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Abstract

This paper gives a brief overview of the important factors relating to fuel
properties and the propagation of fire in peatlands, and presents a case study
combining monitoring and modelling of factors related to peat fuel moisture in
relation to meteorological changes. The discussion relates to the direct and
indirect environmental effects of peat fires, and the significance of the results
presented here in this regard. We also discuss the validity of Met Office Fire
Severity Index (MOFSI), which is an almost direct implementation of the
Canadian Wildland Fire Information System (CWFIS), and the relevance of the
results obtained to the development of the weather prediction system designed
specifically for the British conditions.
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1 Introduction

Large-scale wildfire outbreaks are sporadic in the UK [1, 2] but when they occur
they can have serious environmental impacts [3]. Underground fires in peatlands
are relatively rare events but when active they can smoulder for long periods of
time causing significant environmental damage [4], and emit large quantities of
combustion products, including greenhouse gases, into the atmosphere[5]. In
other areas, particularly in the tropics, this can cause a deterioration in air quality
and public health concerns [6]. Peat fires spread slowly at rates of approximately
3 cm/hr [7]. They are fed by small but continuous quantities of air diffusing
through the peat and flowing through fractured strata, cracks and groundwater
pipe networks [8, 9]. Laboratory work has shown that peat smouldering
behaviour is influenced by moisture and mineral content [10]. A combination of
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ecological and hydrological assessment of peatlands is therefore indispensable
for understanding fire hazard and risk and the sustainable management of
peatland ecosystems [11].

Belowground reduced heat losses and the high thermal inertia of the peat,
together with continual fuel availability and reduced oxygen supply, promote
long-term smouldering combustion and allow for creeping but extensive
propagation both in depth and in area. These fires are difficult to detect and
frustrate most efforts to extinguish them. Smouldering fires may be caused by,
for example, transition from a flaming wildfire or management fire or from an
incompletely extinguished camp fire. Below we present the results of a case
study carried out in a Scottish peatland to establish the relationships between the
variability of moisture content and the concurrent changes of meteorological
variables.

2 Methodology and results

A weather station was set up in the Pentland Hills (near Edinburgh, approximate
position 55° 51’ N, 3° 18’W ) to monitor changes in peat fuel moisture content
in relation to changes in net solar radiation, wind speed and direction, air
temperature and relative humidity, surface wetness, rainfall, and soil temperature
and resistance. The data collected to date cover a three-week period of drought in
late August — early September 2007, that ended on 16 September (day 259 — see
Fig.1) with an intense rainstorm event. Over the course of the observed period
values of soil resistance gradually increased, before dropping sharply after the
intensive rainfall. Realised soil moisture deficit (SMD) was modelled using data
on rainfall and potential evapotransiration (calculated using Penman’s
method [12]). Changes in the modelled SMD (Fig.2) appear to correspond to the
observed changes in the soil water potential.

In order to relate changes in weather conditions to peat fuel moisture content
(water content of samples on a percent of dry weight basis) soil cores were in
five 2 m x 2 m plots located close to the weather station. One core was taken
from a random point in each plot on each of four sampling dates. Samples
collected during the drought period (taken on Sep 7, i.e. day 250) had a mean
moisture content of 75.2% and appeared to be significantly different (ANOVA,
95% probability level) from the those collected during wet periods (e.g. on Oct
10: mean FMC = 78.0%). The data were characterised by high variability with
large standard deviations of mean values (Fig. 3). This variability was
particularly noticeable at greater depths, and was primarily cause by relatively
high moisture content registered at plot 4, presumably due to the close proximity
of the mineral horizon, which might have acted as a water source. The effect of
depth was not, however, statistically significant though after removing the
outliers (2 deep samples from Plot 4), the effect of depth became significant at
the 90% probability level.

