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Investigating Correlations between Snowmelt and Forest Fires in 
a High Latitude Snowmelt Dominated Drainage Basin  

KATHRYN A. SEMMENS1 AND JOAN M. RAMAGE2 

ABSTRACT 

High latitude drainage basins are experiencing increases in temperature higher than the global 
average with snowmelt dominated basins most sensitive to effects in winter due to snowpack’s 
integration of these changes over the season. This may influence the timing of snowmelt onset, the 
melt-refreeze period, and snowpack accumulation resulting in changes in spring runoff, associated 
flooding, and drought conditions later in the year, possibly enhancing forest fire potential. Large 
burned areas cleared of vegetation change discharge dynamics and may affect snowmelt character-
istics in subsequent seasons. Correlations are tested by comparing forest fire occurrence with 
spring melt onset, the end of melt-refreeze period (after which snow rapidly depletes) and early 
snowmelt events. Snow characteristics are derived from brightness temperature (Tb) data from the 
Advanced Microwave Scanning Radiometer for EOS (AMSR-E) for 2004−2007. Dates of melt 
onset, end of melt-refreeze, and melt events are defined with Tb and diurnal amplitude variation 
thresholds. Areas and intensities of forest fires are from MODIS thermal anomaly data (MOD14) 
and all data are mapped to an EASE-grid to assess spatial correlations. Analysis of high 
(2004−2005) and low (2006−2007) fire years in the Porcupine sub-basin of the Yukon River in 
northeastern Alaska and the Yukon Territory show earlier melt onset and end of melt-refreeze in 
years and areas of high forest fire occurrence. The burned areas also correlate with later melt onset 
and later end of melt-refreeze in subsequent low fire years.  
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INTRODUCTION 

For the past several decades boreal ecosystems in Alaska and Canada have experienced an in-
crease in temperature (1°C over the last 55 years for interior Alaska (Wendler et al., 2010)), as 
well as a doubling of area burned by wildfires and an amplification in frequency of large fire years 
(Stocks et al., 2002; Gillett et al., 2004; Kasischke and Turetsky, 2006; Kasischke et al., 2010). 
An increase in extreme fire events has also occurred and late season burning has quadrupled 
(Kasischke et al., 2010). These trends are expected to continue with some estimates of annual 
burned area increasing 200-300% in the next century with significant implications for carbon stor-
age and losses (Balshi et al., 2009; Turetsky et al., 2011). Such projected changes also affect eco-
system structure and forest composition (Shenoy et al., 2011), permafrost degradation, and water 
and air quality due to the creation of black carbon aerosols that deposit on snow surfaces, enhanc-
ing melting and reducing surface albedo (Randerson et al., 2006). Wildfires can affect snow ac-
cumulation and melting, alter soil characteristics (especially repellency), and result in more over-
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land flow, soil distribution and increased discharge (Shakesby and Doerr, 2006). Additionally, in 
black spruce forests of interior Alaska, fire removal of overstory canopy leads to increased snow 
exposure and changes in surface energy budgets that persist for years after the fire (Randerson et 
al., 2006).  

Annual forest fire occurrence and burned area for Alaska have been recorded since the 1950s. 
These data suggest there is high variability in area burned, fluctuating from high fire years (aver-
age of 66 fires greater than 400 ha) to low fire years (average of 17 fires per year greater than 400 
ha) with most fires occurring in the interior of the state, at elevations less than 1000 m a.s.l, and 
during the six weeks between June and mid-July (Kasischke et al., 2002). There is generally a fire 
season starting in mid June that is driven by thunderstorms and convective activity and a late 
spring fire season after snowmelt when there is a plethora of dry vegetative fuel and low precipita-
tion (Kasischke et al., 2006). Most fires originate as lightning strikes. Fire cycle, defined as the 
number of years needed to burn the area of interest, increases with elevation due to forest produc-
tion decreasing with elevation (Kasischke et al., 2002). Short fire cycles of less than 120 years are 
noted in the Yukon/Old Crow Basin ecoregion, the area of interest to this study, which is also 
characterized by relatively lower average annual precipitation (19.1 cm), relatively higher average 
lightning strikes (4.9 per 10 ×10 km2 per year), and 90% tree cover (Kasischke et al., 2002). 

