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1. Overview

The Massachusetts Department of Environmental Protection (MassDEP) is responsible for

monitoring outdoor air quality in Massachusetts and developing plans and regulatory programs

to reduce emissions of pollutants that adversely affect public health, veeltard the

environment. MassDEP operates an extensive network of air monitoring stations throughout

the Commonwealth.During the 2016 ozone season (Aprgd $eptember 30)MassDEP

monitored ozoneat 15 monitoringstations The Wampanoag Tribef Gay Had (Aquinnal)

operated an ozone monitoring statighy” ! lj dZA Yyl K 2y al NIKIF Qa +*AyS&l NR

InMay 2016 smoke from a very larggnd longlastingwildfire in the Fort McMurray area of
Alberta, Canadaffectedair qualityfrom the north-centralto the northeastUnited States
including MassachusettdDuring this evenmaximumdaily 8-hour average ozone
concentrations exceeded the National Ambient Air Quality Stars{®f4AQShor ozoneat
sevaal monitorsin the Northeast region anith Massachusetts, includirag the Chicopee and
Ware monitors

CKS ! o{® 9YyBANRYYSYllf t NRGSOUAallofis dgehSegtOe Qa 69t ! (
exclude monitoring data influenced by exceptional events when determining whether an

exceedance or violation of the NAAQS hasuoed, provided the agency can demonstrate a

clear causal relationship between the specific event and monitored concentrations.

MassDEP has prepared this drdémonstrationto showthat the elevatedozone concentrations
recorded atthe Chicopee and Wamonitoring stationson two of the affecteddays May 25

and 26 were the result of high levels of ozone amzbneprecursorghat weretransported

within the smoke pluménto Massachusettsa I & & 5deérhofdsdrationcontainsthe following
evidenceto support tHsconclusion as required tyt | Q&4 9EOSRUE A2Y 9 @Sy i &

1 A narrative conceptual modelf how the Fort McMuray wildfire led to theozone
exceedances at the Chicopee and Ware monjtioidudingdescriptiors of the
monitoring locations the wildfire event,and how the wildfire influenced the monitars

1 A demonstratiorthat the wildfire affected air quality at th€hicopee and Ware
monitors insuch a way that there exists a clear causal relationlsbipreen the wildfire
and the elevated aane concentrations

1 A omparison of the eveninfluenced concentrations to concentrations at the same
monitors at other times.

1 Evidencehat the event was not reasonably controllable and not reasonably
preventable

9 Evidence that the event was caused by lamactivity that is unlikely to recur #tat
particular location.

1 Documentation that MassDEP followed the public comment prospsired byEPA's
ExceptionalEventsRule.

! Treatment of Data Influenced by Exceptional Events; Final BUERE8216 October 3, 20156



In 2016,EPA issued guidance for states to use in preparkugptional eventlemonstrations’
The guidance outlines&tiered approach for addressing the clear causal relationbbipveen
a wildfireandobserved ozone levelsThe tiers arbased on the complexity of demonstrating
the effect and the amount of evidence needed ttisfy the requirement®f the rule

A Tier 1 analysimiaybe used ifawildfire clearly influencd monitored ozone levelsThe
guidancedefines the seasonality and/or distinctive levetloé ozone as the key factor for
determining such clear influencé&pecifically, exceedances that are outside of a typical ozone
season or that are-30 ppb higher than noevent concentrations are clearly distinguishable as
eventrelatedaccording to the guidanceThe episode of May 226 is in the early part of the
ozone season in Massachusetiad while the concentrations are distinctly above normal for
this seasonnot allare 510 ppb abovéiistoricalnormal. Therefore, a Tier 1 analysisot
consistent with the guidancia this case

A Tier 2 analysghould beusedif the effect of awildfire ona monitor issomewhatless clear
and requirssmore evidencdo demonstrate eacausakelationship. A Tier 2 analysisould be
appropriatefor a wildfire that is distant from a monitpsuch as the Fort McMurray fire

The guidance specifiéao key factordor establislinga clear causal relationship: (1) the
guantity (Q) ofemissions from the fire divided e distance () from the monitor (typically
known as a Q/d ratias2 100tons per day per kilometer (tpdfk); and (2)acomparison of
eventrelated ozone levels with neavent related high ozone levelsat showsthat the event
related ozone levels are in the ®9ercenile for levels in thesameyear and ovethe pastfive
years (or are one of the tofjpur ozone maximums within theameyear) al aa59t Qa
demonstration shows that while the Q/d ratio is < 1tpd/km for the Fort McMurray firethe
exceedances on May 261d 26 are in the 98 percentile for historic levels and aadl butone of
the top four maximums for 2016.

