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ABSTRACT

Ambient ozone concentrations in  the New York Metropolitan area,
encompassing porzions o the States of New Jersey. New York anc Connecticut.

often exceeded the ozone National Ambient Air Quality Standard {(NAAQS) of 0.12

oom auring the 1980 ozone season. To adaress this oroblem. & study entitied
"Oxvgant Moge’ing “or Tne new Lora MeIropo.ttan Ares 2roject (CMNYMAPR, ' nas oseer
Jnaertaken. The goals of this modeling study are T2 orovide information on (a}

tne extent anc magnituas of the ozone problem ir tne New Yory Metropoiitan are:z
during the 1988 ozone season; (b) the impact/benefit achieved with imposition of
specific control sirategies to which the <three states commitied themselves in
their State Implementation Plans (SIPs); (c) the roie of pollutant transport
Trom the upwind regions into the modeiing domain; and (d} meaningful and
effective control strategies to meet and maintain ozone NAAQS in the New York

Metropolitan area.

In this study, the urban AIRSHED model (UAM) has been used to simulate five
high ozone days in the 1980 oxidant season. Typical characteristics of the five
high ozone days were as follows: wind flow generally from the south to
southwest at about 4 to 5 m/s, daily maximum surface temperature in the range of
30 to 35°C (86 to 95°F) and measured ozone concentrations exceeding 200 ppb
within Connecticut. The emissions input data base consisted of major and minor
point sources, area sources, and mobile sources. The inventory was compiled for
the region on an nouriy Dpasis 7or NOX. CO. and VOC emissions in terms of
speciated components characterized by the Carbon Bond II (CBII) chemical

mechanism.

The model results have been analyzed to assess the performance of the model
in simulating the observed ozone concentrations. Various statistical measures

were applied to the data for each of the five simulated days as well as for the
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emLie LaTa. ~ COMPAYLsUn 07 TNe CDServec anag  correspencing oreguiclea
concentrations as a pair indicates that the model performed reasonably well with
correlation coefficients in the range of 0.47 to 0.75 for the five days.
Examination of the model performance with the data base comprised of ozone
concentrations greater than 100 ppb reveals that 60% of the predicted values
were within :30% of their corresponding observed concentrations with <the

remaining values distributed evenly between the under- and over-prediction

(i1)



categories. However, the model has a tendency to underpredict the peak or the
maximum concentrations over the modeling domain. These results are consistent
with evaluations of the UAM performance at other urban areas by the U.S.
Environmental Protectior Agency.

-2 - ~
3
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The UAM was <then apriiec =z assess =tne mpact c¢f emissions corIre's
impiementea uncer Tne State impi(ementation 2.ans (3iPs. oY tne tnree sTatas Tor
1988 together with appropriate reductions in the pollutant concentrations at the
upwind boundary for two of the five dayvs auring wnich UAM performed %the besz.
The modeling results indicate that although there is a decrease in tnhe 1988 peak
ozone levels, the predicted marimum concentrations are well above the NAAQS for
ozone. Even with the imposition of &1l the extraordinary emissions cortrol
measures committed to under tne SIPs, the resulits of a one day simuiation reveai

that the peak ozone level continues to be well above the NAAQS.

Analysis of the sensitivity of the model output to specific model input
conditions discloses that pollutant transport 1into the modeling region is
extremely important. Hence, serious consideration should be given to this
feature in addition to other emissions reduction plans for developing meaningfu1
and effective strategies to meet and maintain the ozone NAAQS in the New York
Metropolitan area. Additional modeling analyses are necessary to quantify the
lTevel of reduction in the precursor emissions required to meet the ozone NAAQS

in this area.
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INTRODUCTION

Pursuant to the 1970 Clean Aijr Act Amendments (CAA), the U.S. Environmental
Protectiorn Agency (USEPA! has promuigated the primary anc secondary Nationa’
Ambient Air Quality Standard {(NAAQS) for ozone. As stated in the 3£ =edersz

1

Register 8186 [(Ap»i’ 1871'_ this standard was C.0f por maximumr one-nouv

ZIrZErTYETION NCT IC D& 2vCseqec mMeve Tnan gnce ser vea
raference <est methoc Tfor ozone. However, the measurec concsntrations c®tar
axceedecd thitc value ir potr urbar anc rural locations. Subsecuenziv. DAsSeC ubor
information on the health effects of ozone in the atmosphere, the USEPA revised
“he NAAQS *o 0.12 ppm in 1079 with <he standard being atiained wher "ine
expected number of days per calendar year with maximum hourly average
concentration above 0.12 parts per million is equal to or less than 1" (10 CZFR
30.9). Under Section 110 of CAA, state and local air poiiution control agencies
are reguired to specify tne metnoas that are to be impiemented to reduce
precursor emissions in urban areas to the extent necessary to comply with the
NAAQS. These measures are to be identified in their State Implementation Plans
(SIPs). To accomplish this in an equitable manner, the regulatory agencies must
be able to relate the existing emission patterns from specific urban source
areas to air quality at downwind receptor locations, expressed in terms of

ground-level ozone concentrations.

Ozone is not usually emitted directly into the atmosphere, Sut is insteac a
saconagary poliutant that is formea over a perioa o7 Time Trom & variety oF
atmospheric reactants. The USEPA nhas specified a numper of mogeiing Tecnnigues
for estimating the required percentage reduction of precursor (hydrocarbon and
oxides of nitrogen) emissicns from an urban source area necessary tc meet the
3ir quality standards. Since implementation of an emission control strategy mav
regquire tremendous economic commitments and may cause sever2 social disiocation.

reliable estimates of ozone concentrations due to *tne impact of precursor

imm e e Taame mems . O e
20T 0% on o Tne TR av & IV C Zl

[14]

CLTL uvDar aves T QUESTTOY MusST 28 ave

making a decision to adopt a particular control strategy for the area.

Downwind ozone Tevels are related to a specific area's precursor emissions,
and transported ozone and precursor concentrations, by the mathematical models

which predict these relationships in such a manner that various control
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strategies can be evaluated. Confidence can be placed in the impact evaluation
process only if vreliable ozone prediction relationships are employed.
Approaches for determining the level of emission reductions necessary to attain
~he NAAQS include. in the order of incrzasing compiexifty. linea» rollback. the

“"Appendix J" method, empirical kinetics moae’, anc¢ numerical models for

nho*ochemical oxidants. The cnoice ¢ apprcacr nct onlv affaezts Tne goianz- 57
ZreQipt Ty 0T “eSu’TS. DUT &.SC Tne =ase 0T TmMp.ementatiorn . &vEas navis
Timited or none of the regquired input data. and/or the expertise recui-ed =o
4t 74ze the approach.

Ro7lback models, whicn are now unacceptable, assume @ cirect

proportionality between air quality and emissions. Thus, a reduction cf a
secondary pollutant concentration such as ozene. is assumed to be directiy
proportional to a reduction in source emissions for an entire region. This
method may be used for regions oniy wnere very Jittie detailed cata are
available, and then, too, only for screening purposes. Hence, this highly

simplified approach to ozone modeling is largely outmoded.

The "Appendix J," or upper limit oxidant - hydrocarbon concentration
approach, is a technique developed in the early 1970's which attempted to
develop a simple relationship between afterncon oxidant levels and morning
hidrocarbon concentrations. Since the model completaly disvegards the
site~specific or Tlocal effects of nitrogen oxides, meteorology, and ozone

Transport, Tnis approacn also IS Ne ionger consiaered va.ia Dy UOTFA.

Empirical kinetics models represent an attempt to develop the relationships
between ambient ozone concentrations and precursor emissions, based on smog
chamber simulations. Initial concentrations of various precursor mixtures are
introduced into the smog cnamper and are subjected to sunlight tc  induce

ohotocnemical activity. Resulting ozone concentrations are observec as a
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in an 1isopleth form as functions of initial concentrations of non-methane
hydrocarbons {(NMHC) and oxides of nitrogen (NOX). This information was utilized
to develop the USEPA Model, Empirical Kinetics Modeling Approach known as EKMA.
The EKMA model is probably the most reasonable model currently available for



relatively widespread use. There are, however, some limitations to the model.
For example, ambient precursor concentrations within the urban area are assumed
to be directly proportional to emissions. Differences may exist between
NMHC/NOX ratios from measurec concentrations anc those deducec from emissions
inventory data. Another probiem is related to the <treatment of background

zoncentvations. Because of vevyv rapic¢ reactions Ddetweer NC and C

additive <+tc  the ozone obduiidup resuiting from locally emitted precursor
iutants. Ir aadizicn. EXME cannot oredict spatia’ effects. adoes net a iov
horizontal pollutant exchange with air outside the parcel, and assumes
instantaneous compiete mixing in the vertical direction as the height of the ai~
column {mixing height) increases. Furtnermore, EKMA is unabie to predict ozone
concentrations at locations not represented by physical monizors. Finaliy. Tor
a large urban area such as New York the trajectory approacn is inadequate =To
describe the physical mechanisms of the large plume and the effects of a varjety

of meteorological conditions.

Numerical photochemical transport and dispersion models such as the Urban
Airshed Model, UAM (Reynolds, 1979), and Livermore Regional Air Quality Model,
LIRAQ (McCraken, et al., 1975) and the Cal Tech photochmeical grid model (McRae,
et al., 1982) are among the most sophisticated of the approaches, and are
well-suited for predicting tne spatial and temporal distributions of ozone
concentrations downwind of urban areas. In theory, numerical modeiing approach
‘s the best <choice. However, 1in practice, numerous pgropiems arise. Tnese
include the following: the difficulty of numericaily so?Qing tne complex
conservation of mass equations accurately; the high computational costs and
expertise required for modei impiementation and interpretation; the unknown
effects of treatments of the transvort. diffusion, and reaction orocesses in the
modei due to limitations of available data and knowledge; <the Targe zata
requirements for testing critica’ features of the model and its validation: and

gernaps mgsT TmporTentay, Tne g2l v
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emissions inventory.

Thus, it is evident from the above discussion that advanced models are
required to properly identify the relationship between emissions and ozone
concentrations. Equitable and effective control strategies can only be

developed based on the numerical moaels since *he shotochemistry, transpor*, and
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diffusion of ozone are treated in detail by these state-of-the-science models.
However, it is imperative that the emissions data tase as well as the aerometric
data used in the model are accurate to ensure that the modeling results are
usefu” anc credible. Fur-the». <the uncerTaintiez associated with *ne mode”
results must alsoc be taken into account in the development of meaningful contre:

s*»zTsgiss ‘ov oInne.

The goals of this project are to assess and quantify the ozone probiem in
the New York Metropoiitan area. to evaiuate the availabie control options anc
to develop effective and equitable strategies for reducing the ozone levels in
the region through the applicaticn of the UAM photochemical oxidant model. The
New York Metropolitan area includes porticons of the states of New Jersey,
jew Yorw, and Connecticut. A&s 3 part of tnis study. metacroicgical and ampient
ajr quality data were analyzed to characterize those conditions that are
conducive to the formation and production of peak ozone levels in the region.
Based on this analysis, five typical high ozone days in the 1980 oxidant season
were selected for detailed modeling analysis. The pertinent emissions and
meteorological data were assembled to execute -the UAM for these selected days
for the base year, 1980. The model predictions were compared with the
measurements to assess the model performance. These results indicate that the
UAM performance in this study is similar to its performance in other urban areas

such as Tuisa, St. Louis and Philadeiphia.

tvaiuation of tThe control QpTIONS incluaea emissions projections of Tne
1980 baseline to future scenarios {(such as the 1982 SIP for 1688; in order =o
determine whether these measures will reduce the ozone concentrations to the
level of the NAAQS 1in the region. These projections included changes in
emissions arising from changes in population and activity levels, as well as
specific changes 1in emissions associated with regulatory actions that are
already mandated under the current laws and reguiations and projected poiiution

.- e a2 T e ey s o e .- 1
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meteorological features observed in 1980, model simulations were performed %o
assess the impact of selected emissions reduction scenarios for two of the five
days. Although the predicted peak concentrations in 1988 in the New York
Metropolitan area are reduced from the base year levels, the predicted peaks are

still well above the ozone NAAQS. Simulation of the UAM for one day with the
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imposizion ¢7 &\ extraorcinary emissions contrc. measures inciudecd ir the 3Ibc
reveals that the peak ozone concentrations are still well above the ozone NAAQS.
Finally, the sensitivity of the model to various input parameters was evaluated
and the results suggest that transport of ozone and its precursors into the
moaeiing aomain significantiy affects tne ozone concentratior fieia over tne
tri-state region. Additional modeling analyses are necessary to document
zar’ v *ne dynamics a2ssociated wizh the oxidants and *“he Tave’ ¢f weductior ir
“ne precursor emissions reguirec I5 meet ang maintain cIone NAARS ir Ine

New York Metropolitan area.
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CHAPTER 2

CHARACTERISTICS OF A HIGH OZONE DAY

Studies of ampbient ozone concentrations in the Northeastern part of the

-~

United States have reportec that the NAAQS vaiue of (.12 opm is often exceeded.
ol 2 ~°gr 220 AoWNWINC ST 3rTe L UTEC 3T vl

These exceedances are found region-wiae. indicating that ozone 1is a pervasive
ai» contaminant mainiy occurvinc during the summer months of June. Ju'y anc
August, the so cailed “ozone season”. In orager to understand prevaiiing
meteorological characteristics during the days of nigh ozone concentration.
ambient air quality measurements from the states of New Jersey, New York, and
Connecticut were examined for a six year period “rom 1978 to 1983. The
crizerion adopted to select a day as a high ozone cay was zhat Ihe maximum
nouriy concentration at a menitoring station be equa’ o or greater than 230
ppb. The days thus selected are iisted in Table 2.1. The number of days range
from a minimum of 5 days in 1982 to a maximum of 16 days in 1983 with a majority
of them occurring over Connecticut. It should be noted that the number of
monitoring stations and their locations often varied from year to year, and
therefore a subset of high ozone days from Table 2.1 was selected such that
there be at Teast two stations in Connecticut and at least one station in the
New York-New Jersey area exceeding the 200 ppb concentration value. A general
zescription of tne meteoroiogical Teatures that are representative of this class

-~ -~

P N -~ - L a
Ja,L 035 JoVen 2ei0w.

2.1 Synoptic-Scale Features

The daily weather maps published by the National Weather Service (NWS) were
examined for the nigh ozone days both at the surface anc upper levels. A fairiy

consistent weather pattern was ooserved along with a few outlying cases. Figure
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zone stretched from the Northeastern U.S.-Canadian border westward and then
southwestward through the eastern Great Lakes. High pressure prevailed over the
Atlantic and westward through the southern States. The frontal position varied,
in other cases, around this "average" position--latitudes from near James Bay to
central New York and longitudes from western New York to the central Great
Lakes. The "Bermuda High" varied in position from the Atlantic to the extreme



TABLE 2.17
Days Classified as "High Ozone Days" During the 1978-83 Oxidant Seasons,
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1981
1982
1985

*For example, Jullian Day 78166 corresponds to June

With Hourlv QOzone Concentrations Greater Than or Equal to 200 pob

Hran Gzone Davs {Ju'i‘an

e an
(R e L o8

79167,
80167.
80240,
81166,
82189,
331865,

83209,

.....

