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     Abstract: Seven wildfire areas produced 26 debris flows in northern Utah between 2000 and 
2004.  These fire-related debris flows occurred with little warning and some damaged houses in 
subdivisions.  The debris flows initiated due to the fire-related loss of vegetation which caused 
increased surface-water runoff.  The runoff concentrated in stream channels, eroded and 
entrained loose channel sediment, and formed debris flows.  The flows progressively bulked 
sediment from channels, increased in volume down channel, and deposited sediment on alluvial 
fans or became diluted by flow into larger trunk streams.  Brief, intense, thunderstorm rainfall 
with recurrence intervals of two years or less triggered these debris flows.  The debris flows 
show a wide range of channel sediment-bulking rates (0.02 to 6.06 yd3/yd) and deposit volumes 
(30 to 20,000 yd3), which can be used to broadly bracket the size of future fire-related debris 
flows.  Debris basins and debris-flow deflection dikes are the most common types of risk-
reduction structures constructed in response to the fire-related debris-flow hazard.  Vegetation 
types for these fires have fire-return periods of 0 to 300 years for stand-replacement fires.  These 
return times and the high probability of post-fire debris flows indicate that fire-related debris-
flow hazards must be considered in land-use planning prior to developing on active alluvial fans.   
 
INTRODUCTION 
     Drought-related dry conditions in northern Utah contributed to wildfires on mountain slopes 
above urban areas between 2000 and 2003.  Thunderstorm rainfall following the wildfires 
trigged 26 fire-related debris flows in seven burn areas between 2000 and 2004.  Many of these 
debris flows were deposited on alluvial fans that are rapidly being urbanized.  This paper 
provides a summary of the debris-flow events, including triggering rainfall, surface-water runoff, 
channel-sediment bulking, deposit characteristics, damages, and risk-reduction measures.   
     The term debris flow in this study is used to describe all flows in the hyperconcentrated- and 
debris-flow sediment-water concentration continuum (Costa 1988).  Debris flows pose a hazard 
very different from other types of landslides and floods due to their rapid movement and 
destructive power.  Debris flows can occur with little warning, are a serious life-safety threat, 
and can damage buildings and infrastructure by sediment burial, erosion, and direct impact.  The 
study of these fire-related debris flows provides an understanding of the debris-flow processes 
and hazards that can be used to guide development on alluvial fans.    
 
NOTHERN UTAH WILDFIRES 
     The seven debris-flow-producing fire areas are shown on figure 1.  Table 1 lists the debris 
flows generated from each fire, along with basin area, percent of basin burned, and basin relief 
ratio.  The fires ranged in size from 800 to 8000 acres and burned 75 to 100 percent of the 
respective drainage basins.   
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Figure 1. The seven northern Utah wildfires, fire areas shown in red, and nearby communities.   
 
     Burn severity is a qualitative assessment of the fire consumption of surface fuels and duff 
layers (Miller 2001) and is ranked high, moderate, or low depending on burn characteristics and 
soil heating.  In the 2000-03 fires, the upper parts of most basins had moderate and high burn 
severities.  The high percentage of debris flows generated in these burn severities suggests that 
moderate and high burn severities create conditions that increase the potential for debris flows.  
Cannon and Gartner (2005) also concluded that moderate and high burn severities strongly 
influence debris-flow occurrence.  The Farmington fire had low to moderate burn severities and 
was an exception to this relationship. 
 
FIRE-RELATED DEBRIS FLOWS 
     The fire-related debris flows were generated by erosion and progressive sediment bulking of 
runoff rather than landslide failure.  These debris flows initiated in a similar manner to the 1920s 
and 1930s debris flows from overgrazed and burned watersheds in northern Utah studied by 
Bailey et al. (1947) and Croft (1962), and burned areas in the western U.S. studied by Cannon 
(2001).  The debris flows produced from the drainage basins show a wide range of channel 
sediment-bulking rates, flow volumes, and runout distances. 
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Table 1. Northern Utah fires, fire-related debris flows, and drainage-basin characteristics.   
Fire/Year Fire 

Size 
(acres) 

Fire-Related Debris Flow 
(date) 

Basin 
Burned

(%) 

Basin  
Area 

(square 
miles) 

