.
E

AN

Predicting the Daily Occurence of Lightning-Caused Forest Fires

P. Kourtz and B. Todd
Petawawa National Forestry Insitute ® Information Report PI-X-112

Forestry  Foréts C&n 1""
Canada Canada a( ?l







Predicting the Daily Occurrence of Lightning-Caused Forest Fires

P. Kourtz and B. Todd

Information Report PI-X-112
Petawawa National Forestry Institute
Forestry Canada




OMinister of Supply and Services Canada 1991
Catalogue No, Fedt-11/11219902E

150N D-662-19916-0

155N (IF06-185

Pelnted In Canada

Copies of this publication may be obtalned froe of charge from the following addrms:

Forestry Canada

Pubiications Hatribution Centre
Petawawa Natlonal Foreatry Institute
Chalk River, Ontarlo

Koy

Telephane: 613-569-2880

A microficha editlon of this publication may be purchased from:

Microreda Lad,
Mace du Portage
165, Hitel-da-Villo
Hull, Qudbec

JX 33

Cette publication it également disponible on frangals sous l=titre
Prédiction quotidienne des incendies de forét causés par la foudre.

Kourte, Pater H.

{Information report ; F1-X-112)
Indludes an abstract in French.
Includes bibliographical references.
ISHN 0-662-199458-0

D55 cat oo, Fads 11/ 112-1992E

1. Forest Bre forecesting — Canada

2 Forest fires — Canada — Prevention and control.
3. Lighming. 1. Todd, B. (James Bernard), 1945

L. Petzwawa National Forestry Institute

I Titla. IV. Seriec Information report (Petawawa
Naficnal Forestry Institute) ; FI-X-112

CANADIAN CATALOGUING IN PUBLICATION DATA

Predicting the daily ocourrence of lightning-caused fonst
fires

ST 36K6E 1592 B34 75150971 20557651




Pod =i = O

ooe e L WO

- il
SO WD Oy ek

Contents

Abstract/Résumé
The Lightning-caused Fire M'roblem
General Structure of the Prediction System
Lightning Qccurrence Information
The Nature of Lightning Flashes
Capturing Lightning Occurrence Information
Lightning Ignition Component
Quality of the Information
Elements of the Ignition Process
Smouldering Fire Component
Detectable Fire Component
Creating a Fire Prediction Forecast
Evaluating the Predictions
Summary
References

Tahl

Storm size classification

Cell storm position classification

Proportion of continuous current flashes

Assumed distribution of rainfall

Ignition probability equations (Latham and Schlieter 1989)
Survival probability equations

Detectability of lightning-caused fires

Detectability equations

Sample output of the prediction program

Comparison of lightning-caused fire predictions for 5 days in the Québec-Mauricie
region of Quebec

Figures

1. Components of the lightning-caused fire process.

2. Thelightning-caused fire ignition phase.

3. Storm activity within a single partition in northwestern Ontario (July 31, 1988),
4. Elements of the detectable phase of lightning-caused fires.

Appendix 1
Appendix 2

SEERaNsEBHNS

=







Abstract

ightning causes one third of the 9000 wildfires that ocour in
. Anmially, thise lightning-caused fres account for

50% of the area bumnad and cost Canadians at lasst 150 million
dollars in supprssion costs and values destroyed. Unlikes the
fires caused by human negligence, Hphining-causad fires often
oeeier in muiltiple numbers in remole locations. A modem fire
control arganization can suppress all of these fires whils they
are still small only if it has time to position suffident
suppression forces bofore the fires oocur. Therofone, predicting
the accurrence of lightning fires hours in advance isan
essantial component of a suecesshul suppression ststegy.

This paper describis the methed currently used to predict
the daily number and loeation of Hghtning-causad fires, A
network of automated lighining sensors provides the lecations
and numbers of doud-to-ground lightning faches. For each
Nash the pppropriate weather, fud type, and mosture data are
combined with models of the |gnition, smouldering. and
detectability processos. The ignition model predicts the chance
of a flash causing ignition. The detectability modd forecasts
the probability of a fire being visually detectable during the
birning period. The smouldoring model tells us the chanees of
a fire surviving overnlght (usually in a smouldering state),

Beocause fires can revmailn in a donmant state for long
periods, each flash that occurred during the previous 10 days
In considered a potential ignition point for the current day.
Fires predicted to have been ignited up 10 10 days carlier are
given the opportinity 1o smoulder; they am removesd from
consideration after delection. Remaining fires combined with
likaly naw fires and tho expected number of detectabile fires
during the nisxt burning perfod glves the numbser of fires
prodicted for that day.

Evaluation results are presented and discunsed, In
peneral, the prediction program produces fair to good results
for small to medium moming storms and medium o large
overnight storms. As well, {or the prvious day, the
amolldering fsurvival moda seems to work well. Poor
predictions anre generated, hewever, from aflernoon storms,
from oceasions when rainfall data s not available, and from
the smouldering modd for periods longer then two days.

The prediction program is perhaps best thought of as
belng an expert system where specific knowledge of Uightming
phynics, minfall patterns, and fire behavior are combined with
expert opinlons of the varlous lighining fire occurmence
processes, Thera is still much to loarn about lightning physics,
how fires are lgnited, tho conditions necessary for ignition, the
smouldering process, and the conditions neoded for smoke
production.

Résume

& foudre canse la tiars des 9 (00 incendies da forét qui se

2 aut Canada. Chague année, les incendies de cette
origine consument 0 5 de s superficio totale briilde par les
incendiss et jls cofitent aux Cansdians an moins 150 millions
dedollars en biens détruits et en opérations d'extinction.
Contrairement aux incendies causés par 1a négligance
humaing, les incendies allumss par [a foudre surviennent
souvent oo nombra dleve dans des loclités Soignées.
Cependont, un argantsme moderne de lutte ozt on mesure
d'éeindra tous ces foux lorsquiils sont encore do modies o
foyers, mais seulement au cas on i disposerait de
suffisarmment de temps pour déployer las équipes
d'intervention avant que le fou ne sa propage. Pour gu'une tells
sirntitgie parte frult, il faut done priédire, des heures d'avance,
la survenve des incondies dus & L Foudre

Varticle dizrit la méthode dont on se sert pour prédire |e
nombre & lenplacement quotidiens des incendies causés par
Iz foudre Un résesn de capteurs aubomatisés saisit
Femplacement of le nombre d'iclais au sol. Pour chague éclair,
on utilise les donnies convenables sur e type de combustibles,
1a mitéo et Ihumidité dans des modiles des processus
dallurage, de combustion lente of de détectibilite. Le modéle
d'allumage pridit la probabilitd quun éelair allume un foyer
decombustion. Le modéle do détectabilité prdie In probabilib
gue le foyer soit visible durant les houres dangereuses (pour
lncendie). Enfin, le modile do combustion lente renselgne sur
la probabilité qu'un feo se maintienne jusqu'at lendemain,
habitusllement en couvant.

