A Method for Quantifying Historical Air Quality in Unmonitored Regions 147 Annual cMAS conference g -y alina Public Access

October 5-7, 2015

Using Statistical Relationships Developed from Regional Air Quality Model Output MR | - motes of 5-hr ozone, 24-hr PM2.5 and A

Quality Index (AQl) were summarized and placed into a

David Nunes, San Joaquin Valley Air Pollution Control District, Fresno, CA web-based tool for retrieval. By entering an address,

residents can compare their historical neighborhood

1. |ntrOdUCti0n 3. Evaluation air quality to county and district summaries.

The Web-based Archived Air Quality (WAAQ) System is

Overview Figure 1.1: District 8-hr Ozone Figure 3.1: Figure 3.2: 8-hr Ozone Estimate Verification available at: http://www.valleyair.org/waaqgs

To provide residents with air quality trends : : : : o
P q Y ST Regression equations developed from 23 grid cells representing 27 3-hr Ozone R2 Evaluation Sites Madera - Pump Santa Rosa Rancheria Los Banos

in unmonitored locations, the San Joaquin iz monitoring sites k/?:dBearg?;ump Figure 5.1: Public Access to Neighborhood Trends

Valley Air Pollution Control District | Daily estimates for all grid cells from 1992 to 2014 /) Santa ROS;’ |
(SJVAPCD or District) estimated daily ke K S / Rancheria
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Sk Figure 3.2 shows Madera-Pump and Santa Rosa Rancheria regression |
maximum 8-hr average ozone and 24-hr | equations compared to CMAQ modeling and observations. These sites have — QE
average PM2.5 for the past 20 years across | = X~ = long-term observations, but were not included in model development. y=05506c 1 0433 T

the entire 231700 Square miles (581600 b T - yil .‘::\"'tw“m For COmpa riSOn, the City Of LOS BanOS iS a|SO iﬂClUdEd in Figure 3.2 daS a City | o 2 cu;;t;\qg tpauot(‘;i;}b) 120 140 o 2 CG;QGS tpauot(‘;i;}b) 120 140 0o 20 CI\:IoAqgumsat (;O;b) 120 140 ' e ot it
km2) of the District. Using CMAQ model | NN of interest near the limits of model performance. Adjusted R2
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k10 NEVADA { [r \ \ 1
O u t p u t a n d S p a t i a I reg re S S i O n ) e . L v \, \ g : 100 5 : y - 0.65 :E ' 4 - Observations: 1997-2014 - Observation Years: 2006-2014 - Observation Years: None O 1997 8-hour Ozone Standard
AN T . 0.70 oy
: N = v - .

o

o
o

~
o
&
o

Regression Eqn (ppb)
Regression Eqn (ppb)
Regression Eqn (ppb)

y =0.9850x + 0.7015 y = 0.9555x + 1.9634
R*=0.9850 R?=0.9555
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O Number of Good Days

No Observations
Available

O Number of Unhealthy Days

Regression Eqn (ppb)
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Percent of Population
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monitored and unmonitored locations at Ly 97% of residents live in grid cells with
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a “neighborhood” resolution of 4km. == == R® of at least 0.95 . |
. . . . . ] . . 1 00 p - . Y= 1.0283x + 2.0238 R s Y = 0.918x + 2.7503 8-hour Ozone Population Exposure: Number of days when the 2008 8-hour ozone standard of 75 parts per billion (ppb) was exceeded.
Th ese d a | |y e Stl mates were th en 99% of residents live in gri d cells with jz Ozone Monitoring Sites 0 ol R? = 0.8969 1.4 R2=0.9232 ' Locaton = Thenumber of ays s person atthe  County = The average population exposurefor S Valley = The average popultion exposre for
.peoplle!sq mile AdeSted R? © 2015 Valley Air District | v1.0.2

5o 1| —Population with Adj R2 .86 - 0.90
. ? selected location was exposed to air pollution residents in the county of the selected location. residents in the San Joaquin Valley air basin.
public in a web-based tool. T 24-hr PM2.5
® -nr .

. . . Figu re 303: Ozone RZ by POpUIation 90-5 ® 2008 8-hour Ozone Standard
relationships were established between
40 —Population Above Adj R2 91-0.95
Figure 1.2: Population R2 Of at Iea St 0-90 0 * In RegreSSion MOdel EJ . 2:0 4.0 5.0 8.0 160 1;0 140 0 2:0 4.0 5.0 8.0 160 1;0 140 0 2.0 4.0 5.0 8.0 160 1;0 140 concentrations excecdne e sandarc.

s | Figure 3.4: Figure 3.5: 24-hr PM2.5 Estimate Verification
Background s - B PN e Regression equations developed from 16 grid cells representing 18 A 24-hr PM2.5 R2  Evaluation Sites

@
hdh | | £/ o oo -0 . Corcoran Fresno - Pacific Los Banos 6 CO n c I u S I O n
Monitoring networks are typically desighed to ol o015 monitoring sites \ 0s Banos °

. . T T W - 5000 . . _ Fresno - Pacific
measure air quality in densely populated areas B e Rl Daily estimates for all grid cells from 2002 to 2014 Corcoran
or at peak locations. Often these networks are GO ‘

inadequate for informing all residents about air
qguality in their specific city or neighborhood.
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Model Development
Regression equations do very well reproducing CMAQ

e  frrosser o model output in populated areas.

