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DATE: April 21, 2016 
 
TO: SJVUAPCD Governing Board 

FROM: Seyed Sadredin, Executive Director/APCO 
Project Coordinator: Sheraz Gill/Jaime Holt 
 

RE: ITEM NUMBER 12: END-OF-SEASON REPORT ON 
THE 2015-16 WOOD BURNING SEASON 

 
 
RECOMMENDATION: 
 
Receive and file the District’s end-of-season report on the 2015-2016 
wood burning season detailing the following: 
 

• Historic clean PM2.5 season with a number of new clean air 
records across a variety of metrics 
 

• Meteorology and air quality during the 2015-2016 wood burning 
season 
 

• Second winter season under recently amended Rule 4901 
(Wood Burning Fireplaces and Wood Burning Heaters) 
 

• Public health benefits from the implementation of Rule 4901 
 

• “Check Before You Burn” outreach efforts 
 

• Overview of the District’s Burn Cleaner Wood Stove Change-out 
Program (Burn Cleaner program) and summary of results 
 

• Enforcement and compliance assistance activities 
 
 
BACKGROUND: 
 
This report details the District’s continued activities, and response by 
Valley residents, related to the District’s residential wood burning 
curtailment program and summarizes the air quality and meteorological 
conditions experienced during the 2015-2016 wood burning season.  
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During the 2015-2016 wood burning season, the San Joaquin Valley experienced the 
cleanest PM2.5 concentrations and air quality in recorded history across the months of 
November to February.  This accomplishment comes on the heels of the Valley 
experiencing the cleanest ozone season on record in 2015, which set a number of new 
ozone records across a variety of metrics.  With a return to more normal meteorological 
conditions, and with ongoing emissions reductions achieved through the District’s 
control strategies, the Valley is back on track to meeting federal PM2.5 standards. 
 
The winter of 2015-2016 was the second wood burning season under the District’s 
enhanced residential wood burning curtailment program.  These enhancements 
included amendments to Rule 4901, which doubled the number of No Burn days for 
high polluting units that are the source of over 95% of the wintertime residential wood 
smoke emissions by lowering the No Burn threshold from 30 µg/m3 to 20 µg/m3.  The 
amendments also provided regulatory incentives by rewarding Valley residents that 
have invested in clean wood burning devices that are 20 to 50 times cleaner than open 
hearth fireplaces and older high polluting heaters by allowing more burn days for clean 
units.  Rule 4901 was supplemented by the Burn Cleaner program that provides 
financial incentives to Valley residents to replace old high polluting devices with cleaner 
natural gas or wood burning devices.   
 
This multi-tiered approach encourages residents to upgrade their wood burning devices 
to clean-burning units and provides the ability to register their clean devices to increase 
the permissible burn days compared to previous winter seasons.  Because of this 
incentive, the Burn Cleaner program also experienced continued strong participation 
from the public, with over 2,300 incentive funding applications processed by District staff 
during this recent wood burning season. 
 
 
DISCUSSION: 
 
Record Setting Clean Air Quality in Winter of 2015-2016:  The District’s wood 
burning curtailment program takes effect during the winter months from November 1st 
through the end of February.  This is the period during which the San Joaquin Valley 
typically experiences its peak PM2.5 concentrations.   
 
During the wood burning season of 2015-2016, the Valley marked a new record for the 
cleanest air quality the region has ever experienced for this time of the year.  The Valley 
set new records across a number of metrics, placing the Valley back on track toward 
attaining the federal PM2.5 standards.  Setting these new clean air quality records 
would not have been possible without the emissions reductions achieved under the 
District’s control strategy, including Rule 4901, as well as the commitment from the 
Valley’s residents to reduce emissions in their daily activities. 
 
A common indicator of air quality conditions is the Air Quality Index (AQI), which was 
developed by the U.S. Environmental Protection Agency (EPA) as a way to inform the 
public of possible health impacts based on air quality conditions.  The AQI scale is 
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separated into categories of air quality, those being Good, Moderate, Unhealthy for 
Sensitive Groups, Unhealthy, Very Unhealthy, and Hazardous. 
 
Figures 1a and 1b show that through implementation of the District’s control strategy 
and with a return to more normal dispersion conditions during the 2015-2016 wood 
burning season, the Valley experienced a greater number of “Good” AQI days and 
fewer “Unhealthy for Sensitive Groups (USG)” and “Unhealthy and higher” days 
compared to past winter seasons.  In fact, when comparing the air quality from the 
2015-2016 season to the beginning of PM2.5 monitoring in the Valley, this last season 
set a number of records as the best air quality the Valley has ever experienced during 
the wood burning season.  As the attached report to this item describes in more detail, 
the 2015-2016 wood burning season: 
 

• Recorded the greatest number of “Good” AQI days across all of the counties in 
the District (282 days) 

• Recorded the lowest number of “Unhealthy for Sensitive Groups” AQI days 
across all of the counties in the District (81 days) 

• For the first time in Valley history, recorded zero “Unhealthy” or worse AQI days 
across all of the counties in the District during the wood burning season 

• Recorded the fewest number of days the Valley exceeded the federal 24-hour 
average PM2.5 standard of 35 µg/m3, with only 27 days recorded, marking a 
66% decrease compared to the 2001-2002 season 

• Recorded zero exceedances of the 65 µg/m3 federal 24-hour PM2.5 standard 
• Recorded the lowest average PM2.5 concentration across all counties during the 

months of the wood burning season 
• Issued zero “No Burning for All” wood burning declarations, meaning residents 

with registered clean wood burning devices were allowed to burn for the entire 
winter season 
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Figure 1a County-Day AQI Category Frequencies per Wood Burning Season 
 

 
 
Figure 1b Good and Unhealthy AQI County-Days per Wood Burning Season 
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Review of Meteorology and Air Quality during the 2015-2016 Season:  Meteorology 
has a direct impact on air quality and the dispersion of air pollution.  Therefore, it is 
important to analyze how the weather affected pollutant concentrations during the wood 
burning season.  In the Valley, PM2.5 concentrations tend to be highest during winter 
nights as a result of increased emissions and strong temperature inversions.  The 
majority of residential wood burning occurs in the evenings, which produces a 
significant amount of PM2.5 and ultrafine particles.  Temperature inversions, in which 
temperatures increase with altitude, impede the upward flow of air and trap pollutants 
near the surface.  During these inversions, population exposure to wood smoke is 
magnified. 
 
The 2015-2016 season experienced alternating patterns of high pressure and low 
pressure systems as expected during a normal winter season in the Valley.  Much of 
November, December, and January returned to more normal weather conditions and 
included a number of dispersive, wet low pressure systems that scoured pollutants out 
of the Valley and returned the Valley’s rainfall totals to more average levels.  In turn, the 
high pressure systems that built over the region during those three months tended to be 
of short duration, and so long periods of stagnation did not have time to develop as they 
did in the previous two wood burning seasons when the drought had a stronger effect.  
February, on the other hand, was essentially dominated by high pressure systems that 
developed over California and deflected the storm track to the Pacific Northwest.  Other 
than one low pressure system that proved strong enough to infiltrate California mid-
month, February was essentially characterized by stable conditions that favored dense 
morning fog, spring-like afternoons, and poor dispersion across the Valley.  However, 
even during this period of prolonged poor dispersion, the Valley experienced minimal 
exceedances of the federal 24-hour average PM2.5 standard.  
 
In order to gauge the strength of the high pressure ridge and resulting atmospheric 
stability, the 850 millibar (MB) temperature (T850) stability parameter was assessed.  
The T850 stability parameter is a commonly used indicator of whether PM2.5 
concentrations may become elevated.  This parameter is measured in degrees Celsius 
(˚C).  A higher temperature stability parameter value indicates that the atmosphere is 
more stable, which in turn leads to potentially higher PM2.5 concentrations.  A lower 
temperature stability parameter value indicates that the atmosphere is less stable, 
which in turn leads to potentially lower PM2.5 concentrations. 
 
The frequent passage of low pressure systems through the region during the 2015-2016 
season contributed to lower average stability and higher levels of dispersion compared 
to the previous two wood burning seasons of 2013-2014 and 2014-2015.  Additionally, 
the Valley received more precipitation during the 2015-2016 winter season compared to 
previous wood burning seasons, which improved rainfall totals and provided some relief 
from the historic drought conditions that have affected the Valley and much of the 
Western U.S.   
 
Figure 2 displays the average stability parameter plotted against the average PM2.5 
concentration over the past 17 wood burning seasons that PM2.5 monitoring has been 
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conducted in the San Joaquin Valley.  This provides evidence that over the years, the 
District’s control strategy has helped improve air quality during the wood burning 
seasons; which is evident when comparing the average PM2.5 concentrations from the 
2000-2001 and 2007-2008 winter seasons against the 2015-2016 average, when all 
seasons had similar average stability.  If it were not for the existence of Rule 4901 and 
the Valley’s continued emission reductions, the pollution experienced during this last 
winter could have been much higher as experienced during prior seasons with similar 
average stability.   
 
Figure 2 Average Stability and PM2.5 Concentrations over Past Wood burning 

Seasons 
 

 
 
Of course, the other key factor in addition to meteorology is the District’s comprehensive 
PM2.5 control strategy.  Since PM2.5 is comprised of varying components (ammonium 
nitrate, ammonium sulfate, organic carbon, elemental carbon, geologic material, etc.), 
understanding the contribution of these species to the total mass can indicate what type 
of atmospheric process was driving the particulate episode in question.  Investigating 
the mass from the various species that contribute to the peak PM2.5 concentrations 
during the Valley’s winter months reveals that the highest levels of PM2.5 are primarily 
driven by ammonium nitrate, which is formed through secondary atmospheric 
processes.  This indicates that peak concentrations in the region are not due to direct 
PM2.5 emissions, but rather driven by secondary particulate matter formation.     
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Although ammonium nitrate is the principal component behind peak PM2.5 values 
recorded in the winter, the second largest contributor is organic carbon.  To address the 
wintertime ammonium nitrate concentrations, which have been demonstrated to be 
dependent on NOx emissions as the primary precursor, the District has already adopted 
one of the most stringent NOx strategies in the nation.  Since organic carbon is heavily 
driven by the burning of organic material (i.e. wood), reducing residential wood burning 
emissions directly reduces organic carbon concentrations, thereby reducing the total 
PM2.5 mass being produced.  The District’s Rule 4901 has been effective at reducing 
total PM2.5 mass through residential wood burning emissions reductions, as the 
following section details.  
 
Wood Burning Curtailment Program (Rule 4901 and Burn Cleaner Incentives):  
The District’s wood burning curtailment program has proved to be the most effective 
component of the District’s PM2.5 control strategy.  Since the magnitude and timing of 
weather effects can vary from year to year, the District has been developing and refining 
a statistical model to evaluate the effects of observed meteorology as well as the 
effectiveness of Rule 4901.  By relating meteorological and PM2.5 data from the period 
before Rule 4901 included mandatory curtailments, the District can compare current 
observed PM2.5 concentrations to the PM2.5 concentrations that were expected as if 
the rule did not exist, based on the model output.  The District can then compare the 
model-generated values to the PM2.5 concentrations that were actually observed to 
show the benefits of Rule 4901. 
 
