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« Table 3 shows that, in general, with the exception of a couple of Y o Nond Contribution of .
sites, the model typically over-predicted ETH, PAR and TOL O Point Source Categorles
concentrations by ~1.5 to 5 times, and OLE by 2 to more than 10 aBiog to Emissions (J uIy)
times. Observed OLE concentrations were low, often less than 1
ppbC. XYL was over-predicted except at 4 sites. ISOP - NER | 2
concentrations were under-predicted at roughly half of the sites in 1 o -
the northeast. However, on a relative basis, the model predicted
VOC composition agreed reasonably with measurements, except | % i
for the lower contribution of ISOP (Figure 1). o5 | [ 2 56 (o

1. Objectives

* Compare model-predicted volatile organic compound (VOC) species
concentrations with hourly measurements from the Photochemical
Assessment Monitoring Stations (PAMS), grouped by Carbon Bond IV
(CB4) classes, during June-August 2005

« Explore predicted and observed diurnal profiles of CB4 VOC species

2. Model and Observational Database

* The modeling system consisted of a ETA meteorological model
coupled with the PREMAQ emissions and meteorology processor, and
the CMAQ photochemical model, applied in a forecasting mode
following the approach of National Oceanic & Atmospheric
Administration (NOAA) and the US Environmental Protection Agency
(EPA).

« Uses a horizontal grid resolution of 12-km. Surface layer is ~ 35 m
thick.

*Each CMAQ simulation was performed for 48 hours starting at 12:00
Greenwich Mean Time (GMT), initialized using simulated concentration
fields from the previous day. Time invariant boundary conditions were
used for all days.

« This analysis considers model simulations from June-August 2005.
Model simulations from June 1-11,2005 were not included in the
analysis to eliminate the effect of initial conditions.

*Hourly VOC concentrations measured as part of the PAMS network
were obtained from the EPA Air Quality System (AQS) for monitors
within the New England and Mid-Atlantic State region comprising of
Maine, Vermont, New Hampshire, New York, Massachusetts,
Connecticut, Rhode Island, Pennsylvania, New Jersey, Maryland,
Delaware and District of Columbia. Table 1 lists the sites used in the
analysis.

3. Data Analysis
* The following CB4 classes (Gery et al. 1989) were considered in the analysis:
*PAR: single-bonded one carbon surrogate representing alkanes
*OLE: double-bonded two carbon surrogate representing alkenes

*TOL: seven-carbon aromatic hydrocarbon species representing monoalkylbenzene
structures

*XYL: the eight-carbon species XYL representing di- and tri-alkylbenzenes
*ETH: two-carbon compound, ethylene (explicitly treated)
+ISOP: five-carbon compound, isoprene (explicitly treated)

*The CB-4 classes FORM (formaldehyde) and ALD2 (acetaldehyde and higher aldehydes)
were not considered because measurements of the constituent VOC species were not
available at hourly time resolution.

«In order to compare model predictions with measurements, the measured concentrations
of the various VOCs were grouped into the above CB4 classes, as per the mapping
procedure presented by Yarwood et al. (2003), reproduced here in Table 2. All species
concentrations were maintained in parts per billion carbon (ppbC). Model predictions were
converted to ppbC using the respective number of carbon atoms.

*Measurements were not always available for all the compounds listed in Table 2 when
attempting to group them into the appropriate CB4 classes. Hence, the mapped
concentration was calculated utilizing the available measurements only. Thus, the CB4
grouping concentrations derived from measurements may be underestimated depending on
the compounds, if any, that were missing.

«Diurnal profile comparisons are presented at selected sites.

4.2. Discussion of Diurnal Profiles

« Figure 2 presents the average observed and predicted diurnal profiles at the
following three sites: an urban site in NY (360050083) located at NY Botanical
Gardens (NYBG), Bronx, NY, a suburban site in NJ (340210005) located at

Rider College (NJRC) and a rural site in PA (420010001), which is a NARSTO

site located at Arendtsville, PA (PANARSTO).

