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BEFORE THE HON’BLE NATIONAL GREEN TRIBUNAL,
PRINCIPAL BENCH, NEW DELHI

RESPONSE AFFIDAVIT

(On behalf of the Respondents No. 2, 3, 4 & 5)
(In Compliance to the Hon’ble Tribunal’s Order dated 17.02.2025)
IN
O.A. No. 425 OF 2023

Deepika Khari Applicant

Versus

State of U.P.&Ors. .. Respondents

Affidavit of Dr. Dhananjai Mohan
(Male), aged about 59 years, S/o
Sh. S. S. Rajput, presently posted as

Principal Chief Conservator of

Forests  (HoFF),  Uttarakhand,

Dehradun.

(Deponent)

I, the above-named deponent, do hereby solemnly affirm and state on

as of:

1. That the deponent is presently posted as Principal Chief Conservator of
Forests (HoFF), Uttarakhand, Dehradun. This Hon’ble Tribunal has

arrayed the Principal Chief Conservator of Forests/HoFF, Uttarakhand

fidf—
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as Respondent No.3 and as such he is fully conversant with the facts of

the case.

2. That on 17.02.2025, after the course of hearing in the present matter,
this Hon’ble Tribunal was pleased to pass certain directions and direct
the respondents to file response to the queries asked by this Hon’ble
Tribunal in the present matter. The relevant paras of the said Order
dated 17.02.2025 are being quoted here for kind perusal of this Hon’ble
Tribunal:

6. Response dated 20.11.2024 has been filed by Additional PCCF
(Fire and Disaster Management), Dehradun and response affidavit
dated 06.01.2025 has been Jiled by MoEF&CC.

7. The substantial environmental questions which arise in the present

case may be noticed as undey:-

(i) Whether controlled fire is the only method of preventing/controlling

fire in the forest or there is any other alternative method:

(i) Whether  the method of  controlled fire adopted  for
preventing/controlling fire in the Jorest is supported by any scientific

Study regarding efficacy of the above said method, and

(1ii) Whether the said method has been approved by MoEF&CC as a

remedial measure for preventing/controlling forest fires.

8. In view of the nature, magnitude and importance of substantial
environmental questions involved in the present case, we consider it
appropriate to widen the scope of the present proceedings so that the

substantial environmental questions involved can be looked into by the

4
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concerned authorities and appropriate remedial measures can be

taken.

9. Appropriate responses  with reference to the substantial
environmental questions noticed above may be filed by PCCF
Uttarakhand and also by MoEF&CC”,

3. That in compliance to the above direction passed by this Hon’ble
Tribunal, a comprehensive report with respect to the queries asked by

this Hon’ble Tribunal has been prepared which is being annexed

herewith as ANNEXURE-1.

4. That the deponent undertakes to comply the directions to be passed by

this Hon’ble Tribunal in the present matter.

I, the above named deponent, do hereby verify that the contents of Para

nos. | — 2 & of this affidavit are trye to my personal
knowledge, those of Para nos. 2 — of this affidavit are
based on records, those of Para nos. — of this affidavit

are as per the legal advice received and those of Para nos,
— of this affidavit are as per the information received
S - S

which all T believe to be true. That no part of this affidavit is false and

b p—

DEPONENT

nothing material has been concealed.
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[, Avnish Gupta, Legal Assistant, Forest Department, Uttarakhand,

Dehradun, do hereby identify the deponent who has produced the records of

the case before me and | am satisfied that he is the Same person as alleged.

\/‘/Jj—\“:f‘
IDENTIFIER

Solemnly affirmed before me today, the Ziwﬂ day of May, 2025 at

5‘013“ '?{-nii)m by the deponent who has been identified by the aforesaid

person.

I have satisfied myself by examining the deponent that he has

understood the contents of this affidavit, which have been read over and

explained to him.

OATH COMMISSIONER/N OTARY

Sworn

This Affidavit is before me by
by

Shri/Smt. 1>

cccccc ]

who is identifieq by Srﬂﬁ ..
at Dehradun on?7’-.$;{‘?—rz$_‘

Ram(‘%ﬁ egi

Ateocate & Nota

Y. Dehiadun
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Response to the environmental questions asked by the Hon'ble NGT vide its order dated 17.02.2025
in Deepika Khari versus State of UP and Ors.

Reference is cited to the above-mentioned order dated 17.02.2025. In this regard, in para number 07 in the
order, referred to as above, following substantial environmental questions have been raised which are
provided below: -

) Whether controlled fire is the only method of preventing/controlling fire in the forest or there IS any
alternative method;

Il) Whether, the method of controlled fire adopted for preventing/controlling fire in the forest is supported by
any scientific study regarding efficacy of the above method: and

) Whether the said method has been approved by MoEF&CC as a remedial measure for
preventing/controlling forest fires.

In compliance to the para no. 9 of the above-mentioned order, appropriate responses with reference
to the above-mentioned questions are provided as under: -

[) Whether controlled fire is the only method of preventing/controlling fire in the forest or there is any
alternative method;

Response: -

The control burning is a traditional method of reducing the fuel load in the forest thereby reducing
the chances of large fires in the warmer months. This method has been prescribed as a management tool
and finds place as prescriptions in the management/working plans for the forest divisions in the State of
Uttarakhand. The control burning is carried out with an objective to reduce the leaf litter available in the forest
areas and is normally carried out before the onset of the fire season. However, during the fire season also,
in a strictly regulated manner, as necessitated by leaf fall period, it is carried out as a fire drill especially along
the roads, around the periphery of the plantations, etc. in order to prevent any chance of forest fire.

No, the control burning/controlled fire is not the only preventive method for controlling forest fires.
Besides this, there are other methods also viz. clearing the fallen leaf litter manually along the roads and
around the periphery of the raised plantations before the fire season. However, this requires much more
resources owing to higher manual labour and time involved.

Il) Whether the method of controlled fire adopted for preventing/controlling fire in the forest is su pported by
any scientific study regarding efficacy of the above method:

1
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Response: -

The method of controlled fire/control/prescribed burning adopted for controlling fire in the forest is supported
by various scientific studies globally, many of which have been carried out to assess its efficacy.

The relevant and key parts of the few conducted scientific studies are provided as under: -

a)- Crystal A. Kolden, 2019. “We’re Not Doing Enough Prescribed Fire in the Western United States
to Mitigate Wildfire Risk” by Department of Forest, Rangeland, and Fire Sciences, University of Idaho
Fire 2019, 2, 30: doi:10.3390/fire2020030 - Prescribed fire not only reduces the biomass available to burn
in a subsequent uncontrolled wildfire, it also supports carbon sequestration, facilitates ecological resilience,
and is critical in restoring ecological function in regions where decades of fire exclusion pushed fire-adapted
ecosystems outside their historic range of variability and degraded such function.

b)- Marcos Francos and Xavier Ubeda, 2021. “Prescribed fire management” Environmental Science
& Health 2021, 21:100250- Prescribed fire is often used for environmental and land management, and
controlled burning has proved a good tool to manage large forest areas in cases where economic resources
are limited, being economically beneficial and feasible for land management.

c)- W. Lachlan McCaw, 2013. “Managing Forest fuels using prescribed fire - A perspective from
southern Australia” Forest Ecology and Management 294 (2013) 217-224 - Prescribed fire is
increasingly recognized as also playing an important role in mitigating undesirable effects of high intensity
fires on environmental values including soil, water and biodiversity.

d)- M. P. North, S. L. Stephens, B. M. Collins, J. K. Agee, G. Aplet, J. F. Franklin, P. Z. Fulé, 2015
“Reform Forest fire management” SCIENCE 18 September 2015 » VOL 349 ISSUE 6254 - Fire can also
be used to reduce fuels either intentionally (prescribed burning) or opportunistically (letting a natural ignition
burn as “managed wildfire") under moderate weather conditions.

e)- Paulo M. Fernandes and Herminio S. Botelho, 2003 “A review of prescribed burning effectiveness
in fire hazard” International journal of Wildland Fire, 2003, 12. Wildfire hazard abatement is one of the
major reasons to use prescribed buming. The best result of prescribed fire application is likely to be attained
in heterogeneous landscapes.

f)- S. Little, J. P. Allen and E. B. Moore “Controlled Burning as a Dual Purpose Tool of Forest
Management in New Jersey's Pine Region”- Controlled burning does not eliminate the need for organized
fire suppression, but supplements it. At the same time, this type of bumning greatly favors reproduction of
pines instead of that of the less desirable hardwoods.

g)- Susan J. Prichard, David L. Peterson, and Kyle Jacobson, 2010.“Fuel treatments reduce the
severity of wildfire effects in dry mixed conifer forest, Washington, USA”. Can. J For. Res. 40:1615-
1626.- This study provides strong quantitative evidence that thinning alone does not reduce wildfire severity
but that thinning followed by prescribed buming is effective at mitigating wildfire severity in dry western
forests.

The complete research articles of the above scientific studies are annexed as Annexure No. 1 (1.1 to j4)

2
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Moreover, the control burning has been prescribed as a management tool in the working/management plans
of the forest divisions that are prepared for 10-year period. The areas for control buming which are sensitive
to forest fires are taken up in accordance with the working/management plans.

As an example, the prescriptions regarding control burning provided in the working plans of
Dehradun and Garhwal Forest divisions are provided as an Annexure No. 2 (2.1 to 2.2).

II) Whether the method has been approved by MoEF&CC as a remedial measure for preventing/ controlling
Forest fires.

Response: -

Control burning has been prescribed as a management tool in the working/management plans of the forest
divisions that are prepared for 10-year period and are duly approved by MoEF&CC.

Moreover, the National Action Plan on forest fire issued by MoEF&CC in 2018 includes the provision of
control burning and the concerned prescriptions provided there-in are mentioned as under: -

Para 6.4 Control Burning: -

Control burning may be necessary in some places for preventing spread of fire. The following actions are
recommended to improve the consistent performance and effectiveness of control burning wherever
necessary:

|. Prioritization of areas for control burming as part of fire risk zonation analysis.

II. Monitoring of performance of control burning at the Circle level and integration of monitoring data into a
Oatabase maintained by the SFDs;

Il Timely release of funds for control burming prior to the onset of the peak fire season and the provision of
advance/ad-hoc release as needed;:

IV. Development of state-specific guidelines for control and prescribe burns to be notified and revised as may
be necessary.

This National Action Plan on forest fire issued by MOEF&CC is annexed as Annexure No. 3.
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Abstract: Prescribed fire is one of the most widely advocated management practices for reducing
wildfire hazard and has a long and rich tradition rooted in indigenous and local ecological knowledge.
The scientific literature has repeatedly reported that prescribed fire is often the most effective means
of achieving such goals by reducing fuels and wildfire hazard and restoring ecological function to
fire-adapted ecosystems in the United States (US) following a century of fire exclusion. This has
translated into calls from scientists and policy experts for more prescribed fire, particularly in the
Western US, where fire activity has escalated in recent decades. The annual extent of prescribed
burning in the Western US remained stable or decreased from 199§ to 2018, while 70% of all prescribed
fire was completed primarily by non-federal entities in the Southeastern US. The Bureau of Indian
Affairs (BIA) was the only federal agency to substantially increase prescribed fire use, potentially
associated with increased tribal self-governance. This suggests that the best available science is
not being adopted into management practices, thereby further compounding the fire deficit in the
Western US and the potential for more wildfire disasters.

Keywords: indigenous burning; traditional ecological knowledge; wildland fire; controlled burnin g
prescribed burning; Cerro Grande

1. Introduction

Recent disastrous and fatal wildfires across the United States (US) have yielded renewed calls
to reduce the wildfire hazard [1—4]. One of the primary hazard reduction strategies identified in the
scientific literature is prescribed burning—the intentional ignition of controlled fire, which is also
referred to as prescribed fire or controlled burning in the US [5]. Prescribed fire not only reduces
the biomass available to burn in a subsequent uncontrolled wildfire [5-7], it also supports carbon
sequestration [8,9], facilitates ecological resilience [10-12], and is critical in restoring ecological function
in regions where decades of fire exclusion pushed fire-adapted ecosystems outside their historic range
of variability and degraded such function [12-14]. As anthropogenic ignitions and climate change have
enabled the ex pansion of the fire season and larger and more disastrous wildfires [15-18], many of the
recent high-profile scientific syntheses and perspectives have specifically advocated for increased use
of prescribed fire [1—4,19,20]. Similarly, the US National Cohesive Wildland Fire Management Strategy
(hereafter, Cohesive Strategy)—a planning effort stemming from the 2009 FLAME Act—specifically
identified prescribed fire as the most cost-effective solution over the largest potential area of the US, as
compared to managed wildfire and non-fire vegetation treatment [21]. Both the best available science
and guiding policy documents in the US su pport more prescribed fire, but there has been limited
assessment of whether this is translating to practice.

The intentional use of fire across landscapes has a long history in the US that is rooted in both
the widespread indigenous burning practices of many North American tribes and the use of fire
as a land-clearing tool by settlers prior to the 20th century [22]. At the onset of the 20th century,

Fire 2019, 2, 30; doi:10.3390/fire2020030 www.mdpi.com/journal/fire
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perceptions about inten tional burning underwent a fundamental shift, particularly in the Western
US, where large wildfires threatened lives and timber resources and cultivated modern US wildfire
policies [23]. Science-based efforts to restore fire to Southeastern forests were underway by the
1930s, while prescribed fires and natural wildfire were reintroduced into Western national parks and
wilderness areas in the 1960s [22]. In parallel, American Indian tribes have sought to reintroduce
fire, both to reclaim sovereignty through self-governance of tribal lands and to maintain important
tribal cultural components [24-26]. There is also recognition that considerable extant traditional
ecological knowledge (TEK) surrounding fire and indigenous controlled burning practices persists in
native communities throughout the US [25]. This indigenous knowledge is a rich potential source of
information and strategies for implementing more prescribed fire through collaborative partnerships
with tribes, but remains underutilized [25-27].

As has been widely documented, prescribed fire is not without drawbacks. Prescribed fires produce
smoke, which can violate air quality regulations and has negative impacts to human health [28-30].
Prescribed fires infrequently escape to become wildfires. Perhaps the most notable of such incidents
was the 2000 Cerro Grande Fire, which began in early May as a prescribed fire at Bandolier National
Monument in New Mexico but escaped to become 2 19,000 ha wildfire. The Cerro Grande Fire
consumed 235 homes [29] and subsequently shut down nearly all federal prescribed burning in the
US for several months. These potential negative offects translate to social perceptions that provide
considerable barriers to the widespread use of prescribed fire [30]. A considerable challenge for science
has been to accurately assess the trade-offs of prescribed fire versus wildfire, particularly as wildfires
occur relatively infrequently for a given location and indirect or secondary wildfire effects are difficult
to quantify.

A Web of Science search of refereed literature of the terms "prescribed fire”, “controlled burning”,
and “prescribed burning” demonstrates that over the past century, 4275 total refereed indexed papers
were published that addressed prescribed fire in the US (Figure 1), with only one prior to 1972.
There is a significant positive trend during this period as the literature expands around prescribed
fire and controlled burning. It covers a broad range of topics, but the literature is overwhelmingly
associated with Environmental Sciences and Ecology (85%), with only a small proportion affiliated
with relevant disciplines such as Business/Economics (6%), Public Health (5%), Water Resources (4%),
Engineering (3%), and Social Sciences (1%). Notably, while earlier literature focused on prescribed fire
as a tool to restore fire excluded from so-called "fire-prone” forests (i.e., historically high-frequency
and low-severity fire forests), more recent literature has investigated the use of controlled burning
across a range of ecosystems to reduce hazardous fuels, not just forests considered prone to fire.
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Figure 1. Annual publications on prescribed fire (dashed black line) and annual area burned (red solid
line) for the United States (US), 1970 to 2018.
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This trend towards increased understanding of prescribed fire should theoretically support its
increased application, and such application is sorely needed. In the US Pacific Northwest, Haugo et
al. [31] reported that for the 31-year period between 1984 and 2015, wildfire burned just 1.6 mill ha
across a subset of forests in Washington and Oregon. This total was an order of magnitude less than
the 15-21 mill ha expected under historical fire regimes and in the absence of fire suppression and
exclusion. This deficit included 7-10 mill ha of the type of low-severity fire that prescribed burning
can replace or be used to restore ecological function [31]. Other more general studies have simila rly
reported widespread wildfire deficits across western US forests [32]. To date, however, there has been
little assessment of changes in US prescribed fire use in response to increased understanding of both
its effects and the broader fire deficit.

My primary objective was to assess whether the US federal land management agencies are
translating the best available science and current national fire policies into the increased use of
prescribed fire. I also sought to assess regional and agency differences in order to understand which
regions and agencies are increasing their prescribed fire accomplishments, as would be expected
given the increased empbhasis in both the scientific literature and policy. The adoption of increased
prescribed fire use may be a key indicator of sociocultural acceptance of fire, which is a critical first
step in effectively reducing wildfire vulnerability [20].

2. Methods

[ evaluated trends in the application of prescribed fire in the US from the National Interagency
Fire Center (NIFC) Situation Report (SIT Report) Archives and Historical Wildland Fire Summaries
(available at www.nifc.gov). The annual Historical Wildland Fire Summary reports published by NIFC
list both wildfire and prescribed fire accomplishments for each state stratified by federal agency (or
non-federal entities), and date back to 2002 (but do not include prescribed fire in 2018). The SIT Report
Archive includes the daily (during peak US fire activity) to weekly (during low fire activity) reports of
large fires, cumulative wildland fires and arca burned, and cumulative prescribed fires and area burned
from 1998 to present. I utilized the cumulative prescribed fire data included in the last published SIT
Report for each calendar year for the temporal analysis, and the Historical Wildland Fire Summaries to
explore state-level trends.

For each Geographic Area (as defined by NIFC), more commonly referred to as a Geographic
Area Coordination Center (GACC) region, I calculated a Spearman’s Rho (years versus area) to assess
trends, the annual mean accomplishment for a given GACC (ha/year), the trend or slope (mean change
in ha/year from 1998 to 2018), the relative trend as a percent based on the mean accomplishment of a
GACC (slope/mean accomplishment * 100), the percent of the US total 1998-2018, and the percent of
the US trend 1998-2018. As GACCs vary widely by size and the amount of land managed by various
agencies (Table 51), I also calculated an area weighting for the annual mean accomplishment by GACC
and agency to normalize by area. Similarly, I calculated these metrics for each agency class. The five
primary federal land management agencies that manage wildfire are each an individual class (i.e., the
Bureau of Indian Affairs ( BIA), the Bureau of Land Management (BLM), the Fish and Wildlife Service
(FWS), the National Park Service (NPS), and the US Forest Service (USFS)), while a sixth class denoted
as “State/Other” (ST/OT) includes any entity reporting that does not fall under the five primary federal
agencies. This includes both other federal a gencies that accomplish substantial prescribed fire, such
as the Department of Defense (DOD) on military installations, the Department of Energy (DOE), the
Bureau of Reclamation (BOR), as well as both state and even some private/non-profit entities where
state agencies complete and report accomplishments (Table S1). I did not limit the analysis to any one
ecosystem or fire regime type (e.g., historically fire-prone forests). As noted previously, more recent
literature and management policies such as the Cohesive Strategy do not limit prescribed fire as a
hazard reduction tool to any ecosystem,
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The SIT Report Archive is not perfectly equivalent to the annual Historical Summaries because
the data were not yet assessed for quality control, and also because the last report of the year was often
published prior to December 31 (so additional accomplishments may have been reported in the last
few days of the year). However, because the Archive dates back to 1998, it provides four additional
years of data in a relatively short time series. The annual prescribed fire totals for the SIT Report final
report of the year and the official totals provided in the Historical wildland Fire Summaries are nearly
equivalent for the 2002-2017 overlap period (r* = 0.9992). It should be noted that while these data can
include prescribed burns conducted by private entities working with agency partners, they largely
exclude the type of broad-scale private lands burning that occurs in grasslands and rangelands (e.g.,
the annual pasture burns across the Flint Hills region of Eastern Kansas).

3. Results

As recorded in the National Interagency Fire Center Daily Situation Reports, fire agencies
completed a reported 23 million hectares of prescribed fire (averaging just over 1 mill ha per year)
over the period 1998 to 2018, and annual totals increased by an average of 61,678 ha (mean 5% annual
increase) per year (Table 1, Figure 2). However, 70% of all prescribed fire and 98% of the increase
over time was observed in the Southeastern US Geographic Area (Figure 2a,c). Of the remaining nine
Geographic Areas of the US (as delineated by the National Interagency Fire Center), only three reported
an increase in prescribed fire over the period of record (Figure 2b,d), while the remainder reported a
decrease. Excepting a strong increase in prescribed fire in the Eastern GACC and a strong decrease
in the Great Basin, however, the slopes for all other units were so small that they were essentially
rendered flat, even when the GACCs were normalized by area. This is particularly reflected in rank
correlation coefficients, where only the Southern, Eastern, and Great Basin GACCs demonstrated a
strong trend (i.e, a Spearman’s Rho value greater than 0.5) (Table 1).

Table 1. Trends in prescribed fire accomplishments in the United States (US) by Geographic Area
Coordination Center region (GACC) from 1998 to 2018, including raw trend (mean ha/year), relative
trend (normalized by mean accomplishment for a given GACC), percent of the total US accomplishment,
percent of the total US trend, and Spearman’s Rho to indicate the strength of the trend.

GACC Trend (hafyr)  Rel. Trend (%) % of US Total % of US Trend  Spearman’s Rho :
Alaska 253 3.1 0.7 0.4 0.29
Northwest —861 -19 42 -1.4 —-0.47
N. California —404 =20 1.8 =0.7 —0.48
S. California -160 =23 0.6 -03 -0.29
No. Rockies =501 1.7 28 -0.8 -0.45
Great Basin -1228 -4.5 25 =20 -0.64
Southwest =170 -0.3 6.1 -0.3 -0.07
Rocky Mins 246 07 34 0.4 0.10
Eastern 4023 4.8 7.6 6.5 0.74
Southern 60,480 79 70.1 98.1 0.67
TOTAL 61,678 5.7 100.0 100.0 0.61

T Correlation coefficients below —0.5 or above 0.5 are considered strong trends and are more meaningful than
p-values in such a small dataset.
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Figure 2. Prescribed fire accomplished in the United States (US) from 1998 to 2018 across Geographic
Area Coordination Center (GACC) regions, including (a) total area burned (in millions of hectares),
area burned in the Southern Geographic Area (GACC), and area burned in all nine other GACCs; (b)
area burned (in thousands of hectares) in the eight other contiguous US GACCs (excludes Alaska and
Southern); (¢) proportion of all reported prescribed fire over the 21-year period by GACC; and (d) the
normalized (by mean annual total accomplishment per GACC) mean annual change in prescribed fire
completed, ranked by (c).
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Similarly, when stratified by agency, 39% of the 21-year total and 93% of the increase in prescribed
fire was accomplished by State/Other entities (Table 2, Figure 3). Of the primary federal land
management agencies, only the BIA (relative trend = 3.7%; 15 = 0.68) accomplished substantially more
prescribed fire over the study period. Overall, the proportion of total prescribed fire completed by US
federal agencies has diminished from over 90% annually to less than 30% annually across the past two
decades as the State/Other totals have steadily increased. This is unsurprising given regional trends,
as less than 7% of the Southeastern US is managed by the five primary federal land management
agencies (Table 51).

Table 2. Trends in prescribed fire accomplishments in the United States (US) by agency from 1998 to
2018, including raw trend (mean ha/year), relative trend (normalized by mean accomplishment for a
given agency), percent of the total US accomplishment, percent of the total US trend, and Spearman’s
Rho to indicate the strength of the trend. Agencies are Bureau of Indian Affairs (BIA), Bureau of Land
Management (BLM), Fish and Wildlife Service (FWS), National Park Service (NPS), US Forest Service
(USFS), and other federal (e.g., Defense, Energy, and Reclamation), non-federal, state, and municipal
agencies that report to the National Interagency Fire Center (NIFC) (State/Other, ST/OT).

Agency Trend (ha/yr)  Rel. Trend (%) % of US Total % of USTrend Spearman’s Rho i
BIA 1164 3.7 29 1.9 0.69
BLM -1335 -3.0 4.1 -22 -0.47
FWS 518 0.6 8.6 08 0.05
NPS 397 1.0 3.6 0.6 0.06
USFES 3353 0.7 41.3 5.4 0.09
ST/OT 57,582 134 395 93.4 0.74

T Correlation coefficients below —0.5 or above 0.5 are considered strong trends and are more meaningful than
p-values in such a small dataset.
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Figure 3. Percent of all reported prescribed fire nationally over the 21-year period (1998-2018)
stratified by agency (left panel), mean annual percent of agency area burned by prescribed fire
(i.c., area-normalized mean accomplished; center panel), and normalized (by mean annual total
accomplishment per agency) mean annual change in prescribed fire completed (i.e., relative slope per
agency; right panel).

4. Discussion

The Southeastern US accomplished over twice the amount of prescribed fire as the entire rest of
the US combined between 1998 and 2018. This may be one of many reasons why the Southeastern
states have experienced far fewer wildfire disasters relative to the Western US in recent years [17,33].
The amount of prescribed fire reported in the Southeastern US is also likely underreported, as the
Southeastern states have purportedly accomplished millions of hectares of prescribed fire annually
for decades [34-37]. However, until 1998 there was no central prescribed fire reporting in the US.
FEven after 1998, non-federal entities did not necessarily report the full scope of their accomplishments
in the federal reporting system.
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The dramatic difference in prescribed fire completed between east and west reflects both a broad
socio-cultural divide over fire [29] and a problematic dichotomy between federal and non-federal fire
management. Biophysical conditions have often been highlighted as a challenge to prescribed burning
in the Western US; the topography is more complex and inaccessible, burn windows are narrow, and
fuels have built up throughout decades of fire exclusion [23,38]. By contrast, the Southeastern states
have both the most extensive Wildland-Urban Interface in the US [39] and some of the worst air quality
challenges associated with prescribed fire due to higher humidity (e.g., increased smog formation),
That agencies are able to accomplish so much prescribed fire in such a populated region likely also
reflects social acceptance in addition to more conducive conditions. It is also telling that no single
Southern state is driving the regional trend. State summaries in the Historical Wildland Fire Summary
reports indicate that Alabama, Arkansas, Florida, Georgia, Louisiana, Mississippi, North C arolina,
South Carolina, and Texas all completed an average of over 40,000 ha per year each from 2002 to 2017.