Spatial interpolation and regional models are often used For comparison, the City of Los Banos is also included in Figure 3.5 as a city o w w 2w w o w 0w w0 % w w e e o e 99% of Valley residents live in locations with

. . . . . . . CMAQ Output (nug/m3) CMAQ Output (pug/m3) CMAQ Output (nug/m3)
FO es.tlmate alr qua“t_y between momtors'. Spatla.\l |pterpolat|on of interest near the limits of model performance. Adjusted R2 C F Pacifi Los B Rz greater than 0.90 for 8-hr ozone.
is quick, but may be inadequate at capturing variation between L, <060 orcoran resmo - e L

2 . ] . ! Observation Years: 2002-2014 Observation Years: 2002-2014 Observation Years: None o Y fV ” r i n ||V |n | | n Wl h
monitors. Regional models are better at capturing variation. Figure 3.6: PM2.5 R? by Population o 066-0.70 | . | I/ | §§A 0 N § tehy eg gg fts 24e H Ifhc/la;;) S Wit
However, they are complex, computationally expensive, need historical greater than U.JU Tor Z4-nr .

0.71-0.75
0.76 - 0.80
emissions inventories and require bias correction to match observations. No Observations Reproducing Observations
Available . . .
, L oy Regression equations are successful at reproducing
96% of residents live in grid cells with R PM2.5 Monitoring Sites ¥=07929%+ 21101 0927 +0 5054

60 3 0.81-0.85
f at least 0.90 o e In Regression Mode iitiiion:; " L Reonm R Y - observations at sites with historical data.
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5o 1| —Population with Adj R2 - 0.86 - 0.90
20 —Population Above Adj R2 i 0.91-0.95

Adjusted R? Observed (g/m’) Observed (ug/m) Observed (ug/m’) e Estimates compared to observations generally have
an R? near 0.90 for 8-hr ozone and 0.83 for 24-hr

Neighborhood Development . I o d
PM2.5
The District was divided into 3,880 “neighborhoods” using the 4x4km grid cell boundaries 4' AI r Qu a Ity Tre n S

Reduced performance could be due to:
established by CMAQ modeling. Of these 3,880 neighborhoods, 1,827 have estimated 2010 P

. Distance from existing monitors
populations to be greater than 50 people. . , ,
Changing source to receptor relationships

Emission changes over time
Daily maximum 8-hr average ozone and 24-hr average PM2.5 observations were acquired _ 0 Local impacts not modeled

. ] M Days 8hr 03 > 75 ppb
from the EPA Air Quality System (AQS). Ozone and PM2.5 monitoring sites were selected : . ! A _ ,‘ : A . A o] == Days 8hr 03 > 84 ppb

th ] o ds of , 4 availability of fut Lt o " | ‘ . o (e.g., fires, dust, etc.)
Wi OoNng pPerioas or operation ana avalladllity or Tuture real-time observations. ' - s . i 13 = g . T--1
°P i Y ' i ; - ; 1L CMAQ Model performance
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Figure 3.5 shows Corcoran and Fresno-Pacific regression equations
compared to CMAQ modeling and observations. These sites have long-term
observations, but were not included in model development.
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Regression Eqn (pug/m?3)
Regression Eqn (pug/m?3)
Regression Egn (pg/m3)

y =0.9908x + 0.1462
R?=0.9908
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85% of residents live in grid cells with R?
of at least 0.95
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Regression Eqn (pug/m3)
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Figure 4.1: Days with 8-hr ozone greater than 75 ppb Figure 4.3:
Site Selection and Observation Data Average Resident Trends

Some monitoring sites were combined to create longer observation records
(e.g., Fresno-First and Fresno-Garland).
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Regression equations were developed to estimate missing observations by using other sites - R & 13 . 0 L C. alienges o |
in the network as independent variables : ; \ f T _ Significant challenges remain, including how to handle

. .. : .. _ ‘ Bl 50 . o . 0 local emissions (e.g., fires, blowing dust) that may
Statistical Equation Development and Application _ | = Days 24hr PM2.5 > 35 ug/m3 . . . .
: . ~ mDays 24hr PM2.5 > 65 ug/m3 impact a limited number of monitors or unmonitored
Using one year of CMAQ model output (2007), equations were developed for grid cells 50 ] areas only

without monitoring sites using grid cells with monitoring sites as the independent variables. .
R was utilized for this task using the leaps function to evaluate all possible equations for each 0

grid cell. Bayesian Information Criteria (BIC) was used for model selection with a limit of | :_ & 20 I 7 . Ackn OWI edge m e nts

seven variables per equation. 10 -

Using regression equations developed from the CMAQ model output, 8-hr average ozone : TN N A P . Seyed Sadredin (APCO) and the San Joaquin Valley Air Pollution
observations from 1992 to 2014 and 24-hr average PM2.5 observations from 2002 to 2014 ) e L - : o | mDays with Good AQl Control District Board for direction and resources.

were used to estimate daily air quality for all neighborhoods. For years when both PM2.5 and | [Daye Unhealthy or Worse AQ
ozone were estimated, Air Quality Index (AQl) was also calculated. To increase confidence in
results, neighborhoods with adjusted R? less than 0.75 were excluded.
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online interface.
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District’s 2013 Plan for the Revoked 1-Hour Ozone Standard (adopted September 2013) and _ - o B i 1l 1 , o ,
the District’s 2012 PM2.5 Plan (adopted December 2012). _ AT California Air Resources Board for CMAQ modeling and output.
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