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© ABSTRACT i
The forest resource s an 1mportant ‘asset to the social and

¥

‘ econom1c well- be1ng of Alberta. As a consequence, one of the
ma jor obJectlves of the Alberta Forest Serv1ce (AFS) ;s to
minimize the negative impact of wildfire on th1s resource
base In str1v1ng to achieve this obJectlve the a1rtanker
program has become an important and 1ntegra1 component of
the AFS presuppre551on effort Centralized adm1n1stnat\on of
this fire control capab111ty lends 1tself to 1nvest1gat1ve '
opportunwttes, part1cu1arly in the area of
location—altocation mode I'ling. '

The obJectlve of this thes1s is to introduce and test a
locatwon al]ocat1on model de51gned to opt1m1ze the location
of four groups of a1rtankers in response to prevailing f1re
occurrence patterns during 23 distinct time periods during
the 1374 fire season. This mode] offers a unigue
contrioution to the airtanker literature in that tt
optimizes group locations among 11 potential bases and
a]tocates fire‘occurrences to these bases as it trades-off
- aggregate base-to-fire d1stance m1n1m12at1on w1th -
maximization of the "value- at-r1sk" and number of fires
- served. |

It was found that,.in comparison with a fixed attack
range cr1ter1on the adopt1on of three fire hazard-dependent R
attack ranges resulted in the determ1nat1on of superior base |

locat1ons in that the former solutton tended to overestimate

a1rtanker effectiveness potent1a] Furthermore, when the



e nsequences of ma1nta1n1ng an 1nf1ex1ble ba51ng schedule
were 1nvest1gated 1t was shown that -locational flex1b1l1ty
of- a1rtanker groups from one time period to the next y1e1ded
superior base ]ocatlons when evaluated in the variable- range
mode 1 : | |

Finally, optimal base iocétions generéted by the
variable and fixedrrange mode 1s were compared with the
actual base locat1ons occupled by the four groups during’ the
1974 time periods. It was feznd that the modelled locatmons
were better than the actual locations in providing greater
“value-at-risk" and fire coverage and lower average
base-to-fire initial-strike distances. Once again the
optimal variable model solution of fered sl1ght1y greater
‘overall superlor1ty over the actual schedule than the
f1xed range so]ut1on which in turn seemed to more close]y
: approx]mate the results of the actpal group locations -for
‘the season. |

Some of . the various operational censtfaints which*
influence the capacity of the model to synthesize”the
airtanker lpcation eroblem'are discussed. This sets the

stage for introduction of future model refinement

poss1b1l1t1es and add1t1onal research opportunities.

/
/
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L INTRODUCTION

. As a force of nature, fire has been bothla friend. and
enemy of manvsince his earliest beginnings. S1nce early
-post-gTaCia1{%imes’in Alberta, forest fires have ranked h1gh
on the list of natural hazards that have brought about
changes in the landscape and the 11ves of its residents The
forest and - prawr1e ecosystems upon wh1ch man has become so
dependent in this. region have b@eh altered many times by
fire both as 3 natural phenomenon and as a tool of man.

Today more than ever before man must contend w1th
w1]df1re as a destruct1ve element He has 1ncrea51ngly
1mposed his own perce1ved values on the forest resources and
Cit has become even more important that these values be . .
protected from loss or degradatlon by flre The social,
env1ronmenta1 and. econom1c vaiues of Alberta’s forest
:resources are wel] recognIZed Accord1ng]yﬂ thejresource"'
.values assoc1ated with the forest land base deserve the
h1ghest levels of management and protection that can be
:;afforded them for the sake of the1r well-being now and in

o 1

' _the future.

b

. A. Problem Statement - SR - f.
Alberta s forests cover roughly two th1rds of the
province. Of th1s area. approx1mately 93% (412, 000 kmz) is

provided w1th some leyel‘of protection from wildfire

(Miyagawa 1974). Between 1961 and11974,an,average of 584



fires burned 53,000 ha annually at an estimated value loss
- of $3.7 million per year. Average annual suppression costs -
during this period, expreséed in i975 dollars equalled $3.6 g
million (McDbnald 1876). These statistics serve to SUpport
- the continuihg need tqr an ofganized-amd effect@ye initial
attack ééqui]ity ready to minimiie annual cost; and lo§ses
-resulting from wilidfire occurrence.
| Since ity inceptioqlin 1930 the Alberta Foresf Service
(AEE) has strived to achieve its oqgec%ive of‘managing the
province's forest lands in a manner gnsum’ng a perpetual
supply of benefits and products while maiﬁtaining an
environment of high quality (McDonald 1877). In o;der to
attain this objective the Forest Protection Branch has
established as its primary objective the protection of
“Alberta’s forests from damage and destructiop by fire,
1nsects'or dfsease‘as well as the proviskon éf
meteérological, emergency confwnications and suQviva1 
services as an adjunct to the protection services (McDonald
1977} |
Toward achieving this objective, a major goal has been
to minimize the loss of forest areas to ffre and to coﬁtrol
any major insect and disease infestations that may develop.
On the fire front fhe aim is to hold the annual burned area
to within one-tenth of one percent of the forest land area
(McDonald 1877). This has meant that the AFS has had to .
respond to the fire problem in four specific éreas ofA

activity. These are: (1) fire prevention to reduce the level

N



of man-caused fire incidenée. (2] fire detection to discover
.a]l fire starts at 0.1 ha or smaller, (3) ppesupbression to
maintain a state of preparedness of manpower and equipment,
(4) and a Suppression capability to attack all fires within
one hour'of notification and to co;tain them at 1.2 ha, or
less, in Siié (McDonald 1877 .

The AFS maintains a three-level administrgtive
structure with operational functions at the érovincial,
forest and district levels. Provincial headquarters fPHQY is
located in Edmonton and is reéponsible for provihc%jwide
policy and planning in the areas of fire operations, air
administration including aircraft dispatch, prevention and
detectién, program liason and analysis, telecommunications
and fire weather (Figure 1). The actual day-to-day foreét
protect1on and fire suppression activities are conducted at
the forest level throughout the fen such adm1n1strat1ve
Jurisdictions in the prov1nce During the course of the
April 1 to October 31 fire season PHQ pfovides support
services to the forests on ihe basis of their daily
requirements. This level of serQice is augmented when the
demands of any given period of firé suppressioﬁ activity
drain locally available resources. Specifically this
involves contract and casual charter aircraft allocations,
§Qpplementary communications and firevfighting equipment,
paracargo services, weather forecasting, specialized Fire
detection services, coordination of inter-forest manpower

and equipment exchanges and a host of other related support

\\ .

~

¢
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and service activities.

Centra]i%gg control of the province's aircraft
resources including the bomber groups lends itself to the
application of resource a}locatlon opt1m1zat1on techn1ques
The speed and f]ex1b111ty of a fixed-wing a1rtanker fleet is
such that inter- base transfers of des1gnated gPOUps can be
accomp11shed on short notice in order to respond to l
province-wide changes in the severity of regional fire
hazérd conditions. Only at headquarters.cén the required
level of fire hézard-{nformation be gaihered and compiled in
support of Knowledgeable airtanker dispatches Qetween bases.
Once assigned to a given forest, the day-to-day role of any
given group will be monitored by the forest protection
officer-in-charge, but PHQ retains final authority over all
dispatches within and between forestst»As a conséquence the
development and application of an airtanker Iocifion'
6ptimﬁzing model is well suited to the present AFS

centralized administrative structure. This allows the daily

! _
needs and wants of several regional authorities to be /
{

vana]yzed and traded-off in the best interests of a

provincial initial attack program over the course of a fire

' season.

B. Purpose
This thesis deals with the presenfatjon'and application

of a location-allocation (L-A) model which treats one aspect

of the initial attack program in Alberta, specifically the



optimal positioning of airtankers in response to prevai]ihg
fire hazard Conditiéns. The primary objective is to propose
a mathematical model which will determine where a limited |
number of;airtanker groups can be best located {n such a way
that base-to-fire strike distances are minimized while |
offering the greatest éossib]e level of protection in terms
of the reséurce va]ués at stake. |

Following presentation and discussion of chh a model,
its"performancé is demonsfrated using empirical fire
occurrence data for the 1974 fire seasoﬁ.>The model is rﬁn
for twenty-thrée distinct time perfods to assess its
response to short-term changes in f&re_occurrence patterns.
The model incorporafes two predefined Firé;hazprd related
categories governing maximum airtanker aftack*napge. Thé
manner in which these limitations influence the réSUltg is
discussed. Finally, the évéra]l results are compared wifh‘\
the outcome of the actual bomber‘group positioning schedule
for 1874. This is not a predictive model at the présent
hstage of development and cannot be used as such unless
advanced knowledge of expected fire locations is available.‘

The modél does not account for differences in the
productive capacities ofithe airtankers under consideration,
nor does it recognize the agiual or potential dynamics of
the fire circumstances at the target sites. There is no
iaftempt to predict the nature-of the fdéls, Weéther. or

causa]vagents that might contribute to the behavior or

outcome of any given fire event. The mechahics'of the

’



‘ 19cation-a116cation-algofithm are simplified as a means of
concentfating on the spatial aspects of the model - that is,
"where,cou1d four airtanker groups be best located during
sbecific time intervals to‘optimizg fhéir opportunity to
take initial strike a;tion in response to changing fire

occurrence patterns?"”

C. forest Fires in Alberta

Occurrence

Within the commerciallforésts of Alberta a high‘degree
of protectfon from fire is necessary to ensure continuation
of forest yields. A. common objective of fire control
planning is ‘to achieve:maximum protection against fire
losses while striving to hoid présuppression, suppression
and damage costs to a minfmum. Planning in Alberta follows
_ this rule. The Alberta Forest Service fecognizes that its
efforts to manage;forest Eesources‘debend upon its ability
to control fires.%

Fire prevention is the optimal method of minimizing
forest fire occurrence. Regulations concerning the'usé and
control of fire are well defined in the Forest and Prairie
Protection Act (Goverﬁment of Alberta 1971). For example,
land clearing and debris disposal by burning is'closely
‘Fpnitored and can only be done with a fire permit based on
inspeétion. Education and public awareness programs further
enhance fire prevention efforts in Alberta. Neveftheless |

despite regulations and good intentions wildfires continue’
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to occur as a result of both carelessness\and natural;
. R

causes. . ! ‘ \ o

A]thOogh much remains to be learnéo aoout the seasonal
variation of forest fire occurrence it is generally
understood that in the spring of the year, gften while the
frost is s\]ll 1n32he ground the ratio of cured to green’
forest fuels is greatest. Fuel moisture may be at its
-m1n1mum and drying winds and lengthen1ng periods of day11ght
‘1ncrease the hazard created by the overwinter accumulation
- of dry‘grasses. needles ‘and twigs.

Asvthe growing season progresses many of these fuels
become less flammable .as.sap begins to flow and as new
leaves and grasses emerge. Tempora1'and spatial variations
in humidity and precipitation‘have a'hajor effeof on. fuel
moistore as the fires season advances; Risk.\or ignition
potential, seems to vary as well as the fire season ‘
progresses. for example, during the months of April ahd May,
between 1961 and 1970, almost all fires were man-caused, n
poss1b1y because of a comb1nat1on of h1gh to extreme fire
hazard and high 1gn1t1on potent1al from spring burning and
land clearing programs as.well as careless use of fire, and
incendiarism (Figure 2). From June through mid-August
lightning causes the greatest nuhber‘of firevstarts.
Fo]lowing'mid-Augusf, the April-May trend prevails once
more,fas lightning incidence declines_and man again becomes

the primary causal agent (Miyagawa 1974). On a monthly basis

more than a third of man-caused fires occurred in May while
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June was the second.highest month. These two months
accounted for almost 50% of the man-caused fire incidence
while the month of May alone accounted for 94% of the damage
(Miyégawa‘1976).

Man-caused fires in Alberta are categorized as follows:

(a) forest or wood industry fifes (forest products

ektraction industries), (b) other industry fires (0il, gas,
mining, power companies etc.) (c) settlement (land clearing
and improvement), (d) recreation (campfires, smokers,

hunters, fishermeh) (e) railroad (right-of-way clearing,
engine and brakekspérks) (f)'incendiary (deliberately set,
non-permit fires) (g) public project (road, airstrip
construction), and (hf~misce11aneous Known (chi]dfeh with
matches, vehicle andjgircraft‘éccidents, tfappers) (Miyagawa
1976). Between 1961 and 1975, 5271 man-caused fires in
Alberta damaged ovef 406.80p ha and involved suppression
costs in éxcess of $8 million. During this period‘man—paused
fires amounted to almost 60% of the total from {11 causes
(Miyagawa 1976). | |

Lightning—caﬁsed fires acéount for the bé]énée of
~ forest firés. Unlike man-caused forest fires, which are for
the most part preventable.‘lightﬁing"f%res are dependent
upon prevailing weather and hazérd conditions and cannot be
prevented in the same sense of the word. Whereas man-caused
incidence peaks by the third week of May qndvfallg rapidiy
‘to a fairly constant level by the middle of June, lightning

fire incidence peaks in the first week of June and first
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r ,
' weeklin July before falling off by the middle of August
(Figure 2) (Miyagawa 1974).
| Man- Caused fires generally occur in areas of human
activity, largely restricted to forest fr1nge zones and
forest access routes, while lightning fires occur }n a more
dispersed manner gffen in remote regions of the province.
They eometimes lead to multiple occurrence situations which
ser1ously stress the 1n1tlal attack capab111ty of the
‘suppression organization and if hazardous cond1t1ons
prevail, costly "phOblem“ fines‘cén‘resu1t. These ffres
which egceed 200 ha are known as "E" class fires: Of a total
of 3519 fires between 1970 and 1974, S0 (2.5%) such fires,
some of which;eccurred during high lightning incidence
periods, accounted for 92% of the (ota]vahea'destroyed by
fire and 57% of the fire suppression funds expended during
that period (Miyagawa 1975) . R

Information such és this suggests thét'&heré”is a
critical need to have on hand a fire suppress1on r;source
capab111ty optimally 1ocated which, is qualified to take
early and decisive action against fire starts, ‘under even

the most hazardous of burning conditions, in order to 1imit

the number of fires causing extensive and costly damage.

Fire danger forecasting and rating

Forest fuels vary in sfze from fine (twigs, bhanches,
grasses, mosses, etc.) to heavy (logs, deep duff standing
trees eic.), These phys1cal properties of forest fuels in

turn affect their response to drying conditions, It is
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generally recogniZed‘that thefe are four important weather
variables which influence drying of these fuels. These’aré:
ambient temperature, wind velocity} reiatfve humidity, and
precipitation. In order to predict the interaction of these
parameters on fue]'flammability. and subéequently fire 3
haiard, the Canadéqn Fire Weather Index tables have been
 developed (EnvironmentyCanéda'1978); There are six
components of thé'Fdrést Fire We;fher Index which provide a.
numerical rating of relative wildland fire potehtia1h The
first three compoﬁents{ fine fuel moisture, duff moisture
’and»drought‘bfovide the basis for fueJ mbiqture codes. These
- cddes respond to daily changeé in the moisture contentsﬁof
three classes of forest fuel, cured fine; loose orgaﬁict'and
heavy erlS. This is because each class exhibits a different
drying rate which influences ease of ignitidn, fué]
flammability, and support of Combustion respectively. The
remaining three components: initial spread index (IS]),
buildup index (BUI}), dnd fire weather index (FWI) are the
Eeépectfve fire béhavior indibes representing rate of |
spread, amount‘of available fuel and calculated fire ’
intensity. The entire system is based solely upon weather
parameters and does notrtake into account differences in
liklihood or source of ignition, fuel arrangement, or
.topography (Van Wagner 1974). The end producf'is a
comprehensive rating procedure which provides a uniform

me t hod of7determinfng‘weather influences on burning

conditions anywhere in Canada. The descrjptive dange?
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c]asses,and severity rangee,'calibrated for the three fire
behaViour indices in Atberta{ are presented in Appendix 1
(Kiil et al. 1977). |

| A logical extension of the use of the Canadian Fire
Weather,lndexais its app]fcation in the form of a fire
-danger index which is a numerical rating of fire danger P
factors affecting ignition, spread, EOntrol'difficuity, and
damage caused by forest fires. Such an. }ndex enables a
vforest protect1on agency to assess day-to- day preparedness
and suppress1on requ1rements relative to the ant1c1pated
fire load that is, the number and~magn1tude of f1res
requ1r1ng suppression action'during a given period, within a
spec1f1ed area (Lawson 1877). = | .

The AFS has its own fire weather unit originally set up

in 1962 to respond to a growing need to gather, analyze and
utilize weather infgrmationqin the presuppression and
- suppression phases of the fire control prograh. Since 1969
this unit has become un1que among a]l of the fire contro]
organ1zatwons 1n Canada in that it has a permanent and
seasonalstaff of professional meteorolog1sts as well as
support techn101ans offerlng regular forecasts, local and -
-spot forecasts, and weather briefings at headquarters and
field offices alike (McDonald 1977). Continental and |
- national weather information is assembled and analyzed along-
with lookout and ranger station weather reports. This |

information provides the flre control officer and the man on

the_f1re11ne with up-to- date weather statistics and
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forecasts in order that each may be better prepared to deal
with the 1mportant-jnf1uenceé of weather on fire hazard
prediction and'behavior potential. ‘ o

Fire detection

The fire detection program in Alberta is dependent
primarily upon the network of 141 fixed lookouts
el o Rt
stratégica]]y~1ocated throughout the ten forésts.