«Overall, the observed and predicted profiles were similar in shape at the three
sites, except for isoprene at the NYBG site. The typical diurnal profile for ETH,
PAR, OLE, TOL and XYL consisted of a morning and an evening peak with a

trough in the afternoon. The evening peak was more pronounced in the

modeled profile. The afternoon trough noted in the profiles is likely due to loss
by photochemical reactions combined with expansion of the boundary layer.

«For isoprene, the predicted profile at NYBG showed an afternoon trough,
while the measured profile showed a bell-shaped curve. As discussed in

Doraiswamy et al. (2007), in addition to a likely underestimation of isoprene
emissions, the afternoon trough could also be due to excess loss by chemical

reaction with hydroxyl radicals resulting from an over-prediction of nitrogen
oxide (NOx) emissions. At the NJRC and PANARSTO sites, the isoprene

profiles showed a pronounced evening peak, which was reasonably replicated

by the model. However the isoprene emissions were likely overestimated

resulting in an over-prediction of isoprene concentrations at these two sites.
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4.2. Discussion (continued...)

«Although forecasted emissions segregated by source category were not available for this specific
period, Figure 3 shows the relative contributions of each source category to the CB4 VOC species
across the northeast, based on emission inventories utilized by NYSDEC in other modeling efforts.
More than 50% of TOL and XYL are emitted by area sources, and less than 10% are emitted by
biogenic sources.

Table 2. Assignment of Measurement Species to Carbon
Bond IV (CB4) Classes and Associated Mapping Factors
- Reproduced from Table 4-1 of Yarwood et al. (2003)

