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Post-fire concerns
• Erosion control
• Removal of hazard trees
• Loss of income from timber harvest
• Road damage
• Regeneration (returning property to a 

forested condition)
• Degradation of wildlife habitat
• Increased wildfire hazard 
• Invasive species management

Presenter
Presentation Notes
I want to start out by recognizing that fire effects landscapes in multitudes of ways and post-fire erosion is only one of many concerns landowners may have following a wildfire. Although I’ll be focusing primarily on post-fire erosion control today, other concerns include: … 

I am admittedly not an expert on all of these topics however if you have questions about any of these things, I’ll share my contact information at the end of the presentation and can connect you with resources about these topics. 




Background

Presenter
Presentation Notes
Okay before we talk about how to deal with erosion, I’ll begin by giving some background on how fire contributes to erosion. 



Post-fire erosion

• Results from severe loss of vegetation cover and alteration of soil 
conditions

• Highly variable in space and time
• Magnitude based on site conditions, wildfire severity, and the 

intensity of rain events prior to vegetation reestablishing
• Highest erosion rates during first year post-fire. 

• Decreasing with reestablishment of vegetation and mechanical processes 
in the soil (tree throw, bioturbation, etc.)

Presenter
Presentation Notes
Flooding and erosion from heavy rainstorms can occur due to the severe loss of vegetation cover and alteration of soil conditions following a high-severity wildfire and the effects are highly variable in space and time. The magnitude of post-fire erosion depends on multiple factors, including site conditions (like topography, soil, and vegetation); wildfire severity; and most importantly, the intensity of rain events prior to vegetation reestablishing. The highest erosion rates occur during the first-year post-fire and decreases as vegetation reestablishes and the water repellent layer, which I will talk about in a minute, becomes broken up by animals in the soil, tree throw, and other mechanical processes. Research has found that post-fire erosion rates can increase by 2 to 239 times the pre-burn erosion rate in the Sierra Nevada but with the return of vegetation and the depletion of readily eroded surface material, hillslope erosion can return to pre-burn rates within two to three years. 





Hillslope erosion

• Caused by three processes:
• Rain splash
• Sheeting
• Incision

Photo credit: USGS
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There are generally two types of erosion. The first type is hillslope erosion which occurs naturally and is caused by three processes: 
Rain splash, when raindrops hit bare soil and detach soil particles
sheeting: which Is caused by water flowing over weakened soils and carrying soil particles along with it; and
Water becoming concentrated in a small incision on the landscape that can develop into larger flow paths like the rills in this picture if they are not mitigated.



Channel erosion

Wohlgemuth et al., 2018

Presenter
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The second type of erosion is channel erosion. This occurs when existing channels, like creek beds or other drainages become overwhelmed by large flows and rapidly enlarge. This can occur because less water is infiltrating the ground leading to increased sediment and water being delivered from hillslopes. Because infiltration and water storage capacities of soils are reduced following a fire, more streamflow is generated more rapidly. Looking at the graph, you can see how the same amount of precipitation is likely to effect stream flow before and after a fire. Normally (or pre-fire in this picture) there is more lag time between when the precipitation occurred and when the stream hits its peak flow amount, and the discharge of the stream is elevated for a longer period of time but with a lower peak flow. Comparatively, in a post-fire environment, there is much less lag time and a much greater peak flow amount over a shorter period of time that can result in flooding and erode stream channels and other drainages. 

