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Abstract. To fully understand the carbon (C) cycle im- that were both subjected to fire in 200F £ 0.186). There
pacts of forest fires, both C emissions during the fire andwas an increase ifiy with time since fire for the chronose-
post-disturbance fluxes need to be considered. The latter arguence 0, 16 and 59 years post fire< 0.001). Our results
dominated by soil surface GAlux (Fs), which is still sub-  lead us to hypothesise that the autotrophic:heterotrophic soil
ject to large uncertainties. Fire is generally regarded as theespiration ratio increases over post-fire successional time in
most important factor influencing succession in the borealboreal jack pine systems, though this should be explored in
forest biome and fire dependant species such as jack piniture research. The results of this study contribute to a better
are widespread. In May 2007, we took concurrégtand  quantitative understanding &t in boreal jack pine fire scars
soil temperatureTs) measurements in boreal jack pine fire and will facilitate meta-analyses @k in fire scar chronose-
scars aged between 0 and 59 years since fire. To allow conmguences.

parisons between scars, we adjustgdor Ts (FJ) using a
Q10 of 2. MeanF/! ranged from 0.564 0.30sd) to 1.94
(£0.74 sd) pmolC@mM~2s~1. Our results indicate a dif- 1 |ntroduction

ference in mearF! between recently burned (4 to 8 days

post fire) and non-burned mature (59 years since fire) foresforest ecosystems sequester, store and release carbon (C)
(P <0.001), though no difference was detected between reand have an integral role in the global C balance (Bonan,
cently burned (4 to 8 days post fire) and non-burned young008). Boreal forests contain almost half of the C stored in
(16 years since fire) foresP(= 0.785). There was a differ-  forest ecosystems (Preston et al., 2006) and of the 3150 Pg C
ence in mearF! between previously young (16 years since believed to be contained in the Earth’s soils (Sabine et al.,
fire) and intermediate aged (32 years since fire) scars tha2003), several hundred Pg are thought to reside in boreal
were both subject to fire in 200P(< 0.001). However, there  systems (Goulden et al., 1998; Hobbie et al., 2000). The bo-
was no difference in meaiy between mature (59 years real forest biome is likely to be especially affected by climate
since fire) and intermediate aged (32 years since fire) scarshange and average atmospheric temperatures may increase
that were both subjected to fire in 200P £ 0.226). Fur- by 4 to 6°C in the next 50 to 100 years (IPCC 2007). This
thermore, there was no difference in megh between ma-  has led to the suggestion that changes in boreal forest soil C
ture (59 years since fire) and young scars (16 years since firgtorage, in particular through increased soil surface i

(Fs), could significantly alter the global soil C balance (Cox
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Fsis the second largest flux in the global terrestrial C cycleand the availability of replicate, different aged fire scars
(Lawetal., 1997; Janssens et al., 2001; Davidson et al., 20023t similar geographic location minimizes the effect of con-
Milyukova et al., 2002; Yim et al., 2002; Hubbard et al., founding variables that may influenég measurements.

2005). Soil CQ production occurs via respiring plant roots ~ The Sharpsand Creek area experiences short, warm sum-
and associated mycorrhizal fungi (autotrophic component)mers and long, cold winters, with mean daily atmospheric
and microorganisms and soil animals (heterotrophic compotemperatures of P& and—17°C in July and January respec-
nent) (Ryan and Law, 2005). Principal factors controllitg tively (Stocks, 1987). Mean annual precipitation is 760 mm,
include soil organic C (Franzluebbers et al., 2001), densityof which approximately one third falls as snow (Stocks,
of fine plant roots (Shibistova et al., 2002), soil temperature1987). The growing season has a mean annual length of 162
(Ts) (Lloyd and Taylor, 1994) and soil moisturgf) (Xu et days, beginning early May and ending mid-October (Stocks,
al., 2004). Fs influences nutrient cycling (Zak et al., 1993), 1987). The site is located on level ground (Stocks, 1987)
C balance at the ecosystem scale (Curtis et al., 2005) and caabove a granite substratum. Soils in the area are nutrient-
cause C cycle feedbacks to the climate system (Cox et alpoor petawawa outwash sands (humo-ferric podzols) that
2000). GloballyFs produces 75 to 120 Pg GeCyr 1, 11 have high water-washed boulder contents due to their glacio-
to 20 times that produced by the combustion of fossil fuelsfluvial origin.