Prescribed fire is widely accepted as a tool in the Southeastern states, where residents are
more accustomed to using controlled fire to enhance timber production, control the rapidly growing
vegetation, and enhance game species habitat [29,34], Some states, such as Florida, even have laws that
recognize prescribed fire as being in the public interest and protect landowner rights to utilize it [40].
Although studies throughout the US have shown that residents in all regions broadly support the
concept of prescribed fire, they fear the potential for escaped fires and they are also highly concerned
about smoke impacts [41]. However, Engebretson et al. [42] found significantly higher tolerance of
prescribed fire smoke from Southern-state residents than those in Western states, which suggests
that this tolerance may translate into less opposition to using prescribed fire in the Southern GACC.
This is true for either federal or non-federal agencies in the region; the Historical Summaries indicate
that much of the USFS annual prescribed fire accomplishment occurs in the Southern GACC states
(particularly along the Gulf Coast) rather than in the Western states where the greatest proportion of
USFS land lies.

By contrast, fire managers in the Western US face considerable social barriers to using prescribed
fire, including negative public perceptions of risk of escapes and smoke [29,42]. This high perception
of risk has been cemented by the occasional escaped prescribed fire, but it has likely also become
entrenched due to the absence of prescribed fire demonstrated here. Fire managers, particularly
federal fire managers, receive insufficient incentive to use prescribed fire under current agency policies
that incentivize fire suppression (e.g., with overtime pay and promotion) but penalize risk-taking,
particularly when escaped prescribed fires occur [2943]. Additionally, federal funding for prescribed
fire and other fuel reduction activities has been drastically depleted over the past two decades as large
wildfires force federal agencies to expend allocated funds on suppression rather than prevention [35-37].

Of the federal agencies reporting individually (i.e., separate from the ST/OT class), only the BIA
has been able to substantially increase the relative use of prescribed fire. This increase is particular] y
striking because a higher proportion of tribal lands managed by BIA have been subject to prescribed
fire than for any other agency, with a mean of 7.5% of tribal lands burned each year (Figure 3). This may
reflect the more recent efforts of tribes seeking to reclaim sovereignty on their ancestral lands through
increased self-governance and drawing upon TEK to re-introduce extensive intentional fire in these
landscapes [25], particularly following the 2004 Tribal Forest Protection Act [26]. The push for more
prescribed fire among tribes is also reflected in the BIA budget for prescribed fire, particularly compared
with the fire suppression budget. BIA devotes the second-highest budget of the five primary land
management agencies to prescribed fire (behind USFS), but the prescribed fire budget is between 50%,
and 80% of its fire suppression budget, while no other agency’s prescribed fire budget has exceeded
25% of its fire suppression budget in the last five years [44]. It is also worth noting that the more
detailed Historical Wildland Fire Summary reports suggest that the strong positive trend in the Eastern
GACC region is potentially partially a function of increased tribal burning in that region.

Despite changes in federal fire management policy meant to increase prescribed fire use, only
one region of the US has considerably increased the amount of prescribed fire completed, and credit
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for much of this increase goes to non-federal agencies. Given the evidence that federal agencies have
not accomplished more prescribed fire across the US over the past two decades, this suggests that
while the Cohesive Strategy incorporates the best available science in a top-level holistic management
framework, federal agencies have not made sufficient policy changes or budgetary allocations to carry
out the Strategy.

There is considerable evidence in the scientific literature that prescribed fire is the most effective
means of reducing the risk of wildfire disasters and increasing ecosystem resilience across much of the
US. However, only one primary federal land management agency has substantially increased prescribed
fire use, and the only widespread use and acceptance of prescribed fire is in the Southeastern states.
Federal and non-federal entities have used the prescribed fire expertise of the Southeastern region as
a training ground for fire and fuel managers across the US, but this has not translated to increased
prescribed fire use. This suggests that a larger cultural shift in public sociocultural perceptions of
prescribed fire is needed to truly capitalize upon the utility of prescribed fire and more aggressively
reduce wildfire risk. Without such a shift, more catastrophic wildfire disasters are inevitable.

Supplementary Materials: The following are available online at http://www.mdpi.com/2571 -6255/2/2/30/s1,
Table S1: Hectares under each primary Jand management agency by Geographic Area Coordination Center
(GACC) region.
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Abstract

Fire plays a role in the vast majority of terrestrial ecosystems.
Researchers have discovered that the negative effects of
prescribed fire on soil, water and vegetation are transitory, and
that benefits are much greater. This paper presents a syn-
thesis of the most important recent work on the effects of
prescribed fire on soil, water and vegetation and assesses the
validity of the use of fire as a management tool. The impact of
fire Is low and temporary, whereas the benefits are greater both
directly (e.qg. reduction in vegetative fuel and the risk of fire,
noncontamination of water) and indirectly (e.g. improvement in
forest health). Thus, prescribed burning is a good management
tool and should be incorporated into land management and
regional planning. Researchers, managers, stakeholders and
landowners must be taken into account to increase knowledge
of this management tool and implement it in the most optimal
way possible.
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Introduction

Fires are a key ecological factor in the earth system [1].
However, as many cultures have used fire for manage-
ment purposes considering people safety and hazard-
ousness, even though it was previously known to have a
low impact on soil, water and vegetation. Soil is one of
the most valuable non-renewable resources [2]. In forest
arcas, soil can be degraded by high-severity fires [3], but
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low-severity fires, as is commonly the case of prescribed
fires, minimise the adverse effects of fire on soil and are
often beneficial [4]. They have thus proved to be a good
forest management tool, and even more so in areas of
high fire recurrence [5%*]. Depending on its intensity,
fire can affect water quality, furthermore following
wildfires, However, marked changes in water quality
have not been found after prescribed fire compared with
prefire water quality [6]. A prescribed fire will imme-
diately eliminate grasses and some shrubs but the fire
will quickly be followed by an increase in herbaceous
species and a decrease in the percentage of terrain
occupied by woody species [7]. The vegerarion response
after a prescribed fire mainly depends on fire intensity
and frequency, the two factors that influence cover dy-
namics over time [8)]. Prescribed fire is often used for
environmental and land management, and controlled
burning has proved a good tool to manage large forest
areas in cases where economic resources are limited,
being economically beneficial and feasible for land
management [9]. This type of management can be an
extremely effective mean to prevent shrub invasions
[10*] and facilitate the colonisation or recovery of
keystone species of flora [11] and fauna [12,13]. Given
the body of scientific, theoretical and practical evidence,
fire exclusion has been reconsidered and abandoned in
almost all ecosystems across the world to instead
incorporate this type of management in regional and
territorial planning [14,15). Furthermore, some decades
ago, fire used to be employed for forest management,
but developments in modern forestry erroncously
excluded fire from the reproduction of natural processes
and focused instead on fire suppression [16]. The use of
prescribed fire reduces wildfire risk and creates habitats
for grazing and wildlife [17]. It is therefore essential to
educate stakeholder groups who influence prescribed
fire policies to change policy regulations that in many
cases present legal barriers to implementing effective
ccosystem management strategies such as prescribed
fire [18]. A prescribed fires is a use of low-intensity fire
under planning to achieve different goals in different
weather, fuel and topographic conditions therefore. ir is
cssential to analyse how they influence the environment
to take them into account in rerritorial management
[5**,17].

This review is organised as follows. First, we examine
the impact of prescribed fire on soil, vegetation and
water and the implications for its use as a management
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2 Environmental impact assessment: Fire. Prevention,

rool. Then, we summarise the benefits and drawbacks of
this toal, which is used worldwide for environmental and
territorial management. To perform this review, we
conducted a literature search for scientific articles
published mainly in English over the last two decades in
the Scopus Database. In some cases, earlier studies were
consulted for the explanation and discussion of certain
dynamics. The search terms used were: “prescribed
fire” or “prescribed burning” or “controlled fire” and
“soil properties” or “yegetation” or “plant” or “water” or
“management tool” or “planning”, and this search was
combined with another in Google Scholar.

The effects of prescribed fire on soil, water
and vegetation

Prescribed fire can have long-term benefits such as
increased soil sorption capability [19], optimisation of
soil quality to improve forage for livestock [20] and
enhanced proliferation of microbial communities [21%].
In other cases, although the post-fire levels of some
chemical elements do not reach prefire values, espe-
cially in the short-term [22], prescribed fire can still
achieve the proposed management objectives [23].
Prescribed fire exerts positive, neutral or negative ef-
fects on soil depending on the soil properties studied,
but its impact is always lower than in the case of a
wildfire, indicating that this tool is a good alternative in
fire-prone areas and extensive highland areas, offering
reduced costs compared with other forest management
practices [5%*].

Groundwater chemistry is not directly affected by pre-
scribed fire because such fires do not burn with suffi-

cient intensity to change the chemical elements in

Figure 1
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water [24,25]. Indeed, fire intensity is the most
important factor to consider when studying the impact
of prescribed fire on water quality (Figure 1). Only in
some cases have slight increments on water nutrient
loading been detected after a prescribed fire [26,27],
but such post-fire increments are unlikely to impact
watershed resources [28%,29%] sometimes being bene-
ficial for water quality and human health decreasing the
amount of contaminants as benzene and ethylbenzene
both knowns carcinogen [30,31]. As regards water con-
tent, prescribed fire may increase soil warer content
immediately after fire but can be detrimental to the
germination process in the second and third growing
seasons [32]. Prescribed fire not only increases the
amount of water available but also increases the effi-
ciency with which some species use that water, which is
of great importance in water-limited ecosystems [33].

Fire reduces the vegetative fuel load, and this effect per-
sists for about 15 vears in Mediterrancan €cosysten.
There are regions where this period of time is much
shorter because climate conditions promote fast vegera-
tion growth and rapid fuel load recovery/increment and
therefore reaching the long-term needs more or less vears
depending on one ecosystem or another. After thar, the
area will be dominated by shrubs, decreasing herbaceous,
and plant diversity and requiring a new prescribed fire
[43]. As regards short-term effects, in the first year aftera
preseribed fire, there is a reduction in shrub cover, an in-
crease in herbaceous cover and a reduction in plant di-
versity. Despite these changes, the overall amount of
forage two years aftera prescribed fire remains unchanged
compared to unburned areas, but the quality of forage for
grazing cattle increases [44]. In the medium- to long-
term, prescribed fire does not change vegetation
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communities, confirming its beneficial effects and indi-
cating that it could be repeated after a few years [45]. In
many cases, prescribed fire promotes pine and oak
regenerarion [46], enhances understory vegeration com-
munities, increases species richness, diversity and cover in
oak woodlands [47] and can establish a successional tra-
jectory towards a sagebrush steppe vegetation structure as
against pinyon and juniper species on single-leaf pinyon —
Utah juniper woodland (P monophylla Torr. & Frém. —
J. osteasperma [Torr.] Little) (Marking Corral) and a Urah
juniper woodland (Onaqui) [48*].

The effects of burning on vegetation can be direct or
indirect and can occur from the level of seed banks to
the herbaceous, shrub and arboreal strata. The mortality
ineach stratum is given by the burning objectives, which
are summarised in the figure given in the following
context, together with the four most important variables
to consider: burning intensity, type and structure of
vegetation, time of the vear when burning takes place
and recurrence of burning (Figure 2).

Prescribed fire as a management tool

Prescribed burning is not yet fully accepted worldwide
as @ management tool. Many countries see fire as a risk
rather than a resource. In fact, until technical and sci-
entific cvidence supported the use of fire as a

Figure 2
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management tool for forests and other land uses, nearly
all governments held this view. In Australia, however,
prescribed burning has been carried out on a recurring
basis since the 1960s for the purposes of wildfire miti-
gation, agricultural practices such as stubble reduction
and grazing land management, property protection, the
maintenance of ecological processes and biodiversity
conservation [53**], These same authors describe the
arcas in Australia where prescribed burning is imple-
mented, which coincide with those where the most
intense fires have occurred due ro the type of vegeration
and climate [54]. Although the authorities’ use of pre-
scribed fire has increased since the 1960s. growing
environmental awareness since the mid-1980s has
prompted questions about whether prescribed burning
has negative environmental effects, triggering a reduc-
tion in its use [53**]. Aware of social concern about the
possible environmental effects of prescribed fires, re-
searchers and scientists began to publish many more
articles and technical reports, with publications rising
from 70 in the 1970s to 205 in the 1980s [55]. These
authors also highlight an increase in the 1990s in articles
focussing exclusively on the ecological effects. Inter-
estingly, in an exhaustive review of studies published in
Australia, Oliveras and Bell [54] did not find a single
publication that completely ruled out the use of fire as a
management tool.
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4 Environmental impact assessment: Fire. Prevention, management and challenges

A recurrent question in many countries regarding the
use or not of prescribed fire for management is whether
fire is a natural phenomenon, or more accurately, if a
significant proportion of forest fires are started by nat-
ural causes. In southeast Australia, large fires have been
recurrent throughout history, and many of them have
had a natural cause such as lightning strikes in dry
storms, according to Styger et al. [56], whereas in
Tasmania they have increased since the 2000s as a
consequence of longer, morc intense dry spells.
Perceiving the causes as natural renders the use of fire
for land management more acceptable. Recent techno-
logical advances such as the use of satellite images to
verify burning intensities, the application of different
fire use models depending on the type of vegetation
(57] to be managed and the use of fire propagation
simulators [58] have all increased perceptions of the use
of prescribed fire as acceptable and even necessary
[53**] because of elimate change and evidence that the
climate in southeast Australia is becoming warmer and
drier [59].

According to Spencer et al. [60], the use of prescribed
fire is fully accepted in the United States, but there are
barriers to its increased use, perhaps the most important
being a lack of qualified, available personnel to carry out
prescribed burning at ecologically meaningful scales and
in sufficiently large landscapes to affect fire behaviour
and restore key components of ecosystems. According to
Walker and Salt [61], socio-ecological relationships are
becoming increasingly complex and all actors must be
involved to strengthen prescribed fire training ex-
changes. Furthermore, according to Chaffin et al. [62],
this can only be achieved if administrations have the
capacity to adapt more rapidly to forest management
needs in the USA. Fire suppression policies produced
catastrophic effects in Ponderosa pine forests of Western
US [63]. In Europe, the situation of professionals
trained to carry out prescribed fires varies widely, even
within the same States, because regional authoritics may
apply different policies. Nevertheless, training ex-
changes are gradually being rolled out in many areas of
Lurope.

There is also debate, for example in Europe, on whether
those carrying out prescribed burns should be pro-
fessionals who work for companies specialising in this
practice. In Spain, all prescribed fires are carried out by
government personnel. As regards the level of use of
preseribed burns, this cannot be generalised for Europe
as a whole or even within States because restricted or
even prohibited land management practices vary
depending on local authorities [64]. In some European
countries, laws are often based on 19th century ordi-
nances on the use of fire, although these may now seem
obsolete. Nevertheless, prescribed fire is used for forest
management in many European countries, including
Sweden, the United Kingdom and Germany in the

northern Europe, France and Spain in southern Europe.
In none of these cases is this practice governed by a
single regulation, and in some cases it is restricted to
highly specific territories [63].

Final remarks and conclusions

Prescribed fire is a good tool for forest management,
especially in fire-dependent ecosystems. The harmful
effects of these low-intensity fires on soil, water and
vegetation are few and transitory, whereas the benefits
are long-term and much greater than the damage.
Therefore, the use of prescribed fire should be imple-
mented formally through regional planning and should
seek stakeholders’ engagement, knowledge and experi-
ence to ensure community inclusion [66]. Involving the
community is essential to the success of this type of
management, as is changing perceptions of controlled
fire to see it as it is: a good environmental and territorial
management tool. It is therefore also necessary [0
cducate the public about controlled firc and promore its
use in order to gain public support. In sum, prescribed
fire represents an unparallelled forest management ool
that provides maximum ecological benefit with mini-
mum effort.
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1. Introduction

Prescribed fire has been used in a coordinated manner to man-
age fuels in eucalypt forests of southern Australia since the 1950s.
The impetus for planned use of fire arose from the need to reduce
the impact of extensive, high intensity fires on life, property and
commercial forest values. These fires followed in the wake of dis-
ruption of traditienal aboriginal burning patterns, broadscale
clearing of land for agricultural development, and commercial
exploitation of forests that generated large amounts of logging
debris and introduced new sources of ignition from settlements,
steam locomotives and machinery. Major bushfires such as Black
Sunday (February 1926) and Black Friday (January 1939) in Victo-
ria, and the 1961 bushfires that destroyed the towns of Dwellin-
gup, Nanga Brook and Karridale in south-west Western Australia
have come to be regarded as defining moments in Australian his-
tory (Pyne, 1991). The Australian experience is not unique and a
similar pattern of events can be traced in the fire histories of the
United States, Canada and other countries undergoing rapid settle-
ment and econemic development of the land during the 19th and
first half of the 20th centuries (Pyne, 1995), Cessation of land clear-
ing and the transfer of extensive tracts of public land into reserves

* Tel.: +G1 8 9771 7998; fax: +61 89777 1183.
E-mail address: ]achie.mc:aw@dcc.wa,gov,au

0378-1127/$ - see front matter @ 2012 Elsevier B.V. All rights reserved.
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managed primarily for recreation and nature conservation has not,
however, been accompanied by a reduction in the extent and im-
pact of destructive fires, During the first decade of the current cen-
tury unplanned fires burnt more than 3 million ha of public land in
south-eastern Australia culminating in the destructive fires of
Black Saturday 7 February, 2009 when 173 lives were lost and
more than 2000 buildings destroyed in the state of Victoria (Ellis
et al,, 2004; Teague et al., 201 0). The size and impact of unplanned
fires also increased in south-west Western Australia during this
period, although the scale of losses has been considerably less than
in south-eastern Australia.

The economic, social and environmental impacts of unplanned
fire at a global scale have increased substantially during the past
decade (Williams et al., 2011), Fires having unprecedented conse-
quences in terms of loss of human life, suppression cost, economic
loss and natural resources impacts have occurred in Australia,
Mediterranean Europe, Russia, the United States and parts of
south-east Asia and South America, Many factors contribute to
the increasing impact of fire including population growth in
peri-urban communities (Stephens et al., 2009; Syphard et al,
2009), altered patterns of land use in rural areas (Pausas er al.,
2008), persistent drought at regional scales (Cook et al., 2004:
van Ommen and Morgan, 2010: Gergis et al,, 2012), and changes
in forest structure and fuel dynamics linked to climatic stress
(Allen et al, 2010) and land management practices (Stephens
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and Ruth, 2005). The term ‘mega-fires’ has emerged to characterise
fires that simultaneously exhibit extreme values of economic and
social impact, environmental consequence and resistance to sup-
pression (Williams et al. 2011; Williams, 2013). Reaching broad
international agreement on a formal definition of mega-fire may
prove difficult because of differing perspectives amongst policy
makers, managers, practitioners and scientists working in the fire
arena, and because of profound differences between societies in
the way that fire is managed. Nevertheless, rigorous evaluation
of the concept of mega-fires is useful because it may help to iden-
tify common trends in the scale and impact of fire emerging across
biomes and jurisdictional boundaries.

Eminent fire historian Stephen J. Pyne observed that Australia,
far more than any other industrialised nation, has held to a tradi-
tion of prescribed burning, attributing this to the fact that no single
institution has been sufficiently powerful to impose its will on the
land, and that eradication of fires is unachievable in a land charac-
terised by flammable vegetation, drought and dry winds (Pyne,
2003). In the Australian context prescribed fire refers to the appli-
cation of fire under specified environmental conditions to a prede-
termined area and at a time, intensity and rate of spread required
to atrain planned resource management objectives (AFAC, 2012).
prescribed burning originated as a tool for fire protection in forests
(McArthur, 1962; Peet, 1965; McCaw et al., 2003), but its use has
broadened in recent decades to include regenerating areas follow-
ing timber harvesting, and managing habitat for biodiversity con-
servation (Burrows, 2008). prescribed burning also plays an
important role in mitigating undesirable effects of unplanned high
intensity fires on soil and water values (Certini, 2005). These aims
need not be mutually exclusive and in practice all burning achieves
some level of fuel reduction. Fires used to reduce fuels in eucalypt
farests are typically of low to moderate intensity with fireline
intensities (Byram, 1959) in the range 500-2500 kW m~', and are
implemented at scales ranging from tens of hectares ignited by
ground crews through to thousands of hectares ignited using aerial
ignition.

An Australian perspective on the use of prescribed fire for man-
aging forest fuels should be of interest to the global fire community
which is facing the challenge of escalating socio-economic and
environmental impacts from unplanned fires. This paper examines
(1) the scientific knowledge base underpinning the use of pre-
scribed fire for fuel reduction in eucalypt forests, (2) approaches
to evaluate the effectiveness of prescribed fire in mitigating the im-
pacts of high intensity unplanned fires, and (3) contemporary
influences on the implementation of prescribed fire programs in
southern Australia, particularly in the states of Western Australia
and Victoria.

2. Forest fuels and fire behaviour in southern Australia

This paper is concerned primarily with open eucalypt forests,
also commeonly known as dry sclerophyll forests, which at maturity
can attain a height of 30 m and overstorey foliage cover of 30-70%
(Specht, 1970). Open eucalypt forests are widespread in southern
Australia in areas with a temperate or Mediterranean-type climate
receiving mean annual rainfall >500 mm, and occur on a broad
range of soils and landforms including plateaus, ranges and plains
(Boland et al., 2006; Gill, 2012). Prescribed burning is also under-
taken in some tall open forests with eucalypts up to 80 m in height,
particularly forests dominated by Eucalyptus diversicolor in south-
west Western Australia.

The fuels in a eucalypt forest can be categorised into a series of
strata according to particle size, arrangement and potential contri-
bution to fire behaviour (Gould et al., 2011, Fig. 1). Fuel strata in-
clude those which:
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Fig. 1. Visually distinct fuel layers within an open eucalypt forest in southern
Australia (Source: Gould et al., 2011). Grey scale on the left side indicates the
relative bulk density of each layer.

« contribute to the flame height: primarily the loosely compacted
layer of leaf litter, twigs and low shrubs on or near the forest
floor;

« contribute to the depth of flame behind the fire front: mostly
the upper part of the leaf litter layer and the larger twig compo-
nents (6-25 mm diameter) embedded in it;

« contribute to smouldering combustion: the lower compacted
part of the leaf litter layer, sometimes referred to as duff, and
dead fuels >25 mm diameter, decorticated bark of stringybark
types, which may contribute up to 10t ha—! and burn for hours;

« burn only when supported by the combustion of fine dead fuels:
these are generally sparse elevated dead fuels, live fuels (includ-
ing canopy) and some dead fuels;

« do not burn because of their location, moisture content or size
(e.g. live trunks, moist logs).

Important characteristics of fire behaviour in eucalypt forests
identified by Luke and McArthur (1978) and in a recent review
by Sullivan et al. (201 2) include the potential for rapid rates of for-
ward spread (up to 10km h~'), crowning and massive spotting
with firebrands transported up to 30 km downwind under extreme
fire danger conditions (Ellis, 201 1: Cruz et al., 2012).

Until recently, fuel load (mass per unit area) was the only fuel
characteristic used in Australian forest fire danger rating systems
to predict fire behaviour. Studies by McArthur (1967, 1962) and
Peet (1965) suggested that the amount of fine fuel (<6 mm diame-
ter) available on the forest floor (i.e. fuel consumed by the fire) was
the most significant fuel variable affecting the spread of fires in
eucalypt forests. These authors claimed that, for fixed temperature,
humidity, drought factor and wind speed, the rate of spread of the
headfire (R) is directly proportional to the load of fine fuel (W) con-
sumed and is expressed as a simple linear relationship:

R=aW (1)
where a is a constant derived from field experiments in a specific
fuel type. Fireline intensity (Byram, 1959) is usefully correlated
with flame dimensions, difficulty of fire suppression, and a broad
range of effects of fire on the environment (Cheney, 1990). Intensity
(1) is calculated as the product of fuel load consumed in the flaming
zone (W) and rate of spread (R) according to the formula:

| = HWR (2)
where H is the heat yield of the fuel in units of kJ kg . If the rate of
spread is directly proportional to fuel load, it follows that reducing
the fuel load by half, halves the rate of spread and reduces the
intensity of the fire fourfold. This relationship between fuel load,
rate of spread and fire intensity has provided a simple but powerful
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argument to support fuel reduction burning in eucalypt forests for
mare than 50 years, However, McArthur (1967, 1962) and Peet
(1965) provided no detailed description of analytical methods or
confidence limits on the correlation between rate of spread and fuel
load. Their relationships were generally based on data from low to
moderate intensity fires (<2500 kW m~") lit at a point and allowed
to develop for periods of up to 1 h in fuel composed predominantly
of leaf litter and low shrubs.

The relationship between age-related fuel characteristics and
fire behaviour in open eucalypt forest was investigated during a
comprehensive series of field experiments known as Project Vesta
(Gould etal., 2007; McCaw et al,, 2012). Simultaneous experimental
fires were conducted under dry summer conditions at two locations
with contrasting understorey and fuel structures that had devel-
oped over periods of 2-22 years after prescribed burning. Most fuel
characteristics including bark, understorey shrubs, near-surface
and surface fuels increased with increasing time since last fire,
and visual hazard scores described patterns of fuel dynamics over
time in a similar fashion to models based on fuel load accumulation
(Gould et al,, 2011). Fuel hazard scores that reflect the quantity and
arrangement of surface and near-surface fuel were more strongly
correlated with most fire behaviour variables than were corre-
sponding fuel load variables, The near-surface fuel layer of sus-
pended leaves, bark, twigs and low shrubs was found to be the
dominant stratum affecting headfire rate of spread during these
experiments. Visual ratings of fuel structure have been included in
new algorithms to predict fire behaviour and fire threat in open
eucalypt forests (Cheney et al., 2012). Fine fuel load remains an
important consideration in fire behaviour prediction because of its
contribution to fireline intensity. By providing a better understand-
ing of how different fuel strata contribute to fire behaviour, findings
from the Project Vesta experiments also provide a sound basis to as-
sess the effectiveness of fuel reduction treatments in modifying the
behaviour of high intensity fires burning under dry conditions.