79194, 79201, 79205.
80176, 80177, 801823.
80241

~~~a s

79206, 79213

80198. 80202.

81167,81172, 81188, 81194, 81200

82197, 82198, 821°9,
33166, 83167. 83174,
83211, 83220, 83229,

82220

33177, 83178,
83232, 83239.

~
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. 80204,

33184, 33186,

16, 1978.
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Typical Synoptic Scale Surface Weather Pattern for a High Ozone Day
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southern Midwest. In addition, another characteristic feature that was observed
on the smaller scale to the east of the Appalachian Mountains was a "lee-side
trough", which extended with some variation, from southern New England south-
westwarc te Virginia., the southerr locazion being more pronouncec anc occuvring
more frequentiy (Pagnotzi, 1987).

Neay Tne region. Cycionil Tiow was Tounc &icTi Ir &.mest &

v

b 2o
S T
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sheort-wave trough approaching or passing through the region. Predominant upper
Teve’ winas /500-70C MP Jevel' wvaried Trom northwest through soutnwes:. while
surface winds were generally southwesterly. Precipitation over some part of the
region was often observed while maximum {emperatures over the region varied from

~he 80's to arcund 100°F.

In some instances, high ozone days were also observed under other
meteoro ;0gica: conajtions, usuaily witpn a surface cycionic feature of some king
near or within the region. The latter included, for example, a frontal trough,
or a low pressure area centered offshore or to the northeast. Alsc, a few cases
had the surface and upper level winds from north or northeasterly directions.

2.2 Local Features

The Tocal climatological data were scanned to describe a typical high ozcne
aay. The meteorclogical variables averaged over 28 cases resuiting from the
sucset chazsification for seiectec Nationa, Weather Service (awd, STETIONR: Oveér
Lne Tri-state region are tistea in Tabie Z2.z. Maximum <tamperatures in The
region range from 85°F to 93°F, while the minima range from 66°F to 70°F.
Precipitation occurs between 17% {Central Park) and 45% (Hartford) of the time,
with a station mean of a hundredth of an inch at Central Park to a tenth of an
‘nch at Bridgeport. The surface winds are generally south tc southwesteriy.

with average hourly speeds Tor these days ranging from 3 m/sec (Hartford anag,

g - - TN - - - - oo~ - - = -y Ay
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(sunrise to sunset) ranges from five to six tenths. Smoke and haze were the

most common weather types reported, along with fog and occasional thunderstorms.
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2.3 Selection of Modeling Davs

By virtue of its design, the UAM requires the detailed input of various
aerometric data sets for simuiating the concentration field (Ames. et al..
1985a, 1985b). In a majority of the applications, the required input data are
not avaijiabie from voutine measurements and nave 7o De aeveiopec Trom special

-Che

«y
(¢}

MOr>IC»ing networys. One sucsh network s tne 1830 Nortneast Lovvidaor we
SEPL, which provided a detailed

Modeling Project (NECRMP, 1982a) conducted by
and extensive aercmetric data base for this region. An examination of the
NECRMP data base for aircraft measurements (NECRMP, 1982b) and Tabie 2.1 reveals
that of the 12 days only 5 days could be considered for the application of the
UAM. The five days are JD80198(071680), JD80203(072180), JD80204(072280),
JD80219/080680). and J080221(080880).

A pbrief description of the synoptic weather pattern for tnese Tive days is
given 1in Table 2.3. These days appear to fit the characteristic pattern
discussed earlier for the high ozone day with a frontal array across the
northeastern u.s. border, slightly disturbed west-southwesterly to
west-northwesterly flow aloft, a weak surface trough east of the Appalachians,
and a surface high pressure ridged from the Atlantic Ocean westward across the
southern U.S. In Table 2.4 are listed the local climatological data for the
five days. Most stations exhibit the typical conditions, namely, temperature

maxima in the upper 80's and 90's °F, minima in the upper 60's and 70's °F, a

s 2vatence of smoke, naZe, sSome T0§ anc olcasiona. occurvencs ¢f thundersTorms.

~ (D

AVErage SKy cover (sunrise o sunset) is generally five tenths or greater, anc
surface winds are generally south to southwesterly with wind speeds in the range
2-7 m/s.
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TABLE 2.3

Synoptic Weather Pattern Summary for the Five Modeling Days Selected in 1980

Jb8g1eg
(071680)

JD80203
(072180)

J080204
(072280)

JD80219
(080680)

Zold front lies from 2z position over Northerr indians <¢

Northern Maine; hign pressure from the Atlantic westward to

Texas: weak <Trougr east of the Appaiachian Mountains: sma.

wo Tl oY ITnwesTe"

¢y

- - ~ 4 - -
teeyv STouUgr wver  Thg orTness

14}

v

o
.
[{e}

up

aloft. ana short wave aporoaching from the west.

Frontal array (cold front-stationary front) midwest through
northern Maine; high pressure ridge *rom Atlantic westward *to
Alabama; trough east of the Appalachians; upper-level short-wave
approaching from the west. with westsouthwesterly Tlow alott.

Similar to JDB0203(C72180), except, southwestTerty T:ow aloft.

Cold front approaching from southern Canada-Great Lakes region;
high pressure from Atlantic westward to the southern Midwest;
trough east of the Appalachians; upper-level disturbance to the
northwest, with westerly flow aloft.

Stationary front - cold front Great Lakes to Northern

NEW TNgL ana; nign pressure from ATiantic wesiwar.u Lo The southern
Miawest ana Texas; siightiy cycionic Tiow east of tne
Appalachians; upper-level short wave approaching from the
northwest, with west to northwesterly flow aloft and a weak

disturbance over New England.
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TABLE 2.6

Summarv of Local Meteorological Observations for the Five Days Selected in 1980

Temperature '°F)  Weather Precipitation**  Average Wind Sky Cover

Daze faximum Minimum  Type* {inches); Direction Speed{m/s, (tentns; St
2080108007 1680° gz AE 3.z M 200 4 & = a-
JUECIC3iGTII8E Qe e .2 - 240 -z z o
JC80204(072280° 3¢ 67 2.8 1.2¢ 240 4.4 - e
J080219(080680) 88 69 1,3.8 0.15 240 2.9 7
Jb80221(080880; 91 65 i,8 0 220 4.2 c!
JD80198(071680) 96 73 1,3,8 6.C9 250 6.0 8
J080203{072180; 101 8. & G 230 6.2 7
s080204(072280) 23 70 K) 0.43 240 5.1 7 Ney
J080213(082680) ac 73 e C 250 a.4 6 N
JD80221(080880) a5 76 8 2 230 5.2 7
JD80198(071680) 97 77 3,8 0.02 230 5.8 7
JD8C2031272180) Qo g2 g 0 240 g€ € d LaGe
JD80204(072280) 92 73 3,8 0.38 200 5.8 7 Air
JD80219(080680) a0 76 8 0 270 5.0 5 NY
JD80221(080880) 94 79 8 0 220 5.8 6
JD8(0198(071680) 84 70 1,3,8 0.05 210 5.0 7 JFK
J080203(072180) 97 78 8 0 210 5.2 6 Air
JD80204(072280) 87 72 3 0.19 210 6.0 6 NY
J080219(080680) 8% 75 8 0 230 4.6 6
JD80221(080880) 93 76 8 0 240 5.6 7
JBSC1388{0715820) a9 77 €.03 220 a.4a Cent
J03202Q2(07218¢; 162 g2 g 230 4. Fark
JD80204{072280) 94 72 0.28 240 3.7 NYC
VI T SIS N <l 7C ¢ 250 .3 i
JC8C221{080880" 9A 80 0 230 5.8
JD80198(071680) 91 72 T 230 6.7 6 Brid
JD80203(072180) 97 75 3,8 0.22 230 5.6 6 port
JD80204(072280) 89 72 1,3,8 0.92 230 5.5 5 CcT
J0802139(080680) 88 75 1,8 T 230 5.0 6
JD80221(0808801 89 75 8 0 240 5.1 7
J530196(071680; 96 70 1,3.8 0.01 200 3.5 5 Hart
Jlillio\ITiZEL, Wl 89 _.:.6 .35 250 : .. 3
J080219(08C680) 89 71 1,3,8 Q.08 250 2.2 7
J080221(080880) 92 70 8 0 230 2.9 6

*Weather types: 1: Fog 3: Thunderstorm 8: Smoke, haze
**Total during the day and T corresponds to a trace of precipitation



CHAPTER 3
MODEL PREPARATION

The areal extent of the modeiing region seiectea in Tn1s stuay was guiaeq

D! tne primary opjective oFf capturing tne peak ozone concentrations resyliling
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V. was selected 2T Ine

Hew Yort anc New Jersey. Trenton.

[

gomain includes &almost a' of the State of Clonnecticut and tne nign em 3sion
ons o

!
approximate location of tThe southwest corner of the moaeliing aomain. Tne area;

extent of the modeling region as shown in Figure 3.i. 1s 49.6 x 107 km~ witn

east-west and north-south dimensions of 248 and 200 km, respectively.
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The UAM program utilizes the modeling region as a volume subdivided into an
array of three-dimensional grid cells. The horizontal, i.e., the east-west,
north-south plane is divided into cells of equal size. The vertical cell size
is dependent upon the fixed number of layers into which the layer between the
ground and the top of the simulation region is subdivided. In this study, an
8 km cell equal in east-west and north-south directions, was selected. This

yielded 31 cells in the east-west direction and 25 cells in the north-south

airection. The 8 «m ceii spacing was seiected as a compromise petween a 2 and a
20 km ospacing, singe the forme woulo resi.i 0 exlensive JaTi ceguiremerTi and
79gh CoOmMpUTaTiona. I0SI3, wWhni'e TNe  aTTEeY Cola De TOC Coarse & Ce.. $iZe o

provide the needed detail in the concentration field. The number of layers in
the vertical direction was set to four, with three in the layer between tne
ground and the mixing height and one in between the mixing height and the top of
tne modeling region. The thickness of =zach of the Tour iavers is dependent upon

tne hourly mixing neight. A minimum nheight of 50 m was specified for the thres

. -
N, e et mA epm Ao~ O . Tme ewp e v mpmgmmr  —mz e o s
: C = S S .o 2nT Touo ‘ -0 c /g Lowee S

)

neignt and the region top.
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Thus, in summary, the modeling region consists of:

31 cells in the east-west

(X) direction,
25 cells in the north-south {

¥ direction. anc

-

4 cells in the verticai (Z) direction

LTTrOTNe SoUTAwesST Iovner . Tne ovtgov. 32T oat oon 3ZC.300.0 - T o =<n I3T0.0
and a cell size of 8,000 m. The UTM zone 18, was extendad for the easternmost

parts of Long Island and portions of eastern Connecticut.
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Ambient Air Quality and Meteorological Data
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Thne geographic distribution of the ozone monitoring stations is snown in
Figure 3.2. 1In general, monitoring data over the northwest guadrant are sparse,
with the majority of the stations oriented along a southwest-northeast line. In
addition to the routine monitoring stations, data are available at four other
sites from NECRMP. These locations are also shown in Figure 3.2. On a state-
by-state basis, the number of stations in Connecticut, New York and New Jersey
were 10, 13 and 10, respectively with the majority of the New York and

New Jersey stations located in the southwest quadrant of the model domain.

Non-ietrane hyarocarcons (NMHC)

[
| ]
l"\

The locations of the non-methane hydrocarbon monitoring stations are shown
in Figure 3.3. It should be noted that no routine monitoring was performed for
these pollutants and that the sites shown in Figure 3.3 represent the special

sampiing locations set up under tne NECRMP. The stations were principaiiy

iocated in the southwest guadrant and were the oniy ones avaiilabie for
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3.2.3 Nitrogen Oxides Lﬂgxl

The monitoring stations reporting nitrogen oxides, shown in Figure 3.4,
were &' 1 located in the southwestern portion of the moaeiing domain. Ir addi-
Tion to tne gata from 15 to 20 routine monitoring stations, data from tnree
other sites from tne NZICRMP stuav were used To esTimate the distrihbutign of <ne

oxides ¢7 ntIrogen 1r Tnhe meoGe:!ng comatn.

2L farbor Monoxide /CO°

The majority of the CO monitoring stations, shown in Figure 3.5, were
located in the urban areas. The data from these stations were used tc preovide
asstimates cf the distribution of the pecllutant concentrations in the mods’ing

domain.

3.2.5 Ancillary Ambient Air Quality Data

Ambient air quality data from stations located outside the domain, listed
in Table 3.1, were assembled to provide the required input data at the
boundaries of the modeling domain. Also, aircraft data collected under the
NECRMP study were utilized to provide information on the poliutant distribution
in the vertical plane. The flight paths over the domain consisted of horizontal

Ttraverses witn spirais at the fixed locations shown in Figure 3.6.

Surtace anG upper Air Meteoroiogica: Data

(@3}
r
(e

The routine NWS station network in the domain, shown in Figure 3.7, provided
the surface wind speed and direction, reiative humidity, atmospheric pressure and

temperature measurements. The upper zair data were obtained from the NWS station

-

at SFX Airport, New York City and NECRMP stations shown in Figure 3.7, and the

ook 32 :10. 0 IZzTIo.eve Tawer Tvon SherimgTov o ant tidvt povc v usr Levas

3.3 Model Input Parameters - Meteorological

For each of the days selected, the UAM simulations were commenced at 0400
Hrs and terminated at 2000 Hrs. The meteorological parameters needed to execute
the UAM program are listed in Table 2.2 and a brief description of the

methodoiogies adopted for obtaining these parameters is given below.
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TABLE 3.1

Ambient Air Quality Monitoring Stations Located Qutside the Modeling Region

Pannsvivania Ney' Jersev New York Rhode Is'and Massacnusetts

Scranton ANCOra Bingnamton nenT Lount: AOawam

Allentown Flemington Rensselaer Medfieid
Pnitiipsburg Sudbur;
Mcauire AFE fastor
Trenton Somervilie
Nacotee Creex Pittsfietc

Chester



uoi1boy Huispoy o9yl Ut S33TS Teardg 3jeIdIly 9-¢ aanbtd

W10d Kinqsy
B

ayuoy B ("4nd) IDISBIO S 1

spJomp3 a

s1aUD| 4

¥IOMION

(1Ad)moary
td

aﬂ a
< apdoyvW

pan=—y



Vo L oy

bui fopoyy

QU dp suoT3lels (eorbojorcaiow 1y xeaddn pue oo fing (€ @inbrg
- - - - R S T T T I T T e vt 4 - B et
L HINOWNOW ! "~
' .
) 4 v - N — § — ) § T - A 4 ¥ v f v v o (cd—c ~ M\‘wj 2 /.
N R E T r Qo "~
. A Ml ey ARS m”” 1 . e - - . » Q-OA:Q-Q\\\ s \
‘esdhrstnog DO - C ¥ N - 1 g / . B 1
* ,zyz;,_. oony ASH wros  or  of 0z o ° ‘%315 31001m A ! /,.\/
¢ Z.:._ ATRRL" Iy ] ) b s / n.
A N'(11005iy 0BI0n 0 L} 1t N YD) N . P ]
»e ANC{1000ny Apsuuen Jugor) o s Ak WS S - !
44 8 JNRTCIIL) ST | \ N .r
12'Ve AN KAH ) / N
A NSO UM N i —~
* .\LQ*\ .\\\i_ 1suivion) 1008 31N w \~
AN ‘HeItaaiog Y ) Y
vo,, A NUIDeG vordiuitem N4 - Notnn T ) 72
FNC ey g ) d /\v\ mum.m @;u A m e /
%) ::‘_,2:5 Mu u)‘\ r J/%s — A f» ~ \ ‘
1) odebpug  HOB P e :qmqu ™~
a,, 13897071 wepuim} 200 ne A8.001Q JGW(“AM. (r &mmﬂ M \ X354 4 / mzz ] \v- .\..\
)y TN *» 1044 NS .s.ui.o:..-.o_ r__./ \m v ow ooowly S
e Y } aur I FRRLLALN
< . | o 7 . \
LAPN 5 \ [ 1 =] e g ! AN /..
e \ e T " z....vzuzsj./:_ \ + 1
o / - 1 L L IERAREN ’ * e
A YA - P, o
o - ~/ \," f \\\ L — . \ .) ! . \
% M~ Ry 7 T ~. ;! Y
¢ ?\ e e ~, . X ss s
> e mm: \\. UNY 10U, c , -
\b ' P s ﬁ /
vl " A le]: ] ../ MIISHIISIM s “Pa \
e - S n . Iy .
Q%\‘\ _ ?l GJMZ)I GIRIREEN I NR Y e & ~. \:\ ayadin @
B e (W | samfPy | J—— - M m
E R ! _ \ = _ _ 7
S MO9S - \ 3 B wuwninag Pamw o r. SNOHVLS
U ! Coop NIAVH O mON n  HXO RS
m!_ / XIS 3 raaim g L u/f\d _ R \ W 4MS - )] ~ )
m “Hoano1 miInN - - / .u A 4 \.. \ _rt 7 /./
-7 - 7 ) -N e < s
" 0N { {7 \ | i L A/ ¢
— R ) ﬁ .- a7 . ‘\ ~. DOQ. [ ] :
.~~.3.. - >/ /\ v / _ ASW - YA HY TS b4
\ ! . ¢
H (] ~, '
.r ﬁﬂw \ \ f ssiurina \~ -
| H ’
2z , \ - o C
T 1 M z
| qvronem cch:_m VYO I1HIH \~\ B damaan m.r 43150 \\ b
. . ~. P
| | S
.0, w ~0 +
| >
: 4 [} 4
- X W, 35, LI if )



-26-

TABLE 2.2

Meteoroiogical Parameters Included in the Urban Airshed Model

and Their Variation in Space and Time

Parameter Variability

Time

w
@]
£
)
14

Diffusion break (mixing height)

ct

Top of the modeling region t

Surface temperature ey

t

Atmospheric pressure
Concentration of water vapor

Exposure Index

o 2 Y o Y o

NG, Photolysis Rate constant
Temperature gradient above and
below the diffusion break

Wind field in terms of u and v