(Hibbard et al., 2005). There has been a substantial amount On 13 May 2007, a prescribed burn was carried out at
of Fs research over the last decade, though it remains ongharpsand Creek. An unprecedented number of spot fires
of the least understood processes in ecosystem ecology (Lugnd fire whirl behaviour caused the fire to escape from the
and Zhou, 2006). plot and burn through large areas of the field site. This event

Fire is regarded as the most significant natural factor conallowed us to take measurementsfafon recently burned
trolling succession in the boreal forest biome (Zackrisson fire scars of different ages, as well as from areas the fire did
1977; Stocks, 1991; Kasischke and Stocks, 2000; Amironot affect. We selected five fire scar age categories named on
et al., 2001; Wang et al., 2001; Stocks et al., 2002; Bond-the basis of: (1) time since last fire (excluding 2007 burn);
Lamberty et al., 2004) and fire adapted species such as jacknd (2) whether they were burnt (B) or not burnt (NB) in
pine Pinus banksiandamb.), which relies on the heat of fire  2007. Our categories are therefore: 16B, 16NB, 32B, 59B
to open their serotinous cones, are widespread. High populaand 59NB. For example, “16B” represents fire scars that
tion densities and combustible foliage render jack pine syswere burnt in 1991 and 2007; 59NB represents a fire scar
tems prone to fire (Yermakov and Rothstein, 2006). Therethat was last burnt in 1948 and not subjected to the 2007
have been few studies into the effect of fire Bnin boreal  fire. For the B categories, we were able to use three repli-
jack pine systems. Comparisons between burned and noreate fire scars, but for each of the NB categories, there was
burned jack pine forest have found a reductiorFgdue to  only one scar available due to the extent of the 2007 burn.
fire (Burke et al., 1997) or no significant differences (Eu- Excluding the 2007 fire, scars from the 16 and 32 age cat-
skirchen et al., 2003). In recent studies of jack pine fire scaregories were last subject to prescribed burns in 1991 and
chronosequences;s has shown no clear pattern with stand 1975 respectively; and the 59 category subject to wildfire in
age (Yermakov and Rothstein, 2006; Singh et al., 2008).1948 (Stocks and Walker, 1973). It is believed that previ-
However, to date, there has been no study into the immediateus wildfires occurred in the Sharpsand Creek area in 1850,
effect of fire onFs in jack pine systems. The present study 1880, 1901 and 1919 (Stocks, 1987). The fire scar age cat-
tests the null hypothesigig) that there is no change ifs egories 32B, 16NB and 59NB were chosen to represent the
over post-fire successional time in boreal jack pine ecosysehronosequence 0, 16 and 59 years since fire respectively.
tems. 32B was chosen to represent 0 years, since the burn history

more closely matched those of the other scar age categories
(32B, 0 years since most recent fire, burnt 32 years previ-
2 Materials and methods ously; 16NB, 16 years since fire, burnt 43 years previously;
59NB, 59 years since fire, burnt 29 years previously).
2.1 Field site
2.2 Instruments
Between 17 and 21 May 2007 (early growing season), an in-
tensive field campaign was carried out at Sharpsand Creeks point measurements were made at Sharpsand Creek with
(latitude 4647 N, longitude 8320 W) located approxi- the PP Systems (Hitchin, Hertfordshire, UK) portable soil
mately 60 km North of Thessalon, Ontario, Canada. Sincerespiration system which consists of a cylindrical chamber
the mid- 1970’s, numerous prescribed burns have been cafSRC-1: height = 15cm; diameter = 10cm; ground sur-
ried out on forest plots (0.4 te3ha) at Sharpsand Creek. face area = 78cf) connected to an infra-red gas analyser
Further data from prescribed burns, e.g. fire weather indeXIRGA), the CIRAS-1 (PP Systems 2003). CIRAS-1 has an
system components and fuel consumption are provided irabsolute precision for COmeasurements of 0.2 umol mal
Stocks (1987). Sharpsand Creek is dominated by jack pineat 0 ppm and 0.7 umol mol at 2000 ppm as well as
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a linearity >10/(1’ throughout the measurement range 0 toTable 1. Descriptive statistics of soil surface G@ux data obtained
9999 umol mot * (PP Systems 2003). In CIRAS-1, the mea- o five fire scar age categories at Sharpsand Creek.

sured change in COconcentration (DC; units ppm) and
elapsed time (DT; units s) are used in the calculatioof

