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!BSTRACT
0EATLANDS TYPICALLY ACT AS CARBON SINKS� HOWEVER� INCREASING WILDFIRE SEVERITY AND ANNUAL AREA
BURNED MAY CHALLENGE THIS CARBON SINK STATUS� 7HILST MOST PEAT RESISTANCE TO WILDFIRE AND DROUGHT
RESEARCH IS BASED ON DEEP PEATLANDS THAT RARELY LOSE THEIR WATER TABLE BELOW THE PEAT PROFILE� SHALLOW
PEATLANDS AND PEAT DEPOSITS MAY BE MOST VULNERABLE TO HIGH PEAT BURN SEVERITY AND EXTENSIVE
CARBON LOSS� 4O EXAMINE THE ROLE OF PRE
FIRE PEAT DEPTH ON PEAT BURN SEVERITY� WE MEASURED THE
DEPTH OF BURN �$/"	 IN PEAT OF VARYING DEPTHS ����n��� M	 WITHIN A ROCK BARRENS LANDSCAPE� 7E
FOUND THAT $/" ��n��� M	 DECREASED WITH INCREASING PRE
FIRE PEAT DEPTH� AND THAT THERE WAS A
STRONG CORRELATION BETWEEN THE PERCENT OF THE PROFILE THAT BURNED AND PRE
FIRE PEAT DEPTH�
"REAKPOINT ANALYSIS INDICATES A THRESHOLD DEPTH OF ���� M WHERE DEEPER PEAT DEPOSITS EXPERIENCED
LITTLE IMPACT OF WILDFIRE� WHEREAS SHALLOWER PEAT TYPICALLY EXPERIENCED HIGH PEAT BURN SEVERITY
�MEDIAN PERCENT BURNED= ��� AND ����� RESPECTIVELY	� 4HIS THRESHOLD ALSO CORRESPONDED TO THE LOSS
OF THE WATER TABLE IN SOME NEARBY UNBURNED PEATLANDS� WHERE WATER TABLE DRAWDOWN RATES WERE
GREATER IN SHALLOWER PEAT� 7E SUGGEST THAT PEAT DEPTH MAY CONTROL PEAT BURN SEVERITY THROUGH
FEEDBACKS THAT REGULATE WATER TABLE DRAWDOWN� !S SUCH� WE ARGUE THAT THE IDENTIFICATION OF A CRITICAL
PEAT DEPTH THRESHOLD COULD HAVE IMPORTANT IMPLICATIONS FOR WILDFIRE MANAGEMENT AND PEATLAND
RESTORATION AIMING TO PROTECT VULNERABLE CARBON STORES�

�� )NTRODUCTION

7HILE COVERING ONLY �� OF %ARTH�S LAND SURFACE�
PEATLANDS REPRESENT GLOBALLY IMPORTANT CARBON SINKS
CURRENTLY STORING APPROXIMATELY ONE
THIRD OF %ARTH�S
ORGANIC SOIL CARBON �'ORHAM ����� 9U ET AL ����	�
!S CLIMATE CHANGE PROGRESSES AND AIR TEMPERATURES
RISE� NORTHERN PEATLANDS ARE PREDICTED TO EXPERIENCE
INCREASES IN EVAPOTRANSPIRATION THAT EXCEED INCREASES
IN PRECIPITATION� LEADING TO ENHANCED DRYING �(ELBIG
ET AL ����	 AND GREATER WATER TABLE DEPTHS �74$S	
�2OULET ET AL ����� 'RANATH ET AL ����	� 4HESE DRIER
CONDITIONS INCREASE PEATLAND VULNERABILITY TO CARBON
LOSS THROUGH DECREASED MOSS PRODUCTIVITY �-OORE
AND 7ADDINGTON ����	 AND ENHANCED DECOMPOSI

TION �&REEMAN ET AL ����� 3TRACK ET AL ����	� $RIER
PEAT ALSO INCREASES THE LIKELIHOOD OF PEATLAND WILD

FIRE �4HOMPSON ET AL ����	 AND INCREASES COMBUS

TION LOSSES FROM PEAT SMOULDERING �"ENSCOTER ET AL
����� 4URETSKY ET AL ����� 7ILKINSON ET AL ����	
ESPECIALLY WHEN PEATLANDS ARE DISCONNECTED FROM

REGIONAL GROUNDWATER SYSTEMS �(OKANSON ET AL �����
����	�

7ILDFIRE IS OF PARTICULAR CONCERN FOR PEATLAND CAR

BON BALANCES AS NATURAL AND DEGRADED PEATLANDS CAN
EXPERIENCE UP TO � M DEPTH OF BURN �$/"	� EMITTING
��� KG # M−� THROUGH PEAT SMOULDERING COMBUS

TION� EQUATING TO HUNDREDS TO THOUSANDS OF YEARS OF
CARBON ACCUMULATION �$AVIES ET AL ����� ,UKENBACH
ET AL ����B�7ILKINSON ET AL ����	� 3EVERAL STUDIES SUG

GEST THAT NORTHERN PEATLANDS ARE RESILIENT �AND MAY
BE RESISTANT	 TO WILDFIRE �3HETLER ET AL ����� 7IEDER
ET AL ����	� DUE TO BOTH THE WATER REGULATING TRAITS
OF SOME PEATLAND MOSSES AND MULTIPLE NEGATIVE �SELF

REGULATING	 ECOHYDROLOGICAL FEEDBACKS �7ADDINGTON
ET AL ����	 THAT MAINTAIN A HIGH WATER TABLE POSITION
AND HIGH NEAR
SURFACE PEAT MOISTURE CONTENTS �7AD

DINGTON ET AL ����	� (OWEVER� WHILE THERE IS EVID

ENCE THAT SOME PEATLANDS ARE RESILIENT TO HIGH PEAT
BURN SEVERITY AND CAN RETURN TO A NET CARBON SINK IN
�� YEARS �7IEDER ET AL ����	� THERE IS A CONCERN THAT
PEATLANDS MAY SWITCH FROM CARBON SINKS TO CARBON
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SOURCES DUE� IN PART� TO HIGH OR INCREASING COMBUS

TION LOSSES �4URETSKY ET AL ����� )NGRAM ET AL ����	�
4HE VULNERABILITY OF PEAT TO WILDFIREMAY BE A FUNCTION
OF PRE
FIRE PEAT DEPTH� AN IDEA PRESENTED CONCEPTU

ALLY BY *OHNSTONE AND #HAPIN �����	 AND $AVIES ET AL
�����	� HOWEVER� THIS HAS NOT YET BEEN EXPLICITLY TESTED
DESPITE THE WATER TABLE REGULATION FUNCTION OF MANY OF
THE AFOREMENTIONED ECOHYDROLOGICAL FEEDBACKS BEING
STRONGER IN DEEPER PEATLANDS �E�G� -ORRIS AND 7AD