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1 Diffusion Break (Mixing Height)

)
(&)

The available data for the determination of the hourly mixing heights
inzluded rawinsonde temperature soundings and verticai profiles of <temperature

and pollutant concentration measured by aircraft obtained at the locations shown

in Figures 2.8 and Z.7. The methods by which the houriy mixing neignts were
ZavtUeq Tnciudes  ITngss 3T enwe.ey-lonuiman LETE SUWSTECT LBl anc
Garrett (1981). Alsc. the information on the vertical gradients in the ozone

zencentratior and the extent of czone scavenging were uz {zed in estimating tne

spatially invariant hourly mixing heights for each of the selected days.

3.32.2 Top of the Modeling Region

-1

An nourly variable neignt for the region top was selectad Tor this 3tuay.
Tne region top was assumed to rise at a rate siower tnan that oT the mixing
height in the morning hours, and by midday both of them became equal. The
region top was assumed to remain constant at that height, while the mixing
height decreased in the late afterncon hours. The top of the modeling region
was set at a minimum height of 1000 m with a minimum depth of 500 m for the
layers between the top of the modeling region and the level below. Figure 3.8
shows schematically the diurnal profile of the top of the modeling region along

with mixing heights for the modeling domain.

(O]
3
T
193
-5
[
ct
[
]
o

The distribution of the surface temperature within the domain was derived
through an inverse-distance-squared weighting interpolation scheme utilizing the
measurements available at the NWS stations shown in Figure 3.7 for each hour of

the model simulation.

Sea-level atmospheric pressure values, obtained from the NWS stations shown
in Figure 3.7, for each nour are averaged to yield a value over the domain for
that hour.
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3.3.% Concentration of Water Vapor

Following Byers (1971) and Hull (1974) the specific humidity of saturation,

g . was obtained as follows:

d

t

ag {grams of water/grams of air) = C.
{

o [e2]
[RS]
[a%]
[t8)
\\
-
]
c
)

-
w
<3
.
<<
o
-3
[w
[

wnere €_, Tne saturation vapor pressure

-

(D

- = 17.289388~2

b = 35.89

Es = 5.107¢&

P = atmospheric pressure (mb)

-
|

= dew poin%t temperature [°C)

In this study, the spez®fic humidity of saturation for each hour was
caiculated from the data collected at the NWS station located at JFK airport in
New York City, which was then multipliied by 106 to yield the water vapor

concentration in ppm as a representative value for the domain.

3.3.6 Exposure Index

This parameter is a measure of near ground level stability due to surface

rneating or cooling and is estimatea from insolation as snown in Table 3.3. In

o PR + P . PSR ! PR SN S Y N 2 . 3 b - am

trie ostudy, the dite otiTdzed to estimate the axpesure inder included the sclav
- J R R S - -, T . PUNI Ma b PO P el -~ - - -
ac’ation detea Trom The “lemingtor and Meriber: sitss iv the southwestern pars

of New Jersey and the hourly sky cover conditions reported from the NWS stations
shown in Figure 3.7. An estimate of the exposure index for each nour was made

using these data as well as synoptic weather information.

Y
3

3.7 Diurnal Photciys®s Rate Constant

A computer program that incorporates the data of Demerjian, et. al., {(1980)
was used to calculate layer-averaged NO, photolysis rate constants based upon
the latitude, Tlongitude, month, day and time of day, mixing height, and solar
radiation data. Assuming clear sky conditions and using the mixing height
inTormation, the layer-averaged NO, photolysis rate constants were obtained for
the modeling domain.
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TABLE 3.3

Daytime Insolation and Nighttime Cloudiness Conditions

as a2 Function 0° Exposure Index

txpesure naey

zIrencg Z
insclation Moderate 2
Stiagn* !
Heavy overcast aay or nignt 0
Night time > 4/8 -1

Cioud cover < 3/8 -2
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3.3.8 Temperature Gradient

The temperature gradients above and below the diffusion break were
calcutatea from the <temperature soundings available at one or more Tocations
snowr in Figure I.7. The gradients 7Tor each hour were estimated by averaging
0C m above and below the diffusion

[y

zhe measured profiles at increments of

v

¢!
i
o3
P
[3Y]

CcTarTs yave
So=2r.C =

3D

Il

Ve

~na

®

D

cv Thoss nour o

o
I
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-
3
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s
I$)

to.

obtained tnrougn iinear mterpo'iatwon Trom agjacent nours.

.S Wina rieia

)
[

UAM requires the specification of a gridded three~dimensional flow fieild.
Attempts werzs made tc generats a gridded wind field hased upon the available

surface and upper air data from the stations snown n “igure 2.7, using =he

Tla~k. and Eskridge [11977) non-divergent algorithm. However, the spatial

fo3l

representativeness of the available upper air observations for the entire
modeling domain was found to be questionable because of the influence of
land~-sea breeze circulations. Application of a bi-cubic splines interpolation
technique to the surface level winds produced too much smoothing in the derived
wind field. Thus, it was decided to use only the surface based observations and
generate the three-dimensional non-divergent gridded wind field, assumed
invariant in the vertical direction. However, examination of such a wind field
ana trajectory patns reveaied an undue inTluence Trom the coastal NWS stations

-

Tacted zigrnifizant’y by the land-sez bresze intesracticn:.

P ~ + P . - -1, - 3 Py A e o ~ { I ! — .
e sgngtLant olul Tempera . YEVYyIng veIlor-averagsd w~Inc spesd
J M) ~

— e

(X
(
[
[$3]
wn
o U
m

and direction for each hour of the simulation were considered to be a reasonable
compromise for capturing the transport characteristics prevailing in the

modeling domain.

(»

L2010 Initial Ai~ Qualitv and RBegion Top Concentrations

Tne following procedures were adopted to obtain the gridded poilutant
distribution at the surface and in the vertical. For each of the pollutants the
concentrations measured at the ambient air guality monitoring stations shown in

Figures 3.2 to 3.5 for the period 0300 and 0400 Hrs were averaged and formed the



I\

=3

basis for generating gridded surface concentrations. The methods consisted of
an inverse-distance-sguared weighting scheme or the population distribution as a
surrogate parameter, particularly when there were very few or a limited number
of surface stations from wnich date were availabie tc make & meaningful inter-
polatior over the moaeling domain. For the grids over the Atlantic Ocear, the

-~

¢"utant concantvations weve assumed Y2 be tne same as <hose 9

(9]

The poliutant measurements made with ftne aircrafi over the domain were used
to provide the concentration estimates at the top of the modeling domain for
gach cf the pecllutants as well as for the layer 4. For the intermediate Tevels
betwean the surface and the basz of the layer 4, the concentrations were deter-
mined as follows. If the grid z2il was classified as urban. the concentrations
were assumed to be uniform from the surface up to the base of Tayer 4; and if it
was rural, tne concentrations were obtainea using the gradient determinea from

the aircraft spiral data. This is shown schematicaily in Figure 3.9,

Listed in Tatle 3.4 are the CBII chemical speciation factors which were
developed from the ambient NECRMP data base and applied to the NMHC concentra-
tions in this study. The NOZ-NO ambient concentrations were assumed to be in
the ratio of 2 to 1.

3.3.11 Boundary Concentrations

Tne surface concentrations along tne bounagaries for eacn nour were
estimated based upon measurements from the monitoring stations listed in Table
3.1. Attempts were made to take into account the wind direction for each hour
in arriving at the surface boundary concentrations considering the location of
the monitoring station and availability of data. The vertical gradients of the

poilutants determined from the aircraft measurements were appiied to all four

- - - - ~ e o e e -~ o jom— =2 L _— - .
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layer. In those cases where the ozone concentrations in any one of the surface
boundary grids was determined to exceed that of the region top value before the
mixing height entrenches into the layer 4, such grids were assumed to be
uniformly mixed up to the layer 3. In the case of the 4th layer, it was assumed



HEIGHT —~»

)

) .
33t [ NN Y I B
i

9
NMHC,NOx @ = 03

CONCENTRATION ==

Urban Grid Cell

HEIGHT —=

REGION
TOP

Pl erii

S

LAYER 4

LAYER 3

LAYER 2

MODELING DOMAIN
CONFIGURATION

HEIGHT —

\ /

! g
L .

r7NMHC,NC)X) ' O3
CONCENTRATION —=

Rural Grid Cell

Figure 3.9 . Schematic of the Initial Pollutant Distribution in the
Vertical Plane for Urban and Rural Grid Cells in the

Modeling Region



-34-

that the poliutant concentrations are the same as those adopted for the top of
the modeling region. This procedure was adopted for those hours for which the
diffusion break (mixing height) was at or below the base of the layer 4. For
277 subsequent hours it was assumed that the pcliutants are well-mixed through-
out the layer from the surface up to the fourth layer. In the case of tne grias
over the Atlantic Ocean. 3% was agair assumed that the concentrations wevre
The Same (eve:s as TNOSe CT TnNe .ayer - wiir ac /erTila tan The

Y Lo i wa rac”

2

mix at the boundaries was aisc assumed to be in tre ratio of 2 fto 1 anc the NMHC

concentrations were speciated as follows - 6% carbonyls (CARBY. 2% olefinz

(OLE), 24% aromatics (ARQ), 58% paraffins (PAR), and 3% ethylenes (ETH).
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TABLE 3.4

CB11 Chemical Speciation Factors as a Function of NMHC Concentration

NMHC {ppb C} CARB OLE ARG PAR  ETH
<50 2 0 25 51 3
50-100 6 3 24 58 3

1
s)
y

<100

[73)
(8
™
[a%)
Q
[&



-36-

(BLANK PAGE)



_37-

CHAPTER 4

EMISSIONS

1980 Emissions Inventory Development
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spaciated into the hydrocarbon classes used in <zthe Carbon Bond II Chemica:®
mecnanism. Since each state covered by the mode’inc domair has a diTfevent:
emissions inventory system, a new emissions data management system was required
to merge these date intc a form compatibie with UAM. To assist in this task.
NYSDEC contracted with Engineering Science (ES), Fairfax, VA for the installa-
~1en of computer coaes required for this purpose. ES had cevelioped simiar

-
i

codes for the U.S. Environmental Protection Agency <Tor the Philadelpnia

mezropetitan area study (USEPA, 1882).

The system of programs accepts emissions data in the format used by the
National Emission Data System (NEDS). It also makes use of modules from the
Emissions Inventory System (EIS), which provides -emissions <calculation
procedures. These procedures allow a user to estimate emissions using process
rates or activity levels and emission factors. The emission factors are stored
in a user-maintained table which is arranged by Source Classification Code (SCC)

and pollutant identification number.

The installea system proviges 1TNe means TO Gisaggregatie annua, emission
estimates to an hourly basis using specific or typical operating schedules, and
to speciate total hydrocarbons into several classes depending on the composition
of emissions from the source category (see Appendix A). After performing these

caiculations, the system formats the data to the specifications of UAM.

o e mpe- S mei mmmmpem e eE E i e as
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[ty
“
n
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sources: major and minor point sources, area sources, and mobile sources.
Major and minor point sources are those sources which emit significant amounts
from smokestacks or other readily identifiable emission points and for wnich
detailed operating data are available. Area sources include residential
emissions and others which are too small and too numercus to handle
individually. Mobile sources are generally considered to be motor vehicles on

aestabiisned roadways.
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In this study, major point sources were defined as those with annual
emissions greater than 100 tons and a stack height greater than 65 meters and
the remaining were classified as minor point sources and are individually
formatted by the svstem. However. minor point sources falling within a grid
were compined aue to the computationai Timitations imposed by UAM moaei. Area

source emissions were calzuiated and maintainec separately for up tc 54 source

- - - ~ - 2 P, 3 ~ 9 T YA <7 - — P - - o n
Zatedgortes anc Iimoonec woThtn 2acr MR MZZ™ & 30LUYTE EmTzzTonT &

o

u

generally tabulated by grid cell. The installed system handles all four source
categories and performs the necessary combinations. In addition. other modules
nave been provided for the conversion of data from NEDS to EIS Tormat,
allocation of county-level area source data to the grid cell ievel and for
calculation of area source emissions. Figure 4.1 illustrates schematically the
Fiow of a2ata through the system. Once the data are in the ZIS format. zaoles
are developed consisting of factors organized by SCC that inaicate the seasonai,

aaily, anc houriy variations in emission rates and proportion of =he zzza’

0]
')

hydrocarbons into the corresponding hydrocarbon category. The program performs
a simple multiplication of the annual estimate of each pollutant and the
appropriate factors to yield 24 hourly emission rates per source. A
post-processing program takes the factored data and formats it to the
specifications of UAM. Emissions from mobile sources, which are not stored in
EIS format and which have been prepared on an hourly basis, require a separate
factoring and formatting program.
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reqdirea as input to the processing programs. Ffor exampie, poini sodrce Gata
may be obtained more readily 1in the NEDS format, while the area source
activities are tabulated at the county level instead of at the grid-cell Tevel.
For this reason, some additional computer codes were used to distribute
county-level activities to the grid cells. to calculate emission estimates based

on activity levels and emission factors, and to re-arrange the data into EI

<

Thus, the EIS programs convert point and area source data in NEDS format to
EIS <transactions, sort the transactions, insert emission factors into the
transactions, calculate emission estimates if requested and create or modify an
£1S master file, and create an emission factor table based on SCC.
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Figure 4.1 Overview of the Emissions Data Management System
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Each State was responsible for collecting and preparing the necessary data
for processing by the ES programs. A description of the procedures used for
each generating State's inventory is provided below.

4.2 Connecticu*t 1980 Emissions Inventory

Connecticut's availabie emission fdnventory was 1in NEDS format on =2
state-designea grid system. NEDS activity leveis were summed into tne grias by
Connecticut Department of Environmental Protection {CTDEP) and providea to New
York State Department of Environmental Conservation (NYSDEC). Also provided
were the apprcpriate emission Tactors based on AP-42 (USEPA. 1884) “or 2ac¢n
source category. ES programs are then used to process the data into UAM format,
i

ana n Tapie 4.1 emissions are ‘isted by 3CL category Tor 1980.

4.2.2 Point Sources

CTDEP provided their point source emission inventory in NEDS format. ES
programs are applied to separate major and minor sources and process the data
into proper format for UAM,

4.2.3 Mobile Sources

lonnecticut mopile source emissions of VGC, (G, NCX (Kg/aay, were
