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Abstract -The key components of watershed processes are inputs in precipitation, interactions of vegetation, soil and 
water including evapotranspiration (water yield), overland flow (erosion), and storage and filtering (nutrients), and 
outputs in streamflow. Fire effects occur at the vegetation-soil interface and can result in altering overland flow and 
infiltration rate of water. Fire can affect infiltration rates by collapsing soil structure and reducing soil porosity, 
contributing ash and charcoal residues which can clog soil pores, and raindrop splash can compact soil and firther 
contribute to loss of soil porosity. An extreme example is the development of hydrophobic soils as observed in the 
western U.S. following severe wildfire. Watershed responses to fire depend on intensity and severity. Many factors 
influence fire severity including the quality and quantity of fuels, soil properties, topography, climate, and weather. 
The most important factors influencing the response to fire are vegetation mortality and the loss of the forest floor 
which are directly proportional to fire severity. Vegetation mortality reduces nutrient and water uptake, soil stability 
with root death, and the litter source for forest floor replenishment. The forest floor litter and humus (duQ layers 
provide soil cover, act as a sponge, and enhance infiltration. Large storm events immediately after a fie can 
accelerate surface runoff and compact soil. 

INTRODUCTION 
Wildland fire has the potential to significantly impact hydrologic processes such as surface nmoff, sediment yield, 
and sediment and nutrient transport to streams. The magnitude and duration of watershed responses to fue depends 
on the interactions among burn severity, post-fire precipitation regime, topography, soil characteristics, and 
vegetative recovery rate. The typical impact of fire is an immediate change in vegetative cover, forest floor surfhce, 
physical properties of the soil, followed by mid- and long-term changes in biological pools and nutrient cycling 
processes. Vegetation and litter protect the soil against the forces of erosion by maintaining high infiltration rates 
and low levels of overland flow (Covert and others 2005). Vegetative cover and forest floor are the primary drivers 
of sediment responses to fire. Large reductions of vegetative cover, particularly the ground vegetation and forest 
floor, leave the soil prone to raindrop impact and reduce rainfall infiltration and storage so that erosive overland 
flow tends to occur more readily (Shakesby and Doerr 2005). Nutrient responses are also impacted by changes in 
vegetation and forest floor, as well as changes in biological processes that regulate cycling processes. 

The magnitude and duration of hydrologic and water quality responses vary greatly across ecosystem types in the 
continental U.S. As such, it has been difficult to generalize response or apply knowledge derived fiom one region of 
the U.S. to any other. Over the past several years, a growing body of research has provided hydrologyfwater quality 
response data across a range of ecosystems, fire types, soils, and climate regimes. In this paper, we synthesize 
current knowledge on fixtors regulating water quality in contrasting ecosystems. 

Defining Fire Severity 
Fire severity depends on the interaction between fire intensity (rate at which thermal energy is produced) and 
duration (length of time burning occurs at a particular point) and describes the magnitude of the disturbance and 
reflects the degree of change in ecosystem processes (Neary and others 2005). Fire severity is a qualitative measure 
of the effects of fire on site and soil resources; it can occur along a spectrum fiom high to low or can be described as 
a patchwork, mosaic, matrix or mixed-severity event. Debano and others (1998) describe a light severity bum as one 
that bums only surface fuels, leaves the soil covered with partially charred organic material, and little to no duff 
consumption (fermentation (Oe) + humus (Oa) layers). A moderate-severity burn results fiom a large proportion of 
the organic material burned away fiom the surface of the soil and the remaining fuel is deeply charred. A high- 
severity burn results fiom all of the organic matexial burned away from the soil surfiice, organic material below the 
surface is consumed or charred. Fire severity has been assessed by numerous methods such as degree of destruction 
of aboveground live and dead biomass (Neary and others ZOOS), amount of forest floor consumed, particularly the 
duff layer, or heat penetration into the mineral soil (Swift and others 1993). 



