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. Prescribed Burning Weather in Minnesota

Rodney W. Sando

Prescribed or controlled burning is be- variables to consider are air temperature,
coming a widely used forest management tool relative humidity, wind direction, windspeed,
in theLake States region. The traditional re- and precipitation. The combination of temper-
luctance of wildland managers to use con- ature and relative humidity will largely deter- . •

L trolled burning, brought about by a history of mine the moisture content of cured fine
devaStating fires, is changing. As the use of fuels. These fine fuels are important in fire
prescribed burning continues to.expand, defi- spread and behavior, particularly influencing
nite guides for achieving each particular ob- the occurrence of spot fires.

jective will be needed. Wind direction is critical in planning a
Successful prescribed burning calls for prescribed burn. Most preburn preparations

comprehensive Lplanning and skillful execu- such as firebreaks or fuel modifications are
tion. Planning a burn requires, among other oriented according to a specific wind direc-
things, some knowledge about the seasonal tion. Selection of the wind direction required ..-
occul'rence of the necessary weather condi- should be determined by both the physical
tions. Unless weather favorable to the use of characteristics of the proposed burn area and
fire occurs with some regularity every year, the probability of the wind coming from the
prescribed burning cannot become a truly re- chosen direction on a day suitable for burn-
liable tool. ing.

The annual precipitation pattern is prob- Windspeed is also important. Prescribed
ably the key factor determining the time of burning is generally not attempted when the
year prescribed burning can be done. Wind windspeed exceeds 20 m.p.h., and most plans
(both speed and direction) is another impor- will specify a maximum allowable windspeed
tan weather element to be accounted for in less than 15 m.p.h.
planning prescribed burns. Wind direction in
the Lake States is determined more by syn- The number of days since significant
optic weather than by topographical features amounts of precipitation have occurred is' often used in burning prescriptions. In addi-
so definite seasonal wind patterns do occur, tion, the National Fire Danger Rating Build-

A study was made to determine patterns up Index is used by many fire control agen-
of Weather variables influencing prescribed cies. The Buildup Index, accounts for the
burning in Minnesota during the period from cumulative effects of temperature, humidity,• ,

April to mid-November. The results of this and precipitation and can be used as an indi-
study should be used as a guide for planning cator of the moisture content of coarse fuels.
purposes only and should not be treated as a A minimum acceptable Buildup Index is
long-range weather forecast, usually established for each prescribed ob-

jective. Although the magnitude of the Build-
' up Index has important effects on the results,
VARIABLES AFFECTING plans for prescribed burning should not be

written using only the Buildup Index as an
PRESCRIBED BURNING indicator of the desired weather conditions;

The success of a prescribed burn depends ranges for other factors such as temperature,
greatly on the weather both before and dur- wind speed, and relative humidity must be
ing the burn. The most important weather specified.
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METHODS 1. Average relative humidity less than 70

Weather data for the period from April percent over the 9 hours (Krueger and Pa-
, 1 to November 15 were obtained from the chence 1961).

National Weather Records Center in Ashe- 2. No significant amounts of snow present
, ville, North Carolina. The data covered 10 on the ground.

years from 1955 through 1964 and were ob- 3. Total precipitation less than a trace
tained for Minneapolis, Duluth, and Interna- (.01 inch).

tional Falls. Each daily record consisted of Other factors, such as excessive wind-
nine hourly records for the hours from 10" 00 speeds or low temperatures, that would cause
a.m. to 6" 00 p.m. and a summary record for a day to be eliminated were accounted for in
the entire day. Wind directions were record- later analysesed for each hour using 16 points on the com-

pass. RESULTS
The National Fire Danger Rating Fine

Fuel Spread Index and Timber Spread Index The average windspeed in Minnesota does
(Nelson 1964) _ were computed for each of not vary appreciably from 10"00 a.m. to 4"00
the 9 hours, and the Buildup Index (Nelson p.m. and remains nearly constant from 1-00
1964) was computed for each day using the p.m. to 4"00 p.m. (Brown 1964). Our study
daily precipitation summary and the 1 "00 shows there is little variation in the average
p.m. wet and dry bulb temperature, and wind- 1"00 p.m. windspeed during the burning sea-
speed, son (12 to 17 m.p.h.); however, April and

Seasonal herbaceous stages required for May have the highest average windspeed and
the computation of the indexes were estab- July and August have the lowest. Winds are

more likely to exceed the allowable maximum' lished for each station by using a 4-year aver-
age of the dates used by the State of Minne- in the spring; the windspeed will seldom ex-
sota's Division of Forestry station nearest ceed 20 m.p.h, during July and August (table
each weather station for which records were 1).
obtained. Wind roses (see Appendix) for each

The dates used are as follows- month indicate that changes in the prevailing
wind direction occur during the burning sea-