3. Quantifying the effectiveness of prescribed fire

Fire behaviour is influenced by fuel quantity and arrangement,
fuel dryness, wind speed, and slope. Fires burn more intensely
when fuels are continuous, well aerated and dry, when winds are
strong enough to deflect llames forward and pre-heat fuels in ad-
vance of the flame front, and for the same reason when a fire is
advancing up a slope (Sullivan et al., 2012). In the simplest case,
the reduction of fire behaviour immediately following fuel removal
by prescribed burning is obvious as there is no surface fuel to burn,
and even crown fires may collapse within a short distance after
encountering a recently fuel reduced area. As fuel re-accumulates
in subsequent years the benefits of prescribed burning for fire sup-
pression will be evident in the form of reduced rate of spread and
fire intensity, and reduced fire propagation by spotting. Thermal
impact on vegetation and soils will also be lessened, commensu-
rate with the reduced fire intensity. Eventually, at some time after
burning, fire behaviour in the treated area becomes indistinguish-
able from that in adjoining forest that has not been subject to fuel
reduction treatment. The challenge, therefore, is to quantify in
some practical way:

« how the effects of fuel reduction vary with weather conditions
and fuel dryness;

+ how long the effects of fuel reduction persist, and;

» how fuel reduction contributes to an overall reduction in dam-
age from unplanned fire,

Fernandes and Botelho (2003) comprehensively reviewed the
effectiveness of prescribed burning for fuel hazard reduction draw-
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ing on information from North America, Australia and Europe.
Their paper represents an important milestone in the fire manage-
ment literature and has been widely cited, They concluded that the
hazard reduction benefits of prescribed fire are easily demon-
strated by fire behaviour theory, through observation and mea-
surement of post-treatment fuel changes in experimental or
operational burns, and by computer simulation at the plot, stand
and landscape levels, Analysis of modifications in fire regimes in-
duced by prescribed burning was identified as the best approach
currently available to evaluate the effectiveness of fuel manage-
ment programs, despite the fact that separating the effects of treat-
ment from the overall fire management effort may be difficult.
Fernandes and Botelho (2003) also stressed the need for replicated
studies of high intensity fire behaviour in field experiments, Each
of these approaches can be informative but as with many areas
of scientific inquiry, no single line of evidence is likely to be suffi-
ciently robust or free from bias to adequately quantify the effec-
tiveness of fuel reduction burning. Bias may be introduced by
imperfect knowledge of fire behaviour, and by the opinions of
the investigators themselves, An integrated approach that draws
on a broad range of indicators offers the best way forward,

The extent of fuel reduction achieved by burning is critical be-
cause it determines how much fuel remains to support a subse-
quent bushfire. To significantly reduce potential bushfire
behaviour it is necessary to:

« reduce the depth, quantity and continuity of surface and near-
surface fuel which contribute directly to fire spread and flame
depth;

« reduce the height of the elevated fuel layer of understorey
shrubs which contribute to flame height;

« remove flammable and loose outer bark on tree stems that con-
tributes to spotting.

The extent of fuel reduction achieved by prescribed burning de-
pends on the amount of fuel present, the environmental conditions
under which an area is burnt, and the way in which an area is
ignited. Fine fuels (<6 mm diameter) in eucalypt forest respond
rapidly over periods of one to several hours to cha nging environ-
mental conditions including precipitation, relarive humidity, air
temperature and insolation (Matthews et al,, 2010). Coarse fuels
respond more slowly to environmental conditions over periods
ranging from days to months depending on their size, initial mois-
ture content, surface condition and state of decay (Burrows, 1987).
Fuel consumption increases with more severe burning conditions
and higher fireline intensities, and is maximised when both fine
and coarse fuels are dry (Hollis et al., 2011a,b). More intense fires
will have larger flames that consume greater quantities of live
and dead foliage on understorey shrubs, and bark on standing trees
(Burrows, 1997; Gould et al., 2007; Wotton et al., 2012). Fire inten-
sity can be strongly influenced by the way that a planned burn area
is ignited, in particular whether the fire is set to burn with the
wind or against the wind, upslope or downslope, and whether fire
is ignited as individual points or in lines (Tolhurst and Cheney,
1999). The pattern of ignition can be manipulated to increase or
decrease the proportion of area burnt, particularly where there
are natural barriers to fire spread in the landscape, for example
rock outcrops and scree slopes, moist gullies or sand dunes. A
widely spaced ignition pattern will increase the likelihood of
patches remaining unbumnt, even if they do support flammable
fuels. Closely spaced ignition will increase the proportion of area
subject to increased fire behaviour as fires originating from sepa-
rate ignition points interact and coalesce.

Time elapsed since fuel reduction treatment is important be-
cause fuels re-accumulate from annual litter fall and regrowth of
understorey shrubs (Gould et al., 2011). The relationship between
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within a landscape. In eucalypt forests prone to massive spotting,
fuel reduced areas several kilometres deep are required to reduce
the density of new ignitions started by spotting that suppression
forces must contend with (McArthur, 1967: Ellis, 2011; McCaw
et al., 2012). In southern Australia the most severe fire weather
conditions are associated with winds from the north and north-
west, although fires spreading on a wide front with southerly
winds following the passage of a cold front have caused substantial
loss of life and property (Rawson et al., 1983; Teague et al,, 2009).
small fuel reduced areas will be ineffective if they are readily out-

220 W.L McCaw/ Forest Ecology and Management 294 (2013) 217-224
10000 [T ] R
e PRI IS L
=
i 4
S mo et en i P —— Ak b4 e T el s e T
Z -
]
&
: =7
£
@
(i

2 (6.6) -
5(9.1) -

4090 J—— e - i ..........i....
o
I
o
~

10{14.8) | |
16 (16.4) | |

Fuel age (years) and fuel load (tha 2

Fig. 2. Fireline intensity of experimental fires burning under dry summer condi-
tions of moderate to high fire danger in eucalypt fuels of different age. The
combined load of surface and near-surface fuel for each age class is shown in
brackets. Box-and-whisker plot shows the median value (a). 25th and 75th
quartiles {l.e. 50% of cases have values within the box) and dots («) represent
outliers more than 1 box-length from the 25th and 75th percentiles. Horizontal
bold line indicates an intensity 2000 kW m-" above which the effectiveness of fire
suppression using tankers and bulldozers declines markedly. Data for the tall shrub
site from Project Vesta experiments (McCaw et al,, 2012).

fuel age and fire intensity, hence suppression difficulty, is illus-
trated by comparing the median intensity of Project Vesta experi-
mental fires ignited in fuels of different age under dry summer
conditions of maderate to high fire danger (Fig. 2). Fires were con-
ducted simultaneously in each fuel age so that the mean fire dan-
ger conditions for the experiments are constant. Intensities are
calculated from surface and near-surface fuel loads and represent
a fire that has been burning for long enough to establish a head fire
at least 100 m wide, Mean fire intensity increased with increasing
fuel age, and exceeded 2000 kw m~! for the 10 and 16 year-old
fuels. The effectiveness of fire suppression using tankers and bull-
dozers declines markedly once fire intensity exceeds 2000 kw m™
(Loane and Gould, 1986), and these data indicate that fires in fuels
older than about 7 years will be difficult to control under average
summer conditions of moderate to high fire danger in open euca-
lypt forest. Bark continues to accumulate on the trunks of rough-
barked eucalypts for many decades, adding to the difficulty of fire
suppression in long unburnt forest (Gould et al., 2007).

The persistence of a measurable effect from reduced fuels has
heen examined in a number of studies. The effects of previous
burning persisted for up to 5 years in open eucalypt forest in the
Blue Mountains west of Sydney (Price and Bradstock, 2010),
although this study did not explicitly account for the contribution
of fire suppression in limiting fire spread. House loss resulting from
the devastating Victorian fires of 7 February 2009 was significantly
reduced where prescribed burning had been undertaken upwind of
the property during the previous 5 years (Gibbons et al., 2012). A
study of initial attack success on Victorian bushfires reported that
fuel reduced areas older than about 10 years, with an overall fuel
hazard of high or greater, had a low probability of assisting with
suppression (McCarthy and Tolhurst, 2001). Fuel dynamics in open
eucalypt forests with a shrubby understorey and fibrous-barked
trees indicate that some effect of fuel reduction from prescribed
burning could in fact persist for up to 15 years (McCaw et al.,
2012), although this effect would be difficult to quantify and prob-
ably impossible to demonstrate with statistical certainty in the
circumstances of high intensity unplanned fires.

The effectiveness of fuel reduced areas in modifying the behav-
iour of unplanned fires will depend on their size and location

flanked by a bushfire burning through heavy fuel in adjacent areas.
This was illustrated clearly during the early evening of 7 February
2009 when a southerly wind change turned the northern flank of
the Kilmore East fire into a 55 km long headfire that encountered
2 number of areas fuel reduced with prescribed fire in the previous
autumn of 2008 (McCaw, 2009; Cruz et al, 2012). Fuel reduced
areas were small in size (<2 km?) relative to the scale of Kilmore
East fire and had little impact on its overall spread following the
wind change. Despite extreme fuel dryness, adverse fire weather
conditions and the small scale of fuel reduction burns the pattern
of burn severity mapped from satellite imagery clearly indicates
that fire intensity was reduced within prescribed burnt areas,
and for a distance of up to several kilometres downwind of them
(refer to Fig. 8 in Cruz et al, 2012). A more extensive area of
3 year-old fuel north of Kinglake that resulted from a bushfire in
January 2006 remained largely unaffected by the Kilmore East
bushfire, despite adjacent forest being heavily crown scorched or
defoliated by crown fire.

Weather conditions play a critical role in determining the ex-
tent to which fire behaviour is modified by fuel reduction, although
this remains an area of considerable uncertainty. Experimental fire
behaviour studies in eucalypt forest have generally been limited to
conditions of high, or at most very high fire danger, for obvious rea-
sons of safety and risk management (McCaw et al., 2012). The case
study approach has been widely used in Australia to examine the
behaviour of unplanned fires (Fernandes and Botelho, 2003:
MecCaw et al., 2008: Sneeuwjagt, 2008). Probably the earliest case
study in eucalypt forest is that of McArthur (1962) who recon-
structed the spread of the 1961 Dwellingup bushfires in south-
west Western Australia and documented examples where fuels
less than 3 years old prevented fires from crowning, even when
weather conditions were extreme. Understandably, case studies
of the effectiveness of prescribed burning have tended to focus
on extreme weather conditions when fires pose the greatest risk
to human life, property and infrastructure (Blanchi et al., 2010).
The advent of remote sensing and spatial analysis techniques has
assisted in quantifying the relationship between fire weather, fuel,
terrain and fire severity (Keeley, 2009) at the landscape scale. Stud-
ies of this type have demonstrated that, under extreme weather
conditions, the probability of crown fire in eucalypt forest is signif-
icantly reduced for up to 5years after previous fire, in environ-
ments as diverse as the Blue Mountains of New South Wales
(Bradstock et al., 2010), the Central Highlands of Victoria (Brad-
stock and Price, 2010), and south-west Western Australia (Fig. 3).

The contribution of fuel reduced areas to the effectiveness and
safety of fire suppression under less extreme weather conditions
is also important, as these are the conditions during which the
majority of fire suppression work is done, Unplanned fires can
grow to large size if they escape initial attack because the terrain
is inaccessible to firefighters, the intensity of the fire exceeds the
capacity of the resources available, or the time between detection
and initial attack is protracted. All of these factors may be invoked
in the circumstance of multiple lightning ignitions in remote areas,
as experienced in the highlands of south-eastern Australia in Janu-
ary 2003 (McLeod, 2003) and December 2006 (McCarthy et al.
2012). Analysis of suppression efforts on 66 fires ignited by
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Fig. 3, Fire severity in open forest of jarrah ( Eucalyptus marginata) near Dwellingup,
Western Australia arising from a bushfire on 4 February 2007 when the McArthur
(1367) Forest Fire Danger Index was 75 (Severe). Air temperature was 41 °C, relative
humidity 12% and winds 35kmh~' from the north-west. Inset photographs
illustrate the severity of fire at three locations identified by letters: (A) defoliation
by crown fire in forest unburnt for >20 years, (B) full crown scorch of forest at the
boundary between the fuel >20 years-old and forest burnt 2 years previously by
prescribed fire, and (C) a patch of 2 year-old fuel within the fuel reduced forest that
only burnt at very low intensity during the 2007 bushfire because the surface fuel
was sparse and discontinuous,

lightning on 1 December 2006 showed that resources were allo-
cated to fires on shallower slopes and with lower fuel hazard rat-
ings, and that the success of containment was affected by slope,
fuel hazard and weather during the subsequent week (McCarthy
et al, 2012). Aerial suppression operations have been shown to
be more effective where the hazard ratings of surface and near-sur-
face fuels are lower (Plucinski et al., 2012), and backburning oper-
ations can be undertaken more rapidly and with lower risk of
escape when the adjoining fuels are low. The existence of substan-
tial areas of recently burnt forest gives fire managers the flexibility
to delay initial attack in these areas while suppression resources
are directed to more immediate priorities, as documented in case
studies by Underwood et al. (1985) and Cheney (2010).

Analysis of the occurrence and extent of planned and unplanned
fires can provide useful insight into the effectiveness of prescribed
burning in managing fire regimes at the landscape scale over dec-
adal time periods. Boer et al, (2009) demonstrated a strong inverse
relationship between the extent of prescribed burning and un-
planned fire in the Warren region of south-west Western Australia
over 45 years, during which the fraction of the study area burnt
annually by planned fire ranged from 4% to 11% Landscape scale
studies of fire occurrence in the Sydney region have shown that
fuel reduction by previous fire and prescribed burning has a mea-
surable, but limited, effect on fire spread and on the extent of un-
planned fire (Price and Bradstock, 2010, 2011). The overall extent
of prescribed burning in the Sydney region was small (<1% per an-
num). Loehle (2004) proposed the concept of leverage to quantify
the extent of reduction in unplanned fire achieved for each unit
of planned fire undertaken. Leverage provides a useful framework
within which to analyse the effectiveness of prescribed fire for a
range of management objectives including reducing the extent of
unplanned fires; however, such an analysis also needs to account
for the relative impacts of different levels of fire severity on natural

resource values, biodiversity and atmospheric emissions. Price and
Bradstock (2011) suggested that in open eucalypt forests of south-
ern Australia approximately three units of planned fire are re-
quired to reduce the unplanned fire area by one unit. For the
Sydney region this implies an annual prescribed burning program
of around 5% of the landscape would be required to halve the cur-
rent extent of unplanned fire, This represents a tenfold increase on
recent levels, and would bring the scale of prescribed burning up to
a level similar to that undertaken in the forests of south-west Wes-
tern Australia which has been effective in minimising the impacts
of high intensity bushfires over a multi-decadal period (Adams and
Attiwill, 2011).

4. Prescribed fire and the management of public lands

A high proportion of the forest land in southern Australia is
publicly owned and managed by state agencies that have a broad
charter for biodiversity conservation and other aspects of natural
resource management, Agencies operate under legislation that
provides them with responsibilities and powers for both biodiver-
sity conservation and fire management. Finding an appropriate
balance is not an easy task, and is made more challenging by rapid
growth in peri-urban communities adjacent to public lands, chang-
ing demographics in rural communities, and the changing social
and political environment in which fire management decisions
are made (Bradstock et al., 2012a). Australia is a highly urbanised
society and much of the population has become detached from
the reality of living in a fire-prone environment, viewing fire sim-
ply as a threat to life, property and the environment,

Use of prescribed fire to achieve fuel reduction and other land
management objectives has declined in southern Australia over re-
cent decades (Sneeuwjagt, 2008: Parliament of Victoria, 2008; Boer
et al, 2009; Adams and Attiwill, 2011). This decline can be attrib-
uted to a range of factars including: increased complexity of inte-
grating fire management with land uses of public forests (e.g.
timber harvesting, mining, recreation infrastructure, biodiversity
conservation); changes in the timing and duration of weather pat-
terns suitable for prescribed burning; greater awareness of and
sensitivity to smoke from planned burns: and a general increase
in aversion to risk arising from management activities, In Western
Australia, the policy basis for the prescribed burning program on
public lands has been challenged during litigation to recover com-
mercial losses attributed to the impacts of smoke from prescribed
fires on neighbouring vineyards. The court concluded that it would
be unreasonable to impose a duty of care to avoid smoke damage
to wine grapes on a public authority with fire management respon-
sibilities and biodiversity conservation functions where it is not al-
ways possible to avoid some smoke during the sensitive stages of
grape production (Murphy, 2010), The decision of the court was
upheld following appeal (McLure et al., 2012).

Australia has a rich tradition of post-fire inquiries at State and
federal level following major fire events: in the past decade these
have included inquiries by independent experts (e.g. Esplin et al.,
2003; Ellis et al., 2004; Keelty, 2011, 2012), parliamentary commit-
tees (House of Representatives, 2003 Parliament of Victoria, 2008;
Senate Select Committee, 2010), coronial inquests (Doogan, 2006),
and a Royal Commission (Teague et al., 2010), Most, if not all of
these inquiries have considered the issues associated with man-
agement of fuel on public land, and have called for the use of
planned fire for fuel reduction to be maintained or increased. Pre-
scribed burning was a major focus of the Royal Commission into
the 2009 Victoria fires, and generated more public submissions
than any other single topic. The Commission heard evidence on
prescribed burning from a range of Australian and overseas expert
witnesses, and convened an expert panel to consider the
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establishment of a formal target for an annual burning program on
public lands; a target of 5% was subsequently set by the Victorian
Government (2010). Western Australia is the only state to have
consistently maintained a program of prescribed burning exceed-
ing 5% of its public forest estate (Sneeuwjagt, 2008; Adams and
Attiwill, 2011), and evidence from empirical and simulation stud-
ies in other states suggests that to significantly reduce the extent
of unplanned fires requires a program of this scale (Price and Brad-
stock. 2011: Bradstock et al., 201 2b).

implementing an ongoing program of prescribed burning places
additional demands on land management agencies beyond those
traditionally associated with fire suppression response. Prescribed
burning requires detailed planning and lead times of up to 5 years
may be required to integrate burning with other land management
activities. Effective engagement with local communities is also
essential during the planning, implementation and post-fire mon-
itoring phases. The workforce required for prescribed burning may
differ somewhat to that required for fire suppression alone. Pre-
scribed burning requires personnel to be available during the
milder spring and autumn months either side of the core summer
fire season, and to have the flexibility to wait for a suitable window
of burning conditions to arise. Experience, continuity of service and
a sound practical understanding of fire behaviour are also attri-
butes of particular importance in prescribed burning, and are vital
in maintaining corporate knowledge and practical skills,

Prescribed burning brings with it the risk of escape and unin-
tended consequences including damage to property and infrastruc-
ture, increased area burnt under conditions that may be outside
the prescribed range, and loss of confidence by government and
the community in the agency responsible for undertaking the burn.
These consequences were highlighted in November 2011 by the es-
cape of a prescribed burn at Margaret River in south-west Western
Australia (Keelty, 2012), and internationally in March 2012 by the
escaped North Fork prescribed burn in Colorado (State of Colorado,
2012). Serious as the consequences of these escapes have been,
they must in the end be balanced against the risk of not interven-
ing to manage fuels. Risks associated with prescribed burning can
be minimised by good planning and operational practice, and there
is considerable scope to further minimise risk by utilising emerg-
ing capabilities for weather forecasting and modelling dynamic
interactions between fires and the atmosphere (Mills and McCaw,
2010: Peace et al., in press).

5. Conclusion

prescribed fire is a valuable tool for managing fuels in eucalypt
forests in southern Australia to mitigate the behaviour of high
intensity bushfires. Evidence from a variety of sources including
replicated field experiments, case studies of significant bushfires,
and analyses of fire occurrence at the landscape scale demon-
strates that prescribed burning can reduce fire behaviour and diffi-
culty of suppression, and reduce the likelihood of crown fire for a
period of at least 5 years following burning. Studies of the effec-
tiveness of fuel reduction in mitigating fire behaviour and the im-
pacts of bushfire on the community have tended to focus on
relatively brief periods of extreme fire weather conditions
(<10 h), which is understandable given the strong association be-
tween extreme conditions and loss of life and property. However,
fuel reduced areas also contribute significantly to early contain-
ment of multiple fires, provide safe anchor points for fire contain-
ment, and increase the effectiveness of suppression operations.
Prescribed burning reduces the severity of bushfire impacts on soil,
vegetation and other environmental values, and is an important
tool for achieving biodiversity conservation and environmental
management objectives in eucalypt forests.
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Agency incentives undermine policy effectiveness
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lobally, wildfire size, severity, and
frequency have been increasing, as

have related fatalities and taxpayer-
funded firefighting costs (I). In most
accessible forests, wildfire response
prioritizes suppression because fires

are easier and cheaper to contain when
small (2). In the United States, for exam-
ple, 98% of wildfires are suppressed before
reaching 120 ha in size (3). But the 2% of
wildfires that escape containment often
burn under extreme weather conditions in
fuel-loaded forests and account for 97% of
fire-fighting costs and total area

POLICY burned (3). Changing climate
and decades of fuel accumula-

tion make efforts to suppress every fire dan-
gerous, expensive, and ill advised (4). These
trends are attracting congressional scrutiny
for a new approach to wildfire management
(5). The recent release of the National Co-

hesive Wildland Fire Management Strategy |
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(NCWFMS) (6) and the U.S. Forest Service's
(USFS’s) current effort to revise national
forest (NF) plans provide openings to in-
centivize change. Although we largely focus
on the USFS, which incurs 70% of national
firefighting costs (7), similar wildfire poli-
cies and needed management reforms are
| relevant throughout the United States and
fire-prone areas worldwide,

Accumulated fuels in dry forests need to
be reduced so that when fire occurs, rather
than “crowning out” and killing most trees,
it is more likely to burn along the surface at
low-moderate intensity, consuming many
small trees and restoring forest resilience
to future drought and fire. Mechanical
thinning can reduce tree density and some
fuels but is often limited by legal (wilder-
ness and park areas), operational (steep
or remote ground), and cost constraints
(8). Fire can also be used to reduce fuels
either intentionally (prescribed burning)

or opportunistically (letting a natural ig- |

| nition burn as “managed wildfire”) under
| moderate weather conditions, Although
these burns are much less precise than
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Many severe wildfires are due to past fire
suppression, Firefighters during the Rim Fire near
Yosemite National Park, California, 25 August 2013

mechanical thinning, in remote locations,
fire is usually more efficient, cost-effective,
and ecologically beneficial than mechani-
cal treatments (9).

ENTRENCHED DISINCENTIVES.
Management reform in the United States
has failed, not because of policy, but owing
to lack of coordinated pressure sufficient
to overcome entrenched agency disincen-
tives to working with fire, Responding to
established research, official agency policy
now supports a more flexible response to
fire than ever before (6). Actual wildfire re-
sponse, however, has changed little because
of substantial management impediments.
Suppression generally begets larger, more
intense wildfires, which in turn intensi-
fies agencies' suppression response (70),
The alternative, working with fi re, is rarely
used because of liability and casualty risks
and little tolerance for management errors,
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Tor example, during the most recent de-
cade when data were collected (ending in
2008), only 0.4% of ignitions were allowed
to burn as managed wildfires (7). For indi-
vidual NFs, there is little economic incen-
tive to change because fire suppression is
steadfastly financed through dedicated con-
gressional appropriations, which are aug-
mented with emergency funding, whereas
fuels reduction and prescribed burning
costs come out of a limited budget allotted
to each NF and is often borrowed to caver
wildfire suppression costs. With these de-
terrents, “battling” fire and “only you can
prevent wildfire” campaigns have more
traction than recognizing that many severe
fires result from accrued management deci-
sions. This skewing of agency motivation
also distorts economic, insurance, and local
regulatory incentives that influence devel-
opment in fire-prone regions (II).

Although agencies are slow to reform in-
ternally, they may more rapidly respond to
local stakeholder pressure. The core prob-
lem has been the lack of a public constitu-
ency that advocates for reform of fire-use
practices (1I). The benefits of greater fire
use have been a difficult sell because of
public objections to smoke and a negative
perception of forest fires. This has begun to
change as communities increasingly threat-
ened by large fires are urging land-manage-
ment agencies to accelerate fuel reduction
efforts. including the use of managed fire
(e.g., yosemitestanislausso‘lutions.com and
AFRLorg). Timber companies would also
benefit from more fire-resilient landscapes
in which their private lands are embed-
ded. There is growing awareness that large,
severe fires are inevitable in many dry
forests. especially in a warming climate.
Smoke, safety threats, fire intensity, and
human health risks can be better managed
for public benefit with proactive fire use
under favorable weather and wind disper-
sul conditions (12).

EFFECTING CHANGE. Public support
for expanded fire use could thus be directed
toward revision of each NF plan, which
provides standards and guidelines for daily
management decisions. Plans can divide
the landscape into zones for different fire
management strategies, an approach used
by Parks Canada. US. forest plans could
zone areas close to homes (wildland-urban
interface) as an area where most fuels re-

IUSFS Pacific Southwest Research Station, Davis, CA

95618, LISA. University of California, Davis, CA 95616, USA.
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E.mail- mpnorth@ucdavis.edu

SCIENCE sciencemag.org

duction relies on mechanical thinning and
fires are suppressed. Beyond this could be
an intermediate area where prescribed fire
and mechanical treatment are used to opti-
mize fuels reduction. More remote forests
could be intentionally burned with pre-
seribed fire, or lightning ignitions allowed
to burn as managed wildfires under moder-
ate weather conditions.

Three of the first eight NFs to develop new
plans have proposed that more than half of
their area in the southern Sierra Nevada be
zoned for prescribed and managed fire use.
Over the next decade, most of the 155 NFs
will begin writing new plans and holding
public forums. Engaged local stakeholders
will need to look beyond short-term impacts
of fire use (e.g., smoke, limited access, and
risk of escape) to support managers work-
ing with fire and challenge suppression in
remote forest zones.

Public support of NCWFMS may help
overcome reform disincentives by stress-
ing national interagency collaboration. In
response to decades of problem wildfires,
the U.S. Congress passed the FLAME Act in
2009 requesting development of NCWFMS,
a coordinated strategy to support landscape
restoration and fire-adapted communities.
Coordination is essential as large, intense
wildfires often cross ownership boundaries.
For example, in California’s 2013 Rim Fire,
large patches of old-growth trees in Yosem-
ite National Park were Kkilled when fuel-
Joaded forests on nearby NF land generated
extreme fire behavior that crossed into the
park (13). NCWFMS can exert peer pres-
sure between agencies and provide support
for tough decisions. To accomplish these
changes, some policy and resource-deploy-
ment decisions supporting fire use could
be made at the national level. In the United
States, federal land agencies each fund their
own fire crews but the National Interagency
Fire Center (NIFC) coordinates resource de-
ployment between agencies and nationally
across geographic areas. Dedicated crews
could be hired and trained for managed fire
use, and NIFC could be charged with deploy-
ing them for beneficial burning (14). Some
local and regional agencies have briefly cre-
ated such crews, but they were often pulled
into fire suppression when wildfire activ-
ity increased. By giving NIFC deployment
authority, it could ensure that these crews
are only used for working with fire and are
available to burn when weather conditions
are favorable, Optimal weather and smoke
dispersal conditions occur even in heavily
populated and regulated areas such as Cali-
fornia, but many burn windows are missed
because crews are at or being held for wild-
fire deployment (9). Air-quality regulations
limit prescribed fires, although they have
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much lower emissions than the inevitable
wildfire. The Environmental Protection
Agency could consider treating prescribed
fire smoke like wildfire, as an unregulated
“exceptional event.”

