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INTRODUCTION 

Early settlers in Minnesota found prairie vegetation occurring in the western 
and southwestern third of the state . The eastern edge of the prairie in Minnesota 
also marked the eastern boundary of the continental grassland biome and it is here 
that prairie intergraded with trees of the deciduous forest biome. the 
general distribution of prairie in North America is related to climatic factors, prin­
cipally low precipitation and periodic droughts , fire is an important factor in the 
maintenance of prairie where precipitation is adequate to support tree growth 
(Borchert, 1950 ; Sauer, 1950). These precipitation conditions occur' along the 
prairie-forest transition zone in northwestern Minnesota and it is here that most 
of the remaining tracts of prairie have been preserved, Under "no-disturbance " 
type management these tracts tend to become invaded by woody vegetation , 
primarily willow spp.) and aspen (Populus tremuloides), thereby replacing 
prairie species. In Minnesota, periodic burning has been shown to be an effective 
means of brush control as well as stimulating the growth of prairie vegetation 
(Svedarsky and Buckley, 1975 ; Tester and Marshall , 1962). 

Since most of the preserved tracts of prairie in the state are fast becoming 
"habitat oases" in an expanse of intensively cultivated acres, it is important that 
prescribed burning of a tract be confined to the management unit so that some un ­
burned vegetation is safeguarded for wildlife cover. Furthermore, fire control is 
critical to prevent damage to adjoining private land. 

This paper discusses some factors, particularly in regard to weather, that 
should be considered in the planning and carrying out of prescribed burning in 
Minnesota prairies . 

'Pape r N o. 997 5. Sc ientifi c Jou rnal Se ri(' ·;, Agri cult ll ral Ex periment Stat io n , o f
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Figure 1. Average monthly precipitation for Crookston, Minnesota and Fargo, 
North Dakota. Stippled bars = Crookston, Solid bars = Fargo. (From: 
Soine, 1966 and NOAA, 1975) 

26 

Factors Influencing Prescribed Burning 

1. Moisture content of fuel 
The weather factors of precipitation , relative humidity, wind , solar radiation, 

and temperature, both preceding and during a fire, all interact to determine the 
moisture characteristics of dead fuels. Moisture content is one of the key deter­
minants of fuel complex flammability (Demming et al., 1974). Dead fine fuels 
such as grasses respond much more rapidly to drying conditions than larger pieces 
of sla h or woody material which "may require days or weeks to adjust to 
variation in humidity" (Beaufait , 1966). uitable moisture levels of fuel moisture 
for effective burning are generally less than (Cooper , 1971 ; Daubenrnire, 
1968), fuels with higher moisture content will bum if wind velocities are suf­
ficiently high. Moisture content of gras varies daily depending on temperature 
and relati e humidity with a minimum around 15: 00 h and a maximum between 
05:00 and 06 :00 h. 

2. Precipitation 
According to Sando (1969), " The annual precipitation pattern is probably 

the key factor determining he time of year prescribed burning can be done." 
The number of days since significant amounts of precipitation have occurred is of­
ten used in burning prescriptions, as this will ha e a general bearing on fuel 
moisture content, considering the associated wind, temperature and relative 
humidity. 

1 shows the annual precipitation patterns for Crookston, Minnesota, 
and Fargo, North Dakota, which are weather stations representative of many of 
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the prairi tracts in Minnesota. April and October are considered the two primary 
burning months based on observations from 1969-1976. Variations from these 
months depend primarily on date of snowmelt and precipitation in the spring and 
date of frost and precipitation in the fall . In 1974, the senior author observed a 
grass fire burning well along a road during the first week of December, but this is 
unusually late. The long term averages (Figure 1) show both April and October 
receiving approximately two inches of the 20.2 inches of average annual 
precipitation at Crookston and 21.05 inches at Fargo. Table 1 indicates that the 
probability is slightly greater that this precipitation will occur in late April and 
early October at Crookston. H nee , suitable burning conditions will normally 
cur in early April and late October subject to year to year variations in weather 
patterns. Due to nest initiation of prairie birds , no spring burning after May 15 is 
recommended and the earliest date of fall burning usually depends on the oc­
currence of frost I although the occurrence of drought may allow earlier bums in 
the fall . The long term average date of the firs t fall frost is September 20 for 
Crookston (Soine, 1966) and September 26 for Fargo (NOAA, 1975). 

3. Wind 
Wind affects fire indirectly through modifying fuel moisture content prior to 

the burn and directly by bringing in fresh oxygen supplies and decreasing the 
flame angle while the fire is in progress, hence affecting the rate of combustion 
and the rate of spread. Prebum preparations such as firebreaks and fuel 
modifications should be oriented according to a specific wind direction (Sando, 
1969). Thus, wind velocities and direction are important factors in successfully 
executing a bum. 