As indicated in Figure 3a, the modeling indicates that the 2015-2016 wood burning 
season showed a 16 µg/m³ improvement in the 24-hour average PM2.5 concentration in 
Modesto compared to what could have been observed absent the District’s air pollution 
control strategies.  The bulk of this progress, however, during residential wood burning 
season can be attributed to the District’s residential wood burning curtailment program 
as evidenced by the much larger reductions in evening PM2.5 concentrations versus 
daytime concentrations.  This last winter indicated a 21 µg/m³ improvement in night time 
(8 PM to 12 AM) PM2.5 concentrations in Modesto due to emissions reductions from 
Rule 4901.   
 
This figure shows that emissions have been reduced significantly in the Modesto area 
since Rule 4901 was amended in 2003, when wood burning curtailments were required 
for the first time.  In the results of this modeling analysis, the year-to-year comparisons 
are not as meaningful as the fact that measured PM2.5 concentrations have 
consistently been lower than that which has been projected to occur if the District’s 
control strategy was not in place.  This fact, along with the observation that night time 
concentrations have dropped even lower than day time concentrations, compared to the 
modeled uncontrolled concentration levels, provides strong evidence that much of this 
improvement is due to emissions reductions under Rule 4901, which is expected to 
have its greatest impact on night time emissions. 
 
Figure 3b represents the measured ambient night time PM2.5 concentrations as 
compared to the projected concentrations in the absence of the District’s PM2.5 control 
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strategy.  Actual night time concentrations for this past season were 56% lower than the 
modeled projection, a higher percentage difference than any prior season, indicating 
continuously improving effectiveness of Rule 4901 in Modesto. 
 
Figures 4a and 5a show that the Fresno and Bakersfield areas experienced 25 µg/m³ 
and 20 µg/m³ improvements, respectively, for the 24-hour average, and 39 µg/m³ and 
26 µg/m³ improvements for the night time averages.  The strong differences in the day 
time and night time effectiveness of District control strategies are strong indicators that 
Rule 4901 is significantly reducing PM2.5 emissions in Fresno and Bakersfield, as well.   
 
Figures 4b and 5b show that, for Fresno and Bakersfield, similar trends to that seen in 
Modesto are observed when comparing actual measured night time concentrations to 
those projected to occur in the absence of the District’s PM2.5 control strategy.  In 
Fresno and Bakersfield, actual measured night time concentrations for this past season 
were at 60% and 53% lower than the modeled projections, respectively.  In both cases, 
these are the highest percentages recorded in any season, indicating continuously 
improving effectiveness of Rule 4901 in these regions as well. 
 
As PM2.5 concentrations across the Valley have continued to decrease, this analysis 
has become more meaningful in terms of the effectiveness of Rule 4901.  Emissions 
levels are at historically low levels, yet large and increasing differences between actual 
PM2.5 concentrations and modeled uncontrolled concentrations, especially at night, are 
still being observed, as more fully detailed in the attached report. 
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Figure 3a Rule 4901 Effectiveness in Modesto by Season  

 
 
Figure 3b Modeled and Actual Night Time PM2.5 Concentrations in Modesto 
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Figure 4a Rule 4901 Effectiveness in Fresno by Season  

 

Figure 4b Modeled and Actual Night Time PM2.5 Concentrations in Fresno 
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Figure 5a Rule 4901 Effectiveness in Bakersfield by Season 

 
 
Figure 5b Modeled and Actual Night Time PM2.5 Concentrations in Bakersfield 

 

11 



SJVUAPCD Governing Board 
ITEM NUMBER 12: END-OF-SEASON REPORT ON THE 2015-16 WOOD BURNING SEASON 
April 21, 2016 

Going forward into future winter seasons, this analysis is expected to continue to show 
improvements in air quality compared to what could have occurred without the District’s 
control strategy.  With the recent 2014 amendments to Rule 4901, emissions from 
residential wood burning are projected to decline even further.  With the curtailment 
threshold now set at 20 µg/m3 for high polluting wood burning devices, the build-up of 
PM2.5 concentrations toward the current federal 24-hour average standard of 35 µg/m3 
will now be abated earlier, reducing the potential for an exceedance of the standard.   
 
This is particularly important during wintertime conditions in the Valley, which are at 
times characterized by long stagnation events, strong temperature inversions, and the 
subsequent build-up of PM2.5 concentrations.  By reducing emissions early during the 
onset of stagnation events, the buildup up PM2.5 is minimized and thus avoids higher 
concentrations as the stable weather pattern persists.  This is achieved through the 
lowering of the no burn threshold for high polluting wood burning devices down to 20 
µg/m3.  This recent change to the wood burning program has virtually eliminated 
emissions from older wood burning units, which currently contribute approximately 95% 
of the total wintertime residential wood burning emissions in the Valley. 
 
The current wood burning program also reduces emissions by encouraging residents to 
transition to cleaner burning units that reduce emissions even on permissible burn days.  
Under Rule 4901, registered clean wood burning devices are authorized to be used 
when PM2.5 concentrations are expected to be no more than 65 µg/m3, thereby 
allowing clean burning devices to be used for the vast majority of the winter season.   
Overall, Rule 4901 achieves significant emissions reductions through the increase in no 
burn days for high polluting wood burning devices, and through providing incentives for 
transitioning to much cleaner gas and wood burning devices.   
 
The 2015-2016 wood burning season was the second season under the District’s latest 
amendments to Rule 4901 and Check Before You Burn program.  These amendments 
enabled Valley residents to play a major role in reducing emissions by encouraging the 
transition to less polluting wood burning heaters by decreasing the number of allowable 
burn days for high polluting wood burning heaters and fireplaces while at the same time 
increasing the number of burn days allowed for registered clean wood burning heaters 
through a tiered episodic wood burning curtailment program.  The latest amendments to 
Rule 4901 lowered the No Burn threshold for high polluting wood burning heaters and 
fireplaces from the previous limit of 30 μg/m3

 to 20 μg/m3.  The amendments 
significantly increased the number of permissible burn days for cleaner certified wood 
burning devices by raising the No Burn threshold to 65 μg/m3.   
 
The registration program for clean wood burning devices allows residents to burn on 
days when burning is prohibited for conventional units, and would be nearly impossible 
to enforce without a mechanism to readily identify and verify qualifying devices.  To 
provide the District with an enforceable mechanism for allowing certified devices to burn 
during a No Burning Unless Registered declaration (greater than or equal to 20 μg/m3 
but less than 65 μg/m3), the District required a registration program for these cleaner 
burning devices.  Without preregistering qualifying devices the District would be forced 
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to resort to more intrusive enforcement techniques which would involve routine access 
to private property.  The preregistration also enhanced enforcement capabilities by 
allowing the District to better focus resources.  Registration also ensures that the 
equipment is maintained in proper working condition and provides the expected 
reduction in emissions.  Registration is voluntary and will only be necessary if the owner 
of a certified unit wishes to take advantage of the additional burn days provided under 
the proposed rule.   
 
The latest amendment to Rule 4901 also required a registered wood burning device to 
be inspected by a Registered Wood Burning Heater Professional (RWBHP) to verify 
that the wood burning heater is in good operating condition, including ensuring that the 
device has been cleaned, maintained, and operated in accordance with manufacturer 
specifications.  To ensure qualified individuals are performing these inspections and 
verifications, the District created a registration program for Wood Burning Heater 
Professionals, which required mandated training provided by District staff and signing a 
contract with the District.  The contract requires the RWBHP to have minimal equipment 
to allow them to completely register a device while at the person’s home.  The District 
maintains a list of these registered individuals on the District’s website for the public to 
access.  Currently, the District has 41 RWBHPs serving all 8 of the District counties. 
 
Through numerous efforts by the District to develop a robust network of RWBHPs, only 
a minimal number of individuals/entities were registered as a RWBHP prior to the 2015-
16 winter season, which was less than the minimum threshold the District believed 
necessary to meet the expected demand.  To require all of these devices be registered 
by RWBHPs without the necessary professionals would have been in direct conflict with 
the District’s core value of providing excellent customer service.  For this reason, your 
Board approved several changes to the wood burning device registration program at the 
September 17, 2015 public hearing.  Self-registration was extended for an additional 
season (2015-2016) allowing any Valley resident to register their wood burning device 
on the District’s website by providing minimal personal information, including the make 
and model information of their wood burning device.   
 
Another option provided by the District allowed Valley residents to register their wood 
burning device by hiring a RWBHP.  The advantage for choosing this option was that 
the registrant received the temporary registration for the 2015-2016 season as well as 
being registered for an additional 3 wood burning seasons.  The District invested in the 
RWBHP program by developing an easy to use, one-of-a-kind online portal that allows 
for complete registration and payment of the registration fee while at the person’s home.   
 
The District had one additional registration option referred to as the “fast track” for 
individuals who had installed their wood burning device less than 12 months prior to 
requested registration.  Valley residents eligible for this option were able to take 
advantage of the easy to use online process to quickly register their wood burning 
device for 3 years.  During the 2015-2016 wood burning season, the District registered 
2,030 clean wood burning devices throughout the Valley.   
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By the 2016-2017 wood burning season, residents will be required to complete a full 
registration of their wood burning device through the use of a RWBHP, as there should 
be enough registered RWBHPs by this time to meet the demand of the public needing 
to register their devices. 
 
The District’s Burn Cleaner Program continues to be an important resource to help 
Valley residents make positive changes in their residential wood burning practices, 
particularly during the winter seasons.  This year, your Board allocated over $5.2 million 
towards this program to provide meaningful financial assistance for residents to burn 
cleaner and to further reduce emissions in the San Joaquin Valley.  Additionally, on 
November 19, 2015, your Board accepted over $4.9 million from the EPA for the Wood 
Burning Device Change Out proposal and the Agricultural Tractor Replacement 
proposal, which were selected from a highly competitive process nationwide through the 
Targeted Air Shed Grant Program.  Over $2.4 million from this grant, combined with the 
District match, and the applicant cost share will help fund the replacement of 
approximately 2,484 wood burning devices in the San Joaquin Valley.   
 
For the 2015-2016 wood burning season, 73% of vouchers issued were for the cleanest 
burning gas devices and the remaining were for certified wood and pellet devices.  The 
District has issued 1,806 vouchers between November 2015 and February 2016 alone, 
for a total funding amount of nearly $3 million.  District staff expects additional 
applications to continue to come in throughout the year.  Since 2009, the District has 
issued a total of 10,325 vouchers with a total allocated funding amount of nearly $13 
million to date.  Low-income residents make up about 13% of the vouchers with a total 
of over $3.1 million in allocated funding.   
 
Public Health Benefits of District’s Wood Burning Curtailment Strategy:  The 
analysis summarized above confirms the improved PM2.5 air quality experienced in the 
Valley under Rule 4901.  Rule 4901 has particular significance under the District 
Governing Board adopted Health-Risk Reduction Strategy, under which the District 
prioritizes control strategies that expedite attainment of federal air quality standards and 
provide the greatest public health benefits to Valley residents.  District Rule 4901 and 
the District’s corresponding Check Before You Burn program are both key components 
to the District’s Health-Risk Reduction Strategy, reducing harmful species of PM2.5 
where and when those reductions are most needed - in impacted areas when the local 
weather is forecast to hamper PM dispersion.  By decreasing emissions from residential 
wood burning, Rule 4901 decreases directly emitted PM2.5 and significantly reduces 
the health effects associated with wood smoke.   
 
