too high. This discussionhighlights2 implicationsof the model.
Implication 1. Strict burnerliability is
more appropriate when the burner has
cost-effective means to reduce expected
damagebut the victim has no controlover
potentialdamage.
Implication 1 suggests that when prescribedfire is, for any reason,uncommon
in the vicinity, it makes less economic
sense for potentialvictimsto expendeffort
to preparefor it, and thereforeefficiency
losses from imposingstrictliabilityon the
burnerare low. Strict burnerliability is
more likely to be more appropriatewhen
and wherethe expectednet social benefits
of bumingtend to be very low or negative
and burning is an uncommon activity.
Exceedingly costly precautiontechnologies availableto the victim have the same
result.If victimscan not mitigatepotential
damagein an economicalway, then strict
liability results in no efficiency losses.
Nonetheless, in fire-proneenvironments,
inadequateprecautionby the victim can
resultin greatdamageto the victim when
wildfireoccurs.
Implication 2. Strict victim liability is
more appropriate when the victim has
cost-effective means to reduce expected
damagebut the bumerhas no controlover
the probabilityof escape.
Implication2 simply flips Implication1
on its head. This result providesan illustrationof one of the centralargumentsof
308

Coase (1960) in his seminal paper "The
Problemof Social Cost." That is, in our
use of the label "victim"and"bumer,"the
distinction between victim and culprit
turns on the ability to reduce expected
damage,and is but a matterof degree. It
wouldnot be unusualfor a burnerto suffer
significant financial loss should his fire
escapeeven if prescribedburningprovides
value to society in general (e.g., fuel
reduction,wildlife habitatenhancement,
increased water yield, etc.). Using fireresistant construction as well as fuels
reductionaroundhomes are examples of
victim actions that can reduce expected
damage from escaped fire. Indeed, the
increase recently in voluntary (e.g.,
Firewise, the national wildland/urban
interface program) and mandated (e.g.,
Florida'sfuel reductionstatute)programs
is indicativeof the view that victims possess the abilityto reduceexpecteddamage
from wildfire regardless of the fire's
cause.
Negligence
With strict burnerliability, the burner
expects to bear both the costs of precaution andthe valueof damageto the victim.
Now considera negligencerule such that
the burneris not liable for damageif precaution by the burneris greaterthan or
equal to some negligence standard,B. If
the burnersatisfies the negligence standard(B > B ), he will accrueonly his costs
of precaution even if the fire were to
escapeandcausedamage.
The secondrow of Figure 1 illustratesa
negligence rule. In panel C, the standard,
B, is set to minimize the total expected
cost of the prescribedburn,which is the
economicallyefficientnegligencestandard
(that is, B in panel C is equal to B* in
panel A). The burnerminimizeshis costs
by exactly satisfyingthe negligence standard;anythingless and he will be found
liable,butthe burnerdoes not benefitfrom
exertingeffortbeyondthatpoint.The victim thenfaces some probabilityof damage
costs andthereforeexertsprecautioneffort
V* (panelD). R2andR' in panelC represent differentlevels of benefitto the burner. If R = R2it is economicallyefficientto
burnand the burnerwill do so. If R = R'
total expected costs are greaterthan the
benefits, but the burnerwill performthe
burn because he does not expect to bear
damagecosts.
Given thatthe burnersatisfiesthe negligence standard,the liabilitywill fall on the
victim;thus thereis a discontinuityin the
burner's cost function at B. Assuming
complete information,the victim knows

