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Abstract

A Calibration of Temperature and Fire Frequency. A predictive model of fire frequency in North America using climate and human population

density shows promise in estimating the importance of fire at broad temporal and spatial scales. Over 5 thousand fire scars from 127 sites
and nine forest ecosystems were used to empirically derive and test a fire interval regression model. Three predictor variables were selected:

a temporal proxy of annual mean maximum temperature, annual precipitation, and human population density. The model was calibrated
using mean fire intervals that document the presence of fire in a 1 to 3 km? area during the two centuries prior to Euro-American settlement.
This period allows for a more accurate calibration of temperature and fire frequency because of the reduced effects of land use, fire
suppression, and other technological factors on fire events. Fifty-five percent of the variance in mean fire intervals was explained by annual
mean maximum temperature, 10 percent by annual precipitation, and an additional 11 percent by human population density (model r-square
= 0.70). Although coarse (256 km? cells), mean fire interval estimates provide a empirically derived and plausible depiction of the continental

variability in historic U.S. fire frequency. Based on the regression diagnostics and spatial patterning in fire frequencies it is apparent that
temperature is one of the most important factors influencing long term differences in fire regimes. We discuss the role of temperature as a
'master’ variable for understanding multiple fire regime characteristics such as the rate of fuel combustion (the Arrhenius equation), the length

of the fire season, and the broad scale variability of fire events.
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where: MFI is the mean fire interval (years),
maxt is average maximum temperature (°C)
- " — T — pop is human population density (humans per km?)
precip is annual precipitation (cm)
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(Above) The non-linear relationship between temperature and fire

intervals in different vegetation types.

(Above) The non-linear relationship between temperature differences and fire.

MFI| = exp(4.19 - (0.111*maxt) - (3.54*pop) + (0.00715*precip))

Empirically derived and tested regression model
(model r2 =0.77, tested 0.70)

period of calibration is between 1600 and 1850 A.D.,

(partial r2 = 0.55),
(partial 12 =0.11), ~
(partial r2 = 0.10). |
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Model Verification
The distribution of 100 coefficients of
determination calculated using
randomly chosen halves of the data
with replacement indicate that the
regression model is stable and
explains an average of 70 percent of
the of the variance in mean fire
intervals for the 123 fire history sites.

North American Fire Interval Atlas (v. 6.4

Pre EuroAmerican Mean Fire Intervals

Mean Fire Interval 10.1-12 26.1-28 [ 101-125
Years 12.1- 14 28.1-30 [ 126 - 150
No estimate 14.1- 16 [ 30.1- 35 151-175
B - 16.1-18 [ 35.1- 40 176 - 200
- 18.1-20 [ 40.1-45 [ > 200

Results

Why is temperature the most important variable?
1. Temperature influences snow cover, fuel production and decay, and the drying rates of fuels. 2.
Temperature is part of combustion and ignition reactions that control he physical chemistry of fire reactions
(the Arrhenius equation, below).

In the lab: A, is the pre
exponential molecular collision
frequency On the landscape: A,
has much larger distances and
structures and is affected by
fuel concentration, wind, and

In the lab: E, is in KJ / mol and the

ignitions are applied by humans,

On the landscape: E, is affected by the
timing and ignitions of humans

In both the lab and landscape humans have
experiential knowledge of the energy and

In the lab: it's the temperature
the reactants, On the landscape:
the average temperature of the
reactants (fuels and O,) and T
effects on other ecosystem
processes

elevation mass requirements of E,
\:‘ _Ea/RT
where: k=A 0 exp

the mean fire interval (MFI) is 1/k,

k = rate constant for wildland fires in s or yrs!
A, = pre-exponential (3.31 *10s1)

exp =2.718

E, = activation energy (69.5 kJ per mol)

R = gas constant (0.008314 J K1 mol?)

Tax = Mean maximum temperature in °K

Scaling thermal reactions from
the laboratory to the landscape

Methods: model development

The first iteration of the model was empirically derived from
available fire scar data at 38 eastern North America sites.
Although this data set showed predictive power, the eastern fire
history data alone was inadequate in the range and distribution
of the variables and did not meet the assumption of statistical
normality. Thus, we used pre Euro-American fire scar interval
data from an additional 123 sites and included the Western
United States. These additional data extended the range of
temperature and fire interval observations, increased the
normality of the distribution of temperature means, more than
doubled the statistical power of the regression, and served to
examine the hypothesis under a much broader set of conditions.
Multicollinearity among predictor variables was negligible. We
used published mean fire intervals, calculated estimates by
dividing the period of record by the number of fires to estimate
mean fire intervals. Since the variables we used in this analysis
are being refined and more fire data is forthcoming from
investigators and regions we present this model as a work in
progress. We used fire history data from more than 75 studies
and climate data from PRISM products (OSU). Thirty-year (1971
- 2000) climate means and totals were used as proxy climate
variables in the regression modeling.

1. Much of the spatial variance in mean fire intervals
between ~ 1650 and 1850 can be explained
temperature, population density and moisture.

2. An empirically derived multiple regression model
can be used to map mean fire intervals.

3. Mapped and predicted mean fire intervals are
statistically significant and within the range of
interval estimates documented in the literature.

4. The model conforms to the laws of physical
chemistry concerning the rates of chemical
reactions (the Arrhenius equation) formulated
over 100 years ago.
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(Above) Predicted versus actual mean fire interval show a strong
relationship over many forest types.