---
Figure source: Wohlgemuth et al. (2018). Fire and Physical Environmental Interactions: Soil, Water, and Air. In Fire in California’s Ecosystems, edited by Jan W. Wagtendonk. University of California Press



Fire impacts to soils

• Based on soil properties, plant 
community, and fire 
characteristics

• Fire may consume soil organic 
matter and fungi making the soil 
less resistant to soil detachment 
and erosion.
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All of this occurs due to several factors, including loss of vegetation and roots holding the soil together as I’ve mentioned previously, but also largely due to impacts to the soil. Changes in soil properties after a fire are dependent upon initial soil properties, the plant community, and the characteristics of a fire, like its intensity and duration which affects the heating of the soil. These effects are not consistent over time and space. Fast-moving fires may burn hot and fast, consuming vegetation, roots and seed banks, but not ultimately heat the soil enough to affect the soil composition and chemistry. Alternatively, slow moving and smoldering fires can produce high heat over longer periods of time impacting soil biological, physical, and chemical properties. I’ll also mention that not all fire is bad for soils, low-intensity fires can be good for ecosystems by releasing nutrients to the soil that would otherwise not be available for plants.

As you can see from this somewhat complicated graph showing effects of increasing temperatures on a coarse, dry soil, greater temperatures produce larger impacts. As the temperature of the soil increases, soil organic matter and fungi can be destroyed. This is important because organic matter and fungi contribute to soil aggradation, or the ability for soil to hold itself together. Following fire, soil aggradation may be diminished, causing soil bulk density (or the compaction of the soil) to increase and soil porosity to decrease. Furthermore, the O-horizon, or the uppermost layer of the soil made up of duff and other organic matter, may be consumed by the fire. This is really important,because it acts as a sponge, absorbing and retaining large amounts of water. Combine, this leads to soil that is less permeable and has a lowered ability to absorb water resulting less resistance to soil detachment and ultimately, erosion.

---------
Figure source: Fenstermaker, L. (2012). Fire impacts on the Mojave Desert Ecosystem: Literature Review. US Department of Energy National Nuclear Security Administration Nevada Site Office. Publication No. 45238. https://www.osti.gov/servlets/purl/1046478







Hydrophobicity
(water-repellent 
soils)

Photo credit: USGS
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Fires burning at a high intensity can also cause soils to form a hydrophobic or water repellent layer. This occurs because waxy plant materials (such as pine needles or evergreen oak leaves) volatize during a fire and move downward through the soil and condense on cooler soil particles, usually at a soil depth around 0-8 cm, producing a layer of soil particles with a waxy, water repellent coating. This hydrophobic layer repels water and causes water to sheet off the soil surface, rather than penetrate the ground, reducing mineral soil infiltration rates from 40 to 80%. Water repellent soils can lead to flooding since less water is ultimately entering the soil and moving downslope, as well as erosion as shown in the diagram. 

However, this layer can be patchy, so we are really only worried when it Is widespread over a large contiguous area.

You can see in panel A, the soil above the water repellent layer becomes saturated. 
Below in panel B, a failure occurs above the water repellent layer, causing the soil to detach from the water-repellent layer below. 
In C, water starts flowing directly over the water repellent layer and starts to erode this layer in panel D. 
Finally in panel E, removal of the water repellent layer allows infiltration into the underlying wettable soil resulting in a rill that water will continue to erode through time as shown in this picture. 

----
Figure source: Fenstermaker, L. (2012). Fire impacts on the Mojave Desert Ecosystem: Literature Review. US Department of Energy National Nuclear Security Administration Nevada Site Office. Publication No. 45238. https://www.osti.gov/servlets/purl/1046478



Erosion control

• To reduce post-fire flooding and 
erosion caused by uncontrolled 
runoff on slopes that have 
become water repellent and 
denuded of vegetation.

• Decision on what treatments to 
implement based on costs, 
methods, and ecological 
impacts.

• Hillslope treatments
• Create cover to absorb runoff
• Act as a barrier to erosion 

• Channel treatments
• Stabilize channels or deflect 

large channel flows

• Road treatments

Presenter
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This is why erosion control is important. The goal of erosion control is to reduce post-fire flooding and erosion caused by uncontrolled runoff on slopes that have become impermeable or water repellent and denuded of vegetation.

Making decisions about what kind of erosion control treatments to use or not to use is a complex decision, but understanding the costs, methods, and ecological impacts can help inform the decision. 