that the burnerhas an incentiveto satisfy
the negligence standard, and therefore
expects to bear the costs of any damage
resultingfrom an escapedfire. This therefore induces the victim to exert the optimal level of careas well (Fig. 1, panelD).
An importantcharacteristicof a negligence ruleis thatthe burnerwill choose to
apply precautionaryeffort at exactly B
(Fig. 1, panel C shows that the level of
precautionthat minimizes total expected
costs borneby the burneris exactly at B).
If the negligencestandardis not set at the
efficientlevel of precaution(B?B*, where
totalexpectedsocial costs areat theirminimum as in Fig. 1 panel A), it will induce
the burnerto choose the wrong level of
precaution. Accuracy of the negligence
standardis thereforecrucialto the success
of a negligencerule as a meansto induce
efficientprecaution.
Implication 3. A negligencerule is likely
to be superiorto strictliabilitywhen both
burnerand victim can substantiallyaffect
the valueof expecteddamage.
It is possible to set a negligencerule so
high thatit effectivelybecomesa strictliability rule. Specifically,if the precautionary costs of reachingB arehigherthanthe
expected damagegiven no precautionary
effort,thenit would make sense economically for the burnerto disregardthe negligence standardand simply act as if he
faces strict liability. Furthermore,given
that the victim is awareof this incentive,
the victim will expend no precautionary
effort, and the result of an exceedingly
high negligence standardis identical to
strictliabilityin termsof bothparty'sprecautionaryeffort.

To burn or not to burn
The resultsaboverelateto the allocation
of effort given that a prescribedfire is set
by the burner.Rules thatresultin damage
being borne by the burnerand rules that
resultin damagebeingborneby the victim
may affect the burner'sdecision to performa prescribedfire.
Under a negligence rule, a burnermay
decideto burneven if totalcosts outweigh
benefits.Figure 1 panel C suggeststhat a
negligence rule may result in too many
prescribedfires. R2 representsa level of
benefitthat, at B, covers both the costs of
precautionandexpecteddamage.Froman
efficiency perspective a prescribedburn
shouldbe conductedin this case. In contrast,R' at B covers the costs of precaution borneby the burnerin orderto satisfy
the negligence rule, so the burn will be
conducted.However,becausetotalexpected costs (i.e., precautioncosts + expected
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damage)are largerthanR' at B, efficien- sion that if the net benefits of prescribed
cy dictates that the burn should not be burningtend to be small, as is often the
conducted.Thus,a burnwill be conducted case on rangelands,a strict liability rule
when it is inefficientto do so if the bene- will tend to result in too few prescribed
fits to the burnerlie between the costs of burns if the victim could (but does not)
the optimallevel of precaution(WbB*)and mitigatepotentialdamageto his property.
the totalexpectedcosts (P(B)D(V)+WbWB). The previous 2 paragraphssuggest the
For any given distribution of R, this is following implication about the relative
morelikely if the net benefitsto the burner efficiency of strict liability versus negliare positive but small, and when expected gence based on the size of the benefits
damageis large relativeto the precaution fromprescribedfire:
costs. Indeed,benefits from a single pre- Implication 4. A negligencerule is likely
scribedburnon rangelandsareoften small to be superiorto strict liability when the
relativeto the risk to others(or at least not expectednet benefitsof a prescribedburn
easily quantified).
(including expected damage) tend to be
In contrast, strict liability requiresthe high.
burnerto pay for damage in every case,
and thereforeis induced to provide efficient precautionaryeffort and start fires The usefulness of prior regulation
only whenthe totalexpectedcosts areout- and value-basedrules
weighed by the benefits for any given
At least 2 approachesmight be used to
level of precautionby the victim.The vic- addressthe incentive(discussedabove) to
tim, on the otherhand,has no incentiveto conduct too many burns under a negliexpend precautionary effort. If R (the gence standard.The first approachis to
gross value of benefits) falls above the add a second type of negligence rule.
minimumtotal expected costs given effi- Recall that the negligence rule discussed
cient levels of precautionby the burner previously imposes a standard on the
and victim, but below the minimumtotal amountof precaution,B, given that a fire
expectedcosts given no victim effort(V = is performed,and that this standardis in
0), the burn will not be performedeven principle chosen based on the costs and
thoughit wouldbe efficientto do so given benefits of precautionaryeffort. For purefficient precaution by the victim. This poses of comparison,call this an "inputcase is shown in Figure2 with R = R3.As based"negligencestandard;it imposes no
shown in the figure, understrictliability, restriction or requirementon whether a
V = 0. Total expected damage, and total fire shouldbe performedin the firstplace.
expected costs (TC) for the burner are A second negligence rule could be based
thereforehigherfor any level of B thanthe on the total net expected social value of
efficient level resultingfrom V = V*. If conducting a burn. Call this a "valuethe benefits of the burn fall between the based"negligencerule. It requiresa burnminimaof these 2 cost curves(e.g., R3), a er to be found negligentif he conductsa
fire will not be set even thoughit wouldbe burnwhen the expectedtotal net benefits
set if the victim were performingprecau- (includingexpecteddamage)are negative
tionaryeffort. It follows from this discus- (Feldman and Frost 1998). Whereas an

