
REFO~ruLATION OF FOREST FIRE SPREAD EQUATIONS 

IN SI UNITS 

Ralph Wilson 1 

ABSTRACT 

The basic fire spread equations published by Rothermel 
in 1972 are reformulated in the International System of units. 
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Rothermel's paper (1972) describing a mathematical model for predicting fire spread in 
wildland fuels is the basis for several fire management systems. That paper also defines fire 
parameters that are the subject of continuing research and refinement. 

Van Wagner (1978) suggested a list of metric units and conversion factors of practical 
suitablity for forest fire operational work following the approved standards of the Inter­
national System of Units (SI). 

Heretofore, when SI units have been required of the Rothermel model, the input metric 
parameters were converted to British units, the calculations performed in the British standard, 
and then the output parameters reconverted to SI units--a cumbersome procedure. 

This research note presents a reformulation in SI units of the basic fire spread equations 
summarized on pages 26 and 27 of Rothermel's original paper. The first list defines the input 
parameters in metric units as required and used in the succeeding list of fire spread equations. 
Also listed are the significant output parameters with their resulting metric units. Standard 
SI nomenclature for units and symbols is assumed (National Bureau of Standards 1975). 

lResearch physicist at the Intermountain Station's Northern Forest Fire Laboratory, 
Missoula, Mont. 
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ERR A T A 

WILSON, RALPH. 1980. Reformulation of forest fire spread equations in 
81 units. USDA For. Serve Res. Note INT-292, 5 p. 

Errors in the equations for wind coefficient and Byram's fireline intensity 
have been discovered. 

Specifically, at the bottom of page 3, equation 47 for the wind 
coefficient should read 

At the bottom of page 4, the equations for Byram1s fireline intensity 
should read 

IS = tl/60) IR R(12.6/cr) 

and flame length should be 

L
f 

= 0.0775 IS 0.46 meters. 

kilowatts/meter 



INPUT/OUTPUT PARAJ1ETERS FOR BASIC EQUATIONS IN METRIC FORM 

Input 

2 w Ovendry fuel loading, kg/m 
o 

o Fuel depth, m 

-1 o Surface area:volume ratio, cm 

h Fuel heat content, kJ/kg 

Pp 

Mf 

ST 

S e 

U 

tan ~ 

3 Fuel particle density, kg/m 

Fuel moisture content, dimensionless fraction 

Fuel total mineral content, dimensionless fraction 

Fuel effective mineral content, dimensionless fraction 

Windspeed at midflame height, m/min 

Slope (verticle rise/horizontal run), dimensionless fraction 

M Fuel moisture of extinction, dimensionless fraction 
x 

Output 

R Spread rate, m/min 

IR Reaction intensity, kJ/(min.m2) 

IB Byram's intensity, kW/m 

Lf Flame length, m 

SU~~ARY OF BASIC FIRE SPREAD EQUATIONS 

IN SI UNITS 

Equation 52 Formulation is unchanged; the units for spread rate are meters per minute. 

Equation 27 

R 
IRi;(l + ¢w + ¢s) 

PbEQ. 19 

Formulation is unchanged; the units for reaction intensity are (kJ/min)/m2 . 

f'w hnMn . n s 
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2 For those who prefer kilowatts per square meter (kW/m ) 
for units of reaction intensity, use 

However, when this form is used in equation 52 above, the 
units for spread rate are meters per second. 

Equation 38 The optimum reaction velocity is unchanged in formula or units (min-I). However, 
for easier calculation, some prefer the following: 

Equation 36 

Equation 37 

Equation 39 

Equation 29 

Equation 30 

Equation 42 

Equation 47 

r' = r' [~ exp (1 - ~S )] A. max S op op 

The maximum reaction velocity units remain min- l the formula becomes 

-1 
r' = (0.0591 + 2.9260- 1 . 5) 

max 

The optimum packing ratio is dimensionless; the formula becomes 

Sop 
0.203950-0.8189. 

Remains dimensionless; the original Rothermel formulation becomes 

A = (6.722900 . 1 - 7.27). 

