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I. Fire Regimes & Carbon Dynamics

(resistance vs resilience)

II. Historical Fire Regimes (pine forests & peatlands)

III. What does this all mean for resilient systems

Jed Meunier, WI DNR Division of Forestry
Jed.meunier@Wisconsin.gov 

SEEING THE FOREST FOR THE TREES: ROLE OF FIRE 
IN CARBON DYNAMICS

THE KEELING CURVE

Mauna Loa, 13,679’

TRILLION TREES CAMPAIGN TO COMBAT CLIMATE CHANGE

 In Wisconsin by Earth Day 2030:

1. Plant – 75 100 million trees

2. Conserve - 125,000 acres forest 

3. Restore - ??
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Improving resilience 
to forest threats

Carbon 
sequestration

Structurally diverse habitat

Supporting forest 
based communities

Reducing wildfire 
threats

What matters in a quality logging operations?

Forest Stewards Guild Logging Survey, Immel et al. 2022

CARBON DYNAMICS IS MORE THAN SEQUESTRATION ALONE

Fire resilient

Fire resistant

UNDERSTANDING FIRE REGIMES (& CARBON 
DYNAMICS)

Fire Return Interval

200 – 300 yrs

10 – 30 yrs

CARBON DYNAMICS ON LANDSCAPES WITH STAND REPLACING FIRES

Kashian et al. 2006, BioScience, Volume 56, Issue 7

230 yrs = no difference 
*IF* forest regenerates 
again
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Kaibab 1905, USGS

DYNAMICS IN FREQUENT FIRE LANDSCAPES

Structure (density, spatial arrangement…) is important for resistance/resilience

Kaibab today

??

WHAT ABOUT WISCONSIN SYSTEMS, DO WE UNDERSTAND FIRE 
& CARBON DYNAMICS

PINES IN THE LAKE STATES – EVEN AGED, SINGLE 
COHORT…

“to increase resilience, we need to restore the range of patterns found in forests with intact 
disturbance regimes.” – Churchill et al. 2009
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Photo: U.P. of MI, Library 
of Congress

“The  timber occupying these tracts is peculiar and does not justify the application of the 
term barrens.” -- Moses Strong 1877

Trees/ha

Forest: >99

Woodland: 47-99

Savanna: 0.5-47
Prairie: <0.5
- Cur t is  1959,  A nde r s on  &  
A nde r s on  1975

DENDROCHRONOLOGY…

WI FIRE HISTORY SITES 

8m radius plots (200m2)
n = 51

~3,500 tree cores & 700 
fire scar sections
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WI FIRE HISTORY SITES 

0.5 ha plots (5,000m2)
n = 8

WI FIRE HISTORY (E.G., TOTAGATIC RIVER)

MFRI = 7 years

6 + cohorts

PINE STANDS 4–37X MORE DENSE TODAY

Current 
trees/Ha

Historical 
trees/Ha

Ecological 
Landscape

Site

833140NE SandsCamp Bird

1,29472NE SandsWolf Lane

1,31836N. HighlandsFrog Lake

1,344288N. HighlandsCathedral Point

1,828172NW SandsTotogatic River

982112NW SandsInch Lake

995256C. SandsWildcat Ridge

1,032112C. SandsBruce Mound

Trees/ha

Forest: >99

Woodland: 47-99

Savanna: 0.5-47

Prairie: <0.5
- Cur t is  1959,  A nde r s on  &  A nde r so n 1975

Meunier et al. 2019, Ecology
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HISTORICAL VS CURRENT SPATIAL PATTERNS

o Tells us about 
recruitment/mortality & drivers Clustered

Current forest = spatially random 

Spatially 
Random

Historical forest = trees clustered 

Photo: A. Larson

INDIVIDUALS, CLUMPS & OPENINGS (ICO) – MANAGING FOR SPATIAL 
DIS-CONTINUIT Y!