Erosion control treatments generally fall within three categories, similar to the types of erosion: 
Hillslope treatments that create cover to absorb runoff or act as a barrier to erosion. 
Channel treatments to stabilize channels or deflect large channel flows
Road treatments aimed at protecting and stabilizing infrastructure

I will be focusing today on the least technical and most cost-effective methods for implementing erosion control techniques and mainly be talking about hillslope treatments aimed at slowing the movement of water downslope and improving infiltration of water into the soil, with some additional information about channel and road treatments. 



Preparing for 
erosion

Presenter
Presentation Notes
Alright so now that you have some background on post-fire erosion, I’ll walk through the steps to take if a fire were to occur on your property and some of the techniques for mitigating potential erosion. 



Survey the damage: 
Identify areas of 

concern and values 
at risk

Steep and long hillslopes with 
bare or water repellent soils 
where overland flow could 
impact values at risk through 
erosion, flooding, or debris flows

Stream crossings or drainage 
features that could become 
clogged with debris
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The first step to take when preparing for erosion and deciding how to mitigate potential erosion, is to survey the damage and identify areas of concern and values at risk. 
Particular areas of concern include
steep and long hillslopes that have become bare and/or have water repellent soils where overland flow could impact values at risk of flooding or erosion, and
stream crossings or other drainage features that could potentially become clogged with debris due to increased stream flow and sediment and other debris being swept downslope

I really want to stress that the greatest conern are going to be steep and long hillslopes and channels. A large flat burned area without drainages is unlikely to be affected post-fire.



Assess the level of soil burn severity

Assessing soil repellency
Drop one water droplet on soil surface and start 
timer. Time how long it takes for the droplet to 
penetrate the soil surface. Repeat across multiple 
sites and soil depths. 
<5 seconds Wettable or non-water repellent
5-60 seconds Slightly repellent

> 1 minute Strongly to extremely repellent
Adapted from Dekker & Ritsema (1994)

Oak Fire BAER Report
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You can identify water repellent soils using this simple soil water repellency test. This allows you to determine areas where soil has become hydrophobic.. This can be done by dropping a water droplet on the soil across sites and at different soil depths with an eye dropper and timing how long it takes for the droplet to be absorbed. 

Non-water repellent soil should absorb the water droplet in less than 5 seconds. Slightly water repellent soil will absorb the water in less than a minute, and strongly to extremely water repellent soils can take anywhere from one minute to over an hour to absorb the droplet. 

Another great resource is the soil burn severity map produced the Burned Area Emergency Response (Or BAER) Team. This is a great tool for landowners to quickly assess the scope and scale of soil burn severity on their property – it can help you determine whether soil on your property was burned at a low, moderate, or high severity, but it should be field-verified, such as by using the soil repellency assessment to determine a course of action. 



Doing nothing may be best
Fire and erosion are natural processes
• Ash, leaf drop, downed trees, and remnant 

burned vegetation protect soil and slopes 
following wildfire

Avoid disturbing soils and slopes during the 
rainy season
Closing burned areas and allowing for natural 
recovery is appropriate in areas with 
• low soil burn severity
• patchy moderate to high burn severity
• on low slopes
• in areas that do not pose risk to values.

Presenter
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When deciding what course of action that you want to take, the first option is always to do anything and allow natural recovery of the landscape. In many cases, this can actually be the best course of action. Fire and erosion are natural process and landscapes in California are extremely fire adapted. In fact, the Burned Area Emergency Response teams assembled to identify and address these issues often recommend closing burned areas to minimize soil and slope disturbance and allowing for natural recovery. Ash, leaf drop, down trees and remnant burned vegetation all play a role in protecting the soil and slopes following wildfire and removing these can initially exacerbate the problem. 

Closing burned areas and allowing for natural recovery is the appropriate course of action in burned areas with low soil burn severity or patchy moderate to high soil burn severity, on low slopes, and in areas that do not pose great risk to values. 