-

}ntermitfent aerial and road patrols are:.carried out to./
~ supp lement fhe fixed defectionﬁsystem; qependihg upon }pé'
regiOnai.severity of the fire hazard. The péséagéﬁof// |
thuhdenétofms callg for 1ncreésed awareness in thé areas
where storm paths have been monitored. Additional aerial and
infrared scanning patrols ;re routed  through the regions
‘where'storms andv]ibhtﬁing'activity have been reported. The
lookouts are expected to be extra alert under these
conditions since they are the brfmary means of fdentifying
storm paths as well as the location and number of lightning
strikes. Supplementary to their role in fire %etection these
Tookout s as &eather station sites where/daily
measurem;ijzv::frainfa]l. huﬁidity, tempeFafure and wind -are
recorded for ké&er use in-fjre hazard rating. Their role in
-pEoviding.emergency or supplementary.radio‘communications
links is important as well. -,

]
L.

Fire suppression priorities-
In an effort to maximize the.effectiveness of their
fire control effort, the AFS has inf$iated a ‘'schedule of:

fire suppression priorities. In 1976, the location and

Y
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extent of resource values throughout the forest reglon,of
Alberta were identified. These included population ceﬁtres.
present land uses, and forest land based resources, such as
timber grazing, and water (McDonald 1976) .
| As a result all land uses and values were compiled on
'an equal ba51s and no attempt was made to segregate them in
monetary terms. The compos1te f1re suppress1on prvorttles
map wh1ch evolved ws formulated on. the basis of the. threat
of wildfire to human life, real property and multlple
resource'valuee, waterShed. recreation, oil and gae
aCtivltiesy timber, and grazing.in that order.KFlgure 3
depicts tois resultant priOritiee schedule wherein
priorities‘have been assigned using the following criteria.
(McDonald 1976) : o M |
| No. 1 priority: oopulation areas to a minimum area of
one towhshipr » J
No. 2 priority: major watershed and recreatlon areas
. ,1nclud1ng merchantable con1ferous tlmber
¢ volumes (> 7400 fbm/ha) |
No. 3 priority: active o1l and gas f1elds and t1mber
B ‘management units containlng merchantable
| cohiferous timber volumes (> 7400
7 ‘fbm/ha) ’
No;“4_priority: wmportant grazing areas and potent1ally o
productlve or low volume t imber-

;vmanagement units (< 7400 fbm/ha) .
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Fig.:3. Alberta Fire Suppression Priorities.
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At a glance, it is readily apparent that the m§hy
communities scattered throughout the forested region are
~afforded the most ‘intensive level of protection. The large
forested. region to the north and west of the agricuttura]
zone, bounded on the west by the national parks and to the
north along a line between Grande Prairie and Lesser Slave
Lake‘ receives the next highest priority rating. This is
because of the extensive forest industry, oil and gas, and
other natura? resource benefits associated with this area, a
large portion of which is comprised of the east slopes of
. the “RocKy Mountains. The northern half of the province 1s
generally rated priority three or four owing pr1mar1]y to
d1Pferences in t1mber values.

| Having 1dent1f1ed, and rated re1atiye resource
"values-at-risk" within the forest protection area:Land,
armed.withjsehe of the most up-to-date and qualified fire
suppression capabilities in Canada, the Alberta Forest
Service is well prepared to pr]or1ze suppreSSIOn
requ1rements as and when fire hazards or outbreaks warrant .

Initial Attack - ’ '

The Glossary of Forest Fire Control Terms defines
1n1t}a1 attack as the action taken to control a flre by the
first fire f1ght1ng force to arrive at the fire. (CCFFC
1976). Brown and Davis (1973) stress that the strength of
attack is almost as important as the speed of attack in the
initial stages of fire contro].‘Here_the speed of attack

means nothing unless coupled with ‘the capability to stop the
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spread of a fire or slow or stop the combustfon process on
small fires. |
Highly trained, mobile crews with mechanized equipment
can generally provide the capability to successfully control
a forest firé i% its early stages of growth. This effbrt can
be exhibited on land and in the air depending on the
transport mode utilized. Trucks, all-terrain vehiclés,
fixed-wing aircraft and helicopters all offer unique
advantgges under varying conditions. Where speed and
“hitting-power" are cbnsﬁdefed to be'fundahenta]
requirements,:the aerial tanker mugt be given serjous
consideration as well. The qirtankerf as a mode of
transpo}t, has the capacity to deliver frbm 1000 to 12000
litres of fire fighting liquid quickly and efficiently to
any fire within’its striking range regardless of
'accesgibility oE/topoéraphy.‘When the on-board delivery
system is compartmentéd, several combinafions of atfack
cabab%]ity can be exhibitéd. Airtankers are generally’
categorized according to their capacity to carry che%ica]
fire rétardants. water or thickened wgter frompland bases or
Sin an amphibious mode. They range in size and payload |
capacity in accordance with thejr original design limits.
Almost all of those in use‘today were initially designed and
built for some other purpose, generally military or
cohmebcia]. Only one has been developed specifiéa]ly for
fire fighting purposes, that is the Canadair. CL-215

-amphibious water-scooper.
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The airtanker program in Alberta has undergone some
significaﬁt changes during the past twenty years or so.
Since a Grumman TBM Avéngér was first flown off the Jasper
Park airstrip with a load of water at a critfcaf stage
during the 1856 fire season, the AFS has kept pace with
technological advancés in aerial fire suppression. In.1959
the first chemical fire retardants were dropped from
Stearman biplanes. During the 19%0’5 the Snow and Thrush
Commanders were used extensively and éhemica1‘retardant
.planes and tanker bases were.upgraded. Late in this period
the amphibious PBY-5A Canso was introduéed and it has played
an importént role in attacking fires, large and small,. since
that time. Eariy in the 1970's the fleet of smaller tankers
was disbanded as more emphasis was being placed on larger,
faster, harder hitting tankers such as the Douglas B-26, a
former late Ww 11 aﬁd Korean war fighter bomber . Sin&e 1974
two groups of two or three B-26"s and two groubs of Cansds
have been under contract. These aircraft form the nucleus of )
Alberta’s.aerial initial attack pbogfam, although several |
he]iéopters ére brought into the program annually to fulfil]
aerial attack requirements. Each bomber group has its own
affiliated lead plane or "bird;dog" aircraft which carries
the "bird-dog of}icer" who is the AFS representative in
charge of air attack operation§ over a fire.

The B-26's are limited to land-based 6peratibns and
carry 3650 litres of chemical fire retardant each trip;

whereas the Cansos are amphibious and can be initially
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dispatched with 3200 litres of retardant. They can
sUbsequent]y be self-loaded with BBOQlfitres of water
through a loading probe while skimming over the surface of a
 lake. A coloured water-thickening péwder can be added during
this process to produce a reddish coloured viscous wafer‘ |
éo]ution'when completely hydrated. This thickened water is
capable of resisting eQaporation and drift durjng the
descentlphase-when the load is released from the aircraft
tank. These bomber groups ¢an often take action on a fire
within one-half hour of it being spotted, and may continue
such action until adéquate ground. suppression crews arrivé
‘at the scene to complete the task‘df extinguishing énd
“mopping-up” the fire. Per formance characteristics of the
above airtankers are preSented in Appendix 2.

Alberta’s airtanker contracts are in effect from
mid-May to mid-August annually. Depending ubon fire hazard
‘and risk conditions, however, these contracts may be
extended at either end éf'this period. As a general rule the
\ four groups éré éssigned among the north-central quests
during the early part of the contract. Fire hazard‘and
ignition potential is often higher in these Forests at that
time of year because of the interface between forest and
agricultural lands where land clearing and debris burning
activities can present problems. In addition there are
loca]ized regions of high-to-extreme hazard where specific
fuel, relief, or risk conditions (e.g. Swan Hilis{ Marten "

Hills) are also of concern. As the summer proagresses. drver
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conditions along the east s]Qpés occur at higher elevations
and oné or two groups of B-26's will generally be sent to
the foothill Forests. By this time lightning is the primary
casual agent throughout - the province and thé'perfodic .
assignment of tanker groups can readily be adjusted to
account for local or regional stérm activity anywhere in the
province. |
Several reg1ons within Alberta have been des1gnated as .
having sufficient water bodies to support cont1nuous Canso
skimming operations. The major extent of~these zones
involves a‘largé abea to the north of Lesser Slave Lake, two.
areas along the east side of the province around Lac La
Biche and north of Fort McMurray, and two smaller areas
along the 60th para11é1 of latitude west of Wood Buffalo .
'National Park. On the other hand, the Canso is not well
suited’to,fire bombing'in-the east slopes region because of
the limited number of su1tab1e lakes and the mountainous
flying cond1t1ons The B-26 groups and he]1copter suppor ted
ground crews are generally respons1b1e for initial attack in
_th1s h1gh value region of Alberta. /
There are currently eleven permahént airtanker baées in
. Alberta one fn each Forest with‘the exception of the
Bow-Crow Forest whére there‘are two. Further diécussionAof_
the 1974 base network is presented in Chapter 3. Each of
thesefbaées is located at the airpobt‘which serves the
‘cémmunity and forest service requirements at the ten Forést'

headquarters centres. An additional base has been
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constructed at.Pincher Creek in the Bow- Crow Forest because
of the h1gh resource values and mountainous terra1n in the
extreme southwestern corner of the province. Each base has a
chem1ca] fire retardant m1x1ng facility and affiliated.
storage and 1oad1ng capab111t1es Accommodation‘ |
communication and recreat1on fac1l1t1es are also provided at
each base for the p1lots and base operation crews stat1oned

there.



I1. LITERATURE REVIEW

One ofvthe most significant technological déve]opments
ingforesi fire suppression in recent years has been the
introduction of aerial tankérs, or fire bombers. Since the
{nception of some rather éruQe aerial watervbombing “
practices in31931;<several séaées of airtanker development
have been witnessed (Reinecher and Phillips 1960). Following
the end.of World War 11 surplus military aircraft $uch'as
the PBY Canso, the Boeing B-17 Flyinngortress, thé Mftche1j
B-25, the Grumman TBM Avenger, the Consolidated PB4Y-2
Pfivateer, the Douglas B-26 and others were cohverted for
fibé‘bombing purpbses. Séme»ofvthe early experiments with
these aircraft and the fire retardants they carried were
abahdoned for economic and safety reasons (Reinecher and
Phi]iips 1960) . Almost all of these eérly experiments were
conducted in the U. $. A. |

On‘the Canadian‘scéné; because of the almost limitless
évailabjlify of water, particularly in the Canadian Shield
‘regfon, expériments céntefed on the development of water
scooping énd de]iQéry systems using float équipped or
Hé;phibious aircraft. Much of'this'eariy work was conducted
in Ontario with the De Havilland Beaver and Otter aircraft
and the PBY-5A Canso. In the mfd 1850"'s the N2S Stearman
biplahe,_an agricultural spray plané, was converted to carry
.jﬁst over 450 litres of fire retardant (Ely et al. 1957).

Other agricultural crop sprayers soon followed with the .
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conversion of the Snow. and Thrush Commanders, the Grumman
Super Ag-Cat and the Transland AG-2. In 1966 the Alberta
Forest Service introduced the Snow and Thrush Commander
'airtankers and Gelgard-F fire retardant into its aerialb
Suppression operations (Grigel 1970). The fo]]ow1ng-year the
f1rst PBY-5A was contracted and by 1970 the B-26 Invader was
: f1re bombing in Alberta. | |

Although the airtanker is a relatively recent fire
control tool, it has been a popular subject of 1iterary
discussion. Simard'and Young (1977) have prepared an
extensive annotated bibliography which provides over 700
literature references covering all facets of the use of
airtankers in fire control. In addition Martell'(197?) has
prepared a'comorehensive draft‘bibliography of over 40
operations research studies in fire control including
references to severa] aeria] detectioh aerial attack; and
airtanker selection and performance models. The literature
reviewed for thls thesis, however, relates more spec1f1callye
\‘to alrtanker allocation optimization studles and some of the
| operat1ons research literature devoted to location -
allocation models.

Ma]oney (1973) is generally credited with hav1ng |
developed the first a1rtanker a]locat1on mode 1 . His was“a
cost-minimizing model of the Cal1forn1a‘inision of Forestry
(CDF) airtanker (retardant) delivery system as a subsystem
of the overa]l CDF fire control program. Thls linear

programm1ng mode | m1n1m1zed the total cost of retardant
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delivery by four specific types of airtankers, delivering
twoﬂepecific retardants, from among twelve specific bases,
subject to certain cost, airtanker productivity, time. and

fire growth constraints. Maloney’s mode]l output defined an

optimal airtanker‘allocatiOn for any desired level of

operation of the aerial attack program among all air attack

bases under the jurisdiction of the CDF. In other words,

subsystem costs would be minimized by allocating the most

cost-effective_types of airtanker to specific bases within
P :

geographical as well as cost constraints.

A somewhat similar mathemat1ca] model was deve]oped by

‘the Aerospace ‘Corporation (1873) to determ1ne. for a defined

geographical region. a preferred pre-fire ailocation of
airtankers based on the lowest total expected damage p]us
operating costs This aircraft dep loyment procedure used
non11near opt1mlzat1on to m1n1m1ze total fire conta1nment
costs for one or more fires, where cost was treated as a
non]1near function of the number of‘airtankers deployed.
Greulich and 0’ Regan (1975) developed superior aerial
attack stEafegies dealing with dispatch considerations,
daily Burning index classes, protection priority regions\and
historical fire occurrence information. Their model then
identified for a given budget leve],-the optimum allocation
of five airtankers (twovtypes) among three CDF air bases in
nor thern California; A transfer rule assigned each aircraft
to the opt1mal base on the ba51s of- day to-day burn1ng index

values.
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Workers such as Martell (1871), Vesprini and Brady
(1974) and Renton et al. (1975) have also contributed to -the
development of cost minimizing initial attack models With
particular emphaSis being given to the airtanker allocation
problem. A1l of the resource allocation models referenced
thus far are based upon the Singular premise that a given
type, number, and -capability of airtanker will be optimally
allocated among all predetermined base locations:w1thin a
defined geographic region.'The,one exception to this
statemenf is a study by Simardtand'Forster i1971) which
stressed the interdependenee of airtankershand the
combinetions of airporfs te which they might be assigned In
Alberta‘ the problem stems - from the need to determine the
optimai locations of air attack bases (4). from among a
greater number of such centres (11) so that a function
relating proteetion priority and base-to-fire distances .
trave]ied is optimized, during one-strike initiai attack
missions. This type of problem has only recently received
attention in the airtanker operations research literature by
Hodgson and Newstead (1978a) and (1978b) This thesis is
devoted to further investigation of this problem. |

The matter of serVing a number of demand points and
,determining optima] facility locations falls within the .
general class of problems known as location allocation

.problems A brief discu5510n of these problems the
deve lopment of solution techniqpes, and their app]icability,

to this undertaking will serve to introduce the subject and
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Brihg some of the models into perspective.

