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Our analysis of ground based monitoring of PM2.5 levels focused

on the Sierra Nevada and adjacent areas from 2007 to 2013.



Fig. 1. Station locations and typical HMS smoke density plumes during (left) a high intensity full suppression wildfire (Rim Fire on 
8/30/2013) and (right) a managed landscape levelwildland fire (Lion Fire on 7/23/2011).



Estimated effects 
(smooth spline functions 
from equation (1)) of 
day-in-year and 
temperature on square 
root of the daily 96th 
percentile PM2.5 values 
at two sites.



Monthly mean PM2.5 concentrations at sites with full year data 
contrasting seasonality differences between higher and lower 
elevation sites.

The calculated PM2.5 background
In the southern Sierra Nevada Mountains
Is 4.7 +- 1.3 mg m-3 (Cisneros et al., 2014)



Estimated probability of PM2.5 level significantly exceeds expected (and 95% confidence bars) for days with various 
levels of HMS smoke over and within 10 km of a site. The missed fires category refers to days with fire nearby but no 
observed HMS smoke.



Distributions (left panel) and boxplots (right panel) of departure from ‘norm’ (residuals), for days with no smoke over or near a 
site (black); low smoke level (blue); medium smoke level (green); heavy smoke level (red); medium or heavy smoke level within 
one to ten km from site (purple) and days with fire within 10 km but no Smoke over site (orange). (For interpretation of the 
references to colour in this figure legend, the reader is referred to the web version of this article.)





Ninety eight percentile statistics calculated for each site in two ways: 1) using all days in a given year (black) and 2) using only 
days not impacted by fire (red). A given day was assumed to be impacted by fire if the HMS smoke metric was at a medium or 
heavy level (further details in text). All values are three year averages, except for 2007 (one year value) and 2008 (two year 
average). In almost all years and sites (except for Yosemite village) removal of fire days did not have an effect on the 
compliance of a site to the National quality standards. (For interpretation of the references to colour in this figure legend, the 
reader is referred to the web version of this article.)



Fire impacts

• Daily mean PM2.5 concentrations were 
most impacted during June and July 
2008

• 2008 Fire season effects estimated to be 
3.1+- 1.4 mgm-3 for Fresno and 2.0 +- 1.4 
mgm-3 for Visalia.

Cisneros et al., 2014. Atmospheric Pollution Research 
Volume 5, Issue 4, October 2014, Pages 581-59



Johnston et al., 2012



Findings
• Years with large wildland fire emissions (such as 2008 throughout much of northern California) have been shown to 

increase surface PM2.5 concentrations.

• While years with large high intensity wildland fire incidents impact PM2.5 concentrations in the area around the 
Sierra Nevada (including the San Joaquin and Owens Valley), the impact from all wildland fires do not appear to 
be the main driver in terms of PM2.5 increases in this area.

• This is similar to the findings in Cisneros et al. (2014) where the majority of the PM2.5 pollution in the Sierra Nevada 
appears to be driven by the constant anthropogenic emissions, rather than the episodic natural sources, like fire.



HUH, so where?



Fig. 2 Probability of PM2.5
concentrations exceeding the
expected with 95% confidence
bar for days with media claims in
Fresno





Fig. 3 Annual mean PM2.5 concentrations in Fresno for May 
through October. The square dot is the mean and the lower 
and upper whiskers representing the 10th and 90th percentile

The majority of the smoke observed in Fresno 
originated from
northern California forest fires and on a few 
days smoke
drifted from forests south of the SJV. 

The findings of this study indicate that urban 
cities like Fresno should be concerned with land 
management strategies outside their air basin 
jurisdiction.







Fig. 1 Total observed smoke area versus (1) total hectares burned. Smooth curves through the points were generated by fitting 
separate nonparametric spline functions for high, medium, and low smoke density cases (left panel), (2) distributions per fire 
intensity (middle panel), and (3) distributions per fire burn rate (right panel). Widths of the boxes in
middle and right panels are proportional to sample size



Fig. 2 Relative smoke exposure
to fine particulate matter (PM2.5)
for rate of burn and fire intensity



Fig. 3 Total burn area and relative exposure for burn rate and 
intensity



Findings



• Destructive wildfires have higher rates of biomass consumption and have greater potential to expose more people to 
smoke than prescribed fires. 

• Naturally ignited fires that are allowed to self-regulate can provide the best scenario for ecosystem health and long-
term air quality. 

• Generally, prescribed fire smoke is much more localized, and the smoke plumes tend to stay within the canopy, which 
absorbs some of the pollutants, reducing smoke exposure.



