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n 2003, over 104 000 ha in the

Kamloops Fire Region were burned
in one of the worst urban-interface
fire seasons on record. In the
aftermath, public concerns are
focusing on the effects of wildfire and
forest fire-fighting activities on soil
and water resources. This article
outlines the expected short-term
hydrologic effects of wildfire. This
review does not focus on longer-term
issues such as large woody debris
recruitment, channel changes, or
ecological effects.

All Wildfires
Are Not the Same

Wildfires vary in their effects on
watersheds, just as fires
themselves vary in intensity,
duration, and severity. Fire
intensity refers to the
amount and rate of energy
release, and is
important for fire
control.

Fire severity has to do with the effects
on the burned site. A low intensity fire
may also exhibit high severity by
burning slowly over the ground,
consuming all available fuel, and
causing extreme soil heating.

Wildfire severity depends on many
factors. Wildfires that consume high
fuel loads and occur under extremely
dry conditions are most likely to
exhibit high intensity and severity.
Generally, the higher the severity
and/or spatial extent of the burn, the
greater the hydrologic effects that can
be expected. Conversely, fires that
burn when the forest soils are moist
are unlikely to consume all available
fuels or remove most of the
ground-covering litter. These fires do
not usually generate temperatures
that will damage the soil or kill trees.
Because foresters often use these low
severity conditions in prescribed
burning, the effects of prescribed fires
are significantly different from those
of wildfires.
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Characteristics of the 2003
Southern Interior Wildfires

The 2003 southern Interior wildfires
were severe for two reasons: (1) large
fuel loads, and (2) extremely dry
conditions. Under these conditions,
the wildfires consumed most of the
fuels including many stumps and root
systems. These wildfires also
consumed the bulk of the organic
litter layer and, in many cases, soils
themselves were “ashed” when
extreme heating combusted the
organic matter. All these factors
contributed to the high intensity and
severity of the wildfires. Yet, a
patchwork of “islands” of less severely
burned and unburned areas can be
seen within the fire boundaries.
Continued on page 2
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Predicting Wildfire Effects
on Soil and Water
Resources

While nearly 250 000 ha in British
Columbia were burned in 2003, this
level is still much less than was
thought to burn annually before fire
control, and less than the average
annual area burned in the early part
of the century (S. Taylor, pers.
comm., 2003). In many areas, forest
soils have developed in the presence
of wildfire. The effects of wildfire on a
watershed can be more prominent
than timber harvesting because
wildfire can affect large portions of a
watershed in a short time, alter
riparian areas (source area
generation), expose large areas of
mineral soil, and alter the albedo of
an area. Yet, these effects will vary.
Beschta (1990, p. 220) listed five
main factors that influence the
hydrologic response to a fire: “the
severity of a burn, the proportion of
the watershed burned, the relative
proximity of the burned area to the
stream channel, general slope of the
watershed, soil type.” These factors
influence changes in the water
balance (source area generation), soil
erosion rates, slope stability, channel
stability, and water quality.

Evapotranspiration/
Interception

Wildfire directly affects the
evapotranspiration/interception
regime of an area by reducing or
eliminating vegetation surfaces from
which these processes occur. The
result is decreased losses of
precipitation to evapotranspiration,
and proportionately more water

available to flow through a watershed.

Also, a reduction in duff depth (i.e.,
organic forest floor layer) by wildfire
will lower the duff’s ability to delay
and store precipitation before
entering the soil matrix. Overall, dry
season baseflow (low flows) can be
expected to increase due to less
precipitation being “lost” to
evapotranspiration. These effects
should be most prominent where fire
has affected riparian areas.
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Water drop beading on hydrophobic soil (near coin).

Snowpack Accumulation
and Melt

In general, wildfires that reduce the
vegetation cover can result in deeper
snowpacks that melt faster than
normal (Skidmore et al. 1994; Pyne et
al. 1996). Deeper snow accumulations
result from redistribution of snow,
reduced interception losses and
alteration of wind velocity and
turbulence patterns via forest canopy
friction changes, and forest edge
creation by wildfire. For example,
after a wildfire in north-central
Washington, Helvey (1980) observed
deeper snowpacks and streamflow
rates three times greater than the
maximum values observed during the
calibration period. While we found
few studies that documented the
process effects of wildfire on
snowmelt rates, it is likely that
snowpacks in areas affected by
wildfire will behave similarly to
snowpacks in clearcut areas and melt
earlier in the year.
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Infiltration, Soil Properties

Wildfire modifies the infiltration and
percolation (movement of water
through soil) characteristics of a
watershed by removing the organic
litter layer (duff) and creating
water-repellent layers. Reduction in
duff depth is also important as
buffering of incoming precipitation
will be reduced and the erosive
potential of precipitation and
throughfall increased. When fire
severity is high, all protective litter on
the soil surface may be consumed,
which exposes the soil to greater
heating and more erosion. If soil
temperatures are high enough,
organic matter in the soil matrix may
actually burn, leaving it in an ashed
condition. Organic matter aggregates
soil particles, so an “ashed” soil has
lost its natural cohesiveness and has
the consistency of powder. The result
is a highly erodible soil (i.e., soil is
vulnerable to high winds or overland
flow).