Wood smoke contains PM2.5, carbon monoxide, formaldehyde, sulfur dioxide, irritant 
gases, and known and suspected carcinogens, such as polycyclic aromatic 
hydrocarbons (PAH).  The toxic air pollutants in wood smoke can cause human health 
impacts such as coughs, headaches, and eye and throat irritation.  Studies show that 
prolonged inhalation of wood smoke contributes to chronic interstitial lung disease, 
pulmonary arterial hypertension, and cor pulmonale, which can eventually lead to heart 
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failure in adults1.  Wood smoke has also been linked to detrimental mutagenic and 
systemic effects such as oxidative stress and coagulation, which can ultimately result in 
cell damage and possibly lead to cancer2, 3, 4.  Children with the highest exposure to 
wood smoke show a significant decrease in lung function5.  Studies also found that 
wood smoke is twelve times more carcinogenic than an equal concentration of cigarette 
smoke6.  Efforts to reduce wood smoke through the District’s Check Before You Burn 
program target some of the most harmful species of PM2.5. 
 
People can be exposed to wood smoke when they use their wood burning 
devices.  Additionally, people can be exposed to wood smoke when people in their 
neighborhoods use their wood burning devices; windows and doors cannot keep the 
particles in wood smoke out of homes.  Published in 2011, the California Air Resources 
Board (ARB) funded a study of residential wood smoke impacts on indoor air quality in 
Cambria, California.  Using aethalometers designed to monitor carbon black as the 
definitive chemical signature of wood smoke, the study found nocturnal outdoor 
concentrations in Cambria neighborhoods that were 2 to 10 times higher than the 
cleanest part of the city.  Most significantly, over the course of the winter season, indoor 
concentrations of carbon black in non-burning homes were found to be 74% as high as 
concentrations measured just outside the same homes.  This combination of processes 
results in a very high intake fraction (the portion of the total emissions that actually end 
up being inhaled) for neighborhood wood combustion when compared to other sources 
of PM that are less close to neighborhoods.  
 
The studies referenced above demonstrate the importance of reducing wood burning 
emissions to improve public health.  Given the time, location, and type of PM2.5 
emission reductions associated with District wood burning prohibitions, Rule 4901 is 
essential to the District’s Health-Risk Reduction Strategy.  In 2008, the Central Valley 
Health Policy Institute found that District wood burning curtailments on high pollution 
days reduced annual exposure by about 13% in Bakersfield and Fresno, resulting in 30 
to 70 avoided cases of annual premature mortality.   
 

1 Sandoval, J.; Slas, J.; Martinez-Guerra, M.L.; Gomez, A.; Martinez, C.; Portales, A.; Palomar, A.; Villegas, M.; and 
Barrios, R. Pulmonary Arterial Hypertension and Cor Pulmonale Associated with Chronic Domestic Woodsmoke 
Inhalation. (1993) Chest 103:12-20. 
2 Danielsen, P.H.; Bräuner, E.V.; Barregard, L.; Sällsten, G.; Wallin, M.; Olinski, R.; Rozalski, R.; Møller, P.; Loft, S. 
Oxidatively damaged DNA and its repair after experimental exposure to wood smoke in healthy humans. (2008) 
Mutat Res. 642(1-2):37-42. 
3 Barregard, L.; Allsten, G.S.; Gustafson, P.; Johansson, L.; Johannesson, S.; Basu, S.; Stigendal, L. Experimental 
Exposure to Wood-Smoke Particles in Healthy Humans: Effects on Markers of Inflammation, Coagulation, and Lipid 
Peroxidation (2006) Inhalation Toxicology 18:845–853. 
4 Sapkota, A.; Gajalakshmi, V.; Jetly, D.H.; Roychowdhury, S.; Dikshit, R.P.; Brennan, P.; Hashibe, M.; Boffetta, P. 
Indoor air pollution from solid fuels and risk of hypopharyngeal/laryngeal and lung cancers: a multicentric case-control 
study from India. (2008) Int J Epidemiol. 37(2):321-8. 
5 Heumann, M.; Foster, L.R.; Johnson, L; Kelly, L. Woodsmoke Air Pollution and Changes in Pulmonary Function 
Among Elementary School Children (1991) Air & Waste Management Association 84th Annual Meeting & Exhibition, 
Vancouver, British Columbia. 
6 Lewtas, J.; Zweidinger, R.B.; Cupitt, L.; Mutagenicity, Tumorigenicity and Estimation of Cancer Risk from Ambient 
Aerosol and Source Emissions from Woodsmoke and Motor Vehicles. (1991) Air and Waste Management 
Association 84th Annual Meeting & Exhibition, Vancouver, British Columbia. 
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Reducing emissions from wood burning through Rule 4901 and the Check Before You 
Burn strategy is a core element of the District’s attainment strategies for federal PM 
standards.  Rule 4901 is one of the key control measures that contribute to decreased 
levels of PM10 in the Valley, and thus played a significant role in reaching and 
maintaining PM10 attainment.  Rule 4901 also plays an important role in the Valley’s 
PM2.5 attainment efforts.  Residential wood burning is one of the Valley’s largest 
sources of directly-emitted PM2.5.  Based on the emissions inventory during the 2008 
rule amendment, on a Valley-wide “No Burn” day, Rule 4901 prevents 16 tons of direct 
PM2.5 emissions from being emitted into the atmosphere.  Moreover, emissions 
associated with residential wood burning are confined to the time of year when the 
Valley experiences its PM2.5 exceedance days.  Although many species of PM2.5 
(including secondary species that form in the atmosphere) contribute to the Valley’s 
total ambient concentrations, organic carbon is one of the largest contributors to 
ambient concentrations, and residential wood burning is a significant contributor to 
organic carbon.   
 
Effectiveness of District’s Public Outreach and Education Program:  The District 
has an extremely successful outreach and education program that includes residential 
wood burning and educates Valley residents about air quality, the effects of air pollution 
on the populations’ health, and options they can take to reduce emissions.  This year, 
successfully transitioning the public to embrace the amendments to the residential wood 
burning program relied heavily on the District’s comprehensive multilingual Check 
Before You Burn outreach and education program.  The outreach included a “We the 
People” campaign theme and placed focus on the public “pledging to do our part” to 
decrease potential pollution build-up by embracing Check Before You Burn.  The 
campaign messaging helped assist the public in understanding the wood burning 
program, its updated three-tiered system, and its strengthened goal of restricting wood 
burning well before the federal 24-hour average PM2.5 standard. 
 
In both the District’s 2010 and 2014 public opinion surveys, over 80 percent of Valley 
residents indicated that they were familiar with the program.  The 2014 survey went on 
to indicate that 75 percent of the public who were aware of the program took action to 
reduce pollution.  The PM2.5 air quality improvements that the Valley has experienced 
since adoption of Rule 4901 have been assisted by strong multimedia outreach by the 
District and the resultant increase in public awareness and participation in winter District 
programs.  Since the inception of Check Before You Burn, the District’s complementary 
tools, such as the Real-time Air Advisory Network (RAAN) and the “Valley Air” smart 
phone app, have continued to gain in popularity. 
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This past season, the District continued its focus on these areas: 
 

• Educating the public and the media about the new tiered episodic wood 
burning curtailment program, 

• Educating the public on how to get their clean burning devices inspected and 
registered with the District, 

• Encouraging residents to upgrade to cleaner certified devices and take 
advantage of the Burn Cleaner program, and 

• Educating Valley residents regarding the severe health impacts associated 
with wood smoke. 

 
Continued emphasis was placed on reaching those communities that might be heavily 
impacted by neighborhood smoke from older devices and open hearth fireplaces.  The 
District continued branding the Check Before You Burn resource page 
(www.valleyair.org/Rule4901) which provides all the services, incentive and wood 
burning information “it” offers on one resource page for Valley residents.  Additionally, 
several detailed webpages were used to communicate the additional flexibility the 
District provided to residents wanting to register their cleaner devices so that they would 
have additional opportunities to burn when air quality was conducive.  The online 
registration portal clearly explained that the District allowed one more year of temporary 
registration but encouraged residents to complete the full registration as quickly as 
possible to receive four seasons of registration prior to renewal.   
 
The District’s seasonal public outreach advertising campaign was retooled to include 
timely and relevant messaging.  Much like the past few seasons, this messaging has 
been delivered by the District’s Governing Board members, with billboards in English 
and Spanish strategically placed throughout the Valley in older neighborhoods where 
open hearth fireplaces and older devices are most likely to be, targeted radio and TV 
spots, and value-added messaging delivered through media throughout the Valley. 
 
This year’s key message asked residents to pledge to do their part to protect our air and 
the health of our community by checking before they burn.  Residents were encouraged 
to call the District’s 1-800 number (1-800-SMOG-INFO), check the website 
(www.valleyair.org), check their local news outlet, check their smart phone or visit social 
media to assess their county’s burn declaration.  An additional round of advertising also 
asked residents to “Register their EPA certified stove or fireplace insert.”  The District 
maintained partnerships with television, newspaper, radio, outdoor and print, as well as 
more non-traditional media, such as movie theaters and internet advertising. 
 
Check Before You Burn messaging continues to dominate the District’s wintertime 
Facebook and Twitter posts and generate healthy dialogue within the social media 
community.  The District’s smartphone app, Valley Air, also generated increasing use 
this past winter as residents learned to rely on the daily burn status update that appears 
on the bottom of the app’s homescreen.    

17 

http://www.valleyair.org/Rule4901


SJVUAPCD Governing Board 
ITEM NUMBER 12: END-OF-SEASON REPORT ON THE 2015-16 WOOD BURNING SEASON 
April 21, 2016 

The number of “likes” received by the District’s Facebook page continued to grow, and 
reached nearly 1,525 by the end of the season.  Similarly, the District’s twitter account 
has grown to 1,087 followers.  
 
Additionally, a new innovative public event marketing approach was included in our 
advertising agency partnership.  The Check Before You Burn and Burn Cleaner 
messages were delivered in English and Spanish on bicycle billboards at flea markets, 
farmer’s markets and other local events in environmental justice communities 
throughout the Valley.   
 
The District continued its successful partnerships with television, newspaper, radio, 
outdoor and print, as well as more non-traditional media, such as outreach to 
Environmental Justice (EJ) communities, on-screen messaging in local movie theaters, 
internet advertising on Pandora (which allowed listeners to click through to valleyair.org) 
and video loops in medical offices.  For this past season’s Check Before You Burn 
campaign, the District ran media on 11 broadcast television stations in the Fresno and 
Bakersfield markets, including two Spanish stations, as well as 110 cable networks in 
four cable markets including zoned cable in Stockton, Modesto, Turlock and Manteca.   
  
