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Outline 

 Fire in Western mountains 
 The Illilouette Creek Basin’s unusual fire history 
 Effects of fire on the landscape 
 Effects of fire on the Basin’s hydrology 
 Effects of fire on forest health 

 

 

 



Fire in Western Mountain Watersheds 

 Historically, fires were frequent, small, and mixed severity. 

 Suppression alters forests adapted to frequent fires and allows fuel build-up. 
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Adapted from S. L. Stephens, R. E. Martin, N. E. Clinton, Prehistoric fire area and emissions from California's forests, woodlands, shrublands, and grasslands. 
Forest Ecology Management 251, 205 (2007). 

Average annual acres burnt in California 

Presenter
Presentation Notes
We’ll start with a brief history of wildfire in the Western U.S.. The mountains of California historically experienced many wildfires, since there are frequent summer lightning strikes and summers are dry. Since around 1900, fire suppression was used as a blanket policy to protect homes and timber. Ubiquitous fire suppression has led to dense, homogeneous forests. When these forests do manage to burn, we can get devastating results like the rim fire. The negative hydrologic effects of these widespread, high severity fires have been well studied. On the other hand, the Illilouette Creek Basin in Yosemite has a more unusual fire history. Starting in the 1970s, managers decided to let most lightning-caused fires within the Basin burn naturally.  There have now been many fires of varying severities that have come through the Basin, leading to a vegetation patchwork. The effect of frequent, relatively small fires on hydrology has not been studied in this type of watershed. Illilouette is the only area in the Western U.S. with this kind of fire history as well as a long-term streamflow gage nearby.  We expect that this natural burning will keep vegetation from becoming overly dense and thus reduce the water demand of the remaining plants. This has important implications for resilience in the face of drought and climate change.



The Illilouette Basin 
 Rare example of natural fire regime (suppression ended 1973). 
 How have these fires affected response to drought? 
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Presentation Notes
This picture gives an idea of the location of the Basin. Our main goal is to use this unique study opportunity to quantify how frequent fires alter the water balance. The orange outlines show all known fires in the Basin. White points are where we measured soil moisture. Fires stopped in 1881.  The ICB is unique because although it experienced fire suppression for nearly 100 years, in 1973 fire was reintroduced to the landscape and now the fire return interval is nearly the same as that estimated using tree ring reconstructions (about 7 years).  Previous work focused on how these fires affect forest structure; we’ve looked at how they affect response to drought.



Jigsaw Puzzle of Fires 

Video by Kate Wilkin and Shane Fairchild. 
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To give you an idea of the fire history and how the fires interact, here’s a quick video of the fires since 1973. You can see how previously burned areas often serve as a barrier to new fires. 27 fires over 20ha in size. During drought, fire is more likely to start.




Changes in Land Cover 

Source: Boisramé et al. Managed wildfire effects on forest resilience and water 
in the Sierra Nevada. Ecosystems. In Press. DOI: 10.1007/s10021-016-0048-1 
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This mosaic of fires has also created a mosaic of land cover types. In 1969 the watershed is mainly forest, while in 2012 there are many large patches of shrublands and grasslands.
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This closeup shows some examples of transitions. On the top row you see shrublands and sparse meadows expanding. On the bottom row you see a nearly uniform forest transition to meadows. Dense meadows here are simply meadows that appear green in summer aerial photos, but they generally indicate a higher soil moisture and dense grasses and forbs.



Seeing the Forest Without the Trees 

Diverse post-fire vegetation and drought-resistant 
wetlands. 
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Here is what some of those transition areas look like. In order to protect forests we may need to thin some of the trees… Here you can see a large number of grass and flower species growing in a burned area, adjacent to an impact canopy, an example of the diversity such a mosaic of fires can produce.



Runoff ratio changes before and after 1973: 

Watershed Difference P-Value 

Upper 
Merced 

0.0% 0.65 

MF 
Stanislaus 

-6% 0.05 

SF 
Stanislaus 

-9% 0.06 

Cole 
Creek 

-12% 0.02 

Source: Boisramé et al. Managed wildfire effects on forest resilience and water 
in the Sierra Nevada. Ecosystems. In Press. DOI: 10.1007/s10021-016-0048-1 
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These land cover changes can impact the watershed hydrology in numerous ways. One way we look at the water balance at a watershed scale is the runoff ratio: The proportion of precipitation exiting as streamflow. This map shows the Upper Merced watershed, three nearly unburned control watersheds, and their associated stream gages and weather stations. We used a gridded climate dataset that extrapolated from weather station data to calculate runoff ratio both before and after 1973 (the year fire was reintroduced to our study area) and calculated the difference in the median for each period. For Upper Merced we found no significant change, but in all control watersheds there was a small but significant decrease. This suggests that runoff ratio might have decreased in Upper Merced as well if not for the fires, and thus more streamflow is being produced than would be under fire suppressed conditions.