The Yukon/Old Crow Basin ecoregion is part of the Porcupine River sub-basin (Figure 1), the 
northeastern 61,400 km2 portion of the Yukon River basin which drains 853,300 km2 crossing 
from northwestern Canada through central Alaska. The sub-basin is characterized by a subarctic 
nival regime with snowmelt driving runoff that is generally highest from May to September with 
very low winter flows (Brabets et al., 2000). The basin has relatively low relief, is underlain by 
continuous permafrost and predominately covered with needleleaf forest (Brabets and Long, 
2002). Forest fires have a significant impact in permafrost areas, causing long term near-surface 
permafrost degradation, active layer deepening, and slow forest regeneration (Burn, 1998). The 
dominant forest land cover, snowmelt driven runoff, and the projected future increase in burned 
area are the primary reasons for studying fire and snow dynamics in this basin. Additionally, the 
Yukon/Old Crow Basin has experienced a decrease in fire return interval from 107 (1950−1999) 
to 92 (1950−2009) reflecting the increase in fire frequency and area burned (Kasischke et al., 
2010). 

Many studies have investigated the causes, characteristics and effects of fires on the ecology and 
soil in the boreal forest. Here, remote sensing data is utilized to investigate snowmelt and how its 
timing correlates to years of high and low fires due to similar climatic effects on both snowmelt 
and forest fire potential. Earlier snowmelt may be indicative of warmer winter temperatures, and 
an earlier end to the melt-refreeze period may lead to drought conditions in the summer due to 
depletion of a primary source of moisture. Furthermore, snow behaves differently in open and 
forested environments with accumulation under dense canopies being relatively smaller due to 
snow interception and sublimation (Pomeroy et al., 2002), so it stands to reason that melt charac-
teristics vary in burned areas, a hybrid of open and forested environments. We hypothesize that 
snowmelt onset and duration will vary significantly before and after fire seasons in burn areas and 
test this hypothesis by comparing snowmelt timing parameters for burned versus non-burned areas 
as well as comparing high versus low fire years. Related is our secondary hypothesis that snow-
melt runoff will vary between fire years with earlier and higher peak discharges after high fire 
years due to increased overland flow. This research will address whether there tends to be earlier 
melt onset and end of melt-refreeze period for locations that experience significant forest fires, 
suggesting potential utility for fire season forecasting as well as modeling of snowmelt runoff.  
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Figure 1. Digital Elevation Model of the Porcupine River Basin. Black circle with symbol Q is the gauge 
Porcupine at International Border (67°25’27”N, 140°53’28”W), gross drainage area of 59,800 km2) used in 

the hydrometric analysis. Pink squares are pixels referenced in results section. Elevation is in meters. 

DATA AND METHODS 

To investigate correlations between forest fire occurrence and melt timing characteristics, melt 
onset date, end of melt-refreeze date, and the number of early snowmelt events for both burned 
and non-burned areas are compared both within and between years from 2004 to 2007. A variety 
of data sources and techniques are utilized (Table 1).  

Table 1 List of data used, their frequency, time series, resolution, and source 

Data

 Frequency/ 
Wavelength 

Date Spatial Res-
olution 

Data 
Sources 

 

AMSR-E L2A Brightness Temperature 36.5 GHz (Vpol) 2004−2007 12.5 km NSIDC  
MODIS MCD14ML Collection 5 
(MOD14 Terra/ MYD14 Aqua Active 
Fire) 

1.9 and 11 µm 
(band 21 and 31) 

2004−2007 1 km 
NASA 
USDA-
RSAC 

 

Hydrometric data Porcupine River @ 
Int’l Boundary (67°25’27”N, 
140°53’28”W, 59,800 km2 drainage 
area) 

- 1987−2009 - 
Env. 

Canada 
 

Meteorological data Old Crow Airport 
(67°34’12”N, 139°50’24”W, 251.2 m 
elevation) 

- 2004−2007 - 
Env. 

Canada 
 

 



8 
 

Snow melt timing is derived from brightness temperature (Tb) data from the Advanced Micro-
wave Scanning Radiometer-Earth Observing System (AMSR-E) on the NASA Earth Observing 
System Aqua satellite (Ashcroft and Wentz, 2006). Fire date, extent, and radiative power (meas-
ured in megawatts, MW) are from Moderate Resolution Imaging Spectroradiometer (MODIS) 
thermal anomaly data (MOD14 Active Fire Product) (USDA, 2010). The fire detection points are 
accurate to ±50 m and represent the centroid of a 1 km cell where the fire occurred. Air tempera-
ture, snow, and precipitation totals from Old Crow Airport in the middle part of the basin are used 
for validation and hydrometric data from the Porcupine River gauge at the International Boundary 
are used to assess trends in discharge. 