DINGTON ����� 7ADDINGTON ET AL ����	�

3HALLOW PEATLANDS AND PEAT DEPOSITS ARE OFTEN
UNDERSTUDIED IN COMPARISON TO THEIR DEEPER COUNTER

PARTS ALTHOUGH THEY HAVE BEEN DOCUMENTED IN MOST
PEAT
ACCUMULATING REGIONS OF THE WORLD� INCLUDING
BOTH NORTHERN AND TROPICAL REGIONS �E�G� #ANNELL ET AL
����� *AENICKE ET AL ����� *.##� ����� 6OMPERSKY
ET AL ����	� AND CAN REPRESENT MORE SPATIAL COVER

AGE �6OMPERSKY ET AL ����	 AND DENSER CARBON STORES
�#ANNELL ET AL ����	� THAN DEEPER DEPOSITS� !LTHOUGH
DEFINITIONS OF @SHALLOW� PEAT CAN VARY DEPENDING ON
COUNTRY� REGION� AND ORGANIZATION� MOST INCLUDE PEAT
OF ���n� M DEPTH �*.## ����	� (EREAFTER� WE REFER TO
AREAS OF PEAT AT LEAST ���MDEEP �BUT TYPICALLY LESS THAN
� M	 AS SHALLOW PEATLANDS� AND AREAS OF PEAT OR PEATY
SOILS ����� ORGANIC MATTER	 BETWEEN ��� AND ��� M
DEEP AS SHALLOW PEAT DEPOSITS �*.## ����	�

4HE DEPTH OF PEAT DIRECTLY AFFECTS WATER STORAGE
�0RICE AND 3CHLOTZHAUER ����	� AND WHEN A WATER
TABLE IS PRESENT� THE STRONG CAPILLARY FORCES IN PEAT

LAND MOSSES �SUCH AS 3PHAGNUM SPP�	 ENABLE VERTICAL
MOISTURE TRANSPORT TO THE SURFACE FROM DEPTH �E�G�
^��� M� ,UKENBACH ET AL ����A	� (OWEVER� THERE IS
A GREATER LIKELIHOOD THAT THE WATER TABLE IN SHALLOW
PEATLANDS AND PEAT DEPOSITS WILL DROP BELOW THE BOT

TOM OF THE PEAT PROFILE� AND IN MANY CASES BE COM

PLETELY LOST DURING PERIODS OF DROUGHT �$IXON ET AL
����	� !S THE 74$ INCREASES� THE NEAR
SURFACE PEAT
MOISTURE CONTENT DECREASES �-OORE AND 7ADDING

TON ����� ,UKENBACH ET AL ����A	� THEREBY INCREAS

ING PEAT MATRIX COMPRESSION �0RICE ����� 0RICE AND
3CHLOTZHAUER ����	 AND PEAT DECOMPOSITION �&REE

MAN ET AL ����	� 4HIS LEADS TO BOTH TEMPORARY AND
LONG
TERM INCREASES IN PEAT BULK DENSITY �7HITTING

TON ET AL ����	 AND DECREASES IN SPECIFIC YIELD �3Y	
�7ADDINGTON ET AL ����	 DUE TO ALTERATIONS TO PEAT
BUOYANCY �0RICE AND 3CHLOTZHAUER ����	 AND PORE SIZE
DISTRIBUTION �"OELTER ����	� 3Y REPRESENTS THE AMOUNT
OF WATER REQUIRED TO INCREASE�DECREASE 74$ BY ONE

UNIT DEPTH �(ILLEL ����	 WHERE LOWER VALUES REPRESENT
A @FLASHIER� WATER TABLE AND AN INCREASED SUSCEPTIBILITY
TO WATER TABLE DRAWDOWN �E�G� 3HERWOOD ET AL ����	�
!S SUCH� SHALLOW PEAT IS MORE LIKELY TO HAVE RAPID
WATER TABLE DECLINE �DUE TO LOWER 3Y	 DURING A PERIOD
OF DROUGHT� CONCOMITANTLY INCREASING PEAT BULK DENS

ITY �7HITTINGTON AND0RICE ����	 ANDDECREASING NEAR

SURFACE MOISTURE CONTENT �4HOMPSON AND 7ADDING

TON ����� -OORE AND 7ADDINGTON ����	�

-OISTURE CONTENT AND PEAT BULK DENSITY ARE MAJOR
CONTROLS ON THE PEAT COMBUSTION REACTION �6AN

7AGNER ����� &RANDSEN ����� "ENSCOTER ET AL ����	�
WHEREBY LOW MOISTURE CONTENT COUPLED WITH HIGH
PEAT BULK DENSITY LIKELY MAKES SHALLOW PEAT MORE
VULNERABLE TO HIGH PEAT BURN SEVERITY DURING WILD

FIRE �0RAT
'UITART ET AL ����� (UANG AND 2EIN �����
7ILKINSON ET AL ����	� 3IMILARLY� THE PRESENCE OF LEG

ACY CARBON �CARBON THAT AVOIDED COMBUSTION DUR

ING THE PREVIOUS WILDFIRE	 TYPICALLY INCREASES WITH
GREATER ORGANIC SOIL DEPTH �7ALKER ET AL ����	� (ENCE�
THE INTERACTION OF PEAT DEPTH AND WATER TABLE POS

ITION MAY BE AN IMPORTANT FACTOR EXPLAINING HIGH
PEAT BURN SEVERITY IN RECENTLY BURNED �TYPICALLY SHAL

LOWER	 ORGANIC SOILS IN !LASKA �����	� AND SHAL

LOW� TRANSITIONAL� PEATLAND MARGIN ECOTONES IN THE
"OREAL 0LAINS� !LBERTA� WHERE CARBON LOSSES FROM
COMBUSTION WERE FOUND TO EXCEED CARBON ACCUMU

LATION SINCE THE PREVIOUS WILDFIRE �)NGRAM ET AL �����
7ALKER ET AL ����	�

.O STUDY TO DATE HAS EXPLICITLY TESTED THE RELATION
BETWEEN PRE
FIRE PEAT DEPTH AND PEAT BURN SEVERITY�
HENCE THE OBJECTIVE OF THIS STUDY IS TO EXAMINE THE
ROLE OF PRE
FIRE PEAT DEPTH ON PEAT BURN SEVERITY �I�E�
$/"	 DUE TO SMOULDERING COMBUSTION�7E HYPOTHES