Basin 
Relief 
Ratio*

(%) 
Borrow 
Pit/2000 

3900 Unnamed drainage near Lake 
Point (7/9/2000) 

90 0.58 35 

  Big Canyon (8/23/2000) 90 1.50 30 
East 
Vivian/2000 

1750 Unnamed drainage to South 
Fork Provo River (8/31/2000) 

90 1.40 23 

Oak Hills/2000 800 Preston Canyon (8/26/2001) 75 0.53 45 
  Preston Canyon (9/6/2002)    
Birch/2001 2700 Birch Creek (7/15/2002) 100 1.10 35 
Mollie/2001 8000 Dry Mountain 2 (9/12/2002) 95 0.45 37 
  Dry Mountain 2 (7/26/2004)    
  Dry Mountain 3 (9/12/2002) 95 0.69 28 
  Dry Mountain 3 (7/26/2004)    
  Dry Mountain 4 (9/12/2002) 100 0.67 32 
  Dry Mountain 5 (9/12/2002) 100 0.61 44 
  Dry Mountain 6 (9/12/2002) 100 0.48 39 
  Dry Mountain 7 (9/12/2002) 100 0.33 39 
  Dry Mountain 9 (9/12/2002) 100 0.29 57 
  Dry Mountain 12 (9/12/2002) 100 0.51 37 
  Dry Mountain 13 (9/12/2002) 100 0.30 65 
  Dry Mountain 14 (9/12/2002) 100 0.46 60 
Springville/200
2 

2300 Buckley Draw (9/10/2003) 92 0.84 49 

  North Pit (9/10/2003) 88 0.68 44 
Farmington/200
3 

1800 Compton Bench North 
(4/6/2004) 

100 0.01 49 

  Compton Bench 
Middle(4/6/2004) 

100 0.04 48 

  Compton Bench South 
(4/6/2004) 

100 0.02 53 

  Stevens Circle (4/6/2004) 100 0.02 44 
  Tributary to Farmington 

Canyon (4/6/2004) 
100 0.17 50 

  East Farmington 500 North  250 
East (7/17/2004) 

80 0.10 36 

*Relief ratio is a measure of basin steepness and is the maximum relief from the basin mouth to 
the drainage divide divided by the length of the longest stream channel extended to the divide 
(Meyer and Wells, 1997).   
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Drainage Basin Geology and Morphology 
     The debris-flow-producing drainage basins are underlain by Precambrian metamorphic rocks 
(dominantly schist and gneiss), Paleozoic sedimentary rocks (dominantly sandstone and 
limestone), or a combination of both.  The bedrock types did not appear to directly influence 
debris-flow generation.  All of the basins have loose, unconsolidated colluvium mantling slopes 
and alluvium in channels that was easily eroded and entrained by runoff to form debris flows.  
The drainage basins do not have a limited sediment supply that would reduce the likelihood of 
repeated debris flows (see discussion in Bovis and Jakob 1999).  We observed active Holocene 
alluvial fans at the mouths of most debris-flow-producing basins indicating relatively frequent 
debris-flow occurrence.   
     The debris flows were generated in small, steep drainage basins that range from 0.01 to 1.5 
square miles in area and have relief ratios of 23 to 65 percent (table 1).  Cannon (2001) used 
basin areas and relief ratios to estimate an area-relief threshold for basins likely to produce fire-
related debris flows given sufficient rainfall.  The northern Utah basin areas and relief ratios 
support the Cannon (2001) threshold, indicating that it can be used in fire-related debris-flow-
hazard assessment in Utah.   
      Most of the 26 debris flows occurred within two years of their respective fires (table 1).  
Cannon and Gartner (2005) also found a two-year period for debris flows following fires in the 
Intermountain West.  Eleven flows occurred within one year, 13 flows between one and two 
years, and two flows between two and three years of the fire.  Three drainage basins produced 
two debris flows each.   
 
Triggering Rainfall 
     The debris flows were triggered by thunderstorms of short duration and high rainfall intensity.  
Due to spatial variation in rainfall, only rain gauges within 0.5 miles of runoff areas were used to 
profile triggering rainfall.  For the September 6, 2002, Preston Canyon debris flow, a rain gauge 
recorded 0.6 inches of rainfall in 39 minutes with an average storm intensity of 0.92 inches per 
hour and a 10-minute peak intensity of 2.64 inches per hour.  Rain gauge and weather radar 
analyses indicate the Dry Mountain debris flows near Santaquin triggered with 0.27 inches of 
rainfall in 15 minutes (Brian McInerney, National Weather Service hydrologist, verbal 
communication, October 12, 2005).  A gauge near the Compton Bench debris flows recorded 
0.28 inches of rainfall in 31 minutes with an average storm intensity of 0.54 inches per hour.  
These rainfall amounts and intensities are similar to those observed by Cannon and Gartner 
(2005) for other fire-related debris flows and slightly less than those observed by Croft (1962) 
for the 1920s and 1930s debris flows and floods from burned and overgrazed watersheds in 
northern Utah.  The 2000-04 rainfall events have average recurrence intervals of two years or 
less (National Weather Service, 2006), indicating these rainfall amounts were not unusual.   
     Not all of the burned drainage basins that received rainfall produced debris flows.  The Dry 
Mountain drainage basins 8, 10, and 11 produced stream flows rather than debris flows even 
though adjacent basins produced debris flows.  Three fire areas in northern Utah that burned 
during the same time period did not produce debris flows.  Cannon (2001) also found that some 
burned basins did not produce debris flows.   
 