Wildfire may create or enhance water-
repellent soil conditions. Naturally,
many forest soils exhibit
water-repellent characteristics when
dry, but this effect diminishes once
soil moisture is increased. Wildfire can
create a more severe and thicker
water-repellent layer by partially
volatilizing soil organic compounds,
which subsequently condense onto
cooler soil particles deeper in the
profile (McNabb and Swanson 1990;
Wondzell and King 2003). Such
water-repellent conditions may slow
the movement of water through the
soil and, hence, alter subsurface water
recharge, quicken streamflow delivery,
and increase the potential for surface
erosion especially during storms on a
dry watershed. Generally, water
repellency will weaken with the first
few rainfalls following the wildfire and
will not persist longer than 6 years
after a wildfire (Dyrness 1976; Debano
1981). In Colorado, Huffman et al.
(200T1) observed a weakening of
hydrophobic conditions under
ponderosa pine/lodgepole pine stands

after 3 months, but water repellency
persisted for at least 22 months after
the fire.

Streamflow

To date, relatively few B.C. studies
have quantified changes in water yield
as a result of forest fires. This is
partially due to the difficulty in
studying the subject (i.e., lack of
pre-disturbance data, lack of control).
In 1980, Cheng reported on the
effects of a severe wildfire that burned
several watersheds near Salmon Arm,
B.C. Using data from a burned
watershed (60%) and an unburned
control, Cheng determined that the
wildfire resulted in “higher and earlier
annual peak flows, the advancement
in time of the major snowmelt runoff
volume, increases in total April-August
runoff volume and in monthly water
yields during the August-November
period” (Cheng 1980, p. 251). Four

flows, and increased base flow after a
wildfire. Such changes in water yields
and timing are likely to have
consequences for stream channels,
but discussion of these effects is
beyond the scope of this article.

Water Quality and Erosion

The potential for wildfire to increase
erosion depends on “fire severity, soil
erodibility, steepness of slope and
intensity or amount of precipitation”
(McNabb and Swanson 1990).
Whether such accelerated erosion
occurs will depend largely on the
magnitude of the first few storms after
the fire and in subsequent dry
seasons. Similar to water quantity, few
relevant studies are available to
quantify the anticipated effects of
wildfire on water quality in the
southern Interior. Residents of
community watersheds are concerned
about potential increases in sediment,

Channel erosion at Rembler Creek, October 20b3.

years after the wildfire, Cheng (1980)
observed an average seasonal water
yield increase of 24% and attributed
peak flow increases to increased
snowmelt rates and reduced
evapotranspiration losses. Overall, his
study supports the conclusion that
reduced evapotranspiration, altered
snow accumulation and melt
processes, and changed infiltration
rates will generally result in higher
water yields, higher and earlier peak

turbidity, nutrients, and stream
temperature of their drinking water.
For aquatic habitat, removal of
streamside vegetation and the
subsequent increase in exposure to
solar radiation can increase stream
temperature. This may have an effect
on temperature-sensitive streams until
revegetation (re-establishment of
shade) occurs. A good review of the
effects of wildfire on water quality can
be found in Beschta (1990).

Continued on page 4
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Contirhj from page 3

In a study in southeastern British
Columbia, Gluns and Toews (1989)
found that wildfire produced
detectable changes in several
measured drinking water parameters.
While increases in nitrate-nitrogen,
pH, total nitrogen, magnesium,
calcium, conductivity, total hardness,
and total alkalinity were observed,
only turbidity (0.6 above standard)
and true colour (10 TCU above
recommended level) exceeded the
Canadian Drinking Water Standards
during their study period.

can accelerate the potential for soil
erosion by removing the protective
litter layer, exposing the soil surface,
destroying the soil aggregates, and
creating water-repellent conditions.
The high erodibility of ash and
exposed mineral soil means that the
risk of accelerated erosion and
sedimentation, especially on steep
slopes following wildfires, is great.
Fireguards and emergency access
roads that are not rehabilitated
promptly after the fire may also
contribute to increased sediment

Peter Tschaplinski

Summary of Effects

Wildfire results in reduced
evapotranspiration losses, and thus
increased water availability for
replenishing soil and groundwater
stores. Similar to timber harvesting,
wildfire can increase streamflow,
create earlier and larger peak flows,
and result in deeper snowpacks that
melt earlier. The proportion of
increase in water yield as a result of
wildfire, however, will be proportional
to the amount of watershed burned,
annual precipitation, ecosystem type,
and fire severity. Where fire-induced
water repellency is widespread, a risk
exists that large and high-intensity
rainstorms will produce overland flow,
and resultant streamflow and peak
flows will be much greater than would
be normally expected. Severe wildfires

deposition. The high nutrient content
and solubility of the ash is likely to
increase the risk of nutrients reaching
both surface and groundwater.
Stream temperatures may increase
where riparian shade is reduced.
Many of the observed effects of
wildfire will depend on the post-fire
rate of revegetation and the intensity
of the first storms in the wet season
that follows.

For further information, contact:
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Dr. David Scott
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