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Frontispieae. Aerial view of 12 jack pine slash plots burned on 

Area 2 in 1970 and 1971. 



ABSTRACT 

Results and analysis of 24 1-acre experimental fires in jack 

pine logging slash are presented. The behavior parameters, such as 

intensity, rate of spread and fuel consumption, and their relationship 

to fire weather are discussed in detail. 
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INTRODUCTION 

Controlled burning of jack pine [Pinus hariksiana Lamb. 

(= P. divarieata (Ait.) Dumont)] logging slash is carried out by the 
Ontario Ministry of Natural Resources (formerly the Ontario Department 

of Lands and Forests) in many areas of northern Ontario to facilitate 

subsequent scarification and planting of both conventional stock and 

container seedlings. The use of fire to remove organic forest floor 
material in preparation for natural or artificial seeding of jack pine 

has been investigated in the past (Chrosciewicz 1959, 1967). However, 

research on fire behavior in jack pine slash, with a view to predicting 

rate of spread, fuel consumption, and intensity in this hazardous fuel 

type, has been nonexistent. 

During the 1970 and 1971 fire seasons, 24 experimental fires, 

each 1 acre in size, were conducted in jack pine slash in northeastern 

Ontario. The relationship between weather conditions, as expressed by 

the Canadian Forest Fire Weather Index (Anon. 1970} and its component 

indexes, and fire behavior and fuel parameters measured on the fire 

sites was studied in detail and the results are reported here. A 

burning index for this fuel type (Stocks 1971), based on these data, 

will be developed for use during the 1972 fire season. After calculat 

ing the daily Fire Weather Index (FWI), the fire control officer in the 

field will be able to predict, using this burning index, a fire's 
intensity, rate of spread, and fuel consumption—should one start in 

jack pine slash on that day. Data from these fires will also be used 

to supplement that used in developing a forest fuel classification 

system for Ontario (Walker 1971). 

In the future, controlled fires will be carried out to 

classify major Ontario forest types in terms of fire behavior and to 

develop burning indexes for these types. Experimental burning in jack 

pine stands is scheduled to begin in 1972. 

DESCRIPTION OF AREAS 

The experimental fires were carried out in Garrison and Tolstoi 

Townships in northeastern Ontario, 25 miles east and 20 miles south of 

Matheson, respectively. The burning sites were situated on flat, well-

drained sandy soils with a typical podzolic profile. 

Two areas were located in Garrison Township with seven plots 

being burned on Area 1 and two on Area 2 in 1970. Ten remaining plots 

on Area 2 were burned Ln 1971 along with five plots (Area 3) in 

The coauthors are Research Officers, Great Lakes Forest Research 

Centre, Sault Ste. Marie, Ontario. 



Tolstoi Township. Stand characteristics before logging are listed in 

Table 1. 

Table 1. Stand characteristics before logging 

Avg 

Avg atump Avg 

age diam Avg no. ht Species 

<yr) (in.) stems/acre (ft) composition 

Avg 

Avg stump 

basal area 

stocking (sq ft) 

Area 1 80 6.03 754 60 jP 90%,bS 10% 90 

Area 2 80 6.60 685 60 jP 802,bS 20% 80 

Area 3 55 4.7/. 1180 55 jP 100% 90 

161.9 

177.6 

158.0 

Area 1 was a portion of a 2000-acre jack pine cutover, logged for 

pulp in the winter of 1969. Area 2 was part of a 150-acre block clear 

cut in late 1968, while Area 3 was clear cut in the winter of 1970-71. 

Virtually all needles were retained on the jack pine slash burned in 

Area 3, while jack pine residue in Areas 1 and 2 retained a fair per 

centage of needles and black spruce [Picea maviana (Mill.) B.S.P.j slash 

was needleless. Firelines 8 feet wide were cleared by hand for the 

initial seven burns, with a bulldozer being used to construct 16-foot 

firelines around the last 17 burn areas. Each slash plot was 1 acre 

in area (2x5 chains) and plot orientation was generally in an east-west 

direction, to take advantage of prevailing winds from the westerly 

quadrat. 

FUEL DESCRIPTION 

Weights of all slash fuels on each plot were determined before 

and after each burn, using the line-intersect sampling technique 

(Van Wagner 1968). In the case of the first nine burns (1970), the total 

length of line sampled on each plot was 3 chains, in the form of a 2- x 

1-chain cross intersecting at the center of the plot. The diameter of 

any piece of slash crossed by the 3-chain line was tallied. The sampling 

procedure was changed somewhat for the remaining 15 plots, burned in 1971, 

to rediiCL- the chance of error owing to orientation of slash pieces. Six 

100-loot 1 iiil-s radiating at 60 from the center of each plot were laid 



out and all material greater than 2 inches in diameter was tallied 

along the full length of each line. Fifty-foot and 5-foot sections on 

each line were used to tally fuel sizes of 1/2 to 2 inches, and up to 

1/2 inch, respectively. In some cases the lines were shorter than 

100 feet because of interference from fire line construction on the 

plot edges. 