-a
o

B*given

B*given

TC

TC

V=V*

V=O

(V=V*)

(V=O)

input-basednegligencerule cannotensure
thatbums will not be performedtoo often,
a rule basedon the value of the bum cannot induce efficient precautionaryeffort.
The 2 standardsmust be used togetherto
addressboth problems.However,in order
to implementa value-basedstandard,the
courtneeds informationaboutthe benefits
of a fire, as well as information about
expecteddamageand the costs of precaution. To implement an input based rule,
only informationabout damage and precautioncosts areneeded.
The second approachis to reinforcethe
input-basednegligencerulewithpriorregulation such as requiring burners to
acquire a permit before burning.
Presumably, this permit would only be
issuedif the expectedsocialnet benefitsof
the bum are positive.Acquisitionof these
permits may also be contingent on evidence of some level of preparationsuch as
a writtenprescribedbum plan. Permitting
also may be used as explicitelementsof a
negligence standardif litigation ensues,
therebyfacilitatingpretrialsettlementand
minimizing court costs. Thus, a permit
system acts as a check on the problem
inherentin negligence rules, that burmers
may tend to use prescribedburning too
often.
Implication5. Input-based
negligencestandardsmaybe complemented
by value-based
negligencerulesor a prioriregulation.
For prescribedbums on rangeland,benefits to a largergroupof society must be
demonstrated,
becausebenefitsto a single
land owner, manager, or for a single
rangelanduse often will be insufficientto
justify a negligencerule over strictliability. Value-based negligence rules could
provide a decided advantage to inputbased negligencerules over the long term
by focusingpublicattentionon benefitsas
well as requiringburmersto justify bums.
As with many environmentalregulations,
valuingthe benefitsof prescribedbums is
often a subjective process. Valuing the
benefitsof a prescribedbum thatenhances
non-gamehabitat,for example,remainsa
challenge even to theoreticians
(Tietenberg2000).