calculated using MOBILE3 model. NYSDEC developed factors which are applied to
daily values <*o convert these emissions to an hourly format. £S programs

processed these data into the proper UAM format.

5.3 New versey 1980 Emissions Inventory

4.3.1 Area Sources

The New Jersey Department of Environmental Protection (NJDEP) provided the
data necessary to create a UAM compatible area source emissions inventory.
Activity levels for each source category were given for esach NJ county in the
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modeling domain. Appropriate emission factors were also provided. Since most
area source emissions are based on population, the same basis was used for
dividing these emissions into the modeling grid. NJDEP supplied 1980 U.S.
Census vpopuiation data for each municipality and <the vpercentage of <the

municipality locatec¢ in each grid. Factors were then developea to apportion

ctal countyv emissions into eacr gric. 1€ a grid contained emissions from one
Y moYe CZounties andascr $TaT23. TNe SmIsS3i0ns wers Iomobinec Juviag & .ater
orocessing operation. The ES programs were apnlied and in Table 4.2 are

summa~izecd the area source asmissions for 198C by SCC category.

4.2.2 Dpoint Sources

New Jersey's point source data were in a format that could not readiiy be
converted to the EIS format. Therefore, it was determined that an emission
inventory prepared Tor tne NECRMF was compatipie with tne E£3 programs. uUsing
this NECRMP inventory, the ES programs were applied to separate major and minor
sources and the data was processed into proper UAM format.

4.3.3 Mobile Sources

NJDEP provided mobile source VOC emissions (kg/day) using MOBILE3, for each
county ir the modeling region. Utilizing the population distribution, these

county-wide emissions were allocated to the corresponaing grids using the ES

te . ~ P - ~ e -~ - PN 7 Yo T
NC. oana JU were tThen optained Ty sCaiing tnese VCI da

y
using composite emission Tactors {g/miie} Tor each of these poiiutants. NVSDZIC

-1y

(8]

ograms.  ZmNs3hon: ¢©
b

(&
§0

¢

T

developed factors which were applied to daily values to create hourly emission
Tevels. Once on a gridded basis, ES programs processed the mobile emissions
into the UAM format.

New York 1980 Emissions Inventory

'S
-

4.4.1 Area Sources

NYSDEC developed the data necessary to use the ES programs for creating
their area source emission inventory in UAM format. Activity levels for each
source category were determined for each NY county in the modeling region.

Appropriate emission factors were 2also assembled.
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As with the New Jersey data, population was used as the basis to distribute
most county level emissions to the modeling grids. Two source categories were
deemed to have more appropriate methods of disaggregation - Vessels and Aircrafc
emissions. Vessel emissions are vestricted to waterwavs in each countv and
aircraft emissions are Tlimited tc tnose grids which contained airports.

ndividua!l aivport activity Gaeveic gpTainec From Tne New Yorry Mstrono

A~

Transportation Jounct: NYMTC) are usec TC proporIion The ZounTy amoasior ToTa s
intc the appropriate grids. Popuiation for each grid was calculated from 1980
US Censuz datza. NYMTC oprovided this datz at 1 km grids for mest New VYork
counties which are then summed into the appropriate UAM grids. NYMTC had no
date for Sullivan and Uister counties so the procedure which New Jersey fo'llowed
was used to apportion those ccunties' emissions ic¢ the modeling grids. The ES
programs were appiied and the 1980 area source emissions from New York are
1isted in Table 4.3 by SCC category.

4.4.2 Point Sources

New York's point source data were also in a format that could not be
converted to the EIS format. Therefore, NY data had to be processed
independently and subsequently combined with that from the other states. A
search of the NYSDEC Source Management System (SMS) identified those sources

meeti

the major noint source criteria. Only wutility boilers and one

; ng
correctional facility pboiler were ciassified as major point sources. A1l others

Weve Gesme. minot point SOurcel Tor This study.

A survey was sent to each utility reguesting actual hourly electricity
generation values for the five modeling days. The five hourly values were
averaged and emissions caiculated using the average 1980 heat rate {Btu/kwhr)
and approoriate emission fTactors based on AP-42, unless unit specific factors

were avaiiabie. Hourly emissions from the correctional faciiity's boiler are

Rl R )

~
A

- ~ o -

z ot = pomom - m
“wl =T (ORI

~- ~ SmEa A mAams =
c 2 =30 S, Wl o2

(1]

I

= - - .
-~ - (RN JEN PR “ot

Cperate permit. Those hourly emissions from the major point sources were then
divided into the UAM species and processed into the correct format. Only NOX
emissions are used for this exercise. VOC emissions from these boilers were

deemed negligible and not included in the model.
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The minor point source data required additional evaluation. Since the data
could not be processed (divided into model species by hour) by the ES programs,
NYSDEC undertook the task. The SMS tracks poliutant emissions on a chemical
basis. referenced to the Chemical Abs%ract Series (CAS) identification number.
Th

YOC emissions in tne area were classified as one of 35 distinct nollutan-ts.

[0

1980 emissions data were examined and it was de*ermined that over 98% of the

A~ - -

Tactocrs werg asveigpea using Tne ub.. Chemila. speciation Ter

[{%

acn o7 Inese IS
pcilutants. The remaining 2% of VOC emissions were assigned a aefault
speciatior arrangement corresponding to that for the category Miscellansous
Organics (CAS No. NY990-00-0). The speciation breakdown for these 35 pollutants

for the New York point source inventory is shown in Appendix A.

4.4.3 Mobile Sources

New York Metropoiitan Transportation Council (NYMTC) providea 1980 daiiy
mileage estimates for each of 1its 60 analysis areas in the New York City
Metropolitan area. Mileage for each analysis area was given for five vehicle
types - light duty gas vehicles (LDGV), taxis, light duty gas trucks (LDGT),
heavy duty gas vehicles (HDGV), and heavy duty diesel vehicles (HDDV). For each
vehicle type, mileage was given for three roadway types - freeway, arterial and
lTocal streets. Percentage hot/cold starts were also included for each roadway
type by analysis area. '

Tne assignment mogel TRAT generated TnNe above data COMputTea Tne venicie
Type aistripution ana percentage not/cold starts on a county-wiae basis. A
review of these data, including comparisons of MOBILE3 emissions on the county
level, revealed that each borough (county) of New York City should be modeled
separately, while the suburban or surrounding counties had similtar enough
characteristics to use a single MOBILE3 emission simulation. Also. since taxi

mileage was given for only Manhattan, Bronx, Queens and Brookiyn and taxi

TMLIITCZnI orE LTTTerzesnT Tron The CThgY vehil:c TULEC

f[)
ct
}

¥

)
]
3

1

]

)

i

i
[}
«“

the taxis separately.

Table 4.4 shows the vehicle type distribution and percentage hot/cold
starts used in the MOBILE3 program. The MOBILE3 version used by the NYSDEC
inctuded all USEPA suggested modifications to the model up to June 1985.
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TABLE 4.4

Percentage of Hot/Cold Starts by Vehicle Type and Roadway

in the New York Porrior of the Mode®inc Domair

BRI P e s e e ey

~— S =

——n .
I

SRR YIT L el Lo eornaSl Uiy MU e o M7 L
EXCLUDING FLEET TAXIS NON=-CAT CATALYCT

COUNTY DGV LDGT ADGY HDDV ©CQul ° HOT 7 QLD

CRECHAY Manhattan 9e.4% C.8% C.6% 0.2% 11.7% 5.0% 1E.2%
Bronx 85.3% 5.8% 3.7% 1.2% €.25% 2.8% S.4%
3rooklyn 35.5% 7.7% 1.8% 2.0% 7.0% 4.2% S..%
Queens 230.5% 5.0% 3.1% 1.3% z.3% 2.1% Tl
Staten 1s 86.9% 7.8% 4.3% 1.0% 5.8% 3.8% 7.5%
Other Co. 38.3% 7.8% 2.6% 1.3% 5.9% 6.4% 7.7%

ARTERIAL  Manhattan 76.0% 2% 10.4%

8 4% 23.5% 12.0% 30.5%
Bronx 89.3% 5.8% . 7%

7

5

. 2% 12.9% 5.5% 16.8%
Brooklyn 85.5% % .0% 14.0% 8.5% 18.2%
6
7

«Q/0
Queens 90.6% 1% .3% 11.0% 3% 14.3%

[w]

a2
PO W P W
e SR SR \C RS E 1]

taten Is  86.9% 7.8% .3% .0% 11.7% 5% 15.2%

Other Co 38.3% 7.8% .6% .3% i2.0% 11.0% 14.9%

LUCAL Mannattan  75.3% 3.2% 10.4% 5.4% 44 1% 22.7%  37.6%
Bronx 89.3% 5.8% 3.7% 1.2% 25.9% 11.1%  33.6%

Brooklyn 85.5% 7. 7% 4.38% 2.0% 30.0% 17.0% 36.3%

Queens 90.6% 5.0% 3.1% 1.3% 22.0% 12.5%  28.5%

Staten Is  236.9% 7.8% 4. 3% 1.0% 23.3% 15.1% 30.2%

Gther Co. 88.23% 7.8% 2.6% 1.3% 23.5% 28.8%  30.06%
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Typical speed scenarios were developed for rush hours, daytime, and
nighttime for the three roadway categories. These are listed in Table 4.5. The
data used in the analysis were obtained from the reports published by the NYS
Department of Transportation which provided the hourly percentage of traffic for
15 locations within New York City as well as reports from cther local agencies.
The distripution of *otal YMT for <he three rcaawav “ype zatesgories are "~ “sxed
in 7abie =.¢. '

Hourly

vV
-

emissions for each arid were ther computed by summing for each
roadway type the appropriate emission factor times the daily mileage of each
analysis area within the grid, multiolied by the hourly percent of traffic and
the percentage of the analysis aresa in the grid. The apprcpriate emizsion
factor depended on the time of day (night, rush nours, in-petween}! ana Zounty
(Manhattan, Rest of NYC) which in turn determined the speed, percentages of
n

ot/coid start and the venicle mix.

4.5 1980 Emissions for the Modeling Domain - Summary

The annual VOC and NOX emissions from the three states are summarized in
Table 4.7 for the four source categories. These emissions were further
disaggregated as listed in Table 4.8, in g-moles on a daily basis (0400 to 2000
hours), and in terms of CBII species assuming the carbon ratios of 1,2,1,6 and 2
for Paraffins, Olefins, Carbonyls, Aromatics and Ethylenes, respectively. 0On a
DJerCentage 0Das1sS Tne mobDite sources contriouce apout 3C0% o7 tThe NQX puraen ana
approximateiy 45% of tne VOC's fTor a typicail day covering the nours of
simulation for the base year 1980. The next important contribution to NOX and

YOC's are the area sources, with approximately 28% and 44%, respectively.

2.6 1982 Emissions Inventorv

LoLuolo o2mrclhonrl Ciey Th mCa

It

Cme A vare e mmmae A e e
N a3 wers 2 . Ja3el uLCr Th =z

control strategies proposed in the approved 1982 SIPs and projected changes in
poputation Tevels. Utilizing the U.S. Census data, the area source projection



Assumed Vehicle Speeds (MPH) by Roadway Type

for New York Portior of the Modelinc Domair

X
x3
m
>

|

Manhattan

Rest of

New York City

Other
Counties

RCADWAY TVDE S
TIME FREEWAY ARTERIAL _OCAL
Rush Hours 20 10 5
Ir Retween 4 30 2%
Nignhts 55 45 35
Rush Hours 25 25 iz
in Between 45 35 25
Nights 55 45 35
Rush Hours 45 35 25
In Between 55 45 35
Nights 55 45 35

Rush Hours are: 7, 8, 9 AM & 3 PM to 7 PM

In setween mrs are:

Nignt Time Hours are:

i0 AM

7 P

TO o PM
to 7 AM
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TABLE 4.6

Hourly Percentage of Total Vehicle Miles

Travelled bv Roadwav Tvbe for New York

ACUR SRIZWA ARTZRIAC
IOAM 0.4% 0.5%
2 0.4% 0.5%
3 0.4% 0.5%
4 0.€% 0.7%
5 0.7% 1.3%
6 2.2% 3.8%
7 7. 5% €.%%
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factors from 1980 to 1988 for each county were calculated and are listed in
Table 4.9 for the three states. One exception to this method is the category of
gasoline marketing. In the case of New York and Connecticut, the 1982 SIP
reguiations reguire the implementation of Stage II vapor recovery for 1988.
Since such controls were already in place for New Jersey, they were accounted
€or ir 1980 base vear emissions for New Jersey.

n

2.6.1 Araa Sources

Applying the factors listed in Table 4.9 to the 1980 area source inventory,
oroiected VOC and NOX emissions were calculated for 1988 and are Tisted ir
Tables 4.10a through 4.10d for Connecticut, New Jersey, New York, and the

modeling region respectively.

£.6.2 Point Sources

The 1988 point source emissions were projected based upon control
regulations expected to be in effect prior to 1988. Since the majority of the
major point sources are mainly utility boilers, emission levels are not expected
to change significantly from these sources. However, Connecticut expects the
addition of several resource recovery facilities which will result in a siight

ircrease in emissions under this category.

Suostantia. emission requctions are expecIiea, nowever, Trom Tne minor point
sources. Connecticut providea a 1985 inventory in tne Tormal requirea oy tne
processing programs. It was considered by CTDEP to represent the emission
levels expected to occur in 1988. Therefore, no projection factors were
required for this data. ‘

NJDEP utilized the 1930 emission inventory summary by SCC code and

LA g R ~A ez N P e S ey m - -~

~ - - -
“T «T E R (SRR - T D [N

< —mat v e, A o Val T=d A~
Ttk T~ - - - . =

Mo S e .

o
[1}]
[¢3)

degree of control expected. These factors were then used to project the 1980
inventory to 1988. A similar approach was adopted to project the New York minor

source emissions.
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TABLE 4.9

Area Source Projection Factors

From 1980 to 1888

Jounzty Coas Zsunz

*
Q265 Fairfield
0425 hartforc
0478 Litchfield
0565 Middlesex
0705 New Haven
0725 New London
1155 Tollang
1205 Windham
0300 Bergen
1380 Essex
2240 Hudson
2260 Hunterdon
2980 Mercer
3060 Middlesex
3180 Monmouth
3260 Morris
4120 Passaic
5020 Somerset
5300 Sussex
5440 Union
0606 Bronx
1620 Dutchess
3440 Kings
4520 Nassau
4660 _ New York
5140 Orange
5640 Butnam
5660 Queens
8720 Richmond
6380 Suffolk
6600 Sullivan
6840 Ulster
7320 Westchester

RN

(N Sl S S S

R O RO O

I e

N el

.0374

N~

VL S

.0383
.0711
.0231
.0429
.0616

2675
PRV Ne]

.05016
.95753
.97093
.11740
.06696
.10821
.06759
.10174
.99778
.15825
.23865
.01167

.0180
.0761
.0015
.0119
.0177
.1006
.0888
.0127
.0949

—~——

LI585
.0636
.0606
.0517
.0Q054
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4.6.3 Mobile Sources

New Jersey and Connecticut provided 1988 mobile emissions determined by

using MOBILE3 with updatec VMT (vehicle miles travelled) data and emissior

facters. New York's 1982 SIP assumed a 2% annual growth rate to project future

-

yvears' mileage. The actual! annual growth rate through 198% by zounztv. listec in

- - P ~

- - - ~ - oot o
O € =-.... NGS cee WNIZN &S aQonTea TC oroJelt Tre .tet 2vVe =,

[4%]

n summary. the projected 1988 annual emissions for V0T anc NC by source
type and region are listed in Table 4.12a and in Table 4.12b, along with tne
speciated emissions summary for the model application. The percentage change
from the 1980 base year (see Table 4.12a) shows that there is an overall

reduction of about 32% and 14% in the YCC's and NOx emissions. respectively.

4.7 1988 Emissions Inventory Including Extraordinarv Measures

The 1988 projection inventory included only those control strategies that
are implemented to date. Other SIP mandated measures such as Stage II gasoline
vapor recovery, controls on architectural surface coating, automobile
refinishing and consumer/commercial solvent and small source RACT have not been
fully implemented. Thus, each of these measures are assessed separately and
collectively. In Table 4.12a are listed the emissicn summaries by s*tate and
source type with the ‘mposition of Stage II controls which has effectively
achievea anotner 2% reauction in tne VOO emissions. nmuoption of the otney
control measures noted eariler wouid resuit in a furtner reduction 0T aboul 5%
in the VOC emis;ions {see Table 4.13b) or a total reduction of 40% from the 1980

base year.



Projected Annual Growth Rate in Vehicle Miles

-60-

TABLE 4.11

For New York Portion of the Modelino Domair from 1980 to 198%2

COUNTY

Manhattan
Bronx
Brooklyn
Queens
Staten Is
Nassau
Suffolk