Melting snow is detectable by AMSR-E brightness temperature (Tb) because the presence of 
liquid water within a snowpack increases its emissivity, thus increasing Tb which is a function of 
the surface temperature (Ts) and emissivity (E) of the material (Tb =ETs). Therefore there is a sig-
nificant difference in Tb between wet (emits close to that of a blackbody) and dry snow (Chang et 
al., 1975; Ulaby et al., 1986). The 36.5 GHz vertically polarized wavelength is used due to its high 
sensitivity to water in the snowpack (Ramage et al., 2006). AMSR-E has a 14 × 8 km2 resolution 
at 36.5 GHz frequency and has overpass times of 3:30 and 13:30 PST, thus improving on the pre-
viously used SSM/I with a higher spatial resolution. SSM/I data and the technique for detecting 
snowmelt timing has been previously established in the upper Yukon River basin using 37GHz 
vertically polarized (Ramage et al., 2006) and has been found to correlate well with AMSR-E de-
rived snowmelt onset (Apgar et al., 2007).  

AMSR-E generally has more than two observations per day in arctic and subarctic regions, and 
up to eight observations near the poles, allowing diurnal variations to be detected. After averaging 
Tb 36.5V GHz values that are less than 2.5 h apart, the running difference between two daily (as-
cending and descending) observations is used to calculate the diurnal amplitude variations (DAV) 
(Apgar et al., 2007). High DAV values, especially for 37 GHz sensitive to the top centimeter of 
snowpack, indicate when the snowpack is melting during the day and re-freezing at night (Ramage 
et al., 2006). Previous studies have shown that snow cover distribution and snowmelt timing can 
be adequately measured by passive microwave sensors daily, in all weather conditions (e.g. Hall et 
al., 1991; Ramage et al., 2006). Snowmelt onset is determined from AMSR-E data (36.5 GHz 
vertically polarized) when Tb is greater than 252 K and DAV are above ±18 K, thresholds previ-
ously developed and validated (Apgar et al., 2007).  

For this analysis, melt onset (and end high DAV) are defined as the first (and last) date when at 
least three of five consecutive days meet the Tb and DAV thresholds described above. This three 
of five day algorithm has proven accurate in preliminary results thus far based on manual cross 
checking of observations and correspondence with estimates from earlier work, but further re-
finement may be necessary. Previous use of the Tb methods described assumed no significant win-
ter melt periods (Ramage et al., 2006). However, early snowmelt events (EMEs), short-lived melt 
occurrences before melt onset, may be a factor in melt dynamics. These early events are defined 
here as short melt periods where Tb and DAV are above their thresholds for less than three out of 
five consecutive days, meaning that melt occurs but is not sustained. The algorithm is constrained 
to before the melt onset date previously determined. Once melt recurs for more than three succes-
sive days, it is deemed melt onset. All derived data are gridded as 12.5 km pixels in NSIDC Ease-
Grid. 

It is important to note that there are some limitations and sources of error for this approach in-
cluding the coarse resolution of the AMSR-E data which make it difficult to precisely estimate 
snow distribution. Additionally, these methods assume the terrain is relatively homogeneous and 
the snowmelt signal is not distorted by land cover and topography.  

RESULTS 

Differences between fire years for an area that was burned are apparent in Figure 2, showing Tb 
and DAV values for pixel 3 (see pink boxes in Figure 1) which burned in 2005 but not 2006. The 
fire year (2005) has a higher brightness temperature signal in the winter months, an earlier melt 
onset and earlier end of high DAV/melt-refreeze period, and a slightly longer melt duration (23 
days versus 16 days in 2006). The non-fire year (2006) also has higher sustained DAV variations 



9 
 

that begin later in the season compared to 2005. The earlier melt onset and end of melt-refreeze 
indicate higher winter temperatures and may have contributed to dry conditions in summer due to 
the earlier depletion of the snowpack as a source of moisture.  