Ca

The importanceof Informationand
transactioncosts for liability rules

(0

Burnerprecaution
Fig. 2. The reduced incentive for victim precaution may lead to higher potential damage,
more precaution by the burner, and fewer burns than is economicallyeffi'cient.TC represents total costs and R3representsbenefits.
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The costs of gatheringinformationand
the effects of inconsistent or inaccurate
negligencestandardsplay a role in the relative effectivenessof a strictliabilityrule
versus a negligencerule becauseenforcementof the 2 rulesrequiresdifferentinformation (Cooter 1991). A negligence rule
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requiresinformationon the extentof damage only after the burneris found negligent by the court.In contrast,a strictliability rule requiresinformationabout the
value of damage in order to settle every
litigationevent. If damageis not easily or
credibly monetized,then a strict liability
rule is at a comparativedisadvantagefor 2
reasons. First, over the course of numerous litigationevents, the cumulativecosts
of generating damage estimates will be
higher than with a negligence rule in
which damageestimatesare only required
after a finding of negligence. Second, the
outcomeof litigationeventsmay be different in a settingof imperfectinformationas
comparedto a settingwith perfectdamage
information,leading the burneror victim
to altertheirpatternsof care if the accuracy and precision of damage estimates is
questionable.
The differencebetween smoke damage
and physical fire damage provides an
example.The extentof sufferingby smoke
inhalationfrom smoke exposureis likely
to be moredifficultto crediblyverify than
fire damageto a home. If victims tend to
be able to extractexcessive compensation,
burnerswill be "toocareful"from an efficiency perspective. As Cooter (1991)
notes, this type of error will have more
pronouncedeffects on the level of care
under a strict liability rule because the
effects will be felt every time litigationis
brought,whereasundera negligence rule
misspecified damages only matterwhen
the burneris foundnegligent.
Perfectlyspecifiednegligence standards
lead to efficient effort for any prescribed
fire, but misspecifiednegligencestandards
will resultin inefficientprecautionby both
parties.ConsiderFigure 1 again. Because
the burnerminimizeshis expectedcosts at
exactly B (or B = 0 if B is set extremely
high), the burner'sbehaviorwill be highly
responsive to a consistentlymisspecified
negligencerule. On the other hand,if the
legal standardis vague and appliedinconsistentlyby the courts,a negligenceruleis
likely to induceeithertoo muchor too little precautionaryeffort on the partof the
burnereven if the standardis on average
applied correctly (Kolstad et al. 1990,
Cooter and Ulen 1988). Both imprecise
and inaccuratenegligencerules reducethe
benefitsof negligencestandardsrelativeto
strict liability, and both imprecisionand
inaccuracyfollow fromimperfectinformation aboutthe cost and damagefunctions
in a given case of prescribedburning.
If a negligenceruleis imposed,information deficienciesalso will shapethe strucnegliture of a negligencerule.A statutory
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gence rule may be vague, such as "a
landowneris not liable for damagecaused
by a prescribedfire unless the landowner
failedto exercisedue care."This rulerelegates the definition of "due care" to the
courts.It may be associatedwith substantial a prioriuncertainty
as to the actualstandardthatwill be imposedby the court.On
the otherhand,it allowsa courtto adjustto
event-specificvariationin the productivity
and costs of precautionon a case-by-case
basis.Whenthe efficientprecautionlevel is
relatively invariantacross events, a clear
statutorystandardmay reduce litigation
costs in termsof case-specificmisspecification. This characterizationof statutory
ambiguityrelatesclosely to the problemof
incompletecontracts,which are those contractsfor which all detailscannotpossibly
be specified. Incomplete contracts are
applicableto prescribedburningbecause
specifyingappropriateweatherconditions
inclusive of every potential prescribed
burningobjectiveand every rangelandsetting is impossible.Threeimplicationsfollow fromthisdiscussion.
Implication 6. A negligencerule is superior to a strictliabilityrule when damage
D(V) is difficultto measure.
Implication 7. Statutorynegligence standardsshould be precisely specified when
precautionproductivityand costs are relatively invariant (at the margin) across
events.
Implication6 appliesto most rangeland
burning for many reasons. Damage to
rangelandpropertiesis difficultand costly
to assess and often subjectively determined. Moreover, rules-of-thumb that
have been used to reducecosts of assessment are likely fraught with error (e.g.,
Engle and Bidwell 2001). Implication7
suggests that for the sake of tractability,
statutorynegligencerules cannotcover all
possible scenarios, and policy makers
inevitablymust searchfor the optimalmix
of specific negligence standards (e.g.
neighbor notification requirements)and
ambiguousstandards("burnersmust exert
due care").
The next section examinescurrentprescribedfire law in the UnitedStatesin the
contextof the model. However,one point
aboutthe applicabilityto the incentivesof
public land managers is worth noting.
Prescribedfire use on many public lands
has been increasingin the last decade,and
the May 2000, Los Alamos fire in New
Mexico is a well-knownillustrationof the
graveconsequencesof the issue discussed
here. It was startedas a prescribedfire by
the NationalParksServiceand resultedin
approximately24.5 milliondollarsin con-