Seeding is not recommended

• Largely ineffective for erosion control
• Limits native species recovery and conifer regeneration
• May introduce invasive species
• Consider seeding if you want to reintroduce more desirable species

Presenter
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Although I think many people’s first inclination is to seed, this is actually not recommended. Although it has been widely used due to its relatively low cost per acre, ease of rapid installation and perceived effectiveness, it has largely been found to be an ineffective treatment for erosion control, especially on slopes because once the rains come, it pushes all of the seeds to the bottom of the slope. It also tends to limit native species recovery and conifer regeneration and may introduce invasive species. 

However, there are other reasons to seed in a post-fire environment, for example, if you are interested in reintroducing more desirable species for cattle forage. 



Mulching

• Reduces erosion by
• providing ground cover
• increasing infiltration and soil 

moisture retention
• shortening flow paths
• trapping sediment
• slowing development of 

concentrated flow
• Suitable for areas burned in 

moderate and high burn 
severity

Photo credit: Napper, 2006
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Mulching has actually been found to be the most effective hillslope treatment because:
it provides what was removed during the fire: ground cover, 
allows water to infiltrate the soil rather than run off and cause erosion, 
shortens flow paths, 
traps sediment, and 
slows the development of concentrated flows. 

It also helps secure and create a favorable environment for seeds remaining in the soil. 

---
Photo credit: Napper, C. (2006). Burned Area Emergency Response Treatments Catalog. US Forest Service National Technology and Development Program. https://www.fs.usda.gov/eng/pubs/pdf/BAERCAT/lo_res/06251801L.pdf




Wood shred mulch Straw mulch Seeding
Effectiveness high intensity rainfall High Moderate Low

Effectiveness low intensity rainfall High High Moderate-Low

Effectiveness on slopes (40-65%) High Moderate Low

Function 0-1 year High High-Moderate Low-Very Low

Function 1-3 years High Moderate Depends on establishment

Function 3+ years High Low Depends on establishment

Resistance to wind displacement High Low Moderate

Resistance to water displacement High Moderate Very low pre-germination

Implementation speed Slow Fast-Moderate Fast

Risk of invasive species Very low High-Moderate Moderate

Impact on native species Positive-Neutral Positive-Neutral Negative/Unknown
Source: Grover, 2021

Presenter
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Mulching treatments may be implemented using off-site materials, such as straw or wood mulch, or can be created from on-site materials through chipping. However, there are some important differences based on whether you use wood shred mulch or straw mulch.  

Wood mulch is effective under high intensity rainfall, highly effective on slopes between 40 and 65%, it remains functional long-term and is resistant to wind and water displacement. The greatest advantage to wood mulch is that it can be created using onsite materials through chipping and mastication, which removes the risk of invasive species being introduced. I also really like wood mulch because it will allow you to get ahead of the some of the post-fire fuels buildup by removing woody debris. Disadvantages to this method are that implementation can be relatively slow compared to other methods and it can be expensive whether you are purchasing wood mulch or renting equipment to produce material. If you are chipping or masticating, you also need to have enough material onsite to produce an adequate amount of material to cover 60-70% of the soil surface. Wood shred mulch is appropriate to use when the risk of hillslope erosion is high to important values.

Straw mulch is great alternative and is widely used due to its effectiveness at reducing erosion and runoff, relatively low cost, and speed of installation. The downfalls to this method are that it may contain noxious weeds even if it is certified weed-free, requiring you to monitor long-term for invasive. Also, if you are located in an area with particularly strong winds, it may blow away, obviously negating its benefits. 

As you can see, Seeding is not a very effective hillslope treatment, as I mentioned previously. It has low effectiveness in high-intensity rainfall events and on slopes between 40-65% and is not very functional the first year after fire, when erosion is of the greatest concern. It has a fast implementation speed but also comes with a moderate risk of invasives and is not resistant to water displacement pre-germination. 