MassDEP relied on@/d analyss performed by the Connecticut Department of Energy and
Environmental Protection (CTDEEP) to determine causal effect of the Fort McMurray witdfire
their monitors(see Attachment 1). This analysis is applicable to the Chicopee and Ware
monitors because the distances are similar to those for the CTDEEP monito8d9i0ekm
average for Chicopee and Ware compared to 3286 km for Stonihg@FDEE®@alculated
emissons based on the geographical area of the fire, its size, and ERAeNRssionfactors’

and determined he distance from the fire using the most distant point in Connecticut
(Stonington). CTDEEP usedrtservative and less conservative approaches, betto the large

% Guidance on the Preparation of Exceptional Events Demonstrations for Wildfire Events that May
Influence Ozone Concentrationg-inal. September 2016. EPMAfice of Air Quality Planning and
StandardsAir Quality Policy Division, Geographic Strategies Group, Research Triangle Park, NC.
https://www.epa.gov/airquality-analysis/treatmendata-influencedexceptionalevents

*ARN H A &cordptlatiof &f emission factors and process information for more than 200 air pollution
source categorieshttps://www.epa.gov/airemissionsfactorsand-quantification/ap42-compilationair-
emissionfactors


https://www.epa.gov/air-quality-analysis/treatment-data-influenced-exceptional-events
https://www.epa.gov/air-emissions-factors-and-quantification/ap-42-compilation-air-emission-factors
https://www.epa.gov/air-emissions-factors-and-quantification/ap-42-compilation-air-emission-factors

distance all approacheyieldedQ/d values well below the 100 tpd/km vale@stablishedoy EPA
for clear causal effect.

MassDEP developéts ownevidence consistent with the second factoriier 2 analysis
including:

Evidence thathe fire emissions affected the monitoevent vs norevent data plots
andcomparative analysis of other grouelel measurements typically associated with
smoke (CO, PM, black carbon).

Evidence that the fire emissions were transported to the moniteatellite photographs
of smokeplumesand trajectory analysis

However since Q/d is less than 1@0d/km, MassDERBugmented itsdlemonstrationwith
additional evidenc® 2 y & A & (i Sy guidande tioKaied 3 analysis This evidence includes
matchingday analysis and @omparson ofmodeled forecasts with observed levelsherefore,
al 3a59t Q& RiSatampbiaaiioddofTi&r2 gind Tier 3 approaches

2. Regulatory Significance

ADesign value (D\§ the statistic that is compared to a NAAQS to determine whether the
standard is met.Ozone DVs are determinedoy first ranking maximum $our average
concentrations recorded at each monitor for each day during the.yEae 4' highest valudor
each yeamat eachmonitor is then averaged over 3 consecutive years to yielddkéor that
monitor. Table llists the4™ highest maximum $iour average ozone concentrations recorded
at Chicopee and War@ncluding the days affected by thert McMurray wildfire)in the most
recent 3year period(20142016)and the resulting D¥or eachmonitor. TheDVfor each
monitor is 70 parts per billion (ppb) which isthe level of theNAAQS.The 2017 Critical Value is
the 4" highest ozone concentration thaf,met in the 2017 ozone season, would result in a
violation of the NAAQS when calculating the 2@03.7 DV.

Table 1 alsdiststhe 4" highest 8hour average ozone concentrations anddidt 2016 if values
from May 25 and May 2éreremoved from the DV calculatiohe resultanDVs are 68 ppb at
Chicopee an@®9 ppb at Wargand the 2017 Critical Values rise to 72 ppb

OnApril 11, 201&PAdeterminedthat Massachusetts had attained the 75 ppb 2008 ozone
NAAQS bthe 2015attainment date? EPA plans to designate stafes the 70 ppb20150zone
standardby Octoberl, 2017. Sincethe D\s are at the level of the2015 ozonestandardwith the
inclusion of the two days effected by tlh@rt McMurray wildfires, removing thesdays will help
Massachusetts remain in attainment of the ozone standard

* Determinations of Attainment by the Attainment Date, Extensions of the Attainment Date,

And Reclassification of Several Areas for the 2008 Ozone National Ambient Air Quality
Standards. Final Rulépril 11, 2016(FR 81p.26697May 4, 201% https://www.gpo.gov/fdsys/pkg/FR
2016:05-04/pdf/2016-09729.pdf


https://www.gpo.gov/fdsys/pkg/FR-2016-05-04/pdf/2016-09729.pdf
https://www.gpo.gov/fdsys/pkg/FR-2016-05-04/pdf/2016-09729.pdf

Table 1

Impact of Event on Design Valug€hicopee and Ware
Values in ppb

Current Values May 2526 Removed
2014 2015 2016 201416 2017 2016 201416 2017
4"High 4" High 4"High  Design  Critical 4" High Design Critical
Value Value* Value Value*
Chicopee 65 70 76 70 67 71 68 72
Ware 68 71 72 70 70 70 69 72

* Critical value is thd™ highest 8hour average for 2017 thaif exceededwould cause a violation of the standardf the 4"
highest 8hour average for 201@t the Chicopee and Ware monitors drelowthis value, themonitorswould continue to meet the
ozonestandarc.