Eérly in the twentieth century, Alfred Weber, a German
economist, pioﬁeered location theory in his consjgtration/of
industrial locatioﬁ relative to the Jocation of two |
resources and a single market wherein transportat1on costs.
were to be m1n1m1zed More recent]y. a pract1ca1
1nterpretatwon of the 1ocat1on a]locat1on problem has been
described by Scott (1971) as being representat1ve of a
social or economic system‘wh1ch is identifiable as a set of
flows between a number of cghtral’facilities'énd some set of

geographically dispersed source'Or~destination points.

j¢ Second World Wér linear programm1ng
fnd more r;cently tree search1ng methods “have

g greatly to the solution of opt1m1zation problems
w ht where today’s electronic data processihg “
fies have significantly aided and expéhded
;iallocation Tgsearch' '

ﬂ‘fre the' flow ass1gnment is.Kknown but the geograph1ca]
]ocatfbn of the facilities is unknown, then the problem is a
‘purely'locational one as in the classical querian case
wherein the cost of all flows between the c%ntral facility
and all other designated poiﬁts‘in‘(discretéb.space’is

" minimized. Alternately, if the facility locations are known
but the assignment flows are unknown, then'the‘problem
becoméé the ordinary transpoﬁtation prbblem of linear

~ programmi i

| (Scott 1971). Location-allocation models provide

the oppof ity to solve both of these problems’.
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simultaneously For example L-A models can be applied to |
problems involving the location of plants w1th respect to
their raw materials and markets soc1al serv1ce fac1l1t1es
such as clinics, hospltals and day care centres with respect
to their clients, emergency Services such as fire, ambulance
and pollce statlons with respect to their service areas ‘and |
so on. ReVelle (1968). for instance, was mot1vated by the
problem of locating cl1n1cs for chron1c d1sease care 1n-h1s
s tudy of central facilities location on a network

Within the context of the AFS air attacK program there
ex1sts a location- allocation problem in dealing with th\
optimal placement of four groups of a1rtankers among eleven
'de51gnated air attack bases scattered throughout the ./-
forested region of the prov1nce ThlS calls for a trade/éff

between m1n1m1zatlon of base to fire distances and

'max1m12at1on of the level of protection afforded to the\\

o 1 \\\ .

resource values under'protection or "at risk". By contrast,\”
the solution techniqUes'employed to date by fire operations
'.researchers have”simply sought to place some level of
airtanker capability at each and .every base to prov1de a
gmax1mum level of protect1on or suppression capablllty while
attempting to minimize costs |

Cooper (1963), an early and well-known 1nvest1gator of
L-A problems was the first to deal with locatlon allocat1on
situations in continuous space. He developed a heuristic
~algorithm which alternately locates ahd allocates points on

a plane to defined centroids. Through this iterative proCess
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Cooper’ s algorithmlseeks to solve for the optimal']ocations"v
of the Cartesian co-erdinates (x,y patrs) of the destgnated
centroids or nedian centres of the point set. This
part1t10n1ng process is conducted in such a way that the

" total aggregate distance between all points on the plane and
the centr01ds to which they are a]located, is minimized;

Mathematiealtyathis problem can be expressed‘as:

o

. IR : m n . —
CMinimize:  Z = > S iV Xei - xj)ze(Y*i - yi)z (1)
| A | .
‘Subject to: Z Nij=1 o (j=1,2 ...,.n (2)
o ; i=1
1 (i=1,2, ..., m , |
Nij o= . (3
C : - 1, 2,‘..-', n) .‘

0 ]

where X*i and Y*i are the Cartes1an co- ord1nates of the i th
'centro1d and xj and yj are the co-ord1nates of point J_on
the p]ane. The constratnt-(2) specifies that points on the
plane be fully assigned; and the 0-1 decision Variabte Nij
specifies whether or not point Jjis assigned to centroid i
The forego1ng is a cla551cal examp]e of the L-A problem
'and is also known as the p-median problem where the med1an
is that po1nt in space which m1n1mtzes the total aggregate
d1stance between 1tse1f and all other po1nts in the set on
' the plane. By way of an example, a]ong a line a s1ng1e
- median centre can serve as the optlmal centr01d or centre of '
grav1ty wh1ch m1n1m12es the total aggregate d1stance to all

2.2 _ A
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serve to minimize total aggregate distance, this is known as
thé 2-median problem. Similarly, if "p" points satisfy this
objective then this becomes a p:median‘problem.

In many instances the point set involves some element

of weighting where each point on thejplane has some measure

attached to it. This presents a weigﬁted p-median problem.
For example it may be desirable to determine the locat1ons
of a number of facilities, such”as parks, in rural areas. In
such a case the cities woqu‘cghbrise fhe demagd centres and
the objective would be to'minimize the aggregate distance.
betwean the facilitfes and the city residents. Here, each
city point would be weighted by its population and the
optimal p-median would minimize the aggregate distance from

all of the cities to the parks. Mathematically, thws prob]em

would be etpressed as the m1n1m1zat1on of:

m n . . |
]_4?1.]2::1 AJ owj \[(X*‘i - xjla+ (y*i -x,syg)z (4)

where the term wj has been introduced to "weight"” the travel
distance. | |

Cooper’s algorithm applies to problems. set in
cont inuous spabe and solves‘for the location of X,y
co-ordinates. wh1ch m1n1m1ze the aggregate distance between a

set or sets of points and their associated cegtro1d(s) In

- some 1nstances however, this solution technique is

inappropriate. One such case occurs where facilities must

locate ‘at certain designated points, as in the airtanker
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problem. Here, aerial tanker base facilities must be located
at airports where supplies and services can be provided in
support of the aerial‘attack program. This presents a
p-median problem set in discrete space because it involves
‘the determination of “b“ optimal locations from among a

' specified set of potential focations.

o ReVelle (1868) developedfa linear programme to solve
the p-median problem in discrete space. His objective was to
minimize tHe sum of population-distance or population-time
interaction; and he has been credited with proving the
problem to be structured as a 0-1 linear prograhming problem
with facilities restricted to nodes of the network. In
further deve]ophent of ReVelle's linear programme, ReVelle
and Swain (1870) showed that a linear prbgramming format

wou 1d é]ways yield'g O;jboptimum solution although in some
cases non-binary a]teﬁhative obtima may result.

This linear programming formulation seeks tb

n n -
Minimize:  Z = Y S ai.dij.xij. (5)
i1 {7
n
Subject to: 3 xij = 1 (i =1, 2,---<,n) (6)
J:
xjj > xij (1 =1, 2, ---n) (7)
(j =1, 2,----'n)
(i # 3 )
n

2 xii = p ’ (8)

i=1

(9)

xij> 0 = 1,2, ..., n)
(3 =1,2, ..., nb
14
Where: N = number of communities

Ve

h

P
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P =" number of centres to which communities
are to be assigned, 1.e. central
facilities

ai = population of .the ith community,

1= 1, 2, .., N

dij = shortest d1stance from community i to
community j

X1j = decision variable, 1 if community. j

does assign to community j, 0 if not

Three types of constraints are required to ensure that
each community be fully assigned (6): to restrict
assignments to only those communities which assign to
themselves, i.e. those which have facilities (7): and to fix
the number of central facilities and thus the number of
facilities which might assign to themselves (8). A fypical
non-negativity constraint (9) is also provided. The ReVelle
and Swain (1970} formulation thus enabled optimization of
fac111ty locat1ons in discrete 'Space such that one or more
of the communities des1gnated for service could also act as
central facility locations. |

The p‘meéian solution insists that ail points be served
by minimizing the aggregate distance between al] demand
points and the nearest centroids. However, in some ‘cases
this may be inappropriate because of capacity 11m1tat1ons or
maximum service ranges For instance, there may be a need to
locate fac1l1t1es in such a way that they be readily
access1b1e to their c]1entele or where travel restrictions

‘dictate a maximum range of effective service. Such might be

- the case with civi] administration or social service
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facilities.

There are two L-A approaches to éolving problems
tnvolving maximum ranges of service. In the first instance,
it is possible to maximize the level of coverage provided by
the faciljtieé so that as mucﬁ demand as possible is brought
into range or served within a specified maximum service
dis{ance.\ln the second case és repOrteq'by Ho Imes et al.
(1972}, maximum coverage could be traded off with the
minimizatipn of distance where the level of service may
dec]ine or become less desireable with increasing distance,
to a predefined maximum. |

In other words maximum service may be determined by

maximizing:
m n
Z= 3 3 wi.xij _ (10)
- i=1j=1 . _

/Or, as in the Holmes model, service maximization and

diStance minimization may be traded off by maximizing:

m n ' ‘ y ]
Z= 3 3 wilS-dij) xij (11)
i=13=1 -
Where S is the maximum range of service.

The ma x i mum coverage model implicity assumes that in
‘the Case of the forest fire problem, all fire occurrences
. ¥
would be equally well served if occurring‘within the maximum

range of airtanker effectiveness. This approach, however ,
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does not consider that airtanker effectiveness declines with
increasing distance between the base and the target. Based
on phe latter premise, Hodgson ‘and Newstead {1978z empioyed
a modificatioa of the Holmes et al. (1972) model to
optimally locate four air attack bases among the eleven suéh
bases in Alberta during three specified fire occurreneé
periodsu B

The Hodgson and Newstead (1978a) mode] trades off the
importance of maximizing‘the weight or "value-at-risk"
served within the attacR rangé of a base with the
minﬁmization of the average base-to-fire distance, on the
assumptioﬁ that there is a linear decay in airtanker
- effectiveness with inéreasfng~dfstance, to zero
effectiveness at § = f93 km.

The objective function maximizes:

m n . :
Z= 3 3 vj (S - dijl)xij (12}
IEARER o
Subject to: '
' m
2 xij<i (i =1,2, ... nJ (13)
i=1
Xii - xij>0 (i =1, 2, , m) (14)
j=1, 2, , N
m . .
2 xii = p | (15)
i=1
1 (i =1,2, ..., m
xij = - (16)
0 (j =1,2, ..., n

Where: m = number of potential air attack bases
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n = number of fire targets including air
bases

p = number of air bases to be designated
as. optimal attack bases

vj = weight (value - at - risk] at target j
dij = airline distance, air base i to

- target j

xij = decision variable, 1 if target is

.assigned, 0 if not

'S = designated maximum range of service
. . " . i -

Linear‘proghamming was originél{y employed to solQe the
breceding mode . .howe'Ver;‘f computation time proyed. to be
quite cestly owing ‘to thebléfge number'of_variables and
-coestraints encountered. As e result, the same problem was
reconsidered by Hodgson'end Newstead (1978b) usingea
Cheuristic so]ution proéedure app]fed to\a'combinatoria]
formulation of the a]gdpﬁthm.

Thus formulated, the model selects a set of facilities

s

A sO as to maximize:

m- N .
Z= 3 32 vils-.dij)rij (17)
iz1j=1
Subject to: Al =p 4 (18)

such that exactly p of the potential air attack
bases become members of the set of attack bases

i€ A ‘ - (19)

| 1 if dij = MIN dij, dij<S)li=1, 2, .... m)
TAij o=

0 otherwise (j=1, 2, ..., n)

Ty



36

Heuristic algorithms, although not eble to‘guarantee
global optima, offer very real cost savings and |
determinations of excellent qoality deépite the possibility |
of generating suboptional Solutions To solve the preceding
model Hodgson and Newstead (1978b) employed a variant of the
Te1tz and Bart (1968) vertex subst1tut1on method in order to
.oompare computation costs and so]ut1on quality with the
prev1ous]y referenced linear programming rout1ne During one
part1cu1ar fire occurrence period 1nvest1gated “the
heuristic algbrithm performed very well in relation to fhe
linear programming results. When prooessihg time and costs
were oompared, the heuristic éo]ution resulted in savings of
over $50.00 for the sfngle computer run ($O:34 versus
$54.00). In only one case was the heuristic solution lower
than the true optimum, and that mafginal]y. In addition,
there are cases when the Holmes et al. (1972) linear
programm1ng approach can: produce non- b1nary, ‘and thus
mean1ngless, optima. According to ReVelle and Swain (1970)
these opfima ocour when demand points are equidistant froﬁ
vservice centres, resulting in fractiona] values of the_
decision variable.

In summary, Hodgson and Newstead (13978a) noted that
heuristic programmipg offered adequate efficiehcy and \
accuracy to warrant application to location - allocation
problems dealing with the location of airtankers. This
observation is generally supporfed-by workers such as Kohler

~and Rushton '1873) and Lea (1973) who found heuristic



solutions to be “highly'reliable"'and "usually df.high
quality" even in‘fhe.case of sub-optimal so]utibns.

This thesis, és will be discussed in detail in the next
chapter, employs a modified version of the Hodgson‘énd
Newstead (1978b) distance-biased maximum coverage mode]l
because ofvthe authors’ conc1usions-that this model offers
sﬁperiority in ‘providing .a high degrée of “value-at-risk"
-Coverage as well as incorporating a distance -‘effeétiveneék
funétion.'SuCh~5/¥anction is of prime importancé in forest
fire control prbblems because élapsed time .or striRe :
distance can have a‘sjgnfficant bearing on fire size at

initial attack.



I1T. THE MODEL - DEFINITION, VARIABLES, AND ASSUMPTIONS

A common planning problem is to locate a limited number . =
of central faciltties in order to maximize services to an
existing populatton. This problem‘has been introduced and»
d1scussed at some length in the preceding chapter. In the
case of the AFS air attack program it would be beneficia]
to the forest’ protect1on headquarters to Know in advance N
where the four bomber groups could be best p051twoned among
the eleven attack bases in anticipation of f1re outbreaks
throughout the province. Since it is not possible to predict
the exact locations of fire starts to generate model input,
this thesis” fo]lows the procedure of previous fire
researchers and taKes a retrospective viewpoint and uses
fire location records for a g1vep f1re season (1974, Th1s!
procedure allows the assessment of the model’'s performance‘
and applicability to this type of problem in the event that
improved fire occurrence predictions become avajlable and
rea]-time modelting becomes‘feasibte in forest fire control
situations. ‘

It is important in wildfire control to initiate attack
and‘suppression proceedings as quickly and efficiently as
possible in order to.capitalize'on control opportunities—
avaitable, particularly as the fire hazard and value of
threatened resouroes increases. Fire oehavﬁor is dependent
upon fuels, weather, and topography, while the element of

time influences the rate of fire growth. The airtanker

- F Yl



offers the potential to minimize this time element or
duration of fire growth, once a fire has been reperted to a
nearby attack‘base, owing to the relatively short
.mobilization, dispatch and travel times invoﬂved. Once over
| the fire, the combined capabilify of fhe number of taﬁkers
| dispatched, ground‘crew‘support, and fire behavior
circums?anceé will largely determine the level of
effectithess of the mission. |

The model employed in this thesis is an extension of
that reported by Hodgson.and Newstead (1978a,b), modified in
euch a way that airtanker strike distance (time) and fire
'haididk(growth potentiall are given more consideration
because of the manner in whwch’they might 1nf1uence mission
wsuccess Accord1ng]y, as fire sever1ty KFWIr 1ncre£ses the
maximum attack range 1e reduced; These features of the mode]l

and the relevant déta set will be discussed following

presentation of the model.

A. The Model
This model, as noted earlier, trades okathe.importance_
of serving as much value-at-risk as possiblie with the
importance of locating the four bomber'groﬁps as close as
possible to“the fire ocurrences dealt with. It seeks a set,

A, of p attack bases which max1m1zes the funct1on

ZZ vi (S - dij)rij  (20)
i=1j=1 : .
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Subject to the‘same constraints»(18lband (19) as
~outlined in the previous chapter. | 7

This functwon is exactly the .same as that employed by
. Hodgson and Newstead l1978b) but in th1s case it allows the
use of a variable attack range, Sj, which is deflned
accord1ng_to the prevatllng f;re hazard (FWI) category at<\
fire location(j. In this sense, if the: data and Knowledge
were ava1lable it is concelvable that a particular attack
range @Ruld be inserted into the mode] for each flre site
considered. Here Sj- 1s taken to fall into one of three

categorieswhich will be discussed in the nexthsection.

B. Determination of Model Variables

Potential Air Attack Bases - m:

Currently airtanker bases in Alberta are located almost
exclus1vely at the adm1ntstrat1ve centre of each Forest. The
one except1on is P1ncher Creek, where a recently constructed
base supplements the Bow- Crow Forest headquarters base in
Calgary. In 1974 there were two exceptions to the rule when
Fox Creek and LetH§r1dge served as base locations in the
Whitecourt and Bow-Crow Forests respectiyely. Since 1974 a
new base has been established at the Whitecourt airport and
:the Lethbridge base has been moved to Pincher Creek In all
other 1nstances suitable atrport fac1l1t1es and runway
requtrements were already established at the Forest.
headquarters community and permanent a1rtanker bases were

~ sited accordingly. lAppend1x 3)
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“ﬁthe procedure»empioyediby earlier researchers
' [Maloney (1973), Greulich and O’Regan’(1975)f
and di; ﬁm;'and News tead (1978 a,b)], this thesis utilizes

G ')ffire occurrence data. specifically thdse,recorded
in fire season.kThe year 1974 was selected for two
~reasons: iii it'was the first full fire season in which the
' presentft\gr groups of airtankers were under contract (two“
'groups o;%?hree B-26 airtankers and two aroups of two PBY- SA
Cansos!): ard (2) it was a relatively active fire season from

the standpognt of the aerial attack program, particuiariy

when'comp.f ‘Tgith the years 13873 and 1975 for which Similar

data werei-gailable The years 1976 and 1977 were not
considered because of a lack of computerized fire reportvi
summaries ‘at the time that this theSis was started and- -
because of the 1ower level of air attack activ1ty when
compared with 1974, |

In order to compare model results witn the actual
locational circumstances which prevailed during the 19%4
fire seasonr it'was necessary that common time frames apply
to éach. It was decided that the 1974 airtanker base
assignment roster would best serve these tempora]
requirements and accordingly.;all model runs are based on
the 23 specific time periods for which the base locations of
‘.eachfgroup were Known (Appendix 4). | | o
vThe_AIberta Forest Service individual fire report form -

is used to document extensive information pertaining to each
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forest fire. attacked anywhere in the province. »Fol]owing a

transcoding procedure th1s information is reduced to s1mple :
numerlc and alphabetic codes and ‘recorded on- magnet1c
computer tapes (Append1x 5). These tapes have been made
available to the author for research purposes through‘a-
memorandum of agreement between the Nor thern Forest Research
Certre and the A]berta Forest Service. Al]l flre ]ocat1on
hazard time and d1stance parameters 1nvolved in the data
screenlng process have been selected from these tapes.