Organic layer loading and depth were determined from 27 

1-square-foot samples removed at points located on a 1/2-chain grid 

pattern throughout each plot. 

Tables 2(a), 2(b), and 2(c) show the distribution of initial 

fuel loading for plots on Areas 1, 2, and 3, respectively. Slash fuel 

weights for different size classes are expressed in tons per acre and 

duff depths and weights are included. 

Table 2a. Distribution of Initial fuel loading: Area 1 

1/70 

2/70 

4/70 

5/70 

6/70 

7/70 

8/70 

2.83 

17.3% 

3.02 

17.51 

3.70 

15. OX 

2.77 

13.7% 

3.53 

14.3% 

2.48 

14.7% 

3.52 

17.7% 

0.9't 

5.72 

1.00 

5.82 

0.86 

3.53 

0.86 

U.2Z 

1.20 

4.9% 

0.96 

5.72 

1.24 

6.3% 

1.35 

IS.32 

1.83 

10.6% 

1.57 

6.4% 

1 .37 

6.8K 

1.83 

7.5% 

0.96 

5.7% 

1.32 

6.67. 

2.22 

13. K 

2.72 

15.61 

5.26 

21.32 

2.40 

11.8% 

6.19 

24.8% 

3.00 

18.2% 

2.88 

14.55: 

2.80 

17.51 

5.28 

30. 5% 

5.97 

21,. 2X 

5.47 

27.1% 

6.69 

27.2% 

4.82 

28.7% 

4.25 

21.4% 

6.10 

37.3% 

3.49 

20. OS 

7.31 

29.6% 

7.37 

36.4% 

5.26 

21.3% 

4.44 

26.9% 

6.67 

33.5% 

16.24 

17.34 

24.67 

20.24 

24.70 

16.66 

19.f 

2.63 

2.91 

2.81 

3.01 

2.76 

3.14 

3.10 

35.50 

40.07 

38.55 

41.82 

37.68 

45.30 

44.87 



Table 2b. Distribution of Initial fuel loading: Area 2 

Plot 

no. 0-1/2' 

Sla9h fuel, I/acre, and 

% total slash weight 

Duff 

1/2-1" 1-2" 2-3" 3-4" > 4" 

Total 

slash 

weight Depth Weight 

T/acre (In.) (cons/acre) 

9/70 

10/70 

1/71 

Z/71 

3/7L 

4/71 

5/71 

6/71 

7/71 

8/71 

9/71 

10/71 

3.45 

10. 51 

4.23 

17.2% 

3.37 

10.5% 

1.62 

5.0% 

2.40 

10.1% 

2.83 

5.4% 

2.61 

12.4% 

4.01 

14.72 

2.54 

10.7% 

2,35 

10.3% 

2.87 

10.4% 

2.97 

13.7% 

1.32 

4.9% 

1.03 

4.3% 

1.52 

4.9% 

1.52 

5.0% 

1.07 

4.6% 

1.72 

3.3% 

0.82 

4.1% 

0.65 

4.2% 

0.89 

3.6% 

1.09 

4.7% 

1.36 

4.8% 

1.09 

4.9% 

1.32 

4.2% 

1.02 

4.3% 

1.32 

4.2% 

1.30 

4.3% 

0.82 

3.7% 

1.49 

2.9% 

1.46 

7.2% 

1.51 

5.7% 

0.91 

3.6% 

1.09 

4.7% 

0.91 

3.2% 

0.65 

2.9% 

2.60 

11.2% 

2.70 

10.7% 

3.45 

11.2% 

2.99 

10.0% 

2.82 

11.9% 

3.33 

6.2% 

1.17 

5.7% 

3.89 

14.6% 

2.46 

9.8% 

3.25 

14.1% 

2.65 

9.6% 

2.57 

11.8% 

3.91 

14.7% 

7.42 

30.1% 

4.61 

14.7% 

5.47 

17.9% 

4.58 

19.3% 

6.45 

12.4% 

4.01 

19.0% 

7.01 

26.2% 

3.97 

16.1% 

5.21 

22.4% 

5.70 

20.8% 

4.61 

20.6% 

7.40 

37.0% 

8.20 

33.4% 

17.02 

54.5% 

17.63 

57.8% 

12.05 

50.4% 

36.80 

69.8% 

11.03 

51.6% 

9.51 

34.6% 

13.57 

56.2% 

10.25 

43.8% 

13.62 

51.2% 

10.37 

46.1% 

20.00 3.07 44.87 

24.62 2.62 36.37 

31.29 3.85 33.76 

30.53 4.30 50.53 

23.74 2.75 41.38 

52.62 2.85 38.77 

21.10 3.40 43.34 

26.58 3.13 37.24 

24.34 2.89 36.81 

23.24 3.99 43.78 

27.11 2.53 36.15 

22.26 2.35 29.40 



Table 2c. Distribution of initial fuel loading: Area 3 

The distribution of initial slash fuel loading by size class, averaged 

within each of the three areas, is presented in graph form in Figure 1. 