National government also has an incen-
tive to reduce wildfire expenses and forest
agencies’ emergency fire borrowing. In many
years, suppression costs consume 50% of
agency annual budgets, which, after operat-
ingexpenses,lea\feslitt]emoneyforpmactive
fuels treatment or forest restoration (I7).
Costs and injuries, however, are much lower
on managed fires than on escaped wildfires
(7, 15). The estimated cost savings for using
managed fire compared with wildfire sup-
pression over the same area (15) could be re-
ported to Congress to highlight the economy
of using proactive restoration rather than
reactive triage.

Increased fire use will necessitate man-
agement changes (16). Mechanical fuels
reduction could also be used not only for
fire containment but also to establish safe-
zone anchors to facilitate greater fire re-
introduction (8). Large prescribed burns
commonly used in Western Australia are
possible because a network of these an-
chors allows 6 to 8% of the forest to he
burned annually (I6). Australian foresters
make substantial efforts to educate the
public about the inevitability of fire and its
ecological benefits and to build support for
fire use and smoke tolerance.

We will not eliminate wildfire, but public
support for proactive use of managed fires
can help restore millions of hectares of for-
est ecosystems. B
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Abstract.  Wildfire hazard abatement is one of the maj

or reasons 1o use prescribed burning. Computer simula-

tion, case studies, and analysis of the fire regime in the presence of active prescribed burning programs in forest
and shrubland generally indicate that this fuel management tool facilitates fire suppression efforts by reducing the
intensity, size and damage of wildfires. However, the conclusions that can be drawn from the above approaches are
limited, highlighting the need for more properly designed experiments addressing this question. Fuel accumulation
rate frequently limits prescribed fire effectiveness to a short post-treatment period (2-4 years). Optimisation of the
spatial pattern of fire application is critical but has been poorly addressed by research, and practical management
guidelines are lacking to initiate this. F urthermore, adequate treatment efforts in terms of fire protection are con-
strained by operational, social and ecological issues. The best results of prescribed fire application are likely to be
attained in heterogeneous landscapes and in climates where the likelihood of extreme weather conditions is low.
Conclusive statements concerning the hazard-reduction potential of prescribed fire are not easily generalised, and
will ultimately depend on the overall efficiency of the entire fire management process.

Additional keywords: fuel management; fire management; forest protection.

Introduction

Prescribed burning is the deliberate application of fire to
forest fuels under specified conditions such that well-defined
management goals are attained (Wade and Lunsford 1989),
A wide spectrum of objectives can be accomplished by
prescribed fire, including site preparation for tree regener-
ation, silvicultural improvements, range and wildlife habitat
management, control of weeds, insects and diseases, and bio-
diversity maintenance (Kilgore and Curtis 1987; Wade and
Lunstford 1989). It is the reduction of wildfire hazard in pro-
tecting forests, wildland resources and infrastructures at the
urban interface, which ultimately affects human safety, that
remains the main motivation for prescribed burning, in spite
of its growing importance as an ecosystem management tool
(Haines er al. 1998).

The rationale for hazard-reduction burning is clear-cut.
Once a fire is ignited, its behaviour is determined by weather,
topography and fuels, but management actions to mitigate
its negative consequences are restricted to fuels. Current
fire fighting technology fails when faced with multiple-fire
events, and is not able to cope with wildfires burning under
severe weather conditions. According to the review of Hirsch
and Martell (1996). it is generally accepted that the suppres-
sion capability of ground forces has an upper fireline intensity
limit 0f 30004000 kW m~", and that fire fighting actions are
futile beyond 10 000 kW m~!,

© IAWF 2003

Fire intensity is essentially a function of rate of fire spread
and the amount of available fuel for combustion (Byram
1959). Prescribed fire decreases the intensity of a subse-
quent wildfire primarily by reducing fuel loads, especially
of the finer elements in the more aerated fuel layers that gov-
ern fire spread (Rothermel 1972), but also by disrupting the
horizontal and vertical continuity of the fuel complex, Fuel
modification from a prescribed-burning treatment is expected
to improve directly the probability of successful fire control
by reducing fire intensity, In ecosystems where high-intensity
fire is not acceptable, the routine use ofprescribed fire should
change the wildfire regime such that it will be characterised
by smaller and less severe fires from both the ecological and
economic perspective.

Relationships between fuel accumulation and wild-
fire activity have been reported in Europe, for both the
Mediterranean basin (Rego 1991) and the boreal forest
(Schimmel and Granstrém 1997). Logical reasoning, model
simulation and observation all indicate that fire exclusion
from the conifer ecosystems of the western USA has led
to unnatural tuel accumulations conducive to uncontrollable
and highly-damaging wildfires (Van Wagtendonk 19 85; Arno
and Brown 1989; Keane er al. 1990; Brown et al, 1994), The
so-called fuel/age paradigm (Zedler and Seiger 2000) states

that previous fire history controls the spatial pattern of

fires in vegetation types with a time-dependent, fuel-driven,
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non-random fire regime. For example, fire size in California
chaparral is limited by fuel age patchiness (Minnich 1983;
Minnich and Chou 1997), and fuel contiguity influences
the spatial distribution of fire (Chou et al. 1990). Natural
prescribed fire programs in conifer forests of the Yellow-
stone (Sweaney 1985) and Yosemite (van Wagtendonk 1995)
National Parks have generated fuel mosaics where previous
fires act as effective containment lines. Similar patterns occur
naturally in the boreal forest of Canada (Amiro ef al. 2001).

The efficiency of prescribed fire in reducing wildfire
hazard is frequently mentioned as a matier of fact, but
the basic premise is seldom questioned. However, uncer-
tainty about the protective advantages brought by prescribed
burning has been identified by firc managers as an obstacle,
albeit minor, to expansion of its use (Haines et al. 2001).
The meaningful quantification of the impact of fuels on fire
regimes is regarded by Schmoldt et al. (1999) as a major
rescarch priority. Even though fuel cffects are accounted for
by current fire behaviour models used in fire management
applications, proper quantification of such effects has not
been attempted for high-intensity fires burning under extreme
weather conditions (Cheney 1996).

Fuel breaks, whose efficiency has been discussed by Agee
et al. (2000), and prescribed fire are part of complementary
strategies, aiming respectively at wildfire containment by fuel
isolation and fire behaviour modification by fuel reduction
(Pyne et al. 1996). It is the purpose of this paper to analyse,
as objectively as possible, the premise that prescribed fireisa
valuable tool for forest protection and wildfire mitigation, on
the basis of a literature review covering different vegetation
types and fire environments from North America, Australia
and Europe. The economic aspects of prescribed burning have
been reviewed by Hesseln (2000) and will not be addressed
here.

Fuel reduction assessment at the management level

The effectiveness of prescribed burning at the management
level can be determined by effective monitoring, where a sys-
tematic process of data collection is used to establisha basis to
cvaluate and adjust the practice (Van Wagtendonk et al. 1982).
Evaluation by fire management agencies of the effectiveness
of prescribed fire in hazard reduction generally concentrates
on its effect on fuels. Burning plans usually specify how
much and what categories of fuels should be removed, which
requires pre- and post-burn assessments.

Several alternative methods can be used to determine pre-
burn fuel quantities, including the assignment of standard
(Anderson 1982) or custom (e.g. Fernandes and Pereira 1993)
fuel models, photo series illustrating known fuel loads (e.g.
Weise ef al. 1997) or fuel hazard classifications (McCarthy
et al. 1998) that are compared with the current fuel situation
being monitored in the field. Indirect procedures to estimate
fuel loads resort to descriptors such as vegetation height,
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cover and litter depth (e.g. Sneeuwjagt 1973; Armand ef al.
1993 Finney and Martin 1993), which are frequently mea-
sured using line intercept sampling techniques (Van Wagner
1968; Brown 1974). Direct evaluation by destructive sam-
pling methods (e.g. Brown et al. 1982) is seldom used by fire
managers.

Fuel consumption achievement by hazard-reduction burn-
ing can be described or quantified by destructive sampling
of the remaining fuel, visual estimates (usually expressed as
a percentage of the pre-burn loading), specific photos series
for fuel reduction (Scholl and Waldrop 1999). or measurement
of post-burn variables such as charred surface percentage,
depth of burn, diameter reduction of large woody fuels, and
diameter of the remaining shrubs and twigs. Depth of burn,
widely used in Canada (e.g. McRae et al. 1979), is espe-
cially relevant when the forest floor is predominant in the
fuel complex. Ryan and Noste (1985) conceived a practical
and broadly applicable method using flame length and char
depth classes to assess prescribed fire severity that can be used
to qualify forest floor consumption. Prescribed fire users in
France and Portugal are simultaneously asked for quantita-
tive and qualitative evaluations of fuel consumption during
the monitoring process of the practice (Rigolot and Gaulier
2000).

Few examples exist where quantitative information on fuel
reduction is translated into classifications of effectiveness,
probably because of the natural variability in fuel condi-
tions. In Eucalyptus woodland in the Blue Mountains of
south-eastern Australia, James (1999) considers thata burn is
effective when fine fuel reduction surpasses 50% of the pre-
burn quantity and proposes a methodology based on visual
estimates of both reduced and created fuel to verify if fuel
management objectives are met. Buckley and Corkish (1991)
also propose a visual method of rating fuel reduction in thin-
ning slash of Eucalyptus sieberi (Table 1). More objective
classifications of fuel reduction effectiveness based on post-
burn fuel information are feasible and can be developed with
the aid of fire behaviour simulators (see next section).

Fuel consumption by prescribed fire is weather dependent,
introducing an additional element of variability into the out-
comes of fuel management (Omi and Kalabokidis 1998). For
example, even though the average surface fuels reduction
during an experimental burning program in Pinus pinaster

Table 1. Classification of preseribed fire effectiveness based on
visual estimates of fine fuel reduction percentages
Adapted from Buckley and Corkish (1991)

Effectiveness Reduction (%)

class Litter Slash Shrub
Very good >50 >75 =75
Good 25-50 =75 25-75
Fair <25 25-75 <25

Poor Unburned <25 Unburned
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stands was 90%, a variation of 9-100% was observed between
fires (Fernandes et al. 2000a). Proper prescribed burning
planning can optimise fuel reduction through the use of pre-
dictive models that use fuel moisture content and pre-burn
fuel loading as inputs (e.g. McRae 1980: Sandberg 1980;
Harrington 1987; Brown et al. 1991). However, variability in
fuel consumption within a site is unavoidable and can be large
(¢.g. Robichaud and Miller 1999), which means the burn goal
may not be achieved in some areas of the overall burn.

Fire managers should also appraise fuel reduction based
on area treated, especially when aerial ignition is used to
apply fire across a large landscape. According to Wade and
Lunsford (1989), it is sufficient to have fuels reduced on 75—
80% of a given area, while Wilson (1992) indicates a range
from 50% to 90%, depending on fire protection priorities.
The target for hazard reduction in Tasmanian moorland is a
70% fuel consumption over 70% of the area being treated
(Marsden-Smedley ef al, 1999),

Computer simulation of prescribed fire effectiveness

The changes induced on the fuel complex structure by a fuel
treatment are measurable, and can be quantified in terms
of changes in fire behaviour by computer simulation. The
BEHAVE fire behaviour prediction system (Andrews 1986)
based upon the spread model of Rothermel (1972) is fre-
quently used to predict and compare fuel treatment cffects
on potential fire hazard, using customised fuel modelling
(Burgan and Rothermel 1984) to emulate the modifications
undergone by the fuel complex. Users of this approach should
be aware of the subjectivity in quantifying post-burn shrub
and downed woody fuels depths for the purpose of building
a fuel model.

Anderson and Brown (1987) characterise fire behaviour
in managed (not specifying the method of treatment) and
untreated fuels of common western United States vegetation
types. Their BEHAVE simulations for extreme fire weather
show post-treatment reductions in fireline intensity between
80% and 96%. Similar figures in the range 80-98% were
obtained for southern European pine stands after experimen-
tal prescribed fires (Rego ef al. 1987; Vega et al. 1994;
Fernandes et al. 2000b). When evaluating an actual pre-
scribed fire management program, Fernandes ef al. (1999)
found an average fireline intensity reduction of 98% of the
pre-treatment values, allowing wildfire suppression to be
undertaken by direct attack with hand tools (Andrews and
Rothermel 1982). However, the estimated decrease in fire
behaviour can be as low as 10% (Omi and Kalabokidis 1998)
due to insufficient impact on the fuel complex because of
excessive fuel moisture. These previous results concern the
immediate effects of prescribed fire. However, the effect of
time since burning can be simulated by dynamic fuel mod-
els. For example, in the pine forests found on Florida’s coastal
plain, difficulty of wildfire control would be moderate to high
5 years after treatment (Brose and Wade 2002).
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Empirical Australian models and guides for fire spread in
eucalypt forest, derived from experimental fires under rela-
tively mild weather, use a directly proportional relationship
between rate of fire spread and fuel load (McArthur 1962,
1967; Sneeuwjagt and Peet 1985). Consequently, they pre-
dict that a 50% reduction in fuel load will halve the rate of
spread but reduce fireline intensity fourfold.

The benefits of extending the simulations from the
plot/stand scale to a landscape scale are obvious. Outputs
from the BEHAVE system, combined with crown-fire initia-
tion thresholds, indicate significant decreases in fire hazard at
both the stand and landscape levels from the joint application
of prescribed fire and thinning in late-successional forests of
the north-western United States (Wilson and Baker 1998).

The association of GIS technology with fire behaviour
models makes detailed predictions possible at the landscape
level. FARSITE (Finney 1998) is a spatial fire growth model
that integrates spatial (fuels and topography) and temporal
(weather, fuel moisture) data, allowing analysis of the impli-
cations of fuel changes under specified ignition and weather
scenarios.

Van Wagtendonk (1996) used FARSITE to examine fire
behaviour modifications due to fuel-breaks and alternative
management practices of surface fuels and crown fuels in the
Sierra Nevada of California. Prescribed fire was the most
effective technique, and under severe weather conditions
reduced the average fireline intensity ofa wildfire by 76% and
its burned area by 37%, avoiding manifestations of severe fire
behaviour. Stephens (1998) compared the effects of 12 differ-
ent fuel and silvicultural treatments using FARSITE where
prescribed burning alone, or in combination with thinning,
was the most effective method to reduce fireline intensity.

The most complete example of FARSITE capabilities
comes from Finney et al. (in press). Two scenarios were
tested: no-treatment, and a combination of prescribed burn-
ing with tree pruning and thinning. Fire fighting effectiveness
was simulated for both cases, and their fire suppression, fuel
management, property damage and post-burn rehabilitation
costs were estimated. According to the simulation, fuel man-
agement did slow fire growth and allowed for quicker fire
containment. Estimated costs and net value change of the
no-treatment option were estimated to be seven times higher.

Any fire behaviour simulation should consider the effect
of prescribed fire that leads to a decrease in wildfire inten-
sity, and consequently to easier suppression and less damage.
The passive effect of prescribed burning on wildfire prop-
agation, which assumes that the fuel complex becomes
non-flammable, thus preventing fire ignition and spread, can
also be explored. After formulation by Gill and Bradstock
(1998), this approach has been attempted by Bradstock e7 al.
(1998a) on a simulated landscape, relying on a simple spatial
model based on percolation theory. The authors conclude that
prescribed burning diminishes the average size of wildlires
burning during extreme weather conditions only when the
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rates of wildfire occurrence are low, and stress the importance
of preventing ignitions.

Observed effects of preseribed burning on wildfire
behaviour, severity and suppression

Well-documented case studies concerning the fate of wild-
fires that run into fuel managed areas are useful to fulfil
the objectives of this review. A number of examples are
available and testify to both the virtues and limitations of
hazard-reduction burning.

Tree damage resulting from wildfire occurrence is one
of the most used descriptors of the prescribed fire effect.
Reductions in tree mortality and crown scorch have been
found for Pinus ponderosa stands that were treated by pre-
scribed burning 1 year (Wagle and Eakle 1979), 5 years
(Pollet and Omi 2002) and 6 years (Martin ef al. 1988) before
the wildfire, when compared with adjacent untreated stands.
Weatherspoon and Skinner (1995) showed the importance of
previous stand conditions, and indirectly, fuel management
activities in the reduction of tree crown injury after exten-
sive wildfires in California conifer forests: all stands with
untreated fuels were severely damaged.

Wildfires burning under extreme drought conditions swept
across 10000 ha of the Osceola National Forest in Florida,
despite the existence of a regular prescribed fire program
(Outcalt and Wade 2000). Nevertheless, pine mortality in
recently burned areas (up to 1.5 years) was restricted to 15%
in natural stands and 5% in plantations, while it reached
44% and 52% in the same stands, respectively with a fuel
age of 2 years or more.

California chaparral burned sites of 12-20ha in size
were successful in containing 11 wildfires at temperatures
above 32°C, relative humidities below 20%, and wind speeds
higher than 30 km h—! (Franklin 1988). Regelbrugge (2000)
also described how a prescribed burned area in chaparral
contributed in protecting a community from wildfire in a
wildland—urban interface.

The south-cast of Australia provides several examples of
the prescribed burning effects on wildfires. McArthur et al.
(1966) describe how a scrub area burned 1 year before hin-
dered a fire from entering a pine plantation. Four case studies
of wildfires burning under conditions of very high fire danger
in Eucalyptus forest and heathland show that fuel reduction
burns up to 10 years old can still influence fire behaviour,
even if the best results occurred within 2 years after the treat-
ment (Grant and Wouters 1993). Five case studies are reported
by Billing (1981) where property losses were avoided or fire-
line intensity was diminished, thus making direct fire fighting
attack possible. Rawson et al. (1985) found evidence of wild-
fires stopped or slowed by previous prescribed fires, improved
fire control operations due to the existence of fuel-reduced
areas, effective protection of assets, and less overall demand
for fire fighting resources. These benefits extended through
5 years after the treatments,
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McCarthy and Tolhurst (2001) present an in-depth assess-
ment of the effectiveness of fuel reduction burning in public
land across the state of Victoria in Australia. Suppression
of 11% of the wildfires occurring in 1990-1997 was posi-
tively affected by the practice, with fuel hazard level (or time
since last burn) and fire danger index being critical regarding
the probability of a previous prescribed burn slowing a head-
fire. Obvious effects in wildfire propagation were observed in
areas treated no more than 2—4 years before, but the assistance
to fire suppression generally ceased after 10 years. Fire spread
delays for a given fuel hazard level are also increasingly less
likely as fire weather becomes more severe.

Valuable assistance to fire control is attributed to pre-
scribed fire during the less severe phases (estimated fireline
intensity in the 10007000 kW m~! range) of the extensive
Dwellingup fire of 1961 in the Eucalyptus marginata forest
of south-western Australia (Peet and Williamson 1968). Dur-
ing the major run of the same fire, with a fireline intensity
in excess of 15000 kW m™! (Peet and Williamson 1968), the
fire dramatically changed its behaviour and did not affect
the tree crowns as it crossed an area that was burned 2
years before (McArthur 1962). Underwood et al. (1985)
describe nine selected wildfires in south-western Australia
whose direct attack was not possible or failed, but that were
only controlled after entering areas treated up to 4 years
before. Previous prescribed fires affected the outcomes of
a wildfire in a Pinus pinaster plantation in the same region
(Burrows et al. 2000): intensity, difficulty of control, and tree
damage were higher where fuel loading was greater. McCaw
et al. (1992) report extensive fire propagation in 5-year-
old shrubland in south-western Australia under conditions
of extreme fire weather that generated fire intensities esti-
mated at 20 000-40 000 kW m~"; a delay in fire spread and
actual vegetation patches remaining unburned were observed
in S-year-old fuels, but not in fuels older than 8 years.

In Europe, where prescribed fire programs are more
recent and localised, available information is scarce. In Pinus
pinaster stands in Portugal, Silva (1997) describes how three
wildfires were affected by burned buffer zones established
in the previous winter. Fire behaviour was visibly reduced
by the treatments, allowing easy containment in one of the
cases. Observations by the authors in Pinus pinaster stands
in Portugal where prescribed fire had been carried out 4 years
before include a stand-replacement fire that was turned into
a non-lethal surface fire, and a crown fire that went through a
pole-sized stand withoutany noticeable reduction of intensity.

Some well-documented case studies are available for
southern France. Rigolot (1997) provides six examples of
wildfires in the eastern Pyrences that ran into shrubland
areas that were prescribed burned between 1 month and 7
years before; the efficiency of the treatment was variable and
seemed to be affected by wind speed, size of the wildfire, and
available suppression forces. Lambert ef al. (1999) assessed
the efficiency of fuel-breaks, including those maintained by
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periodic burning in combination with grazing or mechanical
treatments. The authors reported 10-100-fold reductions in
fireline intensity for a wildfire crossing a fuel-break, and indi-
cated a fuel loading of 1 tha~! as the upper threshold where
a wildfire under extreme weather conditions (including wind
speeds up to 90kmh™') will not be stopped by a fuel-break
in the absence of suppression.

Effects of fuel reduction on the wildfire regime

Fire regime can be defined as the nature and severity of
fire occurring over long periods (Brown 2000). The avail-
able examples relate essentially to the effects of prescribed
fire on the size component of the fire regime, and come from
parts of the United States and Australia with extended pre-
scribed burning programs. Wright and Bailey (1982) refer to
studies by several authors indicating reductions in the area
burned by wildfires in the Pinus ponderosa forests of the
western United States as a result of prescribed burning pro-
grams. Fires occurring in fuel-reduced areas also tend to be
smaller, less damaging to trees, and lower in fire suppression
expenditures.

Davis and Cooper (1963) found that the number, but
especially the size, of wildfires in the coastal plains of the
south-eastern United States increased with time since the
last hazard-reduction burn: 7% of the total forested area with
fuels older than 5 years burned each year, in contrast to a fig-
ure of 0.1% where fuel accumulation time had not reached
5 years. The effect of prescribed burning within the same
region has been analysed by comparing wildfire activity in
treated and non-treated areas (Martin 1988, cited by Koehler
1993): 91.5% of the area burned by wildfires larger than 40 ha
occurred where prescribed fire had not been used during the
previous 3 years, while the average size of a wildfire was
8.5 ha in areas treated within the last 3 years and increased
to 25.2ha in untreated areas. An estimate was made that
prescribed burning saved more than 4500 ha of forest and
decreased fireline intensity on 2385 ha,

Koehler (1993) analysed fire statistics in a portion of cen-
tral Florida from 1981 to 1990. He concluded that prescribed
fire programs that have been active for a sufficient time are
reflected in less and smaller wildfires on average. Data also
showed minor fluctuations in wildfire acreage from year to
Yyear, suggesting that prescribed fire attenuates the behaviour
of subsequent fires that might occur under severe fire weather.

Mercer et al, (2000) examined the relationship between
wildfire activity in counties of Florida during the particu-
larly severe year of 1998 and the number of burn permits,
a surrogate for prescribed fire activity. In contradiction with
the above-mentioned studies, little statistical evidence was
obtained that prescribed fire reduces wildfire area. Smaller
and less numerous burn operations were associated to the
occurrence of larger wildfires, but the authors have consid-
ered such result not conclusive, since a lower number of
prescribed fire permits may be issued in severe wildfire years.
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The results were even less demonstrative of a prescribed fire
effect when the approach was extended to the 1995-1999
period by Prestemon et al. (2002), who question the ade-
quacy of the permits to describe the amount of prescribed
burning and suggest a finer spatial scale of analysis,

According to Cheney (1996), prescribed fire has been so
effective in reducing the wildfire threat to some regions of
Australia that local inhabitants have developed a false sense
of security. More than 90% of the wildfires in south-western
Australia remain below 10 ha and large fires occur only under
extreme weather situations. As a consequence of the emphasis
that has been put in the prescribed burning practice since the
early 1960s, most large wildfires occurred where the use of
prescribed fire is less substantial (Sneeuwjagt 1994). A valid
counter argument is that the two first-mentioned effects can
be affected by efficient fire suppression resources, since early
detection and rapid initial attack are common features of the
fire management strategy in western Australia (Underwood
et al. 1985).

In the opinion of Meredith (1996), prescribed fire is more
effective in south-western than in south-castern Australia.
Nevertheless, the statistics for southern New South Wales
in the period 1980-1992 are also favourable (Good 1996):
the average size of a wildfire burning in treated areas with
less than 3 years was 302 ha, against 584 ha outside treated
areas, and only 15% of the wildfires occurring on prescribed
fire areas had grown to more than 50 ha.

Limitations and constraints to prescribed fire
effectiveness

Weather and fuel considerations

The previously mentioned study by McCarthy and Tolhurst
(2001) is expressive of the limitations that extreme fire
weather and fuel re-accumulation impose on the effective-
ness of a prescribed burn program. A very small percentage
of the total number of all wildfires accounts for the majority
of the burned area (Strauss e al. 1989) and those fires are
driven by synoptic-scale weather patterns (Schmoldt et al.
1999). Jasper (1999) states that 95% of the fires that destroyed
property occurred on days when the fire danger was very high
or extreme. Prescribed fire impacts the behaviour and effects
of large wildfires, but it is unlikely that the fuel effect will
override extreme weather conditions to the extent of actually
inhibiting fire spread. However, the critical importance of
weather can be easily underestimated when the emphasis of
management is placed on fuel modification (Bradstock ef al.
1998a).

Simulations of surface fireline intensity and crown fire ini-
tiation in western Canadian subalpine forests have attributed a
relatively minor role to fuel in comparison to weather (Bessie
and Johnson 1995). On the contrary, simulations for boreal
mixedwood forest of eastern Canada, where weather is gen-
erally more moist and vegetation variability among stands is
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high, show that fuels are the driving force in fire behaviour
(Hély et al. 2001). In opposition to a well-established belief
(e.g. Rothermel and Philpot 1973; Sapsis and Martin 1994),
it has been shown that large chaparral fires in southern
California do not depend on the availability of old fuels for
their propagation (Dunn 1989; Keeley eral. 1999) nor are they
stopped by a landscape mosaic of different fuel ages (Zedler
and Seiger 2000; Keeley and Fotheringham 2001). Similarly
to chaparral, most subalpine (Bessie and Johnson 1995) and
boreal forests (Johnson et al. 2001) in Canada are closed-
canopied vegetation types characterised by a fire regime of
large and inevitable stand-replacing crown fires induced by
the vertical and horizontal fuel continuity and triggered by
dry periods.