---
Table source: Grover, H. 2021. Mitigating Postfire Runoff and Erosion in the Southwest using Hillslope and Channel Treatments. ERI Working Paper No. 44. Ecological Restoration Institute, Northern Arizona University. 11 pp.




Erosion barriers

Contour log felling
(aka log erosion barriers or LEBs)
• Reduces erosion by 

• shortening slope length
• trapping sediment

• Suitable for sites with slopes between 
25 and 60%

• Considerations:
• Less effective during high-intensity and 

large amounts of rainfall
• Success is based on how well the logs 

are installed Photo credit: Robichaud et al. (2008)

Presenter
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Other hillslope treatments include erosion barriers. Erosion barriers are linear treatments installed on hillslopes with the intent of restricting sheet flow and trapping soil behind them. Contour log felling and fiber rolls or straw wattles (which I’ll talk about on the next slide) were once widely used but their use has declined as more effective mulching treatments have developed. They can be expensive if using off-site materials and especially likely to fail during short duration high intensity rainfall events because they do not provide ground cover and tend to channelize flow if not installed correctly.

Contour log felling is the practice of cutting down dead trees and placing them on the contour of the slope, with a reservoir area on the uphill slope that catches eroded soil. Contour logs or LEBs reduce erosion by shortening slope length, and trapping sediment. These are only suitable for sites with slopes between 25 and 60 percent.
This is successful at catching sediment during light rain events but is less successful for large rain events
Its success is also based on how well the logs are installed. They must be long enough – 15-20’ long, accurately placed along the contour, and installed at a high enough density with soil berms installed at the ends of the log. The benefits to this is you can use on-site materials to create these.

---
Photo credit: Robichaud, P., et al. (2008). Evaluating the effectiveness of contour-felled log erosion barriers as a post-fire runoff and erosion mitigation treatment in the western United States. International Journal of Wildland Fire, 17(2): 255-273. https://doi.org/10.1071/WF07032




Erosion barriers
Fiber rolls/wattles
• Reduces erosion by 

• shortening slope length 
• trapping sediment 
• providing a seedbed for vegetative 

recovery
• Suitable for slopes < 40% 
• Considerations 

• May contain noxious weeds
• Less effective during high-intensity 

and large amounts of rainfall
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Fiber rolls/wattles are very similar to LEBs but are manufactured from rice straw wrapped in degradable netting. You may also DIY wattles by wrapping on-site woody debris in netting to reduce cost. Rolls are about 9 inches in diameter and up to 25 feet long. 
Similar to contour log felling, they reduce erosion by shortening the slope length and trapping sediment. An additional advantage to fiber rolls are they provide a seedbed for vegetative recovery. Fiber rolls are only suitable or slopes less than 40 percent
Some considerations when using these are that they may contain noxious weeds (because they contain straw) and are effective under low intensity rain events (less than 1.8 inches an hour) but not for high intensity rain events. Again. these need to be installed correctly to be effective, but still have a risk of failure under high intensity rain events




In-channel tree felling

• Directionally felling trees with 
tops pointed upstream

• Reduces erosion by
• Trapping floating debris and 

suspended sediment
• Causing sediment deposition
• Dissipating stream energy

Source: Napper, 2006

Presenter
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Moving on to talking about channel treatments... A simple channel treatment is in channel tree felling. This is simply directionally felling trees upstream so that the tops of the trees are in the channel. Trees are felled at a diagonal along channel reaches and staggered from side to side along the stream. This technique reduces effects to critical downstream values by restoring woody debris to the channel that traps floating debris and suspended sediment, causing sediment to deposit, and dissipating stream energy or slowing the movement of water. Research has found this to be effective as long as it is installed correctly. 