Table 1.	 Probability that a given day will be wet or dry at Crookston, Minne ­
sota. (From : Feyerhermet al ., 1966). 

Period of	 Dry Wet' 
Spring burning season Mar 29 - Apr 4 .810 .1 90 

Apr 5 Apr 11 .81 0 .190 
Apr 12 Apr 18 .798 .202 
Apr 19 - Apr 25 .764 .236 
Apr 26 May 2 .726 .274 
May 3 May 9 .705 .295 
May 10 - May 16 .692 .308 

Fall season Sept 13 Sept 19 .741 .259 
Sept 20 Sept 26 .761 .239 
Sept 27 - Oct 3 .755 .225 
Oct 4 - Oct 10 .777 .223 
Oet ll-Oct 17 .783 .217 
Oct 18 Oct 24 .804 .196 
Oct 25 Oct 31 .826 .1 74 

'Wet day - at least .01 inches 
Sando 's (1969) "Criteria for an acceptable day" specifies that there 
be less than a of rain (.01 inch). 
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a) direction. "Wind direction in the Lake States is determined more by 
synoptic weather than by topographic features, so definite seasonal wind patterns 
do occur" (Sando , 1969). Long term averages for Crookston (Saine , 1966) in­
dicate that April winds are primarily northwest (9.3 out of 30 days) with October 
winds primarily northwest and south (7.6 and 6 .2 days out of 31 , respectively). 
For Fargo , prevailing winds are from the north in April and south-southeast in 
October (NOAA, 1975). Wind direction is not only a determinant in laying out 
firebreaks, but also in choosing the location to ignite a burn depending on 
whether a head fire (burning with the wind) or a backfire (burning against the 
wind) is desired. 

Another important consideration regarding wind direction is the persistence 
of direction, as wind shifts during burning can result in serious control problems. 
In analyzing wind data from three eastern Minnesota weather stations, Sando 
(1969) determined that, "northeast winds are the most variable, northwest win­
ds are generally the most persistent at Minneapolis and International Falls , and 
southeast winds are most persistent at Duluth ." He also noted that wind direction 
shifts are most likely when the velocity is low. Wind directions also tend to be 
more persistent at night than in daylight hours due to the occurrence of daytime 
convectional heating causing sporadic wind gusts of varying directions and 
velocities. 

b) velocity. Wind speeds greatly influence the effective regulation of a burn 
and Sando (1969) recommends that acceptable wind speeds are 5-15 mph for 
prescribed burning in forests . Donoghue and Johnson (1975) report that of 444 
prescribed burns carried out in the North Central States , less than 1% occurred 
with winds in excess of 26 mph . At Fargo the average wind speed for April is 14.6 
mph (the highest for the year) and 13.0 mph for October (NOAA, 1975). 

Both wind velocity and direction may be modified by the fire itself, particu­
larly under low ambient wind speeds. On the evening of October 20, 1975, 
the senior author was assisting with a prescribed prairie burn with a west wind of 
approximately 5 mph . A 400-meter line of fire in an east-west direction was 
ignited and then the drip-torch operator headed due south from the westerly end 
of this fire line igniting another 400-500 meters of fire line. A short time later the 
two lines of fire began to interact creating an updraft which pulled in surrounding 
air and at the height of the blaze a "north wind" of no less than 15 mph was oc­
curring at the initial ignition site. This immediately subsided as the fire began to 
dissipate. 

Haines and Sando (1960) , citing Richardson, indicated that during the 
Ooquet fire of 1918 , synoptic features favored wind velocities not much in excess 
of 30 mph rates; however, winds were reported to be blowing 80-90 mph ad­
joining the fire front and were concluded to have been fire-enhanced. 

4. Relative humidity 
Relative humidity is of great importance as it affects fuel moisture content 

although relationships are not exact since understory vegetation , aspect, slope 
and vegetation character all have confounding effects (Cooper, 1971). Donoghue 
and Johnson (1975) report that most recent prescribed burning in the North Cen­
tral States occurred when humidities were between 41 and 50 percent. 
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SUMMARY 

Fire was a naturally occurring disturbance in much of the grassland biome and 
was an effective deterrent to woody plant invasion . Prescribed burning is a 
desirable means of managing prairie preserves in Minnesota. Weather factors of 
preclpitation, relative humidity, wind and temperature are important con ­
siderations in planning and carrying out a prescribed These factors deter ­
mine fuel moisture content, rate of spread and hence, the feasibility of regulating 
the extent of a bum. They can only serve as guidelines, however, due to micro­
climatic variations and the possibility of rapidly changing weather , especially 
wind. 

Robert Seabloom , Biology Dept., Univ. of North Dakota, Grand Forks , 
North Dakota and Leo Kirsh, Northern Prairie Wildlife Research Center , 
Jamestown, North Dakota, both reviewed the manuscript and offered helpful 
suggestions. 
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