IZED THAT PRE
FIRE PEAT DEPTH HAS A SIGNIFICANT EFFECT ON
PEAT BURN SEVERITY THROUGH ITS RELATION TO WATER AVAIL

ABILITY� -OREOVER� WE HYPOTHESIZED THAT DEEPER PEAT

LANDS HAVE SLOWER WATER TABLE DRAWDOWN RATES COM

PARED TO SHALLOWER PEATLANDS AND PEAT DEPOSITS� WHERE
DEEPER PEATLANDS HAVE AN INCREASED CAPACITY TO STORE
WATER AND ARE BETTER ABLE TO MAINTAIN A WATER TABLE
IN THE PEAT PROFILE DURING DRY PERIODS� DUE TO THE
RELATIVE STRENGTH OF SOME ECOHYDROLOGICAL FEEDBACKS�
4HESE HYDROLOGICAL CHARACTERISTICS MAY MAKE DEEPER
PEATMORE RESISTANT TO HIGH PEAT BURN SEVERITY AND CAR

BON LOSSES� ENABLING THEM TO MAINTAIN A CARBON SINK
STATUS OVER TIME� $EVELOPING AN UNDERSTANDING OF THE
CONTROL THAT PEAT DEPTH� AS A SURROGATE FOR ECOHYDROLO

GICAL PROCESSES AND PROPERTIES� HAS ON PEAT BURN SEVER

ITY COULD PROVE ESSENTIAL TO THE PROTECTION OF PEATLANDS
FROM CLIMATE CHANGE AND ENHANCED WILDFIRE REGIMES
BY TARGETING THE MOST VULNERABLE PEATLANDS FOR CON

SERVATION AND RESTORATION PRACTICES �E�G� 'RANATH ET AL
����	�

�� -ETHODS

���� 3TUDY AREA
4HE STUDY AREA IS IN THE 5.%3#/ 'EORGIAN "AY "IO

SPHERE 2ESERVE �'""2	 IN /NTARIO� #ANADA� /VER
�� ��� HA OF THE '""2 BURNED BETWEEN *ULY ��
AND /CTOBER ��� ���� IN THE 0ARRY 3OUND ��� WILD

FIRE �FIGURE � 	� 4HE AREA IS CHARACTERIZED BY GRANITE
BEDROCK RIDGES AND VALLEYS� WITH ABUNDANT BEDROCK
DEPRESSIONS OF VARIOUS DEPTHS ALONG THE RIDGES� 4HE
LOW BEDROCK PERMEABILITY IN THESE DEPRESSIONS SUP

PORTS PEAT ACCUMULATION� WHERE A THIN LAYER OF ORGAN

IC�MINERAL SOIL IS OVERLAID WITH PEAT AND A LIVING MOSS
LAYER �TYPICALLY 3PHAGNUM SPP�� -OORE ET AL ����	�

�
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&IGURE �� 4HE 'EORGIAN "AY ECOREGION ON THE SOUTHERN PORTION OF THE #ANADIAN 3HIELD IN /NTARIO� #ANADA� HIGHLIGHTING THE
LOCATION OF THE 0ARRY 3OUND ��� �0!2 ���	 WILDFIRE� �!	 3TUDY AREA WITHIN THE FIRE FOOTPRINT� BURNED PEATLAND LANDSCAPE UNITS
SURVEYED IN *UNE ���� ARE OUTLINED IN BLACK� �"	 STUDY AREA OUTSIDE THE FIRE FOOTPRINT� UNBURNED SITES ARE OUTLINED IN BLACK�

4HE ROCK BARRENS HYDROGEOLOGICAL SETTING ALLOWS FOR
FREQUENT HYDROLOGICAL ISOLATION OF PEAT DEPOSITS OF
VARYING DEPTH� WHERE HYDROLOGICAL CONNECTIVITY IS
DEPENDENT ON FILL
AND
SPILL EVENTS� WHEN WATER INPUTS
EXCEED THE STORAGE CAPACITY OF THE DEPRESSION �3PENCE
AND 7OO ����	� 4HE SURFACE COVER OF THE SURROUND

ING BEDROCK RIDGE TENDS TO CONSIST OF EXPOSED BED

ROCK� MOSS �0OLYTRICHUM SPP�	 CUSHIONS� AND LICHEN
�#LADONIA SPP�	 MATS� WHILE THE INTERVENING VALLEYS
MORE COMMONLY CONSIST OF DEEPER MINERAL SOIL� OPEN
WATER PONDS� OR DEEP PEATLANDS� #OMMON TREE SPECIES
IN THE AREA INCLUDE TAMARACK �,ARIX LARICINA	� BLACK
SPRUCE �0ICEA MARIANA	� WHITE PINE �0INUS STROBUS	�
AND JACK PINE �0INUS BANKSIANA	�

4HE REGION MAY HAVE PREVIOUSLY EXPERIENCED LOW

SEVERITY CULTURAL BURNING� HOWEVER� THERE ARE NO LARGE
WILDFIRES DOCUMENTED IN RECENT RECORDS FOR THIS AREA
�RECORDS SINCE ���� FOR THE /NTARIO 3HIELD ECOZONE�
3TOCKS ET AL ����� .ATURAL 2ESOURCES #ANADA ����	�
4HE CLIMATE IS HUMID CONTINENTAL WITH A RELATIVELY
DRIER SUMMER �*UNEn!UGUST	 COMPARED TO WETTER
SHOULDER SEASONS �%NVIRONMENT #ANADA ����	� )N
����� THE STUDY AREA RECEIVED APPROXIMATELY �����
���� AND ��� OF THE AVERAGE PRECIPITATION FOR !PRIL�
-AY� AND *UNE� RESPECTIVELY� COMPARED TO ����n����
CLIMATE NORMALS �%NVIRONMENT #ANADA ����	� !T THE
TIME OF WILDFIRE IGNITION �*ULY ��� ����	 THE AREA HAD

RECEIVED ONLY ����� OF THE TYPICAL PRECIPITATION FOR
*ULY �%NVIRONMENT #ANADA ����	�

/UR RESEARCH WAS CARRIED OUT AT NINE DIFFER

ENT SITES WITHIN THE 0ARRY 3OUND ��� FIRE FOOT

PRINT �FIGURE ��!		� 0EAT BURN SEVERITY WAS ANALYSED
USING A STRATIFIED
RANDOM APPROACH TO ENSURE THE
DISTRIBUTION OF BOTH PEAT DEPTHS AND $/" ON THE
LANDSCAPE WAS CAPTURED� BASED ON A PRIORI KNOW

LEDGE OF THE UNBURNED LANDSCAPE� %ACH SITE WAS
VISUALLY DIVIDED INTO TWO LANDSCAPE UNITS DEFINED
AS� �I	 THE PEATLAND� SUBDIVIDED INTO THE PEATLAND
MIDDLE �0MID	 AND PEATLAND MARGIN �0MARG� ALONG
THE PERIMETER OF THE PEATLAND	� AND �II	 THE UPLAND�
FORESTED AREAS ON THE ADJACENT UPLAND ROCK BAR