--
Image credit: Napper, C. (2006). Burned Area Emergency Response Treatments Catalog. US Forest Service National Technology and Development Program. https://www.fs.usda.gov/eng/pubs/pdf/BAERCAT/lo_res/06251801L.pdf




Check dams

• Reduces channel erosion by 
• trapping and slowing sediment
• Preventing downcutting
• Slowing water

• Effective for low runoff
• High potential for failure

• Effectiveness limited by storage 
capacity

Source: Napper, 2006

Photo credit: Coalition for the
Poudre River Watershed

Presenter
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Check dams are structures designed to span gullies or drainage features and slow water. As water slows, it will deposit sediment behind the dam, building a terrace of soil behind the structure. This causes terraces of soil to build behind the check dam, rather than continuing to incise the gully channel. Check dams can be constructed from different materials, including felled logs, straw bales, sandbags, and rocks. While these are effective for low runoff, their effectiveness is limited by their storage capacity and they have a high potential for failure. However, they are recommended as a treatment when there is a high risk to values.

---
Source: Napper, C. (2006). Burned Area Emergency Response Treatments Catalog. US Forest Service National Technology and Development Program. https://www.fs.usda.gov/eng/pubs/pdf/BAERCAT/lo_res/06251801L.pdf





Road treatments

• Inspect roads frequently
• Drainage features may need to be replaced, 

relocated, or resized
• Patrol roads during significant rain events to clean 

out clogged ditches and culverts.
• Common treatments include:

• Installing rolling dips or water bars
• Upgrading to larger culverts
• Ditch clearing and armoring

Photo credit: NPS

Presenter
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Roads can be damaged by fire and road drainage features designed to divert water, like culverts and ditches, may need to be replaced, relocated, or resized depending on fire damage to the surrounding landscape and watershed. Plastic culverts may be burned out during a fire, post-fire flows can exceed the capacity the structures were intended to divert, and logs, branches, and sediment can be washed down and plug culverts and ditches. It is recommended that following a wildfire, a complete road survey is completed to assess the condition and function of the road and its drainage systems. As long as roads are deemed safe, it is recommended to patrol the road during and after significant rain events to clean out clogged ditches and culverts because if they become blocked, soil, rocks, and woody material can deposit on roadways, and potentially wash out or otherwise damage parts of roads. The most frequently used road treatments are installing rolling dips or water bars, upgrading to larger culverts, and ditch clearing and armoring

---
Source: Foltz, Randy B.; Robichaud, Peter R.; Rhee, Hakjun. 200 . A synthesis of postfire road treatments for BAER teams: methods, treatment effectiveness, and decision making tools for rehabilitation. Gen. Tech. Rep. RMRS-GTR-228 Fort Collins, CO: U.S. Department of Agriculture, Forest Service, Rocky Mountain Research Station. 152 p.

Photo credit: https://www.nps.gov/seki/learn/burned-area-response-and-rehabilitation.htm



Seek a professional

• Seek professionals that are certified, registered, and/or licensed 
before selecting and installing treatment measures.

• Contact your local Natural Resources Conservation Service, Fire 
Safe Council, and Resource Conservation District offices to learn 
about available resources

Presenter
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In closing, I’ll just share a couple words of advice. First - It is always a good idea to contact a professional to receive technical assistance about your erosion control needs. Every property is different and professional can help you figure out what erosion control needs, if any, you have and provide advice for installing those features. A good place to start looking for assistance is your local NRCS, Fire Safe Council and Resource Conservation District.



Have an emergency evacuation plan

• Watch the weather forecast
• Know what you will do with pets and livestock during an evacuation
• Plan an alternative exit route
• Never stay in your home when it becomes unsafe

Presenter
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However, at the end of the day, no matter how well-installed your erosion control devices are, they are not guaranteed to work under all conditions so you have to be sure to have an emergency evacuation plan for storm events. Good practices are to watch the weather and know when storm events that could damage your property are expected, have a plan for what you will do with pets and livestock during an evacuation, and to plan alternative exit routes, even on foot, for if you are under an emergency. Remember, you should never stay in your home if it becomes unsafe. 




Thank you!

Alison Deak
aldeak@ucanr.edu
(209) 966-2417

mailto:aldeak@ucanr.edu
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