The previous paragraph leads to the conclusion that the
fuel/age paradigm is a simplification, and that the hazard-
reduction effectiveness of prescription burning will vary by
ccosystem (or fuel type) and according to the relative impacts
of fuels and weather on fire behaviour. Because fire behaviour
increases in a non-lincar fashion with the decrease of fuel
moisture and the increase of wind speed, which additionally
vary in a much wider range than fuel properties, the influence
of these factors on fire behaviour will increasingly prevail
over the effect of fuel characteristics in more severe weather
scenarios. Prescribed burning will be less effective in regions
that have higher likelihood of experiencing strong winds dur-
ing drought periods, because such combination is conducive
to extreme fire events in intensity and extension (Schmoldt
et al. 1999).

Longevity of the prescribed fire effect is conditioned by
the intrinsic nature of vegetation, sooner or later, regaining
its former fuel loading and structure. Fuel dynamics knowl-
edge is used to define the prescribed fire return interval and
the burning effort required to reach a management objective
(e.g. to maintain fuel loads below a given hazard thresh-
old). However, post-treatment recovery can be so fast that
fuel management may be futile or even counter-productive
in some vegetation types (c.g. Fensham 1992). Fuel dynam-
ics can be exacerbated by a number of factors, namely the
amount of remaining fuel and newly created fuel (i.e. con-
version of live vegetation to dead fuel, post-burn litter fall),
changes in vegetation composition such that it becomes more
flammable (e.g. invasion by grass or weed species), and
post-burn reduction of the decomposition rate.

Litter hazard is commonly re-established within 25 years
after prescribed fire (Sackett 1975; Van Wagtendonk and
Sydoriak 1987; Fensham 1992). Nevertheless, the overall
benefits of prescribed burning, namely in avoiding crown
fire or substantially reducing the potential for its occurrence,
should persist for longer periods, since the understory vegeta-
tion layer build-ups at a lower rate. Reduction in the amount of
fibrous loose bark is important in some Eucalyptus species 10
preclude the development of crown fires and reduce airborne
firebrands lofted ahead of the fire front (McArthur 1967);
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the effects of prescribed fire on this fuel component can be
of long duration (Tolhurst et al. 1992).

Fireline intensity will undoubtedly be decreased by pre-
scribed burning compared to a no-treatment scenario so long
as fuel loads remain below the pre-treatment values. However,
early claims that rate of spread increases with fuel load (e.g.
McArthur 1962), are not supported by more recent studies
(Gould 1991; Cheney et al. 1993; McAlpine 1995; Burrows
1999), which pointsto a short-lived effect of prescribed burn-
ing on this fire parameter, probably disappearing as soon as
the fuel complex regains its pre-burn structure. Experimental
studies (Cheney et al. 1998) designed to clarify the effect of
time since last fire and fuel loading on fire behaviour under an
extended range of burning conditions are being undertaken
in dry eucalypt forest in south-western Australia.

Spatial considerations

The size, shape and spatial arrangement of the treatment units,
including their location in relation to fuel breaks (Agee ef al.
2000), can strongly affect the efficiency of the prescribed fire
treatment at the landscape scale. The hazard reduction etfect
brought by discrete fuel treatments to specific stands may be
too small and/or too fragmented to have any impact on large
fires (Omi and Kalabokidis 1998).

The spatial pattern of hazard reduction burning can be
quite varied, comprising treatments dispersed in the land-
scape, extensive application fo large areas, or strategic and
more intensive use in order to link or expand discontinuities
such as fuel breaks and non-flammable areas. In the west-
ern United States (Finney 2002) and in Canada (McRae and
Flannigan 1990), prescribed fire is commonly applied in units
of 100s to 1000s of hectares. Maximum size of the burn units
can reach 8000 ha in Australian eucalypt forest (Grant and
Wouters 1993), 300 ha in southern France shrubland (Rigolot
1997), or 30 ha in pine stands of Portugal (Fernandes ef al.
1999).

The hazard-reduction advantages of Jarge-scale prescribed
burning are not proven and some authors are of the opinion
that burning in strategic small areas creates more effective
barriers because the percentage of area burned is higher and
the amount of residual fuel is lower (Grant and Wouters
1993: Rawson et al. 1985). For vegetation types dominated
by crown-fire regimes, Keeley (2002) suggests intensively
managed buffer zones (including prescribed burned areas)
in strategic locations, especially in the wildland—urban inter-
face. However, in fuel types prone to long-distance spotting,
the benefits of prescribed fire on a broad area basis are
apparent: sufficiently large treatment units will provide land-
ing spots for most firebrands, reducing their ignition potential
and the likelihood of developing into intense fire fronts,
as well as reducing production and lofting of firebrands
when the main fire front actually propagates in the treated
area. Simulations with FARSITE suggest that disperse and
small treated areas are preferable to network-type treatments,
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because shorter distances will result between individual fuel-
reduced areas thus limiting wildfire growth more effectively
(Finney et al. 1997). According to Loureiro et al. (2000),
maximum landscape fragmentation (a surrogate for fuel dis-
continuity) is achieved by a compromise between the number
and the size of prescribed fire units.

Selection of treatment areas currently relies on combined
functions of several factors, such as values at risk, ignition
potential, suppression capability and fire behaviour poten-
tial (Sneeuwjagt 1998). Other constraints are listed in the
next section. According to Finney (2001), such approaches
will likely originate arbitrary or random spatial patterns with
a poor influence on wildfire growth. Based on fire shape
and relative fire spread in treated and untreated areas, Finney
(2001) gives a set of equations to optimise the width and
length of a rectangular treatment unit such that it maximisecs
the delay in the propagation of a wildfire. A fier extending the
same reasoning to a landscape level, the author concludes
that feasible and effective spatial arrangements of prescribed
burning should result in treatment units that partially overlap
in the direction of fire spread. A promising automated method
to optimise fuel treatment patterns in real landscapes is under
development (Finney 2002).

Operational, social and ecological constraints

Prescribed burning programs are strongly constrained by a
number of factors, including inadequate funding. Bradstock
er al. (1998b) mentions other constraints such as suitable
weather for burning, and favourable landscape in ferms
of topography and vegetation continuity. Meredith (1996)
stresses the importance of environmental heterogeneity and
gives the example of western versus eastern Australia: drier
and more predictable weather, milder topography, and rela-
tively uniform forests in south-western Australia al low larger,
safer, and more effective burns that can be conducted more
times per year. Liability risks and the necessity to comply
with environmental protection, smoke management and air
quality regulations are nowadays an important restriction to
prescribed fire activity in both the United States (Haines
etal. 1998, 2001) and Australia (Underwood and Sneeuwjagt
1993).

The opportunities to carry out prescribed burning opera-
tions are greatly reduced by the above-mentioned restrictions,
and thus can compromise hazard minimisation in fire-prone
regions. For example, in the urban-wildland interface of
Sydney, Australia, 27% of the area would require annual
treatment if probability levels of uncontrollable fire were to
be reduced to 10 days per year (Bradstock et al. 1998b). The
number of available days for burning is quite variable from
year to year (e.g. Gill er al. 1987); it can be increased by
broadening the prescription to hotter and drier conditions,
but several problems may arise, including higher probabil-
ities of escaped fires and property damage. According to

a survey conducted in western United States, weather is by
far (39% of the respondents) the most important reason for
cancelling prescribed fires, followed by smoke management
and air pollution concerns ( 18%) (Barrett et al. 2000),

Prescribed fire planning often gives ecological consid-
erations a secondary role, and the consequence is that fire
managers can assume a successful fuel reduction operation
as a burn that fulfills ecosystem management goals (Bennett
and Kunzmann 1992). Conflicts between hazard-reduction
burning and conservation values should be negligible in
ccosystems with a recurrent history of low-intensity surface
fires (e.g. Haase and Sackett 1998; Sackett and Haase 199§;
Ward 1998; Barnett 1999), but not where a natural fire regime
characterised by high-intensity fire is replaced by more fre-
quent, smaller and less severe fires (Whelan and Muston
1991). Giventhe absence or scarcity of results from long-term
studies on the ecological effects of prescribed fire regimes,
methodologies based on biological indicators have been pro-
posed to reconcile protection and conservation objectives
(Gill and Bradstock 1994; Burrows and Friend 1998: Gill and
McCarthy 1998), but such compromise is not always possible
(e.g. Morrison ef al. 1996; Bradstock ef al. 1998¢).

Conclusion

The hazard reduction benefits of prescribed fire are easily
demonstrated by fire behaviour theory, through observation
and measurement of post-treatment fuel changes in experi-
mental or operational burns, and by computer simulation at
the plot, stand, and landscape levels. Despite their limitations,
the existing fire behaviour models, linked with fire effects
and fuel dynamics models, provide a useful framework to
predict and evaluate the outcomes of fuel management strate-
gies, sclect alternative treatment methods. and plan the fuel
treatments in time and space.

The operational effectiveness of prescribed fire inferred
from case studies is largely anecdotal, and most of the
examples of success that are available refer to recently (up to
4 years) treated areas. A wildfire is an unplanned event, which
implies uncertainties regarding fuel characteristics, weather
and fire behaviour, as well as the existence of interactive
effects. Analysis of hazard reduction effectiveness based on
well-documented case studies of wildfire behaviour, severity
and suppression difficulty as modified by burned areas is thus
limited in the conclusions that can be drawn, This stresses the
need for replicated studies of high-intensity fire behaviour in
field experiments.

Analysis of modifications in the fire regime induced by
prescribed burning are currently the best way to evaluate the
practice, even if they do not allow direct statistical confir-
mation. Positive changes brought by long-term prescribed
fire programs are undeniable, but it is quite difficult, if not
impossible, to isolate the protective effect of the treatment
from the whole fire management process,
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The amount of land that can be subjected to prescribed
fire is greatly restricted by several operational and ecologi-
cal issues, thus making a fire management approach difficult
based solely or predominantly on prescribed burning. The
higher incidences of unwanted ignitions are associated with
areas where human pressure and residential development are
also high, posing additional social constraints and operational
difficulties on the use of fire. Nevertheless, rather than burn-
ing as much as possible, it is more important to carefully
select the treatment locations. Simulations of fire growth or
percolation in landscapes containing different fuel treatment
configurations in terms of size, shape and spatial arrangement
can give valuable insights into the delineation of more effec-
tive prescribed burning programs. Sound, well-established
methods to design the spatial patterns of treatment application
are still missing, and optimisation of the spatial arrangement
of prescribed fire clearly requires further research.

Quantification of the influence of prescribed fire on large
wildfires remains elusive, but the existing evidence supports
the conclusion that recently treated arcas do limit the spread
of a fire and will result in a less homogeneous post-burn
landscape. It is clear that prescribed fire moderates wildfire
severity and can benefit wildfire control operations in various
ways, by increasing the safety of the personnel involved in
suppression, decreasing the quantity and type of fire fighting
resources (e.g. ground crews instead of aircraft), changing
the overall suppression strategy (¢.g. direct attack instead of
indirect attack), reducing the risk inherent to the burning-
out operations that arc used in indirect attack, lessening the
amount of mopping-up, or simply providing better access and
anchor points for suppression actions.

The best results of prescribed fire application (and indeed
of other fuel management options) are likely to be achieved
in regions less prone to experiencing extreme weather condi-
tions, and where wildfire propagation is a priori constrained
by landscape and land use diversity, and by natural or artifi-
cial obstacles. The spatial pattern of fuel treatment is also less
critical in those situations. Since prescribed burning reduces
but does not eliminate the threat posed by wildfires, mitiga-
tion of their undesired effects should rely on an integrated
approach that combines prevention of human-caused fires,
efficient fire detection and suppression, and adequate stand
and fuel management practices.
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Controlled Burning as a Dual-Purpose Tool of Forest Management
in New Jersey’s Pine Region

S. Little,* J. P. Allen,” and E. B. Moore®

Subject to frequent and devastating fires the New Jersey pine region is one of the “hot spots”

of the Northeast. Scrub forest with 1all resinous-leaved shrubs and heavy accumulations of duff

present dangerous fuel conditions. Lon
readily add to the hazard. Disastrous

fire seasons, few obstructions to wind and soils that dry
res as @& consequence are

too common. Furthermore,

favored by protection, oaks and other low-value hardwoods have encroached on pine land where
they seldom attain sawlog size. Controlled burning properly applied and safeguarded offers an
effective tool both for reducing fuel and for favoring pine over oak.

prescribed burning, is not a new practice

in southern New Jersey. It has been used
for protection purposes on some areas, particu-
larly on the Lebanon State Forest, for 20 years.
Studies of its use as a silvicultural tool were
started on the Lebanon State Forest in 1936.
Results of this latter work were published in
1945 (3). The practice lends itself so effectively
to an integration of the uses of fire for silvicul-
tural and protection purposes that in recent years
as much as 1,000 acres have been burned an-
ntally under prescribed methods on the Lebanon
State Forest.

This prescribed use of fire has aroused con-
siderable interest among private timberland own-
ers in southern New Jersey with the result that
the State Conservation Department is now super-
vising controlled burning on some private lands.
Accordingly, after 12 years’ testing of the use
of fire as a silvicultural tool, and some 20 years
of its gradually increasing use for protection
purposes, the authors believe it is time to report
on controlled burning as a dual-purpose tool of
forest management in the Pine Region of New
Jersey.

The original upland forests in the Pine Region
consisted of open stands of large pitch and
shortleaf pines. Years of heavy cutting and hot
wild fires have greatly favored sprout oaks to
the detriment of pine, many of which are now
deformed by fire. Thousands of acres now pro-
duce nothing of value; the estimated timber cut
in 1946 was equivalent to only 1 cord from every
14 acres of woodland. The problem is to convert
these deteriorated forests to pine stands of seed-
ling origin. '

The more rapidly growing pines do grow to

CUNTROLLED burning, sometimes calleti

'Silviculturist, Northeastern Forest Experiment Sta-
tion, Philadelphia, Pa. Senior member, S.A.F.

*Respectively, Supervisor, Lebanon State Forest, New
Lisbon, N. J., and chief, Bureau of Forest Management,
New Jersey Department of Conservation, Trenton.
Senior members, S.AF.
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sawtimber and piling size; the oaks rarely pro-
duce more than cordwood (3, 5). Several meth-
ods of conversion have been tried. Planting
pine seedlings followed by cleanings to insure
dominance over oak sprouts was tried (5) but
it was soon realized that this was costly; that
natural reproduction methods might be cheaper
and at the same time result in more desirable
stands. Accordingly, studies were made on the
use of machinery and on the use of controlled
burning in preparing seedbeds for natural re-
generation of pine. Supplemental studies were
made on methods of cutting, slash disposal, and
control of advance hardwood growth.

The total results show that pine seedlings can
be established by planting or by preparing a
seedbed either with machines or by controlled
burning. Planting costs at least §15 to $20 per
acre. No reduction in fire hazard is obtained
by this method, however, and at least two clean-
ings are probably needed to insure a good stand
of pine. The same approximate cost applies to
the use of machinery; the same number of future
cleanings would be needed.

The use of controlled fires greatly favors the
establishment of pine reproduction and the con-
trol of less valuable hardwoods. Although ear-
lier results were previously published in detail
(3), a summary of recent data is given here to
provide perspective on the gilvicultural phases
of controlled burning. Table 1 summarizes the
mortality and basal scarring resulting from sev-
eral prescribed burns, These data illustrate the
fact that oak is much more susceptible to con-
trolled fire than pine. They thus indicate that
controlled burning can be used to increase the
ratio of pine to oak in this type.

The effect of controlled fires on pine seedlings
and their establishment is shown in Table 2.
The data substantiate the obvious fact that burns
are extremely destructive to the small seedlings
already present. Of more significance, however,
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is the fact that seedbed preparation through
controlled burns results in the establishment of
much new pine reproduction.

The increased pine reproduction, established
as the result of controlled burns, will need a
period of protection to allow the pines to reach
2 inches d.b.h. After that period, further use
of controlled fire will aid in the maintenance of
high proportions of pine through selective killing
and damage to competing oaks. The spacing of
periodic burns should then be close enough so
that oak reproduction remains susceptible to
killing by fire throughout the pine rotation. Be-
cause the susceptibility of the hardwoods de-
creases rapidly as their height increases beyond
4 feet, fire should be used as often as necessary
to prevent any appreciable number from growing
to greater size,

The sequence of operations over a rotation,
but beginning in reproduction stands of oak and
pine, should be approximately as follows for
silvicultural purposes:

1. Heavy cuttings of oak sprouts until pines
TasLe 1L.—MorTaLiTY AND BasaL Scarring oF Pings

AND Oaxs RESULTING FROM SEVERAL
ConTrROLLED Bumns'

Mortality Basal scarring
Pine Oaks Pine Oaks
D.b.h. (From 10 (From 6 (After10 (After6
(Inches) annual annual annual annual
burns) burns) burns)  burns)
Percent Percent Percent Percent
Ingrowth ........ 16 100 19 —_
L —— 3 12 8 49
& i 0 2 6 32
8 0 1 0 16
46 . 0 0 0 9
Over 6 ... 0 0 0 0

'‘Data_are from the experimental areas described in
the earlier publication (3). Mortality shown is the
difference between that on the burned areas and that
on the controls. Pines are pitch and shortleaf. Initial
d.b.h. is used for mortality, and final d.b.h. of surviving
trees for basal scarring. Ingrowth includes those trees
reaching 0.6 inches in diameter during the study.

are 2 inches d.b.h.

2. Periodic burns after pines are 2 inches
in diameter and until harvest cuttings are made.
These burns will help keep the oaks under con-
trol and keep a crop of pine seedlings on the
ground. Thinnings and improvement cuttings
might also be undertaken during this period as
markets permit, particularly in stands where the
oaks, because of insufficient cleanings, have
grown to sizes where mortality by controlled
fire cannot be expected. In case there is no
market for these products, girdling or poisoning
of the hardwoods is a desirable practice.

3. Harvest cutting using a method resulting
in an even-aged stand.

4. Complete protection from fire until the
new stand is 2 inches d.b.h.

Partly because of the silvicultural effects, con-
trolled burns are recommended at 4- to 5-year
intervals in oak-pine stands 20-60 years old.
Under proper conditions, these would cost no
more than $1 to $1.50 per acre over a rotation
except for small areas that are more costly to
burn. One cleaning may be sufficient. Total cost
including this one cleaning should not exceed
$4 per acre over a rotation, excluding taxes,
interest, and other administrative costs that
would be no more than under other silvicultural
systems. The results so far obtained from studies
indicate that the stands would have a much
higher percentage of pines where controlled
burning is used than under the other systems.
In addition fuel accumulations are periodically
reduced under prescribed burning so that loss
by chance fires is improbable.

Silvicultural measures are of little use if fire
protection is ineffective. Fires in southern New
Jersey have frequently burned 1 to 2 percent of
the area, and in the worst years much more.
A major advantage of controlled burning is
that it is not only an effective tool for use in
converting rundown stands to seedling pine

Tasie 2.—Tue Efrect oF Varous ScrEbULES oF CONTROLLED BURNING
oN PinNE SeepLiNGs AND THEIR ESTABLISHMENT

Percent change in number of seedlings, 1937.46,

Number of Number of by height classes of—
burns growing seasons 36 foet
193746 sincelastbumn o400 p 1635 feat or more All
3010 lor2 “+95t0 +393 —93 t0 —100 —33 10 —80 =+50 to +188
2 5 4516 —75 —60 -+362
+9 +11 -+114 +19

0
(Control)
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stands, but is an aid to fire protection as well.
This is self-evident; for if the litter of the forest
floor is consumed by these light winter fires at
periodic intervals, there will be less danger of
chance fires gaining headway in the intervals
between controlled burns. Controlled burning,
however, should be considered only as a supple-
mentary measure in forest fire control. In no
wise is it a substitute for organized fire pro-
tection. Its effectiveness as a supplement is illus-
trated by the following case history.

On April 20, 1946, at 11:30 a.m., a spark
from a freight engine started a fire near New
Lisbon, New Jersey. The fire danger that day
was class 5 on the Appalachian meter (model
5.-B). The local towerman detected the fire at
11:48 am. and at 11:58 am. the first warden
and two men arrived. These first three men
backfired a sand road within 500 feet of the
starting point of the fire, were unable to check
the head fire, and had to fall back. Three war-
dens and 14 men tried to hold a two-lane hard-
surface road, 950 feet from the first sand road,
by backfiring. As the head fire approached, spot
fires were set as much as 300 feet beyond the
road, and the line was lost. At 1:15 p.m. the
head, 150 feet wide, hit another hard-surface
road 1,500 feet beyond the second road. The
third road was also backfired and 115 men with
three fire trucks were stationed along it. Thirty
spot fires were, however, set beyond the road
in thick undergrowth unburned for 20 years;
although within 100 feet of the road, not all of
these were suppressed. Some built up and the
fire passed on to jump a swamp and creek 350
feet away.

The next chance to stop the main head was
on a sand road more than a mile beyond the
point where the fire had hit the creek. In driv-
ing toward this road, the head again crossed
a creek. Two wardens, 35 men, and one fire
truck tried to hold this road by backfiring and
extinguishing the “carry-overs.” Although about
100 spot fires were suppressed, 15 to 20 fires,
starting 150 to 250 feet beyond the sand road,
built up new heads and this line was lost. Over
9,000 feet beyond this point was the boundary
of the Lebanon State Forest. Along the bound-
ary was a forested firebreak on which the sur-
face fuels had been reduced in past years, largely
through controlled burning. The head fire
struck this line on & 84-mile front between 5
and 5:30 p.m., setting spot fires as much as
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1,200 feet ahead. Twenty-four men and two fire
trucks were stationed there. The head fire was
stopped; the spot fires, occurring mostly on
control-burned ground, were extinguished; and
this line was held.

Killing damage was confined on the state
forest to less than half an acre. The contrast
between the damage on the two sides of the
boundary line was very striking; it illustrated
the great difference between the results of con-
trolled fire and wild fire (Fig. 1). This dif-
ference lies essentially in the fact that light win-
ter fires, when properly used, reduce the fuel
continuity on the ground and favor a closed
overwood. Periodic severe fires, on the other
hand, promote a continuation of hazardous con-
ditions by keeping the overwood open, while
the stems killed by the last fire and the resulting
sprouts of trees and shrubs accumulate. These
in a few years build up a good vertical conti-
nuity of fuel leading to the tops of the tallest
surviving pines. Part of the total area covered
by the 1946 fire had suffered from severe fires
twice before since January 1938 and the fuel
conditions were exactly as described above.
Partly because of the periodic recurrence of
such fires with their production and maintenance
of hazardous conditions, the authors believe that
controlled burning should become a fundamental
part of the management of the South Jersey Pine
Region.

The New Lisbon fire provided an excellent
example of the value of controlled burns in aid-
ing the suppression of severe fires that occur on
days of high danger. It aroused new interest in
using controlled burning as a management tool
for both protection and silvicultural purposes.

Way CONTROLLED BURNING 1S RECOMMENDED

For fire protection.—Controlled burns reduce
the thick mats of duff and the dense shrubby
understory. Thus much of the fuel is removed,
and protection from severe fires is made easier.
It should be clearly understood, however, that
the protection offered is relative and not abso-
lute. The need for fire suppression forces is
not eliminated, but their work is made more ef-
fective.

For silvicultural purposes.—Light winter fires
may be used to improve the forests by favoring
the pines. The burning prepares a snitable seed-
bed for the natural reproduction of pine and
checks the development of hardwoods (3).
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Ecological succession provides another argu-
ment for controlled burning, If all fires were
excluded for a long enough period, the pines
would be eliminated for all practical purposes.
The forest would then be formed of the climax
type of less valuable hardwoods which, inci-
dentally, would have a far greater fire hazard
than well stocked stands of pine. -

WHERE CoNTROLLED BURNING MaY BE UseD

The Region.—Controlled burning in New Jer-
sey should be limited to the Pine Region in the
southeastern part of the state. It should not, in
the light of present knowledge, be used in the
Delaware Valley or in northern New Jersey (3)
where the soils are of good quality and support
stands of yellow-poplar, sweetgum, pin oak, red
oak, and similar species. These good sites usually
have a high population of earthworms and other
soil fauna that are responsible for the rapid dis-
integration of dead leaves and the formation of
a mull type of humus. Thus the organic debris
usually does not accumulate there in amounts
sufficient to create a severe fire hazard,

The upland sites in the Pine Region are quite
different. Their dry, sandy, acid soils grow pitch
and shortleaf pines in mixture with oaks (scar-
let, black, chestnut, and white) of low quality.
In these soils earthworms and other soil fauna
characteristic of mull humus are seldom found,
even in areas long unburned. Earthworms must
have abundant moisture (10), which the upland
soils in the Pine Region do not provide. Soil
acidity may be another limiting factor. Lutz
(4) shows that the pH of some of these soils
ranges from 3.46 to 5.14. These values are well
below the 5.6 to 8.3 at which earthworms may
occur or the 7.0 to 7.8 at which they are most
abundant (9, p. 337).

Because of the absence of these life forms
and the low bacterial population, fungi are
chiefly responsible for the disintegration of for-
est litter, and the disintegration is very slow.
Litter accumulates on the surface, often to a
depth of 4 inches on areas unburned for several
years. Such blankets of duff materially increase
the fire hazard.

The applicable sites.—Past studies indicate
that controlled burning can be used success-
fully on all upland sites within the region. The
treatment is apparently beneficial also in the
pine swamps, but under no circumstances should
controlled burning be attempted on the true

swamp sites that support stands of white-cedar
and swamp hardwoods (2).

The applicable stands.—The use of controlled
burns will often be limited by the predominance
of small stems in the stands. On upland sites
stands where most of the trees are under 2 inches
in diameter at breast height should not be
burned. Pines over 2 inches are not injured by
light fires. Oaks larger than 2 inches are easily
scarred, but such damage is considered of little
importance in this region because of the limited
potentialities of the hardwoods.

Lowland sites have a denser understory of
“harder-burning” shrubs (sheep-laurel, leather-
leaf, bayberry) than upland areas (blueberry,
huckleberry), so that fires generally burn with
greater intensity and may injure pines up to 4
inches in diameter. For this reason lowland
sites should not be burned unless the dominant

pines have diameters of at least 4 inches at

breast height.

It is important that all areas be carefully
examined before burning. In appraising the
probable effects of controlled fire, it is generally
unnecessary to consider suppressed stems of
either hardwoods or pines.

-

MeTrODS oF BURNING

Controlled burning should be attempted only
under the direct supervision of an experienced
forester or fire warden.® The objective should
be a light fire with flames so low that a man can
readily walk through them, that is, with fames
mounting on the average not more than a foot
or two above the ground. Such a fire will not
consume all the debris on many areas, but will

materially reduce its depth. Whether the fire-

is set with or against the wind depends on the
fuel moisture conditions and the wind velocity.