trol costs, damage,andrehabilitation
costs
(Interagency Burned Area Emergency
RehabilitationTeam2000).
Federal agencies are liable under state
common law and state statutory law in
basically the same way that private citizens are, but agency personnel are not
held personallyliable as are privatecitizens, except for violationof the constitution (Chalifour1999). As a result,thereis
a disconnectbetweenfederalagency personnel and liability in terms of burner
incentives.They may bear costs of negligence in the use of prescribed fire, but
these costs will not be directlytied to the
value of damageassociatedwith theirnegligence. Rather,the costs they face aretied
to agency-imposed penalties such as
employmentterminationor otherpunitive
agency responses. Furthermore,unlike a
privatelandownerperformingprescribed
burning,agency personneldo not directly
gain from the benefitsof prescribedburning, because they do not own and have
rightsto utilizeandgain fromthe landand
its attributesto the extent a landowner
does. Because of these disconnects
between the agency personnel and the
costs andbenefitsof burning,the modelas
developed here does not strictly apply,
exceptto the extentthatthe costs andbenefits of burningare felt by the decisionmakersthroughagencyrulesandincentive
structures.

Application to Current
Statutory Law
Strict liability versus negligence
rules
Ourmodel implies that strictliabilityis
likelyto induceefficientprecautionif burners have most or completecontrolover the
likelihoodof damagedueto prescribedfire,
andit is not cost-effectivefor potentialvictims to reducepotentialpropertydamage
from fires (implication1). In the U.S., 22
states explicitly impose negligence rules
andonly 4 imposestrictliabilityon burners
(Yoderet al. 2003). This suggestspolicymakers recognize that potential victims
generallyhavesomecontroloverthe extent
of damage that might be sustained as a
resultof prescribedburning.
Two specific elements common to a
numberof negligence standardsalso support this conclusion. First, some states
have a 2-partnegligencestandard:(a) the
burnermustnotify all adjacentlandowners
of his intentions,and (b), the burnermust
use all due cautionto preventthe fire from
escapingthe property.The first elementis
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very specific, and (at least in principle)
easily verifiable. The second element
leaves the definitionof "due caution"for
the courtto defineon a case-by-casebasis.
The point is that if neighbors have no
means to mitigatepotentialdamage,there
would be no apparentmotivationfor the
notificationrequirement.
Second, states can have a contributory
negligence element in their statute. No
rangeland state has such an element in
their statutes (only Connecticut and
Illinois have such). The statutehas merit
in thatif victimsdo not expendreasonable
effortto mitigatepotentialdamageto their
own property,the prescribedburnerfrom
whose land the fire originatedwill not be
held liable. This contributorynegligence
rule recognizes a precautionaryrole for
potentialvictims. The model suggeststhat
strict liability provideslittle incentive for
potentialvictimsto exerciseprecautionary
effort. Given that potential victims of
escaped fire have an ability to mitigate
damage, these specific requirementsof
notification and contributorynegligence
are consistent with the finding that most
states with prescribedfire statutesrely on
negligencerules ratherthan strictliability
(Yoderet al. 2003).
Fourstates,including2 rangelandstates
(North Dakota and Oklahoma), impose
strict liability on the burner.Oklahoma's
liabilitylaw was enactedin 1890 (priorto
statehood)and last revisedin 2001. North
Dakota'swas enactedin 1877 (last revised
in 1943). The other 2 states, New
Hampshire and Connecticut, are in the
northerneastern seaboard states, where
prescribedburning is relatively uncommon (implyinga relativelylow net value).
This distributionof strictliabilityrules is
consistentwith our model (implication4)
in thatstateswith strictliabilityrules tend
to be in states where the net benefits of
burningtendto be relativelylow.

