
Introduction

To study the effects of wildfire erosion response from high intensity rainfall, we 

constructed an effective yet simple rainfall simulator that was inexpensive, portable and 

easily operated by two people on steep, forested slopes in southern British Columbia, 

Canada. 

The simulator was used to study the erosion response from different burns for three years 

following the fires. Three burn sites, the Springer (SP) and Pend d’Oreille (PO) fires that 

burned in 2007 and the Terrace Mountain (TM) fire from 2009, were selected for this 

study. Erosion response was compared between sites, and between surface condition (high 

severity, moderate severity, unburned and unburned with forest floor removed) over time 

(years since burning).

Rainfall Simulator Design

A - Three extendable, detachable legs and can be positioned 3.3 metres above ground on 

steep slopes up to 65%

B - A single Spraying Systems 1/2HH-30WSQ nozzle can easily be interchanged for other 

sized nozzles.

C - Water from near-site streams was supplied using a small portable pump and collapsible 

water bladders. Water pressure and intensity were set on a gauge at the spray nozzle using a 

small garden hose valve. 

D - A steel,1-m2 plot border with a PVC trough guided runoff and sediment into 1-litre 

sample bottles (E). 

F - The entire apparatus, including simulator, pumps, hoses, collapsible water bladders and 

sample bottles, was designed to fit into a single full-sized pick-up truck.

Conclusions
The differences in runoff coefficients immediately after fire suggest there is a range of 

runoff potential within high severity burns depending on site conditions. Water repellency 

in high severity burns was correlated to the runoff coefficient. We also found that 

increased ground cover caused higher infiltration rates.

Ground cover significantly reduced sediment yield, but did not have a significant impact 

on the amount of runoff. The unburned plots at PO had thin (2-3 cm) forest floor with 

high natural water repellency, which resulted in higher runoff output than on the disturbed 

plots. The sediment from plots with protective cover of forest floor, needle mulch or other 

litter had significantly lower sediment yields than unprotected plots Natural water 

repellency in unburned forest floor inhibited the complete infiltration through the forest 

floor. 

High severity burns have the highest potential for increased soil erosion compared to less 

severely burned soils. The Pend d’Oreille burn was at a lower elevation, and by two years 

after the fire, the high severity plots had vegetation cover as well as a protective moss 

layer which likely reduced the runoff and sediment yield. In the event of high severity 

burns, soil stabilization efforts should involve treatments to increase surface cover since it 

is the most effective control of sediment yield from overland flow and is also the most 

manageable factor. 
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Study Design and Methods

Four surface conditions were selected at each burn site to sample runoff and sediment from rainfall simulations over several 

years. The surface conditions included High (H) and Moderate (M) severity burns, Unburned (UB) and Unburned with 

Forest Floor Removed (UB-R). We planned to complete 3-5 simulations in each surface condition for 3 years of the study, but 

due to time and equipment constraints not all plots were completed. 

Results* 

*Different letters on graphs indicate significant differences between treatments. Numbers represent the number of replications.
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Yr0 High Severity Burns between

sites:

• The 2009 TM fire had 3 times more

sediment yield than SP, and 10 times

more than PO.

• Runoff was not correlated to sediment

yield.

• Only one plot was completed at PO in

Yr1 giving the results low confidence.

Yr1 All Conditions at SP and H at PO:

• PO H had extremely high runoff (ave.

84%), and sediment yield of 4 T/ha (not

shown).

• SP M and UB have negligible sediment

yield regardless of runoff.

• Sediment yield at SP in the H and UB-R

were 12 and 17 times higher than M and

UB.

Yr2 All Conditions at SP:

• Runoff and sediment yield were highest

on H and UB-R.

• UB runoff was 5 times higher than runoff

in the M and did not result in higher

sediment yield.

• Sediment yield in UB-R and H was 2

times higher in Yr2 than in Yr1, though

the runoff coefficient was lower.

Yr2 All Conditions at PO:

• Runoff in UB was the highest of all

treatments.

• H and M runoff were aprox. 3 times

lower than UB and UB-R runoff.

• H did not yield statistically more

sediment than M or UB plots.

Runoff Sediment Yield

• Runoff and sediment were collected for 30 seconds of every minute of the simulation

• Each simulation ran for 20 minutes

• Average Rainfall intensity was 67mm/hr (73mm/hr is the 100yr storm for the region)

• Slopes ranged from 40-60%

• High severity: bare mineral soil, rocks and a small amount of ash

• Moderate Severity: partially charred ash/litter layer, needle cast

• Unburned: undisturbed forest floor (2-3 cm thick at PO and 4-8 cm at SP)
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• Yr0: (immediately following fire): 

simulations completed in high 

severity burns at each fire.

• Yr1: simulations were completed 

in high severity at PO, and all 

surface conditions at SP.

• Yr2: simulations were completed 

in all surface conditions for both 

PO and SP.
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