Add1t1ona1 sources of 1nformat1on such as seasona]

.statistics and trends ‘and a1rtanker act1v1ty summaries will:

also be referred to periodically in the data assembly
portlon of this thes1s

Dur1ng any given fire season it is Virtua]ty impossibie
for airtankers to take action on all f1res throughout a |
prov1nce the size of Alberta nor- wou]d it be economlcally
feasible'to consider doing sO. Therefore, for the purpose of
se]ect1ng h1stor1ca1 fire starts which were eligible to
receive tanker action, it was necessary to derive simple
dispatching ru]es whereby a "reasonable" number of fires.
could be considered as I1kely airtanker "candidate” fires.

Severa] criteria were arbitrarily selected as
operationally feasible airtanker dispatch'guidelines for .
screening candidate fires. These were based uponspersonal

KnowIEdge and experience of the author and communication

- with a1rcraft dispatch offwcers at the AFS Factors such as

| duratlon of a1rtanker contract flre size at'initial attack,
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prevailing fire hazard. and fhe-aVailability of alternate

attack resources were considered. in developing the follow1ng-,

~list of reJectlon cr1ter1a : ;

Actual flPES were w1thhel from the l1st of potent1al

or cand1date alrtanker flres 1f

1.-

The,flre occurred pr1or,tovMay 15, 1874, the inltiation :

of the airtanker'contract period;k | |
The.fire,occurredvafter August 15, 1974, the‘termlnation
of -the airtanker contract perlod.'

The fire was greater than 4.05 ha at lnitial'attack,
beyond which slze aerial attack would‘likely be'
1neffect1ve in ach1ev1ng some measure of control on a
"“one-strike" basis. |

The FWI } 1 which sugges%s thatlairtanker actlon WOUld.
have been unnecessary or in excess of suppre551on

requ1rements |

The getaway to attack tlme by alternage resources was’

<0.5 hr and Z<FWI< 8 on the assumption that |
supplementary aerial attack resources would have offered
llttle or no significant control advantages der these
Tow to moderate hazard cond1t1ons o : ‘v“

The getaway to attack time by alternate resources‘Was

<0.2 hr and B< FWI <25 on the assumption that

, supplementary aerial attack resources would have offered

"'lnttle or no s\gnrflcant control,advantages despite

these high to very high hazard conditions.

I
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This proeedure resufted in the selection of only those
fires deemed likeiy to have benefited from one-strike
initial attack by airtankers. It was aseumed'that fires |

\V//\\ occurring when the FWI exceeded 25 (extreme hazard) would

| cbive im%ediate "all out" aerial and ground‘attack. As a
result of this process 271 fires were rejected for one
reason, 61 for 2 reasons and 18 for 3_reaeons, to a total of
350 rejections. The\remaining 248.fires‘accounted for 41% of

the actual number occurring during the 1974 fire season.

Value at risk - vj:

This term is-introduced by way of definitieh of the
recently developed AFS fire suppression priority schedule.
.This pr1or1ty ratlng recognizes the potentwal]y detr1menta1
1mpact that w1ldf1re can have on human life, real property,
mu1t1ple resource values, watersheds, recreation, oil and
gas fac111t1es t1mber resources and grazing in that order
and as presented earlier in this study (McDonald 1876) . THe
four resultant priority ratings have been reversed‘to
provide estimates of value-at-risk. For example, fires
occurring in priority zone one have been assigned a
value-at-risk of four units. Precise values would have been
more desirable, however, in the%r absence the §erogate
measures adopted do reflect current AFS fire control
decision-making criteria. The geographic location of each
fire was subsequently identified on a fire suppression
priorities map:to determine its value-at-risk.

£

Base-to-fire distance - dij:
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" This variable is represented by the great circle or
air]iﬁe distance between each candidate fire and the
airtanker base to which it is to‘be allocated. Since the
location of each fire origin is recorded by the AFS in terms
of ifs legal description (legal suBﬂivision, section,
township, range and meridian) all base and fire locatioqs
had to be redefined in terms of their geographic’
co-ordinates prior to determining point-to-point distances.

These data treatments were accomplished in two stages.
Initiélly a computerized map transformation routine was used
to transform the legal fire location description based upon
the Dominion Lahd Survey (DLS] directly to geographic -
co-ordjhates. By this process the original firg(location
information, recorded to the nearest legal subdivision, on
thé fire report summary tapeg was converted to latitude and
longtitude. §ubsequent]y, another subroutine was used to
calculate thé/great circ]e‘distance between the geographic
co-ordinates of any two points for all fire and base
locations. ! |

Maximum attack range - Sj:

The maximum attack ranges of the airtanker groups, as
employed in this model have been defined to reflect the
‘assumed influence~0f ingreasing base-to-fire distance on

declining airtanker effectiveness.

'The initial transformation routine was originally made
available by the U. of . Department of Geology and modified
by the U. of A. Computing Services and stored in the file
NEW: PROJECTION. The point-to-point distance calculations
were accomplished with a great circle distance sub-routine
provided by M. J. Hodgson, U. of A. Department of Geography.
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On the basis of an unrefined distance decay funétion
‘the following three attack ranges, Sj, were arbitrarily
selected by the author as reasonable first estimates of the
effect of distance and fire hazard on the effectiveheSS»of

airtankers operating according to a one-strike concept:

Sj = 30 km if FWI > 25
Sj = 65 km if 8 < FWI < 25
Sj = 200 km if 2 < FWI < 8 "

The .Fire Weather Index (FWI) was chosen as an indicator
of the "likelihood" of successful one-étrike aerial attack
because it was the most meaningful relative measure of
expected fire behavior readily available oh magnetic tape,
for each fire reported. The selection of three attack rahge
categories stems from a deéire to improve upon the 193 km
maximum range reported in Hbdgson and Newstead (1978 a,b)
which in turn was taken from McDonald (1976) to be A&
reasonab]e outside limit of effect1veness for airtanker
groups in Alberta. g

It is conceivable that a non-linear decay funct1on
would be more rea]1st1c and better portray the expected
decline in airtanker effectiveness'with increasing distqnce,
however, at the time of this investigation such data were
not avai]ablé. The term Sj-dij because of its linearity,
implies full airtanker effectiQeness at zero base-to-target
disténce and zero effectivenes;rat or beyond the maximum
range for each FWI category considered. This is a recognized

weakness in the present model and as a result Qérk is
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underway at the Nor thern Forest Research Centre to analyze
this function in more detail. Fire specific aerial observer

reports have been designed specifically to gather

%

operational information which will enable assessment of

airtanker effectiveness on actual attack missions.
A &
Airtanker performance and productivity assumptions

Although the airtanker is a most versatile fire control
tool owing to its speed, manoeuverability, and strike
capacity, it is also a comp]ex_instrument. This has resulted
in the need jo make several simplifying assumptidns
Cbncerning,performance, within the context of,the mode 1.

First it is assumed that a one-strike cbncept applies
wherein sufficient strike capacify is:provided by a single
airtanker group to effective]y curtail fire spread'unti1 |
control is achieved.

Sécondly} all groups ére‘assumed to be dispatched from
specified air attack basesxwith each airtanker carrying a
full legal load of chemical fire retardant. Reloads and
water pick-up potential are not consiﬂered. In fact, the two
types of éirtanker, the B-26 and PBY-5A Cénso are considered
equal in every respect even though they actually differ
signifiéantly'in their respeé}ive roles and productive
capacities (Appendix 2): Therefore, throughout this
presentation the assumption holds that a "group" of three
B-26?s is equa]iy éé effective as a "group” of two Canso’'s
so that amalgamated resource units may be considered.

As previously stated, great circle or airline distance
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K

is used to describe the flight paths between any air attack
base and fire site. In so doing airtanker performance is
assumed to be unaffected by'meéhaniCal, topographic,
weather, or fire related condftions.'Allowancgs are not made
to account for increased distances (time) incurred in
take-off, over-fire, or landing requirements.

It is further assumed that the air attack strategy
would incorporate either direct or indirect retardant
épplication such that a fire would be rendered controllable
by ground crews assumed to be at the site or expected
shortly. Additional assumptions pertainiﬁg té airtanker
performance provide for 100% drop accuracy and unconditional
retardant effectiQeness

Sdéewhat s1m11a; assumptions have been 1ntroduced by
other authors to deal with operational variables for which }
Quantitative measures were not available. For examp]e:
Greulich %nd 0’ Regan (1975} defined their initial attack
period as one hour, beginning with the dispafch of the first
airtanker. This model assumes that a single s;rike by an
airtanker group constitutes initial aerial attack. The
- Greulich and 0'Regan model assigns eéch aircraft to a tanker
base on the basis of .observed burning index values whijevthe
mode ! under discussion utiiizes fire weather indices (FWI)
‘to determine the ]ike]ihood of airtanker action on a given
fire as well as the range of attack. These coﬁside}ations‘=
have been disc&ssed in the foregoing section on candidate

fire selection procedures.



Maloney (13873) defined his ;relevant fire set" as
including all fires (1) that burned within defined land
administration zones, {2} located within 15 minutes flight
time of an air base, (3) beyond 15 minutes travel time of
ground suppression forces, (4) which burned dur1ng the July
1, to October 15 fire season, and (5) which occurred dur1ng
dayllght hours only. He also derived mathematica] functions
to determine surrogate measures of airtanker efficiency
where absolute values were not otherwise Known . -

Renton et al. (1975) assumed (1) that initjal attack by
air should occur within 15 minutes, (2) that a minimum of
3785 litres of retardant be delivered, (3) that the maximum
fire.size at control should not exceed 4.05 ha, and (4) that
each forest area under protect1on be assigned a pr1or1ty
rank based ‘upon watershed and res1dent1al development

In summary, models s1mu]at1ng real—llfe c1rcumstances
suffer from 1ncons1stenc1es and weaknesses readily apparent
to managers of day-to-day activities. It'has'been shown in
this chapter that this model is no d1fferent than any other
in that 1ts shortcomlngs may be attr1buted to several
different 11m1tat1ons in the data base, the prevailing
assumptions and the algorithm itself. However, as. improved
data become available, a concomitant reduction in the nature
and extent of assumptlons made by the modeller should serve
to elevate the capab111ty and credibility of simulation

-models in the eyes of the decision-makers.



IV. ANALYSIS OF OPTIMAL BASE LOCATIONS RESULTING FROM THE
USE OF FIXED AND VARIABLE ATJACK RANGES

The deve]bpment and dpplication of location-allocation
models have been considered in the~preceding chapters,
;u]m1nat1ng with a presentat1on of the partwcular mode 1
employed in this study The forest fire control problem
herein deals with aerial attack resources which must be
located in such a way that their service area is defined. by
one or more optimal attack radii. This iévbeéause at any
given level of airtanker performance, capacity; and
ohgan{zatioha] grouping, thential’effectiveness'declines as
the basé-to-fire distancé increases. This ﬁn_turn can be
attributed to the fadt‘thét fire resistance to contro] under -
certain fuel and weather cond1tlons increases with t1me
~ between d1scovery and initial attack. A]though not
considered 1n this study, multiple f1re occurrence could
also contribute to a reduction in overal] aerial attack
capab111ty

The purpose of this chapter is two-fold in its devotwon
to ana1y51$ of model results. Initially the output of two
model runs wil] be_compared and analyzed to demonstrate how
the application of a fixed (200 km) attack range results in
overestimation of the capabilities of four airtanker groups;
and subSequently how theuintroduction-of Fw1~depeddent
variable attack ranges yields superior locational results

owing to the determination of more realistic base leriiSFs.

[ aY
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Secondly,‘the consequencesrof_locational immobility of
airtanker groups wtll be assessed by comparing the optimal
base locations generated by the variable-range solution with
those generated when these locat1ons are ‘held constant

dur1ng the subsequent fire occurrence period.

AL Comparison of Resuﬁts‘of Fixed and Variable Attack Ranges
The.first model run was that governed by the fixed (200
Km)-attaCK range (Sj). The general output for this solution
ts presented in Table 1 and includes a listing of the
optimal base locations, the tbtal value-at- risk and amount

served, the total welghted distance (sum of value at-risk x

. base-to- flre d1stance) the average. base to-fire distance

per un1t of value served, the total number of fires involved
tand served, and f1na11y the computed value of the objective
funct1on for each time period cons1dered S1m1]arly. the
overa]] output for the variable. attack range model is
‘presented in Table 2.

. Analysis of the results produced by these models will
~show the extent to which the first overest1mates airtanker
capabilities because of the number of fire targets |
considered to be within attack range but which in more
realistic terms could not be effectively controlled by an
airtanker group owing to their hazard rating and distance
frombase. This effect is examined by submitting the 200 km
mode | ]ocationalvoutput along with the prevailing
base-to-fire distance (hazard)'and value-at-risk ratinés to

\

—
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Table 1 Optimal FixedsRange Solution
Time : Airtanker Value Total Avg. No - of Value of
Period Base At Weighted Base- ' Fires ,Objective
Locations . Risk " Dist. " Fire “Function
' Dist, (2)
Total Served Total Served
135 - 143 2 7 4 3 23° 22 1391.92 - 63.27 12 5 1t 3008 .08
134 - 149 8 4 5 0 15 15 534.71 35.65 7 7 2465 28
150 - 155 4 1 5 o} 11 11 584 .76 53.16 7 7 1615.24
156 - 165 8 4 5 3 46 45 3457 .16 76 .83 20 18 5542 .84
166 - 169 8 1 3 6 87 83 . 5773.21 . 69.56 43 36 10826.73
170 - 174 6 B8 9 5 5 . 55 3528 65 64.16 19 18 7471.34 .
172 - 173 "9 B 6 - 3 90 0 524967 58 .33 32 32 12750.232
174 - 174 2 10 8 3 41 40’ 3354 .24 83 .86 16 A5 4645 .76
175 - 175 5 (o] [¢] o] 1 1 84 .26 94 .26 1 { 105 .74
176 -~ 176 7 6 0 o} 8. ‘9 713.26 79.25 3 3 1086.74
177 - 177 0O © 0 © 0 o} 0.00 0.00 0 o] 0-00
©178 ~ 179 11 9 0 0 7 - 7  676.24 96 .61 2 2 723.76
180 - 182 2] 4 (o] (o] 11 11 1060.78 96 .43 4 4 1139.23
183 - 186 11 1 9 8 13 13 8929 .41 71.49 5 5 1670.60
187 - 196 8 1 9 (o] 19 19 1671.53 87.98 10 10 2128 46
197 - 197, 10 7 9 [ 16 16 1149A30 71.83 5 5 2050.70
198 - 207 2 10 11 3 33 . 26 1984 .46 - 76933 11 R 3215.54
208 - 208 (o} [¢] 0 o 0 6] - 0.00 = 0.00 o -0 "0.00
209 - 211 2 10 Q 6 41 41 2544 .83 62.07 14 14 5653 . 1€
212 - 216 10 8 7 6 ' 52 51 .3940.28 77.26 18 17 6259.72
217 - 218 10 7 3 6 { 22 p 20 1990.24 899.51 9 8 2008.78
219 - 227 B 10 4 6 .24 21 1301.27 61.97 9 [ 2898 .73
228 - 230 8 (o] o} (o} 1 1 369.01

3 3 230.99 77.00

Total 630 599 248 229
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Table 2. Dptimal Variable-Range Solution
Time Airtanker : Value Tota! Avg. No. of “Value of
Period Base At - Weighted Base- Fires Objective
Locations Risk Dist. Fire : Function
» Dist. (2)
~ Total Served Total Served
¢ .
135 - 143 2 7 4’ 3 23 - 14 857.90 - 61.28 12 8 " 687.09
144 - 149 8 4 5 0 15 15 534 .71 35.65 7 7 1385.28
150 - 155 1 4 0 (o] 11 g 434 .12 48 .24 7 5 420 .89
156 - 165 8 4 5 3 46 16 842.18 52.64 20 9 '602.82
166 - 169 B 5 3 [ 97 40 1412 .78 35.32 43 t4 972.19
170 - 171 8 1 9 0 56 17 740.43 43.55 19 6 769 .56
172 - 173 9 8 [ 3 90 60 2367 .71 39.46 32 20 2417 .30
174 - 174 2' 9 11 3 41 18 1127 .14 62.62 16 7 1932 .88
175 - 175 0 (s} 0] (o} 1 0 0.00 0.00 1 ) 0.00
176 - 176 76 © 0 9 9 713.26 79.25 3 3 681.74
177 - 177 o] 0 o] (ol 0 0 0.00 0.00 0 0 0.00
178 - 179 o] 0 o] ] 7 o} 0.00 0.00 2 0 0.00
180 - 182 O 0o o0 o 11 0 0.00 0.00 4 o] 0.00
iB3 - 186 ] 8 o 0 13 7 237.97 34.00 5 2 622.03
187 - 196 B 1 9 0 19 10 781.89 78..19 10 4 813 .10
187 - 197 7 g [ 0 16 9 572 .85 63.65 . 5 3 417 .15
198 - 207 2 1 3 0 33 10 - 455 .83 45 .58 14 4 734 .18
208 - 208 o] 0 0 o o] 0 0.00 -.0.00 0 o] 0.00
209 - 211 2 10 <] 6 a1 26 1256 . 10 48.31 14 9 703 .89
212 - 216 8 6 0 o] 52 15 795.90 53.06 = 18 5 179.09
217 - 218 10 6 0 o . 22 6 437 .33 72.89 9 2 762 .68
218 - 227 B 1 a4 6 24 11 428.01 38.91 9 4 961,99
0 0 o] 0 1 0 0.00

228 - 230 3 -0 0.00 0.00

Total 630 292 248 112

(ot
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the variable-range model to determine revised values ©f the
.objective functions for all time periods. These resu'lts are
presented in Table 3 in exactly the same manner as shown in
Tables 1 and 2. The subsequent evaluation is presented/1n
the form of an "overestimation index" attributed to the
1nf]uence of these targets on the values of the obJect1Ve
funct1on generated by the 200 Km-limit solution.