X Scarage N Mearfs Mean FL
—21 s
(MmolCO m~“s™ ). Ts was measured Wlth_ a Cole Parmer category (molComM—2s-1)  (umol Coym—2s-1
temperature probe (at 2cm depth) abd with a Delta T
Theta probe (0 to 6 cm depth). 598 26 0.79 (0.39) 0.79 (0.40)
59NB 9 1.62 (0.63) 1.94 (0.74)
2.3 Experimental design 328 26 0.72(0.57) 0.56 (0.30)
16B 27 2.07 (0.77) 1.01 (0.35)
16NB 10 0.91 (0.38) 0.85 (0.43)

All field measurements were made during the growing sea-
son at Sharpsand Creek, from areas considered representative
of each fire scar (in terms of dominant vegetation cover). AtFs— soil surface C@flux; F — soil surface C@flux adjusted for
each fire scar, three parallel 10 m line transects were set upoil temperature assuming;g = 2 (dimensionless) and reference
(spaced 5m apart) and PVC soil collars (diameter = 10.1 cmgoil temperature = 18C; N — sample size; values in parenthesis
height = 5cm) placed at 0, 5 and 10 m along each transecfePresent one standard deviation of the mean.
An additional soil collar was placed randomly within the
10x10 m area, making a total of ten soil collars per fire scar. ) ) ) ] )
A similar transect type method has been used previouslyVNereTs is soil temperature’C); Q10 (dimensionless) is the
(Striegl and Wickland, 2001). Soil collars were inserted into 'actorial increase irf's for every 10 C rise inTs andTp is a
the soil (2 to 3cm depth) at least 12 h prior to measufisg reference soil temperatureQ) (Cgmpbell and Law, 2005).
(Wang et al., 2005) in order to minimize soil disturbance at In order to com_parer across sites we therefore needed to
the time of measurement (Luo and Zhou, 2006). Soil collars&ccount for the different soil temperatures because we mea-
represented the sampling points feymeasurements within sured at Qiﬁerent locations, different times throughout the
each fire scar. Since we wanted to compagdrom non-  day and different days.
burnt and recently burnt scars (where the soil surface was All Fs measurements were adjusted Toi(Fy ) using:
bare), in non-burnt scars live and dead soil surface vegeta-
tion was removed at the time of collar insertion (e.g. litter FsT - "5
removed; moss layer peeled back; grasses clipped) in order QloA(TSi)TO)
to minimise above grounds.

Fs measurements were taken in the daytime between 09:00 \where Q10= 2 andTp = 10°C. We report bothFs and Fr
and 18:00 hours using a single CIRAS-1. TRechamber  jn umolCQm 251,
was placed onto each soil collar immediately prior to taking
Fs measurements and removed thereafter. CIRAS-1 recordg.5 = Statistical analyses
CO; build-up in the chamber until either: (1) DC = 50 ppm;
or (2) DT = 120s. Consequently, the chamber remained orstatistical analyses were performed in Microsoft Excel, Gen-
the ground at most two minutes. Singfe (at 2cm depth)  stat and SPSS. We analyzed the square rodtlof,/(F.)
and Ms (0 to 6 cm depth) measurements were made concursince raw data did not conform to the assumptions of Gen-
rently with Fs. Voltage (V) output from the Theta probe was eral Linear Models (non-homogenous variances and/or non-
converted to volumetridfs (m® m=3) as described in Delta- normality of residuals). Potential influences QA(FJ)
T (1999): were evaluated in a General Linear Model (backwards step-

wise analysis of covariance (ANCOVA)) (Quinn and Keough
1.1+ (4.44-V)—ap o N

— (1) 2002), initially containing fire scar age categony,, and
ai their interaction as explanatory variables. In order to arrive
at the most parsimonious model, explanatory variables were
removed by deletion tests whePe> 0.05; those a” < 0.05
2.4 Soil surface CQ flux adjustments for soil were retained in the model. Model checking plots in Gen-
stat supported the assumptions of normally distributed resid-
uals and homogeneity of variances, the latter also checked

Fs is commonly assumed to be exponentially dependant orpY Levene’s test: K4 93=1.489; P =0.212). We used the
Ts (Luo and Zhou, 2006), and this temperature dependenca—Ukey Honestly Significant Difference (HSD) test to com-

Fs 3)

Ms

where @ = 1.3 and a= 7.7 (both dimensionless parameters).