Specificity of negligence rules
Statutoryrulesrelatingto prescribedfire
often contain an ambiguous statement
requiring"duecare",as well as more specific rulesthatarenecessary(butnot sufficient) to satisfy due care. The economic
logic behind one common specific rule,
the requirementto notify neighbors,is as
follows. If landownersexpect to be notified of their neighbor'sintentionsof prescribedburning,they need only be on alert
for an escapedprescribedfire when such a
fire is planned (and reported). This
undoubtedlylowers their overall precaution costs, because time-sensitiveprecautionaryeffort(clearingdry vegetationnear

a house thatmightcontributeto the extent here that leads to such a requirementis
of damage,for example)may thenbe per- that without such a negligence standard,
formed only when the potential for an the costs of a burnerleaving a site premaescaped prescribedfire exists, and need turely would likely be borne at least to
not be appliedat othertimes.Furthermore, some extent by a neighboringlandowner
the cost to a burnerof notifying adjacent rather than the burner. But this is yet
landownersis likely to be relativelylow. anotherexampleof an incompletecontract
As a result,notificationof neighborswill in thatspecifyingevery indicatorof "dead
reducethe overallexpectedcosts of a pre- out"fires wouldbe impossible.Moreover,
scribedbum. Of course,the threatof wild- the "deadout" requirementassumes low
fire still exists, but this probabilityis sepa- cost to the burnerwhen in some cases,
rate from that of prescribedburns from practicality in assessing "due care" in
neighbors.It should be noted that not all regard to attaining this standardwould
precautionary
effortneed be time-specific. result in high cost to the burner.This is
For example,using fire-resistantbuilding especially true on rangelands in which
materials does not necessarily require large burns, complex fuel involvement,
timelynotification.
roughtopography,and otherfactors,limit
It would also be possible for a notifica- the burner's ability to completely and
tion requirementto extend beyond adja- accurately assess the fire's status.
cent landowners.However,notifyingnear- Moreover, the probabilityof fire escape
by landowners is not costless, and the may be very low. The specifics of the
potentialgains from priornotificationare level of certaintyof "safe-to-leave"decilikely to be lowerbecauselandownersfur- sions (i.e., moppingup includingthorough
theraway will most likely have moretime "coldtrailing")are not well definedin the
to react to the news of an escaped fire. rangelandfire literatureand are beyond
Also, the probabilityof a fire crossingan the scope of this paper.
adjacentlandholdingand onto landholdSpecific negligencerules for cost-effecings furtheraway arelower, so the expect- tive inputssuch as notificationand on-site
ed costs to distantlandownersare lower. presenceareconsistentwith implication7,
Thus, the expected net benefits from a becauseit is unlikelythatthe costs of such
notificationrequirementfor distantland- precautionswill outweigh their expected
holdingsis not as compelling.Indeed,no benefits (i.e. reductionsin expecteddamlandowner notification requirements age). Eventhoughlimitationsto theircostextend to non-adjacent landowners. effectivenessexist, statutoryspecification
Notificationrequirementsto non-adjacent of these ruleswill providea higherdegree
landownerscould be justifiedin some sit- of certainty about negligence requireuations.For example,in some statessmall ments, therebymore effectively inducing
land holdingsare commonand fire spread proper precautionary incentives and
is sufficiently rapid that non-adjacent reducetransactioncosts of courtproceedlandownersmightnot have time to react.
ings.
In some states, a burnermust notify a
The productivityand costs of manyprerelatedregulatoryagency before burning cautionaryinputs,however,dependon the
in orderto escapepotentialcriminalpenal- specific circumstancesof a case. Attempts
ties or civil liability. Colorado statutes to impose a priori statutoryrequirements
state that a personwho startsa fire is not for input levels may lead to improperly
liable for the expensesof extinguishingan specifiednegligencerules for manycases,
escapedfire if he notifiesthe sheriffof the andthereforeshouldon efficiencygrounds
time and place of the burn.To the extent be left for a case-by-caseanalysis.Indeed,
that priornotificationreducesthe cost or all statutorynegligence standardsfor preincreasesthe effectiveness of public fire- scribedfire allow the courtsthe leeway to
fighting effort, this negligence require- define "due care" (implication 7).
ment does so at only a small cost to the Common elements considered by the
burner(a telephonecall, perhaps).
courts in setting due care standards
Another common specific requirement includestartingfires duringexcessive dryamong state statues is that burnersmust ness and foreseeablewindiness,failureto
remainwith the fire until it is completely build adequatefirebreaksaroundthe burn
extinguished (i.e., "dead out"). On one area, burning too close to neighboring
hand, the cost to a landowner (or the propertyor buildings, and lack of suffilandowner'sagent)for remainingan addi- cient accessible water (25ALR5th 391).
tional hour or day on a burnsite is likely The appropriate
use of each of theseinputs
to be relatively low compared to the is relativelycase dependent.Specification
expectedcosts of an escape from an unat- of statutorylimits to be used in all cases
tended smolderingfire. The crucialpoint would likely induceinappropriate
precau-
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tionarylevels in manycases. Specifyinga
complex set of statutory requirements
based on a broadset of possible states of
naturewould arguablybe more difficult
(costly) than addressingthese issues on a
case by case basis.
An important characteristic of court
negligence findings is that courts usually
distinguish between foreseeable factors
and abnormalor unforseeablefactorscontributing to the spread of fire, such as
abnormalchange in wind speed or direction. Ourmodelsuggeststhatthe probability of the fire spreading to neighboring
lands should be considered when establishing negligence. This probabilityis in
turn based in part on expectationsabout
exogenous factors such as wind. When
deciding whether a burnerstarted a fire
negligently, courts generally base their
decisions on the information that was
available to burnersat the time the fire
was started.A bumermay be foundnegligent if prevailingwinds were unsatisfactory when the fire was ignited,but generally
would not be found negligent for the
spreadof fire resultingfrom an abnormal
and unforeseen change in the wind patterns(25 ALR5th391).