Comme les foux peuvent couver pendant losigtemps,
chaque éclair observid au cours des dix journés qui ont
précidé est considing comme un foyer potentio pour lo
lendemain. Les feux qui auraient éié allumés jusqu’au dixléme
s privédent sont constdénis comme ayant eu La possibsiling
de couver; s cossent d'étre pris en considémtion dis qu'ils
sonl diddectis, Aux fous rislducls, on ajoute les nouveat s fots
suncoptibles di se diclarer ot le nombro prévu do feux
ditoctables au cours de la prochaine période dangereuse pour
ebtenis le nombre de feus prédit pour la foumie od on we
trouve

Les rémultats dis dvaluations sont prisentés ot oxpliquis,
En général. lo programme de prédiction donne des résultats
assez boms pour les orages petits & moyens qui surviennant en
matinde ainai que pour les orages mayens & gros de nult De
mine, pour L vellle, le modile de combustion lente ot de
survie des fewn semble fidéle. Toutofols, les prévisions laisien
& disirer quand |1 sagit des arages dapris-mid), dis '
précipitations dont on ne connail pas la quantieé et du modde
de combustion lente appliqué & des périndes de plus dio dimx

frurs.

Le programme de prédiction pourrait étee considérd
davaniage comme un systéme expert: les conmaissances
pricises de ls physique de la foudre, de la répartition
Bhographique des précipitations ot du comportement du fey
sont combindes & lopinion des spécialistes sur les divers
processus par lesquels se déclarent les incendies dus a la
fuudre. [l reste baaucoup 3 apprendre sur la physique dela
foudra, les modalités d'allumage, les conditions nécessalres 3
lallumage, le procassus de combustion lente of [es conditions
nécessaires & 12 production de fumée.






The Lightning-caused Fire Problem

ighming-caused fires represent a major

concern to Canadian forest fire control
agendes. Between 1973 and 1982, lightning was
responsible for starting 34% of all forest fires or
approximately 3100 annually: Although only one
out of every three was caused by lighining, these
fires destroyed an annual average of 1.8 million
hectares or 87% of the total area burmed (Ramsey
and Higgins 1986), Although specific statisticson
annual fire control expenditures and the dollar
value of losses are not available, estimates suggest
that lightning-caused fires use up three quarters of
the Canadian fire suppression budget of 5109
million. Similarly, the dollar value of losses
resulting from these fires has been conservatively
estimated to be about equal to the suppression
COsts.

The high suppression costs and losses
associated with lightning-caused fires are related
to their remote locations and multiple occurrence
patterns: Localized thunderstorm cells drift across
remote forest regions igniting a variable number
of fires depending upon fuel type and fuel
moisture conditions. Large storms with thousands
of cloud-to-ground lightning flashes may not start
any fires, whereas small storms with only a few
flashes may start a fire with almost every flash.
Typically, in the Canadian boreal forest, an active
storm cell producing little or no rain over dry
forest fuels will result in dozens of fires in close
proximity to each other. Sequences of such cells
can result in hundreds of lightning-caused fires in
a forest region in a single day. The large number
of simullaneous occurrences combined with their
olten remote location make detection and attack
difficult. Failure in either detection or initial attack
can lead to the development of large fires under
optimal buming conditions. The positioning of
sufficient detection and initial attack resources in
anticipation of expected lightning-caused firesis a
necessary component of small-fire suppression
philosophy. A good lightning-caused fire
prediction system coupled with a modern
visual/infrared detection system and strong air
attack capability has the potential to eliminate
large lightning-caused forest fires.

The prediction system described in this paper
relies heavily on published knowledge of
lightning physics, laboratory experiments
investigating ignition and smoldering processes

using forest fuels and lightning simulators,
lightning sensor networks, and weather and fuel
database information. Most of all, it relics on some
20 years of experience in trying to predict
lightning-caused fires. As such, there are many
subjective opinions as o the various processes
that are important and many assumptions made
about the nature of these processes. In effact, this
lightning-cansed fire prediction system i5 a large
expert sysiem.

General Structure of the Prediction System

e lighining-caused fire prediction system

described here attempis to provide the
detection and initial attack components of a fire
control organization with adequate warning of the
lncation and number of lightning-caused fires that
are likely to occur during the current or next
burning period. To accomplish this, the system
combines real-time lightning occurrence
information from provindal lightning sensor
networks with forest fuel type, fire weather, and
fire behaviour information. A large region, say
100 000 knv’, is partiioned into rectangular
geographic units or cells approximately 50 km? in
size. In a modern fire management system, these
cells constitute the basie structure for fire,
weather, and fuel information. Data on lightning
flashes, detected by sensors; fuel types, usually
cstimated from satellite images; and precipitation
rates, currently derived from the closest weather
station but in the near future from precipitation
radar, are stored for each of these cells. A
lightning-caused fire prediction is made for cach
cell and these, in turn, are accumulated to make
regional fire predictions. This system was
originally developed for and tested at the fire
control center of the Société de Conservation de
I'Outaouais located in southwestern Quebec, The
system is now being implemented in other forest
fire regions of the province.

The lightning-caused fire prediction process
has four components (Figure 1). The first
component in the process involves gatherng
information on the number of cloud-to-ground
lightning flashes, their occurrence times, and
types (positive or negative) for each 50 km? cell.
This information is supplied through links to a
fully computerized lightning location system.

The second component predicts the number of
lightning-caused firebrands that can be expected.




Figure 1. Components of the lightning-caused fire process.

Because, on average, relatively few lightning
flashes cause forest fires, lightning occurrence
information must be combined with fuel type, fuel
moisture, fire weather, and fire behavior
information to estimate the number of firebrands
that can be expected from lightning activity.

The third component predicts, firstly, the
chance of a firebrand becoming a smoldering fire
and, secondly, the chanee that this smoldering fire
can survive, if necessary, from one day’s buming
period to the next.

The fourth component in the process
estimates the number of smoldering fires that will
become visually detectable during the forecast
burning period. This estimate constitutes the final
lighming-caused fire prediction. Smoldering fires
that do not become detectable in the forecast
burning period have the potential to smolder to
the next burning period. Such fires are called
"holdover” fires. Itis suspected that these fires can
survive up to 10 days. Their survival from one
burning period to the next depends on when they
were ignited, the characteristics of the fuel in
which they are smoldering, and current weather
and fuel moisture conditions.

Lightning Occurrence Information

The Nature of Lightning Flashes

ﬂ basic understanding of the physics of

lightning is necessary to predict the

occurrence of lightning-causad fires. Lightning is
defined as the rapid and massive discharge of
atmospheric electricity from douds during a
thunderstorm. The first remote measurement of
thunderstorm elecirical fields was conducted by

Wilsem (1916), who researched the physics of
lightning and was the first to describe the

electrical structure of thunderstorms. Subsequent
research has greatly expanded our knowledge of
lightning and in the process has identified four
basic types of lightning discharges: cloud-to-
cloud, doud-to-air, intercloud, and coud-to-
ground (Uman and Krider 1989). Cloud-to-ground
lightning has been studied extensively because of
its destructive nature.

