The spatio-temporal response of summertime tropospheric ozone to
changes in precursor emissions in the Lower Fraser Valley, British
Columbia

Bruce Ainslie!, Nadya Moisseeva®, Roxanne Vingarzan', Corinne Shiller!, Douw Steyn®. and
Geoff Doerksen’
"Environment and Climate Change Canada

>The University of British Columbia
3Metro Vancouver

NW-AirQuest Annual Meeting
June 14-16, 2017
Richland WA







LFV
Triangular coastal valley
~2 million people

Straddles US-Canada
border
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Spatio-temporal analysis using monitoring data along
an east-west transect of stations
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Statistical Models:

Daily summertime (JJA) data from 9 monitors across 26 years
(1990-2015) [Potentially 92x26x9 = 21528 data points]

s owpin

NOx Daytime (0600-1800) average

VOC 24-hour average

Ozone - 10th percentile and below
Background of lowest variance MD8A

Ozone — Sunny fair weather (roughly 50-96t"
Fair weather percentile) MD8A

Ozone — Summer time four highest MD8A
CAAQS

Others fraction of OH reacting with NO,



e : ©
©
o : ©
N
© | :
o
: +
= = = ©
b o‘ - i -
o
o : .
o 7 e
o : [}
I I I 1 1 i I 1 || I I |
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 04 06 0.8 1.0

http://www.fromthebottomoftheheap. net/2014/05/09/modeIIing-seasonaI-data-with-gam/

Zb /327



O3] ~ s(Temp) + s(RH )+ s(DoY ) + s(Ucpt,Vept) + s(Year) +¢€
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Typical Model formulation Long term

network
Cultural effects (e.g. response
Pollutant weekend/weekday
effect)

O3] ~ s(T'emp, RH) x s(ETot, DoY')) x s(Ucpt, Vept) x s(WeekDay) x s(Dist) x s(Y ear) x ti(Dist,Y ear) + €

‘ |

Y Local station
: temporal
Meteorological effects P
response
Canonical
Footprint
Temp Daily maximum temperature
RH Daytime average RH
ETot Daytime total incoming SW radiation from T09
We are after the
DoY JJA day number (1-92) ye"ow boxes -
Ucpt, Vcpt Average daytime wind cpts from YVR or YXX the other factors
Weekday Day of week used to isolate
Dist Distance from T02 the trend

Year 1990 to 2015
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Emissions [tonnes]

GAM-predicted networked averaged NOx versus
MV emissions totals

25 GAM NOx concentration and MV emissions
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Emissions [tonnes]

10,

GAM-predicted networked averaged VOC versus
MV emissions totals

GAM VOC concentration and MV emissions
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Hy : O3] ~ s(Temp, RH) x s(ETot,DoY )) x s(Uept,Vept) x s(WeekDay) x s(Dist) x s(Y ear) x ti(Dist,Y ear)+e¢

H, : (O3]~ s(Temp,RH) x s(ETot,DoY)) x s(Uept,Vept) x s(WeekDay) x s(Dist) x s(Year) +¢€
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ozone [ppb]

Relative change (1990=0) in ozone BACKGROUND over time
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Hy : O3] ~ s(Temp, RH) x s(ETot,DoY )) x s(Uept,Vept) x s(WeekDay) x s(Dist) x s(Y ear) x ti(Dist,Y ear)+e¢

H, :[O3] ~ s(Temp,RH) x s(ETot,DoY )) x s(Uept,Vept) x s(WeekDay) x s(Dist) x s(Year)+€
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Total change [ppb]

ozone change vs distance fromrm TO2
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Hy : O3] ~ s(Temp, RH) x s(ETot,DoY )) x s(Uept,Vept) x s(WeekDay) x s(Dist) x s(Y ear) x ti(Dist,Y ear)+e¢

H, :[O3] ~ s(Temp,RH) x s(ETot,DoY )) x s(Uept,Vept) x s(WeekDay) x s(Dist) x s(Year)+€
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Change in ratio (1990=0)

Comparison or average annual vOC and NOX
GAM-based concentrations (lines) and MV emissions (MmMarkers and lines)
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Hand drawn VOC-to-NOx transition regions based on CMAQ model output
Coloured regions give estimated extent of variability from varying meteorological conditions
Red colours for CMAQ output using 1985 emissions
Blue colours for CMAQ output using 2005 emissions







Previous LFV Trend analysis

Reference Timeframe | Comments

Joe et al. (1996) 1978-1990 1-hr ozone; isotonic regression; 2
stations

Pryor (1998) 1984-1991 1-hr ozone; trends in declimatized
ozone; 8 stations

Vingarzan and 1985-2000 1-hr ozone; GLS regression; 5 stations
Taylor (2003)

Chan (2009) 1997-2006 8-hr ozone; GLMM,; 4 stations (as part
of larger analysis)

This study 1990-2014 8-hr ozone; GAM; 9 stations
(2017)
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summary(gammobjLACSgam)

e GAM Model
amily: gaussian
Link function: log Summary

Formula:

Ozone ~ te(cTemp, cRH) + te(cE_tot, cDoY) + s(cUcpt, cVcpt, by = Meso f) +
s(Weekend, bs = "cc", k = 7) + s(cDist, k = 7, bs = "ts") +
s(cYear, k = 10, bs = "ts") + ti(cDist, cYear, k = c(7, 10))

Parametric coefficients:
Estimate Std. Error t value Pr(>|t])
0.008138 433.6 <2e-16 ***

Signif. codes: 0 “***’ 9,001 ‘**’ 9.01 ‘*’ 0.05 “.” 0.1 ° ’ 1

Approximate significance of smooth terms:

edf Ref.df F p-value
e(cTemp,cRH) .683 13.683 . 785 2e-16
e(cE_tot,cDoY) .420 11.420 .549 2e-16
s(cUcpt,cVecpt):Meso_f1 .097 16.097 .604 2e-16
s(cUcpt,cVcpt):Meso _f2 9.573 9.573 19.150 2e-16
s(cUcpt,cVecpt):Meso_f3 .824 16.824 .982 2e-16
s(cUcpt,cVcpt):Meso_f4 591 11.591 778 2e-16
s (Weekend) .871 5.000 .110 9.87e-06

.636 6.000 .730 < 2e-16

.545 95.000 .662 9.30e-06
i(cDist,cYear) 292 5.292 =77 0.027

Signif. codes: 0 “***’ 9,001 “**’ 0. ‘*? .05 ‘.7 0.1

-sq.(adj) = 0.603
Scale est. = 40.967 n = 5009




GAM-based concentrations (lines) and MV emissions (MmMarkers and lines)
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