Minneapolis son. In addition, the conditions that make a
Spring 4/1 -- 5/5 day suitable for burning are not associated
Spring transition 5/6 -- 5/17 with any particular wind direction at any of
Summer 5/18 -- 9/27 the stations (fig. 1).
Fall transition 9/28 -- 10/22

• Fall 10/23 -- 11/15 Radical changes in the wind direction dur-
Duluth and International Falls ing prescribed burning can cause serious

Spring 4/1 -- 5/12 problems. Consequently, burning should not
Springtransition 5/13- 5/27 be done under conditions that promote
Summer 5/28 -- 9/21 changes in wind directi6n. At the three sta-

- Fall transition 9/22 -- 10/16 tions, northeast winds are generally the most
Fall 10/17 -- 11/15 variable, northwest winds are the most per-

Many days each year have weather condi- sistent at Minneapolis and International Falls,
tions that will obviously prohibit successful, and southeast winds are most persistent at
prescribed burning. Only those days that met Duluth. Also, changes in wind direction are
the following criteria .were included in the most likely when the windspeed is low (fig.
data analysis- 2).

The number of days since significant rain-
_Names and dates in parentheses refer to Liter- fall has occurred will influence the effects

ature Cited section, of a prescribed burn. Periods of long duration
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Table 1.---Probability of the windspeed being

" 15 m.p.h, or less and 20 m.p.h, or less Minneapolis
on suitable burning days (1955-64). N_

MINNEAPOLIS

: : : : : : : :
Windspeed

(m.p.h.) April : May : June : July : Aug. : Sept. : Oct. : Nov.• . : : : : : : :

15 0.52 0.59 0.68 0.7.7 0.84 0.71 0.72 0_7 W E20 .77 .80 .91 .96 .97 .91 .91 .8b

DULUTH

15 .52 .55 .71 .77 .77 .70 .68 .67

20 .80 .79 .88 .94 .95 .90 .88 .87

INTERNATIONAL FALLS S

15 .66 .69 .82' .86 .86 .80 .75 .74 Duluth

20 .8b .89 .96 .97 .97 .94 .93 .93 N

without rain seldom occur in this region but
lesser periods occur fairly frequently (table
2).

An attempt to determine the number of W E .
days that would be suitable for prescribed
burning throughout the season must utilize
some predefined limits for such variables as
windspeed, temperature, etc. To do this, these

important factors were standardized as fol- S •lows"

Criteria for an acceptable burning day InternGtional Falls
1. Fine Fuel Spread Index, 15-35 N
2. Windspeed, 5-15 m.p.h.
3. Relative humidity, less than 70 percent
4. No snow on the ground

51 Less than a trace of rain (.01 inch) W E
On this basis, 25 to 40 burning days can

be expected to occur each year (table 3).
Most acceptable burning days occur during
summer and early fall, particularly October.

S
. DISCUSSION

These results provide useful information
on the distribution and severity of the weath-
er conditions in Minnesota. The averages pre-
sented here should not be used as accurate

FIGURE 1. --- Wind rose showing the percent of
weather predictors but do indicate what can suitable days with a given wind direction. Note-
occur during normal or average years, each outside circle represents 5 percent.

3
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Rainfall distribution during the burning 3. Northeasterly winds are the most vari-
season is a key consideration in planning pre- able and northwesterly winds the most per-
scribed burning. The moisture content of the sistent.
larger fuels is greatly influenced by precipi- 4. Low-velocity winds (less than 8 m.p.h.)
tation and will determine to a large extent are much more likely to change direction than
how the fire will behave and what the effects are high-velocity winds.
of the fire will be. Because fuel consumption 5. There is a 70-percent probability that
depends on the moisture content of the fuel, the windspeed on suitable days will be less
Buildup Index may be used as the basic crit- than 15 m.p.h, and a 90-percent probability it
erion for burning prescriptions (fig. 3). will be less than 20 m.p.h.
Other weather factors will largely be limited 6. The probability of the occurrence of ac-
by the allowable safety and control standards. ceptable wind conditions is high, and unfavor-

able winds will generally not be the limiting
factor in a successful burn.

7. From 25 to 40 acceptable burning days
- CONCLUSIONS can be expected to occur in Minnesota each

year; however, specific requirements may sig-
Some conclusions about the weather pat- nificantly reduce this number.

terns affecting a program of prescribed burn- 8. The months of July, August, and Oc-
ing in Minnesota are" tober are probably the best months for pre-

1. Northwest winds are the most common scribed burning.
winds on days suitable for prescribed burning. 9. Suitable burning conditions occur most

2. The average windspeed that can be ex- frequently in midsummer, and prescribed
pected at 1"00 p.m. is highest during April burning activity at this time will conflict the
and May and lowest during July and August. least with wildfire control activities.