Frequency.—The frequency of burning de-
pends on the degree of protection desired. For
maximum protection of improved property,
burns at 1- or 2-year intervals are recommended.
For developing a wide firebreak, burning at 4-
or 5-year intervals may be sufficient on upland
sites. However, it should be noted that where
large fuel accumulations have developed several
controlled fires may be needed to reduce the
duff gradually to desirable proportions, In such
places the first few controlled fires may have
to be at 1- to 3-year intervals.

"State law requires that all burning be done under
permit from the New Jersey Forest iire Service.

&
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W hen to burn.—Controlled burning should be
limited to the winter months. The period be-
tween Christmas aud March 1 usually offers the
best conditions, because changes in fuel mois-
ture are then relatively slow. At other times
fuels dry too quickly, and a light fire may
rapidly build up into a severc onc.

}ven during the recommended period there

672

JOURNAL OF FORESTRY

should be limited to days that rale a high class
I or low class 2 on the Appalachian danger
meter (model 3-B81. Areas that have been long
anburned. and on which the fuel accumulation
is heavy. should be control-hurned when much
of the debris is too wet to burn readily; but since
litter dries from the surface downward. the
proper time can be chosen by experienced per-
sonnel.

are occasional days when the danger will be too
high, particularly for burning areas that have
thick lavers of oak leaves. On such areas burns

Quk-pine and pine-
serub oak areas

AMerage where oak leaves
depth of predominate
duff in the duff
Inches langer class
J or more 1ligh class 1
1to2 | ow class 2

| ess than 1 lizh class 2

Fic. 1.—Adjoining stands on the boundary of the 1946 New Li
burned at 2- or 3-year intervals as part of the firchreak on the
stop the forest fire; B, a stand on private land b

Present information indicales thal the proper
conditions for winter burning are as follows:

Upland pine stands
with duff composed
chiefly of
pine needles

Danger class
[_.u\\' l‘I:\S52
Hich class 2
| aw class 3

sbon fire: A, this stand, control-
Lebanon State Forest, helped to
urned by the fire.
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The proper conditions for controlled burning
occur on 30 to 40 days during the usual winter.
During the winter of 1946-47, for example, there
were 38 days when controlled burns could haye
been made. Of these, 31 were working days.

Speed of firing.—How large an area should
be fired at one time depends on two main factors:
(1) the burning conditions and (2) the bound-
aries of the area. On blocks bounded by roads
or swamps more fire can be set with safety than
where the boundaries are narrow raked or
plowed lines. For example, in burning one 90-
acre tract bounded by roads and swamps, over
a mile of fire was set at one time by three men;
whereas the same men in burning narrow fire-
breaks (or safety strips) would frequently have
only 100 to 200 feet of fire burning at one time.
On areas with good boundaries and under favor-
able conditions fire may be set almost as fast as
a man can walk,

Cost oF CoNTROLLED FIRES

The cost of controlled burns varies with sev-
eral factors: continuity of fuel; size and shape

of area; type of boundaries; burning conditions;
and the experience, judgment, and availability
of personnel. The cheapest controlled burns are
obtained when (1) there is a continuity of fuel
on the forest floor, so that a fire will spread
across the area; (2) the area is of such size
and shape that a minimum amount of firing per
acre is necessary; (3) the area is bounded by
wet swamps or roads free from litter, so that no
line preparation and a minimum of patrol are
necessary; (4) the firing can be made with the
wind; and (5) personnel with adequate experi-
ence and good judgment are available.

The costs vary considerably (Table 3). For
example, the burning of safety strips (8), which
adjoin some roads on the South Jersey state for-
ests, is an expensive form of protection, often
costing up to §1 per acre burned. There are
several reasons for this high cost.

1. Lack of natural boundaries. The road
serves as one boundary, but on the woods side a
narrow line about a foot wide is raked. The
preparation of this line often accounts for half
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the total cost, and the firing work is slowed by
the need for seeing that the fire does not cross
the raked line.

2. Limited width of the strips. Narrow strips,
925 to 200 feet wide, are expensive to burn be-
cause the fire makes a short run, and more firing
is needed per unit area.

3, Lack of fuel continuity. The safety strips
have been burned at 1- to 3-year intervals,
usually for over 10 years, and present fuels are
scattered. The dead leaves are blown into piles
against some obstruction such as a clump of
shrubs, and so fires do not spread readily across
the area.

On the other hand, the controlled burning of
large blocks of woodland is much less expensive,
although the costs are affected by the same fac-
tors previously mentioned. Each prescribed burn
of tracts fired so frequently that fuels are scat-
tered is twice as expensive as that of tracts less
frequently burned and on which fuels are con-
tinuous (Table 3). The lack of good boundar-
jes also greatly increases the cost of control-
burning wooded blocks. For example, in 1945
two tracts were control-burned on the same day.
One contained 59 acres, the other 90. Neither
had been burned for 21 years and fuel accumu-
lations were comparable. Both tracts were
bounded by roads or swamps. However, on the
50.acre tract, 19 acres were excluded because of
other ownership or the presence of reproduction.
Raking the necessary lines and burning the re-
maining 40 acres required 11 man-hours. The
00-acre tract was burned as a unit in less than
3 man-hours. At $1 per man-hour, the burn on
the first tract cost 27.5 cents per acre, and on
the second, 3.3 cents an acre. Over 70 percent
of the difference in cost is attributed to the poor
boundaries used in burning the smaller tract.

Size and shape of tracts are important factors
also because of their effect on the amount of

firing necessary per unit area. For example, two
adjoining tracts on the Lebanon State Forest
have each had two controlled burns. One area
of 92 acres is bound by roads; the other, of 110
acres, by roads and swamps. In each case the
perimeter that has to be fired is 1.1 miles long.
The costs of the burns have been 27 and 20 cents
per acre for the smaller tract, and 3 and 4 cents
per acre for the larger area. The differences
have been chiefly due to the proportionally great-
er amount of firing and patrol necessary on the
smaller area because of its small size and poor
shape.

Burning conditions are also an important fac-
tor. When fuels are rather dry and the desired
fire intensity can be obtained only by firing
against the wind, labor costs may be twice those
necessary when firing with the wind gives satis-
factory results. The judgment and experience of
personnel are likewise important. In control-
burning one tract in the winter of 1946-47, an
attempt was made to include an area with heavier
fuel accumulations than prevailed on the re-
mainder. This mistake quadrupled the man-
hours required because of the additional work
necessary in suppression and patrol. Personnel
should be available for burning work when con-
ditions are suitable. In this respect controlled
burning is analogous to the haying job of a
farmer. The most satisfactory work, as well as
the cheapest, is usually obtained from crews
regularly employed on the area, and least from
crews hired several days in advance for a specific
period.

The costs presented in Table 3 are higher than
need be expected on managed areas where con-
trolled burns of tracts are made at 4- to 10-year
intervals by experienced personnel. In the first
place, the initial burns made after 20 years of
fire exclusion are more expensive than subse-
quent ones. Secondly, the costs shown in Table

TaBLE 3.—CosT 0OF CONTROLLED BURNS AS AFFECTED BY TYPE AREA AND PAST TREATMENT

Area .

When Total burned Cost Range

Type of area control-burned area per per acre in cost
man-hour per acre
Acres Acres Dollars Dollars

Small areas around buildings Annually for 10 years or more 10 0.74 1.35 1.30-1.40

Safety strips 25-200 feet wide Annually or biennially, usually

for 10 years or more 138 1.1 94 .70-1.33

Tracts of 23-71 acres Annually for 6-10 years 262 2.9 34 21- .78
Tracts of 52-133 acres Biennially for 6 years 185 6.6 15 J12- .17
Tracts of 22-80 acres For the first time 220 52 19 14- 27

“ICost figures are on the basis of §1 per man-hour. All burns were made in the winter of 194647,
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3 include line preparation and the additional
firing necessary on old safety strips that border
some of the tracts. Consequently, the present evi-
dence is that, in the case of tracts having the
proper size, shape, and boundaries, a periodic
burn can be made at the rate of 10 or more acres
per man-hour, or no more than 10 cents an acre.

IDEAL ARRANGEMENT OF AREAS FOR
PracTicCAL MANAGEMENT

Studies and experience indicate that the solu-
tion to the fire problem in the South Jersey Pine
Region might be greatly aided by (1) breaking
up large forested areas into units bounded by
roads or swamps, and (2) treating a certain pro-
portion of these units by controlled burning.
The ideal arrangement would be units in a
checkerboard pattern or similar system. In the
case of large holdings, units should be about 100
acres in size as these are more economically
treated than smaller ones. Protection and silvi-
cultural needs would be coordinated in the burn-
ing treatments. Stands having an average dia-
meter less than 3 inches would thus alternate
with ones having larger trees, The latter units
would be control-burned at appropriate intervals,
Fire would be excluded from the younger stands
until the trees had reached the size when con-
trolled burning could be safely undertaken,

The protection of such an ideal area from a
severe, wild fire would be relatively simple, for
there would be a 50-50 chance that it would
strike one of the control-burned units. There the
fire either would die out or could be easily sup-
pressed. If it should strike one of the unburned
units, it would be bounded on all sides by con-
trol-burned areas so that probably only the one
unit would suffer. While a fire might pass from
one unburned unit to another on the diagonal,
the chances for holding it at the relatively small
points of contact would be good.

APpPLICATION OF CONTROLLED BURNS 1IN
PracTicAL MANAGEMENT

Hindrances.—The forest areas of the Pine
Region do not, of course, have an ideal arrange-
ment at the present time. The road system is
inadequate for such a pattern, and occasionally
there are unbroken units as large as 5,000 acres.

Property lines seldom coincide with the roads.
Tracts that are bounded by roads and swamps
are often irregular in shape. Moreover, within
many units there is much intermixing of both

types and age classes. Many of the upland
stands and a still higher proportion of the pine
swamps are composed largely of stems whose
size renders them susceptible to damage from
even light fires (2).

Immediate program.—The problem of intro-
ducing controlled burning on a larger scale in
the Pine Region obviously presents many diff-
cultics. The conditions for a control-burning
program are far from ideal. However, careful
surveys will usually show that patterns re-
sembling the ideal arrangement can be de-
veloped, although the initial use of controlled
burns may be limited to the preparation of bar-
rier zones, For the immediate future, the fol-
lowing program is suggested:

1. Limit the control-burning program to areas
that can be properly supervised.

2. After the preparation of suitable plans, ex-
tend the control-burning program to all appro-
priate state lands,

3. As an aid to fire protection on both state
and private lands prepare barrier zones to break
up large forest areas. This would prevent the
development of large wild fires. These barrier
zones would consist of control-burned belts sup-
plementing swamps, or other natural barriers.

4. When private owners of forest land request
control-burning either for fire protection or as a
dual-purpose tool in the management of their
lands, detailed plans based on careful surveys
should be made by competent foresters. It may
be necessary for the owner to construct roads or
plowed fire lines before controlled-burning can
be started. The burning should be done by crews
especially trained by the state but paid by the
private owner.

Plans have been made for the controlled burn-
ing of some private holdings, following the pro-
cedure described above, and some hurns have
been made. Each plan includes a map of the
holding showing the location of individual
tracts and of recommended improvements, One
sheet of a standard form is usually sufficient for
describing the suggested improvements, but
separate sheets of a second standard form are
prepared for each tract or block (Fig. 2).

Silvieultural practices.—I1f controlled burning
is to be used successfully in the Pine Region of
southern New Jersey, certain silvicultural prac-
tices should probably be followed.

Species more susceptible to fire damage than
the native hard pines should not be introduced
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except on restricted areas for experimental pur-
poses. White and red pines have been planted
here, but neither does well in this region (6,7).
Loblolly pine, while relatively resistant to fire
injury (1), is still of questionable value in this
forest region.

Cutting practice should be directed toward the
development and maintenance of even-aged
stands occupying units adequately bounded (i.e.,
by roads and swamps) to permit the most eco-
nomical use of controlled burns.

Thinning from below is desirable where con-
ditions are appropriate, but should be done only
in conjunction with controlled burning. Thin-
ning alone accelerates the invasion by hardwoods
and shrubs, and without controlled burning fav-
ors undesirable hardwoods over the pine.

Thinning should be made uniformly over a

Owner _% Do

SAKPLE

New Jersey Department of Conservation

PRESCRIBED BURNING PLAN - Sheet No, 2

unit, for otherwise fuels tend to vary in mois-
ture content, Such variation increases the diffi-
culty of obtaining a uniform, light burn over
the unit,

Slash from thinnings should be so disposed
that it will not constitute a hazard in subsequent
controlled burns. This can be done either by
piling and burning or lopping and scattering. In
either case it should be kept well away from the
boles of remaining trees.

On the areas perodically control-burned, seed-
bed conditions will be favorable and many pine
seedlings will start. These will be killed by shade
or the subsequent fire, but new ones will replace
them. Thus there should be a nucleus of ad-
vance reproduction when the burns are discon-
tinued and harvest cuttings initiated. The amount
and distribution of advance reproduction should

Date WT- l‘l‘i?
—

9

Location of area AJM Paaa.dona- 3 Ocoann Ca'\uan

Area of Hlock 6O Acnes

Bi.ock No. 3

Weland
Oal ~ gpima , wreld Alocteed

r
Average diameter trees 6" Average height q90

3. Understory: MM}M‘M;;‘:_‘A Me_hﬂdrw-}

L4e Litter: M,CJ-&W-' Mhﬂw asmd Pmn.mn.ulin.o

5, Number of annual burns needed to reduce present fuel accunmlation: Z

6. Frequency of burns thereafter: oA 4 Xo 5"/-314’\ M
7. FPirst burn recommended in winter of: (947 ~4 %

8. [Estimated degree of danger first burn: &

FORESTER 4&, ,3/“«41#‘-

Fic. 2.—Sample sheet prepared for a 60-acre tract in
g 2,000-acre holding.

1. Forest type:

2. Owerwood:
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determine whether the single seed tree or two-
cut shelterwood method is followed in these
cuttings.

SumMMARY aAnND CONCLUSIONS

This paper summarizes the experience and re-
search in using controlled burns in the Pine Re-
gion of southeastern New Jersey. The primary
object of the use of fire as a tool is to provide
protection of large blocks of forest land from
the devastating fires that periodically sweep the
area. Controlled burning does not eliminate the
need for organized fire suppression, but sup-
plements it.

At the same time this type of burning greatly
favors reproduction of pines instead of that of
the less desirable hardwoods.

The central principle of the recommended
practice consists in the interspersal of burned
with unburned units to provide favorable pat-
terns of defense against the advance of wild
fires. The controlled burning of the selected
units should be done at favorable seasons of the
year, mostly during the period between Christ-
mas and March 1. On the basis of present data
controlled burning at intervals of 4 to 5 years
is indicated for upland stands in which the dia-
meter of the average dominant is 3 inches or
more.

In this region protection and silviculture are
phases of the same problem. Controlled burning

819

can be used as a dual-purpose tool. On the basis
of experience and study extending over 20 years,
the authors are convinced that controlled burns
are the key to management of upland sites in
the Pine Region of southeastern New Jersey.
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Abstract:  To address hazardous fuel accumulations,
have been few opportunities 0 evaluate treatment

prescribed  burning in the 2006 Tripod Complex fires. Recent
(thin only and thin and prescribed
Over §7% of trees survived in thin and prescribed burn (thinRx)

tunity to evaluate if two treatments
edly different between the two treatments.

16% in thin only (thin) and 14% in control units. Considering only large-diameter
and 29% in thin and control units, respectively.
in the log-odds probability of tree death under both treatments  with a much greater re-
including percent crown scorch and burn severity index, are significantly

73% survived in thinRx units versus 36%
demonstrates  significant reductions
duction in thinRx units, Other severity measures,

lower in thinRx units than in thin and control units. This study
thinning followed by preseribed burning is effective at mitigating wildfire se-

does not reduce wildfire severity but that
verity in dry western  forests.

Susan J. Prichard, David L. Peterson,

Fuel treatments reduce the severity of wildfire
effects in dry mixed conifer forest, Washington,

and Kyle Jacobson

many fuel treatments are being implemented in dry forests, but there
efficacy i wildfires. We documented

the effectiveness of thinning and
and offered an oppor-
Fire severity was mark-

fuel treatments burned in the wildfires
burn) mitigated fire severity.
units versus

trees (20 em diameter at breast height),
Logistic regression modeling

provides strong quantitative  evidence that thinning alone

Résumé : Pour s’anaquer au danger que représente I'accumulation des combustibles, plusieurs traitements des combusti-
bles ont &té appliqués dans les foréts séches, mais il y a eu peu d’occasions d'évaluer |'efficacité de ces traitements lars
d'incendies de forét. Nous avons documents V'efficacité de I'éclaircie et du brillage dirigé dans le cas des incendies du Tri-
pod Complex de 2006, Les aires ol les combustibles avaient €€ traités récemment ont brijlé lors de ces incendies, ce qui

a fournit 1'occasion d’évaluer si deux traitements (une éclaircie seule ou combinée i un brilage dirigé) ont diminué la sé-
vérité du feu. La sévérité du feu a été trés différente selon le traitement. Plus de 57 % des arbres ont survécu dans les aires
traitées par une éclaircie suivie d'un brillage dirigé (ECLBRUL) comparativement 4 199 dans les aires qui avaient seule-
ment été éclaircies (ECL) et 14% dans les aires témoins. En ne considérant que les arbres de gros diamétre (>20 cm de
diamétre A hauteur de poitrine), 73 % des arbres ont survécu dans les aires ECLBRUL comparativement 3 respectivement
36 % et 29 % dans les aires ECL et témoins. Un modéle de régression logistique a mis en évidence une réduction significa-

tive de la probabilité de mortalité des arbres dans le ¢

as des deux traitements, mais la réduction était beaucoup plus forte

dans les aires ECLBRUL. D'autres mesures de sévérité du feu, dont le pourcentage de roussissement des cimes et I'indice
de sévérité du feu, avaient des valeurs significativement plus faibles dans les aires ECLBRUL que dans les aires ECL et

témoins. Cette étude démontre clairement de fagon quantitative que I"éclaircie appliquée seu

le ne réduit pas la sévérité des

incendies de forét, mais qu'une éclaircie suivie d’un briilage dirigé est une mesure efficace pour diminuer la sévérité d'un
incendie de forét dans les foréts séches de 1’ Ouest américain.

[Traduit par la Rédaction]

Introduction

With a legacy of fire suppression  and exclusion, millions
of hectares of dry forests in western North America have
fuel accumulations that are considerably  higher than prior
to the 20th century (Covinglon 2003; Hessburg et al. 2005).
Wildfire frequency and area burned have increased over the
past S0 years, and this trend is expected to continue under
global warming scenarios (Gillett et al. 2004; McKenzie et
al. 2004, Westerling et al 2006). A variety of fuel treat-
ments are being applied to dry forests throughout the interior

West (sec Agee and Skinner 2005 and Peterson et al. 2003
for reviews). Because regular prescribed burning  generally
reduces surface fuels, it is one of the more promising ap-
proaches to fire hazard reduction (Agee and Skinner 2005;
Finney et al. 2005; Johnson et al. 2007). However, pre-
scribed burmm  windows generally are short due to potential
smoke impacts and fire hazard (Riebau and Fox 2001; Ste-
phens and Ruth 2005). In most western forests, the area
treated with fire remains low compared with the millions of
hectares that might benefit from treatment (Stephens and
Ruth 2005). Surrogate treatments involving forest thinning

Received 8 January 2010. Accepted 5 May 2010. Published on the NRC Research Press Web site at cjfr.arc.ca on 24 July 2010.

S.J. Prichard.! College of Forest Resources, University of Washington, Box 352100, Seattle, WA, 98195, USA.

D.L. Peterson. US Forest Service, Pacific Northwest Research Station, 400 N. 34th Street, Suite

201, Seattle, WA 98103, USA.

K. Jacobson. US Forest Service, Lake Tahoe Basin Management Unit, 15 College Drive, South Lake Tahoe, CA 96150, USA.

ICorresponding author (e-mail: spﬁch@u.washington.edu}.

Can, J. For. Res. 40: 1615-1626 (2010)

doi:10.1139/X10-109

Published by NRC Research Press

&




679

1616

and biomass removal are being implemented in many dry
forests (Graham et al. 1999: Peterson et al. 2003).

A central principle underlying most fuel reduction pro-
grams is that they will mitigate the occurrence of high-se-
verity fire events in areas with historic high-frequency, low-
and mixed-severity fire regimes (Agee and Skinner 2005).
Although many fuel treatment programs are being imple-
mented, there have been few opportunities to quantitatively
cvaluate treatment efficacy in wildfires. Existing  studies
generally agree that mechanical thinning followed by pre-
scribed burning is the most effective at mitigating  wildfire
severity (Finney et al. 2005; Ritchie et al. 2007). The effec-
tiveness of fuel reduction programs, particularly that of pre-
scribed  burning, is also supported by fire behavior and
effects modeling (Stephens  and Moghaddas 2005; Johnson
et al. 2007). Better representation of forest types and cli-
matic regimes is needed to assist managers in planning and
prioritizing  fuel treatments. More definitive evidence and
guidclines on the relative effectiveness of different types of
fuel treatments are also needed to provide the scientific ba-
sis for fuel treatment planning in the West.

We conducted an opportunistic study to determine the rel-
ative success of recent fuel treatments in mitigating  wildland
fire severity, as represented by tree mortality and damage
(i.e., bole char and crown scorch). The 2006 Tripod complex
fires burned over 70000 ha of mixed conifer forests and in-
volved numerous fuel treatments, including units that had
been thinned and prescribed burned within 10 years prior to
the wildfire event. Our main objective was to evaluate dif-
ferences in wildfire severity in stands with thin treatments
(thin), thin and prescribed burning treatments (thinRx), and
no treatment - (control) within the Tripod Complex fires.

Methods

Study area

Treatment units are located within the southwestern  sec-
tion of the Tripod Complex fires approximately 10 km north
of Winthrop, Washington (Fig. 1). The study area is located
in the Methow Valley Ranger District of the Okanogan-We-
natchee National Forest, Climate js characterized by cold
winters and warm dry summers with a prolonged summer
drought. Mean annual temperature is 75.1 °C, ranging from
-11.6  °C (January annual average minimum) to 30.1 °C
(July annual average maximum) (Western Regional Climate
Center,  Winthrop, ~Washington, www.wree.driedu).  Mean
annual precipitation  is 3600 mm with 70% of precipitation
falling between October and March, predominantly as snow.
Topography is highly dissected with steep slopes and nu-
merous  subdrainages (Barksdale 1975). Soils are generally
coarse-textured  Andisols with high gravel content (Natural
Resources Conservation Service 2008).

Study units are located in low- to midelevation  forests
(Table 1). These forests are primarily composed of multi-
aged stands of Douglas-fir (Pseudotsuga  menziesii  (Mirb.)
Franco), ponderosa pine (Pinus ponderosa P.&C. Lawson),
and lodgepole pine (Pinus contorta Dougl. ex Loud. var. lat-
ifolia Engelm.). Western larch (Larix occidentalis  Nutt.),
Engelmann  spruce (Picea engelmannii  Parry ex Engelm.),
grand fir (dbies grandis (Dougl. ex D. Don) Lindl), and
subalpine fir (Adbies lasiocarpa  (Hook.) Nutt.) are occa-

Can. J. For. Res. Vol. 40, 2010

sional stand associates. Understory plant assemblages are
sparse in these dry forests. Common shrubs include antelope
bitterbrush  (Purshia tridentata (Pursh) DC) and snowbrush
(Ceanothus  velutinus Dougl. ex Hook). Common herba-
ceous species include beardless  bluchunch wheatgrass
(Agropyron spicatum var. inerme (Seribn. & J1.G. Sm.) Hel-
ler), pinegrass (Calamagrostis  rubescens Buckl.), Idaho fes-
cue (Festuca idahoensis Elmer), and raceme pussytoes
(Antennaria racemosa Hook.) (Ohlson 1996).

Fires were historically common, with an estimated 2- to
I8-year fire return interval between 1700 and 1900 from
fire scar records at low elevations (Ohlson  1996). Over the
past 50-100 years, fire intervals have lengthened due to fire
exclusion, and forest assemblages have shifted from ponder-
osa pine dominance to higher densities of Douglas-fir
(Lehmkuhl et al. 1993), Prior to the Tripod Complex fires,
wildfires had not occurred throughout much of the study
area in over 80 years.

The 2006 Tripod Complex fire was one of the largest fire
events for Washington State in the past 50 years. It was pre-
ceded by hot dry weather and an ongoing mountain pine
beetle (Dendroctonus ponderosae Hopkins, 1902) outbreak
in mid- to high-elevation lodgepole pine forests. The fires
initiated as two lightning strikes and converged under ex-
treme fire weather conditions, spreading as a mixture of
crown fires and variable-intensity  surface fires. The fires in-
itiated on 3 July and 23 July and were finally extinguished
in carly November from snow and rainfall events. Owver
60% of the area burned was classified as moderate 10 high
severity (US Forest Service 2008).

Sampling design and treatment description

Of the treatment units available for this study, several
were excluded because they were located along the wildfire
perimeter or were surrounded by unburned forest. We also
limited treatment units to those that had been harvested or
prescribed burned within the past 15 years. Units adjacent
to known bumout operations were also excluded from the
study, but with increasing distance from where burnouts ini-
tiated, it was unclear whether units burned as a result of the
wildfire or fires ignited in bumout operations. For a bal-
anced study design, sample size was constrained by the
availability of thinRx units that met selection requirements.
Eight thinned units and eight thinRx units were selected for
this study (Table 1)

Eight control units with no record of harvesting or burn-
ing were randomly selected within the matrix of treatment
units. Control unit selection was buffered 0.4 km from the
Tripod perimeter and within 0.8 km of road access. A stand-
ard area of 8 ha was delincated for each control unit, A
2006 Bumed Area Reflectance Classification image (Forest
Service Remote Sensing Applications  Center) was used to
confirm that selected controls were not surrounded by un-
bumed forest and were bumed by the wildfire.

Mechanical  thinning prescriptions included both thin-
from-below harvests that targeted small-diameter and under-
story trees and shelterwood harvests that removed both
understory and overstory trees. All timber harvests were
completed 8-15 years prior 10 the wildfire event and were
mostly whole-tree  harvested by tractor. The four Solar II
thin units were helicopter logged, and tree crowns were left

Published by NRC Research Press
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Fig. 1. Swdy area. Thin, recently thinned units; thinRx, recently thinned followed by prescribed bum units: control, unmanaged areas ran-

domly selected throughout the burned area.