I 20.1- 22 [ 45.1 - 50
D 22.1-24 [ 50.1- 75
24.1-26 [ 75.1- 100

Selected fire history and data citations
Alexander et al. 1979. Great Lakes For. Res. Centre, Environ. Canada. Sault St. Marie, Ontario.
Baisan, C.H., Morino, K.A., Grissino-Mayer, H.D., and Swetnam, T.W. 1998. Final Report to the USDA
Forest Service, Coronado National Forest, Tucson, Arizona. 15 pp.
Batek. M.A. et al. 1999. Journal of Biogeography 26: 397-412.
Brown P.M. et al. 1997. Research Report, International Dendrochronological Field Week.
Brown P.M. and Sieg. 1996. International Journal of Wildland Fire 6(3): 97-105.
Caprio, A.C. 1998. Mineral King Risk Reduction Project — 1998 Annual Report.
Caprio, A.C. and Swetnam, T.W. 1995.USDA GTR INT-GTR-320. pp. 173-179.
Clark, J.S. 1990. Ecological Monographs 60(2): 135-159.
Cutter, B.E. and Guyette, R.P. 1994. American Midlands Naturalist 132: 393-398.
Cwynar, L.C. 1977. Canadian Journal of Botany 55: 1524-1538.
Daly, C., Gibson, W.P., Doggett M., Smith J., and Taylor G. 2004. Proceedings of the 14t American
Meteorological Society Conference on Applied Climatology, 84" American Meteorological Society
Annual Meeting Combined Preprints, Seattle, WA, January 13-16, 2004, Paper P5.1.
Dey, D.C., and Guyette, R.P. 2000. Forestry Chronicle 76: 339-347.
Dey D.C. et al. 2004. USDA GTR SRS-73. pp. 132-137.
Donnegan, J.A. et al. 2001. Canadian Journal of Forest Research 31: 1526-1539.
Driver, H.E., and Massey, W.C. 1957. Transactions of the American Philosophical Society 47: 165-465.
Finny, M.A. and Martin, R.E. 1989. Canadian Journal of Forest Research 19: 1451-1457.
Frissell, S.S. 1973. Quaternary Research 3:397-407.
Fry, D.L. and Stephens, S.L. 2005. Forest Ecology and Management. 223:428-438.
Fulé, P.Z. et al. 2003. International Journal of Wildland Fire 12: 129-145.
Everett, R. L., R. Schellhaas, D. Keenum, D. Spurbeck and P. Ohlson. 2000. Forest Ecology and
Management 129:207-225.
Guyette, R.P. and Cutter, B.E. 1991. Natural Areas Journal 11: 93-99.
Guyette, R.P. et al. 2003. American Midlands Naturalist 149: 21-34.
Guyette, R.P. and McGinnes, E.A. 1982. Transactions, Missouri Academy of Science 16: 85-93.
Guyette, R.P. and Stambaugh, M.C. 2003. MOFEP Site 5. IMPD, NOAA/NGDC Paleo Program.
Guyette, R.P. and Stambaugh, M.C. 2003. IMPD, NOAA/NGDC Paleo Program
Guyette, R.P. and Stambaugh, M.C. 2005. Interim project report for CH2MHILL and the USAF.
Guyette, R.P. and Spetich, M. 2003. Forest Ecology and Management 180: 463-474.
Heinselman, M.L. 1973. Quaternary Research 3: 329-382.
Heyerdahl, E.K., Brown, P.M., Kitchen, S. and Weber, M.H. 2006. Final report to Utah State Bureau
of Land Management.
Kipfmueller, K.F. 2003. Ph.D. Dissertation, University of Arizona. 94 pp.
Loope, W.L. and Anderton, J.B. 1998. American Midlands Naturalist 140: 206-218.
McKenzie, D. et al. 2000. Ecological Applications 10: 1497-1516.
Miller, R.F. and Rose, J.A. 1999. Journal of Range Management 52: 550-559.
Morgan, P., et al. 2001. International Journal of Wildland Fire 10: 329-342.
Shumway, D.L. et al. Canadian Journal of Forest Research 31: 1437-1443.
Spurr, S.H. 1954. Ecology 35: 21-25.
Stambaugh, M.C. and Guyette, R.P. 2003. IMPD, NOAA/NGDC Paleo Prog., Boulder CO, USA.
Sutherland, E.K. et al. 1992. Proceeding of the 4th Annual Dendrochronological Fieldweek.
Swetnam, T.W. et al. 1991 NPS D-374. National Park Service, Denver, CO. pp. 249-255.
Swetnam, T.W., et al. 1989. Tech. Rep. No. 32. Coop. National Park Resources Studies Unit
Torretti, R.L. 2003. M.S. Thesis, Northern Michigan University, Marquette, MI.

(Below) Locations of fire history sites.

Approach
Our approach was to estimate fire intervals using an
empirically derived model based on climate and
human population density. The value of this
approach and a continental model (version 6.4) is
that mean fire intervals can be estimated for regions
and sites that have no potential for fire scar histories
because of the lack of old trees or wood. Based on
regression analysis it appears that strong continental
trends exist that link climate and human population
to historic fire frequency. Local fire regime factors
will likely cause deviations from this broad scale
record, both in time and space. This point is
demonstrated in the landscape model where high
variability occurs within a small spatial extent (5000
km2).
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