Every cloud-to-ground flash can be
categorized as being either negative or positive.
During a typical large eastern Canadian storm,
about 5 000 cloud-to-ground flashes might occur
duringan 8 h period. Approximately 90% of these
flashes are negative, i.e., areas of a cloud
containing an excessive negative charge, usually
located at the base of the cloud, originate a
discharge to the ground. Within a lightning path,
a negative flash can have one or more rapid
discharge pulses (return strokes) occurring faster
than the eye can follow, Each retumn stroke hasa
rapid and massive discharge phase, which might
be followed by a low-current phase during which
a relative trickle of current continues for a much
longer period of time. Between 25 and 50% of all
cloud-to-ground flashes have this continuing
current component (Uman and Krider 1989).
These continuing currents are very powerful, on
the order of 30 t0 200 A (Shindo and Uman 1989).
Latham (1980} constructed a model that predicted
the core temperature of these continuous currents
to be between 6 000 and 12 000°K. Orville (1972)
recarded even higher amperages and
temperatures in isolated severe Aashes.

Unlike negative flashes, almost all positive
flashes have continuous current components
(Latham 1989) and usually have a single return
stroke lasting at least 61 ms (Fuquay 1980).

Flashes with continuous current components
are of interest because they have the capability of
starting forest fires (Bellaschi 1947; Fuquay etal.
1957, 1979). Flashes with return strokes in excess
of 40 ms are referred to as long continuous
currents (Kitagawa et al. 1962; Fuquay 1980;
Shindo and Uman 1989). Previous research
indicates that, on average, over a fire season
approximately 20% of all negative flashes have a
long continuous current component (Fuquay
1980). However, recent work has identified two
other types of continuous current flashes: short
continuous currents; which last from 10 to 40 ms,
and "guestionable” continuous currents, which




last from 1 to 10 ms (Shindo and Uman 1989). The
percentage of continuous current flashes
occurring during a storm that have the potential
to start forest fires varies from 12 to 50%.

The fire-starting mechaniems of lighining are
still unknown. It is speculated that ightning
strikes a forest target because it is, at least initially,
a good electrical conductor due to moisture on its
surface or moisture within its skructure. A shert-
duration return stroke has plenty of energy but
exists for too shorta time to completely evaporate
the conducting channel. At most, the target may
be blown apart by the pressure of superheated
steam. A flash with a continuous current
component, on the other hand, has the necessary
time, during the long current flow period, to
evaporate the moisture in the conducting path,
thereby creating electrical resistive heating
sufficient to char or ignite the target.

Capturing Lightning Occurrence Information

t prosent, Canadian forest fire control

gencies use Lightning Location Protection
Incorporated’s lightning sensor system (Noggle et
al. 1976) to capture lightning information as each
flash pccurs. This system consists of a set of
directon-finding sensors and a central position
analyzer. Each sensor can “see” many of the
flashes that occur to a distance of about 150 km
depending on the energy level of the flash, High-
energy flashes, representing only a small
proportion of the total number, can be seen to
distances of 300 to 400 km. Low-energy flashes, on
the other hand, can be missed even when they
occur close to the sensor, Direction finders have
internal algarithms that differentiate doud-to-
ground flashes from all other types of flashes. For
each cloud-to-ground Aash, the direction finders
determine and record the direction, time, polarity,
strength, and number of return strokes. This
information is transferred by computer to the
central position analyzer where a triangulation
procedure estimates the flash's position. The
lightning location information and the
corresponding times are stored as a table, the
information from which can be displayed as
points on a map, and as individual cell summaries
showing flash characteristics by frequency and
time classes. This real-time capture and storage of
lightning flash data is the first step in the lightning
prediction process.

Lightning Ignition Componenl

Chuality of the Information

"I‘he ignition of forest fuel by a lightning flash
depends on many factors. Some necessary

conditions must be met for a lightning-caused fire
to occur. The lightning flash must have a
continuous current component of suffident
duration. Somewhere along the current’s path
thore must be combustible fuel. This fuel must
have the necessary bulk density and moisture
conditions to support ignition. Precipitation on
the ignited fuel must be minimal to support
sustained combustion or ignition must take place
in a location protected from the rain.

Unfortunately, most of the information
needed to predict the consequences of a spedfic
cloud-to-ground flash is not available. The
lightning detection systems that are operated over
most of Canada’s protected forests at present do
not provide exact flash locations. Timing
problems, errors associatod with sensor location
and orientation, and inadequate sensor poiriting
resolution resulting in large baseline and
triangulation errors all combine to limit the
accuracy of lighining flash locations. These errors
increase as distance from the sensors inereases.
Position errors of several kilometres are common.
In addition, a significant number of flashes are not
even detected.

Even if the exact location of every [lash were
known, it would not be possible to accurately
model the ignition process because ather critical
information, such as fuel age, bulk density,
organic depth, and moisture content, is not
available. At present, timber stand information for
maost forest regions of Canada is not location
specific and is often 10 years old. Digital
geographic information systems as they relate to
timber stands are at least 5 years down the road
for most regions of Canada. Likewise, detailed
precipitation information at specific ground
locations, which is eritical for fuel moisture
calculations, will not be available until large
precipitation radar networks are established, At
present, precipitation measurements are recorded
only twice a day at widely scattered weather
stations throughout a region. Thus, the prediction
system is forced to deal with general information
about lightning occurrences, fuel type and
moisture conditions, and the fire environment,
This is accomplished by working with information




summarized at the cell level rather than at cach
flash's location. Predicting the number of
lightriing ignitions in a specific cell requires that
assumptions be made about the propartion of
continuous current flashes received, the
precipitation pattern, and the structure and
mpisture content of combustible fuels within the
cell,

Several lighining ignition models have been
developed in the past (Kourtz 1977, 1984; Fuquay
etal. 1979). These models, which use lightning
activity, storm movement, and fuel moisture and
bulk density information, have been tested
operationally by several fire control agencies in
Canada and the United States with varying levels
of success, These prediclion models make many
assumptions about the physical properties of
storm cells and lightning flashes, precipitation
patterns, and fuel types and moisture conditions.
The system described in this report is similar in
that it incorporates the best available sensor data,
the latest research results, and expert opinion to
estimate and describe the physical properties of
the lightning flashes and the fire environment.

Elements of the Ignition Process

Dﬂlurmining lightning-caused fire ignitions
requires estimating the number of continuous
current flashes, precipitation characteristics, and
the state of combustible fuels. Figure 2 illustrates
the various components used to make these
cstimates.

(1} Estimating the Number of Continuous

Current

stimating the praportion of lighitning flashes

that have a continuous current component is a
necessary step in predicting lightning-caused
ignitions, Research has shown that 12 to 50% of all
negative cloud-toground Aashes and 95% of all
positive cloud-to-ground flashes have a
continuous current component, Negative
continuous current flashes vary in duration from
1 ms to'over 40 ms and are classified as
questionable, short, and long, whereas positive
continuous current flashes are in excess of 61 ms
in duration, Research has shown that fires can be
started by both.

Latham (1989) desaribes calculating the
chance that a cloud-to-ground flash will havea
continuous current component based on the
number and duration of the return strokes,
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Figure 2. The lightning-caused fire ignition phase.

However, today's lightning location systems
measure the polarity of each flash and the number
of return strokes but not their duration. In the
near future, these systems could be modified to
maonitor return stroke duration, making it possible
to use Latham's continuous current estimation
procedures. Until then, the proportion of
continuous current flashes occurring during a
storm must be estimated for individual starm
cells.