The District also ran messaging on 41 radio stations, including Spanish, Hmong and 
Punjabi and 27 newspapers (six of them Spanish) throughout the eight-county 
area.  The Check Before You Burn billboards were on 106 outdoor billboards and 
smaller “one-sheets” in EJ communities throughout the Valley.  With these purchases 
come added value in the form of bonus spots, news sponsorships, and extra billboards 
and overages in outdoor advertising.  Outdoor advertising is strategically placed in high-
traffic areas as well as neighborhood and rural communities to ensure a wide reach in 
those areas where residential wood burning might be common. 
 
The print campaign not only includes major papers such as the Bakersfield Californian, 
Fresno and Modesto Bees and Stockton Record, but also reaches out in rural and 
mountain communities with publications such as the Sierra Star Online, Arvin Tiller, 
Manteca Bulletin and Shafter Press.  Also included again this year were specialty 
newspapers, such as the California Advocate, Kern Business Journal, and Joaquín 
(Spanish) magazine.  By leveraging buying power through the District’s media 
purchases, an additional $120,747 in value added advertising ran during the winter 
Check Before You Burn season: 
 

• $18,663 in free TV spots  
• $102,084 in free radio spots  

 
The related Cinemedia campaign was featured on 106 movie screens from Stockton to 
Bakersfield, reaching over 880,000 people.  
  
The web strategy featured major news outlets, such as the Stockton Record, Modesto 
and Fresno Bee and Bakersfield Californian websites.  The District also had a strong 
presence on Xfinity.com in Stockton, Modesto and Fresno.  The schedule included a 
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combination of display, video, and search engine keyword ads.  Geo-targeted keyword 
ads on Google ran the duration of the flight and were supported on local newspaper and 
TV sites.  The included sites were determined by total audience reach and cost.  This 
year’s web presence included internet advertising in the form of 15-second video pre-
rolls, and expandable video banners with tabbed options linked to www.valleyair.org.   
 
Overall, the Check Before You Burn message can be heard in English and Spanish, as 
well as limited schedules in Hmong and Punjabi.  
 
During the 2015-2016 wood burning season, the District continued to experience growth 
in public inquiries seeking wood burning information.  The public was eager to learn how 
to register their wood burning device and also make sure they understood the changes 
to Rule 4901 so they could potentially take advantage of more burn days as well as stay 
compliant with the rule.  The District also received multiple emails and calls of gratitude 
from the public for providing an avenue for residents to use their clean wood burning 
devices.   
 
The following inquiries were received through the District’s toll-free SMOG-INFO 
number and the Check Before You Burn daily status webpage: 
 

• The toll-free number received 75,766 calls for English-language burn status 
information. By forecasting area: 

 
1. Frazier Park                47 
2. Fresno                        15,036 
3. Kern                            8,867 
4. Kings                          2,514 
5. Madera                       2,610 
6. Merced                        7,367 
7. San Joaquin               17,891 
8. Sequoia NP                58 
9. Stanislaus                   15,845 
10. Tulare                          5,531 

 
• For Spanish-language burn status information, 6,203 calls were received. By 

forecasting area: 
 

1. Frazier Park                6 
2. Fresno                         1,265 
3. Kern                             932 
4. Kings                           95 
5. Madera                        237 
6. Merced                        524 
7. San Joaquin               1,241 
8. Sequoia NP                6 
9. Stanislaus                   1,074 
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10. Tulare                         823 
 

• The District received 387 complaints for suspected wood burning activity. 
• The District received more than 303 public calls regarding the revised wood 

burning rule and wood burning device registration. 
• The District received more than 11 media inquiries regarding the revised wood 

burning rule and wood burning device registration.  
• The District responded to more than 75 emails regarding the revised wood 

burning rule and wood burning device registration.  
 
Rule 4901 Enforcement:  To optimize rule effectiveness and reduce the public health 
impact of wood smoke, the District also pursues a strategy consisting of both 
compliance assistance and enforcement activities.  District staff responds to numerous 
calls from members of the public who have questions about the wood burning rule.  The 
calls range from general questions about the rule, such as how to determine when it is 
okay to burn cleanly, to more specific questions, such as whether there are exemptions 
that allow burning on curtailment days.  Similar to previous wood burning seasons, the 
District granted a limited number of temporary exemptions, with the primary reason for 
an exemption being the resident’s natural gas heater being inoperable. 
 
This year the District also doubled the fines for first time violators from $50 to $100.  As 
has been the case in previous wood burning seasons, in the 2015-2016 season the 
majority of the violations were first-time offenses.  In these situations, residents could 
either pay a $100 penalty, or they could attend a District provided wood burning 
compliance school at one of the District offices for a $50 credit and payment of $50.  A 
considerable number of people attended the compliance school and paid the penalty.  
For residents who incurred second-time offenses and above, monetary penalties issued 
by the District were much higher during the 2015-2016 season compared to previous 
seasons.   
 
On all curtailment days, District field staff conducted surveillance in neighborhoods for 
compliance with the rule.  When staff visually detected smoke, they noted the address, 
and a notice of violation (NOV) was issued by mail.  By policy, field staff does not enter 
private property when enforcing wood burning curtailments.  To more effectively and 
equitably enforce the provisions of the rule and to better respond to public complaints 
received at night and on weekend curtailment days, the District continued to assign staff 
hours for weekend and nighttime surveillance during this wood burning season.  See 
Table 1 below for a summary of Compliance activities over the 2015-16 and past wood 
burning seasons. 
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Table 1 Enforcement Activity by Season 
 

Wood Burning 
Season 

Total Staff 
Hours 

Number of 
NOVs 

Number of 
Days with 
Burning 

Restrictions 
2006-2007 834 158 16 
2007-2008 528 87 18 
2008-2009 1,604 336 59 
2009-2010 1,438 415 47 
2010-2011 1,350 402 50 
2011-2012 2,746 780 78 
2012-2013 1,302 350 52 
2013-2014 2,750 564 66 
2014-2015 2,957 519 82* 
2015-2016 2,463 383 57* 

 *Based on No-Burning Unless Registered declarations (i.e. forecast PM2.5 greater than or equal to 20          
µg/m3) 
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I. OVERVIEW OF RULE 4901 

Rule 4901 (Wood Burning Fireplaces and Wood Burning Heaters) was adopted for the 
purpose of limiting emissions of carbon monoxide and particulate matter from wood 
burning fireplaces, wood burning heaters, and outdoor wood burning devices; and 
establishing a public education program to reduce wood burning emissions.  The wood 
burning season is in effect during the months of November through February.   

Amendments to Rule 4901 in 2003 established a mandatory curtailment threshold of a 
forecast 24-hour average PM2.5 concentration of 65 µg/m³ or greater.  The 2003 
amendments were implemented prior to the 2003-2004 wood burning season and 
remained in effect through the 2007-2008 wood burning season.   

Amendments to Rule 4901 in 2008 created lower mandatory curtailment thresholds which 
were in place prior to the 2008-2009 wood burning season.  A residential wood burning 
curtailment threshold was defined for the 2008-2009 wood burning season as either a 
forecast 24-hour average PM2.5 concentration of 30 µg/m³ or greater, or a forecast 24-
hour average PM10 concentration of 135 µg/m³ or greater.   

Amendments to Rule 4901 in 2014 advanced the residential wood burning program that 
enabled Valley residents to play a major role in reducing emissions at almost no cost, and, 
in many cases, with savings in heating-related energy costs.  The amendments to Rule 
4901 lowered the No Burn threshold for high polluting wood burning heaters and 
fireplaces from the current limit of 30 µg/m3 to 20 µg/m3 of PM2.5. The amendments 
also significantly increased the number of permissible burn days for cleaner certified 
wood burning devices by raising the No Burn threshold for these devices to PM2.5 
forecasts that exceed 65 µg/m3.  Overall, the amendments increased the number of No 
Burn days for high polluting units that are the source of over 95% of the wintertime 
residential wood smoke emissions.  By contrast, clean certified units are now subject to 
a minimal number of No Burn days ranging from zero to ten (10) days depending on the 
location in the Valley during the winter season.   

The 2015-2016 wood burning season, which was in effect from November 1, 2015 through 
February 29, 2016, marked the 2nd winter season with the tiered system in effect. 
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II. RESIDENTIAL WOOD BURNING CURTAILMENTS HISTORICAL SUMMARY 

Tables 1 and 2 summarize the number of wood burning curtailments issued per county, 
along with San Joaquin Valley Basin (Basin)-Days and County-Days totals within the 
District over the past thirteen (13) wood burning seasons.  For the 2015-2016 wood 
burning season, “No Burning for All” was established and used for curtailing burning any 
solid fuel and is shown in Table 1.  Table 2 illustrates the number of “No Burning Unless 
Registered” declarations that have been issued since the 2014 Rule 4901 Amendment 
went into effect.   

The Basin-Days value counts the number of calendar days in which the District issued at 
least one curtailment somewhere in the District.  County-Days represent the sum of every 
county-level curtailment over the eight-county region.      

The Greater Frazier Park Area (GFPA) was established as its own wood burning 
declaration forecast area separate from the Valley portion of Kern County during the 2008-
2009 season.  Due to this, curtailment totals are not available for the GFPA in seasons 
prior to 2008-2009.  In addition, Sequoia National Park and Forest (SNPF) was 
established as its own wood burning declaration forecast area separate from the Valley 
portion of Tulare County prior to the start of the 2012-2013 season.  As a result, 
curtailment totals are not available for the SNPF in seasons prior to 2012-2013. 
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Table 1 Number of Curtailments Issued per Wood Burning Season 

Season 
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2003-2004 0 0 0 0 2 0 0 1 -- -- 2 3 
2004-2005 0 0 0 0 2 0 2 2 -- -- 3 6 
2005-2006 1 3 2 2 11 13 9 16 -- -- 21 57 
2006-2007 1 9 2 2 12 2 3 8 -- -- 16 39 
2007-2008 0 2 0 4 7 6 6 14 -- -- 18 39 
2008-2009 24 34 32 34 46 37 35 54 0 -- 59 296 
2009-2010 21 25 15 20 33 36 17 41 0 -- 47 208 
2010-2011 7 25 23 37 44 36 33 40 0 -- 50 245 
2011-2012 29 51 33 41 68 49 54 56 0 -- 77 381 
2012-2013 21 28 2 6 43 27 24 36 0 0 52 187 
2013-2014 45 53 25 39 59 53 51 51 0 0 66 376 

             
2014-2015* 0 1 0 3 4 10 9 8 0 0 10 35 
2015-2016* 0 0 0 0 0 0 0 0 0 0 0 0 

* For the 2014-2015 wood burning season and forward, “No Burning for All” was used for curtailing burning 
any solid fuel.  