3. Area Description

Both the Chicopee and Ware monitors are keckin the westcentral portion of Massachusetts.
Thetotal population inMassachusettss approximately 6.8 milliorandthe majority of people
live in the more metropolitan areda eastern Massachusetticluding Boston and its suburbs.
Westcentral areas of the State are more rynaith the exceptiorof the citiesof Springfield and
Chicopeewhich havepopulationsof approximately 155,000 and 3¥00, respectively.

The Chicopee monitor is Hampden Gunty and idocatedat Westover Air Force Bastan
elevation of 272 feet above mean sea levidlis area ifn the Connecticut River Vallgyhichis
generally oriented in a nortsouth direction with higher elevations to the east and west. The
cities d Holyoke, Chicopee, and Springfield are situated immediately to the south and west of
the monitoringstation. The aresito the north and east and beyond 10 miles to the south and
westare more rural. Themonitor represents population exposure on an urksgale(an area of
city-like dimensions, on the order of 4 to 50 kilomefeendis part of the Springfield

Metropolitan Statistical Area (MSA)

The Ware monitor if a rural locationn the easteramost part of Hampshire County. The site is
locatednear the south end of the Quabbin Reservoir at an elevatidkOad feet above mean
sea level. Much of the surrounding area is ruggringfield and Chicopeaethe nearest
populated areas approximately 15 miles to the southwest. Mbaitoringstationrepresents
population exposure on an urban scale adsois part of the Springfield MSRigure 1shows

the locations of the Chicopee and Ware monitasswell as othemonitoring stationsin
Massachusetts.



Figure 1
MassDEP Ozone Monitoring Networ
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4. Area Climate

Massachusetts experiencésur seasons of weathefhe state lies in the prevailing westerlies
and oftencan be subject to colder air masses intruding from northern regiomgnter, and
experiencevarmer and occasionallyore frequenthot and humid conditions originating from
areas to the south and southwedtiring summer Eastern areas of th&ate can be subject to a
coolingseabreeze during the warmer summer montaada milder influence fromelatively
warmer Atlantic watersluring the winter monthsinland areas of thetate tend to have more
GSEGNBYSé O2yRAGAZ2Yya NBf Iidclesifg distanceddrh tadl |
AtlanticOceaf iafluence

Summertime weather in the westertral areas of thestate typically includes warrdaytime
temperature levelg70sto low 80Cs °F)with cooler levels at night (B0F). However, depending
on the location of synoptiscale weather systemthe area may experiencgeveral episodes
during the gason with temperatures 205 °F higher or lower from those that are typicklost

y2Galof$ FNB GKS 4. SNXdRIE | A3Ké S$@Syda (Kb

months. This scenario is characterized by a large area of high pressure cerftarexleast
coast of the United States. The clockwise circulation around this area results in a south to
southwestair flow into Massachusetts bringing hahd humid weather conditions.

f 201l @
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5. Characteristics oAreaNon-Event Ozone Formation

Ingeneral,elev i SR 2T 2y S O2yOSyidNIGAz2ya 200dzNJ 6KSyYy G KSNJ
pollutants¢ VOCs and NQxon hot sunny days.

Two primary synoptic meteorological patterns typically triggjghozone episodes in

Massachusetts ancanresult in episodefaving markedly different ozone signatures. One

synoptic type, which mainly affects the immediate south co@ape Coghnd the Islands, features

the Atlantic oceanic anticyclone extending westward well thminterior eastern U.S. A second

high presare center may form within this circulation over the ORiverValley area. This results in

westerly surface winds over MassachusettS SLIA Y3 YdzOK 2F GKS adrkdasSQa Al
However, pollution transport from theNew York City/New Jerseyreaeastward across Long Island

Soundcanbring ozone andzoneprecursors to coastalddnecticut Fhodelsland andextreme
southcoastalMassachusettancluding Cape Cod.

The second episode type occurs when the Atlantic anticyclone has a more nogbe#sivest
orientation (which, in the previous example, was easst), with less extension inthe interior

eastern U.S. This pattern generates a more sgotithwesterlyflow across Massachusetts, which
carries pollutants from thaortheast urban corridr northeastward into western and central
Massachusetts This flow keeps the main pollutant plume west of Cape Cod and the south coast, as
the southerly breezes there draw in cleaner marine air. In this case, the ozone gradient is reversed
from that in the previous exampleDuring this type of episode¢he south coastCape Codand

Islands have relatively low ozone, with elevated values across the interior of theFstate2

presents a series @ollution (ozone)wind roses for the Chicopee and Ware monitoring locations
superimposed on an area map. The wind roses represent recorded 0zone concentrations along
with corresponding wind direction on an annual basis for each of the last 6 years. All of the wind
roses indicag a majority of the elevated ozone concentrations (depicted in yellow) coincide with
southerly component wind§.e., south-southeast through southwest, at both monitoring

locationg.