Df 1tse1f overestimation of service potential'is not
all that critical. However, the consequences of determ1n1ng
unreallsttc base locations are of éoncern and warrant .
ana]ys1s. In order to assess the outcome of'incorrectly
locating bases in response to fire occurrences, which in a
more realistic sense could not be attacked according to the
variable-range single strike limitations, an "index of
locational supertor1ty was developed This procedure
resulted in elimination from consideration those fires
originally within 200 km of a base but beyond the attack
range determined by their prevailing hazard rating. For‘
example, a fire originally included in the fixed-range
solution might be located 180 km from a given base but. in
‘reality, because of an FWI rating of 30 the fire should not
be considered for treatment. If considered. 1t wou ld
erroneously bias the base se]ectton in favour of a given.
location. The actual development of these 1nd1ces and their
tabulat1on w111 be presented short]y |

In th1s undertaking the overall maximum acceptable

strike range for bomber groups in Alberta has been
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Y

Table 3.0 Evaluation of Fixed-Range Bases According to
Variable-Range Criterion ‘

N

Time Airtanker - Value Total Avg. No. of Value of

Per iod ' " Base ' T At ‘Weighted Base- Fires | Objective
Locations Risk Dist. Fire . Function
Dist. " (2)
Total Served ) Total Served
135 - 143 2 7 4 3 23 14 857.90 61.28 12 8 687.09
144 - {40 8 .4 5 0 15 15 534 .71 "35.65 7 7 1385.28
150 - 155 4 1t 5 0 11 8 434 .12 . 48.24 7 5 420.89
156 - 165 8 .4 5 3 46 16 -~ 842.18 52.64 20 ) 602 .82
166 - 169 . g8 1 3 6 97 42 1590.95 ., - 37.88 43 15 924.03
170 - 171 .6 B 9 5 56 16 691.41 43.21 19 5 753 .58
172 - 173 9 B 6. 3 a0, ‘60 - 2367.71 33.46 .32 20 417.30
174 - 173 .2 10 8 3 41 24 1635 .46 68.14 16 9 1814.53
175 - 175 .5 0 0 © 1 o} 0.00 0.00 1 o} 0.00
176 - 176 7 6 0 0 9 9 713.26 79.25 3 3 681.74
177 -7177 ‘0 0 0 o0 0 0 0.00 0.00 0o 0 0:00
178 - 179 11. 9 0 o 7 0 0.00 0.00 2 0 L 000
180 - 182 . 9 4. 0 © 11 0 0.00 0.00 4 o] +0.00
183 - 186 19 9 8 13 7 237.97 36.00 5 2 622.03
187 - 196 8 t 8 0 19 .10_ - 781.89  78.19 1o 4 813.10
197 - 197 10 7 9 & 16 ‘g 572 .85 .63.65 5 3 417 .15
198 - 207 2710 11 . 3 a3 ] 316.25 35.14 11 3 _ 673.75
208 - 208 0 0 o0 © 0 0 © 0.00 0.00 0 0 0.00
209 - 2114 2 10 9 s 44 26  1256.10 48.31 14 9 703.89
212 - 216 10 8 7 '8 52 15 795.90 53.06 18- 5 179.09
217 - 218 10 7 3 6 22 6 437,33 72.89 g 2 762.68
219 - 227 8 10 4 & 24 10 321 .46 32.15 g 3 868 .54
228 - 230 8 0 0 o 3 . o0 " 0.00 0.00 1, o} 0.00
Total 630 297 248 112
- /-
™,
/>
4
/
~
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established as 200 km. This outer attack limit is
'approxjmately the same as thatladopted by Hodgson and
Newstead (1978 a, b‘ as be1ng a reasonable l{mlt of
effect1veness for groups of two or three 1and based ‘
airtankers. The 1n1t1a1 model run. 1ncorporates th1s attack
d1stance and appl1es it to all f1res con51dered for |
allocation regardless of the preva1]1ng hazard (FWI) at the
fire site. The second mode | run, cons1dered in th1s study to
yield the more rea]1st1c optimum solution, 1ncorporates the
1var1ab1e maximum attack range governed by the fire hazard at
the target. This is referred to as the opt1ma1 -
variable-iimit" opt1ma1 var1able or Variabte range"
‘ so]utlon wh11e the preceding run is referred to as- the
"optimal 200 km- ]1m1t“, "200 km-1imit", or “fixed-range"
solution. | | | |

At this point it should be noted'that there are
 occasions during the time per1ods under conslderat1on when‘
fewer than four base locations are designated as . optimal.
This occurs when less than the maximum number o; four bases
are required to serve all of the candidate fires within'the
‘prescribed attack range‘for each model run. During per1ods
177 177 and-208-208 fire occurrence was zero therefore no
- base locat1ons were generated by ‘either solution and it was
assumed ‘that the bomber groups retained their prev1ous
‘ass1gnments for the purpose of the next 1terat1on o$ the -

algor1thm

The two designated.maximum'attack range criteria were



considered initiat]y and the’objective funotions for these‘ |
mode | runs’are'presented}in.COlumns;2 and 5 of Table 4.'1nh:
order tO'provide a‘basis for'comparison of the performance |
of the 200 km-attack range, the base Iocat1ons generated by'
'1t were submvtted for evaluatton in the var1ab1e range'

- model. Thls resulted in new values of: the obJect1ve
funotion~ presented in column 3 The ob3ect1ve funct1ons of
the optimal 200 Km solut1on were then d1v1ded by the1r' |
counterparts produced by the 1ntegrated solution

Z 200 .
). Th1s y1e1ded ‘an overestimation index of the

extent to wh1ch the/2OO Km- l1m1t results in overestimation -
,of the value of the obJect1ve funct1on and correspondtngly.
ia1rtanKer effect1veness potent1al relative‘to the optimal
var1able solutton F1na11y, in order to assess the degree to

which the opt1ma1 var1ab1e range solution is: truly super1or

' to_the fixed-range solution, .1t ‘was necessary,to 1ntroduce
Z Var,

the sixth and last column 1n Tab]e 4 ( . ) wh1ch

200/Var .
\ numerwcal]y indexes the re]at10nsh1p between the values of
the obJectlve‘funct1ons generated by the variable range\

~ solution and those resulting from evaluation of the”200
Km—limft‘bases in ‘the variable-range modelj‘Thts'indEX of
superiority indicates the extent to which the base locations
identified in the variablé-range»model are'better suited to
maximization of the value-at-risk and number Of fires served
as Iraded off with mxnxmlzat1on of aggregate base to-fire

dlstance

Analysis of model results indicates there to be two



Table 4. Comparison of Fixed-Range and variable-Range Solutions

f

Fixed-Range Fixed-Range Overestimation Optima) Superiority
Solution Bases in Index Due to Variable- [Index Due tc
Variable- Unrealistic Range Improved
Range Mode! Base Locations Solution Base Locations
e ) Z 200 2 Var,
Time eeeeeeo
Period 2 200 Z 200/Var. Z 200/var. Z var. Z 200/var .
13% - 143 13008 C8 .. 687 .9 4.38 687 .08 .00
144 - 149 . 2465.28 1385 .2 ) 1.78 138528 1.00
150 - 155 1615 24 420 89 ., 3.84 420,89 1.0C
156 - 165 5542 .84 602 .82 9.19 602 .82 1.00
166 - 169 10826 73 824 Q3 11.72 8972 .19 1.05%
170 - 171 7471.34 753.58 9.91 769.56 1.02
172 - 173 12750.33 2417 .30 5 27 2417 .30 1.0C
174.- 1737  J4645.76 1814 53 '2.56 1932 .88 1.07
175 - 175 105.74 0.00 [0 o} : 0.0Q N/D
176 - 176 1086 74 681.74d 1.59.. 681 .74 t.00
177 - 177 0.00 0.00 0.00 ) 0.00 - N/D
178 - 179 - 723.76 0.00 e ) 0.00 N'D
180 - 182 1139 23 0.00 o 0.00 N D
183 - 186 1670.60 622.03 2.69 ' " 622 .03 1.02
187 -.196 2128 46 813 40 2 62 813 10 t.Ccoe
197 - 197 20%0.70 417 115 4.92 417 .15 1.00
198 - 207 3215.54 673.75% a4 77 734 .18 1.09
208 - 208 c.0C 0 00 0.0¢ 0.00 N/D
209 - 2114 5653 . 16 703.89 8.03 703.89 100
212 ~ 216 6259 .72 179.09 34.95 . 179.09 <1.00
217 - 218 2009 78 762.68 2.63 762 .68 1 .00
219 - 227 2898.73 . 868 54 . 3.34 961.9¢9 111
228 - 230 369.01 0.00 ) ‘ 0.00 N/D
Totals and 77638 77 14727 .49 5.27 15063 .86 1.02

overall ingices
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basic problems with the 200 km-1imit solution. Initially.
owing to the contributory influence of the consistently
large (Sj - 200 km) maximum attack rénge in the algorithm,
the objective functions produced by the 200 km-1limit
solutionare several times larger than sim{léF values in the
optimal variable solution. By evaluating the results of the
fixed-range solution in the variéble-range model, a more
realistic measure of the performance of the sO- ca]led
optimal base locat1ons was determwned than was recorded for
the initial model run where Sj = 200. The resultant
overestimation indices rénge from 0 fo,infinity. Where there
was no change in the value of the 6bjectiye function, fhe
index was zero. Whére the objective function declined to
zero frém some larger value in the 200 km-1limit mdde] run,
then the index takes on an infinitely large value. dverall,
the performance of the fixed-range model overestimates ’
airtanker success potential, owing to unreali;tic base
locations, by a factor of 5.27. This 'is determined b}
dividiﬁg the tofaT vaiue of the objective functions in
column 2 of Téble?ikgy the total value in column 3.

The second pféblem associated with the use of a single
unrestricted attack rénge,‘in this case 200 km, concerns the
disadvantages of suboptimal base locations. Airtanﬁer group‘
locations determined to be optimal by this solution could
well ‘involve greater average strike distances and serve
fewer fires and lower values-at-risk than a truly optimal

model based on more reallstlc strike distances. Since thq
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latter is considered to yield superior results, the
objective functions of the variable-range solution and those
resulting from evaluation of' fixed-range bases according to
~ the var1able range cr1terlon have been compared and 1ndexed
according to the leve] of super1or1ty of the optlma]
variable model. The resultant indices presented in Table 4
indicate that in 5 of the 17 non-zero time periods, the
optimal so]ution'showed some Ieve] of superiority although
the extent appears to be llmlted since there was no | \ 
demonstrated improvement in excess of 11% (1.11). Where J
evident, superiority stemmed from the improvement in the
optimal base locations, and respectiVe objective functions
produced by the variable-rangeﬂsolution. During time periods
170 - 171, 198 - 207, and 219 - 227, the greater numbers of
fires and larger va]ues at-risk served contributed to the
larger values of the objective function, and subsequently to
the super1or1ty of the optimal mode] solution, at the
expense of slightly larger average base-to-fire distances.
The cdnverse contributed to fhe larger odjective functions
for the remaining two- periods (166 - 169 and 174 - 174)
wheressuperiori&y was evident in the variable-range
solution This is the manner in which the algorlthm emp loyed
in this thes1s trades off the level of coverage provided
with the m1n1m12at1on of service distance, within a
spe01f1ed mawaum limit, to yield the highest possible
objective futhion. |

- As an example of what happens "when the more realistic
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base locations and objeCtive function values are produced,
consider the fifth time period, between days 166 and 169.
Here the 9verestimation’index is recorded"at'1f.72 owing to
the determination of unnealjstic base locations. On the |
other hand, when the airtanker groups are properly located
according to the optimal variable model, the solution is
better by 5% (1.05). The initial model run a]]écated 36 out
of a total of 43 fires within the 200 km attack range, to ;
the four optimal bases (Figure 4). However, when these same
bases and the more realistic variable attack ranges were
considered there were only 15 ffres within range of the same
four bases (Figure 5). This is one more fire served than in
the opt{maTévariable solution where, despite the lower
number of fires‘and value-at-risk served, the ob jective
function was larger than in the previousvsolution and
thereforé considered superior. Figure 6 displays the results
of the optimal variable-1imit solution for the time period
under:%onsideration.

Iﬁ another example situation during the period betWeen
days 219 and 227. The overestimation index is relatively low
(3.34). This stems from the location of a group at Calgary
(10) according to the 200 km-1limit solution instead of
Footner Lake (1) as determined by thé optimal variable
solption. Consequently, the optimal solution offeré an 11%
(1.11) improvement in the value of the objective function
owing to the better location of this oné base, since the

others (8, 4, and 6) remain the same. Although there is a
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slight increase in the average base-to-fire distance, the
'add1t1ona] unit.of value-at-risk and the one additional fire
Jserved contrtbute to. th1s super1or1ty as reffected in the
index. ! | |

In most cases (12 of 17) the optimal variable solution
offered No superiority over the 200 Km=-1imit bases evaluated
in the variable- ‘range solut1on and the key base locat1ons
des1gnated by either performed equally well. In 5 cases the
level of'superiority was not defined (N/D) because of null
solutions in the integrated mode] run. For example, in
period 212 - 216 the opt1ma1 solution determined bases 8
-and 6 at Edson and. Fox Creek to be adequate to maximize the
objective function. On the other hand, of the four bases
designated by the 200 Km-1imit solutlon (10 8, 7,.and 6),
‘only the two at Edson and Fox Creek were needed to generate
‘the same value of the ob3ect1ve functlon and therefore equal
superiority when compared to the optimal resﬂrts The bases
at Ca]gary (10) and Grande Prairie (7) were redundant in
their contributions to the model outcome. An example of a
case where the optima] var1able range did prove super1or is
exh1b1ted in a comparison of Figures 5 and 6 where the |
locat1ona1 advantages of pos1t10n1ng a bomber group in Peace
River are superior to those of Footner Lake by a factor of

1.05, the other three locations being the same.
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B. Consequences of Immobility in Locating Airtanker Groups
| —‘This phase of model output analysis deals with a-
‘comparison of ‘results provided by the optimaf variéble-range
model and those produéed when the optimal base locationsvare
maintained for each subséquent fire occufrénce period. This
tﬁeatment enab]es assessment of the consequences of a 1a§k
of mobifkty in maintaining an airtanker basing schedule
readily adapted to thé\réauﬁrements of changing fire
occurrence demands. Accobding]y, this analysis ponsidens 
~ each set of optimal base locations in terms of how well a
néw fire occurrence:pétiern could.bebser;ed during thé ‘
ensuing time period - a Nétrospective’interbretation of the
merifs of maintaining a flexible and responsive aerial
attack program. -
' Agaih, this analysis is best demonstrated by préparing
a comparative output table to interpret the'relétionship
betwéen the yalues of the objective functions produced by
fhé L-A algorithm in each model rQn. This particular phaée
of the analysis‘will,show thaf the results of the optimal
, variable solutién‘are genefvlly betten than or at least as
gbod as those broduced when the base locations remain
-~ unchanged for the subsequent time period.