Precipitation Regime 
After fire, rainfall intensity and duration can influence the amount of sediment delivered to a stream channel. The 
detachment of soil particles by rainsplash or overland flow and their transfer downslope are sensitive to 
modifications in land surface properties caused by fire (Johansen and others 2001, Sakesby and Doerr 2006). In low 
rainfall ecosystems, surface runoff and erosion may not be observed if there is a long period of post-fire recovery 
before the first rainfall event. Even in ecosystems with low mean annual rainfall, a high-intensity rainstorm 
immediately after wildand fire can create runoff that alters the topography of the hillslope, which subsequently 
impacts stream channels. Rainstorm events need to have enough energy to transport sediment. Swift and others 
(1993) determined that rainfall events of >50 rnrn hr-' were required to transport material after a fell-and-burn 
prescribed fire in the southern Appalachians. Sediment yields are typically higher in the first year after burning, 
especially when the burned watershed has been exposed to high-intensity rainfall events immediately after the fire 
has exposed the soil swfhce. Some of the largest increases in surface runoff have been observed where short- 
duration, high intensity convective rainstorms occur. For example, after the 1996 Buffalo Creek Fire in Colorado, 
two short-duration, high-intensity rainstorms (-90 mm hr-I) removed ash from the hillslopes, rilled the hillslope 
surfiices, channelized subtle drainages, which led to a headward extension of the channel network, and deposited 
sediment in stream channels (Moody and Kinner 2006). Kunze and Stednick (2006) found that rainfall intensity 
explained more than 80% of the variability in sediment yields. After the 2000 Bobcat Fire in Colorado, a single 
storm with 30 min rainfall intensity of 42 mm hr" resulted in 370 kg ha-' and 950 kg ha'' sediment yields, on treated 
(erosion-control with contour log felling, grass seeding, and mulching) and untreated watersheds, respectively 
(Kunze and Stednick 2006). 

Vegetation Recovery 
Post-fire soil erosion amounts vary not only with rainfall but also with bum severity, topography, soil characteristics 
and amount of vegetative recovery. Under moderate to severe fire severity that removes vegetation and forest floor 
cover, transpiration, interception and surfice storage capacity for rain are temporarily reduced. Conversely, any fire- 
induced alterations to storage capacity and water repellency will decline as vegetation and ground litter recover. 
Ground cover protects the soil from raindrop impact and offers resistance to overland flow. Vegetation recovery 
rates are strongly affected by fire size and severity, post-fire erosion events and vary by climate and geographic area. 
Rapid vegetation establishment has been regarded as the most cost-effective method to promote water infiltration 
and reduce hillslope erosion (Robichaud 2005). In the western U.S., land management agencies have spent tens of 
millions of dollars on post-fire emergency watershed stabilization measures to minimize flood runoff, onsite erosion, 
offsite sedimentation, mud and debris flows, and other hydrologic damage to natural habitats (Robichaud 2005). 
Post-fire hillslope rehabilitation treatments include seeding for vegetative re-growth, ground covers or mulches, and 
barrier and trenches that physically hold runoff and sediment In the eastem U.S., such costly and dramatic post-fire 
rehabilitation efforts are typically not required. Even after severe fire, recovery rates of southern Appalachian 
watersheds are much faster than western forests due to rapid vegetative re-growth (Clinton and Vose 2000, Elliott 
and others 1999). 

Low severity burning, such as prescribed fires, can promote a herbaceous flora (Elliott and others 1999, Gilliarn 
1988, Hutchinson and others 2005) increase plant available nutrients (Elliott and others 2004), and thin-fiom-below 
over-crowded forests. While large, severe fires can cause changes in successional rates, alter species composition, 
generate volatilization of nutrients and ash entrainment in smoke columns, produce rapid or decreased soil 
mineralization rates, and result in subsequent nutrient losses through accelerated erosion (Neary and others 1999). 

