








Attachment A 
 

Clarifying information for the San Joaquin Valley 2018 Plan regarding model sensitivity 
related to ammonia and ammonia controls 

 
CARB is confident in the model and in the conclusions around ammonia sensitivity. 
 
As early as the 1995 Integrated Modeling Study (IMS95), in situ measurements in the 
San Joaquin Valley (SJV) indicated the region was NH3 saturated, which supports NOx 
being the controlling precursor to ammonium nitrate formation (Kumar et al., 1998; 
Blanchard et al, 2000).  Wintertime measurements five years later during the CRPAQS 
field study (December 1999 through February 2001) were consistent with the IMS95 
findings, where nearly all of the measurements were NH3 saturated (Lurmann et al., 
2006).  More recent measurements during the Discover-AQ field campaign in January 
and February 2013 (Parworth et al., 2017; and Figure 1), support previous findings of an 
NH3 saturated environment, where a small to moderate reduction in NH3 emissions is 
likely to have little to no effect on ammonium nitrate concentrations. 
 

Figure 1.  Excess NH3 in the SJV on January 18, 2013 (left) and January 20, 2013 
(right) based on NASA aircraft measurements, where excess NH3 is calculated following 
Blanchard et al. (2000). 
 
Between 2000 and 2013, anthropogenic NOx emissions were estimated to have 
declined by over 50%, while NH3 emissions declined by roughly 4% (Figure 2).  By 2025 
(not including emission reduction commitments from the 2018 PM2.5 SIP), 
anthropogenic NOx emissions are estimated to decline by nearly 80% from 2000 levels, 
while NH3 emissions are estimated to decrease by only 5% (Figure 2).  The large NOx 
reductions compared to relatively small NH3 reductions means that the SJV has shifted 
(and will continue to shift) towards an even greater level of NH3 saturation. 
 
  



Modeling sensitivity results suggest that a 30% reduction in NH3 emissions in 2013 is 
sufficient to have a non-trivial effect on ammonium nitrate levels, but by 2024, that same 
30% reduction in NH3 emissions has a negligible effect on ammonium nitrate levels.  
This is consistent with our understanding of how NH3 reductions will affect ammonium 
nitrate formation in a NH3 saturated environment and how that will change as the level 
of NH3 saturation increases (as it does under the current projection of emissions from 
2013 to 2024). 
 
 

 
Figure 2.  Trends in wintertime anthropogenic NOx and NH3 emissions in the SJV 
(CEPAM v1.05 Planning Inventory Tool). 
 
  



Peak PM2.5 levels throughout the SJV have been significantly reduced (in magnitude, as 
well as spatial extent and frequency of occurrence) since the early 2000’s.  However, 
the highest values affecting the PM2.5 design value calculation are strongly influenced 
by meteorological conditions, and prolonged adverse meteorology, such as the recent 
drought, may keep the PM2.5 design value higher than would have otherwise been 
expected. 
 
Since the late 1990’s, the PM2.5 problem in the SJV has continued to improve, both 
spatially and temporally, with a reduction in the spatial extent of elevated PM2.5 levels 
and in the number of days exceeding the PM2.5 standard (Figure 3).  Over the same 
time period, annual average PM2.5 levels have steadily declined, along with the upper 
percentiles in daily average PM2.5 concentration.  Figure 4 shows the trend in 80th, 85th, 
90th, and 95th percentile PM2.5 concentration in Fresno for total PM2.5, ammonium 
nitrate, and carbonaceous compounds based on measurement from the chemical 
speciation network.  At all four percentiles and for each PM species, a steady reduction 
in PM2.5 has been observed in Fresno since the early 2000’s (similar trends were also 
observed in Bakersfield), so clearly the control strategy developed for the SJV has 
resulted in a reduction in PM2.5 over time.   
 