Over the past 30 yeardJassachusetts has experienced an overall desgéa episodes of

elevated ozone The number of exceedance days recorded at monitoring locatiomsathe

sateist 26 SNJ Ay NBOSYylG &SI NB S@Sy iyonecouht@a aidNBy I
5dz] S& 0 al NI KwadesighdtefiGhattaiNidrent for the 2008®zonestandard.

However,n 2016, EPA determined that the entire state had attained the 2008 standard by the

attainment date of July 20, 20f9Massachusetts moniternow show that thentire state also

meetsthe more stringer 2015 standard.

® Determinations of Attainment by the Attainment Date, Extensions of the Attainment Date, and
Reclassification ddeveral Areas for the 2008 Ozone National Ambient Air Quality Standards.
Environmental Protection Agency (EPA). Final rule. April 11, 208., (MRy 4, 201§. 26697
https://www.epa.gov/sites/production/files/20184/documents/20160411fr.pdf


https://www.epa.gov/sites/production/files/2016-04/documents/20160411fr.pdf

Figure 2
Ozone Concentration Wind Roses for Chicopee and Ware
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Annual ozone wind roses for Chicopee and Ware monitoring sites for year20@61Wind rose data
indicates relative frequency ofind direction and levels of ozone associated with each direction. Elevated

levels of ozone are depicted in yellow and are generally associated with southerly component winds (sot
southeast through southwest) in each of the years.




6. Wildfire Description

On May 1, 2016, a wildfiref unknown origirbegan southwest of Fort McMurray, Alberta,
Canada. The fire quickly gathim size and two days later, movddough the community of Fort
McMurray forcing the largest wildfire evacuation in Albertan histdihe wildfire continued to
grow in size spreading across northern Alberta and into Saskatchéfiagfighting personnel
from across Alberta as well &#®8m other Canadian provinceandthe Canadian military
responded to help battle the wildfire.

The rapdl growth and duration of the wildfire was aided by unusually hot and dry weather
conditions over northern areas of Alberta. The situation worsened during the first week as winds
began gusting at spee@xceeding 40 mphThe fire was not officially declareshder control

until more than two months later on July 5 after spreading acressly1.5 million acres.
Approximately 2400 homes and other buildings were destroylet the costliest disaster in
Canadian history.

Smoke from the wildfire began tofatt the surrounding area including the community of Fort
McMurray almost immediately. Theontinued rapid development and increasakd coverage

of the fire enhanced thassociatedsmoke plumesand by May 7 smoke was affecting not only
areas of Alberta but also Saskatchewan, Manitoba, and the reatitral portion of theU.S. As
the fire continued to burn, satellite data indicated that smoke plumes advanced and affected
even largeportions ofCanada and the .8 for much of the month of MayFigure3 presents
visible satellite images showing the wildfire smoke plume on select days during the-May 4
period.

®Parsons, Paige (May 4, 2018jort McMurt @ NB aA RSy da FfSS Ay (KS fFNBSalG ¥
history". Edmonton Journal

"Parsons, Paige (May 19, 2016jort McMurray fire grows to 505,000 hectares as it crosses into
Saskatchewan"Edmonton Journal

®Romero, Diego (July 7, 2016jort McMurray wildfires damagcost $3.58 billion'CTV Edmonton

10


http://edmontonjournal.com/news/local-news/fort-mcmurray-fire-crosses-into-saskatchewan-and-continues-to-grow
http://edmontonjournal.com/news/local-news/fort-mcmurray-fire-crosses-into-saskatchewan-and-continues-to-grow
http://edmontonjournal.com/news/local-news/fort-mcmurray-fire-crosses-into-saskatchewan-and-continues-to-grow
http://edmontonjournal.com/news/local-news/fort-mcmurray-fire-crosses-into-saskatchewan-and-continues-to-grow
http://edmonton.ctvnews.ca/fort-mcmurray-wildfires-damage-cost-3-58-billion-1.2977275

Figure3
Satellite Imagry of the Fort McMurray Wildfire Smoke Plun
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Figure3 (continued
Satellite Imagry of the Fort McMurray Wildfire Smoke Plun

a1

Visible satellite pictures showing nortientral US and western Great Lakes region with smoke plume fron
Fort McMurray wildfire. Smoke wagisible shortly after ignition on May 4 and continued to build up
throughout the region for more than 2 weeks.Y I 3SNE FNRBY b! {! Q& 9 NI K h

ASNDAYy I { ¢
Information System (EOSDIShtps:// worldview.earthdata.nasa.gov/
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https://worldview.earthdata.nasa.gov/

7. Conceptual Model of Ozone Formation fraone Fort
McMurray Wildfire

Therelationship between wildfire smoke and elevated ozone leigetfocumented ira number

of scientific articles from peereviewed journals.These articles contain examples of wildfire
smoke plumes enhancing levels of ozone nearby, as well as augmentation of levels far from the
fire due to buildup and longange transport of ozonerpcursors within the plume.