Permits and regulatoryrequirements
Regulatoryrestrictionsand permitsare
propertyrules providinglandownerswith
the rightto bum only if they satisfy a set
of requirementsdelineatedby statuteand
regulatoryagencies.Otherwise,the burner
may be subject to criminal penalties.
These are different from liability rules,
where burnershave the right to perform
prescribedburnsbut mustbearthe liability
associated with the burn. As is the case
with many environmentalissues, a priori
regulation and ex post liability are used
simultaneouslyin many states to address
prescribedfire externalities.
Propertyrulesfor prescribedburningare
imposed for 2 generaltypes of activities:
for burningwithouta permitor contraryto
permitstipulations,and for leaving a fire
unattendedor for negligent escape and
failureto extinguish.Most statesmaintain
a permit system for prescribed burning
undersome circumstances.In some states,
satisfactionof permitrequirementsis necessary to avoid potential fines and other
criminal penalties. To acquire a permit,
the landowner may have to show sufficient knowledge, preparation,and notification of neighborsor public fire-fighting
entities. Colorado'sstatute,for example,
states that permitsare to be issued based
on the proximity of the planned burn to
312

buildings,the potentialcontributionof the
fire to air pollution, climatic conditions,
and other related factors. These requirements, when used in conjunctionwith a
negligencerule, are consistentwith implication5. Pre-fireacquisitionof a permitis
necessary to be eligible for public firesuppression supportin some states, and
the acquisitionof a permitis an elementof
a negligencerulein some statesas well.

spreadacrossnumerouslandholdingsin a
region. If this conjecture is correct, we
would expect this type of statutory
responsein areas where prescribedburning can reducethe total social costs of fire
generally (that is, the net cost of prescribedfires plus the costs of wildfiresand
theircontrol).

