Ngﬁl Air Quality Applications

3D Air Quality and the Clean Air Interstate Rule:
Lagrangian Sampling of CMAQ Model Results to Aid
Regional Pollution Accountability Metrics.

T. Duncan Fairliel:
R. Bradley Piercel3, James Szykman?, Alice Gilliland23

Thanks to Chieko Kittaka(SSAl), J. Al-Saadi (NASA), Rich
Scheffe, Joe Tikvart (EPA) Jeff Stehr (UM), Matt Seybold
(MDE), Jill Engel-Cox, Stephanie Weber (Batelle)

1 NASA
2U.S. EPA
3 NOAA



] i o Advanced Monitoring Initiative: 3D Air
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Background: The Clean Air Interstate Rule (CAIR)
IS expected to reduce transport of air pollutants (e.g.
fine sulfate particles) in non-attainment areas in
Eastern. U.S. SIPs for particulate matter (PM) are
due from MDE in April 08. CAIR highlights the need
for an integrated air quality observational and
modeling system to understand sulfate as it moves in
multiple dimensions, both spatially and temporally.
We need “air transport-related” accountability
metrics.




_WAH Quality Applications

AMI-CAIR project goals: Demonstrate how air
guality model results can be combined with a 3-d
monitoring network to provide decision makers
with a tool to help quantify the impact of CAIR
reductions in SO2 emissions on regional transport
contributions to sulfate concentrations at surface
monitors in the Baltimore area, and help improve
decision making for strategic implementation
plans (SIPs).
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Approach:

«Sample CMAQ model results using ensemble
back trajectories computed with the LaRC
trajectory model; provide Lagrangian time series
and vertical profile information; compare with
NASA satellite (MODIS), EPA surface, and lidar
measurements.

*Use trajectory-sampled mean sulfate and SO2 to
assess the regional transport contribution to
surface SO4 measurements in the Baltimore MSA.

*Characterize dominant source regions for low,
medium, and high SO4 episodes.
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Approach:

«Sample CMAQ model results using ensemble
back trajectories computed with the LaRC
trajectory model; provide Lagrangian time series
and vertical profile information; compare with
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measurements.

*Use trajectory-sampled mean sulfate and SO2 to
assess the regional transport contribution to
surface SO4 measurements in the Baltimore MSA.

*Characterize dominant source regions for low,
medium, and high SO4 episodes.

Benefit to partner(s): EPA gain a tool that can be used to
monitor impact of CAIR reductions in SO2 nationwide. MDE
gain quantitative information to guide PM SIP (due 04/2008).

*Benefit to NASA Earth science: Improved
understanding of regional air pollution transport.

*Benefit to NASA Applied science: Build collaboration
with state and federal government agencies;

Milestones

*Complete demonstration capability for 2004 summer, and
pass to EPA (09/07).

Incorporate and handoff tool to EPA’s RSIG for national
applications and CAIR monitoring (09/07)
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Lagrangian back trajectory simulations:

» Air parcel clusters are initialized at various altitudes over
Baltimore (20, 60, 100, 500, 1000m)

» Trajectories are computed using the 3-d Met./ Chem. Interface
Processor (MCIP) wind fields (MM5) used to drive CMAQ.

« 3-day back trajectories are computed (5-minute, 4th order
Runge Kutta time stepping)

« Dally back trajectory simulations sample chemical and aerosol
fields from a 3-month CMAQ simulation for June-August 2004.

« MCIP and CMAQ data are provided on a 12 km regional-scale
grid with 14 vertical levels at 1-hour intervals

« Trajectory output provided every hour



3-day ensemble back trajectories initialized at
20,100,500,1000m at 00Z, 20040825

3—day Beockirajectories
Initialized 2004082500, CMAQ
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PM2.5 reached almost 60 ug/m3 at Baltimore on August 24th



Lagrangian timeseries: sampling CMAQ along backtrajectories
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Lagrangian timeseries: sampllng CMAQ along backtrajectories
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Altitude (km)

Lagrangian curtains constructed following mean parcel location
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Quality and the Clean Air Interstate Rule

] i o Advanced Monitoring Initiative: 3D Air
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Lagrangian curtains show the vertical » Optical depths from CMAQ may now be compared with
profiles of PM2.5 and aerosol extinction MODIS and LIDAR observations. Mean air parcel
following the mean parcel location. location links observed and simulated AOD.

® Mean parcel positions
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w Trajectory cluster classification:
How best to characterize regional vs. local contributions?

» Define a “local domain,” 80 km circle centered on Baltimore, and a
“regional domain,” outside of 80 km. We characterize the “regional”
contribution to SO4 at Baltimore in terms of the mean rate of change of
SO4 in the regional domain. i.e. @ = mean d(SO4)/dt in the regional
domain: For air parcels initialized at 500m altitude at Baltimore

*Define classes: (1): ¢ >0.12 ug m=3hr! (strong regional influence)
(2): 0.06 <¢ <0.12 ug m=3hrt(moderate influence)
(3): 0.0 <@ <0.06 ug m23hr RECIEE

Boundary
(80km range)

(4): ¢ <0.0ug m3hrt

Initial
Local
o Regional domain
e Delimiter: d(SO4)/dt = 0.12 domain

based on frequency distributions: Local

(i.e. Baltimore)



@ Class 1: regional d(ASO4)/dt > 0.12 ug m-3 hr-1 (strong regional impact)
Frequency of cases, and background concentrations for class 1 cases.

