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Air Tankers in 

Southern California Fires 
ABSTRACT: Eleven air attack experts 
were asked to rate 12 models of fixed­
wing tankers and light helitankers 
for effectiveness ill delivering chem­
ical fire retardants under 21 typical 
situations. They rated fixed-wing tank­
ers as more effective in strong wind 
crosswinds, and downwind approaches, 
but helitankers as more effective in 
narrow canyons and on steep slopes. 
Certain models were considered better 
performing than others in specific 
situations. The study provides the 
dispatcher with some guidelines on 
1he type and model of aircraft to send 
out in given situations. 

effectiveness '" delivering retardants rated 
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[)ropping fire retardants by air­
craft to aid in control of forest 
fires is standard practice in much of 
the United States. The technique is 
gaining wider use each year. Fixed­
wing air tankers are most commonly 
used but rotary-wing tankers, or heli­
tankers, are emerging as an important 
fire control tool. Each type of air 
tanker has its own performance charac­
teristics, tank capacity, retardant 
pattern, turnaround time--and ultimate 
effect on stopping the fire. All mod­
els are expensive to operate and main­
tain. The dispatcher faces a real 
problem in deciding which type and 
model of air tanker is best and most 
economical in a given situation. 

To provide the dispatcher with some 
guidelines, we asked 11 air attack ex­
perts with the National Forest and 
helicopter industry to rate the rela­
tive effectiveness of 12 models of air 
tankers for delivering fire retardants 
under 21 conditions in southern Cali­
fornia. The opinion survey did not 
rate the relative effectiveness of air 
tankers in actually stopping a fire. 
Nor did it determine their productivity 
in quantitative terms, such as length 
of line built per hour per aircraft. 
Instead, it rated only the relative 
ability of the air tanker to deliver 
its load of retardant over the fire in 
·the most advantageous position for 
changing the fire environment. 

Most of the experts we interviewed 
considered fixed-wing tankers more 
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effective than helitankers in strong' 
winds, crosswinds, and on downwind ap­
proaches to target. Helitankers were 
rated more effective in narrow canyons 
and on steep slopes. Certain models 
of air tankers of both types appear to 
perform better than others in specific 
situations. But no single model was 
rated most effective in all situations. 

GENERAL GUIDELINES 

General guidelines for air tanker 
use are found in U.S. Forest Service 
Manuals and Handbooks (1965a; 1965b). 
They deal mainly with safe operating 
procedures, hazardous situations, and 
targets to be avoided, and economical 
use. Most of the Regional Fireline 
Notebooks of the Forest Service (1963) 
list typical targets and recommended arr­
craft for each. However, these lists 
are rather general and do not consider 
all pertinent factors. Many are out­
dated. And none lists more than one 
of the several models of helitankers 
now in use. 

Current targeting guidelines are 
based largely on the observed perform­
ance of the various models of air 
tankers in a variety of actual fire 
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situatIons rather than on results of 
contr olled tests (Miller and Reinecker 
1957; Noyes 1965; Phillips 1964; Rein­
ecker and Phi l lips 1959). 1 Rating 
t erms i nclude "effective," "ineffec­
t ive," and "not needed." Each situa­
t i on is different so ~eplication is 
not poss i ble . 

AI R TANKER OPERAT IONS 

To date, ai r tankers have been used 
pr imarily i n two ways : (a) in initial 
attack to hold the fire unt i l the ar­
rival of ground forc~s, and (b) in 
"spot" situations later in the fire t o 
supplement other fo r ces. The effect 
of ai r attack is difficult to isolate 
and predict for several reasons. Air 
tankers are seldom used as the primary 
means for building a fireline. And 
their effect is to make the fuel less 
flammable rather than to remove it as 
do handcrews, bulldozers, and most 
other forces. Furthermore, there are 
many inaccuracies inherent in aerial 
delivery . 

Perhaps the best and most defini­
t ive method for determini ng air tanker 
productivity would be to conduct con­
trolled and replicated drop tests on 
f i r es under actual field conditions. 
A l i mi ted amount of work of this type 
has been done in the East by Storey et 
al . (1959) and in the West by Davis et 
al . (1962). However, this type of ex ­
peri ment is very expensive . There al­
s o r emains the problem of rat i ng the 
combined and separate effects of a i r 
at tack , handcrews, and ground equip­
ment because air attack is seldom used 
a lone. 

For some time to come it would seem 
that we must rely largely on expert 
opi nion for estimat i ng air attack ef­
f ectiveness . Maloney and Greulich 2 are 

IU. S. Fo rest Se r vi ce. Air t anker re ta r dant 
d rop evalua tion s t udy . 1964 . (Unpublished 
r epo r t on f i l e In Di v . Fir e Con t r o l , U.S . 
Forest Service , Wash i ngton , D. C.) 
~aloney . J . E., and Gr eul ich , F . E . A mathemat ­

;.ca l mode! o f t he aer i a l tanker fire ret ard­
an t de Li very system of t he Ca li fo rnia Divi­
sion o f Fore s t ~y . Fi~e Ec on . Work i ng Paper 
No . Ii . 1966 (Unpubli shed r epo rt on fi l e , 
School o f Fo r e ~ try , Univ. Cal i f . , Berkeley). 
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now using the op i nI on survey t echni­
que to study the number and place­
ment of air tankers needed to help 
pr otect State-owned lands i n Cali­
fornia from fires . 

PROCEDURE 

... 

In the absence of quantitative 
dat a on air tanker effectiveness and 
b~c ause of the sma l l l i kel i hood of 
obtaining any in the near future , we 
dec i ded to use an op i ni on survey tech­
nique to rate air tanker effectiveness. 