The Duff Moisture Code (DMC) of the Canadian Wildland Fire Information
System (CWFIS, [13]) is designed to reflect changes in the moisture content of
loosely compacted duff and organic soils in the boreal forest. A preliminary
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Figure 1: Selected monitoring data (a) wind speed; (b) net radiation;

(c) relative humidity; (d) rainfall; (e) soil temperature 20 mm
below surface; (f) soil resistance 100 mm below the surface;
(g) screen temperature; (h) soil resistance 20 mm below the
surface.
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Figure 2: Calculated values of potential evaporation, evapotranspiration, and

potential and realised SMD (mm) are plotted together with the
monitoring data on soil resistance and water potential.
(a) evaporation form open water surface; (b) potential
evapotranspiration; (c) soil resistance; (d) wind speed (miles per
day); (e) measured soil water potential; (f) potential soil moisture
deficit;  (g) realised soil moisture deficit;  (h) realised
evapotranspiration. Note that realised and potential soil moisture
and evapotranspiration are similar due to the low levels of water
stress.

visual examination of DMC values suggests that it corresponds relatively well to
modelled changes in SMD, as well as to changes in the recorded values of soil
resistance and calculated values of SWP.

Laboratory studies are currently underway to provide relationships between
soil resistance and the peat fuel moisture content, and to estimate the likelihood
of ignition at different moisture contents [14]. In the future, we intend to
incorporate these relationships into a model that could be used as a predictive
tool for assessing the probability of peat fire.

3 Discussion

The UK holds some substantial areas of blanket peat, and these areas are
recognised as being of considerable global conservation interest [15]. Fire is
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Figure 3: Depth profiles of the moisture content taken during a drought

(7 Sep) and wet period (5 Oct). The difference in moisture content
between these dates is significant (ANOVA) on the 95%

probability level.
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widely used as a management tool in these areas and wildfires are not
uncommon. When peat fires occur they cause significant ecological damage
leaving some areas bare for decades if not centuries [3] and can release
significant quantities of carbon. The results presented here are therefore
important in both the local and the global context. Indeed globally the future of
the peatlands is increasingly jeopardised by ongoing climate change. In the UK,
climate change scenarios [16] suggest increases in mean temperature and
evapotranspiration that are likely to result in lowered water tables and a
consequent increase hazard of peat fires, particularly in summer. Furthermore,
laboratory experiments have shown that elevated temperatures promote
decomposition of peat samples exposed to drying cycles but have little effect on
decomposition of continuously flooded samples [17], with subsequent effects on
the emissions of greenhouse gasses such as methane and carbon dioxide [18].
The influence on the N,O emissions has also been studied [19].

It should also be noted that under certain conditions peat areas may exhibit a
so-called sponge effect. For example, efficient removal of oxidised sulphate by
wet deposition leads to its accumulation in the Indonesian peat areas, which
serve as natural sponges, soaking up rain during the wet season and slowly
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Figure 4: Modelled DMC changes throughout the study period. Note a
gradual increase starting in late August and ending on 16

September (Julian Day 259).

WIT Transactions on Ecology and the Environment, Vol 119, © 2008 WIT Press
www.witpress.com, ISSN 1743-3541 (on-line)



Modelling, Monitoring and Management of Forest Fires I 199

releasing moisture into the atmosphere during the dry season [20]. After the peat
forests are drained (e.g. for land clearing purposes), the peat soil becomes drier
and therefore extremely flammable. Consequently, the chemical composition and
microphysical properties of emitted fire aerosol is influenced (among other
factors) by the accumulated pollutants. As the probability of ignition and the
characteristics of smouldering are dependent on moisture content, the results
presented here are therefore also relevant to issues of pollution control.

The UK is in the process of developing a fire danger rating system and, the
current (i.e. used by the Met Office) prediction system, the Met Office Fire
Severity Index (MOFSI) is an almost direct implementation of the CWFIS [1]
Existing research has highlighted the problems associated with applying the
CWEFIS to vegetation types which it was never designed to represent [21, 22] and
this includes Calluna vulgaris-dominated peatlands in the UK The early data
presented here suggests however that changes in the DMC (Fig. 4) may
correspond fairly well to changes both in the measured soil resistance and in the
modelled SMD. The current MOFSI system is designed for a very specific
purpose: to detect “exceptional fire weather conditions” that may result in
unacceptably high levels of ecological damage should a fire occur (Kitchen et al.
2006). If the system does indeed reflect changes in the moisture content, and
therefore flammability, it will successfully capture one of the main controls
governing when truly severe fires occur. Considering the above, the results
presented here provide specific information which may be helpful in informing
future improvements to MOFSI and the development of the weather prediction
system designed specifically for the British conditions.
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