Runoff and Channel Sediment Bulking 
     Wildfires typically remove the rainfall-intercepting vegetation and organic litter and duff that 
effectively reduce runoff and overland flow.  We observed sheetwash and rill erosion on the 
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steep slopes in the debris-flow-producing basins.  The runoff entrained loose hillslope material 
and concentrated in drainage-basin channels, eroding and entraining loose channel sediment.  
Runoff on some slopes had sufficient force to transport cobble-size rocks (figure 2a).  Most 
flows progressively bulked channel sediment until they reached the alluvial fan where they 
spread laterally and deposited the  
sediment.  Loose sediment was eroded from channels primarily by channel incision (figure 2b, 
2c, 2d).  All flows were from ephemeral stream channels and most flows had bulked sufficient 
sediment to leave a channel mud veneer (figure 2d) or channel levees in the middle and lower 
channel reaches. 
   

          
(a)             (b) 

         
(c)             (d) 
Figure 2. Examples of runoff and channel sediment bulking associated with fire-related debris 
flows in northern Utah. (a) Sheetwash erosion and local deposition of surficial material.  (b) 
Channel sediment bulking by deep channel incision. (c) Channel sediment bulking by channel 
incision.  (d) Channel sediment bulking by channel incision and mud veneer deposited by debris-
flow passage in lower channel reach. 
 
     Field observations indicate most of the flow sediment was eroded from the channel.  A 
generalized channel sediment-bulking rate (table 2), expressed as cubic yards eroded per linear 
yard (yd3/yd) of channel, was estimated by dividing the deposit volume by the length of the 
longest drainage-basin channel.  These bulking rates are approximate because only the longest 
channel is used, some events may have eroded multiple channels or shorter channel lengths, and 
sediment contributions from hillslope sheetwash and rill erosion are not included.  
Understanding approximate channel sediment-bulking rate is useful because it can be used in 
conjunction with alluvial-fan-deposit volumes to determine the size of protective debris basins 
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(Giraud 2005).  The channel sediment bulking rates have a wide range, from 0.02 to 6.06 yd3/yd.  
Channel sediment-bulking rates for landslide-initiated non-fire-related debris flows measured on 
perennial streams in Utah range up to 36 yd3/yd (Williams and Lowe 1990).  
 
 
Table 2.  Fire-related debris-flow-deposit characteristics and channel sediment-bulking rate.   

Fire-Related Debris Flow  
(debris flow [DF], hyperconcentrated 

flow [HCF]) 

 
Deposit
Volum

e 
(yd3) 

Deposit 
Area 

(acres)

Runout* 
(feet) 

Channel 
Bulking 

Rate 
(yd3/yd) 

Unnamed drainage near Lake Point 
(HCF) 

830 0.50 300 0.22 

Big Canyon (HCF) 2200 4.20 1250 0.56 
Unnamed drainage to South Fork Provo 
River (HCF) 

1300 1.60 650 0.65 

Preston Canyon (DF) 2200 1.20 460 0.84 
Preston Canyon (DF) 10,000 2.40 1680 3.80 
Birch Creek (HCF) 580 0.92 550 0.14 
Dry Mountain 2 (DF) 5500 6.96 3000 2.01 
Dry Mountain 2 (DF) 2500 3.10 1100 0.91 
Dry Mountain 3 (DF) 2200 2.64 1400 0.62 
Dry Mountain 3 (DF) 150 0.30 300 0.04 
Dry Mountain 4 (DF) 20,000 9.50 2300/130