Photochemical modeling results simulating wildfire smoke effects on ozone also provide
evidence of enhancement.

Smoke from biomass burning contains ozone precursors such as nitrogen oxicd@sif@on
methane hydrocarbons (NMICs) (McKeen et al., 2002; Jaffe et al., 2008). Previous

observational studies have shown that smoke from biomass burning can enhance the formation
of ozone under a variety of conditions (e.g., Hobbs et al., 2003; Junquera et al., 2005; Pfister et
al., 2M6). Ozone enhancement due to biomass burning is highly variable and depends on a
number of factors including fuel type, combustion efficiency, and available solar radiation (Jaffe
and Wigder, 2012). In addition, ozone enhancement associated with biduasag can take

place both immediately downwind of a fire and after leragnge smoke transport. Junquera et

al. (2005) found ozone enhancements of up to 60 ppb within 10 km of fires in eastern Texas.
Using ozonesondes, Morris et al. (2006) found @128 ppb increase in aloft ozone

concentrations over Texas due to lerange transport of smoke from wildfires in Canada and
Alaska. In the analysis of a November 2009 smoke plume in California, Akagi et al. (2012) found
GKIFIG aRSALAGS 2 PddelzhtNth hefare theLdlidePsalstics [thie fldme was
LIK20G20KSYAOFKffe I OGADGS YR AAIAYATFTAOLY(H FY2dzyida :
demonstrating that ozone enhancement due to smoke can take place in the cool season when
o0zone concentrations are tygally lower. Conversely, in some cases, 0zone concentrations were
shown to be suppressed near wildfires, possibly because of thick smoke obstructing incoming
UV radiation and/or titration of ozone due to high NOx concentrations in the smoke plume
(Bytnerawicz et al., 2010; Stith et al., 1981).

Previous studies have also shown that fires contributed to exceedances of the NAAG®tior 8

ozone (Jaffe et al., 2004; Junquera et al., 2005; Bein et al., 2008). And, using photochemical

model simulations, Pfist (2008) found 1§15 ppb increases in ozone near fires in Northern

California over the September2D, 2007, period and near fires in Southern California over the
October150 n X HANTI LISNA2RX 02y Of dzZRAYy3I GKI G aAyaSyas
21 2yS tS0Sta G2 SEOSSR OdaNNByid KSFfGK adl yRFNRAcC
request from the California Air Resources Board (CARB) and the Sacramento Metropolitan Air

® Much of the wording and examples given in this section are from the previously approved KDHE Exceptional Event
Demonstrationg see original document for specific citatioi®ate of Kansas Exceptional EvBetmonstration

Package April 6, 12, 13, and 29, 2011; KIN¢kZember 27, 201@https://www.epa.gov/sites/production/files/2015
05/documents/kdhe_exevents_final_042011 pdf

13



Quality Management District (SMAQMD) to exclude exceedances of th@8lfok thour

0zone concentrations due to emissions from biomass burning under the Exceptional Events
Rule. EPA also approved a 2012 request from the Kansas Department of Health and
Environment (KDHE) to exclude severb8r average ozone concentratioimsApril 2011 that
were in exceedance of the NAAQS due to numerous fires in areas upwind of monitoring
locations. In these cases, CARB, SMAQMD, and KDHE used afseiiftence approach
similar to the approach used for this Exceptional Events demomstmaincluding analysis of air
guality and meteorological data, satellite imagery, and air parcel trajectqrieshow that
smoke from wildfires resulted in 0zone exceedasn their respective regions.

Based on its considerable size, significant ame@hitNOx and VOCs were emitted from the Fort
McMurray wildfire. On May 18, the plume from the Fort McMurray wildfire began dispersing
toward the US upper Midwest and Great Lakes region where it became traphedto
subsidence and light winds associateith a large are@f high pressure This high pressure
area was the dominanneteorologicalfeature in the Midwest area of the country in the
following daygdMay 1923) and then began to shift eastward on May Xdeather conditions for
the area includd ssasonable temperature levels accompanied by generally light vdudag

the period.Figure4 presens National Weather Service (NWS) Surféecelysis Maps for May
18-24. Each map shows locations of meteorological features including centers of high and low
pressure, frontal systems, and current weather observations from NWS reporting stakioms
area of high pressurever the Great Lakes regi/ upper Midwestand its transition slowly
eastward is evident in Figure

14



Figure 4
Surface Weather Analysis Showing Large High Pressure
System Across Upper Midwest and Great Lakes Regioiso