Frequency (24% of cases) d(SO4)/dt SO2

Class; 3—day Lagn meun d Sm)dt > 0, ‘J|2 ug/m3/hr

( Bo |t23§§3 ' BacHid:

Closs: 3—day Lagn. mec dg{o-ﬂ)dt > 0,12 g/ms/h Closs: 3—day Lagn. mean d(504)dt > 012 u g/m.3/h

o.oo 3.00 B8.00 9.00 120

15
Figure shows the trajectory paths for strong regional influence, and the

mean concentrations from CMAQ along the trajectory paths




w Lagrangian sampling of CMAQ: Time series of classifications (colors),
S04 at BMA, and SO4 at regional boundary

Baltimore Timeseries Jun 04—Aug 31 2004

g regignal
impact

GREEN: strong regional SO4 increase; Blue: regional SO4 decrease

Lt

31 10 Aug =
Solid line: CMAQ S04 at Baltlmore 0825
Dashed: CMAQ SO4 at regional boundary

For elevated SO4 events at BMA, the dashed line approaching the solid line indicates a
strong regional contribution; when the dashed line is well below the solid line, we
interpret local (within 80km) sources to be most important

(9]
-



Comments:

 We’'re demonstrating a prototype tool here. Observations help us
assess the fidelity of the. The 2004 simulation has limitations, e.qg.
ambient boundary conditions, no separation of SO4 production/
loss estimates.

 The kind of statement we’re aiming for here is
“our results show that d(SO4)/dt > 3 ug m= day*, with SO4 in
the range 3 - 9 ug m3, is associated with the principal regional
transport routes, for SO4 reaching Baltimore daytime BL.”

» Trajectory/ CMAQ sampling products are being used and
evaluated vs. satellite and surface data by Batelle (Weber, Engel-
Cox), as part of their analysis.

 We continue to explore different clustering criteria that may provide
a cleaner separation of regional and local influences, and tailor
products to best suit EPA and MDE metrics.



Deliverables: AMI-CAIR project:

9/06: Configure NASA LaRC trajectory model for MCIP
meteorology and CMAQ model output (completed)

12/06: Transfer 2004 CMAQ and MCIP data from EPA RTP to
NASA (completed)

03/07: Complete Lagrangian sampling of CMAQ aerosol
predictions; handoff trajectory calculations to EPA, Battelle
colleagues (completed).

09/07 Transition code to RSIG at RTP (code transferred).

09/07: Complete NASA Benchmark report, transfer results to EPA
colleagues.



End



0.6

0.5F

0.4f

Frequency

0.2F

0.1F

(1711 T

0.0

0.6F
0.5E

0.4F

Frequency

0.2

0.1

0.3F

0.3

Ensemble 804 H|stogr0ms 2004

= SO4 Frequency

regional

initial

local

C 0
ASC4 (ug m—3)

20

Ensemble d(S04)/dt Histograms, 2004

regional

local

-0.20 -0.10 0.00 0.10 0.20 0.30

d(s04)/dt (ug m=3 hr-1)

-44-441J-l-II|III-IIIIIIIIJJJ144-44

0.0F

.40

Frequency

Ensemble 802 Hlstogroms 2004

0.6F L

SOZ Frequency
0.5F regional

é [
0.4

B initial
0.3

local

0.2
0.0 1 LN -

0 2 4 o) 12 14

S02 (ppbv)

Top panels are for initial, final
and regional boundary concentrations

Bottom panels:
Orange: local domain average
Blue: regional domain average

delimiter: d(SO4)/dt = 0.12 in regional domain



@ Class 3: regional d(ASO4)/dt < 0.0 ug m-= hr-1 (negative)
Frequency of cases, and background concentrations for class 3 cases.
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Figure shows the trajectory paths for this class, and the mean concentrations
from CMAQ along the trajectory paths



<150.5

Sensitive | NNCRSSIRTNNN

Air Quality Index Categories for PM2.5
Surface PM2.5 (ug/m’)

" Good | Moderate

Dld Town (Baltlmnre} Summer 2004

1Dn ! l LI LI I LI L I L LI L I e LI I L l LI LB I
B Hourly F’ME.E Epematmn MDDIE AOD I
® Daily Average PM2.5 A Total Fine Mass ® Terra 1.5
i A Total Carbon O Agua
= Total Sulfate
80— A K_ion * 100
Jul 21
B mixed c}i{c:-wn A 54
i Jul 09 smoke
high alliiude F Aug 10 i il
B smoke normal haze 140
60 |
e 1 O
" L ° 2 e
P . [
4013 o/ | I .
: | @ | - i |
L L W 8 | Lae §e
..- i . e .t' ':'.‘!' — DE
{ -- " I -‘ I . _ [ 1 | ‘ o
CIY g - , ® | u M A f |
20 |[[® e Y | ] . T4 . !
2 nAw - r e ' Jy
- m I i. | m | ] : | i
- & A Al 74
DIIII. gy n i b owa oo n 0ok |pq|l||-||i'||||.||.||-l.|||r|]. .|i|:|c|
Jul 03 Jul 1 Jul 23 Aug 02 Aug 12 Aug 22 Se
2004 2004 2004 E(?Uil 2(904 2(?(]4 04