Latitude, time of day, and seasonal variation
are important factors in estimating the ocanrence
of continupus current events. Baughman and
Schmid (1977) found that ighiming storms
occurring in Alaska were generally smaller, more
isolated, less intense, and produced fewer
continuous carrent flashes than storms that
occourred farther south in western Montana. Also,
the severity of the storms differed based upon the
time of day at which they occurred. In Alaska, the
most intense storms ocourted late in the moming
and early in the afternpon, whereas in Montana
they occurred late in the afternoon. This work was
substantiated by Orville (1920), who found that
the characteristics of lighining faches are sensitive
to Iatitude. His study of lightning flashes




occurring in eastern United States revealed that
the peak current of lightning flashes pcrurring in
Flarida was twice that of lightning flashes
occurring in New England. Flannigan and Wotton
(1991} found seaconal trends in the occurrence of
lightning in northwestern Ontario, They observed
that lightning activity increased in June toreach a
maximum in July and then declined slightly in
August and sharply in September,

Studies on the ocourrence of lightning-caused
fires have been conducted in Quebec, Ontario, and
British Columbia. Relaionships between the size
and severity of storm cells, the number and
location of flashes, the amount and location of
precipitation, and subsequent fire occurrence rates
have been studied extensively. It has been found
that small, isnlated, late-afternoon storms, which
had a low number of flashes, were often
responsible for starting a high proportion of forest
fires. Conversely, large lightning storms with high
concentrations of flashes near the storm’s conter
had low associated fire occurrence rates. Higher
amounts of precipitation, which ocour at the
center of larger storms, is one possible explanation
for the apparent paradox. Another explanation is
the variation in continuous current events within
the storm and the capability of higher energy
lightning Aashes to arc out from the center of the
smaller storm cells to the outside perimeters,
thercby starting a fire. These studies showed that
the occurrence of lightning-caused fires depends
on the size and severity of lightning storms and
on the proximity of the flash to the center of the
shorm.,

The lightning-caused fire prediction process
begins by estimating the proportion of continuous
current lightning flashes that has occurred within
each cell within the last 8 h period. The
continuous current flashes are related to the size

Table 2. Cell storm position classification

of the storm and the proximily to the storm center.

Classifying the lightning storm is the first step.
The forest region is divided into 8 to 10 partitions
of approximately 12 000 km?® For each partition,
the total number of flashes in the partition and

percentage area that received lighming activity
are used to classify the storms into five categories

(Table 1).
Table 1. Storm size classification
MNumber of flashes

Storm type 0-40% area 41-100% area

COVERIZE coverage
Potite 0=-100 0=23)
Small 101-250 351 - 500
Medium 251 - 600 501 - 900
Large 601-1200 901 - 1600
Gross 1201+ 1601+

Notes: Partition size, 12 000 km%; time period, Bh.

Once the storm is classificd, an attempt is
made to dassify the storm’s center and edges. This
is done using the number of flashes in each cell
and the storm classification for the partition
(Table 23,

A two-digit number is used to define a cell's
combined storm size and position within the
storm. For example, 54 refers to the center (4) of a
gross storm (5); whereas 51 refers to the outside
cdge (1) of a gross storm (5).

Figure 3 shows a single partition’s storm
activity on the night of July 31, 1988, in
northwestern Ontario. There were 2995 lightning
flashes in the partition and 79 of the 80 cells had
some amount of lightning activity.

Once the storm size and spatial components
are classified for each cell, the proportion of
cantinuous current flashes can be estimaled
(Table 3). These estimations are based on several

_ﬁ-uema_p cell siorm position
Storm center | Nearstarm Near storm Storm edge
{4 center edge

Storm type ) (2) i1}
Potite 1) 11+ 3 7-10 4-h 1-3
Snall 23 16+ 11-15 6-10 1-5
Medium 3) 26+ 16-25 9-15 1-8
Large 4) 454 28-44 13-27 1-12
Gross 3) 67 + - 66 18-33 1-17
“Flashes per cell.

Note: Time period, 8 h.




Cell Lightning Flashes

Cell Storm Size and Position Classification

17 13 7 1 1 2 4 6
2 25 13 10 3 6 4 2
2 24 12 v 8 4 13 7
28 47 32 10 1 13 4 24
&8 35 6 33 g ¥ 3 3
60 51 5 4 32 31 50 13
6 "™ 55 32 M M 338 2
52 B6 I 117 12 184 36 4
21 3 2 M 9 9 5 69

4 0 1 1 48 85 130 125

531 5 5 HM 5 51 51 5
52 532 5 5 5 51 51 5
32 52 5 5 5 5 51 =
22 53 5 5 5t 5 5% 52
E 53 53 52 5 5 52 3
33 583 5 58 52 53 53 5
¥ H 58 2 M M 5 52
23 M 5 HM 5 5 53 5
52 5 R 5 54 54 58 M
51 0 51 51 53 M M M

Figure 3. Storm activity within a single partition in noerthwestern Ontarla (July 31, 1968).

Table 3. Proportion of continuous current flashes

Slorm center | Mear slorm MNearstorm Storm

Slorm ¢ “) center vidge edge
Fm iype ) 2) )
Potite (1) 025 (33 050 066
Small @ 020 025 nas 050
Medium 3 015 020 025 033
Large (3] 010 015 020 025
Gross i5) 005 iR 1] 015 020

years of lightning occurrence studies and
lightning-caused fire predictions. These studies
have indicated that smaller storms have higher
proportions of continuous current flashes than
larger storms and that the edges of storms have
higher proportions of continuous current flashes
than storm centers. These propartions are used to
caleulate the total number of continuous current
flashes in cach cell over the 8 h time period.

{2) Rainfall Charactoristcs

Rzinf all directly affects fuel maisture;
onsequently, it has a major influence on
lightning-caused fire ignition. There are three
aspects of rainfall that are important to the
ignition process: the amount, the rate, and the
duration. Fosberg (1972) found that the duration
of rainfall was more important than either the
amount or the rate. Fuels have a limited ability to
absorb water over a short time period. Fuel sitting
in a pool of water absorbs the water slowly, Long
periods of even light rainfall extingnich most
lightning-caused fires before they become
detectzble.

In a typical fire region, there are
approximately 25 forest weather stations that

measure rainfall twice daily at 0800 and 1300. The
rainfall from each station is associated with the
most appropriate (often the nearest) cell. Becanse
weather stations frequently represent areas
exceeding 5 000 km?, the twice daily
measurement of rainfall from a sparse network of
rain gauges cannot adequately represent the
amount or pattern of rainfall resulting from
thunderstorms. Until Canadian forest fire control
agendes implement networks of precipitation
radar, accurate minfall measurements will not be
possible. At present, only crude estimates of the
amount, rate, and duration of rainfall can be
made.

Research has shown that there isa
relationship between the number of doud-to-
ground lightning Aashes and the amount of
rainfall (Levin and Ziv 1974; Marshall-and
Radhakant 1978; Piepgrass et al. 1982). This
relationship combined with total lightning flashes
within @ coll, rainfall amounts measured at
weather stations, and the storm classification
procedure described earlier is used to estimate
storm rainfall patterns.