May 18, 2016

May 19, 2016

May 20, 2016
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Figure 4(continued)
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To show that the wildfire plume could be transported from its source in Alberta to the Great
Lakes region, a forward trajectory analysis was executed using the HybridFantibde
Lagrangian Integrated Trajectory (HYSPLIT) model (model initializedrabg CTDEEP). This
model calculates the position of parcels of air over time based on meteorological data.
Transport at different altitudes can be specified for simultaneous analysis and display. This
allows for better determination of a consistent flow ascending levels of the atmosphere or if
the flow changes direction and/or speed with heiglhcrements of six hours in each trajectory
are indicated by a point on the trajectory line with larger markers indicating evehos. A
longer space betwen points impliedaster wind speeds. For this episode, a4@r forward
trajectory starting on May 18 at the 1000m, 1500m, and 2000m levels was generated to show
where air parcels would likely travel.

Figure 5presents the HYSPLIT model results and indicates that air parcels on May 18 at the
higher 2000m level (green line) may have traveled in a more easterly direction remaining over
Canada. However, the model clearly indicates that parcels at the 27000mn@geitid 1500m

(blue line) levels would likely have been transported from the Fort McMurray area to the Great
Lakes area arriving on or about May 21 (denoted by larger markers over Michigan). With surface
high pressure over the region, particles within teggrcels would likely have become trapped

due to light winds and limited mixing conditions associated with the high pressure system.

17



Figure 5

HYSPLIT Mod&R0-hr Forward Trajectories May 18, 2016
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Job ID: 173738

Trajectory Direction: Forward

Source 1 lat.: 56.700000 lon.:

Vertical Motion Calculation Method: Model Vertical Velocity
Meteorology: 0000Z 1 May 2016 - NARR

Job Start: Fri Feb 24 20:56:25 UTC 2017
-111.380000 hgts: 1000, 1500, 2000 m AGL

Duration: 120 hrs

HYSPLIT model results for #a8ur forward trajectay analysis. Levels shown are 1000m (red line), 1500m (blue line), and 2000m (gree
line) with markers indicating-Bour interval. Results indicate air parcels at the 1000m and 1500m levels originating in the Fort McMurray
area on May 18 likely would hateaveled toward the Great Lakes area arriving on or about May 21 (denoted by lardeuy 2narker over

Michigan.
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The National Oceanic and Atmospheric Administration (NOAA) pravidétazard Mapping
System (HM$) fire and smoke plume analysis from environmental satetliéa. Figure6
presensthese images showing th#tte satellite detected smoke plume (outlined in gray)
residedover Canada and the.8 upperMidweston May 18 and proceeded to change
orientation and size while slowly moving eastward through May 24.

® Hazard Mapping System Fire and Smoke Prodhigt: (/www.ospo.noaa.gov/Products/land/hms.htl

19


http://www.ospo.noaa.gov/Products/land/hms.html

Figure 6
Location of Smoke Plume as Detected by HMS Satellite

bht 1t Qa IFTFNR al LJ
: ¢ ey and Smoke Product
Fort McMurray Wildfiré” ’ \\T"“ . (http://vvvvw.s.sd.r.woaa.gov/PS/.FlRE/hms.html)
— May 1824: Fire (red points) and smoke

data (shaded in gray) detected by
satellite each day is displayed on map
of North and Central America. Images
show plume from Fort McMurray
wildfire across central Canada and
upper Midwest of U.S. on May 18.
Plume then continues to expand and
change shape while slowly moving
eastward during successive days.

¥
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Figure 6(continued)
Location of Smoke Plume as Detected by HMS Satellite
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Figure 6(continued)
Location of Smoke Plume as Detected by HMS Satellite

During this same time perioéJevated ozone levels were observiedthis regioreven though
meteorological conditions were not conduciteceelevated ozone developmeiggenerally light

and variable winds and seasonable temperature levels associated with the large area of high
pressure)Figure7 presensthe HMS smoke and fire data along wilte late afternoon/early
evening observed ozorevels br each dayrom May 1924. In each figure, an ozone observing
station is represented by a green or yellow point with the yellow point indicating an elevated
ozoneleveb aSR 2y 9t ! Qa ! ANJvdzZ fAlGé LyRStHeadd vLO P ¢ KS
of elevated ozone expanded in size over the period and slowly moved eastward in conjunction
with the wildfire plume. This type of pattern would indicate that ozone precurBora the

wildfire were transported within the smoke plume and resultachigher ozone levels than

would have been expected with concurrent meteorological conditions.
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Figure 7

Late Afternoon/Early Evening Ozone Concentrations with
Wildfire Locations and Smoke PlungSlay 1924, 2016
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Figure 7(continued)

Late Afternoon/Early Evening Ozone Concentrations with
Wildfire Locations and Smoke PlungSlay 1924, 2016
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Figure7 (continued)
Late Afternoon/Early Evening Ozone Concentrations with
Wildfire Locations and Smoke PlungSlay 1924, 2016
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To further illustrate that the plume was crossing the Great Lakea during this time period,

RFGF FNRY 9t! Qa taundp / KSYAOIf {LISOAIGAZ2Y az2yAilz
organic carbon (OC) and potassium (K, K+) are closely associated with wildfire emissions. These

data are collected at various locations an every 3day schedule by the CSRigure 8presents

the 3 monitoring locations from which OC and K/K+ data were retrieved for analysis. Locations

in western Michigan, eastern Michigan, and weehtral New York state were chosen to

represent the area wére previously shown modeled transport of the plume was likely to occur

and where both HMS data and visible satellite images indicate the wildfire plume.