 
Figure 2. Brightness temperatures (Tb) and diurnal amplitude variation (DAV) for a high fire year (2005) and 
low fire year (2006) for pixel 3 (average elevation of 259 m) in the Porcupine River basin. Thresholds for Tb 

and DAV determine melt onset (in Julian dates) when they are met three out of five consecutive days. 

Figure 3 further illustrates the differences between burned and unburned pixels with intra-year 
comparisons. P1 was completed burned in 2005 while P2 was not and both pixels were unburned 
in 2007. P1 and P2 have mean elevations of 530 and 723 m, respectively. The frequency of Tb 
values shows higher minimum values for P1 than P2 during 2005 (the high fire year), and more 
similar distributions in a low fire year (2007). This demonstrates that burned areas vary considera-
bly from unburned areas in high fire years with higher Tb values for the duration of the winter pe-
riod. Snow accumulation differences could account for some of this difference in distribution. 
Melt onset dates also reflect these differences between the pixels in the fire year with P1 having 
the earlier melt onset than P2 (108 versus 116, respectively) while in the non-fire year melt onset 
is not significantly different (P1 date of 113 compared to P2 date of 115). 

 

Figure 3. Frequency distribution of brightness temperatures compared for a burned (P1) and unburned (P2) 
pixel for a high (2005) and low (2007) fire year. The burned pixel has a higher minimum Tb than the un-

burned in the high fire year (2005) while the two pixels are more similar in the low fire year (2007). 
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Analysis of variations between burned and unburned areas was extended to the whole basin and 
average melt onset date (MOD), average end of high DAV date (EHD) and average number of 
early snowmelt days (EME) compared (Table 2). For all years, the average number of early melt 
events was not significantly different between fire and non-fire pixels. For the high fire years 2004 
and 2005 both average melt onset date and average end of high DAV date were significantly dif-
ferent (p-value <0.00001) between fire and non-fire pixels. In contrast, low fire years were not 
significantly different between fire and non-fire pixels, possibly a result of lower intensity fires. 

Table 2 Average melt onset date (MOD), end of high DAV/melt-refreeze period (EHD), and number of 
early snowmelt events (EME) for years 2004-2007. Statistical significance from t-test. Calculated 

burned area for the whole Porcupine River basin is in the first column below year and is derived from 
a fire perimeter shapefile from the Alaska Interagency Coordination Center. MOD and EHD values 

are Julian date. EME values are days 

Year Pixel Avg MOD 
(Julian Date) 

Avg EHD 
(Julian Date) 

Avg EME 
(# days) 

P-value 
MOD 

P-value 
EHD 

P-value 
EME 

2004 
3,860 km2 

Fire 
Non-fire 

108 
118 

124 
133 

3.7 
3.8 

<0.00001 <0.00001 0.33 

2005 
4,010 km2 

Fire 
Non-fire 

109 
114 

120 
129 

2.8 
2.4 

<0.00001 <0.00001 0.03 

2006 
165 km2 

Fire 
Non-fire 

118 
119 

131 
135 

2.3 
2.6 

0.29 0.02 0.28 

2007 
300 km2 

Fire 
Non-fire 

109 
113 

126 
135 

3 
2.7 

0.1 0.001 0.15 

 
The fire intensity was greater for the high fire years 2004 and 2005 as indicated by a higher fire 

radiative power and larger extent of burned areas in the Porcupine River basin (Figure 4; Table 2). 
Daily discharge (measured in m3/s at the Porcupine Gauge at International Boundary) was also 

significantly different during the time period of analysis (Figure 4). In 2006, after the year of most 
intense fires, discharge peaked earlier and higher than average. In 2005, after the extensive 2004 
fires, discharge peaked significantly earlier than average. In contrast, in 2007, after relatively low 
fire occurrence and power, discharge was markedly reduced and close to the mean (1987-2009). 
The finding of an increase in peak streamflow after significant fire and burned extent is not sur-
prising and has been found in several other studies (Shakesby and Doerr, 2006; Seibert et al., 
2010). Fire clears vegetation and seals the soil creating substantial overland flow. While the gauge 
used is not directly downstream from the majority of the fire activity, it had the most data continu-
ity and is assumed to be a reasonable proxy given that similar increases in peak discharge after fire 
occurrence are seen in stage height at the Yukon River near Fort Yukon gauge farther downstream 
(not shown). 

