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°Sub5|dence behlnd the cold front and assouated with hlgh pressure allowed smoke to
subside to the surface

*Indiana, as early as 6/9, reported haze yet ended the day with Good Ozone AQ, but
UPPER Moderate AQ for PM 2.5 and Moderate AQ for PM 10

*Smoke was reaching the surface but did not create an immediate Ozone response

Leaflet



How do we know smoke reached ELF 532 nm Total Attenuated Backscatter [km'1 st''] log.

the surface? 09-Jun-2015 20:40 - 10-Jun-2015 16:28 (UTC)
UMBC LIDAR S ' ' T

*Smoke descended from 3km i . g

in height to the surface, as

evident by higher fine particle

counts and lidar observations,

by June 10, 2015

2.4

- H-26

Ro7 7

*Smoke plume initially =

on PM2.5 counts < 25/l Ity b TN

*Surface winds on Thursday,
June 11, 2015, blew DC

polluted air back along I-95;
cleaner air was to the south

1 ¥

1 3000m to reach Smoke at
the surface the surface
. 05F " \ Vi
LIDAR images courtesy Dr. L L ! '
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Ruben Delgado, UMBC TIME [UTC]



June 11, 2015 Maryland

Meteorology

Westerly 500m trajectories

Southwest surface transport
along 1-95 corridor

Weak Appalachian Lee Trough

along 1-95 corridor

Bay Breeze at Essex and

Edgewood (did not exceed)

BWI airport:

6/9 | 6/10 | 6/11 | 6/12
T _(F)| 84 e 94
Avg WS
s) | 94 3.5 \3& 6.2

Source: NOAA NWS, ARL
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NOAA HYSPLIT MODEL
Backward trajectories ending at 1800 UTC 11 Jun 15
12 UTC 10Jun GFSG Forecast Initialization

Source * at multiple locations
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Job ID: 178417

Trajectory Direction: Backward  Duration: 24 hrs
Vertical Motion Calculation Method:
Meteoralogy: 12002 10 Jun 2015 - GFS

Job Start: Thu Jun 11 19:54:39 UTC 2015
Source 1 lat.: 39.671704 lon.: -78.904749 hgts: 50, 500, 1500 m AGL

Model Vertical Velocity

Significant Temperature Difference
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Ozonesonde
launched from
Beltsville, MD

2:51pm,
June 11, 2015

Courtesy Dr. John
Sullivan, UMBC/NASA;
Do not redistribute
without permission
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Ozone Lidar at Beltsville, MD

GSFC TROPOZ DIAL - Beltsville, MD

11-Jun-2015 13:48 — 09:06 UTC
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?E;ﬁi;? Ozonesonde Residual layer of ~80ppb at 1km.

Notice the very clean air at 2km
associated with a southwesterly
Nocturnal LLJ

Courtesy Dr. John Sullivan, NASA/UMBC;
Do not redistribute without permission



The Role of the Smoke

*The leading hypothesis for the role of the smoke, first proposed by Pius Lee, is that
greater concentrations of reactive VOCs within the smoke amplified ozone reactions.
*The NOx saturated 1-95 corridor (mobile emissions) could then utilize the VOCs in
ozone production — but all areas north of DC show ozone increases.

*VOC data from MDE supports this hypothesis but with a significant delay in ozone

response /I/Sum PAMS Target NMHC Species
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Wildfire VOC species
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Why the Delay in Ozone?

Ozone production hours
(9am - 7pm) average

VOLATILE ORGANIC COMPOUNDS

Sum PAMs Target NMHC Species (ppbc)
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_How Much OZO”e from Smoke?

NOAA AQ MODEL SERVES AS A
e “WHAT IF” GUIDE
“571 *Smoke not captured in model

Large under- L ol EFY
prediction by the CANCS U
NOAA model 2 A 2t




NOAA Maximum 8hr
Ozone: Colored area

Ozone Monitors

Y °Mode| prediction minus observed 8-
4. ‘ hour ozone at all monitors
; ‘? °Compared errors on June 11, 2015
(Smoke Event) with other “hot” days
(>90°F)

For Maryland monitors north of DG *Tested the variance of errors between
)

: : : smoke day and non-smoke day
ozonhe contribution from smoke is . .
*F-test shows the variances are different

approximately 14ppb. Ohio Error: i1y statistical significance at the 95%
Range: 7.6ppb —30ppb  18-21ppb . cdence level




Conclusions

* Smoke from Canadian wildfires was transported
to Maryland on June 11, 2015 and caused
Maryland’s worst air quality event since June 29,
2012

* Enhanced concentrations of VOCs within the
smoke promoted ozone creation

* Preliminary analysis using operational model
guidance that did not capture the smoke
transport suggests the smoke contributed on
average 14ppb of ozone to the 8-hour average



Appendix



Contacts

* Joel Dreessen — MDE Air Quality forecaster,
meteorologist

Joel.dreessen@maryland.gov

 Ruben Delgado — Professor, UMBC
delgado@umbc.edu

e John Sullivan — Post-doc, NASA
jsulll@umbc.edu
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Why was the Low Level Jet clean?