Table 2 Number of “No Burning Unless Registered” Declarations Issued per 
Wood Burning Season 

Season 

Sa
n 

Jo
aq

ui
n 

St
an

is
la

us
 

M
er

ce
d 

M
ad

er
a 

Fr
es

no
 

K
in

gs
 

Tu
la

re
 

K
er

n 

G
FP

A
 

SN
PF

 

B
as

in
-D

ay
s 

C
ou

nt
y-

D
ay

s 

2014-2015 57 64 50 61 68 58 60 65 7 6 74 483 
2015-2016 47 64 31 41 62 62 44 61 0 1 69 412 
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III.   METEOROLOGICAL REVIEW OF THE 2015-2016 WOOD BURNING SEASON 

Meteorology has a direct impact on air quality and the dispersion of air pollution; 
therefore it is important to analyze how the weather affected pollutant concentrations 
during the wood burning season.  The 2015-2016 season experienced alternating 
patterns of high pressure and low pressure systems with many of the low pressure 
systems arriving back-to-back. Much of November, December, and January were 
characterized by a return to more normal weather conditions and series of dispersive, 
wet low pressure systems that scoured pollutants out of the Valley and increased the 
Valley’s rainfall totals considerably.  In turn, the high pressure systems that built over 
the region during those three months tended to be of short duration so long periods of 
stagnation did not have time to develop.   February, on the other hand, was essentially 
dominated by high pressure systems that developed over California and deflected the 
storm track to the Pacific Northwest.  Other than one low pressure system that proved 
strong enough to infiltrate California mid-month, February was essentially characterized 
by stable conditions that favored dense morning fog, spring-like afternoons, and poor 
dispersion across the Valley.   

In order to gauge the strength of a high pressure ridge and resulting atmospheric 
stability, the District used the 850 millibar (MB) temperature (T850) stability parameter. 
The T850 stability parameter is used because of its strong correlation with PM2.5 
concentrations.  The 850 MB pressure level is approximately 5,000 feet above the 
Earth’s surface.  This level is chosen as an indicator of how much vertical mixing is 
occurring over a given location.  The T850 stability parameter is calculated by taking the 
4 AM PST 850 MB Oakland sounding temperature and subtracting from it the minimum 
temperature at a particular site; for example Fresno Yosemite International Airport 
(Fresno): T850 MB(Oakland) – TMIN (Fresno)).  This parameter is measured in degrees 
Celsius (˚C).  The higher temperature stability parameter value indicates that the 
atmosphere is more stable, which in turn leads to potentially higher PM2.5 
concentrations.  The lower temperature stability parameter value indicates that the 
atmosphere is less stable, which in turn leads to potentially lower PM2.5 concentrations.   

The frequent passage of low pressure systems through the region during the 2015-2016 
season contributed to lower average stability (see Figure 1), as well as an increase in 
the number of days with a higher level of dispersion when compared to the previous 
season.  Additionally, the Valley received much more precipitation during the 2015-2016 
winter season which improved rainfall totals and provided some relief to the recent 
drought conditions that have affected the Valley and other parts of California.   

  

April 21, 2016 4  Technical Analysis of the 2015-2016 
Wood Burning Season 



Figure 1 Average Fresno Stability from the Previous Wood Burning Seasons 
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IV.   ANALYSIS OF AIR QUALITY 

Observing the Air Quality Index (AQI) trends over the past wood burning seasons 
shows how PM2.5 concentrations have fluctuated from season to season in addition to 
revealing the magnitude of the improvement in Valley wintertime air quality conditions.  
As the following analysis explores, the category based AQI definitions can reveal how 
high PM2.5 concentrations are occurring less frequently while lower concentrations are 
becoming more common.  The PM2.5 AQI calculations used for the 2015-2016 wood 
burning season and all previous wood burning seasons are based on the current1 
PM2.5 AQI equations. 

The following air quality analyses were performed in this report: 1) atmospheric stability 
influences on PM2.5; 2) comparison of historical wood burning season air quality; 3) 
temporal 24-hour PM2.5 exceedances evaluation; and 4) peak 24-hour PM2.5 
concentrations by county for the past three wood burning seasons.   

Atmospheric Stability Influences on PM2.5 

The average PM2.5 concentrations have trended lower since the District’s overall 
control strategies, including Rule 4901, were implemented.  Examining the relationship 
between the atmospheric stability parameter and PM2.5 concentration each season 
demonstrates the impact of these control strategies.  Figure 2 shows the close 
relationship between the average PM2.5 concentrations compared to the T850 MB 
stability parameter.  As mentioned in the previous section, when the stability parameter 
is high, the PM2.5 concentrations tend to be elevated.  A low or negative stability 
parameter value means that there is more air movement and dispersion.  This instability 
lowers PM2.5 concentrations because the air movement mixes PM2.5 particles in a 
larger volume of air which lowers the overall concentration.  Before the mandatory 
curtailments were issued (pre-2003-2004 wood burning season) the average PM2.5 
concentrations were much higher. 

The average Fresno T850 MB stability parameter from the past 17 wood burning 
seasons was 1.1˚C with an average PM2.5 concentration of 29 µg/m3.  The 2015-2016 
wood burning season had an average Fresno T850 MB stability parameter of 0.7 ˚C, 
with a basin average PM2.5 concentration of 19 µg/m3.  As shown in Figure 2, a similar 
average Fresno T850 MB stability parameter of 0.6 ˚C occurred during the 2001-2002 
wood burning season, resulting in a basin average PM2.5 concentration of 36 µg/m3.   

The District’s stringent control strategy and a dispersive atmosphere during the 2015-
2016 wood burning season resulted in a basin average PM2.5 concentration 17 µg/m3 
lower compared to the 2001-2002 wood burning season, which had similar atmospheric 
dispersion conditions.  The difference between the average PM2.5 concentrations is 
these two seasons provides evidence for the efficacy of the District’s PM2.5 control 

1 CFR Appendix G to Part 58, Uniform Air Quality Index (AQI) and Daily Reporting  
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strategy, including Rule 4901.  Further analysis of the effectiveness of Rule 4901 will be 
presented in Section VI.  

Figure 2 Atmospheric Stability Effects on PM2.5 during Past Wood Burning 
Seasons 

 

Comparison of Historical Wood Burning Season Air Quality 

To assess the Air Quality Index trends over the past wood burning seasons, both filter-
based and daily average real-time PM2.5 measurements were collected and combined 
for each site in the District’s air monitoring network to build a robust data record over the 
past seasons while minimizing the number of days when an observation was not 
available.  If both a filter and real-time measurement occurred on the same day and 
place, the highest concentration between the two data points determined the daily 
concentration.  Furthermore, if the data record for the winter season still had days 
without PM2.5 observations, gap-filling methods were used to construct an estimate of 
the measurement as if a complete data record existed.2   The District uses this method 
to account for historical sampling schedules that only collected filter data every third day 
in some counties. 

2 Data gap filling methodologies were employed to address monitor failure, nonsynchronous sampling 
schedules, and pre-monitor establishment. 
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With a complete data record, the measured PM2.5 concentrations were translated to 
their respective AQI values according to current equations.  From here, the number of 
days within each AQI category was tabulated on a county-level for each of the wood 
burning seasons.  These county-level figures were then summed to give a county-day 
total, that being the combination among all of the eight counties in the District, thus 
giving a broader spatial representation of the air quality trend.  Note that within this 
analysis the GFPA was included within the calculations for Kern County and the SNPF 
was included with the calculations for Tulare County. 

To find the season average among the counties, the maximum PM2.5 concentration 
among the air monitoring sites in each county was assigned as the respective county 
maximum for each day.  These daily county maximum values were then averaged over 
each wood burning season (November through February) to give an average value for 
each county for each season.  Lastly, for each season, these county-level averages 
were averaged to give a final county-based average for the entire Valley, providing a 
spatially representative value for the PM2.5 concentration experienced during each 
winter.  These additional analyses were based on the same dataset described above. 

Table 3 shows that the 2015-2016 wood burning season experienced a greater number 
of Good and Moderate AQI days, fewer USG days, and no Unhealthy and higher days 
compared to other wood burning seasons.  This improvement was due to the District’s 
effectiveness of its PM2.5 control strategy, including Rule 4901, as well as the influence 
of the dispersive low pressure systems that moved through the region during the 2015-
2016 wood burning season.  
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Table 3 Comparison of Air Quality during Historical Wood Burning Seasons 
(November through February) 

  Air Quality Index Category – Number 
of County Days   

Season 
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1999-00 146 374 179 269 448 43 
2000-01 72 397 240 251 491 42 
2001-02 62 481 270 147 417 36 
2002-03 109 464 278 109 387 34 
2003-04 130 631 194 13 207 26 
2004-05 183 568 184 25 209 26 
2005-06 150 520 190 100 290 30 
2006-07 166 431 273 90 363 31 
2007-08 229 456 201 82 283 28 
2008-09 239 443 229 49 278 27 
2009-10 205 576 152 27 179 24 
2010-11 267 526 149 18 167 23 
2011-12 225 451 198 94 292 28 
2012-13 261 553 132 14 146 22 
2013-14 156 456 218 130 348 32 
2014-15 218 548 131 63 194 26 
2015-16 282 605 81 0 81 19 
Average 182 499 194 87 281 29 

 

Figure 3 visually represents the AQI category frequencies per wood burning season 
further illustrating that there were fewer Unhealthy for Sensitive Groups and higher days 
and more Good and Moderate days in the 2015-2016 wood burning season compared 
to previous seasons.  For the first time in PM2.5 recorded history (since 1999-2000 
wood burning season), the 2015-2016 wood burning season was the first season when 
no Unhealthy AQI days occurred.   
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Figure 3 County-Day AQI Category Frequencies per Wood Burning Season3 

 

In summary, the 2015-2016 wood burning season was the cleanest winter season air 
quality the Valley has ever experienced since the beginning of PM2.5 measurements in 
the late 1990s.  The 2015-2016 season set new records across a number of metrics, 
including: the greatest number of Good AQI days, lowest number of Unhealthy AQI 
days (zero days), lowest number of days exceeding the 24-hour PM2.5 standard of 35 
µg/m3, and the lowest average PM2.5 concentration. 

Temporal 24-hour PM2.5 Exceedance Analysis  

Understanding when winter-time exceedances of the 24-hour PM2.5 NAAQS occurs is 
helpful in determining which months tend to experience the highest concentrations.  
Table 4 separates the basin-day exceedances of the 24-hour PM2.5 NAAQS by month 
per wood burning season.   From this table, it is clear that the month of February has 
historically recorded the fewest exceedances, while the months of November through 

3 Note that for Leap Years (1999-2000, 2003-2004, 2007-2008, and 2011-2012) the total county-day AQI 
frequency total equals 968.   For non-Leap Years, the total county-day AQI frequency total equals 960. 
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January are more evenly distributed.   The 2015-2016 season had the fewest basin day 
24-hour PM2.5 exceedances since PM2.5 measurements began in 1999.    

Table 4 San Joaquin Valley Basin-Day 24-Hour PM2.5 NAAQS Exceedances  
by Month per Season 

 
Season November December January February Total 
1999-2000 21 26 19 2 68 
2000-2001 23 28 18 7 76 
2001-2002 18 17 26 20 81 
2002-2003 24 16 24 12 76 
2003-2004 15 11 19 5 50 
2004-2005 18 16 5 14 53 
2005-2006 15 15 13 14 57 
2006-2007 15 20 26 11 72 
2007-2008 24 15 14 12 65 
2008-2009 19 16 23 4 62 
2009-2010 13 20 10 7 50 
2010-2011 13 10 14 5 42 
2011-2012 9 29 23 3 64 
2012-2013 10 4 18 6 38 
2013-2014 14 26 28 3 71 
2014-2015 14 5 21 13 53 
2015-2016 6 8 6 7 27 
Average 16 17 18 9 59 

 

Peak PM2.5 Concentration Analysis 

Assessing which air monitoring site recorded the county maximum PM2.5 concentration 
reveals how the peak concentration moves around the District from year to year.  To 
conduct this analysis, the peak 24-hour average PM2.5 concentration for each county 
was gathered for the season.  Table 5 shows the peak 24-hour PM2.5 concentration by 
county for the past three wood burning seasons.  As is evident in the table, the peak 
PM2.5 concentration and location varies by year. This past wood burning season Kern 
County registered the highest 24-hour PM2.5 concentration at 53 µg/m3, with Stanislaus 
County recording the second highest at 52 µg/m³.  