Each cell’s storm size and position




classification, based on lightning flash counts
{Table 2), are compared with the corresponding
rainfall amount assigned from the nearest weather
station, Itis assumed that the lightning flash
pattern more accurately reflects the true storm
situation. A rainfall adjusiment factor is applied to
ensure that the rainfall and lightning patterns
roughly match (Table 4). For example, the weather
station may be located on the edge of a storm
according to the lighining patiern. In this
situation, rainfall amounts are increased for cells
nearer the storm’s center. This procedure
improves rainfall amount estimates for individual
cells and, consequently, improves fuel mojsture
estimates.
(3} Existence of Com ible Fuels
The third element in the ignition process is the
availability of combushible fuels that have the
characteristics necessary to sustain ignition.
Taylor (1969) found that lightning-caused fires
originate in the fine fuels of conifer duff and litter
under trees, in the "punky wood" of dead snags,
and in the crowns of living trees. Latham and
Schlieter (1989) developed ignition probability
equations for eight fuel types found in the western

United States. These equations estimate ignition
probability based on continuing current duration,
flash type (positive or negative), fuel depth and
moisture, and, to a limited degree, fuel bulk
density. The eight fuel types include Ponderosa
pine litter, Lodgepole pine duff, Douglas Fir duff,
Engelmann spruce duff, peat moss, rotten chunky
punky wood, punky wood powdered to a depth
of 2.4 am, and punky wood powdered to a depth
of 4.8 cm. Ignition probabilities for short needle
pines were primarily dependent on the depth of
the fuel bed, whereas ignition probabilities for the
other species were dependent on fuel moisture.
Tabla 5 lists ignition probability equations by fuel
type and type of lightning flash.

Fuel type information for the province of
Quebec must be extracted from imber maps or
low resolution satellite images. Only broad forest
cover types are available, expressed as percentage
coverage for each cell. In all, 27 fuel types are
recognized in Quebec. Appendix 1 associates each
type with an appropriate fuel type of Latham and
Schlieter. The depth of each fuel type is estimated,
whereas its moisture content is calculated based
on adjusted rainfall.

Table 4. Assumed distribution of rainfall®

Storm center Nearslorm  Nearstorm | Storm

(4 cenler edge edge
Storm type (3) 2 (1)
Potite (1) 1.0 03 0z 0.1
Stmall 2) 140 05 03 02
Medium )] 1.0 0.6 05 n3
Largo 4) 10 08 0.6 0.5
s (51 1.0 Dg 08 [\

AA rain gauge on the edge of a petite storm bs assumed to messure one wenth (0.1) of that

of a gauge located al the storm's conter

Table 5. Ignition probability equations (Latham and Schlieter 19589)

Fuel type Negalive flash Positive flash
Ponderosa pine litter 1.04 x 005 M/ 0.92 x 0087 Mf
Lodgepole pine duff {1+ 384-06D1 (1 +e>13-068041
Douglas fir duff (1 + @348 138001 (1 +569- 139041
Engelmann spruce duff 0.8-0.014 M 0.62 x e 0050Mf
Peat moss 0.84 x g 0060 MY 0.71 x e 0070Mf
Punky wood (rotten, chunky) 059 x g 00 M D44 xe LI MS
Punky wood (powdered to 0.73-0.011 Mf 0.6-011 Mf

2.4 cm depth)
Punky wood (powdered to 0.9 x 0056 Mf 0.86 xe 006 Mf
4.8 cm depth)

Nates: M is moisture content, valid between 0 and 30%: D¥ is duff depih, valid between 0 and 10=m




Flashes are assumed to be uniformly
distributed over all forest cover types in the cell.
The number of lightning flashes and their polarity
in the cell are used to estimate the number of
continuous current flashes terminating in cach
cover type. Adjusted rainfall for the cell (Table 4)
and the Fine Fuel Moisture Code (FFMC) of the
Canadian Forest Fire Weather Index System (Van
Wagner 1987) are used to estimate the moisture
content of each forest cover type. Using the
relationships presented in Appendix 1 and the
appropriate equations of Latham and Schlieter
from Table 5, the expected number of ignitions in
the cell are calculated.

Smoldering Fire Component

he next step in the lightning-caused fire

prediction process is to estimate the number of
ignitions that will continue to smolder. If a fire is
ignited during the evening or during the night, it
must smolder at least until the next day's burning
period if it is to become a detectable fire, Under
typical weather and fuel moisture conditions in
the Canadian boreal forest, most fires of this
nature extinguish themselves during the first
night. Even if they survive the night, they may
remain relatively dormant during the day and
may not begin to spread rapidly because of wet
fuel conditions, If conditions are right for
continued smoldering but too moist for the fire to
spread rapidly, these fires may again surviveina
smoldering state until the next day’s burning
period. Fires that have smoldered through one
complete burning period are called holdover fires.
Holdover fires caused by lightning 3 or 4 days
carlier are common. Some have been known to
smolder, undetected, for up to 10 days. To predict
fire occurrences for the next burning period,
therefore, it is necessary to consider all lightming
flashes over the past 10 days.

Smoldering depends on the bulk density of
the fuel and its moisture content. Based on field
estimates using lightning flash counters, Kourtz
(19743 established a strong relationship between
the number of lightning flashes, the dryness of
medium fuels before the storm, and the number of
ignited fires. Further laboratory experiments lead
to the development of 2 Smoldering Index (SMI)
(equation [1]).

-300

(DMCP
SMI=DCxe 111

This index uses the Duff Moisture Code (DMC)
and Drought Code (DC) of the Canadian Forest
Fire Weather Index System. SMI values below 75
indicate little chance of smoldering. Smoldering
can take place at values above 100 and very
dangerous situations occur at values above 200.

In addition to the factors considered by the

SMI, ignition time, fuel type, fuel moisture

content, and relative humidity are also important
in determining the chance of a smoldering fire
surviving to the next burning period. Eight
cquations were developed to reflect the chance of
a fire surviving as a function of the SMI (Table 6).

Table 6. Survival probability equations

Level Equation

Ultra low 5.54 lag o(SM)
Very low -19.0 + 1113 logalSMD
Low =385 + 16.72 logolSMD)
Moderabe -58.0 + 22.31 logo(SMD)
Average 775+ 27.80 log (SMI}
High 4704 3349 logo(SMD)
Very high 1165 + 39.08 logy(SMD)
Extremely high 1360 +44.67 logalSM)

Appendix 2 indicates the most appropriate
survival equation to use based upon the ignition
time, fuel type, FFMC, DMC, and relative
humidity, fuel type being the most important
factor. The chance of survival is also a function of
when the fire was ignited. Holdover fires have the
highest chance of survival because they have
already smoldered under favorable fuel
conditions for more than one burning period.
Fires ignited during the day have a slightly higher
chance of surviving until the evening than those
ignited the previous night.

Detectable Fire Component

tis the desire of fire control organizatons to be
ble to predict the number and general location
of visually detectable lighting-caused fires
during the current or next buming period. This
information can then be used to plan patrol routes
for visual detection aircaft.