Westch.
Rockland
Putnam
Dutchess
Orange

1980-1985
_INCR

10.
8.
4%
10.

9.%%

-

o/
7 /0

0’
/0

o
/0

8.5%

15

.9%
10.
12.
21.
16.
i2.

5%
5%
6%
9%

o/
/0

GROWTH
RATE

1%
. 6%
.8%
1%
.6%
.6%
.0%
.0%
.4%
.0%
2%

[14
« /0

N W PN DWW N

NEW YORK CITY
OTHER COUNTIES

COMBINED

ANNUAL

1980-1988
INCP

17.
13.

-

1s.
17.
33.
23.
26.
.3%
7%
36.
28.
20.

17
20

o/
/a

6%
5%

o/

/0
0%
9%
6%

7%
4%
2%

N W PN N W = W e
o
2

e -
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CHAPTER 5

MODEL APPLICATION

Sor each of the five days selected. a simulation package conforming Zo <tne

e

~
<

[$R)

i

By
a

{0

LAY tmnyT ceguivements (USIRAD L Sb, was greparsc Tor Tns 1D onour
simulation vperiod (0400 <o 200C Hrs' using the methodoiogies described in
Chaptar 3. The detailec¢ descriptions of the input data for each day are given

below.

5.1 Input Data for JD80198(071680) Simulation

Figur

£ .
Z..a, Tne

[$)]

On the synoptic scale weatner map for <his day, shown 30
"Bermuda" type nigh pressure area extenaed Trom the Atlantic Ocean westward
through the southern states. A cold front Tay from the Canadian Maritimes
west-southwestward to western Lake Erie, where it became a warm front; the
Tatter turned west-northwestward into western Wisconsin, where an occluded-cold
frontal structure ran nearly north-south. Weak low pressure was located to the

west of the Lakes, while weak high pressure was found to their east.

The hourly vector-averaged wind speeds and directions for this day are

listed in Table 5.1. The winds were generally from the south-southwest around 4
T T 5.5

. anu 5.5,

(84

ne otiner meteorciogica, parameters are .1STEG in Tabies
Tne mixing neignt reacnea & maximum of 1460 m. The poliutant graaients in tne
vertical and the concentrations at the top of the modeling region are listed in
Tabie 5.4. The initial surface distributions of the pollutants are shown in
Figure 5.2. The hourly highest and second highest measured ozone concentrations
are listed 1in Table 3.5. A peak value of 291 ppb occurred over Connecticut.

The diurnai variation of the poilutant concentrations in the southwest corner

[{H]

. ~p s
- o- <

P e o Yz
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SURFACE WEATHER MAP ( SURFACE WEATHER MAP
7 iy %.1960 T0OAMEST ,"(;"—’\ [ iv 211980 7.00AM EST JJ/H—'\

SURFACE WEATHER MAP SURFACE WEATHER MAP SURFECE WEATHER MAP
Wiy22.1980 TOOAM Estﬁ“'_’\ / Rixus1 6,180 7/004 M Esr/(‘;"—'\ August6.1980 7100AMEST "‘o'"

Figure 5.1 Synoptic Weather Map at 0700 Hrs. for Each of the Five Simulation Days
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TABLE 5.1

Vector-Averaged Hourly Winds for JD80198(071680) Simulation

HOUR

0400 -
0500 -
0600 -
0700 -
0800 -
3s00 -
2000 -
1100 -
1200 -
1300 -
1400 -
1500 -
1600 -
1700 -
1800 -
1900 -

0500
0600
0700
0800
09q0
1000
1100
12060
1300
1400
1500
1600
1700
1800
1900
2000

WIND SPEED

m/s)

(€3]

BB W ®

[y

=

FER NS AT YOS s T - N SO N

WIND DIRECTION
(°)
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TABLE 5.2

Hourly Diffusion Break (Mixing Height), Region and Vertical Cell Top

Heights for JDB01398(071680) Simulation

DIFFUSION BREAK

HOUK im)
0400 - 0500 430
0500 - 0630 450
0600 - 0700 450
Q700 - 0800 450
0800 - 090¢C 450
090C - 10090 525
1000 - 1100 630
1100 - 1230 763
1200 - 1300 1145
1300 - 1400 1400
1400 - 1500 1460
1500 - 1600 1460
1600 - 1700 1460
1700 - 1800 1250
1800 - 1900 1060
1960 - 2000 900

REGION TQP TOP OF CELL (m)
‘m 3 2 X
1000 450 300 150
1000 450 300 i50
1000 450 300 150
1000 459 300 150
100C 450 3090 150
1025 522 350 DTS
1100 600 400 200
1203 703 470 33
1295 795 530 265
1400 900 600 300
1460 960 640 320
1460 960 640 320
1460 960 640 320
1460 900 600 300
1460 855 570 285
1460 795 530 265
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TABLE 5.4
Pollutant Gradients in the Vertical and Concentrations at the Top
of the Modeling Region for JD80198(071680)

Gradient Concentration at the Top
207 Tutant foob "100m} 0Ff the Mode'nc Recicor
VPRL,
O3 5.62 85
NC., -4.1¢8 , L
NMHC* -34.66 30
c0 -50.0C 2C
*apbc/100 m
Table 5.5

Hourly Highest and Second Highest Ozone Concentrations
Measured on JD80198(071680)

HIGHEST 2nd HIGHEST
HOUR CONCENTRATION STATION CONCENTRATION STATION
(pPD) : {ppo)

1200 - 1300 210 New Haven 183 ‘Greenwich
1300 - 1400 280% Stratford 252 Derby

1400 - 1500 291** New Haven 291%* Derby

1500 - 1600 274 Stratford 260 Hartford
1600 - 1700 265 Hdartford 262 MiddTetown
1700 - 1800 230 Middletown 170 Hartford
SISV 1016 izh FoaaieTowt _L lTrattore

* Highest for the day
**  Second hignest for the day
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Figure 5.2 Initial Pollutant Cistribution on JD80198 (071680)
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Figure 5.3 Diurnal Plots of Observed Pollutant Concentrations at the

Southwest Corner Grid on JD80198(071680)
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5.2 Input Data for J080203(072180)

Examination of the daily surface weather map in terms of Jlarge-scale
svnoptic features. shown in Figure S5.1b. reveals that a "Bermuda high" extendec
westward to the soutnern Miawest. A warm front, with waves of iow pressure on

i1

north of _ake Ontario. where a2 co.C

s

=, ran nearly east-west from Maine to we
SeonT tAN 30LINWANT TNer 30UIAWASIwaTC TI O T I-IOunT. me 3urT:
the day, listed in Table 5.6, were generally from fthe southwest ~<
souTn-soutnwest with wind sveeds ranging from 4 +o0 & m/s. The other
meteoroliogical parameters Tor eacn nour of simulation are listed in Tabies 5.7
and 5.8. The initial surface distribution of pollutants - ozone. nitrogen
dicxide, non-methane hydrocarbons and carbon monoxide are shown in Figure 5.4,
raspectively. The vertical pollutant gradients determined from aircraft spiral
data and the concentrations adopted for the top of %fhe model®ng region irs
provided in Table 5.9. The boundary concentrations at ali Tour sides of <Ine
mode] domain varied both spatialily and temporally. In Figure 5.5, the diurna:
variations of the pollutant species at the surface level for the southwest
corner cell are shown. On this day, the ozone concentrations measured over
Connecticut often exceeded 200 ppb with a maximum measured hourly concentration
of 303 ppb at Stratford, Connecticut. In Table 5.10 are listed the hourly
highest and second highest measured concentrations along with their time of

occurrence and their location.

On this day the synoptic-scale features, shown in Figure 5.1c, are as
follows. The "Bermuda High" extended westward from the Atlantic. A broad area
of low pressure was positioned over the northern New York-New England/Canadian
oorder region, iying on a frental system that stretched from Maine (warm-

frontal) westward, then southward to Tennessee (cold-frontal) and on to Texas.

- fme gz =T St T = — e R e mee cv T mm g A =
* ol Jana z z C z nwesT TC IoUTNE ST ST Z

g

(
L

[
(&}

)

-~
ol

speeds ranging from 3.5 to 3.5 m/s. The vector-averaged hourly wind speeds anag
directions are Tisted in Table 5.11. The other input meteorological parameters
are listed in Tables 5.12 and 5.13. The initial surface distribution of
pollutants are shown in Figure 5.6. The pollutant concentration gradients and
the concentration at the top of the modeling region are provided in Table 5-14.
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TABLE 5.6
Vector-Averaged Hourly Winds for JD80203(072180) Simulation

WIND SPEED WIND DIRECTION

HOUR ‘m/gn e
0400 - (€500 3.67 232
050C - 0600 2.84 239
0600 - 0700 4.19 244
0700 - 0800 a.07 235
0800 - 0900 4.24 244
0900 - 1000 5.46 240
1000 - 1100 3.92 238
1100 - 1208 4.36 233
1200 - 1300 4.33 232
1300 - 1400 4.58 227
1400 - 1500 4.95 222
1500 - 1600 5.07 205
1600 - 1700 5.13 204
1700 - 1800 5.13 199
1800 - 1900 5.08 206
1900 - 2000 4.72 217
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TABLE 5.7
Hourly Diffusion Break (Mixing Height). Region and Vertical Cell Top Heights
for JD80203(072180) Simulation

OIFFUSION BREAK REGION TOP TOP OF CELL (m)

HOUR (m) (m) 3 2 1
0400 ~ 0500 285 1000 285 190 95
0500 - 060C 30¢ 1000 300 200 100
0600 ~ 0700 360 1000 360 240 120
Q700 ~ 08aQcC 445 1030 435 290 145
0800 ~ 0300 570 1110 57C 380 190
D400 ~ 1000 660 1160 660 440 220
~000 ~ 1100 713 1160 560 243 220
1100 - 1200 840 1250 750 750 250
1200 ~ 1300 1195 1370 870 580 290
1300 -~ 1400 1535 1535 1035 690 345
1400 ~ 1500 1670 1670 1170 780 390
1500 ~ 1600 1805 1805 1305 870 435
1600 -~ 1700 1895 1895 1395 930 465
1700 ~ 1800 1850 1895 1395 930 465
180C ~ 1900 1500 1895 1395 930 465

1900 ~ 2000 960 1895 960 640 320
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TABLE 5.9

Pollutant Gradients in the Vertical ancd Concentrations at the

Top of the Modeling Region for JD80203(072180)

Gradient

Ssliutans “ppb "100m}
0, 7.42
NC- -5, 44
NMHC* -11.72
ze -50.¢C

*5pbc/100 m
TABLE 5.10

Concentration at the Top

Hourly Highest and Second Highest Ozone Concentrations Measured

on JD80203(072180)

HIGHEST
Houn cunczinirAaT 100 STATION
(ppb)
- 1300 230 Derby
- 1400 227 Stony Brook
- 1200 240 Stony Brook
- 1600 303* Stratford
- 1700 235 New Haven
- o oo oo eTow
- 1900 200 Middletown

* Highest for the day
*%  Second highest for the day

2nd HIGHEST

CONCENTRAT 10N

(ppo)
202
224

STATION
Hempstead
Stratford
Stratford
Middletown

Stratford

o

- - e

Hartford
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TABLE 5.11
Vector-Averaged Hourly Winds for JD80204(072280) Simulation

WIND SPEED WIND DIRECTION

HOUR (m/s) (°)
3400 - 0530 3.50 Blopd
0500 - 0600 3.37 225
0600 - 0700 2.21 236
0700 - 0800 3.62 238
0800 - 0900 3.98 246
0900 - 1000 3.96 227
1000 - 1100 3,62 235
1100 - 1200 4.43 227
1200 - 1300 1.52 224
1300 - 1400 4.69 233
1400 - 1500 5.66 220
1500 - 1600 5.51 217
1600 - 1700 5.48 216
1700 - 1800 5.66 214
1800 - 1900 5.23 219
1900 - 2000 4.60 221
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TABLE 5.12
Hourly Diffusion Break (Mixing Height), Region and Vertical Cell

Top Heights for JD80204(072280) Simulation

(3
(Y]

HOUR (m) (m)
0400 - 0500 315 1000 315 210 105
0500 - 0600 405 1000 405 270 135
0600 - 0700 555 1100 555 370 185
0700 - 0800 795 1205 705 470 218
720C - 290C 217 1210 217 RIS
0900 ~ 1000 870 1370 870 580 290
1000 ~ 1100 950 1370 870 580 290
1100 - 1200 1040 1385 885 590 295
1200 - 1300 1180 1430 930 620 310
1300 - 1400 1400 1475 975 650 325
1400 -~ 1500 1595 1595 1095 730 365
1500 ~ 1600 1625 1625 1125 750 375
1600 ~ 1700 1625 1625 1125 750 375
1700 -~ 1800 1550 1625 1125 750 375
1800 - 1900 1360 1625 1125 750 375

1300 - 2000 1180 1625 1125 750 325
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TABLE 5.14
Pollutant Gradients in the Vertical and Concentrations at the
Top of the Modeling Region for JD80204(072280)

Gradient Concentration at the top
Patigtant ‘=pb/100m) af <ne Mopdeliing Reaion {20%)
03 G.43 60
NO, -6.04 5
NMHC* -43.36 30
co -50.0 20
*ppbc/100 m
TABLE 5.15

Hourly Highest and Second Highest QOzone Concentrations
Measured on JD80204(072280)

HIGHEST ‘ 2nd HIGHEST
HOUR  CONCENTRATION STATION CONCENTRATION  STATION
(ppb) (ppb)

1200 - 1300 168 Stratford 139 Derby
1300 - 1400 218 Stratford 200 New Haven
1400 - 1500 227%* New Haven 226 Stratford
1500 - 1600 220 Middletown 212 Hartford
1600 - 1700 240% Hartford 150 Middletown
1700 - 1300 160 Hart7ord 143 LitenTieid
2300 - 1900 148 _‘tentield 218 susan Waaner

* Highest for the day
**  Second highest for the day
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The highest and second highest measured hourly ozone concentrations for
this day, listed in Table 5.15, indicate a maximum of 240 ppb at Hartford,
Connecticut with concentrations in excess of 200 ppb at other Tlocations over
Connecticut. The concentrations adopted for the pollutants at the southwest

boundary cell are shown in Figure 5.7.

5.4 Input Data for 5080219(080680)

On this day the synoptic situation, shown in Figure 5.1d, is slightly
different from the previous cases. A break-off extension of the "Bermuda" high
was centered err West Virginia. A frontal zone was draped north of the border
to a2 low pressure near James Bay.-

The vector-averaged hourly winds are listed in Table 5.16, with speeds
ranging from about 3 to 3 m/s from a south-southwest to southwesteriy dirsction.
The other input meteorological parameters are listed in Tables 5.17 and 5.18.
The pollutant gradients and the concentration at the top of the modeling region
are listed in Table 5.19. The initial surface distributions of the poliutants
for the simulation day are shown in Figure 5.8. The highest and second highest
measured hourly ozone concentrations are listed in Table 5.20 with the highest
value of 249 ppb. The hourly boundary concentrations for the southwest corner
grid are shown in Figure 5.9 to provide an example of the typical values used in

this simulation.

5.5 Input Data for JD80221(080880)

The synoptic weather pattern for this day, shown in Figure 5.le., consists
3T & 3Joubie=-structured ‘Sermuaa’ 71gn with centers over =he 4itiantic ana sest
Virginia. A frontal system arched across the northern part of the country. A
nigh pressure center was found over James Bay, with a weak Jow pressure on the

stationary portion of the front over Lake Superior.
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TABLE 5.16

Vector-Averaged Hourly Winds for JD80219(080680) Simulation

HOUR

0406 -
0500 -
0600 -
0700 -
0800 -

(o)

[ I

OO

O o
[} i

b

1100 -
1200 -
1300 -
1400 -
1500 -
1600 -
1700 -
1800 -
1800 -

0500
0600
0700
0800
0900
1000

117
e

1200
1300
1400
1500
1600
1700
1800
1900
2060

WIND SPEED

€2 NN W W

w

W W A A R B W W

m/s

.47
.80
.51
.42
.91
.79
14
.73
27
71
.10
.51
.97
.41
.96
.59

WIND DIRECTION
(%)

218
225
259
260
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TABLE 5.17

Hourly Diffusion Break (Mixing Height), Region and Vertical Cell Tap

Heights for J080219(080680) Simulation

DIFFUSICN BREAK REGICN TQP TOP QF CELL 'm}

OUR (o o, 3 c .
0400 - 0500 120 1000 120 30 40
0500 - 0600 165 1000 165 110 55
0600 - 0700 225 1000 225 150 75
Q700 - 0800 315 1000 315 210 105
3800 - (0900 430 1000 450 300 150
3900 - 1000 600 1050 600 430 200
1000 - 1:iC0 720 1125 705 370 235
1100 - 1200 945 1150 750 500 250
1200 - 1300 1145 1195 795 530 265
1300 - 1400 1240 1240 840 560 280
1400 - 1500 1240 1240 840 560 280
1500 - 1600 1240 1240 840 560 280
1600 - 1700 1240 1240 840 560 280
1700 - 1800 1110 1240 795 530 265
1800 - 1900 920 1240 750 500 250
1900 - 2000 800 1240 720 480 240
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TABLE 5.19
Pollutant Gradients in the Vertical and Concentrations at the Tap
of the Modeling Region for JD80219(080680)

Gradient Concentration at the Top

Pollutant {opb/100m) of the Modeling Ragien
\PP0y
O3 3.70 65
NO, -1.73 2
NMHC* -14.82 30
co -50.00 20

*pobc/100 m
TABLE 5.20

Hourly Highest and Second Highest Qzone Concentrations
Measured on JD80219(080680)

HIGHEST 2nd HIGHEST
HOUR CONCENTRATION STATION CONCENTRATION STATION

1200 - 1300 234 Stratford 180 Derby

1300 - 1400 249%* Stratford 182 Bridgeport
1400 - 1500 220%* Stratford 197 Derby

$500 - 1sd0 217 Jerty 280 Stratiord
~300 - 1700 201 CEratTara 140 Jerny

1700 - 1300 206 Stratford 127 Middletown
1800 - 1900 168 Stratford 101 Middletown

* Highest for the day
**  Second highest for the day
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The hourly vector-averaged wind speeds and directions are listed in Table
5.21. The winds were from a south-southwesterly direction, with speeds ranging
from 3.5 to 5 m/s. The other input meteorological parameters are listed in
Tables 5.22 and 5.23. The mixing height reached a maximum of 1400 m. The
pollutant gradients in the vertical are listed in Table 5.24 along with the

- . - . -
- —n - ks ~t ~7 N EER N
- PRS- paose! 2 Shg Toce! g 24 n T2

N - - - -

(L

nIyaTiaons

340

[ AN = [P T

aistributions of the poilutants for the simuiation aay are snown in Figurs 3.10.

o

The highest and second highest measured hourly oczone concentrations are Jisteq