 Based on Lidar observations, the air associated with the
nocturnal low-level jet was quite clean. Why?

e Source region for the clean air was SW VA and NC Piedmont

Source * at 3589 N 81.75W

Meters AGL

NOAA HYSPLIT MODEL

Backward trajectories ending at 1800 UTC 11 Jun 15

NARR Meteorological Data

48h rBack
wTrajectory,

v - 2500
2000 *— g = . 2000
1500 1500
1000
500 *\.\ 500

R e T

12 06 0o 18 12 06 0o 18
06/11 06/10
Job ID: 123815 Job Start: Fri Jul 24 18:53:59 UTC 2015

Source 1 lat.: 35.893000 lon.: -81.751000 hgts: 500, 1500, 2000 m AGL

Trajectory Direction: Backward ~ Duration: 48 hrs
Vertical Motion Calculation Method: Model Vertical Velocity
Meteorology: 0000Z 1 Jun 2015 - NARR

*Strong near-surface winds from the
south (no large sources in area)
*Widespread over-turned air mass on
June 11

=
MEXRAD



120 4 *Piney Run had elevated ozone of

{ pi Fair Hilj—~ \118ppb .
Piney Run, ~60ppb through the early morning

1004 elevated site i of 6/11 under westerly transport.

*The next day Fair Hill had a
maximum 1-hr average of 118ppbI
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Maryland Summary
UNHEALTHY AQI at Fairhill (northeast MD)

) at Daily qurjne AQI —/“J“A 3
_ All3DCmonitors  Tetmulnersatig” O\ ¥
— 6 Maryland monitors =& 4 h“gtw - :

* Event centered along =
1-95 corridor

* Smoke aided

* Worst air quality since
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Boundary Layer Height

Wind Profiler SNR Time Series 09-Jun-2015 00:00 - 09-Jun-2015 23:54 (UTC)
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Influence/Proof of Smoke: Carbon Monoxide
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Ozone production hours
(9am - 7pm) average
daily concentration

VOLATILE ORGANIC COMPOUNDS

Isoprene (ppbc) @ ESSEX chromatograph
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Nitrogen Oxides (ppb) - Show a DECREASE
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Leading VOC Changes

Since ozone did not increase with the immediate arrival of the smoke, it is good to compare VOC
species between 6/10 (first full day of smoke) and 6/11 (day of ozone increase).

Essex Hourly:

Molecule (ppbc % change 6/10 to 6/11)

2-Methylheptane (500%) 7]
n-Decane (331.8%)
n-Nonane (264.5%)

Methylcyclopentane (249%)

Methylcyclohexane (168.6%)
3-Methylheptane (152%)
3-Methylpentane (151%)

Cyclopentane  (122.4%)
2-Methylhexane (116.2%)
n-Octane (110%)
Isoprene (112%)

SVVWBéItimore
Fire

Other leading wildfire smoke
indicators: After CO,, CO and CHg,
the largest emission factors are:
Formaldehyde (not yet available)
methanol, (not available)
pinenes(not yet available)

Ethene (yes)

NO, (yes)

HCN (cyanide) (not available)
Ethane (yes)

Benzene (yes)

propene (yes)

Toluene (yes)

Xylene (yes)

acetone and CHsCN (not available)

By absolute concentration increase, |soprene and isopentane (96%
increase) dominate all others at 2.22 and 2.06 ppbc change, respectfully,

between 6/10 and 6/11.
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—Ethane

—BENZENE*10

—Toluene*10

—0-Xylene*10
m&p-Xylene*10

—|soprene

Bay Breeze
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Hourly VOCs at Essex, 6/11/2015
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Exceptional Event — North Carolina Model

Neither the NOAA or North Carolina Model predicted an
exceedance and/or the event magnitude, supporting the aid
of smoke in ozone concentrations (since smoke was
unaccounted for) and an exceptional event in Maryland.