Many smoldering fires do not produce
encugh smoke to become visually detectable until
their combustion rate accelerates to the point
where flaming combustion is about to begin or
actually begins. Timing of the detection effort is
critical because most fires can only be detected




once the combustion rate begins to accelerate.
Detection patrols detect few fires during periods
of moist fuel conditions even though many fires
may be smoldering. If fire control organizations
delay the detection process until fuel conditions
are quite dry, however, detection will be much
easier but the fires may have entered a rapidly
spreading phase, making them much more costly
o suppress.

Infrared detecton systems can detect up to a
quarter of smoldering fires, espedally during the
night, thus significantly reducing the risk of Iate
fire detection. The introduction of infrared
detectors, however, will require that lightning-
caused fire prediction systems emphasize
smoldering fires rather than visually detectable
fires. The modular ignition, smoldering, and
detection structure of the prediction system
described here is well suited to the use of infrared
detection systems,

The ignition time of lightning-caused fires can
be broken down into twe groups. The first group
involves ignition during the current day’s burning
period. Fires in this group may become detectable
immediately and may not undergo a smoldering
phase. Such is often the case in the intermountain
area of British Columbia, where extremel y dry
fuels permit rapid spreading of a fire shartly after
ignition. The second group involves fires ignited
by lightning before the forecast burning period.
Figure 4 illustrates the relationships among the
various components of the detectable phase of
lightning-caused fires.

The FFMC, wind speed, temperature, and
relative humidity determine whether or not fires
will be detectable. At one extreme, on hot, dry,
windy days with high FFMC levels (low fine fuel
moisture), fires are certain to be detectable. At the
opposite extreme, on damp or {oggy, cool days
with calm winds, fires will remain in a smoldering
state if they survive at all. Fires that do not
become detectable during the present burning
period have the potential to survive until the next
burning period, at which time they once again
may become detectable.

The chance of a fire being visually detectable
is also related to the DMC and ignition period.
" Table 7 presents the level of detectability based
upon the DMC and ignition period.

Daytime Lighining
ICNTTION PHASE

DETECTABLETHASE.
"i. :..! ..;..::FE!'.:. :

ot Eloideerer Fires
Daytime . Daylime
Smouldering =Ff Smzuldering of
Uncdrtarad Uindeteried
Nightone B Daytume Fews

Figure 4. Elemints of the detectable phase of Lghtning-cauned
firess.

Table 7. Detectability of lightning-caused
fires

Level DMC

Burming period or prior-night ignition

Very low -20
Low 21-35
Moderate 36-50
Average 51-65
High 66 - 800
Very high 81-120
Extrome 121 +
Holdover fires burning more than 1 night
Very low -19
Low 20-30
Moderate 31-39
Average 40-48
50-64
Very high 65 - 80
Extreme §1+

The chance of a smoldering fire becoming
detectable is a function of the Initial Spread Index
(ISI), another component of the Canadian Forest
Fire Weather Index System. The I5I relates the
moisture of fine fuels and the wind speed to the
rate at which a fire spreads, Table 8 presents seven




Table 8. Detectability equations

Level Equaton

Very low B00log o USH
Lo 13.07 loge (SN
Moderate 18.14 loge 5D
Average 23.21 log, (IST)
High 2826 loge UISD)
Viry high 3335 loge (1SN
Extreme 3842 logg (IS1)

equations that reflect the chance of detecting a fire
as a function of the 151, Detectability is scaled from
0 ta 100, with 0 representing no chance of
detection and 100 representing a fire that is certain
to be emilting lots of detectable smoke.

Creating a Fire Prediction Forecast

Mndelling the chance of ignition, smoldering,
and detectability resulting from each flash as
it oceurs throughout the day is not practical
because of the inaccuracy of lightning,
precipitation, and fuel information, Although the
lightning location system instantly records data
for flashes as they occur, a significant number are
missed. For those that are recorded, position
errors can be dozens of kilometres. Precipitation is
reported only twice daily, at 0800 and 130, from
approximately 25 widely scattered weather
stations. Fuel information derived from timber
maps or satellite data is currently only available in
a summarized form for each 50 km® cell in a forest
region. Considering the poor data resolution, this
prediction system is designed to make two
forecasts daily: one at 0800, which covers the
present day’s burning perind, and ang at 1800,
which predicts the number of fires that are
expected to occur during the next day’s buming
perind given the lightning forecast for that
evening and night. Prediction forecasts can also be
made as new lightning information becomes
available. All predictions are based on the 50 km?
regional cells:

The prediction process isinitated 10 days
prior to the forecast day. That day's lightming
activity is processed through the ignition,
smoldering/survival, and detection phases. Those
fires that are assumed to be detectable are
removed. The remaining fires have the
opportunity to smolder throughout the night.
However, they may be joined by fires ignited by
nawly occurring lighiming. Those smoldering fires
that do not survive the night are removed.
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Surviving fires continue to smolder into the next
day’s burning period. During this time, they may
be joined by newly ignited fires. A portion of
these may become detectable and are
subsequently removed. At this point the process
repeats itself. The cycle of new ignitions,
smoldering, and removal as fires extinguish
themselves or are detected continues to the
forecast day. On the forecast day, the detectable
fires represent the prediction. This process is
illustrated in Figure 4.

The prediction process consists of seven steps.

Step 1: Getling the information. Weather, fire
weather index, forest cover, and lightning flash
information are obtained from the database
information management system for each cell in
the forecast region. Weather information is based
on 0800 forecasts and 1300 actual readings.
Lightning information is summarized for 8 h
periods. These data are required for the previous
10 day period because of the possible existence of
holdover fires.

Step 2: Determining the cell{storm relationship. The
cell to storm relationship is determined by
dividing the region into nine partitions. The total
number of flashes and the percentage area that
received lightming activity in each partition are
used to categorize the storm into one of five storm
size classes (Table 1). The storm size classification
is then used with the number of flashes in each
cell to determine the cell's spatial position within
the storm, or the proximity of the cell to the
storm’s center (Table 2).

Step 3: Determining the number of long continuous
current flashes and the amount of rainfall received at
the cell level. The storm size classification and
spatial position of each cell within the storm are
used to derive the proportion of long continuous
current (LCC) flashes (Table 3) and rainfall
adjustment (Table 4) for the cell. The product of
the proportion of LCC flashes and the number of
flashes provides an estimate of the continuous
current flashes that have the potential to start
forest fires. To assodate the rainfall pattern with
the lighming pattern, each cell's storm size and
position classification is compared with the
corresponding rainfall measured at the nearest
weather station. A rainfall adjustment factor is
then applied to ensure that the rainfall and
lightning patterns are similar.




Step 4: Determining the number of ignitions. Fuel
type and moisture content are importantin
caleulating the number of fires that will be ignited.
Continuous current flashes are assumed to have
an equal chance of hitting any point in the cell.
The number terminating in each fuel type is
proportional to the areal distribution of the fuels.
The cell's fuel type coverage, the fuel types listed
in Appendix 1, and the ignition probability
equations presented in Table 5 are nsed to
estimate the chance of ignition and the expected
number of ignitions in each fuel type. The FFMC
is used in the ignition probability equations for
open pine litter, spruce duli, and peat moss,
whereas the moisture content of the smoldering
index is used for the three punky wood categories.
Each fuel moisture content is calculated from the
adjusted rainfall estimale.