Figure 8also presents data plots from each of the 3 monitoring locations showing trends of OC
and K/K- during May 2016. In each plot, an increase in levels of these species is evident with the
May 21 and May 24 samples, which would coincide with the plume over the area. Concurrent
maximum 8hour ozone concentrations are also plotted in each figure shoelieated ozone

levels at these locations during this same time. The elevated levels of OC and K/K+ observed at
these ground monitoring stations are further evidence that the plume from the Fort McMurray
wildfire was affecting the Great Lakes area durimig period and moving eastward into New

York.
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Figure 8
Chamical Speciation Network (CSN\gt®
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Figure §continued)
Chamical Speciation Network (CSN\gt®
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Chemical Speciation Monitoring Network (C8Bi)d data from western Michigan, eastern Michigan, and westral New York all indicate
increases inlevels of species associated with wildfire smoke Ma®21Concurrent elevated levels of ozone are alstigated.
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The unexpected nature and uniqueness of this elevated ozone scenario can be further
demonstrated bycomparing predictions from the NOAA CMAQ m&debmmonly used to
forecast ozone levels), and the actual observed levels of ozone on those days because the NOAA
CMAQ model does not account for the influence of the wildfidhile air quality models can
both under and overpredict concentration levels, it would be more unusual for a rruldty
series of underor overpredictiors by a significant margin (i.€L0 ppb or greate)). Figure9
presenslevels of bias (i.ethe difference between modeled ozomencentrations and those
that were actually observed by monitorfey May 1924. Data presented in these figures
indicate he modelforecass under-predicted the observed leveis the area affected by the
plume every day during the periagin some caseby 10 ppb or more Thisconsisencyand
degree ofnegativebias in the model ikelyevidence of the influence of the smoke plume on
observed are@zone concentrations.

Figure 9
Model Predicts Low Ozone in the Upper Midwkkty 19-23

NOAA CMAQ Ozone Model to Observation Differences

%
s . May 19, 2016

e WA
- _’ Over-prediction

Difference of S ppb
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30 ppb

Author: Joel Dreessen, Maryland Dept. of the Environment 27Jan2017

v

Figure show CMAQ model biasomparedto observed ozone levels. Blabadingsndicate degree of model
under-predictionas smoke influences ozone levels acrossGheat Lakes region. Image courtesy of Joel
Dreessen, Maryland Department of Environmental Protection QD).

' Community Modeling and Analysis System (CM#AD3://www.cmascenter.org/cmag/
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Figure Ycontinued)
Model Predicts Low Ozone in the Upper Midwkkty 19-23

NOAA CMAQ Ozone Model to Observation Differences
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Figure showing CMAQ model bias to observed ozone levelssBhakngsndicate degree of model under

predictionas smoke influences ozone levels acrossGheat Lakes region. Image courtesy of Joel Dreessen,

Maryland Department of Environmental Protection (MDDEP).
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Figure 9continued)
Model Predicts Low Ozone in the Upper Midwiksty 19-23

NOAA CMAQ Ozone Model to Observation Differences

- May 22, 2016
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Figure showing CMAQ model bias to observed ozone levelssBgiingsndicate degree of model under
predictionas smoke influences ozone levels acrosgh of the eastentral U.S. and parts of the northeast.
Image courtesy of Joel Dreessen MDDEP.

31



Figure Ycontinued)
Model Continues to Predict Low Ozone as
Plume Spreads May 24

NOAA CMAQ Ozone Model to Observation Differences
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Figure showing CMAQ model bias to observed ozone levelssBhgingsndicate degree of model under
predictionas smoke influences ozone levels acmosgh of the eastentral US and parts of the northeast.
Image courtesy of JoBlreessen MDDEP

Hevated ozone levels began affecting much of the north&hSton May 25 and continued
through May 26t the same time as HMS satellite data show the plume arriving in the region
Ozone levels imost of New England up to ti@anadian border, & York State, Pennsylvania,
New Jersey, Maryland, and Delaware wdramaticallyaffected. OnMay 25,this impact
included high numbers of exceedances of the 70 pptnestandard throughout the northeast

¢ exampledor several stateare listed below.