0 
6.06 

Dry Mountain 5 (DF) 13,000 8.57 2200 4.81 
Dry Mountain 6 (DF) 10,000 4.50 1200 3.53 
Dry Mountain 7 (DF) 3100 1.24 800 1.09 
Dry Mountain 9 (DF) 700 0.88 1200 0.35 
Dry Mountain 12 (DF) 150 0.07 100 0.06 
Dry Mountain 13 (HCF) 30 0.01 30 0.02 
Dry Mountain 14 (HCF) 500 0.46 400 0.29 
Buckley Draw (DF) 370 0.51 1250 0.12 
North Pit (DF) 2800 0.42 250/195 0.82 
Compton Bench North (HCF) 330 0.41 150 0.90 
Compton Bench Middle (HCF) 1500 0.93 250 1.50 
Compton Bench South (HCF) 1500 0.93 170 2.05 
Stevens Circle (HCF) 120 0.15 70 0.19 
Tributary to Farmington Canyon (HCF) 550 0.10 170 0.48 
East Farmington 500 North 250 East 
(HCF) 

900 0.26 190 0.39 

*Runout is measured as the deposit length below the confined drainage basin or alluvial-fan 
channel.  Two runout distances indicate the runout for two separate deposit lobes.     
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Debris-Flow Deposits 
     The debris-flow-deposit area and average thickness were used to estimate deposit volume 
(table 2).  Volume is a measure of debris-flow magnitude and can relate to the damage produced 
by flows.  For flow runout into subdivisions, the Dry Mountain 4 flow (figure 3b) (20,000 yd3) 
was more damaging than the Compton Bench Middle and South flows (figure 3c) (3000 yd3).  
The volumes in table 2 can be used to broadly bracket the size of future fire-related debris flows 
for drainage basins of similar size, gradient, burn severity, and sediment-supply conditions that 
experience similar rainfall amounts.  The deposits have a wide volume range, from 30 to 20,000 
yd3, and this is similar to other historical debris flows in Utah (Giraud 2005).  The wide volume 
range is likely related to several factors including burn conditions, rainfall intensity, basin area, 
eroded channel length, sediment-supply conditions, and volume of surface-water runoff.   
 

         
(a)             (b) 

        
(c)             (d) 
Figure 3. Examples of deposits associated with fire-related debris flows in northern Utah.  (a) 
Paired levees on upper alluvial fan. (b) Debris-flow lobe deposited in subdivision (U.S. Forest 
Service photograph).  (c) Thin hyperconcentrated-flow deposit.  (d) Lobes of thin 
hyperconcentrated-flow deposit (U.S. Forest Service photograph). 
 
     Debris-flow runout is a measure of how far the flows traveled once they became unconfined 
below drainage-basin or alluvial-fan channels.  Table 2 shows the runout distance for each 
debris-flow event.  Flows that established within levees on alluvial fans (figure 3a) had longer 
runout distances.   
     Debris-flow-deposit morphology and sedimentology observed in the field were used to infer 
flow type (hyperconcentrated flow or debris flow) (Costa 1988; Pierson 2005).  Classifying flow 
type based on deposit characteristics was problematic because some deposits were formed by 

1528



surges of differing sediment-water concentrations, and the sediment-water concentration of some 
flows varied along the flow path on the alluvial fan.  Some deposits were reworked by 
subsequent stream flow, leaving a clean gravel and cobble lag and depositing fines farther 
downfan (McDonald and Giraud, 2002).  We classified approximately half of the deposits as 
debris flows and half as hyperconcentrated flows (table 2).  The debris-flow deposits consist of 
matrix-supported, very poorly to poorly sorted sediment deposited in levees and lobes having 
significant relief (figure 3a, 3b).  Grain size ranges up to boulders and the deposit margins are 
steep, sharp, and well defined.  The hyperconcentrated-flow deposits consist of matrix- and clast-
supported, very poorly to moderately sorted sediment deposited as thin lobes and sheets (figure 
3c, 3d).  These deposits consist mainly of sand, gravel, and small cobbles and hyperconcentrated 
flows were less destructive than debris flows due to their lack of boulders, thinner flow depth, 
and smaller volumes.   
     
DAMAGE AND RISK-REDUCTION MEASURES 
     Most of the flows damaged infrastructure, property, and houses.  Typical damages include 
physical impact to houses, vehicles, and other structures; sediment deposition in houses, on lots, 
and on streets; sediment-plugged storm-water systems; partial filling of irrigation canals and 
storm-water basins; and flooding related to partially blocked irrigation canals.  The Dry 
Mountain 2 and 4 flows caused major damage to five houses and minor damage to 27 houses for 
a total cost of $500,000 (McDonald and Giraud 2002).   
     Following the fires, most communities on alluvial fans without protective structures had little 
time and financial resources to fund and construct adequate protective structures.  Some 
communities had to rely on emergency life-safety measures such as thunderstorm warnings and 
subdivision evacuations until protective structures were constructed.  Most communities suffered 
the consequences of fire-related debris flows before taking action to fund and construct 
protective structures.  Only one city was able to construct a protective structure prior to a debris 
flow and this structure prevented damage to several houses and lots.  Acquiring land, obtaining 
necessary permits, and finding adequate space, funding, and time for construction were typical 
constraints communities faced for large-scale risk-reduction structures.  The communities at risk 
eventually constructed four debris basins and two deflection dikes with sediment runout areas.  
Because debris flows can occur immediately after a fire and risk-reduction structures cannot be 
constructed in a short time period, fire-related debris-flow hazards should be addressed prior to 
development on active alluvial fans.    
 