A summary of information contained in the model run as
determined by the L-A algorithm is presented in Table 5. It~
shodia be noted that there are only 22 timevperiods |
fepreéented in this table because all have‘béen advancéd one

time frame. Accordingly, the optimal base locations
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|
\u
. Table 5. Evatuation of Bases from Previous Pariod
" in Variable-Range Mode]

Time " Airtanker Value Total Avg. "No. of Value of
Period * Base At Weighted - Base- Fires Objective
' Locations Risk Dist. Fire L Function

: i Dist. ~ P 8
Total Served Total Served =

144 - 149 2 7 4 3 15 11 482 .24 43 .84 7 5] 772.75%

150 -~ 155 8 4 - 5 0 11 7 162 .22 } 23.17 7 3 292.79

156 - 165 1 4 ¢} (o] 46 2 80.56 40 .28 20 2 184 .44

166 - 168 8 4 5 3. 97 i8 527 .19 29.29 a3 T 427 .81

, 170 - 171 8 S5 3 6. 56 10 486..03 48 .60 19 3 568 .97
172 - 173 . 8 t.-9Y 0 80 48 2064 .03 43 .00 32 16 1535.97

174 - 174 ] B 6 3 41 17 1013 .59 59.62 16 6 1306 .40

175 - 175 2 8 11 3 1 0 0.00 '0.00 1 0 - 0.00

176 --176 0 0 o 0 ] 0 0.00 " 0.00 3 0 0.00

177 - 177 7 6- 0 0 0 0 0.00 0.00 (o] 0 C.00

178 - 179 0O o o0 o 7 o] 0.00 0.00 2 0 . 0.00

180 - 182 o] o] o .0 11 0 0.00 0.00 4 0 - 0.00

183 - 186 . o} (o] o- 0 - 13 0 ,0.00 0.00 5 0] 0.00

187 - 196 9 8 0. 0 19 . 8 598 .64 - 66.52 10 3 .796.35%

197 - 197 8 1 9 0 16 6 720.32 120.05 . ° 5 2 74.68

198 -~ 207 7 2] 6 0 33 3 476 .74 158.91 11 1 123.26

208 - 208 2 Bl 3 0 o] 0 0.00 . ©.00 o] 0 0.C0

209 - 211 0 0 0 0 41 2 134 .07 67.04 14 1 265.93

212 - 216 ‘2 10 ] 6 52 12 601.21 SO. 10 18 4 1784?8

217 - 218 8 6 (o] 0 22 3 185. 48 - 61.83 9 1 414 .52

219 - 227 10 6 0 0 24 3 62.06 20.69 9 1 132 .94

228 - 230 8 1 4 6 3 0 0.00 0.00 1 0 0.00

v ’P_ . )
Total 630 151 248 55

)
P
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initfaTTy deternined by the variable-range solution for the'
| first: per1od between days 135 and 143 are held constant for
the second per1od Th1s means that the airtafker groups
Aor1g1naTTy located at Fort McMurray (2), Grande Prairie (7),
Lac La Biche (4) and Slave Lake (3) during the first t1me
period in Table 2 remain in these locations during per1od
two between days 144 and 149 and so on throughout the
balance of the season. Table 6 is a comparison of the vaTues
of the objective functions tabulated in TabTes 2 and 5 and
presents, in the form of a superiority index, the
.reTationship between the two model ruhs - the optimal
variable- range soTut1on and the prev1ous period evaluated in J
the ‘variable- range mode 1. |
The optimal var1ab1e soTut1on offers locational )

advantages wh1ch are equaTito or superior to those resuTttng
from holding the airtankervgroups in pTace for the
subsequent periods. The comparat1ve 1nd1ces in Table 6 range
from equality (1.00) to 1nf1n1tely super1or (OO) in terms- of
the obJect1ve functions determ1ned These resuTts suggest
that in order to max1m1ze the opportun1ty for a1rtanker
groups to respond.towyarlable ftre occurrence patterns.
‘throughout the province, there must be flexibility in the
pos1t1on1ng scheduTe so that the available groups are
optimally Tocated. It can been shown that locational |
immobility resuTts in a reduction in the potential
effectiveness of bomber groups as demonstrated in the

- following example situation.
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Table 6. Compar1son of Resu]ts, Prev1ous Per1od Base
Locations Evaluated in Variable- Range Mode ]

155 =

Time
Period’
~ 135 - 143
144 - 149
150 -
156 - 165
. 166 - 169
170 - 171
172 - 173
174 - 174
175 - 175
176 - 176
« 177 - .177
178 - 179
180 - 182
183 - 186
187 - 186
197 - 197
198 - 207
208 - 208
209 - 211
212 -
217 -7218
- 218 - 227
. 228 - 230
Total

[N

 Optimal - Previous Pefibd Superlor1ty

Index
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Variable- Bases in Index Due
- Range - varijable- Range * To Optima®
Solution - Mode] _ %Solutlon_,f-
Z Var
Z_Var - .. Z Prev/Var Z Prev/Var
687 09 . e v
1385.28 - 772.75 - 1.78
420.89 - . 282.79 o 1.44
602.82 - 184,44~"3 , 3.27
- .872.19 "427.81 . : 2.27
. -768.56 - 568.97 1.35
~2417.30. -~ 1535.97" T 1.57
1932.88 - 1306.40 o 1.48
. 0.00 0.00 . - N/D
681.74 0.00 ool
0.00 0.00 ~ N/D
0.00 0.00 s .. N/D
- 0.00 0.00 s OB ON/D
622.03 0.00 . " oo
813..10 796.35 . - 1,02
41715 . T74.68 ' 5.59
734.18 - 123.26 '5.96
-~ 0.00 0.00 R N/D
703.88, ~ . 265.93. 2.65
179.08 178.78 ~ 1,00
- 762.68" 414,52 1.84 .
. 961.98 . 132.94 S 7.24
0.00 0.00 - N/D
15063. 86 7075.59  Overall 2,13
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0, . " During the time period between days 156 and 165 when

| .the bomber groups originally p051t1oned at Footner Lake
(1), Lac La Biche (4, and two,other bases of no consequence
(0), as)shown_in Figure 7, are held in place, their
capability tozrespond‘to the ensuing fire occurrence pattern
is greaﬁly reduced By'comparison the objective function is
max1m1zed in the op11ma1 solution when these airtanker
groups are stattoned at’ Edson (8) ‘Lac La Btche (4), Peaoe
Rtver (5) and Slave Lake (3) -as shown in F1gure 8. The

B opttma] solutton serves 14 more ftres and an. add1ttona1 7

. un1ts of va]ue at- rtsk resulting in a supertorwty 1ndex of
'f3 27 (Table 6). .

At th]s potnt it could be questtoned whether or not

the two previous. nu]l locat1ons (0) might have been among
those deswgnated as optimal during the subsequent period. If

. s0, the present level of supertor1ty would(not have been as
gevtdent In another 51tuatton one mtght questton which two.
.of four bases would be best relocated to opt1m1ze the .
.so]ut1on if only two bases were requ1red during the

‘ '.?{ subsequent pertod Clar1f1catton of thts ltmttatlon in the

‘;present 1nter -base transfer routine fotlows
As this L- A model now stands the algor1thm
lncorporates a random 1n1t1a1 startlng solutton as 1t seeks
S - to optimize the base locattons whtch best satlsfy the
obJeqttve functton By 1terat1on the optlmal bases are
'eventually determ1ned for each ttmé'perlod However, as:

noted’ earlter if fewer than four bases are requ1red to
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serve all of the candidate fires then it is assumed that
fhose remaining groups retain‘their previous assignment for
the purpose of the next iteratioh period. As\a resu]t‘tﬁese
null locations, as presented in the summary tables, could
well bias the outcome of this portion of the analysis
‘dealing with an evaluation ef group transfers'and locational
Flexibility, ¢ k
Within the context of the present model structure and

until such a time as specific transfer rules are available
nothing more can be done to determine which base locations,
%f fewer than four, should be changed to'best serve the fire
occurrence pattern of any subsequent time period. Future
considerafion of the question of airtanker group mobility
should address‘this matter in greater detail if more
specific results are expected. Some of these options will be
presented in the concluding.chapter when rebemmendations'for
future research are discussed.

~ 1n spite of this'inherent mode | 1imitétion overall,
the optimal variab'le solut1on present]y offers an indexed
locatwona] super1or1ty of 2. 13 t1mes that which results from.
‘hold1ng the previous penjod's_base Jocations constant for
one'additional time period. In other words, within the
lamits of this model, as fire occurrence patterns change
from one period to the next, the advantages of transferring
a1rtankers among the various bases offer more than two times

the ab1l1ty to respond to preva1l1ng fire starts.

The foregoing analysis has been directed toward the

T

b

N 3
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testing ahd evaluation of the performance of a locatfon -
alldcation model designed to reflect the influence of fire
haZérd on the maxfmum attack distances of bomber groups and
subsequent]y'the optimality of their base locations. The
consequences of Using a single or constdnt maximum attack
range, initially introduced by Hodgson and Newstéad (1978 a,
b), have been analyzed. These results Qere compared wjth
those generated by using three distinct FWI dependenﬁ’attack
ranges -in order to demonstrate the level of'locationél
imprbvemeht of fered by the latter. Additional ana]yéis dealt ’
with the implications of locational_fnflexibili{y in the
positioning of airtanker‘groups to respond to chang{ng fire
occurrences patter65>from one time period to the next.
It was found that there is a strong tendency for the
initial model run; governed by-a fixed attack range, to
0verestimate“thé iikeiihood of success of 'the four bomber
groups on the basis of comparative values of the objective
function. When thesé locational results were considered in a
more realistic sense by evaluating them in the variable-
range model, the extent of overestimation was determined and
presented in the form of an index. Similarly, when these
model results were compared with those of the‘optimal
variable solution, it became apparent that the latter
solution offered locational superiority in some cases and
equivalent in others. In summary, the fixedvattack‘rahge
results in substantial overestimétjoh of mission success

potential, however, in most circumstances this is of little
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consequence because thevlocational superiority offered by
the variable solution is often unaffected when those fires .
jbeyond the defined ranges of attack of the variable-limit
model are dropped

In terms of the values of the objective functions as
determined by the L-A algorithm inrthe optimal variable-
range model, it has been shown that it is important that
airtanker grouo mobj]ity be achieved'consistent with
changing.firevoccurrence conditions. Although demonstrated
on fhe basis of historical fire occurrence and scheduling
statistics, it beoomes apparent that initial attack programs
“must incorporate suff1c1ent f]ex1b111ty to read1ly transfer
'aer1a1 attack capabilities among designated bases to provic:
the required level of response as will no doubt be governed
by varyingldemand Criteria‘and the nature of the resource
.values threatened. The one najor imoediment in a program
such as this is the present lack of ability to anticipate
’,and/or predict the localitiesswherein fire occurrence
‘probabilities are highest and demands on initial attack
resources are greatest. For example, it may be more
advantageous to be prepared to deal with fire starts in a
high value, high hazard region than to be takjng action on
fires in a low priority and/or low hazard redion.
Given that the predictive capabjlities_of fire control
organizafione can be enhanoed with improved interpretation
of fire risk and ignjtion potentialJ coupled with better

- weather and fuels information} location-allocation-modelling
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could see operational implementation in a1d of more informed
de01s1on mak1Lg

The following chapter will be devoted to°a more
\in-depth investigation of the relationships between the
output of the two optimal solutions and the actual |
period-by- per1od base locations exh1b1ted in the AFS

airtanker deployment roster for 1874. : » \




V. COMPARISON OF ACTUAL BASE LOCATIONS AND THOSE PRODUCED BY
| THE TWO OPTIMIZATION MODELS | -

This.chapter analyses the differences between the
actual 1874 AFS airtanker fleet deployment schedule and the
two levels of model output depicting optimal base locations
during- twenty three distinct time periods. '

The two mode 1 ‘tested sedk to trade off max1mization of
value-at-risk coverage with minimization of aggregate
base-to- fire distance according to previously descr ibed
prioriqy ratings and attack range criteria.vln each c;se
maximization of the objective function by tne L-A aigorithm
"~ yields an optimal solution for the time period under
consideration. The purpose of this analYéxé/;; tc evaluate
the consequences of these model solutions wi th respect to
the Known basing schedule and the results it provides for
the same time'periods during the i974 fire season. &
| In the precedingIChapter. the two model runs, referreq

to as the variable-range solution and the fixed-range N

solution, weréﬂanalyzed in order to assess the relative

merits of each. It was shown that the fixed-range Crlth

con51stentiy overestimated airtanker: performance pote: ?f ifil
according to predefined effectiveness criteria. This waea
demonstrated by evaluating the base locations determined by i
this model .in the optimal variable- distance model. This
enabled examination of these locations under more realistic

circumstances by giving consideration to declining airtanker
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effectlveness with; increasing base to-fire distance and f1re
“hazard. A super1or1ty index resu]t1ng from this treatment
1nd1cated that the variable-range mode]l prov1ded the better

¥

. base 1ocatlons in that the values of the obJect1ve funct1ons .
were equally as good as or superior to those ach1eved with
the 200 km- attack range |

| The concluding phase of mode | outbot analysis will be
.goresented in this chapter in two segments. Initially, the
actual base locations recorded for each of the 1974 time
periods under study w111$be compared w1th those generated by
the optimal variable- d1stance mode 1 . Second]y and similarly,
the actual bases w1]1 be compared w1th the Tocations

l

determ1ned accord1ng to the 200 Km- range cr1ter1on

’A.’Actual Bases Eva]oated According to the Variable-Range
Criterion‘» o o | o Tl
In order to assess the relationship be'tween the actual
basing schedole and that which Was determined to be optimal
according'to the.variable‘attack range model, it was
necessary to compare the values of the objective functions
determined by the L-A a]gortthm using-as input yariables the
actual base locations for each time period under review. In
'th?s way the model is used to detenmine the value-at-riek |
and number of flres served as well as the minimum aggregate
base- to fire distance and the obJect1ve function for each

centro]d or base locaton derived from'the 1974.po$itioning

roster. These results are oresented in Tabte.7uin the same
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Time
Perio

135 -
144 -
150 -
156 -
166 -
170 -
172 -
174 -
175 -
176 -
177 -
178 -
180 -

" 183 --

187 -
197 -
198 -
208 -
209 -
212 -
217 -
219 -

- 228 -

g

143
149
155
165
169
171
173
174
175
176
177
179
182
186
196
197
207

208 *

214
216
218
227
230

Table
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7. AQ{ual.Bases Evaluated According to
Variable-Range Criterion
Airtanker Value Total Avg.
.Base - At Weighted Base-
Locations Risk Dist. Fire
Dist.
Total Served
2.1 3 23 10 397.58 39.76
2 1 . 15 4 752 .37 188.09
2 1 S" 11 9 - 434.12 48 24
2 1 3 46 10 - 649 .31 64 .93
3 t 6 97 38 1590.95 41.87
36 0 56 3 252.89 84.30
3 8 (o} 90 18 1482 .44 82.36
3 8 0 41 17 1013.59 58.62
2 3 8 1 (e} 0.00 0.00
2 4 8 9 6 894 .14 149.02
2 9 7 0 0 0.00 0.00
2 3 7 7 o} 0.00 0.00
©2 1 7 11 0 0.00 0.00
2 3 7 13 3 453 .68 151.22
2 i 7 19 4 774.40 193.60
-9 1 7 16 6 . 457 .12 76. 18
9 '8 7 33 3 536.28 178.76
10 8 =] (o} o} 0.00 0.00
10 9 o] 41 15 794 .67 52.98
10 8 9 52 3 194 .69 64.90
10 8 3 22 6 607 .40 101.23
10 8. 7 24 3 168.15 56 .05
10 8 .3 3 -0 0.00 0.00
Total 630 158
*
/\
- 7 .

Total

No .

of

Fires

12
7
7

20

43

19

32

16

PONBNO W -

-

Served

b1l - K

3]
o

O =“NAUO 2NN 0 OONOO® -

79

Value of
Objective
Function

tzy

482.

.
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manner as the resdlts of the model runs were»presented in
'the preceding chapter. Again, it shou1d be noted that there
are a"ndmber of initial attack perfodslduring which base
]ocatjons are 1denttfied by one or more zero entries'in the
output summary tables. In the case of the optimal'solutions
these nutl 1ocatlons mean that the de51gnated f1res were
within str1K1ng d1stance of feweﬁ’than ‘the maximum four
potent1al bases while in the actual basing schedule more-
than one group may have been ass1gned to a g1ven basé
; thereby reducwng the total number of a1r attack centres ,
occup1ed by atrtankers .' .

In add1t1on, the relat1ve performance of the actua] and
opt1ma1 bases in satlsfy1ng ‘the requirements of the
obJectwve function haveﬁpeen tabu]ated from Tables 2. and 7
and presented in the form of a super1or1ty index" for each
time perlod in Table 8 This tabulat1on serves as a bas1s ©
for compartson of the two- so]ut1ons in such a way that the |

overall and period spec1f1g advantages of the opt1ma1 bas1ng
'schedule can be demonstrated
On" the bas1s of this rat1ng procedure, ‘the optimal
(var1able dlstance model offers locational advantages rangtng :
from 1.00 to 577.71 times ‘those of the actual schedule. In

‘ thOSe circumstances where there were no f1r£w1th1n
. striking d1stance of the de51gnated bases (i.e. null.

" solutions) the two model runs produced undeftned results

! 1nd1cated by N/D. Dur1ng the 17 per1ods when the opt1mal

ra

solut/9hs 1ndwcated super1or1ty there were 5 1nstances when
. ,
C 4 _ I .



Table 8 Compar1son of Results,

208

Time
Period
135 - 143
144 - 149
150 - 155
- 156 - 165
166 -
170 - 171
172 -. 173
174 - 174
175 -
176 - 176
177 - 177
178 -
180 - 182
183 - 186
187 - 196
197 - 197
198 .- 207
208 -
209 - 211
212 - 216
217 - 218
- 218 - 227
.. 228 - 230
‘Total

169 -~

179

Optimal
Variable-

Range
Solution

Z Var

687.09

11385.28

420.89
602.82
972,19
768.56

2417.30
175 .