NJ¢ 16 of 17 monitos exceeced

NY¢ 29 of 30monitors exceeded

CT ¢ 11 of 12monitorsexceeded

RI¢ 3 of 3monitorsexceeded

MA ¢ 9 of 15monitorsexceededwith 3 additional monitors reachinthe standard)
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As was the case in theoper Midwestand Great Lakes region in the days progteorological
conditions in thenortheaston May 5 and & were not favorable for the production sluch
elevated levelsFigures 10 and 11 present NWS surface analygis May 25 and 26, respectivel
including an analysis of surface winds in the northéaS.The data shovilows near the surface
were generally out of thevest andwestnorthwestacrosswestern and central areas of
Massachusetten May 25 Surface winds were quite light and variable on May 26 due to the

position of a cold front over central and western Massachusetts as depicted in the surface
analysis.
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Figure 10
Surface Analysis Showing Generally West to Westhwest
Flow into Westem Massachusettg May 25, 2016
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May 25, 2016 NWS Daily Surface Weather Analysis Intigqp/fvww.wpc.ncep.noaa.gov/dailywxmap/index.htnbvith
surface wind and sekevel pressure analysfscused on northeast U&t(p://vortex.plymouth.edu/myo/sfc/ovrmap
a.html). Analysisndicates fair weather with general west to weasbrthwest flow into western MA.
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Figure 11
Surface AnalysiShowing Variable Winds into

Western Massachusetts due to Surface Frontal Sygtem
May 26, 2016
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May 26, 2016 NWS Daily Surface Weather Analysis im#p: {(www.wpc.ncep.noaa.gov/dailywxmap/index. htnwith
surface wind and selevel pressure analysis focused on northeasthiip:(/vortex.plymouth.edu/myo/sfc/ovrmap
a.html). Analysisndicates fair veather with variable surface winds in western MA due to position of cold front over the

area.
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Figuresl2 and 13 present visible satellite imagery of the northeas8Urom May 25 and 26
respectively. Each picture captures the smoke plume over Massachusetts and surrcaneding
Figurel4 shows the view from a webcam atdmlcott Mountain approximately 20 milasuth-
southwestof Springfield, Mssachusett®oking toward Hartford, ©@nnecticut The photographs
indicate a generally smoke free view on May 24. However, beginning on May 25 and continuing
on May 26, the area is clearly affected by the smoke plume.

Figure 12
Visible SatellitdmageShowing Smoke Over Massachusett:
and Surrounding AreaMay 25 2016

May 25, 2016 visible satellite image of northeast US showing wildfire smoke plume now over the region
(appearing as a lighter white and grayish brown as compared to clouds in brighiter
(https://worldview.earthdata.nasa.goy/
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Figure 13
Visible SatellitdmageShowing Smoke Over Massachusett:
and Surrounding AreaMay 26 2016

N
»

May 26, 2016 visible satellite image of northeast US showing wildfire smoke phunaéning over the region
(appearing as a lighter white and grayish brown as compared to clouds in brighter white.
(https://worldview.earthdata.nasa.goy/
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Figure 14
Webcam from Talcott Mountai@verboking Hartford CT

ShowingSmoke atGround Level on May4226

May 24, 2016 7:00 PM May 25,2016 8:00 AM

May 25,2016 2.00 PM May 26, 2016 10:00 AM

Webcam Views frorilearbyTalcott Mountain (20méssouth southwesof Springfield, MA)
Looking Toward Hartford, CCapture from May 24 indicates a relative smdéle= view. Capture from May
25 and 26 show wildfire plume affet the region. Photos courtesy of Connecticut DEEP.

Figurel5 presensthe HMS smoke data for May 25 and 26 along with the late afternoon/early
evening observed ozone levels. The data show that on each day, ozone levels in the northeast,
and in particular Massachusetts, were elevaiedhe presence of the wildfire plume.
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Figure 15

Late Afternoon/Early Evening Ozone Concentrations with
Wildfire Locations and Smoke PlungSlay 2526, 2016
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Figure showing location of fires and smoke (from HMS fire and smoke data) along with late afternoon ozone levels. E@ateditsz
(yellow points) evident ithe northeast including Massachusetts while simultaneously under the influence of the wildfire plume (denoted
as darker gray areapisplay generated via AirNefech (ittp://www.airn owtech.org/ )
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Figurel6 presens CMAQ érecast modetiata thatcontinued to undespredict ozone levels by a
significantmargin in the northeasincluding greater than 20 ppb in central and western areas of
Massachusetts.

Figure 16
Model Predicts Low Ozone as Plume Spreads in
Northeast¢ May 25-26

Figure showing CMAQ model bias to observed ozone levelssBhgkingsndicate degree of model
under-predictionas smoke influences ozone levels acmseh of the northeastimage courtesy of Joel
Dreessen MDDEP.
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