RENS� WITH PEATY SOILS AND A THIN� UNDERLYING MIN

ERAL SOIL LAYER� (ENCE EACH @SITE� CONTAINS A PEAT

LAND MIDDLE� PEATLAND MARGIN AND UPLAND LANDSCAPE
UNIT THAT ARE REFERRED TO BY THEIR RESPECTIVE ABBREVI

ATION� GIVEN ABOVE� AND SITE )$ �TABLE 3� �AVAILABLE
ONLINE AT STACKS�IOP�ORG�%2,�����������MMEDIA		� !
RANGE OF PEATLAND AREAL EXTENTS WERE ASSESSED� INCLUD

ING THREE SITES CONTAINING RELATIVELY LARGE PEATLANDS
�����n���� HA	� THREE WITH MEDIUM PEATLANDS �����n
���� HA	� AND THREE WITH SMALL PEATLANDS �����n
���� HA	� WHERE MAXIMUM PEAT DEPTH IN PEATLAND
MIDDLES WAS!��� M AND PEAT DEPTH IN PEATLAND MAR

GINS WAS TYPICALLY� BUT NOT ALWAYS� ���� M� 5PLANDS

�

https://stacks.iop.org/ERL/15/104032/mmedia
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HAD VARIABLE DEPTHS� USUALLY ���� M� $OMINANT TREE
SPECIES WERE TAMARACK� BLACK SPRUCE AND JACK PINE FOR
0MID� 0MARG� AND UPLAND LANDSCAPE UNITS� RESPECTIVELY�

���� 0EAT BURN SEVERITY AND CARBON LOSS
!T EACH SITE WE RANDOMLY SELECTED �� PLOTS IN EACH OF
THE 0MID� 0MARG� AND UPLAND LANDSCAPE UNITS FOR A TOTAL
OF ��� PLOTS ACROSS THE NINE SITES� $/" WAS ESTIM

ATED � MONTHS POST
FIRE BY ASSUMING THAT THE PRE

FIRE SURFACE BETWEEN TWO REFERENCE POINTS �TREE ROOTS
AND�OR SURFACES UNALTERED BY THE FIRE	 WAS FLAT PRIOR TO
FIRE� 0OST
FIRE VEGETATIVE RECOVERY WAS MINIMAL DURING
THIS TIME� WHICH WAS PREDOMINANTLY WINTER MONTHS
CHARACTERISED BY THE PRESENCE OF FROZEN GROUND AND
A SNOWPACK� &URTHER� ONE TO TWO YEAR TIME LAGS IN
GROUND COVER RE
ESTABLISHMENT ARE TYPICAL IN NORTH

ERN PEATLANDS �"ENSCOTER AND 6ITT ����� ,UKENBACH
ET AL ����A	� 4HE DIFFERENCE BETWEEN THE BURNED SUR

FACE AND THE ESTIMATED PRE
FIRE SURFACE WAS TAKEN TO
BE THE $/"� SIMILAR TO SEVERAL STUDIES �E�G� +ASISCHKE
AND *OHNSTONE �����-ACK ET AL ����	� 4REE ROOT REFER

ENCE POINTS WERE CALIBRATED BY DETERMINING THE AVER

AGE DEPTH OF PEAT AND�OR THE LIVE MOSS LAYER ABOVE
ROOTS IN TWO UNBURNED SITES LOCATED APPROXIMATELY
��� KM FROM THE STUDY SITES� SIMILAR TO ,UKENBACH
ET AL �����B	� ! TOTAL OF FIVE $/"MEASUREMENTS WERE
MADE IN EACH PLOT� N = ��� PER SITE ����� TOTAL	� 7E
ALSO MADE THREE REMNANT PEAT DEPTH MEASUREMENTS
PER PLOT USING A PEAT PROBE� N= �� PER SITE ���� TOTAL	�
7E ESTIMATED PRE
FIRE PEAT DEPTH IN EACH PLOT BY SUM

MING THE AVERAGE POST
FIRE PEAT DEPTH AND AVERAGE
$/"� N = �� PER SITE ���� TOTAL	 AND THIS WAS USED
TO CALCULATE THE PROPORTION OF THE PEAT PROFILE THAT
BURNED�

4O DEMONSTRATE HOW COMBUSTION IMPACTS PEAT

LAND CARBON BALANCES� THE MEDIAN VALUE OF PEATLAND
$/" MEASUREMENTS �0MID AND 0MARG	 WAS APPLIED
ACROSS THE AREAL EXTENT OF EACH PEATLAND GIVING AN
ESTIMATE OF THE TOTAL MASS OF CARBON COMBUSTED
FROM EACH PEATLAND� #ARBON LOSS WAS ESTIMATED USING
PEAT BULK DENSITY AND ORGANIC MATTER CONTENT �����n
��� M DEPTH INCREMENTS	 FROM PEAT CORES AT NEARBY
UNBURNED PEATLANDS �TABLE 3�	� /RGANIC MATTER WAS
CONVERTED TO ORGANIC CARBON USING THE ����� ESTIMATE
FOR 3PHAGNUM PEAT FROM ,OISEL ET AL �����	� 4HE AREAL
EXTENT OF EACH OF THE NINE PEATLANDS WAS DIGITIZED IN
!RC')3 ������ USING ��� M RESOLUTION IMAGERY FROM
THE ���� #ENTRAL /NTARIO /RTHOPHOTOGRAPHY 0ROJECT
�#//0� /-.2&� ����	�

���� 7ATER TABLE DEPTH
74$ WAS CONTINUOUSLY MONITORED AT �� UNBURNED
SITES �PEATLANDS TO SHALLOW PEAT DEPOSITS	 LOCATED
^�� KM SOUTH OF THE BURNED SITES� 4HE UNBURNED SITES
ARE ALSO LOCATED WITHIN THE ROCK BARRENS HYDROGEO

LOGICAL SETTING AND EXPERIENCE SIMILAR HYDROCLIMATO

LOGICAL CONDITIONS TO THE BURNED SITES �FIGURE ��"		�
WHERE 74$ IS RESPONSIVE TO CHANGES IN SHORT
TERM
CLIMATE DUE TO ISOLATION FROM LARGE
SCALE GROUNDWATER

SYSTEMS �3PENCE AND 7OO ����	� 7ATER TABLE MEAS

UREMENTS WERE TAKEN FOR THE PERIOD BETWEEN THE END
OF SNOWMELT �!PRIL �� ����	 AND THE BEGINNING OF THE
WILDFIRE �*ULY ��� ����	� 3OLINST ,EVELOGGER PRESSURE
TRANSDUCERS RECORDED 74$ IN ���� M DIAMETER 06#
WELLS INSTALLED IN THE DEEPEST PART OF THE UNBURNED
SITES� TYPICALLY REACHING BEDROCK AT THE BASE� 4HEWATER
TABLE DRAWDOWN RATE �MM DAY−�	 FOR ALL �� UNBURNED
SITES WAS CALCULATED FOR THE LONGEST RAIN
FREE PERIOD
PRECEDING THE WILDFIRE FROM -AY �� TO *UNE ��� �����

���� 3TATISTICAL ANALYSES
!LL STATISTICAL ANALYSES WERE CONDUCTED IN 2 ����� �2
#ORE 4EAM ����	� ,INEAR REGRESSIONS WERE CONDUCTED
TO EXAMINE RELATIONSHIPS BETWEEN PRE
FIRE PEAT DEPTH
AND $/"� PERCENT BURNED� AND PERCENT CARBON LOSS�
! BREAKPOINT ANALYSIS USING A PIECEWISE LINEAR REGRES

SION �SEGMENTED�2� -UGGEO ����	 WAS CONDUCTED TO
DETERMINE THE PRE
FIRE PEAT DEPTH AT WHICH THE SLOPE
OF THE LINEAR RELATION BETWEEN THE PERCENT BURNED
AND PRE
FIRE PEAT DEPTH CHANGED� $ATA TENDED TO BE
NON
NORMAL� HENCE� NON
PARAMETRIC +RUSKALn7ALLIS
�+7	 TESTS WERE CONDUCTED TO DETERMINE WHETHER THE
MEDIAN $/" AND PERCENT BURNED DIFFERED SIGNIFIC

ANTLY BETWEEN THE 0MID� 0MARG AND UPLAND� OR BETWEEN
PLOTS DEEPER AND SHALLOWER THAN THE IDENTIFIED BREAK

POINT� 3IMILARLY� +7 TESTS WERE EMPLOYED TO TEST THE
DIFFERENCE BETWEEN WATER TABLE DRAWDOWN RATES IN
UNBURNED SITES� -EDIAN VALUES ± INTERQUARTILE RANGE
ARE DISPLAYED UNLESS STATED�

�� 2ESULTS

���� 0EAT BURN SEVERITY
$/" WAS SIGNIFICANTLY DIFFERENT BETWEEN 0MID� 0MARG�
AND UPLAND LANDSCAPE UNITS �χ� = ������� DF = ��
P � �����	� $/" VALUES WERE ����± ����� ����± ����
AND ����± ����M FOR 0MID� 0MARG AND UPLAND� RESPECT

IVELY� 0MARG HAD THE LARGEST RANGE OF $/" VALUES
������n���� M	� WHILE 0MID WAS THE ONLY LANDSCAPE
UNIT WHICH CONTAINED ANY PLOTS WITH $/" VALUES OF
� M� 2ELATIONSHIPS BETWEEN $/" AND PRE
FIRE PEAT
DEPTH VARIED BETWEEN THE LANDSCAPE UNITS �FIGURE � 	�
)N THE UPLAND� $/" �M	 AND PRE
FIRE PEAT DEPTH �M	
HAD A STRONG POSITIVE CORRELATION �$/" = �����PEAT
DEPTH	 + ����� ADJUSTED 2� = ����� P � �����	� )N
CONTRAST� IN 0MID $/" DECREASED AS PRE
FIRE PEAT
DEPTH INCREASED �$/" = −�����PEAT DEPTH	 + �����
ADJUSTED 2� = ����� P � �����	 AND 0MARG SHOWED
NO SIGNIFICANT RELATIONSHIP BETWEEN $/" AND PRE

FIRE PEAT DEPTH �P = ����	� (OWEVER� WHEN ANALYS

ING ALL LANDSCAPE UNITS TOGETHER� $/" �M	 WAS FOUND
TO DECREASE SIGNIFICANTLY WITH INCREASING PRE
FIRE PEAT
DEPTH �M	 �$/"=−�����PEAT DEPTH	+ ����� ADJUS

TED 2� = ����� P � �����	 �FIGURE � 	�

4HE PROPORTION OF THE PROFILE THAT BURNED �PER

CENT BURNED	 VARIED SIGNIFICANTLY BETWEEN THE LAND

SCAPE UNITS �χ� = ������ DF = �� P � �����	�
WHERE UPLANDS HAD THE HIGHEST PERCENT BURNED

�
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&IGURE �� 4HE RELATIONSHIP BETWEEN DEPTH OF BURN �M	 AND PRE
FIRE PEAT DEPTH �M	� SEPARATED BY LANDSCAPE UNIT� 4HE SOLID BLACK
LINE REPRESENTS A ��� RELATIONSHIP BETWEEN DEPTH OF BURN AND PRE
FIRE PEAT DEPTH�

����� ± ����	� FOLLOWED BY 0MARG ����� ± ����	� AND
0MID HAD THE LOWEST ���� ± ���	� 7ITHIN THE PEAT

LAND �0MID AND 0MARG	� THE PERCENT BURNED DECREASED
SIGNIFICANTLY WITH INCREASING PRE
FIRE PEAT DEPTH
�FOR N = ��� SITES	 �TABLE 3�	� DIFFERING IN SLOPE
BASED ON THEIR PRE
FIRE PEAT DEPTH DISTRIBUTIONS
�FIGURE 3�	� ! PIECEWISE LINEAR REGRESSION �ADJUS

TED 2� = ����� P � �����	 SHOWED THAT THE PERCENT
BURNED ��	 DECREASED SHARPLY WITH INCREASING PRE

FIRE PEAT DEPTH �M	 �PERCENT BURNED = −�������PEAT
DEPTH	 + �����	 UNTIL A BREAKPOINT OF ���� ± ���� M
PRE
FIRE PEAT DEPTH� WHERE� WHILST STILL SIGNIFICANT� THIS
RELATIONSHIP CHANGED �PERCENT BURNED=−������PEAT
DEPTH	 + ������ FIGURE � 	� ! PIECEWISE LINEAR REGRES

SION MODEL WAS SELECTED OVER A GENERAL LINEAR REGRES

SION BASED ON !KAIKE INFORMATION CRITERION VALUES
THAT WERE ������ AND ������ FOR PIECEWISE AND GENERIC
LINEAR REGRESSIONS� RESPECTIVELY� 0ERCENT BURNED WAS
SIGNIFICANTLY GREATER AT PLOTS WHERE PRE
FIRE PEAT DEPTH
WAS BELOW THE BREAKPOINT �I�E� ����� M� χ� = ������
DF = �� P � �����	� -EDIAN PERCENT BURNED WAS ���
AND ����� FOR PEAT DEEPER THAN AND SHALLOWER THAN
THE BREAKPOINT� RESPECTIVELY�

���� #ARBON LOSS
-EAN �± STD	 CARBON LOSS FROM THE PEATLANDS �0MID

AND 0MARG	 WAS ���� ± ���� KG # M−�� RANGING
FROM ����n���� KG # M−�� 4HE PERCENT CARBON
LOSS ��	 DECREASED SIGNIFICANTLY WITH INCREASING