Four parameters useful in fully describing the physical charac 

teristics of a fuel complex (Muraro 1968) are shown in Table 3, where 

the average weight, volume, surface area, and fineness of each fuel size 

class are shown for Areas 1, 2, and 3. 
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Table 3. Average, by diameter classes, of weight, volume, surface 

area, and fineness of slash fuel for each area 

Photographs of a typical plot before and after burning are 

shown in Figure 2. 



Figure 2. PZot 3/7J before and after burning. 



FIRE BEHAVIOR 

In most cases Eires were ignited across the 2-chain width of 

the plot, but in some situations block ignition was along the 5-chain 

length, because of changing winds and the desirability of having the 

fires burn with the wind. 

Wires attached with string to 27 stakes located on a 1/2-chain 

grid pattern throughout each plot were used to measure the rate of 

spread of each fire. Each wire was run from a stake over a sawhorse 

located alongside the plot and weighted to fall when the fire reached 

the stake and burned through the string. By recording the time at 

which each weight Eel], the rate of spread could be calculated even 

when smoke obscured the fire front. Fire progress was also recorded, in 

most cases, on slide film. 

The depth of burn of each fire was measured by using 27 to 60 

steel pins positioned in the ground before burning so that a file mark 

on the side of each pin was level with the top of the organic layer. 

The pins were located on the 1/2-chain grid system in each plot and, 

in the 1971 burns, at various points along the slash fuel sampling lines 

as well. The bulk density of the different duff layers was determined 

from the square-foot duff samples taken on each plot and this, along with 

the depth of burn, was used to calculate the weight of organic material 

consumed by each fire. 

Moisture content samples were taken for all slash fuel sizes and 

organic layers immediately before each burn. 

Weather measurements (wind, rainfall, relative humidity, and 

temperature) were taken at a field weather station set up at the burning 

sites. Continuous readings were taken daily at noon throughout the 

fire season and the FWI and its component indexes calculated daily. 

Wind speed was measured 33 feet aboveground at noon and during each fire. 

Fire intensities for each burn were calculated by using ISyram's 

(1959) formula: 

Fire intensity = heat of combustion x rate of spread x fuel consumed 

(BTU/sec/ft) ' (BTU/lb) (ft/sec) (lb/sq ft) 

Heats of combustion were obtained by reducing the gross value 

9100 BTU/lb to values of 7700, 7800, 7900, and 8000 BTU/lb for the low, 

moderate, high, and extreme classes of the FWI, respectively. These 

reduced values take into account heat-yield losses owing to the separa 

tion and vaporization of bound water, and incomplete combustion of the 

slash fuuls. 
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Six Provincial fire personnel were on hand to water down areas 

outside the bulldozed firelines before and during each burn and to extin 

guish any small spot fires resulting from the fires. Ignition of each 

block was carried out by a fire deputy of the Ontario Department of Lands 

and Forests using a kerosene or propane torch. 

RESULTS AND DISCUSSION 

Tables 2(a), 2(b), and 2(c) show that slash loadings vary some 

what among blocks. Slash weights generally ranged from 15 to 31 tons/ 

acre with the exception of plots 4/71 and 13/71. Plot 4/71 had a number 

of large felled trembling aspen [Populus tpermloides Hichx. j on it, 
resulting in a high loading of 52,62 tons/acre. Plot 13/71 had 38.66 

tons of slash on it, primarily because of a high percentage of mer 

chantable jack pine that was felled but not cut and removed. 

Duff depths and loadings were fairly uniform on Areas 1 and 3, 

but considerable variations in depth (2.35 to 4.30 inches) and weight 

(23.75 to 50.53 tons/acre) were observed on Area 2. Shallower duffs 

were evident in the five plots on Area 3. The bulk densities for dif 

ferent duff layers averaged for the 24 plots were 0.26, 0.27, and 0.58 

lb/sq ft (oven-dry weight) for the 0- to 1/2-inch, 1/2- to 1-inch, 

and 1- to 2-inch layers, respectively, or 1.11 lb/sq, ft for the top 

2 inches of duff. 

Fuel quantity decreases between the 0- to 1/2-inch and 1/2- to 

1-inch classes for all three areas (Fig. 1) and thereafter the percentage 

of total fuel contributed by each class increases with diameter. For 

fuels greater than 4 inches in diameter, however, the percentage of the 

total fuel that this class constitutes is different in the three areas. 