Neither Edgewood, Essex, or Furley exceeded as forecast in the AQ model. The event was NOT Bay related as indicated by
the over-prediction of Bay ozone in the NOAA model. It should therefore NOT be concluded the orange AQ in the model
was indicative of real conditions along I-95 and an exceedance would not have occurred except for the smoke.

Jun 10, 2015 '|,,5I oo Jun 11, 2015

Day212Z A M74 o Day 1 127
Forecast Lo —m—E 2 Forecast




Piney Run NLLJ 6/11

PNRMD Lat:39.71 Lon:-79.01 Elev:2,503ft
WindSpeedDirection| Mode:194m | Res:6min | QC:LEVEL 2/3
MARYLAND DEPARTMENT OF THE ENVIRONMENT
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Beltsville NLLJ 6/11

i"“\
f \ - - -
£ 5 BLTMD Lat:39.06 Lon:-76.88 Elev:174ft
iv,s WindSpeedDirection| Mode:194m | Res:6min | QC:LEVEL 2/3
R E /’ MARYLAND DEPARTMENT OF THE ENVIRONMENT
HT l_ A3 N !\“
MSL 8 Q o STD
(LOOO ft) R & ATM
. f “ﬁ(ﬂ ':(\ - % PRES
7—(‘;_ ««ﬂ c:: g . \"‘m“". 7 (mb)
s < TY PR T A (1P S8, 1o
R S \m&& e S B — e stgiidenilll At
GEEENGE facm  aE e
> Ny PP T e TS - e - =
6 ’ VRN B O TTIVIITTRVININ S TR " : B e
st NS y IO T TTTT s - e NPV
sl s UL Y TTTE PRI eI TFIT V0 ey (ERETIORG e S S i
“\Q\r\mmgzmu_., AL AR Sl b AL AL g U1 e 'S « P A
Wiyt AU TRt PECTTRTIVECS - Sa
5 | b MMl SRR, > e S SO 2T oremmprmyeroeng
. &l s s&«;};wﬁ A it s ] 850
' T S M Al e s
R TR S S oo
X) L N7 TR
‘«“M ,W
«*‘ 2 y M S I L
& '“'u“ . L"“-”Wm
A s e g 41 LA
I s YL S A
S LI N W B
v A LAY DY
.<s'l:m_. MWMW-MMN“ o e W"‘*/wwumuwm_lw
e S o N LN ) e
1 WMu O e e W:V‘:‘J;ulwumuﬁ*ﬁ
B (4 ) P A MRRAGL LB, Wb e e ks s —'w-vv/w""w,’v \ X o
W*ﬁu— S g W W“ oy St s gy o - dlsas r.w“w«'fﬂﬁm&‘?&i:ﬁ
Ll R P I L I P I R - I g L = NP B 1000
21:06 """'"'"“'""l""""""""‘"O""""'l“"""'l""""'0"‘"‘“‘l‘"'"'“l""""'0'"“""0"""""""' " e ""‘l'“" ' e\ b ""‘l“"' Ll Lol o """""' “‘l""""'l""""" 21:00
10-jun 09:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00 13 Jun
2015 UTC 2015 UTC
(TTT. [T (TTT. . ML L W (TP M L L - °
fau-2/3  tat-1 levl =50 as a0 30 23 2 15 10 3 <1 (mim)



June 12, 2015 Non-Exceedance
Post-Smoke Cleanout



Summary

* Very quick clean-out from the south

e Strong vertical mixing and wind speeds
resulted in:
— Fairhill from 100ppb (6/11) to 60ppb (6/12)
— Padonia, highest Maryland monitor: 71ppb

e Greater DC forecast region verified in the

Good range (exception of HU-Beltsville at
60ppb)
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1-Minute Ozone
Beltsville Padonia

O3[ppb] Station: HOWARD U. Daily: 6/12/2015 Type: AVG 1 Min. [1 Min.] O3[ppb] Station: PADONIA Daily: 6/12/2015 Type: AVG 1 Min. [1 Min.]

Cleaner air mixing in,
Same air as decreasing O3, despite 100
6/11 94°F high temp
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Beltsville NLLJ 6/12
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850 mb rawinsonde daia 12z ¥¥ed 02 Sep 2015

850 mb Heights (dm) / Temperature (°C) / Humidity (%)

O—hour analysis valid 1200 UTC Wed 02 Sep 2015 RAP (12z 02 Sep)
- S 5 7 -.
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