Razenkova et al., Forest Ecology & Management, 2024

1871 PESHTIGO FIRE – RESISTANCE, RESILIENCE, & CARBON!
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Nahlik, A., Fennessy, M. Carbon storage in US wetlands. Nat Commun 7, 13835 (2016). 
https://doi.org/10.1038/ncomms13835

BELOW GROUND CARBON STORAGE

HISTORICAL FIRE REGIMES OF SUB-BOREAL PEATLANDS

Hiawatha NF/USFS

Peatlands are ca. 3% of 
Earth’s surface but store 
> 2x Carbon of all Earths 
forests combined!

SMOLDERING FIRES - LARGEST, MOST DESTRUCTIVE MEGAFIRES FEW 
HAVE HEARD OF

Indonesia, 2015 - > 1.5 million acres of 
peatlands burned
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CENTRAL SUMARA, INDONESIA PEATLAND DISTURBANCE VIA PALEOECOLOGY
Hapsari et al., 2018, Ecology

PEATLAND STUDY SITES

SUB-BOREAL PEATLAND FIRE RETURN INTERVALS

LANDFIRE 2014 Mean 
Fire Return Intervals 
LF.1.4.0

> 1000s years

< 25 years
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1845, 1847, 
1860, 1863, 
1866, 1868, 
1874, 1891

1718, 1733, 
1737, 1751, 
1754, 1774, 
1847, 1891,
1920

1665, 1681, 
1702, 1755, 
1791, 1792, 
1869, 1887, 
1900, 1907, 
1920, 1934

Widespread fire years:

Sutheimer et al., 2021, Forest Ecology & Management

(MFRI: 7–18)

(MFRI: 8–24)

(MFRI: 5–34)

FIRES WERE SUPRISINGLY FREQUENT IN OUR SITES

FIRES TENDED TO BURN IN MODERATELY DRY CONDITIONS

95% CI
99% CI

Sutheimer et al. 2021

MN NC

FL Peru

Van Bellen, Garneau, Ali, and Bergeron, 2012, Quaternary Research

FIRE AS A DRIVER OF CARBON 
SEQUESTRATION
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“A TALE OF TWO AMERICAS” – N Y T ,  2 0 21

Turetsky et al. 2011, Nature Communications

Experimental drying intensifies burning 
& carbon losses in a northern peatland

WHAT DOES ALL THIS MEAN FOR RESILIENT SYSTEMS?

Planting trees and suppressing wildf ires do not necessarily maximize the carbon 
storage of natural ecosystems. A new study has found that prescribed burning 
can lock in or increase carbon in the soils of temperate forests, savannahs and 
grasslands.

CONTROLLED BURNING CAN OFFSET OUR CARBON EMISSIONS

Adam F. A. Pellegrini, Jennifer Harden, Katerina Georgiou, Kyle S. Hemes, Avni Malhotra, Connor J. Nolan, Robert B. Jackson. Fire 
effects on the persistence of soil organic matter and long-term carbon storage. Nature Geoscience, 2021; DOI: 10.1038/s41561-
021-00867-1 Nature Geoscience
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FD = range of traits within ecosystem that influence how it operates & functions

FUNCTIONAL DIVERSITY DRIVEN PRIMARILY BY STRUCTURE, NOT 
CLIMATE

Thom et al. 2020. Forest structure, not climate, is the primary driver of functional diversity in 
NE North America. Sci. Total Environ.

o TREES ARE PART OF THE ANSWER BUT NEED TO MANAGE THEM WITH FIRE NOT JUST 
PROTECT FROM FIRE!!

o LOW-SEVERIT Y FIRES-MAINTAINED RESISTANCE/RESILIENCE ACROSS LAKE STATES 
ECOSYSTEMS

o WE HAVE REAL OPPORTUNITIES TO MANAGE FOR CARBON/CLIMATE CHANGE BUT 
NEED TO THINK BEYOND TREE PLANTING & MOVING SPECIES AROUND 

“PRESENT-DAY PROBLEMS IN CONSERVATIO N AND LAND USE,  VIEWED IN THE LIGHT OF 
CONTEMPORA RY EVIDENCE ALONE,  OFTEN BAFFLE THE INVESTIGATO R .  THE SAME 
PROBLEM, VIEWED IN THE LIGHT OF HISTORY, MAY OFTEN BE DECIPHERED AS THE 
REPETIT ION OF SOME HISTORIC  PATTERN.” - A .  L E O P O L D  1 9 4 0
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