temperature

is frequently modelled using: pare mean/(F.) between fire scar age categories. We set
a = 0.05, i.e.P <0.05 was considered significant. We re-
Ts—To port degrees of freedom values from our statistical analyses
f(Is) = Qlo/\( 10 ) (@) in subscript after each test statistic.
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Fig. 1. Mean soil surface C®flux for the five fire scar age cate- _ _
gories at Sharpsand Creek. Error bars represehstandard devi- 168 16NB _ 328 598 5ONB
ation of the mean. Fire scarage category

Fig. 2. Mean soil surface C&flux adjusted for soil temperature for
3 Results the five fire scar age categories at Sharpsand Creek. Soil tempera-
ture adjustment assumeés g = 2 (dimensionless) and reference soll

. N— . temperature = 1TC. Error bars represedt 1 standard deviation of
We analyzed a total of 98F; values (59B: N= 26; . i .
5ONB: N = O 32B: N = 26: 16B: N = 27: 16NB: the mean. Different letters indicate differencesat 0.05.

N = 10) from which we calculated means and stan-
dard deviations (sd) (Table 1). Meahs values var-

; 21

ied between 0.720.57 f‘g”ﬂom@m S (3.25), and  mature (59 years since fire) and intermediate aged (32 years
2.07+0.77 sdumol COm™“s™~ (16B) (Table 1; Fig. 1).  gince fire) scars that were both subjected to fire in 2007

These rawFs data, that have not been corrected for the effects(P —0.226). Furthermore, there was no difference in mean

of Ts, are provided to enable comparisons with pubhshed\/(Fsr) between mature (59 years since fire) and young scars

data. Rather, it isFs data that have been corrected ¥ (16 years since fire) that were both subjected to fire in 2007
(FI') that was used to make comparisons between fire scargp — 0.186).

in our study. ANCOVA suggested there was no effect of ei-
ther anMs * scar age category interactiofi{gg=0.80;P =
0.527) or Mg (F1,88=0.73; P = 0.396) on/(FJ). There-
fore, we did not adjust ouFs measurements fos. FST
varied between 0.56 0.30 sd pmol C@m~—2s~1 (32B) and
1.94+0.74 sd pmol COm—2s~1 (59NB) (Table 1; Fig. 2).
ANCOVA did however suggest there was an effect of scar4 Discussion

age category or/(Fl): (Fs8s8=10.27; P <0.001). Post-

hoc Tukey Honestly Significant Difference tests revealedFs and FJ values reported herein are within the range
there was a difference in meaf(FJ) for: 59NB vs. 59B:  reported in the literature for jack pine systems (0.35 to
(P <0.001); 59NB vs. 32B: P < 0.001); 59NB vs. 16NB:  7.20 umolCQm~2s~1) (Burke et al., 1997; Savage et al.,
(P <0.001); 59NB vs. 16B: P < 0.001) and 32B vs. 16B: 1997; Euskirchen et al., 2003). The results of this study also
(P < 0.001), but not 59B vs. 32B: K = 0.226); 59B  agree with the literature in that the majority of studies have
vs. 16NB: (P =0.988); 59B vs. 16B: P = 0.186); 32B  demonstrated a reduction or no change-ifollowing fire

vs. 16NB: (P =0.244) and 16NB vs. 16B:K =0.785) (see  (Weber, 1985; Burke et al., 1997; Singh et al., 2008).

also Fig. 2). Burning had an immediate effect of decreasiigin ma-

Our results indicate a difference in megiiFJ ) between  ture (59 years old) jack pine stands. However, burning did
recently burned (4 to 8 days post fire) and non-burned manot seem to reducg! from young (16 years old) jack pine
ture (59 years since fire) fores® (< 0.001), though no stands. The absence of a 32NB category prevents firmer con-
difference was detected between recently burned and norelusions into the effect of fire ofs in 32 year old jack pine
burned young (16 years since fire) foreBt= 0.785). There  systems. The difference in me&yd between 32B and 16B,
was a difference in meay/(FJ) between previously young however, provides evidence that differences can be main-
(16 years since fire) and intermediate aged (32 years sincined between different aged fire scars beyond being sub-
fire) scars that were both subject to fire in 20@7< 0.001). jected to the same fire. This means that jack pine stands may

However, there was no difference in megitF.) between

Based on all 44 measurements from the fire scars 32B,
16NB and 59NB there was a linear increase /¥y ) over
the chronosequence 0, 16 and 59 years since fire (linear re-
gression:F1 43=52.18;P < 0.001) (see also Fig. 3).