Species Name_ NR OLE. PAR TOL XYL
. . . . . PAMS Species in ppbC__ I
Table 1. Description of sites used in analysis ethene 5
o TongrT acenene oo 100
siate County __SielD __(dgress) (dgrees) Site Description (PAMS Site Type) Land Use__Locaion Setting e R
Conmecion Faimeld 030019005 411163 733367 Shenwood Isand Stte Park (F941) Forest  FRural e ptopane 100
Connecticut Hartford 090031003 41.7847 -72.6317 McAuliffe Park (#2) Residential  Suburban isobutane 1.00
Connecticut New Haven 090090027 413011 _ -72.9028 1, James Street (#2) Commercial _Urban city center 1-butene 050 0.50
District of Columbia_ 110010043 38.9189  -77.0125 S.E. End McMillian Reservoir (#2) ‘Commercial _Urban city center n-butane 100
Maine Cumberland 230052003  43.5608  -70.2078 Two Lights State Park (#4) Residential Rural t-2-Butene o
Maine Mancock 230090102 443517  -68.2272 Top of Cadillac Mountain (#4) Mobile Rural ;:ﬂz‘r“‘gr‘; 100 o
Vaine vork 230313002 430833 70,7500 _Fiisbee School, Goodsoe Rl (#2) Residental _Suburban e 0a0 0% 2}
Wanyend Balumore 240053001 35,3108 -76.4744_Woodward and Frankin Roads, Essox (2] _Residential _Suburban whentare 100
Massachusels Essex 250092006 424744 70,9725 390, Parkiand (72) Commercial Utban ciy enter isoprene
Massachusetts  Essex 250094004 427894  -70.8092 SunsetBlvd (#3) Residential  Suburban t2-Pentene 020
Massachusetts Hampden 250130008 421945 725557 Anderson Rd, AFB (¥2) Commercial - Suburban ;*;*;‘-:;“E‘-::;bmﬂ"e ?ég
Hampshire 250154002 42.2083 _ -72.3347__Quabbin Summit (#3) Forest Rural " P Too
New Hampshire Hilsborough 330111011 42.7204 715231 Gison Road (71) Resdental _Suburban o or o
NewJersey Camden 340070003 309228 750972 Gopewood & E. Davis Sveet, Taler (72A)  Resinial _ Suburban 7 imetipontane 100
Newdersey  Mercer 30210005 402828 747467 Fider Collge, Lawrence Township (+9)  Residential Suburban 3methylpentane 100
NewJersey __Middesex 340730011 404619 _-744298 _R.U. Veg Research Fam, 3 Ryders Ln (+1) _Agriculural _Rural 2 methyLpenten 033 o7
New York Bronx. 360050083 40.8659 -73.8808  200th Street and Southern Bivd (#2) Commercial _Urban city center n-hexane 1.00
Pennsyivania_Adams 420010001 38.9200 773100 NARSTO Ste, Arendiswle (1) Resiental _Rural " 100
benzene 083 o1
N N cyclohexane 1.00
Table 3. Average Hourly Concentration of CB4 VOC Species: Z-melhyihexane 100
A n N 2,3-dimethyipentane 1.00
Model typically over-predicted all CB4 VOC species, except ISOP S methyherane 100
[SiCySite Count ETH (ppbC) TSOP (pPbC) PAR (ppbC) OLE (ppbC) TOL (ppbC) XYL (pbC) heptane 100
bs  pred | obs prew | obs  prew | obs  pred | obs  pres | obs pres 100
090019003 1616 099 197 239 115 1484 4802 044 209 238 758 166 461 2,34-trimethyipentane 1.00
090031003 490-1738 1.50 251 248 132 3059 65.44 0.89 378 576 1322 7.22 751 toluene 100
Zmethyiheptane 100
230052003 w1 | 028 180 | 0% 109 | 825 4128 | 017 264 | ost  7d | o7 67 Cinhenzene 013 oss
230090102 1630 004 059 | 156 053 3.04 1725 | o005 167 044 119 121 047 mp-xylene 100 =
230313002 1602 080 184 | 217 191 1410 3715 045 3.09 185 588 | 310 312 styrene 013 0.88 O
240053001 sos | 1s4 1w | 215 262 | sier oo | oo 220 | sz oo | 758 asr oxfene. oo 100 =
250092006 1454 122 241 | 500 234 | 2020 5607 | 074 310 | 338 1417 | 351 729 isopropylbenzene 022 078
250054004 1606 | 070 105 | 245 o0ss | 117 2840 | oas  1s0 | 162 ads | 172 206 ptopybenzene 022 078
250130008 1453-1625 134 227 4.09 223 17.23 49.09 037 341 289 9.60 3.74 4.57 m-ethyltoluene 011 0.89
250154002 824 045 147 | 994 263 821 3458 | 029 275 1.26 494 153 205 p-ethyltoluene 011 089
011101 | ts12.1515 | 055 291 | a4s 382 | 1308 4515 | oas a7 | 240 740 | 521 ks 135-timethylhenzene ot 089
340070003 14301810 | 154 421 | 198 590 [ 4627 7531 [ 143 378 | 544 1257 [ 400 652 12.4-trimethylbenzene 011 0.89 »
iozioo0s | wresazes | 092 260 | 219 348 | 1o ssos | oss 20 | 244 wss | 247 ass irane 200 5!
aoraoors | ora1ses | 248 aer | am w0 | was  seee | 03 aes | sz 0w | am  aee 12, ou 089 %
360050083 1526 2.74 529 384 150 39.03 14952 | 042 477 6.19 3210 | 828 18.00 0.20 0.80
20010001 | 1720-1728 30 o5 | 058 ot | om o | tor ass |1 1o pdethylbenzene 020 00
* Note that there were a total of 1944 possible hours. Sites with number of pairs less than 1458 imply fewer than 75% of total possible dataset. Number of n-undecane 100

pairs varied between species groupings, and values in italics indicate those with pairs less than half the maximum count at that site.
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Figure 2. Average Diurnal Profile of CB4 VOC Species:

Observed concentration (ppbC) is on the left ordinate,
while predicted (ppbC) is the on the right ordinate.

Overall, modeled and observed profiles were similar in
shape, except for ISOP at NYBG and OLE at PANARSTO.