Step 5: Determining the number of survivals. The
next step in the prediction process is to determine
the number of ignitions that will survive to the
next burning period. The SMI is calculated for the
cell using the DMC and DC values that were
adjusted for rainfall. Eight survival equations
(Table 6) reflect the chance of a fire surviving asa
function of the SMI. The survival rate ranges from
extremely high to ultra Jow. Appendix 2 lists the
appropriate survival equation based upon the
cell’s fuel type, FFMC, DMC, and relative
humidity (RH). For example, given a FFMC of 88,
a DMC of 30, and a RH of 35, pine duff ignited
during the nighttime period would have an
extremely high survival rate. The product of the
number of ignitions and the survival rate gives the
expected number of fires that will survive to the
next burning period for each fuel type.

There are three different survival situations
that must be considered. The survival rate of
ignitions that occur during the daytime period
(0BOO to 1800) is much higher than the survival
rate of ignitions that occur during the nighttime
period (1800 to 0B00). In fact, daytime ignitions
often advance directly into the detection phase.
The third situation is the smoldering phase for
holdover fires, The survival rate is highest in this
category — holdover fires are assumed to be
burning in a fuel complex protected from rain, a
condition that is conducive to smoldering.

Step 6: Determining the number of detectable fires.
The next step in the prediction process for a
specific cell is to determine the number of

surviving fires that will become detectable during
the burning period. Detectability isa function of
the 151, DMC, and ignition time. Seven equations
have been developed to determine the chance of
detecting a fire, varying from extreme to very low,
depending upon the DMC and ignition time
(Tables 7 and 8). Experience has shown that the
time of ignition is a significant factor in
determining detectability. Fires ignited during the
burning period or during the night before are less
likely to become detectable than those that have
been in the holdover state for more than one

night. Fuel type is not considered to be a major
factor in detectability. Tt is assumed that fires
burning in different fuel types have an equal
chance of being detected. Fires that do not become
detectable during the bumning period smolder into
the evening and possibly through to the next day's
burning period at which time the cycle repeats
(Figure 4). The lightning-caused fire prediction for
the cell of interest is the number of fires that
should become detectable during the forecast
burning period.

Step 7: Producing a regional forecast prediction for the
present burning period. Predictions of the number of
lightning-caused fires that should occur within the
region for the burning period of interest are made
by summing the individual cell predictions.
Probability statements, such as the probability of n
or more fires occurring, can be made assuming
that fire occurrence follows a Poisson distribution
and that the summed cell predictions are a
suitable Poisson parameter. These probability
estimates are often more meaningful to the user
than the predicted number of fires, which is a non-
integer number, often less than one. Likewise, a
confidence range can also be placed on the
prediction, Such a statement is useful at lower
levels of expected fire occurrence, but at higher
levels this range can become too large and
somewhat meaningless. This seems to indicate
that the occurrence of large numbers of lightning-
caused fires does not follow a Poisson-like
distribution,

Table 9 provides a sample output of the
lightning-caused fire prediction program for June
22, 1989, in the Outaouais region of Quebec, It
atternpts o summarize the available information
at all stages of the prediction process. The first
section summarizes the regional negative and
positive lightning flash information recorded over
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Table 9. Sample output of the prediction program

Lightning-caused fire prediction for June 22, 1989

Lightning information for the last three time periods
Yoesterday (8 a.m. to 6 pm.)

Megative fllaxhes 1073

Positive flashes 39
Last night (6 p.m. to 8 a.m.)

Negative flashes L |

Positive flashes i3
Today (8 a.m. to now)

Negative flashes 4100

Positive flashes B

Expected numbser of fire ignitions for last night's period

Fires in holdover stage going into last night's period 144
Expected number of ignitions from last night's lightning 104.8
Total ‘ 1192

Expected number of fire survivals for last night's period

Fram last night's holdover fires B
From last night's ignitions 757
Total B
Expected number of fire ignitions for today's period
Expected number of ignitions from today’s lightning 55.7
Expected number of detectable fires for today's period
From last night’s holdover fires 41
From last night's ignitions 47.7
From today’s ignitions 35.6
Total 74
Lewwer limit of expected dotections 34
Upper limit of expected detections 167.7
Holdover fires that are likely to survive to the next burning period 335

three distinct time periods beginning the previous
day. The next section summarizes information for
the previous night the number of holdover fires
that existed at the beginning of the nighttime
peried and the number of ignitions that resulted
from that night's lightning activity. The third
section provides information on the survival of
these ignited fires. The fourth section provides the
expected number of ignitions from the current
day's lightning activity. The fifth section provides
estimates of the number of detectable fires
originating from holdover fires, the previous
night's newly ignited fires, and the current
burning period's new ignitions. The Poisson

probability range of expected fire occurrence
arrivals is also provided. The last section provides
an estimate of the fires that should smolder
throughout the present day and into the next
burning period.

Evaluating the Predictions

2ble 10 compares lightning-caused fire

predictions for 5 days in 1989 in the Quebec-
Mauricie region of Quebec. The table lists the
number of ighning flashes received during the
previous night (1800 to 0800) and during the
current day (0800 to 1800). Four storm sizes are
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Table 10. Comparison of lightning-caused fire predictions for 5 daysin the

Quebec-Mauricie region of Quebec

Previous night's Current day's
lightning lightning Predicted fires
Date (1500 to CE00) {0500 to 1800) Actual fires
June 24, 1989 s 160 55 7
July 25,1989 433 2728 403 24
July 25, 1989 101 5 14 5
July 27,1589 0 51% 70 7
August 30, 1969 127 7 5.1 5

represented ranging from small to gross. Inall
cases, aftermoon lightning occurred.

The prediction for June 24 relates to 2 small
storm that cccurred in the northwestern quadrant
of the region during the early part of the day —
the prediction is fairly accurate. The predictions
for July 25 to July 27 covera 3 day period of
lightning activity. The large storm on July 25
oecurred during the early afternoon and covered
two thirds of the region. Real-time precipitation
data for the period were not available, hence the
predicted number of fires was high. The
prediction for July 26, however, was fairly
accurate, indicating that the 1 day
smoldering/survival function was warking. The
prediction for July 27 relates to a gross storm that
occurred during the late afternoon. Because
rainfall measurements were once again
unavailable, the prediction system failed and
produced inaccurate results. The prediction for
August 30 relates to a small to medium storm that
occurred during the early morning — the
prediction is accurate.

The prediction system produces fair to good
results for small to medium morning storms and
medium to large overnight storms. As well, the 1
day smoldering/survival function seems to wark
well. Poor predictions are generated, however,
from large or gross afternoon storms, when
rainfall and fuel mojsture content data are not
available, and from the smoldering function in
excess of 2 days.