Rim Fire

8/17- 10/25/2013

American Fire 
August 10-30

Image August 23rd



Particulate matter air pollution

Rim Fire



Epidemiological studies.

Time Frame and 

location

Increase of 

10 mgm-3

Percent 

Increase

Measurement Type of health outcome Source

2003 Fire season, 

British Columbia

PM10 6 % OR = 1.06

(CI 1.03-1.08)

Asthma physician visit (Henderson et al., 

2011)

2003 Southern 

California

PM2.5 5% RR = 1.05

(CI 1.02-1.08)

Asthma (Delfino et al., 2009)

2003 Fire season, 

British Columbia

PM10 5% OR = 1.05

(CI 1.00-1.10)

All Respiratory Hospital Admissions (Henderson et al., 

2011)

2003 Southern 

California

PM2.5 3% RR = 1.03

(CI 1.01-1.04)

All Respiratory Hospital Admissions (Delfino et al., 2009)

2002-2003 Bushfire 

season in Victoria, 

Australia.

PM10 2% RR = 1.02

(CI 1.00-1.03)

ED Visits (Tham et al., 2009)



California Sierra Nevada

• Wildland fire is an important 
component to ecological health in 
California Forests

• Sierra Nevada which covers about 
25% of California’ land area and 
supplies more than 60% of the 
developed water

• 63% of the Sierra Nevada are 
federally protected public lands 
including nine National Forests, 
three National Parks, and two 
National Monuments containing 
twenty designated Wilderness 
Areas



Best solution!

• How to prevent destructive wildfires (megafires). Thus reducing 
smoke impacts

• Fight fire with Fire!

• More recurrent, lower intensity, ecological beneficial fire.



• 18 years: Frequency 
of Natural Fires in 
Sequoia Groves

Figure 2. 1940s era U.S. Forest Service public 

campaign likens forest fires to death and 

destruction.

Cisneros et al., (2017). Climate Change, 

Forest Fires and Health in California. 

In: Akhtar & Palagiano (eds), Climate 

Change and Air pollution.



Choosing 
to Manage 
for the Best 
Outcomes: 

Lion Fire



The Alternative 

McNally Fire



How does this compared to a Suppression fire 
(McNally)

24 hour AQI Category

(Levels mgm-3)

Lion Fire, 2011 (Managed fire)

(20,000 acres and 60 days duration)

McNally Fire, 2002 (Suppression fire)

(150,000 acres and 31 days duration)

Good

(0-12)

22 0

Moderate

(12.1-35.4)

32 0

Unhealthy for sensitive groups

(35.5-55.4)

5 2

Unhealthy

(55.5-150.4)

1 25

Very Unhealthy

(150.5-250.4)

0 4

Hazardous

(250.5-500)

0 0





Rim Fire

8/17- 10/25/2013

American Fire 
August 10-30



Monitor Locations

35



PM2.5 Concentration (µg/m3)

Station Name N Mean (SD) Minimum Maximum

Central Sierra 

Rim Fire Camp 18 121.2 (105.7) 24.3 450.2

Groveland 39 36.6 (45.6) 2.9 190.6

Tuolumne City 31 69.9 (64.9) 5.3 223.7

Jamestown 10 7.9 (3.4) 4.3 14.3

La Grange 18 16.0 (14.0) 2.5 44.0

Yosemite Valley 39 13.7 (10.1) 2.9 40.4

BootJack 70 11.5 (12.3) 2.6 58.2

Tuolumne Meadows 40 21.9 (16.1) 6.0 69.0

Central Valley 

Merced 92 8.1 (3.8) 1.5 21.1

Clovis 69 10.4 (4.7) 3.0 27.7

Fresno 88 12.5 (5.3) 4.1 29.2

Tranquillity 87 5.7 (2.6) 1.6 12.1

Northern Sierra

Pollock Pines 27 31.2 (38.7) 3.7 156.9

South Lake Tahoe 22 20.6 (21.9) 3.6 80.6

Wentworth 24 15.1 (12.0) 3.0 44.4

Cool 59 9.6 (11.3) 2.6 58.2

Neveda

Gardnerville 92 28.2 (50.1) 1.8 207.8

Carson City 92 20.6 (34.5) 2.7 170.2

Reno 88 13.7 (16.4) 0.3 89.5

Reno Galletti 87 15.4 (15.9) 2.0 88.6

Sparks 88 14.7 (15.0) 1.4 79.2

Distribution of 

PM2.5 

Concentrations 

during the Rim 

Fire (8/17-

10/25/2013) 

arranged by 

region and 

distance to fire 