Meteorological data at Old Crow, upstream of the gauge show precipitation (snow and rain), 
snow accumulated on the ground, and fire radiative power over the year for 2003-2005 (2006-
2007 did not have enough data for analysis) (Figure 5). There was substantially more rain during 
the year of low fire radiative power (2003) and the snowpack persisted longer compared to 2004 
and 2005, years of high fire radiative power. The amount of snow accumulated is comparatively 
lower in 2003. However, these measurements are for a single location and are not representative of 
the spatial variation throughout the basin, while the fire radiative power is for the whole basin. 
Future work will investigate basinwide accumulation of snow water equivalent (SWE) with esti-
mates from AMSR-E as well as basinwide precipitation (rain and snow) estimates from European 
Centre for Medium Range Weather Forecasts (ECWMF) ERA-interim re-analysis climate data 
(Berrisford et al., 2009) in order to have a better spatial representation of these parameters.  
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Figure 4. Daily discharge at the Porcupine River gauge at the International Boundary (point Q in figure 1) for 2004 to 2007. Mean flow for the 1987 to 2009 period is shown with 
dotted line. Cumulative fire radiative power (megawatts) of all fires in the Porcupine basin per date are shown at top (with scale increasing down). Fire radiative power is from 

MODIS active fire products for years 2003−2007. 2003, 2006, and 2007 were years of lower fire radiative power throughout the basin. 
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Figure 5. Daily precipitation (mm) and snow (cm) plotted on left axis and accumulated snow on the ground 
(cm) plotted on the right axis from the Old Crow Airport Station in the Porcupine River sub-basin 

(67°34’12”N, 139°50’24”W, elevation 251.2 m). Fire radiative power in Megawatts/1000 plotted on the right 
axis is from MODIS active fire product. 
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Timing and difference maps of melt onset and end of high DAV (melt-refreeze period) in the 
Porcupine River basin for the years 2004 to 2007 suggest consistent trends and differences be-
tween burned and non-burned areas and high and low fire years. Melt onset maps (Figure 6) show 
the spatial correlations between earlier melt onset and areas that burn the following summer sea-
son. For instance, in 2004 and 2005 over half of the intense, large fires occured in areas that had 
earlier melt onset. Difference maps of melt onset suggest there is generally later melt onset in 
burned area pixels the year following the fires, reflecting the previous year’s anomalous early on-
set. The blue colors in and around fire perimeters in the right column of Figure 6 illustrate this. 
For instance, in 2005 substantial areas experienced fires throughout the basin and the following 
year (2006) had later melt onset in the majority of the basin. In 2006 there were minimal fire oc-
currences and relatively later melt onset compared to previous high fire years. In 2007 there were 
many smaller fires spread throughout the basin and melt onset was earlier throughout the basin; 
the difference compared to 2006 is seen in the predominantly red difference map.  

Similar trends and spatial patterns are evidenced in the difference in the end of the melt-refreeze 
period (Figure 7), perhaps a more important characteristic pertaining to the fire season due to its 
indication of timing and duration of moisture content in the landscape. Earlier end of high DAV is 
evidenced in areas that end up burning during the summer. Subsequent years of lower fire activity 
are correspondingly later due to the anomalous early end in the fire years (see 2005-2006 differ-
ence map). The 2004−2005 difference map shows 2005 to be even earlier in end of melt-refreeze 
than 2004, possibly a result of cumulative effects of having high fire years back to back or reflect-
ing the higher radiative fire power of the 2005 fires. As in Figure 6, 2007 shows earlier end of 
high DAV, possibly due to more widespread but lower intensity fires, or due to higher mean am-
bient winter temperatures compared to other years. Spatial distributions and differences for early 
snowmelt events (not shown) were more spatially variable with weak correlations between melt 
days and fire occurrence (Table 2).  

