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Nitric oxide (NO,) emissions contribute to the production of tropospheric ozone
and the nutrient supply fueling primary production. Current global estimates
indicate that biomass burning (including wildfires) and soil emissions represent
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~5.5TgN yr'and ~7.3 TgN yr respectively of a ~48.8 TgN yr' budget (IPCC Report 0 Jw‘,uﬂdmw‘ﬁw Yy — H‘Wr’ ;ing:lg\:lsozkli\(‘jog agjri’\;o ;a(l)c/ﬂ(a)tic:aa)ni{:teiz:;;eid %
2013). As domestic air quality standards grow stricter and anthropogenic sources ;g . . the Soberanes?/vildﬁre ogf betweezn cal(culated NO/pNO . -
more regulated, however, constraining natural sources of NO, is critical. NO, 2016, Concentrations of and measured NO/NO_* - néte 0
concentrations in wildfire smoke vary based on the age of the smoke plume, the 150 = - N R 2
. 3 ) R L . N * Chews Ridge Data 0,, NO and NO were the 1-1 dashed line (b), and a B
fire intensity and vegetation type. NO, soil emissions depend on soil moisture, as Z100 Vil . Westety Ghews fidge Data (wd 180 deg) elzevatea given westerly time series of calculated net %
well as nitrogen storage, temperature, and soil porosity. We present NO, and < b, 3 ‘g‘: . winds (ie. transport from ozone production (¢) 2
ozone (0,) measurements from a remote mountaintop monitoring site located on © %0 »,'.._'M Jm '\#ﬁ g ot the dire'ct.ion ofpthe fre) Fire-infﬁ)uenced measnrements &
Chews Ridge in the coastal mountains of Central California, airborne observations, 0 : : 3 X s
and soil moisture measurements obtained from a local in situ soil moisture sensor wer_e determmgd USI.ng _an = T 10°
from the summer and fall of 2015 and 2016. Our observations include 1 arbitrary chemical criterion (O, N A
. = = Airborne Data
measurements directly downwind of the Soberanes wildfire, which endured 83 g1 > 70 ppb; NO, > 6ppb). 8 I
days beginning on July 22, 2016 and burned 132,127 acres. 2 b ’ g
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1) Biomass burning will lead to net ozone production and elevated O, 27 |
concentrations, even though the Chews Ridge site is typically characterized by net . g !
0, destruction. rr1s 0R01 0BOB 0BM5 0822 0829 0905 092 0919 09726 1003 100 1017 0% * ° . = .
2) Soil emissions of NO, are related to soil moisture. These emissions constitute a 4 ©® 100 b ()
quantifiable natural source of NO, to this site. However, sustained elevated soil o » 60 ° = -
temperatures due to widespread biomass burning could decimate soil microbial i 55 o™ 8 8 r IJ K ;
populations, yielding lower NO, soil emissions. 100 I o 2 o cZ§ §2 ;\*,“r»'-‘,"‘y‘ o
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We collected NO,_and O, measurements using the Thermo Scientific Model 42i-TL 8 2 | Mesnon By | 20 I ae
NOx Analyzer and the 2B Technology Ozone Monitor Model 202 from June, 2015 - : i 2 3 O %
December, 2016. Soil moisture data for station Qcs2 is courtesy of the University of 0 olat ; L o, - 0, - . . “g | e
Colorado, where GPS receivers in the soil measure ground reflections that are o Back Trajectory Transport Time (Hours) 92 i E,
strongly influenced by in soil moisture (Larson et al. 2008). The Oliver Observing t . %4 X
station, maintained by the Monterey Institute for Research in Astronomy, provided “© m s 5 ados oot ot o aias oba otas oo F|g ure 4 We ran 40 Hysplit back trajectories from July 22 - Sept. 5, = \ =
the meteorological data for Chews Ridge. We also used High Resolution Rapid A CH4 (ppm) each ending at 8pm UTC. We defined a quadrant of potential fire influence ¢ " Aug Sep Oct

Refresh (HRRR) meteorology to calculate Hysplit back trajectories between Chews
Ridge and the Soberanes fire region.