in Table 5.25. The peak value was 246 ppb and exceedances of over 200 ppb are
noted for other hours. Diurnal variation of the pollutant concentrations at the

southwest corner grid are displayed in Figure 5.11.
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TABLE 5.21
Vector-Averaged Hourly Winds for JD80221(080880) Simulation

WIND SPEED WIND DIRECTION

HOUR m/s (°)
0600 - G500 3.33 227
0500 - 0600 3.48 2234
0600 - 0700 3.77 241
0700 - 0800 3.24 244
0800 - 0900 3.67 231
0900 - 1000 3.82 232
1000 - 1100 3.99 237
1100 - 1200 4.57 238
1200 - 1300 5.26 233
1300 - 1400 4.80 235
1400 - 1500 5.09 236
1500 - 1600 5.63 236
1600 - 1700 4.49 234
1700 - 1800 5.11 245
1800 - 1900 4.48 239
4.84 224

1900 - 2000
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TABLE 5.22
Hourly Diffusion Break (Mixing Height), Region and Vertical Cell Top
Heights for JD80221(080880) Simulation

SUTTUL U RN SGeu ~ A S

HOUR (m) m) 5 . .
0400 - 0500 345 1000 345 230 115
0500 - 0600 345 1000 345 230 115
0600 - 0700 345 1000 345 230 115
0700 - 0800 375 - 1000 378 250 128
2200 - 2200 10t “CC0 0L A S
0900 - 1000 450 1040 450 300 150
1000 - 1100 540 11030 540 360 180
1100 - 1200 700 1160 660 440 220
1200 - 1300 1020 1280 780 520 260
1300 - 1400 1400 1400 300 600 300
1400 - 1500 1400 1400 900 600 300
1500 - 1600 1400 1400 500 600 300
1600 - 1700 1400 1400 500 600 300
1700 - 1800 1170 1400 795 530 265
1800 - 1900 940 1400 705 470 235

1800 - 2000 710 1400 630 420 210
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TABLE 5.24
Pollutant Gradients in the Vertical and Concentrations at the Top
of the Modeling Region for JD80221(080880)

Gradient Concentration at the Top
el tant C=nh/l20m 2F =ke Mageiiea Tarie-
. OpOj
O3 5.69 70
NO, -2.08 6
NMHC* ~25.95 30
co ~50.00 20
*nphe /160 m
TABLE 5.25

Hourly Highest and Second Highest Ozone Concentrations
Measured on JD80221(080880)

HIGHEST 2nd HIGHEST
HOUR CONCENTRATION STATION CONCENTRATION STATICN
(ppb) (ppb)
1200 - 1300 213 Stratford 180 Greenwich
1300 - 1400 246* Stratford 170 Bridgeport
400 - =500 237** Stratfora 67 irtggenore
1560 - 1600 236 Stratford 1458 Stony 3rook
1600 - 1700 197 Stratford 141 Derby
1700 - 1800 160 Stratford 132 Derby
1800 - 1900 143 Stratford i43 Middietown
* Hignest Tor the day

**  Second highest for the day
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CHAPTER 6

MODEL PERFORMANCE EVALUATION

The results of the UAM simulation for the five selected high ozone days

eian Tha madal amaFapmzpaea 1 3
- PR - s o . R LRSS

a1

shzzzatzd oana ofacus

tne basis of 1Is overa.’ predictive capapriicy ana 1ts api1lity to capture

high concentration wvalues through the application of various statist:

measures recommended by the AMS workshop (Fox, 1981).

6.1 UAM Simulation of the Ozone Concentration Field for the Five Days

ideing the mode “acut data descrihed 11 the orevisus chaptar., The LAM

executed to provide hourly averaged ozone concentration fTielas for each of

~

five days. In Fijgures 6.1 to 6.5 are shown the isopleths 2f predicted ozone

are

At

et
(N

T

)

e

on-

centrations for selected hours when concentration maxima are expected to occur

for each of the five days. One of the characteristic features of the five days

simulated is the occurrence of a double peak over the modeling domain around

the

time of the occurrence of the ozone maximum with one peak over the northeastern

portion of Connecticut and the other over the border areas of northeastern
New Jersey~-New York. Only in the case of JD80219 (080680) was there no clearly

defined double peak. This may be due to the lower advection rate, and limited

mixing in the vertical which could result in the merger of the two peaks. Also,

in some instances, the peak concentration formed over the New Jersey-New York

region is higher than the peak occurring over the Connecticut region suggesting

a strong influence of pollutant transport through the southern and western

soundaries.

5.2 Paireg Zomparisons - All Data

It should be noted that whereas the UAM predictions represent volume-

averaged hourly concentration values (averaged over the cell volume specified in

“he program), <he measured c<oncentrations are at monitoring stations reoresen

Tad

by points in space. Hence, perfect agreement between measured and predicted

concentrations should be considered as fortuitous. To assess the model

formance, the grid point nearest to the monitoring station is located and

per-

the

oredicted concentrations at this grid point are compared with zhe measurements
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from the monitoring station. Diurnal plots of the observed and predicted concen-
trations at the monitoring stations are presented in Appendix B. Several
standard statistical measures (Willmott, 1981; Fox, 1981; Rao, et al., 1985) are
computed, and the results are listed in Table 6.1. The high correlation

coefficients (r 5 2 0.098) indicate that the model predictions are reason-

crit.9
able either when the data are considered on an individual day-by-day basis or on
in ensamC.2: D33°3. ~cwever, 3n 3n 3vsray | 2asis, fe tngas vsrtoRat I In:

concentrations by about a factor of two as indicated by the mean of ratios of
predicted to the observed concentrations. Cf the five days, the fwo that show
the highest correlation coefficient and index of agreement are JD80203(072180)
and J080221(080880).

A scatter plot of the observed and predicted concentrations Far ali data
for each of <the davs considered is snown in Figure 6.3. In aadizisn =3 :Ire
one-to=-one line ({perfect crediction), an envelope of 30% of the observed
concentrations is shown in the figure by dashed lines. The percentage number of
pocints lying within #30%, greater than 30%, and less than 30% are provided in
Table 6.2. The percentage of data within the *+30% envelope for each of the days
is about 30% or better, while the percentage of underprediction is about 10%.

Figure 6.7 1is a histogram of the difference between the measured and
predicted concentrations for each of the simulation days. The percentage of
data falling within £0.03 ppm ranges from 45 to 51% depending upon the simula-
tion day, with the majority of the remaining data generally in the over-
prediction category (OBS-PRED < =-0.03 ppm). The exception for this is the
performance on JD80204(072280), (see Figure 6.7) for which about 27% of the data
are in the overpradiction catagory. However, examination of the model
nerformance measures listed in Table 6.1 for “his day indicates that its slope

and correjation zoefficient are sligntiy ‘ower in comparison ~i1th other days.

For each of the simulation days, the diurnal variation of the mean
difference between the observed and the predicted concentrations along with the
standard deviation of the difference is shown in Figure 5.8. It is interesting
to note that up to about 1300 Hrs the difference is confined to =0.03 ppm, ana
for the remaining hours of simulation the mean differences exceed 0.05 ppm,
indicating an overprediction by the model. Also, the error spread in the
afternoon hours is considerably larger than during the morning hours for each of
the days.
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TABLE 6.2

Percent of Model Predictions Within +30%, Greater Than 30%.

and Less Than 20% of their Correspondinag Measurzd OJznra

Category

“ercantage Witnin
+20%

Parcentage of
Jver Prediction

Percentage of
Under Prediction

Sample Size

CONCeNtrations Tor Ine rive 3e12CTed Lays
Day

J0gG198  JD80203  JD80Z204  JDB80219  JD80221

(071680) (072180) (072280) (080680) (080880) All Data
34 46 35 30 22 i€
33 44 33 62 60 o
13 10 12 8 7 10

418 432 422 422 408 2102
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6.2.1 Pajred Comparison - Data from Connecticut

Since the measured ozone measurements for the five days indicate that the
peak concentrations occur over the Connecticut region, assessment of the mode]

performance in this region would be of particular interest. Figure 6.9 is a

em e T .S e syia - B e e e
T2: =" 3 ST i sogeryea arg 272477 IENTZTT NG 1 TG

enveiope. In Table 6.3, the percentages of points within. below ana apove zIne
+30% envelope for each simulation day as well as the ensemble are iisted. The
percentage of underprediction is about 10%, with about 50% of the data lying in
the +30% envelope. In terms of the model performance, the day JD80203(072180)
has 60% of its predictions within the +30% envelope followed by JD80221(080880)
with 30%, and in both cases about S% or Tess of the datz are n  *he

rY.

O

Jnderpradiction lateg

0.2.2 Paired Comparison - Concentrations Greater Than 1320 ppb

It is important to analyze the model performance in simulating high ozone
concentrations in order to provide an assessment of the model's ability to
capture the peak concentration values. Toward this end, any hourly measured
concentration greater than or equal to 100 ppb and its corresponding predicted
value were examined as a set for (a) the domain as a whole, (b) the Connecticut
region alone, and (c) New York and New Jersay. Scatter piots of the observed
and predicted concentration for each of the five days are shown in Figures 6.10
and 6.11 for the latter two cases, respectively. The percentage of points lying
within, above and below the *30% envelope are iisted in Tables 6.4a, 6.4b, and

6.4c for the entire domain, Connecticut, and New VYork and New Jersey.

respectively. The model appears to perform quite well. with at Teast 50% of the
Jraaictions ying within the x30% anveiope 1n 317 =he :nree s£ases ina ioout .0%
of the data on eijther side of the =anveiope. However, when measurad

concentrations greater than or equal to 200 ppb and the corresponding

predictions are considered for the Connecticut region, the model underpredicts

With an average predicted-to-measured ratio of 0.73. In Figure 6.12, “he mean
difference between the observed and predicted concentrations and the 3tandard

deviation of the differences are shown by the time of the day for each of the
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TABLE 6.3

Percent of Model Predictions Within *30%, Greater Than 30%,

and Less Than 30% of their Corresponding Measured QOzone

- .
Toncantratiapg

LA "‘nqar*‘-?r'v*
UL onneC LTI

Day :
J080198  JD80203 JD80204 JD80219 - JD80221

Category (071680) (072180) (072280) (080680) (080880) A1l Data
pe:ig!}tage Within 44 64 46 43 50 51
°arcentage of ne A . <5

Over Prediction 33 27 He 43 44 >3
Percentage of \

Under Prediction 16 9 12 9 6 10
Sample Size 142 140 139 127 125 673
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TABLE 6.4a
Percent of Model Predictions Within +30%, Greater Than 30%,
and Less Than 30% of their Corresponding Measured 0Ozone

Concentrations Greater than 100 ppb

Day
JD80198  JD80203  JD80204  JD80219  JD80221

e e N I RN R R e e A A A PR -

- - - - - - - -

300 50 76 50 69 60 64

Percentage of

Over Prediction 20 17 3 17 40 21
Percentage of )

Under Prediction 30 7 37 14 15
Sample Size 118 164 63 70 100 515

A D A 1k

Percent of Model Predictions Within +30%, Greater Than 30%,

and Less Than 30% of their Corresponding Measured Ozone

Concentrations Greater than 100 ppb for Connecticut

Day
JD80198  JD80203  JD80204  JD80219  JD80221 '
Category (071680) (072180) (072280) (080680) (080880) All Data
pe:gg;tage Within 59 80 65 56 60 66
Percentage of
Over Prediction 10 14 4 21 40 17
Percentage of -
Under Prediction 3 5 3t 23 17
Sample Size 68 84 46 43 52 293
TABLE 6.4c¢

Parcent of Model 9wadictions Within +20%. Gr2atar Than 30%.

ind Less Than 70% ~f +*hair 7Torrasponding Measurad 7zone

Concentrations Greater *han 100 opb For New .Jersey and New York

Day
JD80198  JD80203  JD80204  ;D80219  .DBQ221

Category ‘ (071680) (072180) (072280) (080680) (080830Q0) Ali Data
Percentage Within 39 170 38 85 61 60

+30%
Percentage of

Over Prediction 31 21 0 9 39 24
Percentage of 30 9 62 6 - 16

Under Prediction - -
Sample Size 50 80 17 27 48 222
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five days over the domain when measured concentrations exceed 100 ppb. The
systematic bias evident when all data are considered (see Figure 6.8) is absent
in this case, and the mean differences between the observed and predicted are
within £0.05 ppm.

5.7 llppairad Comparisan

Another way to assess the model performance is through an unpaired com-
parison of the daily maxima of the measured and predicted concentrations at each
of the monitoring stations independent of their time of occurrence. The ratio
between the predicted and measured peaks ranges from 1.29 to 1.72 for the ozone
monitoring network over the tri-state region. The difference in the time of
occurrence of the measured and oredicted oseaks ranges Trom *2 Hrs Tor the
New Jersey stations to =5 Hrs for Tlocations in Connecticut with the MNew York
sites falling in between. A similar analysis of the second nignest measured and
second highest predicted concentrations at each of the monitoring stations yields
a ratio in the range of 1.36 to 1.82 with a time difference of #2 to #5 Hrs.
However, 1t should be recognized that, 1in general, the location of the mode]
predicted ozone maximum may not necessarily be associated with those locations
where ambient air quality measurements are available. Hence, for the purpose of
comparison, the maximum measured and predicted ozone concentrations (independent
of time and space) for all the five days are provided in Table 6.5. It should
be noted that the measured ozone maxima for these five days are reported from
the monitoring stations in Connecticut, as are the predicted values. The ratio
of predicted to measured hourly maximum concentrations are in the range of 0.70
to 1.00 with a time lag of 9 %o 3 Hrs. This indicates that the model under-
predicts the peak vaiue over the modeling domain as well as iags in terms oT tThe
Iome 2T Jccurrence of The maxtmum. “his 71iscrepancy may e aue T2 umernus
factors sucn 31s the uncertainty in the specification of the initial ana ooundary
pollutant concentrations, space and time variation in the adopted mixing height,
and the wind fields as weil as the jack of day-to-day variations in the emis-
sions data. It should also be noted that metecrological data summarized in
e 2.1 indicate <%he accurvenca o7 32racipization over gorwions a7 zhe
simulation region, presumably resulting in some scavenging of the pollutants in
the real atmosphere, while the UAM does not include such processes.
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TABLZ 6.5

Base Case Simulations: Unpaired Spatially and Temporally

Concentration (opb)

Measured Predicted
Run Date Max dr Max Hr Ratio
1 JD80198(071680) 291 14-15 205 17-18 0.70
2 JD80203(072180) 303 15-16 229 15-16 0.76
3 JD80204(072280) 240 16-17 191 16-17 0.79
4 J080219(080680) 249 13-14 229% 15-16 0.92
5 JD80221(080880) 246 13-14 246 16-17 1.00

"Measured at any monitor in the Connecticut Region
Predicted at any grid in the Connecticut Region
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6.4 Model Performance - Summary

The results from the above analysis suggest that the model has performed
reasonably well with about 60% of the predictions in the *30% envelope about
the perfect prediction Tine when measured concentrations are greater than 100

opb. Both ‘temporal and spatial comcarisons of the measured and oradic

t

ed

goncentrations inaicate that tne UAM overpreqicis on the averzge. .acwevar,

[
]

model is found to underpredict for the subset comprised of measured concentra-
tions greater than or equal to 200 ppb. The model performance for the days
JD80203(072180) and JD80221(080880) is, in general, better than the other three
days with a tendency to underpredict the peak concentrations. Simulation
studies conducted for Tulsa (Reynolds, et al., 1982), St. Louis (Cole, et al.,
1983), and Philadelphia (Haney and Braverman, 198%5) using the UAM nhave reporvtag
similar results. The fact that the model does not reproduce tne measurea
maximum concentrations in tne modeling domain shouid not ageter its appiicaticon