MEDIAN PEAT DEPTH �M	 �CARBON LOSS = −������PEAT
DEPTH	 + ������ ADJUSTED 2� = ����� P � ����	� 3ITE
���� WITH A MEDIAN PEAT DEPTH OF ���� M �MAXIMUM
��� M	� HAD THE GREATEST PROPORTIONAL CARBON LOSS�
LOSING AN ESTIMATED ��� OF ITS TOTAL STORED ORGANIC
CARBON �FIGURE 3�	� 4HE SITE WITH THE DEEPEST PEAT
�SITE ���	� WITH A MEDIAN PEAT DEPTH OF ���� M� HAD
THE THIRD LOWEST PERCENT CARBON LOSS� WITH AN ESTIM

ATED ���� OF ITS TOTAL STORED CARBON BEING COMBUSTED
�FIGURE 3�	�

���� 7ATER TABLE DEPTH
5NBURNED SITES WITH A MAXIMUM PEAT DEPTH SHAL

LOWER THAN THE BREAKPOINT ����� M	 HAD WATER TABLES
NEAR THE BASE OF THE PEAT PROFILE OR NOT PRESENT
AT THE TIME OF THE WILDFIRE �FIGURE � 	� #ONVERSELY�
UNBURNED SITES WITH A MAXIMUM PEAT DEPTH GREATER
THAN THE BREAKPOINT HAD WATER TABLES PRESENT IN THE
PEAT PROFILE �FIGURE � 	� &OR THE -AY ��n*UNE ��
RAIN
FREE PERIOD THE RATE OF WATER TABLE DRAWDOWN
�MM DAY−�	 DECREASED WITH INCREASING MAXIMUM
PEAT DEPTH �M	 PER SITE �FIGURE � 	� ! LOG
LINEAR CURVE
DESCRIBES THE RELATIONSHIP REASONABLY WELL �DRAW

DOWN RATE = −�����LN�MAX PEAT DEPTH	 + �������
2� = �����	 AND WATER TABLE DRAWDOWN RATE WAS SIGNI

FICANTLY GREATER FOR PEATLANDS THAT LOST THEIR WATER TABLE
PRIOR TO THE START OF THEWILDFIRE �MAXIMUMPEAT DEPTH
BELOW BREAKPOINT	 COMPARED TO THOSE WHICH DID NOT

�



%NVIRON� 2ES� ,ETT� �� �����	 ������ 3 , 7ILKINSON ET AL

&IGURE �� 0IECEWISE LINEAR REGRESSION BETWEEN THE PERCENT OF THE PROFILE BURNED �PERCENT BURNED	 AND THE PRE
FIRE PEAT DEPTH �M	�
3LOPE �=−�������� SLOPE �=−������� ADJUSTED 2� = ����� P � ������ "REAKPOINT ESTIMATED AT ����± ���� M PRE
FIRE PEAT DEPTH�

�χ� = ���� DF = �� P � ����� MAXIMUM PEAT DEPTH
ABOVE BREAKPOINT	� OVER THE SAME TIME PERIOD�

�� $ISCUSSION

���� 0EAT DEPTH� BURN SEVERITY� AND CARBON LOSS
/UR RESULTS SUPPORT OUR HYPOTHESIS THAT SHALLOWER
PEAT IS MORE VULNERABLE TO HIGH PEAT BURN SEVERITY�
WHERE $/" DECREASES WITH INCREASING PRE
FIRE PEAT
DEPTH� ALBEIT WITH VARIABILITY �FIGURE � 	� 7E IDENTI

FIED A THRESHOLD PRE
FIRE PEAT DEPTH OF ����± ���� M�
WHERE PROFILES DEEPER THAN THIS WERE GENERALLY RESIST

ANT TO DEEP COMBUSTION �FIGURE � 	� )N PEAT DEEPER
THAN THE THRESHOLD� MEDIAN PERCENT BURNED WAS ����
AND ����� PLOTS HAD AN AVERAGE$/"OF �����M�#ON

VERSELY� IN PEAT SHALLOWER THAN THE THRESHOLD WE RECOR

DED UP TO ��� OF THE PROFILE BURNED IN SOME PLOTS�
WHERE THE MEDIAN WAS ���� !LTHOUGH VERTICAL PEAT
COMBUSTION IS TYPICALLY MOISTURE
LIMITED RATHER THAN
FUEL
LIMITED �5SUP ET AL ����� 0RAT
'UITART ET AL ����	�
OUR RESULTS SHOW THAT SHALLOW PEAT DEPOSITS CAN BURN
THROUGH ALMOST THEIR ENTIRE PROFILE� SUGGESTING THAT
THE COMBUSTION OF THE MAJORITY OF THE ORGANIC MATTER
PRESENT WAS THE CAUSE OF THE CESSATION OF THE SMOUL

DERING REACTION IN THE SHALLOWEST PEAT �SEE ��� LINE�
FIGURE � 	� SIMILAR TO SHALLOW PEAT PROFILES STUDIED BY
-IYANISHI AND *OHNSON �����	� 3HALLOW PEAT DEPOS

ITS HAVE ALSO BEEN FOUND TO BURN DEEPLY IN THE TRANS

ITIONAL MARGIN ECOTONES OF PEATLANDS IN THE "OREAL
0LAINS� !LBERTA �(OKANSON ET AL ����	� AND IN !LASKA
WITH UP TO ��� OF THE PRE
FIRE ORGANIC SOIL PROFILE

LOST TO COMBUSTION �7ALKER ET AL ����	� (OWEVER� A
THRESHOLD OF PRE
FIRE PEAT DEPTH DESCRIBING THE VUL

NERABILITY OF PEAT TO SEVERE BURNING HAS NOT PREVIOUSLY
BEEN ESTABLISHED�

4HE RESISTANCE OF DEEPER PEAT TO COMBUSTION MAY
BE DUE TO THE INCREASED WATER STORAGE CAPACITY OF
DEEPER PEAT DEPOSITS �0RICE AND 3CHLOTZHAUER ����	�
AND THE ABILITY OF DEEPER PEATLANDS TOMAINTAIN AWATER
TABLE WITHIN THE PEAT PROFILE DURING THE SUMMER DRY
PERIOD� )N FACT� ON THE DAY THE ���� 0ARRY 3OUND
��� WILDFIRE STARTED� WE FOUND THAT ONLY UNBURNED
SITES WITH A MAXIMUM PEAT DEPTH DEEPER THAN THE
THRESHOLD HAD A WATER TABLE WITHIN THE PEAT PROFILE�
WHEREAS SHALLOWER SITES HAD WATER TABLES BELOW THEIR
PEAT PROFILES �FIGURE � 	� 4HE STRONG CAPILLARY FORCES IN
PEAT ENABLE WATER TO BE TRANSPORTED FROM THE WATER
TABLE TOWARDS THE SURFACE �-CCARTER AND 0RICE ����	
WHILST THE WATER TABLE IS LESS THAN ^���MDEEP �,UKEN