Surfirce Runoff and Erosion 
Wildland fires are often landscape-scale disturbances that can alter the hydrologic and erosion responses of 
catchments. Erosion can occur when ground cover is reduced or consumed, and subsequently infiltration rates are 
reduced, i.e., water repellency is high. Fire-induced or enhanced soil water repellency (hydrophobicity) is commonly 
viewed as a key contributor to the substantial increases in hillslope runoff and erosion observed following severe 
wildfire (Debano and others 2005, Doerr and others 2006, Hufhan and others 2001,), particularly in the western 
U.S. Soils do not all exhibit the same degree of water repellency; a water-repellent soil is classified as one on which 
a drop of water will not spontaneously penetrate. Water drop penetration time (WDPT) has been used extensively to 
characterize soil water repellency (Letey 200 1). Several factors associated with fire, such as removal of surface litter 
and higher raindrop impact, would produce higher runoff and erosion fiom burned compared with unburned 
catchments, independent of water repellency. High runoff and erosion occurs from the combined effects of canopy 



destruction and water repellency induced by fire (Letey 2001), typically higher water repellency results fiom high 
severity fires (Lewis and others 2006). 

Sediment yields, in the first year after fire, range fiom very low in flat terrain without major rainfall events, to 
extreme in steep terrain affected by high-intensity thunderstorms. In the first post-fire year, sediment yield can vary 
fiom 0.01 to more than 110 Mg ha" (Robichaud and others 2000). High-intensity rainstorms after wildfire can 
create runoff that alters the topography of the hillslope, which subsequently impacts stream channels. In the coastal 
plain region of the Southeastern U.S., surface runoff and erosion from forested land would be minimal because the 
terrain is flat. On steep mountain slopes, Hendricks and Johnson (1944) found that sediment yield ranged fiom 71 
Mg ha" yeail on 43% slopes, 202 Mg ha-' on 66% slopes, and 370 Mg K' yeail  on 78% slopes after a 
wildfire in mixed conifer forests of Arizona. After the 1998 North 25 Fire in north-central Washington, Robichaud 
and others (2006) reported a first year mean erosion rate of 16 mg ha" yil (Table l), and this decreased 
significantly in the second year to 0.66 Mg h i '  y-'. Mean canopy cover (percent cover provided by live plants) was 
18% the first year and 53% the second year after the wildfire. Total precipitation was below average during the four- 
year period of their study (Robichaud and others 2006), and most erosion occurred during short duration, moderate 
intensity summer rainfall events. In the southern Appalachian mountain region, terrain is steep and rainstorms events 
with enough energy to transport sediment (250 mm br") have been recorded (Swift and others 1993), but vegetative 
recovery is rapid minimizing hillslope erosion. 

Table 1. Sediment losses the f i t  year after prescribed (Rx) fire and wildfires. 

Location Community Severitylactivity 1" year sediment Reference 
loss (Mg ha") 

North Carolina, Pine/hardwoods Low severity, fell-and-bum 0.087 Switt and others 1993 
Mountains 

South Carolina, Pine/hardwoods Low severity, Rx site 0.137 Robichaud and Waldrop 
Piedmont preparation burn 1994 

High severity, Rx site 5.748 
preparation burn 

South Carolina, Loblolly pine Control 0.027 Van Lear and others 1985 
Piedmont 

Low severity. Rx understory 0.042 
burn 
Moderate severity, 0.151 
Cut + Rx bum 

Arkansas, Foothills Shortleaf pine Control 0.036 Miller and others 1988 
High severity, slash cut + 0.237 
Rx site preparation bum 

East Texas, Foothills Loblolly pine Clearmt + Herbicide + Rx 0.885 Field and others 2005 
site preparation bum 

Clearcut + Mechanical 1.273 
tillage + Rx site 
preparation bum 

Colorado Front Range Mixed conifer Low to moderate 0.20 to 0.05 Benavides-Solorio and 
severity, Rx iire MacDonald 2005 
High severity, wildfire 2.0 to 10.0 