The instruments were calibrated every ~3 months—the NO_Analyzer using
gas-phase titration of NO with 800 ppb O, and the Ozone Monitor with a 2B

Flg ure 2. airborne measurmeents of CH,
five flights during the 2016 field campaign (and the
Soberanes fire). Strong correlation between O, and CH,
suggests that O, was elevated in response to biomass

and O, on

based on inspection of satellite images (36.3 - 36.5 Nand 121.7 - 121.9W).

Minimum back trajectory times through this quadrant are compared with F re 5 X . . .

corresponding NO,, NO, O, and O, production. Error bars represent the SD '9 u N + Time series of NO, at Chews Ridge, local daily measurements
of multiple back trajectories (14 of 40 back trajectories passed through this of soil moisture and monthly mean temperatures (error bars represent the
quadrant within 18 hours). SD). NO, was correlated with soil moisture (r* = 0.28, p < 0.001).

Technology Ozone Calibrator Model 306. Calibration curves were applied to raw burning.
NO, and O, data, and these data were binned hourly for comparison with .
meteorological data, or binned daily for comparison with soil moisture data. Ma p Of ﬁeld site a nd ﬁ re

) ( Conclusions )

We calculated the surface emissions from soils using a steady state NO_

measurement, the boundary layer height, z_i, the chemical lifetime of NO, with 36'
respect to OH, T_NOx, and the entrainment velocity, w_e (equation 1). Based on
extensive aircraft surveys in this region, we use an average entrainment velocity of
~Tcm s (scaled to a 24-hour day from maximum entrainment velocities of ~4 cm
s at midday (Trousdell et al., 2016; Karl et al., 2013), and a boundary layer height of
800 m. The lifetime of NO, was estimated using the reaction rate, as 8.2E-12 cm?®
molec s using a pressure of 865 mb and temperature of 300 K (Sander et al. 2011)
and maximum OH concentration (at midday) of ~3-4E6 molec cm?, yielding a 12
lifetime of ~32 hours.

1. Flux, = [NO, ]ss( +w)

Although substantial fluctuations in NO, concentratlons (i.e. not a steady state 36°N
measurement) prevented us from calcuating surface emissions related to the

Soberanes wildfire, we did calculate ozone production in July - Nov., 2016. This

calculation employed measurements of O,, NO,, the photolytic loss of NO,, J, .,

from the NCAR TUV model, and the reaction rate between NO and O, (k, = 1.9 E-14; 48'
equation 2). NO,* is used to account for the presence of NOY confounding the

Thermo Scientific NOx measurement and is calculated as 0.75* NOx according to

Chu and Meyer (1991).

Sept. 30 Soberanes
Flre Heat Perimeter

‘Flre started July 22
24'

\ "%t?
\,.&;\M

N

A\ Chews Ridge

°
Soil Moisture
Station QCY2

36' 1
2. 05 production = NO (JNO, 2 = 04K;)
Unfortunately, we are missing meteorological data for the period of September 5 - 1000% 48’ 36' o4
October 8, 2016 due to a technical malfunction involving data transfer to our

server.

*We observed elevated O, concentrations as a result of the Soberanes wildfire in 2016. (Figures 1 and 2)

*Ozone production at chews ridge is typically negative. During the Soberanes wildfire, however, we
calculated apparent high net ozone production at Chews Ridge (>10 ppb hr-1). (Figures 3 and 4)

*Elevated (calculated) ozone production, (measured) ozone concentrations, and NO, appear related to
the transport time from the wildfire. Shorter transport times lead to elevated NO, and ozone
production. Maximum ozone concentrations were observed with transport times > 1 hour. (Figure 4)

*Soil emissions of NO_at Chews Ridge appear weakly related to local measurements of soil moisture (r?
=0.28, p <0.001). This relationship breaks down, however, in 2016 following the Soberanes wildfire.
(Figure 5)
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