in emissions contrel strategy evaluations, as long as the estimated ozone
concentrations due to the imposition of specific controls are assessed in a
relative sense.

6.5 Modeling Limitations

[t is well known that several sources of uncertainty exist in air quality
modeling that could affect the predicted concentrations of the pollutants.
These uncertainties can be broadly categorized as 'reducible" and "inherent"
uncertainties. Errors in the input data to the model as well as 1inadequate
formulation of the physical and chemical processes in the model lead *to
~educibie uncertainty since uncerztainties associated with these can 5e minimizea
~arougn  more  accurate nput  Jata as  weil  is  ‘mproved node!  Carmuiation.
_nherent 4ncertainty stems Tvom the stochastic nature of :the atmosphere. o
matter now perfect the model and the input data are, the imprecision cannot be
reducad below a fundamental ‘evel bdecause of the lack of predictabiiity of the
transport and diffusion processes in the atmosphere. Therefore, the madel
astimatas will aimost aiways 4iTfar from the measured -<oncantrations. However.
an understanding of the input uncertainty arising from errors in measurements,
errors in estimation, non-representativeness of the data, etc., will enable

proper interpretation of the modeling results.
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As mentioned before, the the numerical modeling approach adopted here is
data-intensive. It should be recognized that errors stemming from sparsity of
available data and the approximations used to generate information at each grid
point for each variable will propagate through the model and affect the
predicted concentrations. Quantification of the modeling uncertainty due to the
inty ‘nosne faput datd iTane I arTreme’y STEFELLTH 0 caped

P
PYRES

n+

{ui
W
s

fub

problem. No attempts are made in this reporT Lo guantify =he JAM Timitations ar
uncertainties associated with the UAM application to the New York Metrovoiitan
area because of the complexity of the problem. Evaluation of the modeling
uncertainty is beyond the scope of this study.
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CHAPTER 7

CONTROL STRATEGY SIMULATIONS

One of the primary objectives of this study was to evaluate whether

ToaTEgn s N The IVECUridr amiInTors Cl 2 =23 O T

(v
pal

(O

attainment of the NAAQS for ozone in the WNew TYork Metropolitan area. )
this end, the UAM has been applied for five high ozone days occurring in the
1980 ozone season. Evaluation of the model performance in predicting the
measured ozone levels revealed best performance of the model on two days -
JD80203(072180) and JDB0221(080880). Hence, these days were selected for
assessing *the impact of emissions control strategiss on ‘the ambient sSzore
CONCENTralions. AN 2MIS3T0NS nVentory oased spon he L38C JI3ls g :mentalnoy
DPlans (SIPs) for 1988 was prepared and the UAM simulation was verformed for
these two days with appropriate modifications to the initial and noundary air
quality conditions, keeping the meteorological conditions the same as those for
the 1980 base year cases. In this section, the results of the varjous control
strategy scenarios are presented and are compared with the base case(s) to
evaluate the effect of emissions reduction plans on the ambient ozone

concentrations in the study region.

7.. Initial and 3oundary Condjtions

The methodology adopted for defining the initial and boundary conditions
for the control strategy simulations was as follows. For the initial
conditions, a compariscn was made between *the oprojected 1988 NO( and Y0C
amissions and those of the 1980 base case. and the percentage reduétions “or
Tnese two 0011UTants were caicuiated. "nese =m1ssions  equUCTions ~ers “hen
applied to scale the base year initial NOX ana YOC concentration fields from the
surface up to the top of vertical layer 3 (tnrough the mixed Tayer), under the
assumption that the changes in the precursor emissions have a similar effect on
the ambient concentration fields. The 1988 VYOC and NO( concentrations at the
boundaries were obtained by reducing “he base year bouhdary concantrations of

VOC and NOx by 40% and 20%, respectively, based upon the upwind region SIPs.

In the case of ozone, no direct methods are available to estimate the

future year boundary and initial fieids due to the changes in the precursor
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emissions levels. Given that the ozone concentrations at the top of the
modeling region for the five simulated days in the base year are in the range of
60 to 85 ppb, the proposed changes in the emissions both upwind and in the
domain could result in a reduction of about 20 to 30% or in the 40 to 60 ppb
range for ozone levels at the top of the modeling domain. These estimates are
ransistent with the sucgested backarzuna levels (Wolff and Ljov. 197R2: Xei'l.,
et. a:., :984). Anotner metnoa 1S To appiy tne EXMA procecure (Zrm, .2Cw, I3
estimate the expected changes in the czone concentrations from changes in ths
VOC and NOx levels. This procedure, resuits in a reduction of about 18% in
ozone for an assumed change in the VOC and NOx levels of 40% and 20%,
respectively. In this study, as a first approximation, a 20% reduction from the
ambient 1980 ozone levels was adopted for estimating the 1988 ozone concentra-
tions for the region top and the initial and boundary fieids. As an sxampiz of
the 1988 boundary conditions, the changes in the NMHC and ozone ccncentrations
for the southwest corner surface gria cell Tor the two days J030203(072180) ara
JD80221(080880}, are shown in Figure 7.1la and 7.1b, respectively.

7.2 Control Strategies

A set of six control strategy scenario simulations (CSSS), listed in Table
7.1, was performed to evaluate five control strategies proposed by the project
(OMNYMAP) Paolicy and Technical Committees with three of the five strategies
utilizing measures implemented and/or proposed in the current SIPs of the three
states. The CSSS Runs 1 and 2 are based upon the projected 1988 emissions with
the meteorological conditions oprevailing on the days JD80203(072180) and
JD80221{080880), respectively. The changes in the emissions resul%ting from <%he

nnnnnn

apte 7.2. In the case oT 333 RAuns 1.

various control strategies are iisted in T
ing 2. ne ~2quctions in JOC =na JO< amissions ~“rom Zhe 980 sase ear are _I%
and 14%, raspectively, while with ‘mpiementation of the Fuil SIP neasures (C333
Run &), the reductions in the VOC's are estimated to be an additional 8% over
the CSSS Run 1 case in the tri-state area. [t should be noted that these
changes in VOC and NOX emissions are not uniform or across-the-board reductions
211 %o 3rid z277.  The CIIS3 Runs 4,3, and 5 Jtitized Tne
JD80203(072180) meteorological conditions but with the modified emissions while

CSSS Run 3 was designed to investigate the effect on the ozone maximum due to

sut sary “rom grid «

the reduction of Connecticut VOC emissions from the base year 1980.
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TABLE 7.1
Summary of Control Strategy Scenario Simulations (CSSS)

Run #1 Application of UAM using 1988 emissions inventory with
JD80203(072180) metecrological conditions.

Run #2 Acpiization  of  UAM  using 1238 emissions  iAverTavy oo

JD80221{080880) meteorological conditions.

Run #3 Application of UAM with 1980 base year inventory excluding VOC
emissions from Connecticut with JD80203(072180) meteorological

conditions.

Run #4 Appiication of UAM using 1988 emissions inventory a41Ttn 3.
reduction in NOX from all sources 1in Connecticut oniy znd
JD80203(072180) meteoroiogical conditions.

Run #5 Application of UAM using 1988 emissions inventory with controls
on gasoline wvapors (marketing and motor vehicle) and
JD80203(072180) meteorological conditions.

Run #6 Application of UAM with full 1988 SIP (extraordinary measures)
and JD80203(072180) meteorological conditions.
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7.3 Results and Discussion

The spatial distributions of ozone for CSSS Runs 1 and 2 for the hours when
peak concentrations are expected to occur are shown in Figure 7.2. For both
days, the isopleths show the occurrence of a double peak similar to the base

case although the opeak value over the mcdeling domain has decreased “rom 229 cob

S P : b cmaa m e Am WS A R [
€ ULCuwowollwidalL; 2332 a4 77T s ITT LI .. Ll P N
8 ;

(o

i e -
TS Li3 spo o rer -

JD80221(080880) case. The relative reduction in the peak concentration is
approximately 19% in both cases for an emissions reduction of 32% in the VOC's
and 14% in the NOX over the modeling domain from the base year. The areal
extent of the decrease in the level of ozone exceedances was examined by
counting the number of cells equal to or exceeding the concentration of 125 ppb
Tor 2ach nour starting at 0%00. This s snown as i niszagram piot n rigure ;.3

DOTh Tor the entire modeling aomain (667 celis; as weii as TOr Tnhe Jonneciicuc

“h

region atone {208 cells;. Cn a gercentage 3zasis foc zhe 223k zzone rour o
1500, the decrease in the number of ceils (areal extent) 1is apout 30% for
J080203(072180) compared with about 20% for the JD80221(080880) case for the
entire domain as well as for the Connecticut region for the peak ozone hour of
1500. This may be due to the differences in the prevailing meteoroleogical and
initial/boundary conditions on these two days.

The runs, CSSS Run 5 and Run 6, are an extension of the control strategies
to further reduce the 1988 emissions with tnhe imposition of additional controis
on gasoline vapors in New York and Connecticut (marketing and motor vehicles -
CSSS Run 5) and the implementation of controls on (a)architecture coatings,
(bYauto body refinishing, (c)consumer/commercial solvents, and (d) small source
RACT (CZS3 Run 35). Unaer =zhe CSS3S Run £ scenario, <the astimated -zduc=ian ‘n
~he 1288 JOC 2missions ~as 3n aaditicna: 2%. wnile “or TC0SS Sun 5. the -equczI-on
Jas ibout 6% From the bhase 1983 =missicns level 7CSSS Run 1)}). To compare *he
effects of emissions reductions on ozone levels, the predictad concentration
*ialds for CSSS Run 5 were subtractad from those of CSSS Run ! for the hours of
highest concentrations (1400 and 1500 Hrs) and are shown in Figure 7.4. The

:

4iffarencas 3re of “he araer of . a9pb aver =the Connecticut r2gion which is
essentially within the noise range and, therefore, the additional controls in
New York and Connecticut arising from CSSS Run 5 have very little impact on the

reduction of the ozone levels in the domain on this day.
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AREAL DISTRIBUTION OF OZONE
GREATER THAN 125 PPB @ 1500 FOR CSSS-RUN 1

AREAL DISTRIBUTION OF OZONE
GREATER THAN 125 PPH @ 1600 FOR CSSS-RUN |

Figure 7.2

X-AXIS

Spatial Distribution of Ozone for Selected

Hours for CSSS Run 1 and CSSS Run 2
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In Figure 7.5 are shown the ozone isopleths for CSSS Run 6. The peak ozone
concentration is 175 ppb compared with 185 ppb in the case of CSSS Run 1. The
areal extent or the number of cells equal to or exceeding 125 ppb for CSSS Run 6
is shown in Figures 7.3a and 7.3b for the entire domain and for the Connecticut

region only. Comparisons between the results of CSSS Run 1 and CSSS Run 6

——m e T - R L omamt D a i mma ey = -
e 220 TENTagR ITandes LoLoeg RrEa 2% ~ z

w

"3vedl TN 5

0% for tne entire domain, as well as for the <Connecticut region 3ione.

[

Although the controls identified under CSSS Run 6 are not explicitiy evaluated
with the meteorological conditions prevailing on JD80221(080880), from a
comparison of the resuits of CSSS Run 2 with the corresponding base case it
should become evident that these emissions reductions cannot result in ozone
cancentrations helow the Tevel of the azone NAAOS. Thus. while the reduction in

faE sk aladii ) ~

a 3 PR M £, N N - M o PR
~ ~ ' B -~ ~ [~aR B! - 1 ~ '~y v -~
zmiszzions under TSC2% 2wn 5 AR asul®tad ‘n 3 Further reducticn a 3re

-
vl . PR

[¢8)
1
*

extent of the ozone exceedances., these strategies cannot reduce the peak ozone

concentration in the New York Metropoiitan area to the level of the czone MAAQS.

Two other runs, CSSS Run 3 and CSSS Run 4, were performed to evaluate the
effects of emissions controls imposed over the Connecticut region only. In CSSS
Run 3 the 1980 base year inventory was utilized to exclude all VOC emissions
from the Connecticut region, and CSSS Run 4 was based upon a 50% reduction in
the 1988 NOX emissions from Connecticut. The results of these twe simulations
are presented in terms of the difference maps in Figures 7.6a and 7.8b. Tn the
case of CSSS Run 3, the decrease in the ozone levels is on the order of 6 to 8
ppb over the northeast portion of the domain, while in the case of CSSS Run 4,
the change is #3 ppb. Thus, these reductions of VOC and NOX emissions in the
Connecticut area alone have minimal or no effect on the predicted ozone levels

over the modeling domain.

In summary, the UAM simulations Tor the two days with the control measures
identified in the SIPs for the New York Metropoiitan area demonstrate that
(a) there is an overall improvement in the ozone concentration levels from the
1980 base year, and (b) the peak ozone concentrations would not 1ikely be

~reduced to levels at or delow that of the ozone NAAQS in the 1988 ozone season.
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CHAPTER 8

SENSITIVITY ANALYSIS

Analysis of the control strategy options considered in this study indicates

o

[t
[N

.. . . . - .
shat gianiFiszns apgptigng af the modeting Adomain will conTminue w2 =2vize

A
i

)
oy

O

NAAQS for ozone during tne 1933 ozone season. 10 understand now 3cme
input variables affect the predicted ozone concentrations, six sensitivity runs
were performed with this data base. For each of these runs, meteoroiogicail
conditions prevailing on JD80203(072180) were considered, since model evaluation
results indicate "best" model performance on this day, with variations in the
UAM input data bases of initial and boundary concentrations and emissions. In
this section the methodoiogv adopnted %o perform tThe Sensitivity runs i3

presented along with the results and their implications.

8.1 Initial and Boundary Concentrations

A set of initial concentrations for the pollutants NMHC, NOX, 03, and CO
was selected to be representative of "clean" background conditions and is
reflective of "minimum" ambient concentration levels. The pollutant concentra-
tions for the "clean" conditions, listed in Table 8.1, are assumed to be uniform
across the domain. Similarly, when a "clean" boundary condition was desired,
the concentrations in Table 8.1 were used for the boundaries as well as for the

region top.

The sensitivity tests were designed to evaluate the influence of initial
ana boundary concentrations ana emissions on the predicted ozone concentrations

‘n =he modeling domain. Y -otail »f 2ix zensitivity -uns. 'isted in Tapie 3.2.

were performed and the r~esults are discussed befow.

g8.1.1 Sensitivity Run 1

This simulation was designeda to evaiuate the effects of initial conaitions
with "clean" air influx into the modeling domain; the emissions in the domain
were “turned off". The initial conditions at the beginning of the simulation
reflect the interaction of the base year emissions in the domain up to the start
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TABLE 8.1

"Clean" Pollutant Concentrations Used as Initial/Boundary Conditions

in the Sensitivity Analysis

Poilutant Concentrations fopob)
O3 0.1
NO2 2.0
NO 1.0
NMHC* 5.0
Co 20.0

*ppbc
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TABLE 8.2

Summary of Sensitivity Runs

Model Model Input
Sensitivity Initial Boundary Region Top Model Qutput
To Conditions Conditions Concentration Emissions
Tpittal 072230 Clazan Claan Mope Oazx 0. A7 77 mnn avan

R N~ - - .
- zasg vas

- ~
AR [IREE]

[&]
o

- - - e

No excesdgances over o