4 ..
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Table 2. m Number of periods per year with X
" days since .1 inch of precipitation

(1955-64).

_lI NNEAPOLI S

Days since : : Sprin_ : : Fall : : Entire

precipitation : Spring : transition : Summer : transition : Fall season
: : : : : :

..

i 0 ii 4 46 5 6 72I 7 3 26 4 4 44

2 5 2 19 3 3 32L

I 3 4 i 14 3 2 23

4 2 I 9 2 2 16

5 1 I 7 2 i 12

6 1 1 5 l 1 9 ,
7 i * 3 1 i 6

9 1 0 1 ] ] 3

I0 .i 0 1 l * 2

DL'LUI]!

0 16 6 44 8 I0 _3

1 8 4 24 4 6 45

2 6 2 16 3 4 31

3 4 ] lO 2 3 21

4 3 1 7 2 2 1.5

5 2 *" 5 1 2 io

• 6 2 * 3 i i 7

7 1 * 3 i 1 5

8 1 0 2 1 i 3

9 * 0 I i * 2

i0 * 0 i * * 2

INTERNAT[ONAL FALLS

0 14 5 45 8 9 81

I 7 3 22 4 6 43

2 5 2 15 3 4 30

3 4 i II 2 3 22

3 1 7 2 2 16

5 2 i 5 I 2 I[

6 1 * 4 1 I 7

7 1 * 2 1 1 5

8 1 * 1 1 1 4

9 I * 1 [ * 3

I0 ] * 1 , , o

' " .*Less than 1.

LITERATURE CITED burning in southeastern United States.
U.S.D.A. Forest Serv., Southeast. Forest
Exp. Sta., Sta. Pap. 131, 29 pp.

Brown, J. K. 1964. Hourly variation in fire
danger in the Lake States. U.S.D.A. For- Nelson, Ralph M. 1964. The National Fire
est Serv. Res. Note LS-45, 2 pp. (Lake Danger Rating System- Derivation of
States ForestExp. Sta.,' St. Paul, Minn.) spread index for eastern and southern

States. U.S.D.A. Forest Serv. Res. Pap.
Krueger, D. W., and Pachence, Anthony M. SE-13, 44 pp., illus. (Southeast. Forest

1961. Wind directions for prescribed Exp. Sta., Asheville, N. C.)
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TaOle 3. _ Suitable burning days per year Oy Buildup Index classes.
(In days per year)

.

MINNEAPOLIS
_

: Buildup _ndex
Man th :

: 5-10 : 11-20 : 21-30 : 31-40 : 41-50 : 51-60 : 61-70 : 71-80 : 81-90 : 91-100 : 101-120 : 121-150 : Total

: : : : : .: : : : : : : :

April 0.8 1.2 0.4 0.3 0.i 0.I O" 0 0 0 0 0 2.9

May .6 .7 .6 .3 .2 .2 0 .I .i 0 0 0 2.8

June .2 .9 .3 .5 .3 .i .i .I 0 0 0 0 2.5

July 0 .4 I.I .3 .3 .4 .I .I .i .I 0 0 2.9

August .2 .9 .7 .5 I.I .4 .5 .I .i 0 0 .i 4.6

September .i 2.3 I.I .4 .3 .2 .i .I 0 0 0 0 4.6
October 0 .9 1.5 1.2 .9 .2 .6 .6 .3 .i 0 0 6.3

November .I i.I .5 .3 .8 .4 .4 .3 0 0 0 0 3.9

Total 2.0 8.4 6.2 3.8 4.0 2.0 1.8 1.4 .6 .2 0 .I 30.5

DULUTH

April .4 i.0 0 .4 0 0 0 0 0 0 0 0 I.8

Hay .I 0 .7 .5 .I .i 0 0 0 0 0 0 1.5
June .2 1.6 .5 .2 .i 0 .I .2 0 0 0 0 2.9

July .I .8 I.i i.I .7 .i .2 0 0 0 0 0 4.1

August .I 1.3 1.3 .6 ,5 0 0 .i .2 0 0 0 4.1

September .3 I.6 .9 .3 .2 0 0 0 0 0 0 0 3.3
October .2 .7 1.5 1.4 1.2 .7 .5 0 0 0 0 0 6.2

November .I I.4 0 .2 .3 .2 .5 0 O 0 0 0 2.7

Total 1.5 8.4 6.0 4.7 3.1 I.i 1.3 .3 .2, 0 0 0 26.6

INTERHATIONAL FALLS

April .6 1.9 .6 .I .3 0 .2 0 0 0 0 0 3.7

May .i 1.2 1.4 .4 .4 .2 .2 0 .I 0 0 0 4.0
June .7 1.2 i.i .I .3 .2 .3 .2 .I .i .2 0 4.5

July .I 2.1 1.6 .7 .6 .2 .2 0 0 0 0 .7 6.2

August .I 1.4 1.6 1.9 .4 .4 .i 0 .I 0 0 0 6.0

September .2 2.I 2.4 1.2 .3 .2 .I 0! 0 0 0 0 6.5

October .i 1.3 1.3 .9 .9 1.1 1.3 .6 0 0 0 0 7.5

iqovember O .2 .4 .2 .I .3 .6 •3 .3 0 0 0 2.4

Total 1.9 11.4 10.4 5.5 3.3 2.6 3.0 i.i .6 .I .2 .7 40.8

5O

• Minneapolis _..._'_, '/" .._/ InternationalFalls ./ t

,o /
" /

•" _ • / \j_

20 / Duluth X _d/__ I .