Colorado Front Range Mixed conifer Unburned hillslopes 0.30 Moody and Martin 2001 
High severity, wildfire 6.20 Wagenbrenner and others 

2006 
North-central Subalpine fir High severity, wildfire 16.0 Robichaud and others 
Washington 2006 



In the western U.S., erosion rates increase by several orders of magnitude fiom areas burned at high severity because 
of the loss of protective ground cover and increase in surface runoff (Benavides-Solorio and MacDonald 2001, 
2002, Robichaud and others 2000). In the Colorado Front Range, highest mean sediment rates were 80 - 100 Mg ha- 

fiom plots burned at high severity in recent wildfires (Benavides-Solorio and MacDonald 2005). The percentage 
of bare soil explained most of the variability in sediment yields (Benavides-Solorio and MacDonald 200 1). 
Johansen and others (2001) found that post-fire sediment yield increased non-linearly as percent bare soil increased. 
Specifically, sediment yields increased little when percent bare soil varied fiom 0 up to 60%, then yield increased 
exponentially above 60% bare soil. Ground cover effects appeared to be more important in explaining hydrologic 
response than either surface roughness or slope (Johansen and others 2001). Hence, maintaining vegetation cover or 
a cover of forest floor organic layers on the soil surface is the best means of preventing excessive soil erosion rates 
(Debano and others 1998, Neary and Ffolliott 2005, Wagenbrenner and others 2006). 

In the southeastern U.S., several authors have reported f ittle to no soil erosion after light- to moderate-intensity fires 
(Neary and Currier 1982, Shahlee and others 1991, Van Lear and Danielovich 1988, Van Lear and Waldrop 1986, 
Swift and others 1993). For example, Douglas and Van Lear (1983) found no significant differences in runoff or 
soil export between burned and unburned watersheds in the Piedmont of South Carolina Swift and others (1993) 
reported only minor and localized movements of burned plant hgrnents and soil after a fell-and-burn treatment in 
xeric pine-hardwood stands in the southern Appalachian Mountains of North Carolina In their study, soil erosion 
was minimal primarily because the forest floor remained largely intact; i.e., duff consumption ranged fiom 30 to 67 
percent (Swifi and others 1993). Overall, these fires were classified as high intensity and low to moderate severity. 
Severity was moderate on portions of the burn where topography increased the frre intensity, causing greater 
proportions of forest floor consumption in small patches (Swift and others 1993). Effects were severe in a few spots 
where ribbons of soil were exposed after partially decomposed logs in contact with forest floor ignited and 
smoldered until consumed. After the burns, the bare soil exposure ranged fiom 7 to 14%. Where soil was exposed, 
the material was trapped within a short distance by residual forest floor and wood debris; thus, only two of eight 
sediment traps collected transported material resulting in < 0.10 Mg ha-' sediment lost (assuming a bulk density of 
1.2 Mg ha-' and 40% charcoal by volume) the first year after the fires (Table 1). Sediment deposited at the lower 
margins of the study areas was transported by only three rainfall events that had enough force (> 50 mm hr-') to 
move sediment. Thereafter, no fiuther sediment was lost because subsequent rainhll events were not of sufficient 
magnitude to transport material. In their study, the residual forest floor was resistant to erosion over the range of 
burn intensities and sediment was prevented from leaving the site by unburned brush and undisturbed forest floor at 
the lower margins of the burned areas (Swift and others 1993). 

In the Piedmont region of South Carolina, Robichaud and Waldrop (1994) calculated sediment yields for low- and 
high severity site preparation burns in pine/hardwoods. For low severity fire (7% bare soil), sediments yields were 
13.6 kg ha-' mm-' during simulated intense, rainfall (100 mm hr-' rain event lasting 30 min) with a total annual 
sediment loss of 0.137 Mg ha-' under natural rainfall events; and for high severity fire (63% bare soil), 
sediment yields were up to 27.7 kg h i '  mm" during simulated intense, rainfall with a total loss of 5.75 Mg ha" year- 

under natural rainfall events (Table 1). In loblolly pine forests in South Carolina, Van Lear and others (1985) 
reported 0.042 Mg ha-' yr" and 0.15 1 Mg hae' 1-1 sediment loss fiom understory burn and burn + cut sites, 
respectively (Table I). Field and others (2005) estimated annual soil losses of 1.273 and 0.885 Mg ha-' from 
mechanical tillage and prescribed fire, respectively. 