DISCUSSION 

Wildfire in high latitude boreal ecosystems has far reaching effects from changes to soil charac-
teristics, increases in overland flow, changes in species distribution and abundance, changes in 
surface energy budgets, alterations of snow accumulation and melt timing, changes in permafrost 
extent, and contribution of carbon dioxide to the atmosphere. Results from comparison of burned 
versus unburned pixels for the Porcupine River basin suggest there are significant differences both 
between the pixels in the fire year and between years for burned pixels. Melt onset and end of 
melt-refreeze tends to occur earlier in pixels where forest fires occur the following summer season 
and winter brightness temperatures are higher in high fire years compared to low fire years. Con-
sequently, the difference in a following low fire year is towards later melt onset and melt-refreeze 
providing further evidence of the anomalous earlier melt onset and end melt-refreeze preceding 
the fires. Additionally, differences in peak discharge corresponded to high and low fire occur-
rence, a hydrologic response that was expected. Seibert et al. (2010) modeled streamflow using a 
change detection approach based on pre-fire conditions and parameters and found that observed 
post-fire flow was 120% higher than expected. An analogous change detection modeling approach 
could be utilized in future work, assessing expected melt timing versus observed to determine the 
ecosystem’s response before and after fire occurrence. 
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Figure 6. Time series color maps of melt onset for 2004-2007 (left column) and difference maps of melt onset 
(right column) for the Porcupine River basin (see figure 1 for location). Units are Julian date. Yellow/light 

orange corresponds to earlier date; bright red is a later melt onset date. For difference maps, red indicates the 
next year’s melt onset was earlier; blue was later. Burned areas are outlined in black. 
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Figure 7. Time series color maps of end high DAV or melt-refreeze period for 2004-2007 (left column) and 
difference maps of melt onset (right column) for the Porcupine River basin. Units are Julian date. Yel-

low/light green corresponds to earlier end of melt-refreeze; blue is a later end date. For difference maps, red 
indicates the next year’s end of melt-refreeze was earlier; blue was later. Burned areas are outlined black. 

While the results suggest correlations between melt timing and wildfire occurrence spatially and 
temporally, there are many other factors that affect both phenomena, thus the analyses should not 
be viewed as an attempt to determine cause and effect. In essence, both variables are responding to 
similar climatic forcing depending upon the magnitude of the effects seasonally. Snow cover het-
erogeneity is governed by climate, land cover, and topography with temperature, precipitation, 
radiation, elevation, slope, and aspect serving as key controls on its distribution and persistence 
(Tong et al., 2009). Fire occurrence and spread in the boreal forest is largely controlled by climate 
(air temperature, rainfall, humidity, and wind speed), circulation patterns (Skinner et al., 2006), 
fuel abundance, and moisture of the organic soil layer (a result of precipitation and thawing per-
mafrost) (Kasischke et al., 2002).  
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Furthermore, El Niño events creating warmer and drier conditions in Alaska coincide with high 
fire years (Hess et al., 2001) and alter snowmelt patterns, providing evidence that large-scale at-
mospheric and long-term climatic patterns greatly affect both variables. Large-scale sea surface 
temperatures and Pacific Ocean processes (ENSO/PDO) have been found to largely explain Cana-
dian fire severity with the warm ENSO phase and positive PDO phase creating dry conditions and 
high fire years (Skinner et al., 2006). Pacific Ocean sea surface temperature anomalies were found 
to correlate with fire activity in British Columbia (Wang et al., 2010). Additionally, the increase in 
burned areas in Canada has been attributed to mid-tropospheric circulation anomalies at 500 hPa 
heights, with more meridional circulation and strong, northerly displaced ridging producing anom-
alous dry, warm conditions that fuel fires (Skinner et al., 1999). 

CONCLUSIONS 

Investigation of two high fire years and two low fire years in the Porcupine River basin suggest 
there are correlations between fire occurrence, melt onset and end of melt-refreeze date. Areas 
affected by fire tend to have had earlier melt onset and end of melt-refreeze. This is supported by 
comparison between pixels, comparison between high and low fire years, and in the change to 
later melt onset and end melt-refreeze dates in years following fires. In remote, snowmelt domi-
nated basins, such as the Porcupine, that lack sufficient meteorological and hydrometric instru-
mentation, passive microwave remote sensing may be useful in determining areas prone to fire 
potential later in the year by examining melt timing (particularly end of melt-refreeze) dates. Pre-
vious studies have found a weak correlation between number of fires in Alaska and drought indi-
ces usually used to predict fire danger, and seasonal forecasts of upcoming fire seasons lack skill 
(Wendler et al., 2010). Further work is necessary to determine the potential utility of remotely 
sensed snowmelt timing estimates in improving such seasonal fire forecasting. In addition, such 
information may serve in modeling snowmelt runoff and peak discharge as overland flow is 
known to increase significantly for areas affected by wildfire. 
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