and NY.
Emissions Clean Clean Clean 1988 Emissions Peak 0, of 43 ppb
from CSSS agver C% @ 1700-1800 Hr.
Run 1** No exceedances over
NJ and NY.
Initial and From CSSS Fraom CSSS From CSSS None Peax J, o7 138 cod
atzra) Soun- Run 1 Qun 1 aun L Swar T 2 IANC-TIIT -
dary Conai- and exceedance ovar
tions, and No ana NY.
Region Top
Concentration
Lateral Clean From CSSS Clean None 50 ppb over CT; 100 ppb
Boundary Run 1 over NY; and exceedances
Conditions over NJ (southwestern
portion of the modeling
domain).
Lateral Clean From CSSS From CSSS None Wide areas of exceedances
Boundary Con- Run 1 Run 1 over NY, NJ and
aitions and southwestern CT.
Region Top
Concentration
Initial From CSSS Clean Clean 1988 Emissions Peak impact of 158 ppb
Conditions Run 1 . From CSSS  over CT @ 1300-1400 Hr.
and Run : No axcezedancss over NY
Emissions and NJ.

3e case corresponds to 1980 emissions with realistic initial, boundary and region top
1centration and predicted peak ozone concentration of 229 ppb over Connecticut (see
Jure 5.2).

2 CSSS Run l'corresoonds to 1988 emissions with realistic initial, boundary, and region
> concentrations (Table 7.1), and predicted peak ozone concentration of 185 ppb over
mecticut (Figure 7.2).
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of the simulation as well as pollutant transport from upwind regions. A peak
ozone value of 107 ppb was predicted in the Connecticut region with Tlower
concentrations over the rest of the modeling domain. This run demonstrates that
even with the exclusion of emissions and pollutant transport into the modeling
domain, reasonable initial conditions alone could produce ozone Tevels of the

order of 100 opb.

g8.1.2 Sensitivity Run 2

In this simulation, the effect of 1988 emissions alone was evaluated by
imposing “clean" pollutant levels both for the initial concentration fields and
for the boundary (transport) conditions. The peak value of ozone formed under

these conaitions was 43 ppb over 7tne Connecticut region., Tar beliow tne lave:s

projected from CSSS Run 1, indicating the importance of tne role of Tne 1nITial

jo¥)

as well as poliutant infiux througn tne i1aztaral doundaries and regian =op.

8.1.3 Sensitivity Run 3

In contrast to the previous run where "clean" conditions were considered
for the 1initial and transported poliutant fields, this run incorporates
"realistic" initial and transported pollutant concentrations from CSSS Run 1
with the emissions "turned off". The effect of these "realistic" conditions is
that over the Connecticut region an ozone peak value of 158 ppb was predicted
with concentrations exceeding 125 ppb for parts of New York and New Jersey. The
areal distribution of ozone for 1400 Hrs., shown 1in Figure 8.1, has the
characteristic double peak formation, revealing the importance of the

“realistic" initial and oundary “ields.

3.1.4 Sensitivity Run 4

In this run, the influence of the peak ozone levels formed from the Tateral
transport of poliutants into the domain s examined by setting the
concentrations at the fop of the ragion to the "<l=2an" Yevel while retaining *he
boundary conditions to reflect those of CSSS Run 1. Also, the initial pollutant
fields were set to the “clean" conditions with no emissions in the domain. This
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simulation, shown 1in Figure 8.1, indicates ozone concentrations exceeding
125 ppb over New Jersey, and levels reaching 100 and 50 ppb over New York and
Connecticut, respectively. This suggests that the boundary fields play a role
in the generation of the peak over the New Jersey - New York area in addition to
contributing to the peak over the Connecticut region.

2nSiTIViTy Aln 3

(2]

3.1.3

This run compiements the previous run such that the pollutant
concentrations at the top of the region were set to those of CSSS Run 1, or to

the "realistic" levels. There were no emissions within the domain and the

2

[)

re

[o3]

initial pollutant fields were set to the "“clean" conditions. The

distribution of ozone for this simuiation, shown in Figure 8.1, ras wide ar

r
D
o8}
[%2)

exceeding 125 ppb over much of NMew Jersey, New York and portions ¢ southwestarn

Connecticut. This simulation, in contrast to sensitivity Run 3. cemonstrats

V2]

the role of the initial conditions on the prediction of peak ozone levels gver

Connecticut.

8.1.6 Sensitivity Run 6

In this run, the effect of inclusion of emissions with realistic initial
conditions and "clean" concentrations for the region top and boundaries was
examined. This run can be compared with Sensitivity Run 2 in which the initial
conditions and transported poliutants were set to the "clean™ level. This
simulation yields no exceedances of the ozone NAAQS over New Jersey or New York
but oredicts a peak ozone value of 158 ppb over the Connecticut region. In
Figure 3.2 are snown the areai aistributions for seiected nours 7or Jensitivity
Runs I ina Al n Joth :ases no :econd 72Zgone jeak was tormeg  Jver Tne
New Jersey-New Yorx region naicating the effact of  ":lean® boundarvy
concentrations. The peak arising from the realistic initial poliutant
concentrations in this cun snows areas of exceedances of the NAAQS, while with
the "clean" conditions it is well below the standard, indicating the influence

ind “‘mnor+tancs 3f the “nitial zollutant fields.
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AREAL DISTRIBUTION OF OZONE 1500 HRS FOR SENS-RUN 2
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8.2 Discussion

Six sensitivity runs were performed to examine the effects of transport of
pollutants into the New York Metropolitan area coupled with the emissions from

the region. In all these runs, the adopted boundary conditions refer either to

H i

Q

those included in Table 8.1 as the "clean" iaflux or to those adooted *rom CSS5
Kun L, 3as aiscussed in <neépter . LT wOUId De {ruGent ¢ 333 er In:

(1
"y

ozone concentrations exceeding 125 ppb during 1400 to 1600 Hrs. at <he scuthwes*
boundary will affect the predicted concentration fields in the New Jersey area.
Examination of the isopleths for Sensitivity Run 5 (see Figure 8.1} shows that
the peak value of 156 ppb occurs approximately 120 km from the southwest
boundary. During this period the winds were from a south-southwesterly
direction at 4 to 5 m/s suggesting a travel time of 6 to 3 Hrs. ~“or tne a‘-mass
from the southwest boundary to reach the location of the peak concentration.
Thus, tTnese nign ozone leve:s at This poungary snouid nave iittle arfzct on ine
predicted peak ozone concentration in the New Jersey area. However, the ceils
near the southwest boundary could be affected by the transport of ozone
exceeding 125 ppb (Sensitivity Run 4), and perhaps the peak ozone concentration
of 131 ppb in Figure 8.1 could be attributed solely to this high ozone influx.
Sensitivity Run 3, in which the emissions have been "turned off" predicts
concentrations in excess of NAAQS over the modeling domain just from the initial
concentrations and pollutant transport, while Sensitivity Run 6 reveals that
"turning off" the influx of concentrations into the domain but including
emissions will also result in similar exceedances of the NAAQS over the region.
Furthermore, emissions alone within the domain, without the influence of the
initial and boundary concentrations (Sensitivity Run 2), result in a peak ozone
of 43 ppb over Connecticut. Thus, i7 is svident that controis or raductions 'n
The amissions ‘aveis witnin  the 7oaeiing aomain  snould 2e  toupied  5iTh
reductions in ozone and its oJrecursors fransport Trom the Jpwina ~2gions n
developing meaningful strategies to meet and maintain the NAAQS for ozone in the
New York Metropolitan area.
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CHAPTER 9

SUMMARY AND CONCLUSIONS

In this study, the Urban Airshed Model (UAM) was used to simulate five high

. 3 ln [NsYatel mm o~ A lmaan £, i, A e mma ol
smona2 davs o she 1220 1zonz z2azon 33 a Ve yers charatos

k] o ~
3 =

v =

excaedances oTf tne ozone NAAQS over wide areas oT tre dew (or« Jdetrcps ©Isn
region consisting of portions of the States of New Jersey, New York, ana
Connecticut. Typical meteorological conditions associated with high ozone days
are as follows: (a) winds from the south to southwest at 4 tc 5 m/s, (b) surface
temperatures in excess of 80's®°F, and {(c) a high pressure system over the

Atlantic. ridged westward through the southern states.

The New York Metropoiitan area Ties within the emissions-rich Northeas:

urban corridor with significant inter-urban <transport of ozcne and it

[

precursors. A1l five days simulated show the occurrence of two peaks, one over
central Connecticut attributable primarily to emissions from the NY/NJ area, and
the other over the northeastern New Jersey and New York border areas attribut-
able to the influx of ozone and its precursors into the modeling domain from the

upwind boundary.

The first part of the study was designed to adopt the UAM to the New York
Metropolitan area, and to assess the model's performance in simulating observed
ozone concentrations. Analysis of modeling results revealed that although the
model underpredicts the peak concentrations over the modeling domain, the
performance of the model in predicting within the #30% envelope of the measured
concentration levels is reasconable both on an individual day basis as weil as on
an 2nsembie 23asis. he 2Jerformance 3TaTi305Cs 2T oncentrations jreater -han
100 ppb over the entire modeling domain or over %he New Jersay-New Ynrk region
or over the Connecticut region reveaied that at Jleast 60% of *he model

predictions were within the £30% of their corresponding observed concantrations.

Of the five days that were simuiatea. two days, JD80202(072180! ana
JD80221(080880), were used in the detailed evaluation of the control measures
identified in the State Implementation Plans of the three states for attaining
the NAAQS for ozone. The reductions in the VOC and NOx emissions in the

modeling region in 1988 were estimated to be 22% and 14%. respectively, from %he
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1980 base year emissions. Assuming that the SIP and motor vehicle reductions in
the upwind emissions will occur in 1988, concentration Tevels at the boundaries
were reduced by 40% in VOC, 20% in NOX, and 20% in ozone from their 1980 Tevels.
The UAM simulations for the two selected days with the projected 1988 emissions
indicate that the peak ozone level over the Connecticut region decreases by
about 20% from the 1980 level but is stiil well above the NAAQS for ozone. The
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50% depending upon the simulation day.

Adoption of additional extraordinary emissions controls, as envisioned
under the SIPs, upon such source categories as architectural coatings, auto
refinishing, consumer/commercial solvents and adoption of small source RACT
For *he 1988 amiszions recsuitad a2 40% roquctian fa UCC Tesm the L3I0

jear. ne UaAM 3

(%))
]

Tl alTon ustny 0TS -3488 =mi1zz . ons TAVenTLy, T2veg.o2d LU0

3
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these extraordinary control measures rasult in only a maraginal improvement in
the peak ozone level and in the areal extent of the ozone exceedances. Thus, it
is evident that even with these proposed control measures of YOC and NOx
emissions in the New York Metropolitan area, the peak ozone Tlevels can be

expected to be well above the ozone NAAQS during the 1988 ozone season.

In an attempt to assess the influence of the initial and boundary condi-
tions, and emissions on the predicted ozone levels, several model sensitivity
simulations were performed using the JD80203(072180) meteoroiogical conditions.
The results indicate that even when the emissions in the New York Metropolitan
area are "turned off", transport into the modeling domain alone could lead to
exceedances of the NAAQS over the region. Peak ozone Jevels in this scenario
are comoarable to those predicted hy a 40% YOC emissions reduction strategy
f£S3S Run 6). Further, hvpothetically "2lean" air influx through *the “oundaries
and “‘reaiistic” initiail conaitions and amissions also result in exceedance of
the VAAQS. However, neither of these extreme cases, "turning off" the emissions
in the modeling domain or having the modeling domain surroundea oy "clean”

boundaries, are realistic assumptions.
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The results presented here strongly suggest that both emissions reductions
within the New York Metropolitan area and further reductions in ozone and its
precursors transport from the upwind areas are necessary to meet and maintain
the ozone NAAQS in the region. Clearly, additional modeling analyses are needed
to document the level of control required to achieve the NAAQS for ozone in the

\ - ~m - ~
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APPENDIX A
Temporal and Speciation Factors for Area and Point Squrce Emissions

The total VOC and NOx emission inputs were divided into the UAM required
hydrocarbon species and/or NO-NQ, splits using the data developed by Engineering
Sciences for USEPA (EPA, 1982. Tempora. 7acTors 7Tor area sourlsz amissions

detailed in the ES study were adopted in this application.

In the case of point source categories not included in the ES study,
appropriate factors were determined based upon similarities 1in fuels burned
and/or orocess description. For example, emissions from bituminous coal fired
UTiiity doliers were assumed S0 have the same component SPIiL3 ~egarn 255 57 Ina
manner in which the fuel was burned, and in the following Tables are listed tne

factors used in the OMNYMAP study:
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TABLE A.2

NOx SPECIATION FACTORS FOR AREA SOURCE EMISSICNS IN THR MODELING DOMAIN — ———-
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NEW YORK MINOR POINT SOURCE SPECIATION FACTORS
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MISC. ORGANICS
METHYL ETHYL KETONE
TOLULENE

CRGANIC SOLVENTS

DIMETHYLFORMANIDE
OTHER ALIPHATIC EST
ALIPHATIC ALCOHOLS
IFR ALIPHATIC KETONES
.IPEATIC HYDROCARBONS
ISOPROPYL ALCOHOL
TETRACHLOROETHYLENE
TRICHLOROETHYLENE
ACETONE
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XYLENE,M O&P MIX
NAPTHENES (CYCLO)
METHANOL
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5188 17.1  17.1
2311 7.6 24.8
2277 7.5 32.3
2031 5.7 36.3
1866 2.2 481
1782 5.3 51.8
1575 5.2 56.2
1373 4.5 60.8
1248 4.1 64.9
1040 3.4 68.3
960 3.2 71.5
744 2.5 73.9
687 2.3 76.2
625 2.1 78.3
604 2.0 80.3
569 1.9 82.1
514 1.7 B83.8
467 1.5 85.4
417 1.4 86.7
379 1.3 88.0
367 1.2 89.2
353 1.2 90.4
349 1.2 91.5
323 1.1 92.6
302 1.0 93.6
214 0.7 94.3
186 0.6 94.9
188 0.6 95.6
184 0.6 96.2
161 0.5 96.7
140 0.5 97.2
77 0.3 97.4
72 0.2 97.7
60 0.2 97.9
60 0.2 98.1
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APPENDIX B

Diurnal Plots of Predicted and Measured Qzone Concentrations

The diurnal variation of the measured and predicted ozone concentrations at
the monitoring stations in the OMNYMAP aomain, see rigure B-1, are presentac for
each of the five days. These diurnal plots presented in this manner are heipful

in providing a qualitative assessment of the UAM performance.
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Oiurnal Plots of tne observed and pradictea
monitoring stations on JD80198(071680).

DZone
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Diurnal Plots of the observea andg
monitoring stations on JD80203(072180).
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8-4 Diurnail Plots of the cpserved and przdicte
monitoring stations on JD80204(072280).
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Diurnal Plots of the observea and pradicted
monitoring stations on JDB0219(080680).
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3-6 Diurnal Plots of the observed and predicted
monitoring stations on JD80221(080880).
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