BACH ET AL ����A	� MAINTAINING HYDROSTATIC EQUILIB

RIUM IN THE PEAT PROFILE� 7HEN THE 74$ INCREASES
PAST THIS DEPTH� OR IS LOST FROM THE PEAT PROFILE� WATER
CONTENT IN THE UPPER LAYERS CAN BECOME DECOUPLED
FROM THE WATER TABLE �E�G� ,UKENBACH ET AL ����A	
CAUSING SURFACE PEAT TO BE RAPIDLY DRIVEN TOWARDS
RESIDUAL WATER CONTENT �-OORE AND7ADDINGTON �����
$IXON ET AL ����	�

-AINTAINING MOISTURE IN THE PEAT PROFILE� ESPE

CIALLY THE NEAR
SURFACE� IS CRUCIAL TO LIMIT THE IGNI

TION OF PEAT AND PROPAGATION OF THE SMOULDERING REAC

TION �6AN 7AGNER ����� &RANDSEN ����� "ENSCOTER
ET AL ����� 0RAT
'UITART ET AL ����	� "ECAUSE OF THE

�
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&IGURE �� 4HE WATER TABLE DEPTH �74$	 ON *ULY ��� ���� OF �� UNBURNED SITES COMPARED TO THEIR MAXIMUM PEAT DEPTH �M	� 4HE
GREY LINES REPRESENT THE LOCATION OF THE PRE
FIRE PEAT DEPTH BREAKPOINT AT ����± ���� M� 4HE OPEN AND FILLED SYMBOLS REPRESENT
SITES WHERE THE WATER TABLE WAS BELOW AND WITHIN THE PEAT PROFILE� RESPECTIVELY�

&IGURE ��7ATER TABLE �74	 DRAWDOWN RATE �MM DAY−�	 IN �� UNBURNED PEATLANDS�PEAT DEPOSITS DURING A RAIN
FREE PERIOD FROM
-AY �� TO *UNE ��� PRECEDING THE 0ARRY 3OUND ��� WILDFIRE� 74 DRAWDOWN RATE=−�����LN�X	+ ������� ADJUSTED 2� = ������
P � ������

�
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HIGH LATENT HEAT OF VAPORISATION OF WATER� PEAT MOIS

TURE ACTS AS THE MAIN ENERGY SINK IN THE COMBUSTION
REACTION �"ENSCOTER ET AL ����	 WHERE WATER MUST BE
EVAPORATED BEFORE THE PEAT FUEL IS HEATED TO COM

BUSTION TEMPERATURE� ENABLING THE PROPAGATION OF
SMOULDERING �6AN 7AGNER ����	� 4HE CRITICAL PEAT
MOISTURE CONTENT LIMITING PEAT SMOULDERING HAS BEEN
FOUND TO VARY BETWEEN ��� AND ��� G G−� WHERE
SAMPLES WITH HIGH PEAT DENSITY EXPERIENCED SMOUL

DERING AT A HIGHER MOISTURE CONTENT �2EIN ET AL �����
"ENSCOTER ET AL ����	� 5NDER CONTINUED ATMOSPHERIC
DEMAND THE LOSS OF THE WATER TABLE IN SHALLOW PEAT
�FIGURE �	 WILL CAUSE DECREASING MOISTURE CONTENT
IN NEAR
SURFACE PEAT AND INCREASE PEAT SMOULDERING
POTENTIAL �6AN 7AGNER ����� 2EIN ET AL ����� "ENS

COTER ET AL ����	�

)N NEARBY UNBURNED PEATLANDS� WE FOUND THAT
WATER TABLE DRAWDOWN RATE �MM DAY−�	 DECREASED
WITH INCREASING MAXIMUM PEAT DEPTH DURING A RAIN

FREE PERIOD PRECEDING THE 0ARRY 3OUND ��� WILDFIRE
�FIGURE �	 � "Y EXTENSION� THE REGULATION OF WATER TABLE
DRAWDOWN IN DEEPER PEATLANDS IN THE BURNED LAND

SCAPE LIKELY HELPED MAINTAIN A WATER TABLE WITHIN
THE PEAT PROFILE� LEADING TO LOWER PEAT BURN SEVERITY�
(IGHER WATER TABLE DRAWDOWN RATES IN SHALLOW PEAT

LANDS AND PEAT DEPOSITS COULD BE A RESULT OF LOWER
3Y DUE TO GREATER DECOMPOSITION� &REQUENT OXIDATION
OF THE PEAT PROFILE LIKELY INCREASES PEAT DECOMPOSI

TION �&REEMAN ET AL ����� 3TRACK ET AL ����	 LEADING
TO INCREASED PEAT BULK DENSITY THAT IS ASSOCIATED WITH
DECREASING SPECIFIC YIELD �3Y	 AND GREATER WATER TABLE
FLUCTUATIONS� PROMOTING FURTHER DECREASES IN 3Y �7AD

DINGTON ET AL ����	� 3IMILAR MECHANISMS HAVE BEEN
SUGGESTED TO INCREASE THE SMOULDERING POTENTIAL OF
PEAT IN THE MARGINS OF TREED PEATLANDS IN THE "OREAL
0LAINS �7ILKINSON ET AL ����	� "ECAUSE HIGHER DENSITY
PEAT CAN BURN AT A HIGHER MOISTURE CONTENT �&RAND

SEN ����� 2EIN ET AL ����� "ENSCOTER ET AL ����	 THIS
COULD HELP FURTHER EXPLAIN THE HIGH PEAT BURN SEVERITY
RECORDED ACROSS THIS LANDSCAPE� ALTHOUGH SPECIFIC PRE

FIRE PEAT CHARACTERISTICS ARE UNKNOWN FOR THESE BURNED
SITES�

$ESPITE THE PREVALENCE OF SHALLOW PEAT IN THE
STUDY SITES� AVERAGE CARBON LOSS FROM THE PEATLANDS
�����± ���� KG#M−�	WASWITHIN THE TYPICAL RANGE OF
CARBON LOSS FROM NORTHERN PEATLANDS �E�G� "ENSCOTER
AND7IEDER �����(OKANSON ET AL ����	� (OWEVER� THE
IMPACT ON THE CARBON BALANCE IS DEPENDENT ONNET CAR

BON ACCUMULATION RATE� WHICH FOR NORTHERN PEATLANDS
IS ^����� KG #M−� YR−�� BUT IS STRONGLY CONTROLLED BY
THE RATE OF DECOMPOSITION �'ORHAM ����	� -OREOVER�
DUE TO THE SHALLOW DEPTHS OF PEAT DEPOSITS AND THE
HIGH PERCENT OF THE PROFILES EXPERIENCING COMBUSTION
�FIGURE � 	� THE PROPORTION OF PRE
FIRE CARBON COM