Stream Suspended Sediment 
Severe wildfires can cause damage to plant cover and, thus, increase streamflow velocity, sediment delivery to 
streams, and stream water temperatures, as contrasted to low severity, cool-burning prescribed fires, which have less 
severe consequences (Reardon and others 2005). If surface erosion via overland flow reaches stream channels, then 
stream sediment concentrations increase proportional to the sediment delivered. Excess sediment is the principal 
pollutant of stream water associated with forest management (Phillips and others 2000) and is considered the 
primary threat to the integrity of aquatic resources (Henley and others 2000). After fire, excess sediment delivery to 
streams typically occurs after a measurable storm event. Watersheds severely denuded by fire are vulnerable to 
accelerated rates of soil erosion. While many fires increase sediment transport, wildfire often produces more 
sediment than prescribed fire (Debano and others 1998). Generally, prescribed fires, by their design, are not 
intended to consume extensive layers of forest floor litter. Without sediment transport via overland flow or surface 
runoff, input of sediment to streams would be minimal following prescribed fire or wildfire. If the forest floor 



remains intact and little to no bare soil is exposed, there is no mechanism for long-distance transport of sediment to 
streams (Vose and others 19991, regardless of rainfall event. 

In the western U.S., suspended sediment concentrations in streamflow can increase to very high levels following 
severe fire. For example, Hauer and Spencer (1998) found that stream sediment concentrations increased fiom 3.0 
mg L" before fire to 32.0 mg L" after and Fredriksen (1971) recorded an increase fiom 2.0 mg L-' before 
disturbance to 150 mg L" following clearcut + slash burn. In contrast, fire in the southeast and southern 
Appalachians typically does not create conditions that result in sediment delivery to streams (Table 2). Forested 
streams in the southern Appalachians with high TSS during storm events are usually influenced by roads or land-use 
conversion (Table 2). 

Table 2. Total suspended solid (TSS) concentration in headwater streams with varying disturbance types and severity. 

Location Community Severity/activity TSS (mg L-') References 
North Carolina, Mesic hardwoods Low severity, prescribed fm 1-11 Vose, unpublished 
Mount a h  

East Tennessee and Pine/hardwoods Low severity, prescribed fire 
North Georgia, 
Mountains 

1 -6 Elliott and Vose 
2005 

South Georgia, Mixed oak-pine Military training using traded 4 (baseflow) Houser and others 
Coastal Plain vehicles, ~ 7 %  catchment area 57-300 (stormflow) 2006 

disturbed (low severity) 
>7% catchment area disturbed 10 (baseflow) 
(hi# severity) 847-1 88 1 (stormflow) 

North Georgia, Mixed hardwoods Roads, land-use conversion 1-10 (baseflow) Riedel and others 
Mountains >lo0 (stormflow) 2003 