~Examining by site, the following features are evident. At the NYBG site, the model profile
showed a sharper trough than observations, although higher in overall magnitude. The over-
prediction is likely due to overestimated VOC emissions, particularly from area sources, as
suggested by the large over-prediction in TOL and XYL. In CB4 mechanism, the only reaction
contributing to a loss of TOL and XYL is the reaction with the hydroxyl radical. Thus, similar
to that seen in isoprene, the sharper trough in the afternoon may be due to overestimated
NOx emissions resulting in increased hydroxyl radicals which in turn consumed the VOC
species.

+At the NJRC site, similar over-predictions were found. In addition, the evening peak was
pronounced in the model predictions, while the observations showed no such evening peak.
While the model was ~1.3 times higher than observations for XYL, it was ~2.5 times for PAR

NYBG NJRC PANARSTO N Y L . .
w , s N 25 and ~3 times higher for ETH. The larger over-prediction for ETH, a species for which the area
N P - 43 %08 2 g |source contribution is lower than that for XYL, suggests that this overestimation is likely not
'\\ 7’( I § H K M & - _% 06 15 § from area sources, and hence could be attributed to mobile and biogenic sources. This, in
? M 1405 £ w 2 § :oa 13 combination with a drop in boundary layer height could explain the evening peak noted in
1 % ios E 2oz 052 it
288 1e 8 & model predictions.
o 0 o 0
cnvesgNzeRgy enveegnIeRgy oNTeranzaagy <At the PANARTSO site, while the profiles were similar in general, few minor discrepancies
w© o N 0 o 10 N e 2 are noticeable. They include: a decrease in concentration of ETH, PAR, OLE, TOL and XYL
s J'-v 255 58 hY 55 56 % between midnight and 5 am in the predicted profile, when the observed profile shows an
6 {/MX i fs_;: iﬁ 6 i 65 § . f‘; £ |increase; a nearly flat observed profile for OLE not noticed in predictions; and an increase in
4 b bt ;\ 1E HE __,J" 43 ‘; rvan. ‘(\ 102 the evening concentration to a level comparable to morning peak, while the observed profile
g g g osE 82 2R M‘"" 5  |showed an increase to only half of the morning peak followed by a slight decrease. It is
o o ERsptunaaan cnseman ° Rigsasaaan gusesgn ° unclear if the nearly flat observed profile for OLE is realistic (likely representing an influence of
Hour Hour biogenic emissions at this rural site) or if it is an artifact of instrument noise due to low
250 20 8 15 50 [ ions. Although model over-predictions were found for ETH, PAR, OLE and TOL,
o P, 10 p
2008 g ;Z 03 g w0g XYL predictions were similar in magnitude to observed concentrations. XYL is primarily
w8 &0 A 0f P TRER AN 0 S | amitted from anthropogenic sources, suggesting that the primary VOC emissions, particularly
e oo fis 25 i ble at this site. The over-predicfions of oth i likel
wii® 03 § wE Tom area sources, are reasonable at this site. The over-predictions of other species are likely
N 0 0 resulting from overestimated biogenic emissions, which were the largest contributor to each of

those species
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gggum f:"% v I 5. Conclusion

i i3 Zj w ii gos - jg « Overall, the model appeared to track the diurnal profile at most sites.

i $ joz g
25802 = & go1 x 1g Although the model over-predicted concentrations of most species, the relative distribution of
° TTITE R ° cncemgNsemaN ° these species appeared to be reasonable, except for the lower ISOP contributions in the
Hour How predictions.
2 3

¢ o N ‘ M . 2 s |*The analyses revealed possible overestimation of NOx emissions at NYBG site, consistent
°1 i 0% E S ;0‘3 H e 4%  |with findings from the previous study (Doraiswamy et al. 2007). In addition, it appears that
“1 ~ P Inil 2 68E ! 3% |anthropogenic and biogenic VOC emissions are overestimated at the NYBG and NJRC sites.
21— Smesme® 725 2, 4% 2o0s nad 3
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