BUSTED FROM INDIVIDUAL PEATLANDS �MAX= ���� FIGURE
3�	 WAS MUCH HIGHER THAN OTHER UNDISTURBED NORTH

ERN PEATLANDS �E�G� ����� 7ILKINSON ET AL ����	� AND
MORE SIMILAR TO HEAVILY
DRAINED PEATLANDS �E�G� ����
7ILKINSON ET AL ����	� &URTHERMORE� THE EXPOSURE OF

MINERAL SOIL PROMOTES THE RECRUITMENT OF DECIDU

OUS SPECIES AND NON
PEAT
ACCUMULATING VEGETATION
�*OHNSTONE AND #HAPIN ����	 THAT ARE DETRIMENTAL
FOR THE RE
ACCUMULATION OF LONG
TERM CARBON STORES
AND CAN RESULT IN AN ALTERED WILDFIRE REGIME �+ETTRIDGE
ET AL ����	� /VERALL� WE FIND THAT DEEPER PEAT IS MORE
RESISTANT TO HIGH PEAT BURN SEVERITY AND EXCESSIVE CAR

BON LOSS� OWING THE ABILITY TO REGULATE WATER TABLE POS

ITION WITHIN THE PEAT PROFILE TO A NUMBER OF COM

PLEX AND INTERACTING ECOHYDROLOGICAL FEEDBACKS� 4HIS
IS AN IMPORTANT FINDING GIVEN THE EXTENSIVE DISTRIBU

TION AND COVER OF SHALLOW PEAT ACROSS REGIONS EXPERI

ENCING BOTH NATURAL AND MANAGED FIRE REGIMES �*AEN

ICKE ET AL ����� *.## ����� 6OMPERSKY ET AL ����	�

���� )MPLICATIONS FOR PEATLAND CARBON STORAGE�
WILDFIRE MANAGEMENT� AND RESTORATION
7E SUGGEST THAT PEAT DEPTH CAN ACT AS A KEY INDIC

ATOR FOR VULNERABILITY OF PEAT DEPOSITS TO HIGH PEAT
BURN SEVERITY� )N
SITUMEASUREMENTS OF PEAT DEPTH DO
NOT REQUIRE CONTINUOUS MONITORING� SUCH AS PRECIP

ITATION OR 74$� MAKING IT AN EFFICIENT AND SIMPLE
INDICATOR TO BE USED IN FIRE VULNERABILITY MAPPING AS
PART OF BROADER FIREMANAGEMENT STRATEGIES� !DDITION

ALLY� PEAT DEPTH CAN BE USED CONCEPTUALLY TO IDENTIFY
THE TYPES OF PEATLANDS AND PEAT DEPOSITS WHICH MAY
BE AT THE GREATEST RISK OF NOT MAINTAINING THEIR CAR

BON SINK FUNCTION OVER SUCCESSIVE FIRE DISTURBANCES
�CF )NGRAM ET AL ������ 7ALKER ET AL ����	� SUCH AS�
YOUNGER AND�OR SLOW
ACCUMULATING PEATLANDS �6ARDY
ET AL ����	� RECENTLY RESTORED PEATLANDS �'RANATH ET AL
����	� AND MOSS AND LICHEN MATS ON THE UPLAND
ROCK BARRENS �-OORE ET AL ����	� 2EGIONAL AND PAN

REGIONAL RISK ASSESSMENTS BASED ON PEAT DEPTH WILL
REQUIRE ADVANCES IN PEAT DEPTH MAPPING TECHNIQUES
BY UTILIZING REMOTE SENSING APPROACHES� LEADING TO
IMPROVED ESTIMATES OF NORTHERN PEAT DEPTHS� WHICH
ARE CURRENTLY LIMITED �9U ����	�

4HE IDENTIFICATION OF THE PRE
FIRE PEAT DEPTH
THRESHOLD ALLOWS FOR A CLASSIFICATION OF FIRE RISK BASED
ON PEAT DEPTH WHERE� IN THIS REGION� DEPOSITS �^��� M
DEEP ARE AT LOWER RISK OF HIGH PEAT BURN SEVERITY� AND
PEAT DEPOSITS SHALLOWER THAN THIS HAVE A HIGHER RISK OF
PEAT SMOULDERING LEADING TO HIGH PEAT BURN SEVERITY�
'IVEN THAT OUR PRE
FIRE PEAT DEPTH THRESHOLD FOR PEAT
RESISTANCE TO DEEP COMBUSTION IS CONTROLLED BY A NUM

BER OF INTERACTING FACTORS� WE SUGGEST THAT WHILE THE
SPECIFIC RESISTANCE THRESHOLD WILL VARY BETWEEN ECO

ZONES AND LANDSCAPES DUE TO THE INTERACTIVE EFFECTS
OF HYDROCLIMATE� HYDROGEOLOGICAL SETTING� AND LAND

USE AND LAND
COVER CHANGE �E�G� (OKANSON ET AL �����
7ILKINSON ET AL ����	� THIS @SURVIVAL OF THE DEEPEST�
CONCEPT IS WIDELY APPLICABLE� 7E ENCOURAGE FURTHER
FIELD RESEARCH AND COUPLED HYDROLOGICAL AND COMBUS

TION MODELLING �E�G� 4HOMPSON ET AL ����	 STUDIES TO
EXAMINE PEAT BURN SEVERITY THRESHOLDS IN OTHER LAND

SCAPES AND CLIMATES�

)N ADDITION TO IMPROVING THE TARGETING OF FIRE
MANAGEMENT STRATEGIES� THESE RESULTS ALSO HIGHLIGHT

�
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THE VALUE OF PROACTIVE RESTORATION� 2ESTORATION EFFORTS
SHOULD BE DESIGNED TO ACCUMULATE PEAT QUICKLY� PAR

TICULARLY THROUGH THE ESTABLISHMENT OF 3PHAGNUM
MOSS �'RANATH ET AL ����	� %FFICIENT METHODOLOGIES
HAVE BEEN DEVELOPED TO SUCCESSFULLY RESTORE PEAT

LANDS AFTER HARVESTING AND DRAINAGE� I�E� THE MOSS
LAYER TRANSFER TECHNIQUE �2OCHEFORT ET AL ����	� WITH
MORE RECENT WORK FOCUSING ON SHALLOW PEAT DEPOSITS
�'RAND
#LEMENT ET AL ����	� &URTHERMORE� WE SUG

GEST THAT SIMILAR PRACTICES COULD BE APPLIED TO BURNED
PEATLANDS TO PROMOTE A QUICKER RETURN TO A CARBON

ACCUMULATING SYSTEM AND TO LIMIT FUTURE SMOULDERING
POTENTIAL �'RANATH ET AL ����	� THEREBY SUPPORTING A
RETURN TO A NET CARBON SINK STATUS AND PROTECTING GLOB

ALLY SIGNIFICANT CARBON STORES�
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