We concluded that t he five most 
important environmenta l factors in­
fluencing air tanker eff ect iveness 
were as follows (each f actor con­
sists of from thr ee to six rating 
categories): 

Environmental 
Factor 

Terrain 

Slope 

Fuel type 

Wi nd direc­
tion* 

Wind speed 

Rat i ng Categories 

Flat (drop a long ridge 
or wi th contour) 

Ro ll ing 
Mountainside (wide can-

yon) 
Ro cks and gullies 
Narrow canyon (upper) 
Narrow canyon (lower) 

a - 15 pe:tcent 
16 - 39 percent 
40 - 99 percent 
100 percent 

Gr ass iand 
Woodl and- gj:a s s 
Wood l and 
Brush 
Timber 

Head 
C:.:O:;5 
Downwi nd 

::. - 10 m.p .h . 
II - 25 m.p .h . 
26 - 35 m.p .h . 

*With respect to direct i on of approach 
of aircraft. 



The following rating scale was 
chosen: 

Numerical 
Rating 

1 
2 
3 
4 
5 

Adjectival 

Very poor 
Poor 
Fair 
Good 
Excellent 

The seven models of fixed-wing 
tankers and the five models of heli­
tankers included in the survey were 
as follows: 3 

Fixed-wing tankers 

North American AJ-2 
Grumman AF 
Boeing B-17 
Grumman F7F 
North American FIS 
Consolidated PBY 
Grumman TBM 

Heli tankers 

Alouette II 
Bell G3B 
Bell G3B-l 
Hiller l2E 
Hiller l2E4 

Eleven persons experienced in aer­
ial fire control in southern Califor­
nia were asked to complete rating 
forms . The nine different positions 
on four National Forests and one priv­
ate helicopter company that they re­
presented were as follows: 

Number 
National Forests: 
Forest Fire Control Officer 1 
District Ranger 1 
District Fire Control Officer 3 
District Assistant Fire Con-

trol Officer 1 
Helitack Foreman 1 
Helitack Squad Leader 1 
Zone Air Unit Pilot 1 

Private industry: 
Chief Pilot 1 
Pilot 1 

We contacted each person individ­
ually and asked him to rate only those 
types and models of air tankers he was 
familiar with. He was to consider the 
individual performance of each air 

3Commerci al enterprises o r products are men­
tloned sol e ly fo r information . No endorse ­
ment by the U. S . Department of Agriculture 
is lmpl ied . 
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tanker for each environmental cate­
gory. He was not specifically request­
ed to rate fixed-wing t ankers against 
heli tankers. 

All 11 of those contacted replied. 
Each person rated between 2 and 11 of 
the 12 different air tanker models in­
cluded in the study. One person who 
selected five models f a iled to rate 
two of them for all environmental fac­
tors . Because not all respondents 
rated all models of air tankers or the 
same models, a simple arithmetical 
averaging of the data seemed the most 
feasible way to determine a consensus. 

RESU LTS AND DISCUSSION 

The f i ndings 4 in this survey essen­
tially confirmed the views already 
held about the relative effectiveness 
of helicopters and fixed-wing air­
craft. Such opinions have been de­
veloped through practical experience 
gained by dispatchers i n southern 
California forests . Forest managers 
and dispatchers can use the ratings 
in the survey with data on retardant 
tank capacities, trip turnaround 
time, and rental costs to predict 
relative effectiveness of an aircraft 
in helping suppress a fire. 

COMPARISONS BETWEEN TYPES 

Fixed-wing tankers as a group were 
considered more effective than hel i ­
tankers in operating in various wind 
speeds and wind directions . They 
were also rated higher in effective­
ness than helitankers in flying over 
targets on low slopes and easier ter­
rain. However, helitankers excelled 
on the steeper slopes and rougher ter­
rain. They are, in fact, more effec­
tive in canyons, rough terrain, and 
on steep slopes . Helicopters can get 
down into canyons, close to slopes, 
and drop at very slow speeds . But 

4Tables de tailing results of ~he sU7vey , as 
they apply to condit i ons i n southern Ca i i 
fornia , are available on request t o t he Direc ­
to r , Paci fic Southwest Fo rest and Range 
Experimen t Station , P . O. Box 245 , Be :.k eley 
California 94701 . 



wind can limit helitanker operations-­
even more than those of fixed-wing tankers . 

In general, fixed-wing tankers were 
rated more effective than helitankers 
in the lighter fuel types, grassland, 
woodland-grass" and woodland . Heli­
tankers were rated higher in the two 
heaviest timber fuel types--mainly 
because they can get in close at low 
speed and pinpoint their target. 

COMPAR ISONS AMONG MODELS 

The crux of the study was how one 
model aircraft was rated against an­
other in effectiveness in getting into 
position over the target. To make 
such comparisons easier, it was con­
venient to compare aircraft perform­
ance at the extremes of severity of 
the environment. 

The most severe situation for fixed­
wing models in this survey was a timber­
ed target on a slope exceeding 100 per­
cent near the bottom of a narrow canyon 
with a 26 to 35 m.p .h. wind blowing and 
a downwind approach. In this situation 
the AF model tanker was rated highest 
on three of the five categories . The 
PBY tanker was rated least effective. 

Among helitankers in the same set 
of circumstances, except substituting 
mountainside terrain, the Bell G3B-l 
model was rated highest; the Hiller 
l2E, the lowest. 

The least severe s i tuation for 
fixed-wing tankers in the survey was 
a grass fuel target on flat terrain 
with a 0 to 10 m.p.h . wind blowing and 
an upwind approach. In this situation, 
the AJ-2 model tanker was rated highest; 
the F7F, lowest . Among helitankers in 
the same set of circumstances, except 
substituting narrow canyon lower ter­
rain, the Aloutte was rated highest; 
the Bell G3B, the lowest . 
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