IO /

O . I I I
APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER

FTCUR_.3. -- Buildup Index trend over the season
for Minneapolis, Duluth, and International Falls.



. APPENDIX

-Wind direction on suitable days by location and month, 1955-64
(Outside circles represent, 5-percent intervals)

• N MINNEAPOLIS N N DULUTH N
4

W , E W E W E W E

i s s

i

E W E W E W E

I
E E W E W E

i
1

• . .

_ -

E W ! W E W E

I
7

,



INTERNATIONAL FALLS
N N

..

t

W_ E W E

. S S
N N

W E W E

S S
N N

W E W E

S S
N N

°

,. ' W E W -E

..

• S S



m

SOME RECENT RESEARCH PAPERS
OF THE

NORTH CENTRAL FOREST EXPERIMENT STATION ' II

..

Hardwood Siding Performance, by Glenn A. Cooper. U.S.D.A. Forest
Serv. Res. Pap NC-16, 11 p., illus., 1967. _

Quantitative Color Measurement for Black Walnut Wood, by Ali A. •
Moslemi. U.S.D.A. Forest Serv. Res. Pap. NC-17, 16 p., illus., 1967. .

Some Variables Affecting Hardwood Control With Stem Injections of
2,4,5-T, by John L. Arend. U.S.D.A. Forest Serv. Res. Pap. NC-18, :
11 p., illus., 1967.

Timber Management Guide for Shortleaf Pine and Oak-Pine Types in t
Missouri, by K. A. Brinkman and N. F. Rogers. U.S.D.A. Forest
Serv. Res. Pap. NC-19, 15 p., illus., 1967.

Selection of Superior Yellow B_rch Trees, A Preliminary Guide. by
Knud E. Clausen and Richard M. Godman. U.S.D.A. Forest Serv.

,

Res. Pap. NC-20, 10 p., illus., 1967.

Stabilizing Eroding Streambanks in Sand Drift Areas of the Lake States,
by Edward A Hansen. U.S.D.A. Forest Serv. Res. Pap. NC-21, 12
p., illus., 1968.

Paper Birch" Its Characteristics, Properties, and Uses, A Review of
Recent Literature, by Matti J. Hyvarinen. U.S.D.A. Forest Serv.
Res. Pap. NC-22, 12 p., illus., 1968.

Proceedings of the Eighth Lake States Forest Tree Improvement Con-
ference, September 12-13, 1967. U.S.D.A. Forest Serv. Res. Pap.
NC-23, 60 p., illus., 1968.

Shrinkage and Footage Loss from Drying 4/4-Inch Hard Maple Lumber,
by Daniel E. Dunmire. U.S.D.A. Forest Serv. Res. Pap. NC-24, 10
p., illus., 1968.

.

Topography and Soil Relations for White and Black Oak in Southern
Indiana, by Peter R. Hannah. U.S.D.A. Forest Serv. Res. Pap.
NC-25, 7 p., illus., 1968.



?

ABOUT THE FOREST SERVICE...

As our Nationgrows,peopleexpectand need more from theirforests--more
wood; more water,fish,and wildlife;more recreationand naturalbeauty;more
specialforestproductsand forage.The ForestServiceof the U.S. Department
of Agriculturehelpstofulfilltheseexpectationsand needsthroughthreemajor
activities:

• Conducting forest and range research at over
75 locations ranging from Puerto Rico to
Alaska to Hawaii.

• Participating with all State forestry agencies
in cooperative programs to protect, improve,
and wisely use our Country's 395 million acres
of State, local, and private forest lands.

• Managing and protecting the 187-million acre
• National Forest System.

The Forest Service does this by encouraging use of the new knowledge that
. research scientists develop; by setting an example in managing, under sustained

yield, the National Forests and Grasslands for multiple use purposes; and by
cooperating with all States and with private citizens in their efforts to achieve
better management, protection, and use of forest resources.

Traditionally, Forest Service people have been active members of the commu-
nities and towns in which they live and work. They strive to secure for all,
continuous benefits from the Country's forest resources.

For more than 60 years, the Forest Service has been serving the Nation as a
leading natural resource conservation agency.