Washington

on site (Table 1). Recent (2006) burn plans are available for
all Solar Il units and estimated fuel loads include 9-13
Mg-ha! of fine fuels (<7.6 em diameter), 9-22.4 Mg.ha'

of large woody fuels (>7.6 cm diameter), 0.7-2 Mg.ha'

of litter, and 9-13 Mgha' of duff. Bum plans (2005) also are
available for three of the tractor-logged  thin units (excluding
Soaker 8) and include the following estimated fuel loads:

[1-24 Mgha' of fine woody fuels, 22-54 Mgha'! of large
woody fuels, 5-7 Mgha'! of litter, and 6-11 Mgha' of
duff.

Prescribed burns were conducted on thinRx units between
0 and 6 years prior to the wildfire event. Hand lines were

each unit, and units were hand- or heli-
took place either in the spring or in
with full
of re-

constructed around

copter-ignited.  Burning
the fall, and all bums were recorded as successful,
coverage and accomplishing  fuel reduction objectives
ducing fine fuels by 90%-100% and large fuels by up 1o
70%.

An additional paired sampling design was used 1o evalu-
ate differences in fire severity between treated units and ad-
jacent untreated control stands that had similar topography
and likely experienced similar fire weather at the time of
the wildfire. Adjacent areas Werc excluded if they were up-
slope of the treated unif, across a major road or perennial
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Table 1. Treatment unit names, area, estimated burn date(s), coordinates, aspect, slope gradient, and elevation.

Can. J. For. Res. Voi. 40, 2010

Estimated bum :
Treatment  Unit(s) Area (ha)  date(s) UTM_E UTM_N Aspect (%) Slope (%)  Elevation (m)
Control C1 82 20 Aug. 712257 5397643 260 44 855
Cc2 8.2 15 and 16 Avg. 714629 5397311 313 52 1409
c3 8.2 18 and 19 Aug. 714114 5396203 323 45 1303
C4 82 10 Aug. 714915 5394812 228 30 1731
Cs 8.2 20 Aug. 715484 5388596 157 31 1150
C6 8.2 17 and 18 Aug. 717466 5389005 53 54 1266
v 8.2 10 Aug. 713983 5382667 97 21 1422
Cc8 82 29 and 31 July 717795 5377142 235 36 1499
Thin Soaker 8 49 16 Aug. 714860 5390967 177 46 1437
Soaker 47 1.4 10 Aug. 715619 5394106 228 36 1747
Soaker 49 33 10 Aug. 715227 5394285 162 27 1787
Solar 87 12.2 18 Aug. 714260 5396683 210 31 1362
Solar II 12 285 16 Aug. 714420 5391410 222 44 1399
Solar IT 16 11.0 [4 Aug. 714821 5392234 257 31 1603
Solar II 82 147 18and 19 Aug. 712940 5396481 237 28 1165
Solar II 84 419 16 and 17 Aug. 713540 5397157 237 23 1294
ThinRx Bear 2 224 20 Aug, 713227 5382066 117 30 1430
T Bear 12 5.7 18 and 19 Aug. 714898 5381307 86 21 1495
Bear 49 7.3 10 Aug. 717113 5376841 329 52 1450
Bear 50 6.5 I and 10 Aug. 717370 5377041 286 47 1437
Soaker 5 8.1 16 Aug. 715509 5390125 134 27 1390
Soaker 9 and 10 19.1 15 and 16 Aug. 715330 5391140 107 18 1432
Soaker 13 45 16 Aug, 715175 5390460 226 26 1346
Solar 91 53 16 Aug. 714816 5397017 211 26 1523
C_thin Soaker § C — 16 Aug. 714900 5390712 178 46 1394
Soaker 47 C -— 10 Aug. 715546 5394260 219 33 1754
Soaker 49 C — 10 Aug. 715205 5394210 162 22 1768
Solar 87 C — 18 and 19 Aug. 714088 5396708 179 i3 1313
Solar I1 82 C — 18 and 19 Aug. 712844 5396575 239 35 1098
Solar Il 84 C — 16 and 17 Aug. 713451 5431010 237 33 1247
C_thinRx Bear 2 C - 20 Aug. 713468 5381954 Bl 42 1377
Bear 12 C - 19 and 20 Aug. 714807 5381261 154 19 1501
Bear 49 C - 10 Auvg. 717435 5377162 332 45 1428
Bear 50 C - 31 July, 1 Aug. 716919 5376747 296 52 1484
Soaker9and 10C — 15 Aug. 715534 5391189 80 35 1385
Soaker 13 C — 16 Aug. 715115 5390397 234 46 1308

Note: Sampling area was not det

ermined for adjacent controls, Control, control unit; Thin, thin units; ThinRx, thinned followed by prescribed bumn units:

C_thin, adjacent conirol to thin units; C_ThinRx, adjacent control to thin and prescribed burn units.

stream from the treatment, and (or) had distinctly different

24 kmh' with gusts up tod0 km-h'. Most of our study

and extreme

fire

topography  (i.e., >30% slope gradient and (or) =90° differ-
ence in aspect). Not all thin and thinRx units had suitable
adjacent controls. A total of six thin and six thinRx units
were paired with adjacent controls (Table B

Due to the geographic span of treatment units, sample
plots burned over a range of days in late July and August.
Approximate burn dates were estimated from a fire progres-
sion map and are listed in Table 1. Fire behavior between 29
July and 1 August was recorded as low with some localized
fire spread and crown fire activity. Predicted maximum tem-
peratures  were 17-27 °C and minimum relative humidities
were 20%-50%  with midflame windspeeds of 3-6 kmh.
Fire activity increased substantially on 10 August with ex-
treme fire behavior noted in many areas. Predicted maxi-
mum - temperatures  were  18-23 °C and minimum relative
humidity was 45%-55% with strong winds between 16 and

units burned between 15 and 20 August,
behavior was noted during this period, including active
crowning and rapid fire spread. Predicted maximum temper-
atures were 21-29 °C and minimum relative humidity was
14%-27%. Predicted midflame windspeeds were between
14 and 27 kmh'. Fire danger ratings reached a 10- year
high between 17 and 20 August,

Field sampling methods

Units were sampled with circular plots along systematic
grids. We used a nested plot sampling design to accommo-
date variable tree densities. Treated units (e.g., thin and
thinRx) were sampled using 0.2 ha plots. Control units were
sampled using 0.08 ha plots to account for generally much
higher tree densities in all size classes. In stands with tree
densities <30 frees per plot irrespective  of size class, an
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wrees were tallied within the largest radius plot. In denser
stands, smaller tree size classes were sampled in subplots:
wrees between 10 and 20 cm diameter at breast height
(DBH) were sampled in 25.4 m radius subplots and trees
<10 ecm DBH were sampled in 5.1 m radius subplots. Trees
with heights <1.4 m were nol sampled. A minimum of 10%
of each unit was surveyed.

Plots were marked with a permanent center stake and
numbered metal tag. At each plot, we collected gencral plot
information including site description, aspect, slope gradient,
slope position  (i.e, lower slope, midslope, upper slope,
ridgetop), and site severity for the entire plot (US Depart-
ment of the Interior National Park Service 2003). The fol-
lowing measurements —were collected for each sampled tree:
DBH (centimetres), crown base height (metres), height to
live crown (metres), tree height (metres), maximum height
of crown scorch (metres), minimum and maximum bole
char (metres). percentage of the crown volume that was
scorched, and tree severity index (US Department of the In-
terior National Park Service 2003). Tree bumn severity
classes were defined as follows: | = unburned, 2 = scorched
foliage, 3 = lightly burned (some foliage and small twigs
burmed), 4 = moderately burned (foliage and small stems
consumed), and 5 = severely burned (only charred stems re-
main). Recent downed trees that fell after the wildfire (e.g.,
logs with uncharred wood at severed stems) were tallied as
trees. For consistency in observations, field personnel  regu-
larly compared and calibrated estimates of percent crown
scorch, site severity index, and tree severity index.

Live trees were tagged at tree bases facing plot center for
sampling of tree status in subsequent years. During the
summers of 2008 and 2009, plots that had live trees in 2007
were revisited to record subsequent trec mortality. Plots with
100% mortality were marked in the center but were not re-
visited in subsequent years.

Data analysis

Individual stand variables and fire severity measures Wwere
summarized by unit (Table 2). To test for differences in tree
mortality following wildfire between thin, thinRx, and con-
trols, we conducted a one-factor ANOVA on measures of
ree fire severity for thin units, thinRx units, and controls
(Sail et al. 2007). Where ANOVA indicated statistical  dif-
ferences between  treatments (including treatments and adja-
cent controls), pairwise comparisons ~ were made using
Tukey honestly significant differences tests. In cases where
data were not normally distributed, equivalent nonparametric
tests were used.

Because tree mortality data are binary (i.e., either live or
dead). we used binomial generalized  linear modeling 1o
evaluate effectiveness of treatments on trec mortality (R pro-
gramming language). A logistic model was constructed  to
predict the proportion  of dead trees by treatment type p <
0.05).

With greater crown heights and thicker bark, large-diame-
ter trees have a better likelihood of survival than small trees
(Agee 1993). Small trees were more numMEroUs in thin and
control units than in thinRx units. To remove this potential
bias, we performed an additional set of analyses on rees
>20 ¢em DBH.
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Table 2. Mean and SD (in parentheses) of stand variables and fire severity measures.

Stand variables

Fire severity measures
Crown scorch maxi-

%o crown Burn severity
scorch

Maximum

Minimum

live crown

Height o
(m)

Density Crown base

Diameter

(cm)

(trees-ha™)

index (1-5)

bole char (m)

bole char (m)

mum height (m)

Height (m)

height (m)

All trees
Control
Thin

2.7 (0.3)a
2.8 (0.2)a

90.1 (11.6)a
91.8 (1.4)a

3.7 (1.6)
53(33.2)

2.2 (1.5)
25 2.1)

8.4 (1.5)
9.8 (3.2)

8.8 (24)a

8.1 2.4)a

9.0 (1.8)
10.6 (3.1)

3.2 (L1)

1403 (463)a

11.8 (2.7a
16.7 (7.1)a

3309

475 (360)b
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Fig. 2. (a) Percent live trees by treatment for all trees and large-diameter trees (>20 cm DBH), (b) percent change in mortality 1 and 2 years
postfire, and (¢) percent crown scorch by treatment for all trees and large-diameter tress. Box plots represent minimum, 25 quantile. median,
75% quantile, and maximum values from lower to upper. Horizontal lines represent the statistical mean of all units within each treatment.
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Results and 14% in control units (Fig. 2). Other tree severity meas-

Stand characteristics vary by treatment type (Table 2). As
cxpected, tree density is significantly lower in thinRx and
thin units than in control units. Thin units tend to be denser
than thinRx units, but this difference is not significant. Tree
diameter is significantly higher in thinRx units than in thin
and control units, There are no significant  differences in
tree height or height to crown base between treatments.

Most fire severity measures in thinRx units significantly
differ from those in thin and control units. As of 2009, over
37% of all rees survived in thinRx units versus 19% in thin

ures, including percent crown scorch and bum severity in-
dex, are significantly lower in thinRx units than in thin and
control units (Table 2). Mean percent crown scorch is over
90% in thin and control units compared with 57% in thinRx
units. In contrast, there are no significant differences in fire
severity measures between thin and control units.
Differences in tree severity are more evident when only
large-diameter trees (>20 cm DBH) are considered. Over
73% of large-diameter trees survived in thinRx units versus
36% in thin and 29% in control units (Fig. 2). All measures
of large-diameter tree severity in thinRx units are signifi-
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Table 4. Mean percentage of live trees and SE and binary generalized linear re-
gression models of tree mortality in 2009.
Treatment Mean % live (SE) Equation coefficient (SE)
Standard control, all trees
Null varignce reduction 30%
Control (Bo) 13.91 (2.63) 1.8283 (0.0125)
Thin (81) 19.43 (6.52) -0.5002 (0.0222)
ThinRx (52) 57.39 (7.70) ~1.7037 (0.0303)
Standard control, large trees
Null variance reduction 41%
Control (fo) 29.24 (5.70) 0.9382 (0.0278)
Thin (B1) 36.47 (10.68) -0.6664 (0.0476)
ThinRx (52) 73.11 (4.69) -1.8721 (0.0553)
Adjacent thin control, all trees
Null variance reduction 3%
Adjacent control (Bo) 17.08 (7.83) 1.6229 (0.0169)
Thin (f1) 25.90 (6.76) —0.4251 (0.0252)
Adjacent thin control, large trees
Null variance reduction 13%
Adjacent control (fo) 27.63 (11.80) 0.9494 (0.0343)
Thin (B1) 48.63 (9.73) -0.9514 (0.0535)
Adjacent thinRx control, all trees
Null variance reduction 20%
Adjacent control (o) 29.44 (6.50) 1.2810 (0.0173)
ThinRx (f2) 63.13 (9.10) ~1.4534 (0.0407)
Adjacent thinRx control, large trees
Null varance reduction 56%
Adjacent control (fo) 40.02 (6.95) 0.5754 (0.0365)
ThinRx (f2) 77.34 (5.01) ~1.7349 (0.0731)

Note: Regression models reflect the change in log odds of mortality relative 1o control
units. The equation form is log-odds{mortality) = loglp/(1 = p)] = By + BiXu+ B.X 2, Where
p is the probabiliry of mortality, § is each equation coefficient, X,; = 0 for control and
thinRx units and 1 for thin units. and X,; = 0 for control and thin units and 1 for thinkx
units. The equation intercept is the log odds of mortality for control units. Negative coeffi-
cient values indicate & reduction in log odds of mortality in treated units relative to the
control. All equation coefficients are significant at p < 0.05.

Dispersed  logging glash combined with extreme fire Although tree density is mnot significantly ~ different be-
weather likely contributed to intense surface fire behavior tween thin and thinRx units, thin units generally have higher
and high trec mortality in thin units. Piled and burning of  tree densities associated with a higher proportion of small-
logging slash might have mitipated wildfire severity (Strom diameter trees and saplings than thinRx units. When consid-
and Fule 2007) but was not conducted on any thin units. Be- ering only large-diameter  trees, overall tree mortality 1s still
causc this was an opportunistic study, we have limited infor- much higher in thin than in thinRx units and is not signifi-
mation about prefire surface fuel conditions, In all thin cantly different from that in control units. Differences in fire
units, logging slash was characterized by forest managers as severity measures between treatments (i.e., maximum height
light using fuel model 11 with <12 Mgha'! of fine woody of crown scorch, minimum/maximum  bole char, percent
fuels <20.3 cm in diameter (Anderson 1982). Litter accumu- crown scorch, and tree bumn severity index) were all hgher
lations were low, with depths <2 cm. Prefire shrub cover in our analysis of large-diameter  trees. In both thin and
was not recorded, bul shrub cover is low in these dry forests thinRx units, large-diameter  trees are almost  exclusively
and probably did not contribute substantially to surface fire Douglas-fir, ponderosa pine, and western larch, all species
behavior. Prewildfire surface fuel data are not available on that arc resistant to fire at larger diameters and therefore
thinRx units, but prescribed burns were reported as success- have a better chance of survival (Agee 1993). Two thin units
ful in all units, with a reduction of >90% of fine surface (Solar T 82 and 84) arc exceptions, with mortality compara-
fuels. Treatment of fine, downed woody debris and litter ac- ble with that in thinRx units. Both units were helicopter-
cumulations  likely reduced surface fire intensity, flame logged and recorded fine woody fuel accumulations  similar
lengths, and convective and radiative heating in thinRx units to those in other thinned units. Adjacent controls sustained
and contributed to lower postfire severity measures as com- high tree mortality, indicating that the units had severe wild-

pared with thin and control units. fire around them. However, large-diameter ~ ponderosa pines
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cantly  different from those in thin and control  units
(Table 2). Maximum bole char is over 7.9 m in thin and
contro' units versus 3.2 m in thinRx units, Percent crown
scorch is 72% in thin and control units versus 34% in
thinRx units. Considering only large trees, there still are no
significant  differences in fire severity measures between thin
and control units.

The paired analysis of treated units versus adjacent con-
trols resulted in similar findings (Table 3). Compared with
adjacent controls, tree diameter is significantly  higher in
thinRx units. Tree density is significantly lower in both thin
and thinRx units compared with adjacent controls. Consider-
ing all tree diameters, tree mortality and other measures of
fire severity (ie., minimum/maximum bole char, percent
crown  scorch, and burn severity) are significantly lower in
thinRx units than in adjacent controls. There are no signifi-
cant differences in fire severity measures between thin units
and adjacent controls. When only large-diameter (520 cm
DBH) trees are considered, results are again very similar.
Mean height and diameter of large trees are significantly
higher in both thin and thinRx units than in adjacent con-
trols.  Although differences in fire scverity measures  are
highly = significant between thinRx  and adjacent  controls,
there are no significant differences between thin units and
adjacent controls.

Logistic regression models reveal significant reductions of
the log-odds probability of tree death under both thin and
thinRx  treatments  (Table 4). Both thin and thinRx treat-
ments reduced  the log-odds probably of tree mortality rela-
tive to adjecent controls, but thinRx treatments had much
greater  reductions  than thin treatments (Table 4), Results
are similai when only large-diameter trees are considered.

Tree morality was surveyed for 3 years following the
wildfire event. Following the initial survey in 2007, an addi-
tional 18% of trees died in 2008 and 7% of trees subse-
quently  died in 2009, Percent change in tree mortality
between 2007 and 2009 does not significantly  differ by
treatment  (Fig. 2). Tree mortality markedly differs by spe-
cies (Fig. 3) with the lowest mortality for western larch
(21 %) and ponderosa pine (39%) and highest mortality for
lodgepole pine (91%) and Engelmann spruce (88%). Overall
mortality for Douglas-fir is 66%.

Discussion

This  study provides strong guantitative  evidence that
without treatment of surface fuels, thinning does not reduce
tree mortality during a large wildfire. With lower tree den-
sities and fewer understory trees than unmanaged controls,
thin units likely were effective at reducing crown fire poten-
tial but not tree mortality. We did not observe evidence of
ciown  fire in thin stands; in the first 2 years following the
wildfire, red needles were retained on most dead trees
(Fig. 4). In contrast, control units comprisc a mixture of
scorched  patches  of trees and areas where needle and
branchwood in tree crowns were consumed by fire. High
ree mortality  in thin units likely was associated with cam-
bial heating and crown scorch from intense surface fires.
Maximum  bole char and crown scorch height both were
highest in thin units, suggesting long flame lengths and par-
ticularly high-intensity surface fires in those units.

Table 3. Mean differences and SE of the mean difference (in parentheses) between adjacent controls and treated units,

Fire severity measures

Stand variables

Crown scorch
maximum

Burn severity
index (1-5)

% crown
scorch

Maximum bole

Height to live Minimum bole
crown (m) height (m) char (m) char (m)

Height (m)

Crown base

Density
(icees-ha™) height (m)

Diameter

(cm)

All trees

0.658 (6.126)

0.175 (2.078)

0.917 2.318) L776 (1.618)

2024 (1.457 )

-0.031 (0.709)

430 (191)

4.496 (3.291)

Thin vs. control

-0.142 (0.189)

~1.968 (2.051)
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Fig. 3. Percent live trees by major tree species in 2007, 2008, and 2009.
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Fig. 4. Representative photographs of (a) control unit, (b) thin unit, and (c) thin and prescribed bum unit.

were common in both stands and may have contributed 10 within a larger matrix of high-intensity ~ wildfire (Agee et al
lower mortality on these units. Our results strongly suggest 2000). Small units may not affect landscape fire spread
that thinning alone does not mitigate wildfire severity, even (Finney et al. 2005) but could provide protection buffers of
when considering large-diameter  lrees. local resources such as structures, municipal water sources.
When all tree sizes are considered, two thinRx units and rare species habitat (Johnson 2008).
(Soaker 5 and Bear 50) have relatively high mortality. Bath [ocation-specific  records of burnout operations are not
units were mechanically thinned, but clusters of small-diam- available for the Tripod Complex fires. However, based on
cter trees were retained. Mortality of these small-diameter known ignition points, il is likely thal some thin and thinRx
(recs may bhave been associated with the prescribed  burn of units (specifically Soaker 5 8 and 13 and Solar 11 12) werc
the units and preceded the wildfire event. impacted by burnout operations  rather than the actual wild-
Unit size does not appear to be a factor in treatment ef- fire. At lower eclevations, burnouls tended to be of higher in-
fectiveness. Even small thinRx units (4-5 ha in size) had {ensity than the actual wildfire (Rick Lind, Tonasket Ranger
low fire severity, indicating that size may not be as impor- Station, personal communication).  The 1wo thinRx  units
want as treatment type in predicting fire severity. Our results (Soaker 5 and 13) offectively  mitigated  fire severity.
suggest that small units with low tree density and low sur- whereas the two thin units (Soaker § and Solar 11 12) had
face fuels can alter fire behavior and reduce fire severity high mortality, However, it is possible that fire severity
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may have been lower in these thin units had they not been
involved in burnout operations.

Wildfires can be extremely variable in fire spread and in-
tensity due to changeable environmental conditions such as
fire weather and topography. When we designed this study,
we added an additional analysis of adjacent controls to test
for differences between treatments in areas that presumably
cxperienced  similar fire weather and behavior as the wildfire
burned into the control and treated units. Our analysis of ad-
Jacent controls  demonstrated very similar results to those of
our balanced ANOVA design and corroborates our findings.

Management  implications

Results from this study closely agree with published field
research and fire behavior and effects modeling. In a field-
based. retrospective  study of five wildfires in the interior
West, Omi et al. (2006) found that thinning followed by
slash treatment was the most effective at reducing fire se-
verity, whereas thin treatments failed to reduce fire severity
and in some cases increased it Finney et al. (2005) eval-
uated the efficacy of prescribed buming in the 2002 Rodeo-
Chediski fire in Arizona and reported  significant relation-
ships between the age, size, and frequency of past prescribed
burns and lower fire severity. Strom and Fule (2007) studied
thinned stands where slash had been piled and burned in the
Rodeo-Chediski  fire and found significant reductions in fire
severity compared with untreated stands. Safford et al.
(2009) also reported significant differences in tree mortality
in thinned units where slash had been piled and burned rela-
tive to untreated areas in the Angora fire, California. In a
study of fire severity following a wildfire in northern Cali-
fornia, Ritchie et al. (2007) reported the highest tree survi-
vorship in units that were thinned and prescribed  burned.
The effectiveness  of fuel reduction programs, prescribed
burning in particular, is also supported by fire behavior and
effects modeling (Raymond and Pelerson 2005; Stephens
and Moghaddas 2005; Johnson et al. 2007). The national
Fire and Fire Surrogates study also demonstrated that pre-
scribed bums treatments were more effective than mechani-

cal treatments at reducing surface fuels (Schwilk et al.
2009).
Given the similar findings to other studies, our results

should be applicable to many dry forests with low- to
mixed-severity  fire regimes in the western United States.
However, they may not apply to forests with. flammable
shrub and (or) grassland understories. Both thinning and pre-
scribed  burning can increase shrub dominance by creating
gaps in the forest canopy (Bailey and Tappeiner 1998). For
forest types in which flammable understory shrubs could be
released by fuel treatments, the efficacy and longevity of
treatments  could be reduced compared with the dry forests
of our study area. For example, in a landscape analysis of
fire severity in the 2002 Biscuit fire in southwestern  Oregon,
Thompson and Spies (2009) reported that shrub cover was
one of the most important predictors of fire severity, Planta-
tions and other clearings involved in the Biscuit fire experi-
enced the highest incidence of fire severity and were
associated with a flammable shrub stratum.

Although individual fuel treatments may be effective at
reducing fire severity, they may do little to alter fire spread
across landscapes unless they are strategically placed (Agee

Can. J. For. Res. Vol. 40, 2010

et al. 2000; Agee and Skinner 2005: Finney et al. 2005)
Strategic placement of fucl treatments can be difficult to im-
plement under complex terrain and management units (e.g.,
wildlife reserves, riparian corridors) (Peterson and Johnson
2007) but may be necessary to suppress and or alter the
course of fire spread (Finney 2007). Our study concentrated
on fuel treatment effectivencss within specific  treatment
units and not on landscape patterns of fire spread. However,
landscape fire spread did appear to be influenced by pre-
vious wildfires and fuel treatments. The most striking exam-
ple of this was the approximately 1000 ha 1974 Forks fire
located in the center of the Tripod perimeter. The Tripod
Complex fires originated to the south and north of the old
fire and wrapped around either side of the young lodgepole
pine forest, bumming only the edges of the regenerating trees.
Similarly, a network of fuel treatments is located along the
southwestern  fire perimeter and was used as defensible
space for back-burning to prevent fire spread toward nearhy
communities,

Conclusions

From fire behavior and effects modeling  and available
field-based studies, it appears that fuel treatments  that re-
duce surface fuels can reduce fire severity. However, litile
is known about the effectiveness of fuel treatments in steep
terrain  and under extreme fire weather (Peterson et al,
2005). Although fuel treatments in this study appear to have
had an impact even under extreme fire weather and steep
terrain, weather and topography may supersede the impor-
tance of fuel treatments in other situations (Bessie and John-
son 1995; Cary et al. 2009). Validation of the effects of
silvicultural and fuels management techniques for additional
wildfires using real-ime fire weather and behavior records

would increase confidence in using these treatments more
broadly to reduce fire hazard in fire-prone  landscapes.
Increasing evidence shows that mechanical thinning  fol-

lowed by surface fuel removal is the most effective manage-
ment approach to mitigate wildfire severity in dry forests,
However, fire and fuel managers face numerous challenges
in developing strategies for fuel reduction treatments. Pre-
scribed fire is less expensive than mechanical or manual
fuel removal but is often difficult to implement  due to
smoke management concerns and narrow windows of safe
burning conditions. Targeting critical arcas such as wild-
land-urban  interfaces and appropriate  forest types (e.g.,
those that historically supported high-frequency, low-inten-
sity fire regimes) may help optimize resources (Agee et al.
2000; Agee and Skinner 2005: Peterson et al. 2007). Strate-
gic placement of these fuel treatments may also be effective
at limiting fire spread across ecritical landscapes  (Finney
2007).
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Chaprer-19 The Forest Fire Protection (Overiapping) W.C

w. Use of modern techmologics such as use of Drone and satellite-based alert
system are very useful for timely detection of forest fire.
v.  Provision of enough communication and transport system.
vi. Public participation by making them aware that it is their moral & legal
responsibility to report & to help in controlling fire.
vii. Making all the telephone numbers (of forest officials) public to facilitate
people to report.