Additionally, when comparing the peak concentrations per county during this past 2015-
2016 wood burning season to the previous two seasons, which were heavily influenced 
by the historic drought, a significant difference is observed.  At an extreme, the peak 
concentration in Tulare County during the 2013-2014 season was almost three times 
larger than the peak concentration experienced during the 2016-2016 season.  This 
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demonstrates the strong effect that meteorology can have on ambient PM2.5 
concentrations. 

Table 5 Peak 24-hour PM2.5 Concentrations (µg/m3) by County for the Past  
Three Wood Burning Seasons 
 

County 2013-2014 2014-2015 2015-2016 
San Joaquin 62 62 43 
Stanislaus 83 72 52 
Merced 75 65 43 
Madera 88 80 44 
Fresno 103 81 49 
Kings 129 98 51 
Tulare 124 92 42 
Valley portion of Kern 112 112 53 
Sequoia National Park and Forest 43 30 4 
Greater Frazier Park Area 39 28 32 
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V.   ANALYSIS OF FORECASTING 

To produce the residential wood burning declarations for the counties and forecast 
areas in the Valley, District staff evaluate: (1) meteorological parameters (e.g., 
barometric pressure, horizontal and vertical wind speed and direction both at the 
surface and at certain altitudes, vertical mixing heights, surface temperature, relative 
humidity, precipitation, etc.); (2) recent and current air pollutant and precursor 
concentrations at over thirty monitoring sites across the District; and (3) the potential for 
changes in emissions, such as residential wood burning, prescribed burning, hazard 
reduction burning, agriculture burning, and vehicle activity.  

District staff forecast a 24-hour PM2.5 and PM10 concentration for each area in the 
District using a multi-variable linear regression statistical model and the ongoing air 
quality trends at the time of evaluation.  The District evaluates its wood burning 
declaration accuracy by comparing the curtailment determinations with the subsequent 
observed concentration measurements from air monitoring sites throughout the Valley. 

Wood Burning Declaration Forecast Accuracy 

During a wood burning season, the District issues one of three possible daily 
declarations for each forecast area: “No Burning for All (NBFA)”, “No Burning Unless 
Registered (NBUR)”, or “No Restrictions, Burning Discouraged (NR).”  The declaration 
is NBFA if the forecast 24-hour average PM2.5 concentration is greater than 65 µg/m³ or 
a forecast 24-hour average PM10 concentration of 135 µg/m³ or greater.  The declaration 
is NBUR if the forecast 24-hour average PM2.5 concentration is between 20 and 65 
µg/m³, inclusive.  The declaration is NR if the forecast PM2.5 concentration for an area 
is less than 20 μg/m3.   

For NBFA, NBUR, and NR days, the District considers the declaration as accurate if the 
subsequent observed PM2.5 concentration is within the same respective declaration 
level.  For NBFA, NBUR and NR days, the District considers the forecast as inaccurate 
if the observed PM2.5 concentration is not within the same respective declaration level.  
Some inaccuracy among the curtailment forecasts is expected due to the effectiveness 
of Rule 4901, where forecast PM2.5 concentrations can often be greater than the 
observed value due to the public’s commitment to comply with the rule and reduce 
residential fireplace emissions, thereby reducing the overall ambient PM2.5 
concentration. 

Table 6 summarizes the overall curtailment accuracy statistics by forecast area; or the 
number of times out of the possible 121 days per forecast area, that the declaration was 
accurate.  The overall declaration accuracy ranged between 72 and 80 percent for all 
forecast areas, with a valley-wide average of 76 percent. 
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Table 6 Combined Declaration Accuracy by Area for the 2015-2016 Season 

Forecast Area Declarations Accuracy % 
San Joaquin 121 72% 
Stanislaus 121 77% 
Merced 121 80% 
Madera 121 76% 
Fresno 121 76% 
Kings 121 74% 
Tulare 121 75% 
Kern “Valley Portion of” 121 79% 
Total (Counties) 968 76% 
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VI.   EVALUATION OF RULE 4901 EFFECTIVENESS 

Statistical models for Modesto, Fresno and Bakersfield were developed to quantify 
PM2.5 reductions and evaluate air quality improvements attributable to Rule 4901 
amendments in 2003, 2008 and 2014.  These models use generalized linear modeling 
techniques with logarithmic transformations to establish relationships between 
meteorology and PM2.5 concentrations that existed prior to the 2003 Rule 4901 
amendments.  Results from this model were used to evaluate rule effectiveness through 
the winter of 2015-2016.  

Using daily and hourly observed PM2.5 concentrations as dependent variables with 
meteorological parameters such as wind speed, temperature, and stability as 
independent variables, statistical relationships of PM2.5 to meteorology were developed 
for the winters of 2001-2002 and 2002-2003, which occurred before mandatory wood 
burning curtailments were issued under Rule 4901.  These statistical relationships made 
it possible to predict daily and evening PM2.5 levels in the period following the 2003, 
2008 and 2014 rule amendments, which were then compared to observed PM2.5 
concentrations to evaluate air quality improvements.  A consistent pattern of model-
predicted values being higher than what was actually observed provides compelling 
statistical evidence that the District’s control strategy, including wood burning 
curtailments, was responsible for the changes in PM2.5 concentrations. 

This statistical modeling indicates that significant air quality improvement has been 
made from Rule 4901 amendments in Modesto, Fresno and Bakersfield.  Winter 2015-
2016 showed an average improvement of 20 µg/m³ (51%) in the 24-hour average 
PM2.5 from all Rule 4901 amendments.  Average PM2.5 concentrations measured 
during the evening hours of 8:00 p.m. to 12:00 a.m. have improved by 28 µg/m³ (52%) 
over the same time period.   

Tables 7 through 9 and Figure 4 show PM2.5 improvements for Modesto, Fresno, and 
Bakersfield for the 2003, 2008 and 2014 Rule 4901 amendments.  For 24-hour average 
PM2.5 concentrations, Fresno shows the most improvement from Rule 4901 (24 µg/m3) 
while Modesto and Bakersfield show improvements of 17 µg/m3 and 18 µg/m3, 
respectively.  All locations show the most improvement during the evening hours (8:00 
p.m. to 12:00 a.m.), which fits the assertion that air quality improvements are primarily 
related to residential wood burning.  

The 2008 amendments to Rule 4901 approximately doubled the rule effectiveness 
attributable to the 2003 amendments.  The 2014 amendments to Rule 4901 continue to 
show improvements in measured air quality versus the modeled uncontrolled PM2.5 
concentrations, and this improvement is expected to continue to be observed in future 
winter seasons.  With respect to this last winter season, the rule effectiveness analysis 
shows that air quality was much better during the 2015-2016 season compared to the 
projected air quality under a scenario where Rule 4901 and the rest of the District’s 
control strategy did not exist. 
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Table 7 Improvement due to 2003 Rule 4901 Amendments 

Winters 2003-2004 to 2007-2008 
 Modesto Fresno Bakersfield 
Daily (24-hr Average) 6 µg/m3 (22%) 10 µg/m3 (24%) 7 µg/m3 (19%) 
Evening Average 10 µg/m3 (25%) 20 µg/m3 (29%) 11 µg/m3 (22%) 

 

Table 8 Improvement due to 2003 and 2008 Rule 4901 Amendments 
Combined 

Winters 2003-2004 to 2013-2014 
 Modesto Fresno Bakersfield 
Daily (24-hr Average) 15 µg/m3 (44%) 21 µg/m3 (43%) 14 µg/m3 (35%) 
Evening Average 24 µg/m3 (47%) 38 µg/m3 (50%) 22 µg/m3 (38%) 

 

Table 9 Improvement due to 2003, 2008 and 2014 Rule 4901 Amendments 
Combined 

Winters 2003-2004 to 2015-2016 
 Modesto Fresno Bakersfield 
Daily (24-hr Average) 17 µg/m3 (53%) 24 µg/m3 (55%) 18 µg/m3 (45%) 
Evening Average 23 µg/m3 (54%) 37 µg/m3 (57%) 23 µg/m3 (44%) 
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Figure 4 PM2.5 Concentration Change by Rule Period 

a. Modesto 

 
b. Fresno 

 
c. Bakersfield 
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Figures 5a, 6a, and 7a show annual improvements in daily and evening wintertime 
PM2.5 concentrations in Modesto, Fresno, and Bakersfield.  In the results of this 
modeling analysis, because ambient PM2.5 concentrations are decreasing across the 
board, the year-to-year comparisons are not as meaningful as the fact that measured 
PM2.5 air quality has consistently been lower than that which has been projected to 
occur if the District’s control strategy was not in place.  This fact, along with the 
observation that night time concentrations have dropped even lower than day time 
concentrations, compared to the modeled uncontrolled concentration levels, provides 
strong evidence that much of this improvement is due to emissions reductions under 
Rule 4901, which is expected to have its greatest impact on night time emissions.   

Figures 5b, 6b, and 7b represent the measured ambient night time PM2.5 
concentrations as compared to the projected concentrations in the absence of the 
District’s PM2.5 control strategy.  Actual night time concentrations in Modesto for this 
past season were 56% lower than the modeled projection, a higher percentage 
difference than any prior season, indicating continuously improving effectiveness of 
Rule 4901.  Similarly, for Fresno and Bakersfield, the actual measured night time PM2.5 
concentrations for this past season were 60% and 53% lower than the modeled 
projection, both being the highest percentage recorded in any season, indicating 
continuously improving effectiveness of Rule 4901 in these regions as well. 
 
As PM2.5 concentrations across the Valley have continued to decrease, this analysis 
has become more meaningful in terms of the effectiveness of Rule 4901.  Emissions 
levels are at historically low levels, yet large and increasing differences between actual 
PM2.5 concentrations and modeled uncontrolled concentrations are still being 
observed. 
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Figure 5a Modesto PM2.5 Concentration Change by Season 

 

Figure 5b Modeled and Actual Night Time PM2.5 Concentrations in Modesto 
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Figure 6a Fresno PM2.5 Concentration Change by Season

 

Figure 6b Modeled and Actual Night Time PM2.5 Concentrations in Fresno 
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Figure 7a Bakersfield PM2.5 Concentration Change by Season 

 

Figure 7b Modeled and Actual Night Time PM2.5 Concentrations in Bakersfield 
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Figure 8 shows the distribution of evening PM2.5 changes based on expected 
concentration ranges after 2003 Rule 4901 amendments.  This figure shows that most 
improvement was observed at higher concentrations, which is consistent with the 65 
µg/m3 burning curtailment threshold at the time.  