W. Oregon Douglas-fir Clearcut, slash burn 
Montana Mixed conifer Wildfire 

150 Fredriien 1971 
32 Hauer and Spencer 

For prescribed fires in southern Appalachian pine-hardwoods, Elliott and Vose (2005) found no significant 
differences in total suspended solids (TSS) concentrations between burn and control streams over a 10-month post- 
burn sampling period (Table 2). Several factors were attributed to the explanation of their results; a small rain event 
did occur the first day after the bum treatments, but this event brought less than 15 mrn of rainfhll, the low intensity- 
low severity, prescribed fire consumed less than 20% of the forest floor mass, and the burns were in the spring when 
vegetative re-growth occurs. With other disturbance types and intensities, other researchers have found more distinct 
and larger increases in sediment concentrations in highly disturbed streams (Houser and others 2006, Webster and 
others. 1990) than undisturbed streams during storm events (Table 2). For example, Houser and others (2006) 
investigated a range of disturbance intensities for typical low-gradient, Southeastern Coastal Plain streams to 
illustrate the impact of upland soil and vegetation disturbance on stream sediments. In catchments with a disturbance 
intensity of c7%, the mean maximum change in TSS ranged fiom 57 to 300 mg L" during storm events. In 
catchments with a disturbance intensity of >7%, mean maximum change in TSS ranged fiom 847 to 1881 mg L-' 
during storm events (Table 2). 

Stream Nitrogen 
The potential for increased N0i-N in streamflow after burning is attributed mainly to accelerated mineralization and 
nitrification (DeBano and others 1998, Knoepp and Swank 1993, Vitousek and Melillo 1979) and reduced plant 
uptake (Vitousek and Melillo 1979). Several studies on effects of prescribed fire on streamwater quality (Beche and 
others 2005, Clinton and others 2003, Douglas and Van Lear 1983, Elliott and Vose 2005, Field and others 2005, 
Richter and others 1982, Vose and others 1999), have found little to no detectable changes in streamwater chemistry 
after burning. For the few cases where a measurable increase in NO<-N was detected, timing of wildland fire 
influenced N0Y-N delivery to streams. In the spring, less NO,'-N will be transported to streams when vegetation 
uptake and microbial immobilization are typically high, compared to burns in the kll when vegetation is dormant. 



For example, Clinton and others (2003) compared stream NO3--N responses fiom watersheds burned in the fall and 
those burned in the spring. The two sites that showed a stream NO3--N response were burned in the fall, whereas the 
sites that were burned in the spring showed no response (Table 3). 

Table 3. Stream nitrate-nitrogen (NOi-N) responses following prescribed fire (Rx) and wildfire in the southeastern U.S. 

NOS'-N 
Site location Treatment Community Fire severity Season response Duration References 

(mg rl) 
Jacobs Branch, NC Fell and Midelevation; High intensity, Fall 0,065 30 weeks Knoepp & 

burn, Rx Pine/hardwood moderate severity Swank 1993 
Wine Spring, NC Restoration, High elevation; Moderate Spring 0 None Vose and 

Rx Pine/hardwood intensity, low others 1999 
severity 

Joyce Kilmer, NC Wildfire High elevation; Low intensity, Fall 0.100 6 weeks Clinton and 
old-growth low severity others 2003 
hardwoods 

Hickory Branch, NC Restoration, Mid elevation; Moderate Spring 0.004 2 weeks Clinton and 
Rx Pine/hardwood intensity, low others 2003 

severity 

Conasauga, Understory, Low elevation; 
TN&GA Rx Pinehardwoods 

Robin Branch, NC Understory, High elevation; 
Roach Mill, GA Rx Mesic, mixed oak 
Uwarrie, NC Understory, Piedmont; 

Rx pineJhardwoods 

Croatan, NC Understory, Coastal Plain; 
Rx longleaf pine 

Low-to-moderate Spring 
intensity, low 
severity 
Low intensity, Spring 
low severity 
Moderate spring 
intensity, 
moderate 
intensity 
Low to moderate Winter 
intensity, low 