However, the (dimensionless) metric form used in the 
computer based library of fire behavior routines 
(Albini 1976) is 

A = 8.90330-0.7913. 

The moisture damping coefficient (dimensionless fraction) is unchanged: 
2 3 

nM 1 -2.59 ::: + 5.11(::) -3.52(::). 
The mineral damping coefficient (dimensionless fraction) is unchanged: 

0.174s- 0 . l9 
e 

The propagating flux ratio is a dimensionless fraction; the metric formulation is 

-1 [ 0 5 ] E, = (192 + 7.90950) exp (0.792 + 3.75970 . ) (S + 0.1) . 

The wind coefficient is dimensionless; the metric formula is 
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Equation 48 

Equation 49 

Equation 50 

Equation 24 

Equation 51 

Equation 40 

Equation 14 

Equation 12 

Equation 31 

Becomes 

C 7.47 exp(-0.87ll00. 55 ). 

Becomes 

B 0.159880°. 54 . 

Becomes 

E = 0.715 exp(-0.010940). 

The net fuel loading units are kilograms per square meter; the preferred equation 
is now 

The slope factor is dimensionless and unchanged: 

1 -0 3 1 2 
Y' = 5. 275 S . (t an Y') • s 

The ovendry bulk density has no change in formula; the units are kilograms per 
cubic meter: 

If fuel depth, a, is measured in centimeters, the alter­
native form for bulk density (in kilograms per cubic meter) 
is Pb = 100wo/a. 

The effective heating number is dimensionless; the metric form is 

E = exp(-4.528/0). 

The heat of preignition units are (kJ/kg); the metric formula is 

Qig = 581 + 2594Mf · 

Packing ratio is dimensionless and remains unchanged: 

The metric equation for Albini's formulation of Byram's fireline intensity may be of 
interest: 

1 
IB = 60 IR R(11700/0). 

The units of IB are kilowatts per meter of fire line. (Note: The factor 6~ may be omitted if 

the alternative form of equation 27 is used.) His estimate of flame length, Lf , becomes 

L
f 

0.237 I
B

O. 46 meters. 

4 



1 

J 

PUBLICATIONS CITED 

Albini, F. A. 
1976. Computer-based models for wildland fire behavior: a users' manual. USDA For. Serv., 

Intermt. For. and Range Exp. Stn., 68 p., Ogden, Utah. 
National Bureau of Standards. 

1975. NBS guidelines for the use of the metric system. U.S. Dep. Comm./National Bureau of 
Standards. LC 1056. Revised Aug. 1975. 

Rothermel, R. C. 
1972. A mathematical model for predicting fire spread in wildland fuels. USDA For. Servo 

Res. Pap. INT-115, 40 p. Intermt. For. and Range Exp. Stn., Ogden, Utah. 
Van Wagner, C. E. 

1978. Metric units and conversion factors for forest fire quantities. Can. For. Serv., 
Petawawa For. Exp. Stn. Infor. Rep. PS-X-7l. 

5 



The Intermountain Station, headquartered in Ogden, 
Utah, is one of eight regional experiment stations charged 
with providing scientific knowledge to help resource 
managers meet human needs and protect forest and range 
ecosystems. 

The Intermountain Station includes the States of 
Montana, Idaho, Utah, Nevada, and western Wyoming. 
About 231 million acres, or 85 percent, of the land area in the 
Station territory are classified as forest and rangeland. These 
lands include grasslands, deserts, shrublands, alpine areas, 
and well-stocked forests. They supply fiber for forest in­
dustries; minerals for energy and industrial development; and 
water for domestic and industrial consumption. They also 
provide recreation opportunities for millions of visitors each 
year. 

Field programs and research work units of the Station 
are maintained in: 

Boise, Idaho 

Bozeman, Montana (in cooperation with Montana 
State University) 

Logan, Utah (in cooperation with Utah State 
University) 

Missoula, Montana (in cooperation with the 
University of Montana) 

Moscow, Idaho (in cooperation with the Univer­
sity of Idaho) 

Provo, Utah (in cooperation with Brigham Young 
University) 

Reno, Nevada (in cooperation with the University 
of Nevada) 
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