Summary

The prediction system described here uses
lightning flash information, fuel type
information, ignition probability estimates, and
general lighting-caused fire behavior knowledge
to forecast expected lightning-caused fire
occurrences for the following day in a large
forested region. This is accomplished by

partitioning a large region into cells
approximately 50 km®in size. Based upon
lightning activity in each partition, the size of
lightning storms is classified. Using the storm size
classification and the number of flashes within
each cell, the position of the cells within the storm
is classified, The storm size and spatial
compoments for each cell are then used to estimate
the proportion of continuous current flashes. Each
cell's storm size and position classification ate
then compared with rainfall data from the nearcst
weather station. A rainfall adjustment factor is
then determined lo ensure that rainfall and
lightning patterns match. The number of expected
ignitions for each huel type in each cell is then
cstimated. Next, the number of ignitions expected
to survive as smoldering fires is estimated. Here,
haldover fires, surviving from as far back as 10
days, are combined with new smoldering fires.
Finally, an estimate is made of the number of
smoldering fires that should become detectable
during the forecast burning period. The end result
is a lightning-caused fire prediction for each cell.
The fire predictions for each cell are then summed
and mapped to provide a regional fire prediction
forecast.

There are many weaknesses in the lightning-
caused fire prediction process. Inaccurate
lightning flash numbers and locations are a
significant problem. Inadequate knowledge of
smoldering and survival processes is another
problem area. This system uses many expert
apinions on the nature of various processes in an
attempt to overcome the poor quality of the data
and the lack of knowledge of the true processes. In
spite of these shartcomings, lightning-caused fire
prediction forecasts have been quite reliable. The
system seems to provide adequate forecasts for
large, general, overnight and early morning
storms. The prediction of expected fire arrivals is
fairly close to actual fire occurrences. However,
predictions are poor for late afternoon storms.




These storms occur after weather stations have
recorded their afternoon rainfall measurement.
Because of inaccurate rainfall information, fuel
moisture estimates are also incorrect; therefore,
fire predictions are poor, The prediction system is
also weak in modelling holdover fires and
survival rates of fires over periods longer than 1
day. Further basic research is required in these
arcas. More accurate and detailed flash sensor
information, real-time precipitation radar data,
and digital imber inventory information, as well
as incorporaling expert system and newral
networks into the analysis and use of the
information, would improve predictions. Until
such time as these improvements are made, this
process will provide a short-term solution to
lightning-caused fire prediction.
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Appendix 1. Relationship between Quebec fuel types and those of
Latham and Schlieter (1959)

Quebec fuel type

Latham and Schlieter fuel type

Softwood
Regencraton Peat moss
Young Pine litter
White pine Pine dutf
Other pines with intolerant hardwood Pine duff
Mature stands Pine dulf
Mixedwood
Regeneration Peat moss
Young Spruce duff
Trembling aspen with softwood Spruce duff
White pine with intolerant hardwood Spruce duff
Other pines with intolerant hardwood Spruce duff
White/ yellow birch with softwood Spruce duff
Mature stands Spruce duff
Hardwood
Regeneration Rotten  Chunky  Punky  Wood
Young Rotten  Chunky Punky Wood
Intolerant Rotten  Chunky Punky Wood
White/ yellow birch Rotten  Chunky  Punky Wood
Trembling aspen Rotten  Chunky Punky Wood
Mapla/birch Rotten  Chunky Punky Wood
Mature stands Rotten Chunky Punky Wood
Unecultivated or fallow land MNone
Burned arcas None
Total cut Pine litter
Insect and disease damage Fir duff
Plantation Peat moss
Swamps Mone
Agricultural None
Water None
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Appendix 2. Survival equations based upon the fuel type,
Fine Fuel Moisture Code (FFMC), Duff Moisture Code (DMC),

and relative humidity (RH)
Fuel type FFMC DMC RH Survival equation?
Daytime ignition fires
Open pine litter 0-7 0-14 56 + Very low
B0-83 15-19 46-55 Low
BM-8F 0n-719 36-45 Moderate
85-91 30-39 25-35 Average
92+ 40+ 0-25 High
Pine duff 0-74 0-14 56+ Moderate
B3-71 i5-19 46-55 Average
Bl-84 20-26 41-45 High
B5-88 27-32 31-40 Very high
89+ EERS D-30 Extremely high
Fir duff 0-74 0-14 56 + Low
75-79 15-19 46-55 Moderate
&0 -84 20-26 41-45 Average
85-88  27-32  31-40 High
BY + 33+ 0-30 Very high
Spruce duff 0-74 0-14 56+ Very low
75-79 15-19 46-55 Low
B-84 20-26 41-45 Moderate
B5-E§ 7-32 31-40 Average
89+ 33+ 0-30 High
Peat mpss D-79 0-19 46 + Ultra low
Bl -84 20-26 41-45 Very low
85-88 27-32 31-40 Low
B2+ 33+ 0-30 Moderate
Punky woad 0-74 0-14 56+ Low
7B-79 15-19 46-55 Moderate
B0 -84 20-26 41-45 Average
85-88  27-32  31-40 High
89 + 3B+ 0-30 Very high
Nighttime ignition fires
Open pine litter 0-79 0-14 56 + Ultra low
B0-8K3 15-19 46-55 Very low
B84-87 20-29 36-45 Low
88-91 -39 26-35 Moderate
92 + 40 + 0-25 Average
Pine duff 0-79 0-14 56+ Average
80-83 15-19 46-55 High
B4-87 20-29 36-45 Very high
B8+ H+ 0-35 Extremely high
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Appendix 2, (cont'd)
Fuel type DMC EH Survival equation®
Fir dulf 0-14 56+ Moderate
15-19 46-55 Average
2029 36-45 High
- 30+ 0-35 Very high
Spruce duff 0-79 0-14 56+ Very low
BO-R3 15-19 46-55 Low
B4 - 87 20-29 36-45 Maoderate
88-91 30-39 26-35 Average
02 4+ a0+ 0-25 High
Peat moss 0-83 0-19 46+ Ultra low
Bi-87 20-29 36-45 Very low
B8-9] 30-39 26-35 Low
02 + 40+ 0-25 Moderate
Punky wood 0-79 0-14 56+ Low
B0 -B3 15-19 46 -55 Moderate
B4-87 20-29 35-45 Average
88.-91 30 -39 26-35 High
92 + il + 0-25 Very high
Holdover fires
Open pine litter 0-79 0-14 56+ Very low
BO-83 15-19 46-55 Lovw
B4-87 20-29 36-45 Moderate
88+ 30+ 0-35 Average
Pine duff 0-74 0-10 46+ Average
75-79 11-14 41-45 High
BD-83 15-19 36-40 Very high
B4+ 20+ 0-35 Extremely high
Fir duff 0-74 0-10 61+ Moderate
75-79 11-14 56- 60 Avemge
B0-83 15-19 46-55 High
B4-B7 20-29 35-45 Very high
B3 + 30+ 0-35 Extremely high
Spruce duff 0-79 0-14 56-60 Low
Bh-83 15-19 46-533 Moderate
B4-87 20-29 36-45 Average
B8+ N+ 0-35 High
Peatmoss 0-79 0-14 56+ Very low
BD-83 15-19 46-55 Low
B4-87 -29 36-45 Moderate
BR+ i+ 0-35 Average
Punky wood g-79 0-14 55+ Average
BD-E3 15-19 d6-55 High
B4-87 20-29 36-45 Very high
A8 + 30+ 0-35 Extremely high

YRefer to Table 6 for actual equation.
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