Conclusions
A new generationof prescribedfire
statutes
A new generation of prescribed fire
statuteshave been developedin the southeastern states beginning with Florida in
1990 (Brenner and Wade 1992). The
Floridastatutegoes to greatlengthto recognize prescribedburningas a useful land
managementtool. The legislationexplicitly recognizesecologicalbenefits,andbenefits from reducing the likelihood and
severity of wildfires. It explicitly recognizes prescribed burning as a property
right,subjectto a relativelydetailedset of
precautionary requirements. Finally, it
specifiesthatlandownersarenot liable for
damageor injurycausedby escapedfire or
smoke unless found to be grossly negligent. Other southern states to explicitly
recognizeprescribedburningas a beneficial property right include Georgia,
Louisiana, Mississippi, and North
Carolina.In the contextof our model, the
explicit recognition of the value of prescribedburningacts to emphasizethe possibility that R' in Figure 1 is high,
arguablyincreasingthe likelihood that a
value-basedrule is found by the courtsto
be satisfied.The requirementof grossnegligence arguably lowers the negligence
standard,B, relativeto not requiringgross
negligence. These statutes are therefore
consistent with an apparent attempt to
reducethe likelihoodof prescribedburner
liability.
If land and demographiccharacteristics
of southernstatesresultin relativelylarge
benefits from prescribedfire, our model
predicts more widespread use of negligence rules in these states(implication5).
One conjectureregardingthe relativesupport of prescribedburning in these new
statutesis thatthese statutesarea response
to an apparentgrowingrecognitionof the
role of prescribedfire as a wildfire managementtool.
To the extentthatreductionof fuel loads
resultingfrom controlledburningreduces
the likelihood and severity of wildfires,
prescribedburnersmay contributepositive
externalities by reducing potential fuel
accumulationthatwould contributeto fire

Prescribed fire is a land management
tool with long historical roots in rangelands of North America, Australia, and
elsewhere. A resurgencein interestfrom
scientists, land managers,and legislators
has led to substantialchangesin the statutory law of many states in recent years.
This paperexaminesthe economicsof liability for prescribedfire. Using a graphical
representationof a mathematicalmodel
developedin Yoderet al. (2003), we provide a conceptualframeworkfor improving existing policy at a time when prescribedburningpolicy is in a stateof flux.
The risk of fire escapingto neighboring
landholdingsalways accompaniesthe use
of prescribedfire, and burnerstherefore
may not bear all of the potentialcosts of
their prescribed burning decisions.
Criminaland civil liabilityrules specified
by legislation and enforcedby the courts
work to internalizethese costs. The relative effectiveness of a liability rule
dependsin largeparton the relativeability
of burnersand other landownersto mitigate the probabilityand extentof damage,
as well as the transactioncosts associated
with implementinga given liabilityrule.
All negligencerules rely on an ambiguous requirementof due care thatis left to
be definedmorespecificallyby the courts,
but many states include specific negligence standards as well. Most of the
recentchangesin statutorylaw relatingto
prescribedfire providesubstantialsupport
for prescribedfire as a land management
tool despite the risks associated with its
use. These changesmay resultmore from
the increasingevidencethatprescribedfire
can be a cost-effectivemeansof reducing
the incidenceandintensityof wildfires.
This paper is about tradeoffs in the
design of law. State prescribedfire law
varies across states, and these laws affect
the amount of precautionary effort
expendedby burnersand their neighbors.
Strictliabilityinducesappropriate
precaution from the personconductingthe burn
if a prescribed fire is performed, but
neighborshave little incentive to reduce
potentialdamage.Negligencestandards,if
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precaution
properlyset, induceappropriate
by bothburnersandneighborsfor any prescribed fire, but prescribedfires may be
performed too often from an economic
perspective. Strict liability is likely to
result in fewer escaped prescribed fires
than a properly set negligence rule, but
this comes at a cost as well, including
excessive precautioncosts by the burner,
potentiallyhigherdamagefor any escaped
fire, and less aggregatebenefitsfromfires
becausefewer prescribedfires will be performed.If one of the objectivesof liability
law in this context is to promote total
social welfare and economicallyefficient
resource management, these tradeoffs
mustbe addressedwhen tailoringlaw to a
given environment.
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