In contrast, over the same time period, peak PM2.5 levels (98th percentile), relevant to 
the design value calculation, did not show a steady decline (Figure 3).  Instead, the 
peak PM2.5 concentrations declined in the early 2000’s, but then leveled off from around 
2003 to 2011, before rising again to early 2000 levels and then dropping precipitously in 
2015.  The rise in 98th percentile PM2.5 levels from 2011 to 2015 coincides with the 
prolonged drought experienced in the SJV (particularly southern SJV) over the same 
time period (Figure 5).  Peak PM2.5 levels are particularly sensitive to meteorological 
conditions, both in terms of the formation and buildup of ammonium nitrate, as well as 
emission activity for sources such as residential wood combustion (RWC).  Under 
conditions of prolonged drought, where stagnant conditions persist and rainfall is 
severely limited, peak PM2.5 levels can remain high despite continued emission 
reductions.  However, it is expected that as NOx emissions continue to decline and as 
greater controls and/or restrictions on activity for direct PM2.5 sources such as cooking 
and RWC are implemented, peak PM2.5 will begin to decline despite the presence of 
unfavorable meteorology. 
 
 
 
 
 
 
 
 



 
Figure 3. Trends in PM2.5 mass and exceedances in the San Joaquin Valley. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Figure 4. Trends in PM2.5 ammonium nitrate (top), carbonaceous compounds (middle), 
and total mass (bottom) from 2001 to 2016 at the Fresno monitoring site. 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5.  Precipitation trends in the Southern (top) and Central (bottom) SJV from the 
Global Precipitation Climatology Project 
(https://www.esrl.noaa.gov/psd/data/gridded/data.gpcp.html).  
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CARB is working to fill knowledge gaps on feasible and effective ammonia controls. 
 
Development of effective air pollution mitigation strategies for ammonia requires 
additional spatiotemporal understanding of atmospheric ammonia emissions that are 
currently lacking as a result of limited data.  CARB is conducting research, both in-
house and with external partners, to characterize gaseous ammonia emissions from 
agricultural activities in the San Joaquin Valley.  The results of these studies will help 
future development of CARB’s ammonia emission inventory, State Implementation Plan, 
Short-Lived Climate Pollutant Reduction Strategy, and community air protection 
program (AB 617). 
 
CARB’s Research Division has developed a new mobile measurement platform 
equipped with a state-of-the-science ammonia analyzer and other advanced analytical 
instruments to improve the understanding of various ammonia sources in California.  
Last year (September and October 2018), CARB staff collaborated with researchers 
from the University of California, Davis, to quantify emissions from several dairies in the 
SJV as part of the ongoing projects funded by the California Department of Food and 
Agriculture, CARB, and industry.  Methane, oxides of nitrogen, and other air pollutants 
and meteorological parameters were measured at or near dairies in addition to 
ammonia.  The major objective is to evaluate the effectiveness of various alternative 
manure management practices (AMMP) with respect to emission reductions as CARB 
staff will revisit these dairies after they implement the selected AMMP technologies.  
This effort is a direct response to SB 1383 requirements and goals.  The MMP is 
designed to identify air pollution sources and estimate their emission rates.  Its mobility 
makes it ideal for field measurements that require large spatial coverage, such as 
mapping ammonia mixing ratios with an emphasis on determining the magnitude of 
emissions, characterizing spatial variability of emissions, and identifying dominant 
sources of emissions.   
 
CARB staff is also working with academic researchers and industry representatives to 
explore potential opportunities to reduce the emissions of ammonia and other air 
pollutants from dairy manure lagoons which are one of the largest contributors to 
ammonia in California.  Preliminary experiments have been conducted, and further 
investigation is underway at some SJV dairies with the support from farmers.  
Additionally, CARB staff is planning to analyze existing satellite data to refine the spatial 
resolution and allocation of ammonia in California.  This may also help evaluate the 
impact of major wildfires on surface ammonia levels in recent years, and can be used to 
compare with the estimation methodology in the current ammonia emission inventory 
associated with wildfires. 
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