Source: Boisramé et al. Managed wildfire effects on forest 
resilience and water in the Sierra Nevada. In Press. 
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Moving from the basin scale to the vegetation patch scale: We measured soil moisture across the basin for 3 years, and used this data to fit a statistical model that predicts soil moisture based on dominant vegetation, topography, and fire history. Areas in blue are where the model predicts higher soil moisture under the current vegetation cover, whereas areas in red are drier under current vegetation than they would be under the fire-suppressed, dense forest. This shows that there is not just one type of response to fire. In some places removing trees increases moisture, while in some it lowers it. This model does not look at the mechanisms of these changes, only extrapolates from our measurements. 



Microclimate Effects of Fire 
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We are starting to look at some of the mechanisms of changing soil moisture using weather stations. Here is an example station, that measures precip, wind, temperature, humidity, solar radiation, and soil moisture and temperature. We located these weather stations in two high severity burn areas and one low severity conifer forest.



Microclimate Effects of Fire 
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Here are some examples of the differences we’ve found between the three stations. Unsurprisingly, the soil is always wetter in the wetland site. You can see interesting differences in timing in the high severity burn areas.  The forested site has lagged increase in soil moisture compared to the other two.



Temperature Difference Between 
Forest and Shrub Sites 
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In terms of temperature, on average the forested site was warmest, wetland site was coldest, and shrub site in between. This may seem counterintuitive since forests provide shade which cools things down. This plot shows that during the daytime, most days it was warmer in the open shrub site, but at night the forest seemed to have an insulating effect and it stayed up to 5 degrees warmer under the trees. 



Microclimate Effects of Fire 

Intact Canopy 

Deeper Snow 
Burned Forest 

Faster Melt 
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These temperature differences may have a strong impact on snowmelt. This video shows our forested site compared to our burned wetland site. Although the burned areas get more solar radiation, the warmer nights in the forest make the snow melt faster. The snow in the forest is also less deep to begin with because of interception in the tree branches.




Microclimate Effects of Fire 
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Snow Depth from Time Lapse Cameras 
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We estimated snow depth on a daily scale using time lapse cameras and our weather stations as measuring rods. This plot shows how snow gets deepest and lasts longest in the burned meadow site. The error bars show results from our two manual surveys. The error bars give standard deviation around the mean depth we measured. Although our measured depths are generally lower than the mean for the area around each weather station, no matter how you look at it snow is deepest in the wetland and shallowest under the trees.





Impacts on Drought Mortality 

 USFS aerial surveys map tree mortality each summer. 
 Unusually high mortality in 2015 throughout Sierra 

Nevada. 

http://www.sacbee.com/opinion/op-ed/soapbox/article75645627.html 
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Now let’s look at forest health. The USFS has a wonderful dataset mapping tree mortality from aerial surveys where they map trees with red needles. The past two years of the drought have caused an unprecedented number of trees in the Sierra Nevada to die from causes related to drought-stress, such as beetle kill. 



2014 mortality. Figure from Boisrame et al. 
Managed wildfire effects on forest resilience and 
water in the Sierra Nevada. Ecosystems. In Press. 
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We decided to compare drought mortality in the ICB compared to nearby areas. Although we can’t assign causation directly to the fires, this map is pretty striking. Areas that burned in the last 14 years have almost no drought mortality. Look at the mortality polygons in upper right that go right up to the fire polygon. This aerial image is from the same year as the mortality map. You can see that within these burn areas there are some bare patches, but there are also many live trees, so this lack of mortality within the polygons is not simply due to a lack of trees.



Impacts on Drought Mortality 

2015 mortality. Figure from Boisrame et al. Managed wildfire effects on forest resilience and water in the Sierra Nevada. Ecosystems. In Press. 
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We also looked at ICB compared to several control watersheds. Normalizing by forested area, ICB has lowest mortality of all controls. In 2015, Bridalveil Creek Watershed had 50 times more dead trees per forested acre than ICB. These maps show elevation bands, so you can see it’s not just a difference in elevation.



Conclusions 

 limited individual fire extent 
 increased streamflow and 

soil moisture 
 a diverse landscape 
 deeper, more persistent 

snow 
 low disease-related tree 

mortality 

This area’s resistance to drought is 
demonstrated by … 
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In summary, the fire regime of the ICB appears to make it resistant to drought in multiple ways…
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Questions? 



Soil Moisture Differences 



Impacts on Drought Mortality 
Watershed Conifer 

Area 
(km2) 

Dead 
Trees 2014 

Dead/km2 
2014 

Dead 
Trees 2015 

Dead/km2 
2015 

Ratio 2014 Ratio 2015 

ICB 80.6 325 4.0 1040 12.9 1 1 
MF 
Stanislaus 

39.3 351 8.9 540 13.8 2.2 1.1 

SF 
Stanislaus 

71.7 11024 153.8 23352 325.8 38.1 25.2 

Cole 
Creek 

36.0 544 15.1 6294 174.6 3.7 13.5 

Bridalveil 49.5 6094 123.0 33505 676.9 30.5 52.4 
Chilnualna 34.7 306 8.8 10579 304.8 2.2 23.6 
USF 
Merced 

87.6 1787 20.4 5348 61.0 5.1 4.7 
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Just say this part



Localized Temperature Differences 
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Bigger markers. No light green. Do by season? Maybe just plot the differences or do a zoom in on winter differences? Make a day/night figure.
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