0 None Elliott & 
Vose 2005 

0 None Vose and 
others 2005 

0 None Vose and 
others 2005 

0 None Vose and 
others 2005 

Vose and others (2005) compared the effects of low severity prescribed fire in Piedmont and southern Appalachian 
mountain streams (Table 3). In streamwater, measured N W N  was extremely law (CO. 1 mg NO;-N L-') before and 
after burning. Both sites were burned in early spring and fires were confined to the understory and forest floor. 
There was generally no overstory mortality to prevent the rapid vegetation N uptake and immobilization of soil 
nutrients typical of the spring growth flush. Fires were of low enough intensity to prevent significant overland flow 
and movement of nutrients off-site via physical changes in hydrologic processes. Vose and others (2005) also used a 
nutrient cycling model to simulated stream NO<-N response under three frre scenarios: moderateseverity prescribed 
fire, high-severity prescribed fire, and high- severity wildfire. Only under the wildfire scenario was there a 
significant increase in stream NO3'-N concentrations. Vose and others (2005) attributed this simulated increase to 
reduced nitrogen uptake since the wildfire simulation included 100% overstory mortality. Under their wildfire 
scenario, streamwater NQ--N concentrations only reached 0.20 mg L" even with these extreme fire effects. Unlike 
low to moderateseverity prescribed fires, largesevere wildfires often result in dramatic increases in stream solutes, 
which may last for years after the fire (Earl and Blinn 2003, Minshall and others 200 1, Spencer and others 2003). 
For example, Hauer and Spencer (1998) observed stream NO<-N concentrations from 0.12 to 0.30 mg L-' in 
impacted streams after a wildfire in the Rocky Mountains, which were concentrations >5 fold over those observed in 
control streams. However, not all prescribed fires are low severity burns. Prescribed fire in the Tharp's Creek 16-ha 
catchment, Sierra Nevada of California killed most of the younger trees and understory vegetation, and the larger 
trees were scared, but left alive. Most forest litter was cornbusted in the fire leaving an ash Iayer throughout the 
catchment (Williams and Melack 1997). This prescribed burn in the Sierra Nevada of California resulted in the 
stream NO3-3-N concentration briefly exceeding 0.84 mg E' the first month of streamwater runoff after the fire, then 
exceeding 1.96 mg L" three months after the fire. The following spring NO;-N concentrations increased above 
1.68 mg L", persisted above 0.84 mg L-' for several weeks, then returned to pre-fire conditions for the remaining 
years after the fire (Williams and Melack 1997). Whereas, prefire stream NO;-N concentrations seldom exceeded 
0.01 mg L-'. 



In a recent national evaluation of forested streams, NCASI (2001) found that NO3--N concentrations for small 
forested watersheds averaged 0.3 1 mg K' (median 0.15 mg L-I), and some streams averaged 10 times that level. In 
streams draining both mountain and Piedmont regions of the southeast, fiom a range of fire intensities (fiom low to 
high; prescribed fire and wildfire), impacts on inorganic stream nitrogen levels are much lower (Clinton and others 
2003, Eliiott and Vose 2005, Vose and others 2005) than the average reported fiom NCASI (2001). 

CONCLUSIONS 
Hydrologic and water quality responses to fire in the continental U.S. vary considerably. When a wildland fire 
occurs, the principal concerns for changes in water quality are delivery of sediment and nutrients, particularly 
nitrate, into the stream channet. Fire managers can influence the effects of prescribed fire on water quality by 
limiting fire severity, limiting fire size, and avoiding burning on steep slopes. Wildfires are typically larger and 
more severe consuming more fuel and releasing more nutrients than prescribed fire, which increases susceptibility to 
erosion of soil and nutrients into the stream. Our synthesis of a wide array of studies fiom across the U.S. support 
the following conclusions: 

1. Maintaining an intact forest floor and promoting rapid vegetation recovery is critical to minimizing the 
magnitude and duration of sediment transport (surface erosion), sediment delivery (suspended solids) and 
subsequent water quality responses, 

2. Burned areas are most vulnerable to surface erosion immediately post-fire and during extreme rainfall 
events, 

3. Generally, water quality responses are much lower in the eastern U.S. than the western U.S. due to more 
moderate topography, lower fire severity, and rapid vegetation recovery 

These regional differences emphasize the need for localized assessment and analyses of fire prescriptions, post- 
wildfire rehabilitation, and associated monitoring efforts. 
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