Figure 8 Modesto, Fresno, and Bakersfield Reduction in Evening (8 PM to 12 
AM) PM2.5 during the 2003-2004 to 2007-2008 Winters 
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This Box-Whisker plot is a representation of the data distribution. 
The middle line indicates the median value.  The shaded area 
of the box represents the middle 50% of the data.

The "zero-line" represents 
no change from the 
expected concentration.

 

Figure 9 shows the distribution of evening PM2.5 changes based on expected 
concentration ranges after the 2003 and 2008 Rule 4901 amendments.  Amendments in 
2008, which lowered curtailment thresholds to 30 µg/m3, had more influence reducing 
PM2.5 concentrations at lower concentration levels than amendments in 2003 alone.  
The lowered threshold captured more curtailment days, resulting in lower PM2.5 
concentrations on more days. 
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Figure 9 Modesto, Fresno, and Bakersfield Reduction in Evening (8 PM to 12 
AM) PM2.5 during the 2008-2009 to 2013-2014 Winters 
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This Box-Whisker plot is a representation of the data distribution. 
The middle line indicates the median value.  The shaded area 
of the box represents the middle 50% of the data.

The "zero-line" represents 
no change from the 
expected concentration.

 

Figure 10 shows the distribution of evening PM2.5 changes based on expected 
concentration ranges from 2003, 2008 and 2014 Rule 4901 amendments.  

This figure indicates that the combined improvement of all amendments is not 
statistically different from improvements seen from 2003 and 2008 amendments alone. 
Several years are required before the effectiveness of the 2014 amendments can be 
assessed. 
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Figure 10 Modesto, Fresno, and Bakersfield Reduction in Evening (8 PM to 12 
AM) PM2.5 during the 2014-2015 to 2015-2016 Winters 
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This Box-Whisker plot is a representation of the data distribution. 
The middle line indicates the median value.  The shaded area 
of the box represents the middle 50% of the data.

The "zero-line" represents 
no change from the 
expected concentration.

 

 

Overall, the Valley’s PM2.5 concentrations have dramatically decreased since 2003, 
2008 and 2014 Rule 4901 amendments.  Without the Rule 4901 effectiveness analysis, 
it would have been unclear if decreases in PM2.5 concentrations could be attributed to 
the District’s control strategy or changes in seasonal weather patterns. 
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APPENDIX A.  SUPPORTING METEOROLOGICAL INFORMATION 

Effects of Dispersion Mechanisms on PM2.5 Concentration 

In order to disperse particulates in the atmosphere, horizontal and/or vertical mixing 
needs to be present.  Wind flow and vertical mixing of the atmosphere provide the 
strongest mechanisms for dispersing pollutants.   

Air quality generally improves when wind flow mixes and disperses pollutants 
horizontally over a larger area.  Pollutant concentrations are also greatly influence by 
wind speed.  Generally, the higher the wind speed the lower the PM2.5 concentrations. 

Vertical mixing or lack thereof is dependent on the instability or stability of the 
atmosphere.  Temperature decreasing with height creates an unstable atmosphere 
which optimizes vertical mixing and dispersal of pollutants.  During low pressure events, 
unstable conditions and stronger wind speeds occur.  PM2.5 concentrations can 
decrease or increase depending on the strength and characteristics of the low pressure 
system. 

When temperature increases with height, it produces a temperature inversion and 
atmospheric stability.  Surface based temperature inversions tend to trap pollutants near 
the surface and cause pollution levels to increase.   High pressure systems produce 
stable conditions with low wind speeds which inhibit dispersion.  Prolonged periods of 
high pressure can lead to stagnation events during which PM2.5 concentrations 
continue to increase. 

Effects of Rainfall on PM2.5 Concentration 

Since there is a perception that rainfall washes out PM2.5, the District receives many 
inquiries about why curtailments are declared when it is raining.  This cleansing process 
can occur in some precipitation events; however, wind flow (horizontal mixing) and/or 
temperature instability (vertical mixing) are the primary mechanisms that lower PM2.5 
concentrations rather than rain.    

A more detailed analysis of the cause and effect relationship between rainfall and 
PM2.5 concentrations in Fresno is found in the Analysis of Data from the 2008-2009 
Wood-burning Season, presented to the Governing Board in April 2009.   This analysis 
included a review of a scientific research article, Model for Time-dependent Raindrop 
Size Distributions; Application to the Washout of Airborne Contaminants by Abraham et 
al.4  According to the research, depending on the intensity of the rainfall, particles 
(including fine particulates) may either increase near the surface due to evaporative 
processes overcoming light intensity rainfall events or particles may be reduced or 
washed out in higher intensity rainfall events.    

4 Abraham, F.F., et al, Model for Time-dependent Raindrop Size Distributions; Application to the Washout 
of Airborne Contaminants, IBM Journal of Research and Development, March 1972, pp. 91-96. 
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During light and high intensity rainfall events, calm to low wind speeds and poor vertical 
temperature mixing can lead to poor dispersion conditions that result in fine particulate 
levels remaining high.  In order for horizontal mixing to occur, wind speeds must be 
strong enough to mix out the particulates.  Stronger horizontal winds and deeper vertical 
mixing in the absence or presence of rainfall, typically lead to lower PM2.5 levels.   

In summary, higher rainfall intensity events do not necessarily “wash out” 
PM2.5.  Rainfall must be accompanied by either temperature instability (vertical mixing) 
and/or wind flow (horizontal mixing) to disperse fine particulates.   

Monthly Weather Summaries of the 2015-2016 Wood Burning Season 

November 2015 

A distinct change in the weather pattern occurred on November 2nd and 3rd as 
weakening high pressure over California gave way to a cold, wet low pressure system 
from the Gulf of Alaska.  This storm system brought ample precipitation to central 
California and also provided good dispersion which helped keep the Valley’s PM2.5 
concentrations low.   The storm system then moved eastward into Nevada on 
November 4th and was followed by a high pressure pattern that produced stable 
conditions over the region through November 8th.  Chilly mornings, patchy morning fog, 
and mild afternoon temperatures prevailed across the San Joaquin Valley and air 
quality became moderate as dispersion deteriorated.   

The next dispersive storm system moved through the region November 9th and 10th with 
another round of precipitation for the Valley.  The Valley’s air quality also improved with 
the storm’s passage.  After the storm departed, high pressure developed over the 
region and PM2.5 concentrations rose under poor dispersion conditions.  The familiar 
attributes of patchy dense morning fog and warm sunny afternoons also became 
prevalent November 11th through 14th.   

A cold low pressure system arrived on November 15th and 16th, with below average 
temperatures and more precipitation.  This system also produced thunderstorms with 
hail and gusty winds in Merced, Stanislaus, and Kern Counties.  In addition, it spawned 
a tornado that caused minor damage in Stanislaus County, and brought gusty winds to 
the west side of the Valley.  Good dispersion also accompanied the storm system and 
air quality improved greatly as PM2.5 concentrations lowered Valley-wide on November 
16th. 

The storm system moved out of the region on November 17th and an Arctic air mass 
followed in its wake.   Valley temperatures remained quite cool for the next couple of 
days and many Valley locations experienced the first freeze event of the season as 
morning temperatures fell. The Arctic air shifted eastward by November 20th, and high 
pressure built over the region through November 23rd.   Stable conditions ensued in the 
Valley and daytime temperatures warmed to above average.  In fact, a record high 
temperature of 82ºF occurred at the Bakersfield Meadows Field Airport on the 
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23rd.  Morning fog was also prevalent and slow to lift in some parts of the Valley during 
this period.  Air quality deteriorated under this stagnant high pressure pattern as well.  

By the morning of November 24th a low pressure system from the Gulf of Alaska quickly 
moved southward through the Pacific Northwest and arrived in California that 
afternoon.  The Valley received another round of good dispersion, cooler air, and light 
precipitation as a cold front passed through on November 24th and 25th.  Air quality also 
improved with the frontal passage.  The low remained over California through 
November 27th before shifting eastward over Nevada where it essentially stalled before 
high pressure displaced it on November 30th.  The month ended with below freezing 
temperatures and frost in the mornings, cooler daytime temperatures, dry conditions, 
and Moderate air quality across the Valley. 

December 

The first ten days of December were characterized by an alternating pattern of weak 
high and low pressure systems and primarily non-dispersive conditions across the San 
Joaquin Valley.  High pressure and a dry air mass over the region rendered stable 
conditions, chilly fog-free mornings, and afternoon temperatures near 60ºF in the San 
Joaquin Valley on December 1st and 2nd.  Air quality ranged from moderate in the 
northern and central portions of the Valley, to unhealthy for sensitive groups in the 
southern portion through the period.  A weak low pressure system moved through the 
region on December 3rd and 4th with precipitation that was mainly confined to the 
northern parts of the Valley.  The low also brought better dispersion which helped 
reduce PM2.5 concentrations across the Valley but unfortunately the improvement was 
short-lived.  High pressure briefly returned on December 5th as air quality quickly 
deteriorated under stable conditions.  Another weak low followed on December 6th but it 
was not strong enough to disperse pollutants out of the Valley.   By December 8th, high 
pressure rebuilt over the region and PM2.5 concentrations increased across the Valley 
through December 10th. 

A significant change in the weather pattern occurred on December 10th when the first of 
two strong low pressure systems arrived and brought ample precipitation to the San 
Joaquin Valley that afternoon.  More precipitation fell the next day and dispersion and 
air quality improved greatly as well.  The next storm system moved into the region on 
December 13th and 14th and was colder than the previous one.  It brought superior 
dispersion, another round of rainfall for the Valley, and produced isolated thunderstorms 
in Fresno County during the evening hours of December 14th.  In addition, northerly 
wind flow associated with this system ushered cold air into the Valley and morning 
temperatures subsequently fell below freezing on December 14th and 15th. 

After the low moved eastward into Nevada high pressure followed in its wake on 
December 16th.   For the next couple of days, skies cleared, localized fog formed during 
the morning hours, and daytime temperatures warmed under the stable weather 
pattern.  PM2.5 concentrations also increased during this period. 
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Unsettled weather returned to the region on December 19th with the first in a series of 
low pressure systems that brought more rainfall and good dispersion to the Valley.  Rain 
fell throughout much of the day on the 19th then tapered off in the evening.  A brief 
break from the rain occurred on December 20th with dense fog in the morning and dry 
conditions through the afternoon and evening.  A much wetter storm moved through the 
region on December 21st and 22nd wherein parts of the Valley received over an inch of 
rain.  The next storm system brought additional precipitation and another round of cold 
air from the north to the Valley on December 24th and 25th.  The last low pressure 
system arrived on December 27th and 28th although with much less strength than its 
predecessors.  While little to no rain accompanied this system, cold air continued to 
infiltrate the region.  Thus, December came to a close with brisk temperatures and 
frosty nights prevailing across the San Joaquin Valley. 

January 2016 

A cold New Year’s Eve gave way to widespread dense freezing fog and temperatures 
only reaching the upper 20s in many Valley locations during the early morning hours on 
January 1st.   As the day progressed, a low pressure system moved over California and 
gradually shifted northeastward on January 2nd and 3rd.  This system was essentially dry 
and non-dispersive and led to elevated PM2.5 concentrations across the region. 