1932.88
- 0.00
681.74

0.00

.0.00

- 0.00

622.03
813.10
417 .15
734.18 .
. 0'005
702489
179%109
762. 68

" 961.99 7[,
0.00 -

 15063.86 -

Actual Base Locatlons
: Evaluated in Variable- Range Model

Actual Bases

Superiority

in Variable- . Index Due
Range To Optimal
~Mode1 Solution-
Z Var
Z Act/Var Z Act/Var
482.42 1.42
47.63 -~ 29.08
420.89 1.00
270.69 2.23
804.03 1.21
347 .11 . 2.:22
1307.55 1.85
1306.40 , 1.48
0.00 " N/D
305.86 it 2.23
0.00 = N/D
~0.00 N/D
0.00 N/D
146.33 4.25
25.60 31 76
337.88 1.23
§963.72 . 11.52
;#@p.go N/D
180.32 3.80
f{§8.31 577.71
.-582.60 1.29
26.85, 35 83
0.00 ~N/D
6666.19 . Overall 2.26

81



the levelfof superiority excepded a factor of 10.

The various teatures'of-this level of analysis can be
~ best demonstrated by way of example s1tuat1ons where1n |
locational superiority is ev1dent For 1nstance, dur1ng'the
second twme per1od between days 144 and 148, the bases
actually occupied by a1rtanker groups were Slave Lake (3)
(two groupsl Fort McMurray (2) and Footner Lake ll). Here,
only one f1re % a total of 7 was allocated to,the Slave a
Lake -base (Flgure 9). On the other hand, at opt1mal1ty.. |
tanker groups based at Edson (8) Lac La Biche (4) and Peace
R1ver (5) could have taken act1on all 7 fires in the :

prov1nce uF1gure 10). By compar1son the opt1mal solutlon
v»offers 29 times the super1or1ty or effectiveness potential
in. terms of value at-risk and number of f1res served asi
reflected in the. respect1ve values of the' ob3ect1v?
fdnctton Also th1s is accompllshed w1th a much lower
average base- to fire d1stance of 36 km as opposed to 188.km
Efor the actual solut1on '

In another example, dur1ng the 15th tlme period between’
ldays 187 dnd 196, the actual locations were Calgary -(10),-
Fort MCMubray (27, Footner‘Lake (1), and Grande Prairie (7).
Two of the 10 fires, hav;@g a total Value:at-rlsk of 4
units, are allocated to the bases at Grande Prairie and
Footner Lake (thure 11). The opt1mal solution places ‘groups
at Edson'(Bl” Footner Lake (1) and Rocky Mounta1n House (9).

: As a result -4 of the 10 f1res and 10 of the 19 value-

at r1sK un1ts are within range of these bases as governed by '

¢
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tne variable attack range.criterion~(Figure 12). There is-
also a concomitant reduction in the average base-to-fire
distance from 194 km to 78 Km. In tnis’case the optimal
solution is superior te the aetuai‘by a raCtor efaalmest 32
times as shown in Table 8. In-this example si?uatibn, there
are a number of fires (5) north and northeastlof Footner
Lake which are not alliocated to that baee in either of the
actual or optimal modef\runé. As shown in Figure; 11 and 12
these fires were all beyond the 30 km or 65 km attack’range
as determined by their respective FWI ratings.

There are a number of reasons why the optimal base
locations are superior to those presented in the 1974 baéing_
sqpedule.-Basically the méde] deals with historjea}/fjre
occurrence data therebyvenabﬂing it toﬁgeternine those
optimal base locations which‘maximize tﬁe objective function
While;the actual base locations were determined originally
without prior knowledge of‘fire occurrence locations
part1cu1arly when reg1ona1 or prov1nc1a1 trends were not
apparent. In actua11ty. awrtankers would often be
transferred té a new location on]y after sufficient demand
for their services could be demonstrated during a particular
phase of f1re/suppress1on activity. In this regard the
model is not constrained by either operational or economic
limitations normally considered prigr to deciding on‘base
changés. Furthermore, in 1874, a definitive resourcem
va]uat%on or protectien priorityknas not in'é?fect.

Accordingly, airtanker base changes could not be justified
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‘on the basis of value-at-Fisk, a prime componept of the L A

‘algor1thm employed in, thls mode 1 . F1na]]y, initial strike

£

distance limits have not been imposed to date by the AFS

This too is a factor which in the present mode contributes

to the determination of optimal base locatlons as service

4

.

d1stance m;n1mwzat1on is traded off with max1m1zat1on of

‘value-at-risk, while under actua] cwrcumstances airtankers

might have flown great_distanceé\to take action on'one or

more fires before returning to their original bases.

-~

- B. Actual Basgs Evaluated According to fhe Fixed-Range

}

Criterion

In the previous chapter it was shown that the results

determined using the 200 Km-range were less satisfactory

‘than those recorded in the optimal variable-1imit solution,

This was because the former range continually resulted 1n
overestimation of the capab111t1es of four airtanker groups
when compared with the latter solut1on wh1ch 1ncorporated

hazard dependent attack~distances.-Furthermore, this

\hesu1ted in the determination of less rea11§t%c base

\\

locat ions whlch in turn prov1ded inferior service potent1a1
as governed by the 1ntent of the obJect1ve function.

In this segment of the analys1s the locat1ona1 output
of the 200 Km-1limit solution will be compared with the |
actual basing sehedule for 1974 for the same 23 time periods
considered earlier, ane again a comparative performahce

index will be used to describe the relationship betwsen the



two in terms of how well each satisffes the requifementsvof |
the objective function when thé haximum«attaek range isn '\\
fixed at 200 Km. The values of the obJect1ve funct1ons
comp11ed in Tables 1'and 9 are presented in Table .10 t;kform
the basis for comparison. . , |
Tee comparison index is referred to as a “superiority
index due to the thima] solution” because as in the
previous comparison (Table 8), the optwma] solut1on y1e1ds
equa] or larger values of the obaectlve funct1on during each
time frame. With the exceptlon of the three periods ‘for
which there are null s;1utions. the optimal solution
provides larger values of the object}ve function oWiﬁg to
the greater value at-risk and number of fires served. In one
case the opt1ma1 so]ut1on is 1nf1n1tely larger where the
opt1ma1 base locat1ons could serve one f1re whereas in the"
actual soletibn none of the de51gnated bases were within
the maximum 200 km attacktrange Dur1ng the rema1n1ng 19
periods the opt1ma1 solution resulted in super1or base
locations ranging frqp'1.03 to 42.8 times better than those:
actually occupied@?h_1974. C, . - ‘
Two time periods have been selected to demonstrate the
indexed relationship between the obtimal and actual basieg
schedules. These are the second period between days 144 and
149 and the 12th period between days 178 and 179.

<z

) In the first instance, the model solution is superior . __ .

to the actual by a factor of alhOst 43 times. Here th

optimal solution (Table 1) places airtanker groups. at Edson

;



Time
Period
135 - 143
144 - 149
150 - 155
156 - 165
166 - 169
170 ~ 1714
172 - 173
174 - 174
175 - 175
176 - t7e¢
177 - 1717
178 - 179
180 - 182
183 - 186
1B7 -~ 19¢
187 - 197
188 - 207
208 - 208
209 - 2144
212, - 216
217 - 218
_ 219 - 227
228 - 230

-

Table 9. "
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Actual Bases Evaluated According to
Fixed-Range Criterion

WORNRPOLNNNNWWWWR NN R

DODOOOOBO 2 oW

Airtanker
Base
Locations
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Total
#

23
15
11
46
97
56
20
414
1
‘9
)
7
11
13
19
16
33
0
41
52
22
24
3

630

Value

Served

19

9
11
40
80
42

87

33

525

Total

weighted
Dist

1004 .
1342,
626.
3957
6012
3435
2736
2810

894 .

692 .
745 .
1907
1449 .
1428
3169.

3751
5220.
2160.
1421,

230.

31
40

.60
.48
.52
.65

01

.00

14

.CO

34
77

.56

96

of
37,

.03

55

a

15
99

Avg.
Base-
Fire
Dist.

52 86
181.17
56 .91
98 .94
7% .16
81.80
111.92
B5.15

149 .02

173.08
149 15
173 .41
145. 00
89.25
132.06

96 18
10236
108 .02
83.60
77.00

%

No of
Fires
Total  Served
12 8
7 3
7 7
‘20 16
43 35
19 14
32 31
16 12
1
3
¢}
2
4
5
10
5
11
6]
14 1
18 - 1
9
9
1
248 197

. value of

Objective

 Function

(2)

\

28237 .89 -
57.59

1574 00

4042781
9987 46
4964 47
7663.31
3789 .98
0.00
.305. 86
0 00
10769
254 24
292 45
550 .04
1772 00
1630 .64
0.00
4048 98 .
4979 .47
1839.70
1978 B85
369.01
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Table 10. Comparison of Results,' Actual Base Locations
. Bvaluated in Fixed-Range Model

Time
Period |
(

135 - 143
144 - 149
150" -
156 - 165
166 - 169
170 - 171
172 - 173
174 - 174
175 - 175 .
176. - 176
177 4177
178 - 178
180 - 182
183 - 186
187 - 196
197 - 197
198 - 207
208 - 208
209 - 211
r212 - 216
217 - 218
219 - 227
228 - 230

Tota)

155

' Dbtimalib
Fixed-«

Range

Solution

Z 200

3008.
2465
1615.
5542,
10826.
7471,
12750.
4645
105.
©1086.
.0,
723.
1139.
1670.
2128.
2050.
3215.
0.
5653.
6259.
2009.
2898.

- 369.

77838,

Actual Bases - ‘Superiority

in Fixed- Index Due
- Range: To Optimal
Mode o Solution
Z 200
P ' S T e e
Z Act/200 Z Act/200
2837.89 1.06
- 57.59 - " 42.81
1574.00 ' 1.03
4042.81 - ' 1.37
9887.46 - - - 1,08
496447 1.50
7663.31 1.66
,3788.98 1.23
0.00 ‘ oo
305.86 ‘ 3.55
0.00 _ "N/D
107.69 -~ §.72
254 .24 o 4.48 .
292.45 . 5.71
550.04 3.87-
1772.00 e 1.16
1630.64 R 1.97
, 0.00 ~ N/D
- '4048.98 - 1.40 "
4979.47 : -1.26
1839.70 ' 1.08
1978.85 .. 1.46
¢ 369.0t ‘ \ 1.00
53046.44 - Overall / 1.46

t

Index

Q
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(8), Lac La B]che (4' and Peace River (5) where 7 out bf 7
f1res and 15 out of 15 Value at-risk untts are served

(Flgure 13). The actual schedute (Table 8), on the c&her

’ hand s1tes groups at Slave: Lake t3).(2 groups), Fort

|3

: McMurray (2) and Footner Lake (1). During th1s period; 3
fires and 7 value-at-risk un]ts within the 200 km attacK

',range could potent1ally have been a]located to these bases

(F1gure 141 .

In another example 'situation’ during the 12th time"

period between days 178 and 179, the optimal so]ut1on ywe]ds

h a 1ocat1onal advantage of almost 7 times that of the actual

(Table 10). Here the model selects bases at Lethbr1dge (11)

: and Rocky Mountatn House (9) 1n order to max1m1ze the value

of the_obJect1Ve function"and in so doing, serves the
tota] value- at- rtsk (7 un1ts) and all of the f1res in the
province (2) (F)gure 15). By comoar1son the actua1 schedule

placed bomber groups at Calgary (10) Fort McMurray (2),

”Slave LaKe (3], and Grande Prairie (7)f At these locatwonsf

A

only 4 value at-risk un1ts and. one flre could have been
served from the base at Calgary (Figure 16) . |
Comparison of the overall super1or1ty indices“in Tables
8 and 10 for all of the 23 time periods 1nd1cates that the
optIma] varIable solut1on offers greater overall 1ocationa]

superiority over the ‘actual base locatlons (2.26) than the

, opt1mal 200 km Timit solution (1. 46) This observation is in

 direct support of the‘inteht,of this thesis to evatuate

N

airtanker effectiveness potential relative to-maximm strika

L]
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distanoes whtchware governed by prevailing fire hazard.=By

association this suggests that the actual basing schedule

during 1974 was more like that resulting from use aof the 200

~R

Km-range than the variable range. This in turn suggests'thatg;

the operational maximumhstrike-distance for that year was

probably more akin to a constant QOO Km than to some shorter
) / _ , -

or variable rangé. In support of the preceding observation
reference 1S agaln made to the constant 193 km attack range
referred to by McDonald (1976) and Hodgson and News tead
1978 a, b) which does not give consideration to decremental
a1rtanker effectiveness potential over d1stance with
xncreas1ng fire hazard rat1ngs B 3
" In conclud1ng th1s anaiys1s 'it is appropriate tov
present the pertinent comments wh1ch can be derfved from
thls aspect of the s tudy. |
. Ana]ysms of mode |, output fndicates.that the optimat
| .solutionsvare superior to the actual basing SChedule of
1904‘and'the resuttant locational advantages offer a.
greater opportunity to maximize the number of fires and
.the vaf%e at- r1sk served from designated bases wh11e \
m1n1m1z1ng the: aggregate base to- fwre d1stances
lxnvolved —H‘j .
2. Although not a great deaj better . the optwma] var1ab1e
mode] solut1on does offer greater overall superiority

over the actual base 1ocat1ons than does the 200 Km-

11m1t solut1on

3. The actual base Iocations occupied in 1974 offered

v
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better performance relative to the results of the 200

Kkm-1imit solution than the optimal variableteoiution.
. which'suggeets.that a singular long4range attack
‘dlstance was 11ke1y in force at that tlme rather than
some fire hazard regu]ated range or ranges *
ln'summary,»there are a_numberﬁof operatlonal“

'Circumetances’which in addition to the obvioos benefite
'affi]iated\wtth‘the u$efofkempirtcalbdata serye?to}expiain
discrepancies‘between the model]ed-and}actdalvbase

1 cations.,The‘optimal.variable'so1dtion which incorporates -
<;ire hazard related initial str1ke d1stance cr1ter1a offere
super1or locat1ona] results when compared Wi th those
'produced by the fixed-range model.’ The latter, on the other
hand, seems to have more closely’ approximated the odtcome of
the_1974 scheduleiwhen the actual bases were eQaluated in
the model. S S | :

g : ' /
The.final chapter of this thesis.along with summary
comments‘and conclusion§ will be devoted to a discussion‘Of
" some of the limitations of this mode 1 1ing experience and
Asome of the 1mp]1cat1ons of mode]l1ng real wor 1d" events of‘
theu1974 f1re season, Add1t1ona1 research requ1rements
needed to 1mprove upon this 1n1t1a1 attempt to opt1m1ze the,
locat1on of a1rtanker resources in A]berta w11] be /v;”'

introduced. . - &
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o VI. SUMMARY, CONCLUSIONS. AND FUTURE RESEARCH

A
The forebbing chapters of this thesis have been used to

introduce ;;; broblém of poéitioning a limited number of |
.éjrtaner groups in £esponse.to varyihg fire occurence
situations in A]berta’ Following the 1ntroduct10n and ‘
deve lopment of a suwtablé\i cation-allocation algor1thm two
,.airtanker base Jogation th?}ization mogle] solutions were
ané?}zed énd discussed in‘comparisoh‘yith one another and
with the actual airtanker positioning schedple for the 1874
fire season. This concluéjﬁg chapter wii] bé devoted to |
summary and concluding commeﬁ%; as well as an assessment of

the strengths and weaknesses of this undertaking along with

recommended actions for additional study and improvement .

A. Summary '

. It is generally understood that there are three
functiona] levels of fire management activity maintained in
‘anticipét?oh'of wildfire butbreaksj Fire-prévention is
directed at reducing fire occurrence through public
education, law enforcement, and reduct1on of fire hazard and
risks. Presuppression activities include those
organizational, trainfng, and management functions performed
in advance of fire occurrencé. Fyre suppression concerns
those fire control éctivities directed toward the a;tuai
extinguishment of wildfires following their detection.

Y

-~
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activities are probably the most significant in te

100

side from fire prevention programs which are aimed at

Ui ing the occurrence of unwanted fire, presuppression

iims of a
protection agency’s preparedness to meet fire control
objectives. In Alberta this function is to a large degred
under centralized control particularly where province-wide
fire management p]anning. administration and po]1cy maktng
are concerned The airtanker prdéram is an exceltent example
of an AFS presuppress1on act1v1ty which falls within the

jurisdiction of forest protection headquarters and fOr this

reason offers investigative opportunities in the area of

location- a]locatton mode l1ing.

This program is g kKey compdnent of Alberta’s initial
attack objectives whi are directed at minimizing the costs
and losses incurred as @ result ot wildfire occurrence. The
high costs, mobility, speed, and fire containment potentiat
offered by airtankers coupled with their limited numbers are
such that optimization of their usefulness on-avprovtnce4
wide scale is a matter of continuing concern to the AFS.
This thesis has endeavpred to consideroone element of this
concern by investigating the problem of bptimizing the
locations of four airtanker groups arpong a greater number of
potent1al bases such that coverage of threatened resource
values can be maximized in a trade-off with minimization of
the aggregate base-to-fire initial etrike distance.

Following a review of the pertinent literature it was

concluded that because of the importance of distdnce in
. ‘j?
N

)
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airtanker initial strike effectiveness, models of this sort
should incorporate'a distance-.effectiveness‘funCtion even
if at the expense of.some measure of coverage - in this case
value-at-risk. The present study has carried airtanker
location research an additional step forward in recognizing
taat.in%tia] attack effectiveness is not only influeffed by
strike distance but also by the fire hazard at the target
site. Accordingly, the Hodgson and Newstead (1978b) .
algorithm was modified to maKe allowances for thls concern
and the maximum strike range was adJusted to account for
three fire hazard categories ranging from moderate to

extreme values of the Canadian Fire Weather Index.