Biogeosciences, 7, 1375381, 2010 www.biogeosciences.net/7/1375/2010/
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24 found no clear pattern for growing seasBsawith stand age

of a 72 year old jack pine wildfire chronosequence, our re-
sults are in agreement with Weber (1985) who found greater
FI in older compared to younger scars in his study of jack
pine ecosystems (63 years since fire21 years since fire;

63 years since fire- 6 years since fire; 20 years sine fire
> 6 years since fire, Weber, 1985). Singh et al. (2008) also
found that their youngest site generally had lowem a jack

pine fire scar chronosequence (6 to 7 years since fire; 15 to
16 years since fire; 27 to 28 years since fire), but althadggh

3}
|

Adjusted soil surface CO, flux (umol CO, m?s™)

0.5 !
was greater in 16 year old vs. 7 year old scaksin 16 year
. old scars was greater than that in 28 year old scars (Singh et
0 ‘ ‘ ‘ ‘ ‘ ‘ ‘ al., 2008). The increase @k with time since fire can be ex-
0 10 20 30 40 50 60 plained again with increasing contribution from autotrophic
Time since fire (years) soil respiration as the root and mycorrhizal system recovers

from disturbance. This is consistent with the above discus-
Fig. 3. Adjusted soil surface COflux versus time since fire  gjon of the decrease ik after fire in stands of different ages.
at Sharpsand Creek. Individual data points represg( ) We suggest here that it is largely the differences and
(siﬁignfbi:azjze"fi%m'Sgé?e;sizor(]dégf:;é%r_";S:S()) g;‘ixrffgr;efgg_ changes in autotrophic soil respiration that explain our ob-
22055 ' ' ' ' " servations. Indeed, in particular when comparing before and
after fire FI it is difficult to understand why a difference
based on heterotrophic soil respiration between stands should
retain |egaCies of pre-fire conditions after fires. We think not persist beyond the fire (note that we meagiyeroper
that further work exploring the impacts of fires with dif- and have excluded litter respiration). Singemeasurements
ferent severity on belowground C dynamics would be verywere made at different times of the day, and over a number
important. The decrease @k after fire in the 59 year old  of days, we needed to adjust f@% to make our measure-
stands could be the result of fire related damage to rootgnents comparable. We chose to adjust the measurements us-
and mycorrhizae and thus strongly suppressed autotrophiﬁqg a Q10 approach wher@10= 2. The concept of th@1o
solil respiration (Wang et al., 2002, Yermakov and Rothstein,for Comparing field measurements Eg across ecosystems
2006). Though fire may suppress autotrophic soil respiraznd time periods has recently been criticized (Davidson and
tion in the younger scars as well, an increase in heterotrophigansens 2006, Davidson et al., 2006). The criticism includes
soil respiration as a result of fire (Pregitzer and Euskirchenhat there may be confounding effects of plant phenology on
2004; Yermakov and Rothstein, 2006) could mask this ef-sqj| respiration, the calculate@,o may differ with the depth
fect and account for no overall changeArin young scars.  \yhere theTs has been measured, and the calculadeglfre-
The autOtrOpiC:heterOtrOphiC soil I’eSpiration ratio may thUSquently depends on the Composition of the decomposing ma-
be smaller in younger jack pine systems. Although het-terial. None of these issues applies to our study, however. Al
erotrophic soil respiration may also increase as a result of firgyyr measurements have been made during a short period of
in older jack pine systems, a larger autotrophic:heterotrophigime in the same ecosystem suggesting that there is no sig-
soil respiration ratio could mean any fire stimulated increasenificant influence from phenological differences or different
in heterotrophic soil respiration is insufficient to mask the re- compositions of the respiring pools. Also, all our soil tem-
duction in autotrophic soil respiration caused by damage toerature measurements have been made at the same depth.
roots. Indeed, absence of a difference in m&dnbetween  Qverall we think that using @10 approach is a valid way to
59B and 16B, but presence of a difference between 59NBnodel the effects of soil temperature differences on Byr
and 16NB is further evidence that fire suppresgisi older,  measurements because of the specific experimental design.
but not younger jack pine systems. Fire induced reductionin - Fyture work in separating the source components of soil
Fsin the older scars could explain the absence of diﬁerence$espiration in jack pine post fire chronosequences will pro-
in meanFy after fire. vide more insight into ecosystem physiological response to
This research is the first to report an increas&jnover  fire and post fire successional changes. Although over our
post-fire successional time in jack pine systems over the@ange ofFs measurementd/s did not appear to be a signif-
chronosequence 0, 16 and 59 years since fire. Our measur&ant driver of Fs, the Fs vs. Mg response should be investi-
ments are unique in that we include conditions right aftergated further in individual scar age categories. It is thought
the fire. Also, we are able to control somewhat for the con-thatMs may suppresss at low and highMs levels (Xu et al.,
ditions before the fire in that we chose stands that were re2004) though thé/s response ofs is still subject to uncer-
covering for similar periods of time from the previous fire tainty (Luo and Zhou, 2006) and is itself an area for further
(see Sect. 2.1). Although Yermakov and Rothstein (2006)work. In addition, Fs can vary temporally at diurnal scales