The first of a series of low pressure systems brought more rainfall to the Valley by 
January 4th and dispersion and air quality improved on January 5th.  The second system 
moved through the area on January 5th and 6th and was the wettest and coldest of this 
series of storms.  The Valley’s rainfall totals from this storm ranged from one-quarter 
inch to over one inch. Light precipitation and good dispersion continued across the 
Valley January 7th through the daytime hours of January 9th as the last two weaker 
systems moved through the region. 

A weak high pressure system developed the night of January 9th and remained over the 
region through January 11th.  Dense fog developed under the stable conditions and 
became widespread during the night and morning hours. 

The high pressure system shifted eastward into Nevada on January 12th and opened 
the door for a series of weak low pressure systems that moved through the region and 
brought light precipitation to the Valley through January 15th.  The next round of storm 
systems traversed the northern portion of the Valley January 16th through 18th.  Rainfall 
totals of one-quarter of an inch occurred in areas north of Merced and less than one-
tenth of an inch from Merced southward.  Relatively good dispersion accompanied 
these systems, and good to moderate air quality prevailed through the period. 

Except for the brief period of high pressure, patchy morning fog, and dry conditions that 
occurred on January 20th, a parade of storm systems continued to pass through the 
region and added to the Valley’s winter rainfall totals between January 19th and 
23rd.  The last low pressure system shifted eastward into Nevada on January 24th and 
high pressure followed in its wake. 
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The high pressure pattern presided over the region January 25th through 28th and 
caused air quality to deteriorate under poor dispersion conditions.  High pressure 
weakened on January 28th as a low pressure system approached the region; however 
PM2.5 levels increased more as stability strengthened ahead of the system’s 
arrival.  Air quality was unhealthy for sensitive groups in most Valley locations on 
January 29th with light rain.   

The low pressure system finally arrived on January 30th and quickly scoured pollutants 
out of the Valley.  The system produced very active weather on January 31st which 
included gusty winds on the west side of the Valley, evening thunderstorms in 
Porterville, and ample rainfall across the entire area.  Many valley locations received 
over one-inch of rain that day.   Overall, January proved to be a very dispersive and wet 
month which helped improve the Valley’s air quality and replenish the Valley’s rainfall 
totals. 

February 2016 

February got off to a chilly start as cold air filtered into the region behind a low pressure 
system that shifted eastward into Nevada on February 1st.  Another low pressure 
system moved through the region on February 2nd and 3rd with more cold air and only a 
trace of rain for the Valley.  As such, temperatures remained cooler than normal the first 
few days of the month. 

High pressure began building over the region on February 4th and ultimately became the 
dominant weather feature through February 16th.   Dense fog blanketed many locations 
in the mornings and afternoons resembled springtime as temperatures warmed into the 
70s.  Stability also strengthened during the period as poor dispersion caused PM2.5 
levels to increase resulting in moderate to unhealthy for sensitive groups air quality.  

The robust high was finally booted eastward by a low pressure system that swung into 
the region from the Gulf of Alaska on February 17th and 18th.   The low was a dispersive, 
wet system that scoured pollutants out of the Valley and brought light amounts of 
precipitation to the area.  Additionally, cooler air arrived with the system and daytime 
temperatures subsequently dropped into the 60s over the next few days. 

High pressure rebuilt over the region on February 19th as dry, stable conditions returned 
across the Valley.  The remainder of the month was characterized by localized morning 
fog and sunny afternoons.  Daytime temperatures had warmed into the 70s by February 
23rd.  Additionally, good to moderate air quality prevailed through the end of the 
month.  Other than slightly cooler temperatures associated with a weak disturbance that 
moved through the area on February 27th, the attributes of spring were more evident 
than those of winter as February came to a close. 
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Comparison of Meteorological Parameters 

During the wood burning season, low pressure systems can move into the region, with 
increased wind speeds and improved dispersion conditions to the San Joaquin Valley.   
In contrast, high pressure systems that build over the region tend to produce weak 
winds and deteriorating dispersion conditions in the San Joaquin Valley.  When weather 
patterns change, stability also changes.  Higher stability indicates the presence of high 
pressure and lower stability indicates the presence of low pressure.   

Tables A-1 to A-3 shows meteorological parameter averages from the past six winter 
seasons in the San Joaquin Valley.   Winds in the San Joaquin Valley tend to be 
characteristically light during the winter months with average wind speeds ranging 
between 2 to 5 miles per hour.   

Average maximum temperatures indicate that December and January are the coldest 
months in the valley with minimum temperatures ranging between 30 to 40 degrees 
Fahrenheit, and maximum temperatures generally ranging between 50 to 60 degrees 
Fahrenheit.   

The winter season’s alternating weather patterns generally deliver the majority of 
precipitation-producing storm systems to the San Joaquin Valley in December, January, 
and February while November is characteristically drier.   

As mentioned earlier in this report, one measure of atmospheric stability is the average 
morning stability parameter.  The higher temperature stability parameter values indicate 
that the atmosphere is more stable, which, in turn, leads to potentially higher PM2.5 
concentrations.   The lower stability temperature parameter values indicate a less stable 
atmosphere and potentially lower PM2.5 concentrations.   
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Table A-1 Modesto Meteorological Parameter Comparison 

Modesto 

  
Avg Wind 

Speed  
(mph) 

Avg Min 
Temp 
(˚F) 

Avg Max 
Temp 
(˚F) 

Total 
Precip 

(inches) 
Avg  Morning 
Stability (˚C)  

November 

2010 4.2 43 63 2.2 1.3 
2011 4.8 43 62 0.7 1.3 
2012 3.9 45 67 1.7 1.7 
2013 3.3 43 67 1.1 3.6 
2014 3.7 46 66 1.1 2.5 
2015 4.7 42 63 2.3 1.1 

              

December 

2010 4.7 45 56 3.5 -2.2 
2011 3.0 32 56 0.2 7.0 
2012 5.4 41 54 4.2 -0.7 
2013 3.0 33 59 0.2 8.4 
2014 5.7 47 59 5.7 -2.0 
2015 5.5 39 56 2.0 -0.1 

        

January 

2011 3.1 40 51 1.1 4.6 
2012 3.8 36 59 0.9 7.3 
2013 3.2 34 55 1.3 5.1 
2014 2.5 37 65 0.5 8.2 
2015 3.2 40 57 0.0 6.4 
2016 5.2 45 58 5.0 -2.8 

        

February 

2011 4.8 38 59 2.4 -0.1 
2012 5.8 41 62 0.8 0.1 
2013 4.2 37 61 0.3 2.7 
2014 5.6 45 64 2.5 -0.8 
2015 4.8 46 67 1.8 3.0 
2016 4.8 44 68 0.6 3.5 

        

Wood 
Burning 
Season 

2010-2011 4.2 42 57 9.3 0.9 
2011-2012 4.3 38 60 2.6 4.0 
2012-2013 4.2 39 59 7.6 2.2 
2013-2014 3.6 39 64 4.3 5.0 
2014-2015 4.3 44 62 8.6 2.6 
2015-2016 5.1 42 61 9.9 0.4 

April 21, 2016 A-7  Technical Analysis of the 2015-2016 
Wood Burning Season 



Table A-2 Fresno Meteorological Parameter Comparison 

Fresno 

  

Avg Wind 
Speed  
(mph) 

Avg Min 
Temp  
(˚F) 

Avg Max 
Temp  
(˚F) 

Total 
Precip 

(inches) 
Avg  Morning 
Stability (˚C)  

November 

2010 3.5 44 64 1.8 0.8 
2011 3.3 45 62 0.7 0.3 
2012 3.1 49 68 1.1 -0.1 
2013 2.5 47 70 0.5 1.2 
2014 3.0 49 67 0.5 1.1 
2015 3.6 42 62 1.8 1.0 

        

December 

2010 3.9 45 57 5.9 -2.1 
2011 2.1 34 58 0.0 6.0 
2012 4.7 44 57 2.1 -2.6 
2013 2.3 36 59 0.1 6.7 
2014 4.1 45 59 2.3 -1.3 
2015 4.1 38 54 3.0 0.8 

        

January 

2011 2.5 41 52 1.7 3.9 
2012 2.9 38 61 1.4 5.7 
2013 2.7 37 58 0.6 3.6 
2014 2.4 40 66 0.6 6.3 
2015 2.4 41 57 0.2 5.4 
2016 4.5 43 57 4.4 -1.9 

        

February 

2011 4.2 39 59 1.6 -0.7 
2012 4.1 43 63 0.7 -1.0 
2013 2.9 40 62 1.0 1.1 
2014 4.9 47 66 2.1 -2.1 
2015 3.9 47 67 1.1 2.3 
2016 3.2 44 67 0.3 3.2 

        

Wood 
Burning 
Season 

2010-2011 3.5 42 58 11.1 0.5 
2011-2012 3.1 40 61 2.8 2.8 
2012-2013 3.4 42 61 4.8 0.5 
2013-2014 3.0 42 65 3.4 3.1 
2014-2015 3.3 45 62 4.1 2.0 

 2015-2016 3.9 42 60 9.5 0.7 
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Table A-3 Bakersfield Meteorological Parameter Comparison 

Bakersfield 

  

Avg Wind 
Speed  
(mph) 

Avg Min 
Temp 
(˚F) 

Avg Max 
Temp 
(˚F) 

Total 
Precip 

(inches) 
Avg  Morning 
Stability (˚C)  

November 

2010 4.1 45 66 0.8 0.5 
2011 4.9 44 63 0.8 0.4 
2012 3.7 47 69 0.1 0.9 
2013 3.7 48 69 0.9 0.9 
2014 4.1 50 69 0.1 0.3 
2015 4.0 43 64 0.6 0.3 

        

December 

2010 4.0 45 60 5.8 -2.4 
2011 3.4 34 58 0.0 6.2 
2012 4.0 42 59 0.6 -1.6 
2013 3.4 36 60 0.1 6.3 
2014 4.6 46 62 2.1 -1.7 
2015 4.2 39 58 0.6 0.1 

        

January 

2011 3.4 40 54 0.4 4.4 
2012 3.9 39 65 0.4 5.0 
2013 3.3 36 58 0.8 4.1 
2014 4.1 43 67 0.1 5.1 
2015 3.3 43 59 0.7 4.7 
2016 4.5 44 60 2.2 -2.3 

        

February 

2011 4.4 39 61 0.5 -0.6 
2012 5.5 44 66 0.3 -1.7 
2013 4.0 40 63 0.6 1.1 
2014 4.6 47 67 0.3 -2.0 
2015 4.4 48 71 0.9 1.9 
2016 4.2 44 69 0.2 3.1 

        

Wood 
Burning 
Season 

2010-2011 4.0 42 60 7.5 0.5 
2011-2012 4.4 40 63 1.5 2.6 
2012-2013 3.7 41 62 2.2 1.1 
2013-2014 3.9 43 66 1.5 2.7 
2014-2015 4.1 47 65 3.8 1.4 
2015-2016 4.2 42 63 3.6 0.2 
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