FIRE-RETURN PERIOD, POST-FIRE DEBRIS-FLOW PROBABILITY, AND LAND-
USE PLANNNG IMPLICATIONS 
     The fire-return period or fire frequency for different vegetation types provides a basis for 
understanding the frequency of fire-related debris flows.  The fire-return periods for stand-
replacing fires for vegetation types burned in the northern Utah fires (table 1) are 0 to 35 years 
for sagebrush/grass, 20 to 40 years for mountain brush, and 150 to 300 years for lower subalpine 
forest (U.S. Forest Service 2003a 2003b).  These short fire-return periods show that fires in some 
vegetation types can occur on average more than once in a 100-year time period.  This is more 
frequent than the 100-year flood which is commonly used in land-use planning.  The short fire-
return periods show that fire-related debris flows must also be considered in land-use planning 
for communities on active alluvial fans.  In addition, the high percentage of burn areas that 
generated debris flows confirms the high probability of debris flows following fires.  Thus, 
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immediate emergency protection is critical in areas where long-term protection has not been 
provided through the land-use planning process.   
 
DISCUSSION 
     Observations of the debris-flow-initiation areas provide insight into factors influencing 
surface-water runoff and debris-flow initiation.  Water-repellent soils may develop as a result of 
fire heating and are generally assumed to reduce infiltration and increase runoff and debris-flow 
potential.  We observed that water-repellent soils present locally in some drainage basins were 
not laterally continuous, suggesting that water repellency is not the only controlling factor in 
debris-flow generation.  Observations of surface-water runoff areas show that a lack of 
vegetation to intercept intense rainfall and bare soil exposed after fires were more important 
factors in generating debris flows because these conditions were laterally continuous and existed 
over larger areas.  Meyer and Wells (1997) and Cannon (2001) also found that water-repellent 
soils are not a necessary prerequisite to produce debris flows.   
     All of the debris flows occurred within three years of the fire, suggesting that vegetation re-
growth changed the effective post-burn runoff network.  The lack of debris flows after vegetation 
re-growth suggests that the loss of vegetation is a critical factor in debris-flow generation.  
Bailey et al. (1947) and Croft (1962) also recognized the loss of vegetation by overgrazing and 
fires as a major factor in initiating debris flows in northern Utah.  Antecedent soil-moisture 
levels may also be a factor in limiting subsequent infiltration of intense rainfall and promoting 
rapid runoff because 15 of the 26 debris-flow-initiation areas had light rainfall a few hours to two 
days prior to the triggering thunderstorm rainfall.  However, the role of antecedent soil moisture 
has not been thoroughly explored.  Debris-flow-initiation processes appear to be a complex 
interaction of rainfall and post-burn conditions.   
 
SUMMARY AND CONCLUSIONS 
     The responses of burned drainage basins to rainfall in northern Utah clearly indicate a high 
potential for debris flows following a fire.  The debris flows were generated in small, steep 
drainage basins by small amounts of intense rainfall.  The removal of rainfall-intercepting 
vegetation and organic material on the soil surface created an effective runoff network.  Runoff 
progressively bulked sediment from hillslopes and channels to form debris flows.  The wide 
range of channel sediment-bulking rates and deposit volumes is probably related to burn 
conditions, rainfall intensity, basin area, eroded channel length, sediment-supply conditions, and 
runoff volume.  The sediment-bulking rates and volumes measured from these debris flows can 
be used to broadly bracket the size of future fire-related debris flows for basins of similar size, 
gradient, burn severity and sediment-supply conditions that experience similar rainfall 
conditions.  The wide range of channel sediment-bulking rates and deposit volumes show the 
variation in debris-flow processes and the need to use conservative design parameters and 
engineering factors of safety for risk-reduction measures.  The short fire-return period, the high 
post-fire debris-flow probability, and inability of communities to construct protective structures 
in a short time show that fire-related debris-flow hazards must be addressed prior to developing 
on active alluvial fans.  
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