19.22.2.2 Control Measures:

i, Counter- firing and beating the fire with trained firefighting crew.

ii. Adequate number of firefighting crew at crew stations to be ready to control firc on
24-hour basis.

iii.  Provision of transportation (Jeep/Tractor with trolley & water tankers) for each range
for fast response & to minimize damage.

iv.  Adequate hand tools for firefighting to be made available at crew stations.

v. Modern equipment like Leaf blower. pressurized water sprinkler, fire extinguishing
balls etc. are very useful

19.22.2.3 Firefighting methods: The different methods of fire fighting in the forest are as
follows:

i.  Extinguishing with water: Small forest fire can be extinguished by throwing water
on it. But there is limitation to this method in the sense that water may not be
available in the areas. On the other hand, fire does not occur in areas near water
source or moist areas.

ii. Extinguishing with soil (earth): Soil or ecarth can be used for extinguishing forest
fire because it is always available at sites. The soil can be dug out and thrown to the
fire to put out. If fire occurs in hard and rocky areas it is not feasible to use this
method. Most of the areas of the division are of such nature.

jii. Extinguishing with beating: Surface fires are generally controlled by beating them
out. For this purpose, 'jhapa’ are made of branches of the nearly shrubs and small
trees. Then, men standing on the periphery of the fire beat it out. This is the best way
to extinguish creeping, ground and surface fires.

iv.  Extinguishing with counter-fire: Crown fire and infernos are controlled by counter-
fire. People move ahead of the fire and start burning the arcas in the opposite direction
after clearing line. In such case, the two fires from the opposite direction meet
somewhere and got extinguished. This is usually the best method to fight big fire and
the safest.

19.22.2.4 Mopping up: This is very important for the success of firefighting works done on
the ground. In places where smoke is coming out from burnt debris; burning material should
be opened so that unburnt fuel can also burn. Mopping up should be done in such a way that
the fire does not spread to adjoining areas. Following precautions are necessary in mopping
up operation:

i.  Smouldering blocks, bushes and trees should be checked properly and any trace of
fire should be extinguished with soil or water before leaving the area.
ii.  Sufficient manpower should be employed for extinguishing the remaining fire. The
tools like Pulaski and others should be used for this purpose.
530
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iii.  The big heaps of ash should be spread to find out any fire that maybe present in it and
the same should be extinguished,

19.22.2.5 Hand tools: The following hand tools are of great utility during control of forest
fire effectively:

.. Double edge axe: This is utilized for cutting shrubs, branches of trees.
il Brush hook: This is utilized for cutting shrubs, and branches of trees.
iii.  Pulaski: This is used for removing roots of trees and shrubs and also utilized for
cutting shrubs,
iv.  Macloid: It is used for making and cleaning fire lines and for throwing Soil.
v.  Shovel: This is used for throwing earth and can also be used for cutting branches up to
2 cm diameter.
VL. Rake: This is used for clearing leaves twigs etc.
vil.  Naif Sake pump: This is used for mopping up works,

19.22.2.6 Other Control Measures: Effective fire management requires three steps, i.e.

prevention, detection & control. Following are some of other important activities: -

i.  Preparation of annual fire plan
Ii.  preparation of annual fire risk map.
i Creation of Public awareness.
V. Annual assessment of in frastructure and equipment.

19.23 Fire reporting & assessment of damage: This is also an important aspect of fire
management &for preparation of future strategy. The check list is as follows:

. Number of fire incidents, mapping and measuring the area.
il.  Investigation- causes, lapses in fire prevention and reporting, responsibility of
personnel,

il.  Assessment of fire damage.

iv.  Fire effects on top canopy, middle, lower and ground vegetation & forest floor

V. Fire effects on ground & soil conditions.

vi.  Injuries to trees and effects on growth due to damage to leaves, stems & barks.
vii.  Damage to young seedlings and regeneration.
viii.  Effect on micro-climate and vegetation tending towards xerophytic succession.

ix.  Damage to animals, birds, Insects and Mmicro-organisms.

X.  Effect on ecology and environment.

19.23.1 Assessment of the Loss Caused by Fire: Fire causes both tangible and intangible
damages to the forests and wild life. Loss of regeneration, timber, NTFP and wildlife are
tangible while loss of soil fertility, soil constituent and wild life habitat etc. are intangible.
Fire damages lead to increase in rate of soil erosion and causes drying up of water sources.
Fire causes adverse effect on regeneration and destroys under growth leading to invasion by
weeds. Natural succession goes into retrogression. Wild animals and birds are killed.

19.23.2 The valuation of loss caused by forest fire is generally calculated on the basis of

direction issued vide Chief W P letter no. 638/27-2, dated, 22.1.2020. Detail is given below: -
531
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6. ICFRE: Indian Council for Forestry Research and Education, Dehradun
7. NDMA; National Disaster Management Authority
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National Action Plan on Forest Fires

1. Statement of Purpose
Fires, both accidental and deliberate, have always played a very important role in shaping
forests since ancient times. In India most of the forest fires are attributable to
anthropogenic reasons. Communities use it to prepare lands for shifting cultivation, clear
forest floor for NTFP collection, promote grass growth for grazing. Criminal gangs of
poachers use it to force wild animals come out of safe hiding places, while unintentional
fires caused by careless throwing of burning matchsticks and escape of cooking fire
from temporary shelters for road workers also account for many forest fires. Forest Survey
of India has reported that 54.40% of forests in India are exposed to occasional fires, 7.49%
to moderately frequent fires and 2.40% to high incidence levels while 35.71% of India’s

make forests vulnerable to fires and the changing climate further aggravates their
vulnerability. The fragmentation of most of Indian forests, interspersed with habitations
of all sizes, results in high human presence in most forested areas which adds to their
vulnerability to fires.

The objective of this National Action Plan on Forest Fires, hereinafter referred to by its
abbreviations NAPFF, is to minimize forest fires from taking place by informing, enabling
and empowering forest fringe communities and may be incentivizing them to work in
tandem with the forest departments. This will substantially reduce the vulnerabilities of
forests across the diverse forest ccosystems in the Indian subcontinent against fire hazards,
enhancing the capabilities of forest and other personnel and institutions in fighting fires,
and speed up recovery after a fire event.

2. General Principles

i. The prescribed actions in this NAPFF are intended to guide and assist the policy
makers, administrators, forest officers, frontline staff, forest user agencies, forest fringe
communities, visitors to forests, and civil society,  for a holistic management of fires in
forests.

il. Preventing fires from taking place and improving resilience of the forests against
fire hazards shall form priority in forest management policies, strategies and programs
with well-defined aims of conservation of biodiversity, wildlife and forest wealth.

iii. The safety of the people, both resident and transient, firefighters, and fire managers
shall always be accorded the highest priority during fire events.

iv. There shall be a clear line of command for assuming the lead role and duties in the
event of a forest fire.

\2 Districts shall form the units for Forest Fire Management planning and
implementation for ease in coordination with the Disaster Management Authorities at the
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3. Fire Risk Zonation and mapping

Forest fire risk zonation provides a scientific basis for identifying areas of priority for
management interventions, allocating resources to priority areas, and monitoring the
offectiveness of measures to reduce or control fire risk. These risk zones shall be
reviewed and updated at least once every five years to respond to any changes in the
abovementioned factors.

3.1 Risk factors

The following factors, among other locally relevant, may be considered for
identifying and quantifying fire risks:

i.  Fuels, including forest cover and type as a broad indicator of fuel type.
Optionally, states may perform field-based studies to measure fuel load and
type;

ii. Proximity to infrastructure, property, and other assets, including roads,
habitations and other buildings, agricultural lands, transmission lines, and
railways; Topography, including slope, aspect, elevation, terrain ruggedness
and other characteristics;

ii.  Social indicators, including local dependence on forests for livelihoods, poverty,
and traditional land use practices;

iv.  Historic fire occurrence and patterns may be used to identify areas that are
most prone to fires. Fire records prior to 2003 may be geo-referenced and
mapped. This historical data can be used to validate the results of analysis.;

v. Areas of special ecological or cultural importance, including protected areas,
historic sites, designated heritage sites, temples, pilgrimage routes, etc.: and

vi. Special ecological conditions, for example, bamboo flowering, may be
considered and provided weights.

3.2 Use of fire risk zones in forest planning

The results of the forest fire risk sonation shall be translated into concrete management
actions under the forest working plans. The Working Plan Officers (DFOs in the case of
Plans already in operation) shall identify activities or interventions to mitigate fire risks or
reduce impact of the fire hazards in high-risk areas. These may include creation of
additional fire lines, watch towers and other infrastructure in vulnerable areas. The same
shall be examined speedily by the appropriate authorities for approval and making
provisions for financing the approved activities. The Annual Plan of Operations for all
forest divisions and circles, and protected areas, shall include the approved activities and
interventions mentioned above. The state planning and finance departments shall prioritize
resource allocation for forest fire management.
(Action by SFDs) (Monitoring by SFDs
and MoEFCC)
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4. Preventing forest fires

Most forest fires are manmade and are linked to socio-economic and livelihood issues of
the forest fringe communities. [t should, therefore, be possible to greatly reduce the
forest fire incidences by making these communities aware of the many tangible and
intangible benefits lost to them, both individually and collectively, due to forest fires.
Following actions are proposed to be taken in this regard:

4.1  Effective communication strategy for awareness generation
A mass communication strategy with adequate financial provisions for five years shall be
framed by each SFD within two months for vigorous publicity and sensitization of the
state in general and local communities in particular. It should be specifically targeted at
students, farmers, women groups, cattle herders, NTFP collectors, infrastructure related

target groups like school campaigns, campaigns on Radio, TV, and social media, mobile
campaigns during festival season, organization of music festivals, and setting up
information portals, among others.

(Action by SFDs) (Monitoring by SFDs
and MoEFCC)

4.2 Empowering Communities to deliver on their responsibilities

The existing forest laws mandate the forest officials to seek participation of local
communities in fire management. Under the FRA the forest areas recognized under
community rights are mandated to be sustainably used by the right holding forest dweller

forests against damage by fires under their respective state laws. Similar €xpectations are
also placed on the JFMCs and Van Panchayats in relation to the forest lands under
their  jurisdictions. These communities would be better placed to shoulder these
responsibilities if they are adequately empowered with delegated authority and funds, The
communities could also be incentivized for their cooperation in fire prevention and
control measures in the form of money, rewards, social recognition, preference in
Government schemes, etc. The SFDs may evolve state specific mechanisms for this
purpose in tune with relevant laws and traditional practices.
(Action by SFDs) (Monitoring by SFDs
and MoEFCC)

information should also be provided to JFMC/EDC/Van Panchayat members and they
should also be provided with firefighting equipment including leaf litter
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blowers, other tools and protective clothing. The community members should be duly
involved during the mock drills on forest fire before fire season. In the Micro plan of the
JFMCs, there should be a separate chapter for forest fire management which should contain
the details of vulnerable areas, location of natural & man-made water sources, other
infrastructure available for fire prevention and management etc.

(Action by SFDs) (Monitoring by SFDs
and MoEFCC)

. Increasing the resilience of forests to fires

Management interventions for increasing resilience to forest fires may be planned

according to the vulnerability to forest fires as reflected in the risk zonation maps.

Following are some of the measures which could be adopted in this context.

5.1 Moisture and water conservation

As fire hazard is more in drier and deciduous habitats and areas with predominance
of grasses, management action would need to aim at moisture retention for longer
time after rains and appropriate preventive measures to ensure that minor fire
incidences do not escalate into major fire events. A long- term plan for improving the
water regime of the forest areas based on opportunities and feasibility will be useful in
reducing vulnerability to fires. Several existing programs for eco-rehabilitation and
catchment area treatment plans provide scope for this kind of work.

(Action by SFDs)
(Policy support by MoEFCC)

5.2 Forest floor biomass management

When necessary management interventions may be planned aiming at minimizing
accumulation of dry fuel material on forest floor in the fire season. The litter and other
biomass on the forest floor leading to fire danger could be gainfully utilised for the
benefit of the society in identified arcas. A framework for biomass management is
suggested below and SFDs are encouraged to experiment with appropriate caution.

a. Collection of forest floor biomass such as fallen pine needles for use in
briquets may be encouraged by the waiver of royalty and transit fee for such
collections.

b. Policies for promoting biomass based off-grid micro power plants in remote
areas may be put in place. Space heating in high altitude arcas could be tried
using excess biomass from forest floors vulnerable to fires.

¢. Guidelines may to be framed for sustainable removal of dead bamboo in the
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event of mass flowering to reduce risk of fire and also to conserve biodiversity.

d. Policies for permitting women SHG to use forest floor biomass with appropriate
safeguards for micro entrepreneurship may be put in place by the SFDs.

(Action by SFDs)
(Policy support by MoEF CC)

5.3 Weed Management

Invasive weeds such as Lantana need to be controlled as they contribute significantly to
the fire danger and pose a threat to native biodiversity. The following actions are
recommended:

i. A baseline study to quantify the extent and spread of invasive weeds may be
initiated by SFDs in consultation with scientific institutions such as [C FRE.

ii. Lantana removal strategies adopted should ensure it does not regrow on
treated lands. Removal should be organized as an attractive economic
opportunity for the local communitjes.

iii.  Rehabilitation of treated areas with appropriate species and soil and moisture
conservation measures should form part of the weed removal plan.

(Action SFDs and ICFRE)
(Monitoring by MoEFCC)

6. Forest Fire Preparedness

Preparedness in forest fire Mmanagement leads to effective response to fire disasters
resulting in reduced impact and quicker recovery. The following steps may form the
basis of preparedness against forest fires:

6.1 Forest fire detection and alert

Satellite based Forest Fire Alerts are already operational across the country led by FSI.
The following steps may be taken to improve the efficacy of the FSI fire alert system:

i.  Digitization of forest boundaries: In the absence of digitized boundaries
in many forests across the country, the FSI screens fire detections using

approximations leading to reduced efficacy of the alert system. The states
may, therefore, complete the digitization of forest boundaries at the earliest.

ii. Promoting greater adoption of the Forest Fire Alert System: FSI has
put in place a robust forest fire alert system. The States shall encourage the
involvement of all field functionaries in the same, so that the forest fire alert
system can percolate down to beat leve] in least possible time. This may be
institutionalized through a protocol.

iii. Improving Ground based Detection: Even with the advances in new
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remote sensing technologies for fire detection, ground-based detection
continues to be essential and should be sufficiently resourced. The SFDs
shall perform an assessment of the efficacy of the existing network of
watchtowers by a review of the level of functionality and operational use of
the existing towers. The WPOs (DFOs in the case of divisions where
approved working plans are already in existence) may propose new locations
for fire watchtowers based on coverage, visibility, ignition sources, and other
relevant factors.

iv. Strengthening engagement with local communities: Local communities
are often the first to spot fires and alert the forest department. Locally
suitable mechanisms should be developed by the SFDs for sourcing reliable
and quick information from local communities.

v. Dedicated phone line: A toll-free telephone number for fire detections and
other required support needs to be established at state level to obtain
information on forest fires from tourists, passersby and local people.

vi. Monitoring and Evaluation: FSI has put in place a system (o review all fire
alert detections, and their ground verification. This is a critical step and may
be monitored by MoEFCC in the month of December every year. SFDs must
ensure that feedbacks on fire alerts are sent to FSI for validation.

vii. Wireless network: In most remote forest areas mobile telephony is not well
developed and frontline staff are unable to get the information coming on the
Forest Fire Alert Alarms. In such cases, forests communication system may
be supplemented by a dedicated wireless network.

(Action: SFDs)
(Monitoring by FST and MoEFCC)

6.2 Digitize the location of critical resources and assets

The IT Cells of the state forest departments shall conduct inventory mapping of
critical resources for forest fire prevention and management and make relevant

information available to the forest divisions. Resources and assets to be inventoried may
include forest department resources, such as watchtowers, ground crew stations.
controls rooms and fire lines as well as non-department resources, such as the
locations of fire stations, fire tenderers and National and State Disaster Response
Forces, and army and paramilitary camps. They may also include important
infrastructure such as roads, railways, and telecommunications networks and natural
resources such as water bodies and natural fire breaks that could assist in preparedness
and planning for response to forest fires.
(Action by SFDs)
(Monitoring by MoEFC ©)
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SFDs may undertake the mapping and digitizing of the location of existing fire lines and
other infrastructure such as roads, transmission lines, and rail lines that may function as
fire breaks. A review of the maintenance status, functionality, and adequacy of these
fire lines, and an assessment of the need for new fire lines, may be undertaken
considering past fire data, forest types, habitations, and other relevant factors. Proposals
for new fire lines should be made on a scientific basis considering their potential
efficacy in reducing fire risk and their proximity to people, property, and areas of special
concern (e.g., protected areas). Plantations should not be raised on existing or proposed
fire lines.

6.3 Forest Fire Lines

(Action by SFDs)
6.4 Control Burning

Control burning may be necessary in some places for preventing spread of fire. The
following actions are recommended to improve the consistent performance and
effectiveness of control burning wherever necessary:

i.  Prioritization of areas for control burning as part of the fire risk zonation
analysis;

ii. ~ Monitoring of the performance of control burning at the Circle level, and
integration of monitoring data into a database maintained by the SFDs:

iii. ~ Timely release of funds for contro] burning prior to the onset of the peak fire
season and the provision of advance/ad-hoc release as needed:;

iv.  Development of state-specific guidelines for control and prescribed burns to be
notified and revised as may be necessary.

(Action by SFDs)
(Monitoring by SFDs)

7. Fire Suppression

Immediate response to forest fires after receipt of information is of utmost importance.

The SFDs must develop a culture of cmergent response to fire alerts under which aj]
available resources are used to douse the fire. This needs intense training at all levels,
strengthening of infrastructure, and coordination with other relevant agencies.

7.1 Training for field staff, firewatchers, and community firefighters

The principal need for forest fire suppression is to have adequate competent, trained, and
equipped workforce on the ground, ready to respond and take immediate action.
Training should be provided to field officers, seasonal firewatchers, and community
volunteers involved in firefighting. All these firefighters should understand basic principles
of forest fire Mmanagement for using the most effective suppression technique at their
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disposal and know when retreat is necessary. The type of training provided to firefighters
should be tailored according to the landscape, nature of terrain, their level of responsibility
and role in the command structure in responding to fires.

i A modern and standardized training curriculum should be developed by
the SFDs with the guidance of Directorate of Forest Education (DFE) of
the MoEFCC. Other agencies involved in fire response, including National
Disaster Management Authority (NDMA), NDRF, and the State Disaster
Management Authorities may be involved in a consultative role.

ii. Mock drills should be organized before fire season at various fire prone
areas involving all the stakeholders such as District Administration, Police,
Fire Department, NDREF, SDRF personnel, community organizations etc. for
‘dentification of gaps in the existing mechanism and better preparedness
during crisis time.

ii.  Provision of training, equipment, and coordination should extend beyond
state-managed forests to community institutions in regions such as the
Northeast, where communities are responsible for managing most of the
forest estate.

(Action by SFDs and DFE)
(Monitoring by the MoEFCC)

7.2 Equipping the firefighters

i.  The firefighting squad including field staff, seasonal firewatchers, and community
firefighters should be provided with adequate firefighting equipment including leaf
litter blowers, and protective clothing.

i The SFDs should take the lead in this process of identifying and providing firefighting
equipment suitable to local needs in consultation with the Indian Council of Forestry.
Research & Education (ICFRE), Dehradun.

ii.  The ICFRE should focus on development of user-friendly fire fighting equipments,
tools and protective clothing suitable for various regions of the country.

iv. There should be sufficient practice sessions for the fire fighting personnel in the use
of the fire fighting eqipments including leaf litter blowers, and protective clothing so
as to enhance their efficiency in actual fire fighting.

(Action: SFDs, ICFRE)
(Monitoring by the MoEFCC)
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7.3 Development of adequate infrastructure for fire su ppression

I. An effective communication network should be ensured in all fire prone forest
areas using wireless where necessary.

ii. SFDs should develop, and enforce, a protocol for ensuring prompt access to field
vehicles from nearby forest divisions for movement of firefighting personnel to the
fire spots at the earliest.

1i. Advance technologies such as use of drones should be explored in identification of
exact location, intensity & direction of fire to facilitate fire extinguishment at the
earliest.

iv. Forest road network should be properly maintained for quick movement of
firefighting forces to the fire site.

(Action: SFDs)
(Monitoring by MoEF CO)
7.4  Arrangements for adequate manpower in fire prone areas

i.  The SFDs should fill all vacancies especially at the level of frontline forest officials

in the fire prone areas on priority basis,

ii.  Trained manpower may also be mobilized form other agencies such as Police,
District Fire services, NDRF, SDRF etc.

iii.  The Communities living near the fire prone areas should also be sensitized and may
be incentivized towards fire suppression activities.

iv.  There should be a mechanism for mobilization of forest fire fighting volunteers and
providing them with adequate training on an urgent basis. A database of the
firefighting volunteers should be maintained at district level.

(Action: SFDs)

8. Post Fire management

8.1 Assessment of loss due to forest fires

i.  FSImay develop a national level database for burnt area assessment on a yearly
basis. Standardized protocols and procedures are needed to facilitate

the reporting of the area affected and losses due to forest fire which may be
developed by the ICFRE in association with FSI and other institutions.

ii.  MoEFCC may assign ICFRE the responsibility of developing and standardizing
methodologies for assessing losses due to forest fire including loss of intangibles
such as ecosystem services.

iii.  Based on standardized methodologies, the ICFRE may further standardize
protocols for estimating area affected and losses due to forest fire and reporting
the same at successive levels.
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iv.  The ICFRE may assist the DFE in designing and organizing adequate training
programs for forest officials at various levels for this purpose.

(Action: SFDs, ICFRE and FSI)
(Monitoring by MoEFCC)
8.2 Proper investigation of the causes

The SFD shall ensure that the causes for every fire incident are properly investigated and
adequate measures taken immediately including legal actions where necessary.

8.3 Restoration of fire affected areas

i. A proper restoration plan should be prepared at once for the fire affected
areas with the objective of restoring to its natural profile. Appropriate
silviculture practices should be prescribed taking into account the ecological
successional dynamics.

ii. Adequate soil moisture conservation measures may be taken up in the fire
affected areas for enhancing the moisture retention capacity of the land.

ii.  Indigenous vegetative barriers may be identified and planted around the fire
affected areas.

(Action: SFDs)

9. Coordination with Other Agencies:

Forest fire management is a multifarious activity in which a frictionless interface with a
range of institutions and social groups becomes very important for effective functioning.
The SFDs are already working in coordination with the FSI for past many years. Forest
fires of disastrous proportions already come under the purview of the National Disaster
Management Authority (NDMA) and the Disaster Management Authorities at the state and
district levels and institutional mechanisms for combating forest fires at disaster scale
has already been formalized for incorporation in the National, State, and District level
disaster management plans. Institutionalization of close coordination with relevant
institutions is thus already a reality but it needs to be strengthened further. For this
purpose there are existing procedures developed by the DMAs at all levels and the
SFDs may take urgent steps to update, upgrade and integrate their systems with those of
the DMAs. In addition the following steps may be taken by the SFDs.

i, Functioning of the Crisis Management Groups for Forest Fires at all levels may be
reviewed to ensure that Standard Operating Procedures (SOPs) are in place related
to command and control, compilation of availability of extent and location of
resources required in case of occurrence of fires and for monitoring its spread.

i. Organizing mock drills is a very efficient way of ensuring preparcdness. MoEFCC
and NDMA may provide guidance for action at the state level. Joint trainings and
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mock exercises with all relevant agencies may be organized to facilitate coordination
during a fire event.

iii.  Assistance of Defense agencies located in the vicinity becomes critical in certain
situations where quick and concerted action can make a difference. MoEFCC may
need to coordinate at the Ministerial level with the the Ministry of Defense to obtain
suitable directions for their field formations so that such extension of assistance
becomes a routine matter.

Iv.  An escalation matrix may be developed at the state level by the SFDs in consultation
with the SDMA to decide at what stage of aggravation of fire crisis the help from
SDRF and NDRF should be sought.

(Action: MoEFCC, SFDs, NDMA, SDMAs, DDMAs)
(Monitoring by MoEF cC)

10. Centre of Excellence for Forest Fires

A Centre of Excellence is needed to be established to undertake data collection and
analysis, frontline research in all aspects of forest fires, and development of firefighting
equipment and tools. For the past two decades the FSI has been providing excellent

i. The SFDs should make sufficient financial resources available at district,
range and local level well in advance of fire season with enough imprest
money for ensuring that lack of money does not hamper emergent fire
management works.

ii. While budgetary allocations for fire protection must be carmarked it should be
possible to make fire protection integral to many other programs of forest
protection. Community development works and entry point activities in forest
enclosures and fringes could develop fire protection arrangements on the borders
of habitations.
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iiii. Climate funds under existing global bilateral or multilateral mechanisms for
activities leading to adaptation to the changing climate can be a good source for
money and must be accessed.

iv.For promotion of use of Information and Communication Technology
(ICT) standing instructions are already in place for mandatory use of a
minimum proportion of total sectoral allocation in ICT in the respective
sector. This should be made use of for ICT part of the forest fire detection and
protection activities.

v. MNREGA and community development/welfare programs aimed at
generating employment through creation of assets with labour intensive activities
are a good source of funding for some aspects of forest fire protection and should
be made use of.

vi. Community Forest Rights have been recognized in forests under The
Scheduled Tribes and Other Traditional Forest Dwellers (Recognition of Forest
Rights) Act, 2006. The Act also empowers the right holders to sustainably use the
resources under the community forest rights thus recognized. Activities related to
sustainable use of community right forests must also include protection of such
areas from overuse and destruction by disasters like fire also. For this purpose,
Forest Administration needs to come to assist the stakeholder communities in
planning and managing the community rights areas on priority. As the areas under
community rights are expected to experience regular human presence,
vulnerability to fire hazard is high and is needed to be minimized.

vii. India has technical cooperation arrangements with several countries where
technical and financial assistance can be tapped for augmenting forest fire
management capabilities. External financial aid should be accessed for investment
on infrastructure for this purpose.

viii. In the large infrastructure projects particularly river valley projects,
Environmental Management Plans and Catchment Area Treatment Plans are
mandatorily prepared and implemented at the cost of the user agencies. Such
activities can be very useful in augmenting moisture retention capacity of the
catchments thus minimizing fire hazards.

ix. Crowd funding is a popular means of financial resource mobilization for any
common cause where interested people can contribute. Environmental causes like
forest fire protection can garner enormous support from public. Local community
organizations working in vicinity of vulnerable forests can thus be encouraged to
organize crowd funding for work at community level. This could be particularly
effective in and around areas of tourist, cultural or religious significance located
near or within forests etc. MoEFCC could explore the possibility of encouraging this
as a policy for people’s participation in forest fire protection and management.

Action: SFDs, State governments and MoEFCC
e de e e e e de e e e ok
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