www.biogeosciences.net/7/1375/2010/ Biogeosciences, 7, 13832010



1380 D. R. Smith et al.: Soil surface G@ux increases with successional time

due to barometric pressure changes (Kimball, 1983) and thi®onan, G. B.: Forests and climate change: forcings, feedbacks, and
may account for some of the variability in ofit measure- the climate benefits of forests, Science, 320(5882), 1444-1449,
ments. 2008. .

Our study was able to detect a fire scar age specific reBond-Lamberty, B., Wang, C., and Gower, S. T.: Net primary pro-
sponse ofFy in jack pine systems. Our selection of field dl_Jctl_on and net ecosystem production of a boreal black spruce
site enabled us to perform an intensive field campaign over \évcl)ISZre chronosequence, Glob. Change Biol., 10(4), 473-487,
a s_hor_t_t|me period. However, we recognize that temporalBorkenl W., Muhs, A. and Beese, F.. Application of compost
Va”ab'“ty of Fs can (_)C0ur at seasonal (Borken et al., 2002) in spruce forests: effects on soil respiration, basal respiration
and inter-annual (Irvine and Law, 2002) scales. Although we  and microbial biomass, Forest Ecol. Manage., 159(1-2), 49-58,
were unable to perform long term assessment of postfire 2002.
we hope our study will provide a catalyst for similar researchBurke, R. A., Zepp, R. G., Tarr, M. A., Miller, W. L., and Stocks,
over longer time periods. B. J.: Effect of fire on soil-atmosphere exchange of methane and

carbon dioxide in Canadian boreal forest sites, J. Geophys. Res.-

Atmos., 102(D24), 29289-29300, 1997.

Campbell, J. L. and Law, B. E.: Forest soil respiration across three
There is strong evidence against oug that there is no _climatically distinct chronosequences in Oregon, Biogeochem-
change inFs over post fire successional time at Sharp- _ 1St 73(1), 109-125, 2005.
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post fire successional time in boreal jack pine systems. This B., and Bovard, B. D.: Respiratory carbon losses and the carbon

should be explored in future research. The results of our |5 efficiency of a northern hardwood forest, 1999-2003, New

study contribute to a better quantitative understandingsof Phytologist, 167(2), 437-456, 2005.

in boreal jack pine systems and will facilitate meta-analysesCzimczik, C. I., Tumbore, S. E., Carbone, M. S., and Winston, C.:

of Fsin fire scar chronosequences. Changing sources of soil respiration with time since fire in a bo-
real forest, Glob. Change Biol., 12, 957-971, 2006.
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imizing artifacts and biases in chamber-based measurements of
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Abbreviations Davidson, E. A, Janssens, |. A, and Luo, Y. On the variability of soil
respiration in terrestrial ecosystems: moving beygnhd, Glob.
Change Biol., 12, 154-164, 2006.

Delta-T: Theta probe soil moisture sensor — user manual, Delta-T

5 Conclusions

Appendix A

B — burnt in 2007; DC - change in carbon; DT — change in
time; Fs — soil surface CQflux; FST — soil surface C@flux

adjusted for soil temperaturd/s — soil moisture; NB — not devices Ltd. 1999.
burnt in 2007;010 — rate of soil surface C&flux increase  piyon R. K., érown, S., Houghton, R. A., Solomon, A. M., Trexler,
for every 10C rise in soil temperaturelp — reference soil M. C., and Wisniewski, J.: Carbon pools and flux of global forest
temperature7s — soil temperature. ecosystems, Science, 263(5144), 185-190, 1994.
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