B. Conclusions

Two location-allocatfon model runs were applied to 1974
»fire occurrence data compiled for 23 distincf time periods
for whieh the actual airfanker group locations were;ﬁnown.
The first was referred to as the "fixed-range" or "200
- Km-1imit" solution and was run as a basis for compar ing
resultant optimal base locations with those produced by the
second, referred to as the "optimal variable-range”
solution. The latter gave coneideration to the negative
influence of increasing fire hazard on the maximum attack
range of airfanker groups. A‘

Comparison.of fhe results of these two model runs

indicated that the fixed-range model overestimated the

effectiveness potential of the airtanker groups owing“to the

of
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determination of unrealistic base }ocat%ons.‘When these
locat1ons were oya#%ated in the variable-range model the
optimal base 1ocations Proved to be inferior to those
generated by the latter, im mogf instances. .

Additional anajysis considered~the ihplicafions of
]ocationa] inflexibility in POsitioning a1rtanker groups to
reSpond to chang1ng fire occurrence patterns from one time:
period to the next. This 1nvest1gat1on into the consequences
of airtanker immobility was conducted by holding group
]ocations'constgnt within the optimal variable-range mode}
during each subsequent time périod under. study; and it was
shown that the optimg!l solution was superior in ;1]
instances. Clearly, aerial initja]l attack programs must be
sufficiently flexible to enable airtanker groups ‘to be
transferred among those bases which maximize their
oppor tunity to proy1de thé desired level of service. .

In the second phase Of analysis the actual base

locatjons providéd by the 1974 basing schedule were compared

with the two optimal solu%ionsi Here it was shown that in

each case the 10cat1ons generated by the model were- superior |

to the actual loc 1ons in terms of sat1sfy1ng the obJect1ve'

function Furthfrmore  the optimal variable solution offered
slxghtly greater overa]l superiority over the actua] base
locations than the fixed-range solution. Final]y it was
concluded that the actyal locations were somewhat more akin

to those produced by the 200 km-attack range, suggesting

that the 1974 initial gtrike range was probably not governed

/

y

7

/
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by fire hazard conditions at the targét.

it has b;en observed that the use of historical fire
occurrence data in this study, coupled with various |
‘operational constra1nts have given the model a decided
advantage in‘detebmining optimal base IOCations. For this
- reason, it is appropriate that a few add1tlona1 concludwn )
comments1§1vevrecogn1t1on to some of the 11m1tat1ons
encountered in modelling “real erld" events and
circumstances. ‘ o .

One Timiting feature of thls model stéms from the use.
of -a s1mp1e ob3ect1ve functwon to opt1m1ze the 1ocat1on of a

11m1t;d number of resource units among a;f1n1te number of

locations in discréte space. Since this is a~father limited

, ;kspat1al optimization techn1que it is dependent onIy upon

'some measure of dws\ance. In this appl1cat1on d1stance s
weighted by a predetermined “value—at-risk“ surrogate. Only

a mucH more dynamic mode] involving computer simulatiqn
techniques could adequately account for the diversity'of
ecdnomic, temporal, productivity, and fire behaviour
pérameters Simard (1978) has . cons1dered the gomplexity of
these variable aer1a1 attack cond1t1ons in h1s airtanker
productivity simulation mode], AIRPRO. H1s model is the
result of gn»exhauétive investigétion into the interaction

of a multitude of airtanker and fire related parameters and
is deSigned to perform an economic apprafsai of air attack
alternatives. No doubt, some of Simard's (1979) AIRPRO model

results will prove beneficial in advancing more operational

1
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vers1ons of the model introduced uq this thesis, as future

.‘t

,'\' ”

develdpments take place.

Inasmucn as this model has oonsidered some of the
implications of airtanker resource hobitity in responding to
ever changing fire occurrencé situations, no attempt was
made to eib]ain_specific actiuities that actually occurred.
Abgeneral. but Vimitedi discussion of some of the actjvittes
of these groups follows: - -

There is a major dtfference between the operational
aspects of an aerial attack prognam and the results of thtsg
study as becomes eQident fotlowtng a review of the 1974
basing schedule. Durindithis fire season there were several
Tong periods of time when groups were assigned to ‘particular
bases regardless of the provincial fire situation. This‘can
be directly attributed to the logistical or service "and
support constraints imposed on a bomber gnoup which reguires
parts and other schedu]ed and emergency ‘maintenance |
serv1oes afftltated retardant mixing crews, accommodat1on
:and other sustenance services. In other words, retoCation of
an‘aeriat attack group involves a lot more than-stmp]y
transferrind aircratt and pilots. ;These many associated
- facilities must travel overland to accompany the1r
'respect1ve groups at each new location. For exampte what
might‘seem like a two-hour base change from Fort McMurray
to Footner Lake. could actually 1nvo]ve almost three days in
transferring'and re-estab]ishing a1rcrgft‘and crews.,

Thus, it becomes obvious that the operational
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inflexibility of an aerial attack organization cannot be

N
~

accountéd F@f by a.simple spatia]\opt%mization A@de}« This.
éhgpment is'streﬁgthened during the'peribd Séfweéh May 24
and June 18 (144-189] whén the model did not once designate
ﬁort McMurray a§7an optjimal base location. Aécording.to the
aétua] assignmént.roster~one B-26 group was positioned ét

. this ba e throughout the -entire period, when it could have
been more effectively located among seyeral other bases in

thé province. In fact only one fire was actually attacked in
the‘AtHaba$¢a Forest from the base at Fort McMuqfay
throughout'ihe balance of the season. This‘same.situation
can be identified at other times during the coufse of the
1974 fire season. For example, there werg.no fires actually
éttaCKed from the Lac La “Biche base while, according to the
mode 1, this base could have Iayed‘a‘sigﬁifiCant role during °
the initial month of the airtvnker.contract. Again, it
becomes strongly evident that models based upon 'recorded
~iH¥ormation have a real advantage over decisions based upon
limited information at the oﬁiginal time and place. 6
Further to the foregoingjdiscreﬁancies between the
model and the “real wor 1d" events, there are a1;o~examp1es
of bomber groups taking initial action from bases beyond the
models’ maximum -permissible 200 km attack range. There are
a%so'circumsténces'whérejn-bombeﬁs have been diverfed fromi
their‘original target aispatch to take action on alternate
target(s).possibly because of a multiple fire.occurrende‘

situation requiring priority re-evaluation or because of
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-some inability to locate the original target. There are also

occasions. when missions have been aborted because of

i

unneccessary dispaiches, usually as a result of false
aiarms. Also}'during the 1974 season group locations were
biased in‘iavour of the Fox Creek, Edson and Slave LaKe
bases in mid dune because of the outbreak of the 9400 ha
dudy Creek firebin the Swan Hills, wherevthey,provided
support action Some groups were also amaigamated at that1
time ?n support of the dudy Creek fire activ1ty thus
somewhat affegling their subsequent 1nitia]'attack range and
]ocatiohal'advantages.

C; Recommendations for Future Research
. LS

Mode1s of the sort deve]oped in this study are not
likely to see application in the course of everyday ’

operational activity. However, since they are dependentzupon

the availability of operational-data, it seems reasonable to

assume that their outcome could,influence operatiohs-

policies and m;nagement guidelines at .least in a general way

‘at some future date. In other words, a certain amount of -

: o

hindsight'is required when considering future action ‘Other

more extenSive or interactive models such as those 1nvolv1ng

“computer Simulation exercises may prove to be more versatile

and app]icable to Operational routines to the extent that
they become day-to-day management tools

The results of this particular undertaking have

'suggested tnaT an added degree of mobility is required in

¢
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“the positioning of airtanker groups to optimize their
iocations with respect to changing fire occurrence patterns.
vIt has been pOinted out that operational constraints wouTd
. be encountered but it is.clear that there are definite
advan%ages associated with beinguin‘the‘right place at the
right time. Future L-A modelling déaling with airtanker
groups/shouid'consider the development and incorporation of
group transfer ‘or base shifting rulesr These might be |
governed by distance criteria which reflect the-temporal or
economic faCtors involved in ordering a.base change under
present operational circumstances. Possibly such rules could
dictate that only the next closest uncommitted group(s)
sbould be considered for re-location. Fire hazard or
priority ratings might serve as guidelines in support of
this decision process. There may be nuitiple occurrence
outbreaks foilow1ng regionaiized ]ightning actiVity when
transfer rules might call for amaigamation of attack groups
if the suppression capacity of‘normal group arrangements is
]iKeiy to be inadequate. A

The foregoing suggestions concerning the need for
improved flexibility and mobility within an airtanker
program could be significant]y‘enhanCed and modelled much
. more readily if better fire prediction capabilities were
developed. This would enable optimal base locations to be
identified before the fact instead of affer. To avoid some
of the pitfalls likely to be associated with very specific :

predicted.fire and weather parameters, a more stochastic.

[>)
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‘approach might be taken. Rather than rely on questiohable
predictions there are no doUb1 opportunitigs to develop
stochastic data in a manner similar to that reportéd.by
Cunningham and Marthl (1873). They shdwéd that the number
of man-cauéed fireskthat Qcédr'each day in an Ontario
‘. protection distr Ei;gan be represehted by a Poisson B
distributioh; Bookbgnébr~and Martell (1978) further as;ume :
thét the probability distribution 6{ lightning caused fires
that occur each day is also Poisson.

Additionai reseérch:is contemplated to investigate the
ainf.luence of‘mu]tiple’¥ire occurrence situations on |
airtanker allocation and dispétch proced&res and thé{r.
subsequent capaSi1ities under stréss conditions(.A]ong’thism
line Bookbinder and Martell (1979) have described a
t ime-dependent queUeingﬁapproach fo’modé11ing?the'allocation
of helitack crews to . initial attack helicopter bases ‘when -
Zhefnumber of fire starts May‘exceed,the avaii;bi]gﬁyfpf
helitack nesources. Also, P.M. Kourtz of the Petiwdwa
National forestry Institute has been developing}éigoﬁithms

‘dufing the past séveral years to assist ., in aerial pgtro]
route pianning. ‘ |

There are other means, és well, to:improve.the
functionalism of the bresent model or futﬁre generations of
it. for gxamp1e, it- would be,bénéficial to introduce more'
"sensftive‘fire weather parameters such as initigl spread"

“index (ISI) and build-up index (BUI| Father than rely solely

on the less sensitive fire weather index (FWI) as .at
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‘ present. By reviewing some of the assumptions incorporated
in this {hesis. future model reliability can be improved. As
an example, the assumption which at p%esent implies thaf aﬁ .
singular air strike by a gron of three airtankers will be?‘
effective, could be adjusted in accordance with updated
airtanker effectiveness. functions specific to the type and
capabi]ity of aircraft‘invoTQed. In this cegard the présent
linear distance decayvfunction warrants exploration in an
.effort to better define the rate and/or extent of declining
“airtanker effeciiveneés'potential derﬂdistgnce.-This_would
probabfy be defined accordiﬁg'té differénflcombfnatibns th
aircraft type and retardant capacity, firé hézérd,’ahd |
protectidn pfiority. This cou]d lead to an exponential
distance?effgctiveness function for each comginétion of-
variables. Additional consideration will have to be given to
quantifying “vé]ue-at-riSK"}mgaSures in an effort to befter
'.distjnguish aerfal’attack priorities;on’a moré meaningfuli
rating than the présent skraighf 1iné numerical scale-baséd
on proteqtfon'priorities.'

This theéis has served to describe a particular fjre:
~control problem in Alberta and has followed through with the
adoption of a simple location-allocation routine to proyide
some insight into solvfng the problem from a research.
stahdpoint,”A cbmpfehénsive analySis'ahd diééussfonvof'the»
§ results indicates that, although not immediately or directly
applicable to day-to-day deéision-making procedures in éﬁ .

; : _ . : v ) h
aerial fire control program, modifications and improvements



to make the model more operationélly applicable are

foreseen.
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APPENDIX 1

DESCRIPTIVE DANGER CLASSES AND SEVERITY RANGES |
FOR THE THREE FIRE BEHAVIOUR INDICES

DESCRIPTIVE - “
DANGER FIRE BEHAVIOUR INDICES»
CLASSES 181 BUI FWl
- ‘
LOW 0.0 - 1.0 0 - 25 0.0 - 0.1
. MODERATE 1.1 - 3.0 26 - 50 0.2 - 8.0
H1GH 3.1 - 8.0 51 - 87 8.1 - 16.0

VERY HIGH 8.1 - 16.0 76 - 100 16.1 - 25.0

EXTREME 16. 1+ 101+ 25, 1+

* JSI = INITIAL SPREAD INDEX
BUly = BUILDUP INDEX
FWIY = FIRE WEATHER INDEX
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APPENDIX 2

AIRTANKER PERFORMANCE SUMMARY
(A} PBY-5A Canso - BN
Dimensions: . length = 19.5 m

wing span = 31.7 m

height = 5.7 m
‘Take-off roll: land = 1100 m

water = 1500 - 2000 m

Normal operating cruise speed: 185 km/hr
Retardant Capacity under normal operating conditions: .
land = 3000 1 long-term retardant |
watér = 3800 % water. or short-term retardant

Th1s is a Second World War vintage amphibious aircraft,
first converted for fire bombing purposes in 1961, There are
currently two common Canadian taﬁking systems built into
these aircraft--the Field and Fa{rey systems. Because of its
ability to repeatéd]y pick up loads of wafer from nearby
lakes, its role as an afrtanker is assured for some time to
come, part1cularly in the many areas of Canada where water'
sources are almost 11m1tless In the Tand-based mode the PBY
is often dispatched with an initial load of chemical
(1ong>térm) fire retardant. In the skimming mode, while
picking up water from lake surfaces, most Cansos have an

‘on-board 1n3ect1on system which perm1ts the add1t10n of
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water'modifying chemicals to the load, usually in the form
of thickening éompounds.
~ (B) Douglas B-26 Invader
Dimensions: length = 15.5 m

wing span = 21 m -

height = 5.6'm .
Take-off roll = 1600 m
Normal operational cruise speed = 385 km/hr.
Retardant-cépacity under normal operating éQnditions:IBBSO ]

This is a bigh,sbeed medium.bomber of late Wﬂ Il and

Korean Warrvintage.'Since'convertéd to its present role as
ah‘airtanker this aircraft has become quite popular in N
Aaberta, British Columbia, Yukon and Northwest Territories
primarily because of its speed and retardant capacity. The
two-door version is the most common B-26 delivery system in
use in Canada and, when accurately placed, iﬁs load of
chemical fire retardaht can effectively retard the eariy
stages of a fire's growth. This airtanker is well suited to
its role as a rapid initial attéck tool: however, its

dependency upon'designated reload bases is a limiting factor

when used,bn rapid Spreading or large wi]dfifes.



AIRTANKER BASE
FOOTNER LAKE
FORT McMURRAY
SLAVE LAKE

LAC LA BICHE
PEACE RIVER
lfOX'CREEK
GRANDE PRAIRIE
EDSON

ROCKY MTN. HOUSE

CALGARY
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APPENDIX 3
AIRTANKER BASE CODE SUMMARY |

FOREST  NUMERICAL CODE
FODTNER LAKE o
ATHABASCA 2
SLAVE LAKE 3
LAC LA BICHE 4
PEAVE RIVER 5
WHITECOURT 6
GRANDE PRAIRIE 7
EDSON | 8
ROCKY - CLEARWATER 9
BOW - CROW 10

1

LETHBRIDGE

BOW - CROW



APPENDIX 4 |
DAY-DATE RELATIONSHIP FOR 1974 TIME PERIODS

- 166

TIME PERIOD = ° DATES
135 - 143 : - MAY 15 - 23 1
- 144 - 149 " 24 - 29. 2
© 150 - 155 MAY 30 - JUN 4 3
156 - 165 JUNE "5 - 14 4
- 169 o 15 - 18 5
170 - 171 " 19 - 20 6
172 - 173 ! 21 - 22 7
174 - 174 - " 23 8
175 - 178 . ‘ " - 24 9
176 - 176 " 25 S 10
177 - 177 : " 26 11
178 - 179 ' " 27 - 28 S 12
180 - 182 - JUNE 29 - JULY 1 13
183 - 186 JuLy 2 - 5 14
187 - 196 " 6 - 15 15
197 - 197 o 16 ‘ A 16
198 - 207 47 - 26 17
208 - 208 ! 27 , 18
209 - 211 ! 28 - 30 19
212 - 216 ( JULY 31 - AUG. 4 20
217 - 218 . AUG. 5 - B : 21.
218 - 227 : " 7 - 15 22
228 - - 18 | 23

230 " 16



APPENDIX 5
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ALBERTA ENERGY AND NATURAL RESOURCES

‘ TRANSCODE

2] FiRe NumseR

FIRE REPORT CODING FORM
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\ oecere [ LLs) ¢
= ' : ). 2] AuRAL fing anea
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