Fuels larger than 4 inches in diameter make up 52% of the total fuel 

on Area 2, 29% on Area 1, and only 15% on Area 3, where utilization was 

much higher, resulting in fewer large pieces. 

This relationship is also evident in Table 3, where the higher 

proportion of fuel larger than 4 inches in diameter in Area 2 shows up 

in calculations of fuel weight, volume, and surface area. On all areas, 

a substantial decrease in both surface area and fineness between the 

0- to 1/2-inch class and succeeding classes can also be seen. 

The weather conditions on each fire day and the behavioral 

characteristics of each experimental fire are summarized in Table 4. 

The fires are arranged in order of occurrence with 1 burn being 

conducted under EXTREME conditions (FWI 23), 10 under HIGH conditions 

(FWI from 11-22), 12 under MODERATE conditions (FWI values 4-10), and 

1 burn in the LOW range (1-3) of the FWI. 

Fire behavior data (intensity, rate of spread, fuel consumption, 

etc.) for each of the 24 slash fires are presented in Table 4, along 

with FWI and weather information for eacli fire day. 



1! 

Table 4a. Fire weather data for 24 jack pine slash fires 

Fine Fuel Moisture Code 

Duff Moisture Code 

Drought Code 

Initial Spread Index 

Adjusted Duff Moisture Code 

Fire Heather Index 

Continued 



12 

Fable 4b. Flro behavior data lot 24 jack |ilne slash fires (concluded) 

1 Rate of Spread 

EiiMt of Combuar Ion 

From these tables good relationships between certain fire para 

meters and various Eire weather variables, such as the Initial Spread 

Index (ISI), Adjusted Duff Moisture Code (ADMC),and FWI, are evident. 

Total slash consumption, (in lb/sq ft), shown in Figure 3 in 

terras of initial and residual loading, increases linearly with increasing 

ADMC and this relationship is shown in Figure 5. Duff consumption, shown 

initially in histogram form in Figure 4, is expressed in terms of depth 

of burn and plotted against the ADMC in Figure 6. A strong linear rela 

tionship exists. The total amount of fuel consumed (slash and duff 

combined) on each burn is also strongly related to the ADMC, increasing 

linearly with an increase in ADMC. This relationship is shown in Figure 

7. 

Figure 8 shows the very strong linear relationship between the 

rate of spread of each fire and the ISI calculated on that fire day. 

Figure 9 is a plot of fire intensity (BTU/sec/ft) against 

FWI for each of the 24 fires. The Y-axis is logarithmic and an 

exponential curve (straight, line) fits the data quite well. 

It would be unwise to extrapolate any of the foregoing curves 

much past the range of the data since the relationships will obviously 

not continue linearly far beyond the limits shown. The amount of slash 

and duff on any area would be the theoretical, upper limit in estimating 

slash and duff consumption and a levelling off of the curves at higher 

ADMC values than those shown seems Likely. 
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Figure 5. Relationship between 

total slash consumption 

(lb/ sq ft) and ADMC. 
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Figure 6. Relationship between 
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Fiauve 7. Relationship between 

total fuel consumption 
(Ib/sq ft) and ADMC. 

10 20 30 40 50 60 70 80 

ADJUSTED DUFF MOISTURE CODE {ADMC) 
2.0 i-

1.6 

o 
LJJ 

5 

0.8 

0.4 

Figure 8, Relationship between 

rate of spread 

(ft/sec} and ISI. 

r-0.86 

2 4 6 8 10 12 14 

INITIAL SPREAD INDEX (151] 



17 

,-V-

30,000 

20,000 

7.000 

6.000 

_ 5.000 

* 4,000 

a 3.000 

2,000 -

- 600 

500 

400 

300 

200 

100 
3 6 9 12 15 18 2! 

FIRE WEATHER INDEX |FW|) 

24 

Figure 9. Relationship between five intensity 

(BW/sea/ft) and the FWI fcr 

24 experimental slash fives. 



18 

CONCLUSIONS 

This analysis of 24 jack pine slash fires conducted over a 

2-year period on three somtwhat different sites indicates a strong 

relationship between certain measurable Eire characteristics and 

various components of the FWI. 

The ADMC is strongly correlated with fuel consumption in jack 

pine slash fires while the tSI correlates well with the rate of spread 

of these fires. The FWI itself is strongly related to overall fire 

intensity. 

The foregoing relationships reveal the FWI and certain of 

Its component indexes as usable indicators of fire behavior in this 

fuel type, and a burning index to predict such parameters as rate of 

spread, fuel consumption, and intensity from these indexes will be 

forthcoming in the very near future. 

With the production of a burning index for jack pine slash, 

work in this fuel type will end. Experimental burning in mature 

jack pine timber will begin during the 1972 field season. 
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