i~ Al 7oAy, AF A V4 \ W P

MODIS AOD

27aYaY22\



500m CMAQ_backtraject 2004082500 39.5 N, 283. E

Altitude (Mean FBL Height=+)
T T T

A504 {ug m-2)
T T

502 (Ip phv)

H 14
L 3

AS04 Prim. Emiss. (g s—1)
T N . Il R T

F

14

* SO4 primary emiss.

Crosses show BL altitude when parcels are in the BL ”

ACRG (ug m~3)

—40
Tima {hra}

PM2,5 (ug m—%)

—4{
Tima (hrs}

‘1mo;— 7 i 2g
. E 1.0F + E.
mﬂ-— + 1
' +
-0 0 N Time (hrs) g

X-axes show back trajectory time: -72 hrs
oF . 502 errriss?ans . . e . NH3 (Ippbv) . Rain W?tar (%) )
4 SO2 emissions §, ~f NH3 L o« - Rain
%5- :: : :z% 1.5:- - ‘-‘E@‘“:‘ :2g
I R L g £ 1
E i + = 20 + + 31
13 g T o+ ; : t o+,
; “I + i - ok + 4
an —an an n —an —an —an an 40 -20 o -80 -80 T.'m:'(?. o -20 a

Bext {Mm—1)

Time {hre}



500m CMAQ

Altitude (Mean FBL Height=+)
T T T

LR Alt
1500 i,

L '355":!|
1[!!0-— Ili ||||| ||lI
Bao |-

] N T
—80 . ] —40 -20 ]
Time {hrs)

502 emissions

L} S

SO2 Aemissions

-

I

{molex/x)

S04 the main contributor to PM2.5
Extinction increases with increasing {
S04, ORG, strongly impacted by RH

ANH4 {ug m—%)

NH4

| | L
—ao0 —&0 —40 —20
Tima {hre}

2.8

packtrajec

004082500 39.5 N, 283. t

A504 {ug m-2)
T T

f

AS04 Prim. Emiss. (g 5~1)
—— T T 14

* S04 primary emiss.

16} . ;
: 23
, +1
. +
|Eill]
i
+
....... PH. | L (e}
— —40 -20 o
Time [hrs)
Rain Watar (%)
T T T :4
NH3 Rain
3=
1%
Fo
PR & £ I
+ + 4 ey
+ #7
+ +
. . . o
—B0 —40 -20 a
Time (hra)
AORG (ug m—3) m 4
BeXt E
. £
2
oy + £
J¥ i
R TE
+ 4 Iy
+ +
. . . [
v -850 —40 —20 0
Tima {hrs) Time {hre}

X-axes show back trajectory time: -72 hrs .......



[Nsa August 24t 2004

MODIS (Terra) 2004 08 2 492010161013

OO OO0 B w0 0D

24-hr FPrecipitation (in.) Ending at 7:00 a.M. E.2.T.

E00-Millibar Height Contour at 7:00 2.M. E.2.T.



Trajectory cluster classification (20m parcels):

SO4 Frequency SO2 Frequency
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Top panels are for initial, final
dSO4/dt Frequency | and regional boundary concentrations

Bottom panels:
‘ Orange: local domain average
o ___,__|.l|_ |_ knoal Blue: regional domain average

delimiter: d(SO4)/dt = 0.08 in regional domain



@/ Class 1: regional d(ASO4)/dt > 0.06 ug m-3 hr-1 (strong regional impact)

Frequency of cases, and background concentrations for class 1 cases.

Frgﬁguency (33% of cases) d(SO4)/dt SO2

dt 0[15 'm3,
Che .tﬂsnzazé ama gy I/

Class: 3—day Lagn. meu d Cd)dt > 0.06 u g/ms/h

ASCA
Cla==: 3—day Lagn. mean d{S04}dt > 0.06 ug/m3/hr

AQRG
Class: 3—day Lagn. mean d{SC4)dt > C.08 ug/m3/hr

Figure shows the trajectory paths for this class, and the mean concentrations
from CMAQ along the trajectory paths



@/ Class 3: regional d(ASO4)/dt < 0.0 ug m-= hr-1 (negative)

Frequency of cases, and background concentrations for class 3 cases.

Frequency (25% of cases) d(SO4)/dt SO2
e iR b

) ( Ba |t2;5.-5§§F|§E:

dt 502
Class: 3—daoy Lagn. mean Q4)/dt < 0. ug/m3/hr Class: 3—day Lagn. mean d{504}/dt < 0. ug/m3/hr

Figure shows the trajectory paths for this class, and the mean concentrations
from CMAQ along the trajectory paths
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