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CMAQ v4.5: Major Updates

1) Aerosols

Added sea salt (fine equilibrium;
non-interactive coarse mode) --
aero4

Updated aerosol dry deposition
algorithm

Updated ISORROPIA to v1.5 (25
Oct 2003) and fixed some
discontinuities

Mcl)ldified SO, used in ISORROPIA
ca

Corrected inconsistency in
MINL2SG (aerodepv)

Corrected the EMSULF (H,SO,
emissions) unit conversion bug

2) Chemistry

 Added CB4/chlorine chemistry and
associated EBI solver

« Added CB4/air toxics and
SAPRC99/air toxics chemistry and
associated EBI solvers

3) PBL modeling

e Updated to use PURB (% urban) for
setting minimum K,

4) Clouds

* Added new sub-grid cloud mixing
algorithm/module (based on ACM)
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e 2005 Release of CMAQ (v4.5)
e 12km x 12km Eastern U.S. domain
* 14 vertical layers

 CB-IV gas-phase chemistry, EBI
solver and AE4 aerosol module

 ACM cloud module, EBI solver
e Mass continuity scheme

« MM5 meteorology (2001) processed
with MCIP v3.0
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« EPA’s 2001 NEI
« MOBILEG6 of mobile emissions
 BEIS 3.13 for biogenic emissions

» Seasonality of NH; estimated by

Inverse modeling

= Gilliland et al., available in Atmos. Env. special
Issue on model evaluation

e Emissions processed using SMOKE
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Annual simulation with 36km x 36km
grid resolution using CMAQ v4.5 (parent
domain for 12-km simulation)

Annual simulation with 36km x 36km
grid resolution using CMAQ v4.4

12km x 12km domain simulation using
CMAQ v4.4 for winter and summer
seasons only
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Comprehensive evaluation of CMAQ v4.5 at 12-km grid
resolution was performed

» Seasonal analysis (winter (DJF), spring (MAM), summer (JJA) and
fall (SON))

= Ozone, organic and inorganic aerosols, total PM, ; mass and
precipitation chemistry

= 36-km versus 12-km performance comparison
= CMAQ v4.4 versus v4.5 performance comparison

Model to Observation pairing accomplished using Site Compare
(available with 2005 release)

Statistics and plots generated using AMET (information available
during poster session)

A very small portion of the complete report is shown here

» Full evaluation report available through CMAS at
http://www.cmascenter.org/docs/CMAQ/v4.5/CMAQV.5_EvaluationDocument-Final2005.pdf
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e AQS (majority urban)
m 03
 IMPROVE (rural)
= SO,, NO,, EC, OC and PM,, .
« STN (urban)
= SO,, NO,, NH,, EC, OC and PM, .
« CASTNet (sub-urban and rural)
= SO, NO3, NH,, HNO; and TNO,
 NADP (rural)
= Wet deposition SO,, NO,, NH,; precipitation
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8-hr Maximum Ozone
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J3a_b313_12km O3 from June 1o August; RPO=None; State=All; Site=All
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Organic and Inorganic Aerosols

IMPROVE, STN and CASTNet
SO,, NO, and NH, EC, OC, PM, 5, HNO,
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IMPROVE (v4.5, 12km)

Under-predictions in SO,, NO,, EC
and OC contribute to under-
predictions in PM, . in the spring
and summer.

Over-predictions in SO, and NO,
contribute to over-predictions in
PM, . in the fall.
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J3a_b313_12km SO4 for stn from 20000101 to 20011231 : All Sites
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Total PM, ; mass is over-predicted for much of the year (other than summer). Due to the over-prediction in NO5;, NH, and EC.

and EC and under-predictions in NO; and OC.

PM, 5 performance during the summer is good, however, there appears to be compensating biases, with over-predictions in SO,, NH,




J3a_b313_12km SO4 for castnet from 20000101 to 20011231 : All Sites J3a_b313_12km NO3 for castnet from 20000101 to 20011231 : All Sites
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26

15

10

J3a_b313_12km S04 from December to February; RPO=None; StatezAll; Site=All
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J3a_b313_12km S04 from March to May; RPO=None; State=All; SitezAll
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J3a_b313 S04 from December to February; RPO=None; State=All; Site=All

J3a_b313 S04 from March 1o May; RPO=None; State=All; Site=All
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J3a_b313_12km EC from December to February; RPO=Nane; State=All; Site=All
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J3a_b313 EC from December lo February; RPO=None; State=All; Site=All
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CMAQ v4.4 versus v4.5
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Normalized Mean Error (%)
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Soccergoal plot for 12a_b313_12km from December to February; State=All; Site=All
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Soccergoal plot for 12a_b313_12km from June to August; State=All; Site=All

— Soccer goal plot - Summer
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Precipitation Chemistry

NADP Wet Deposition SO,, NO,; and NH,

RESEARCH & DEVELOPMENT

Building a scientific foundation for sound environmental decisions



S04 (kg/ha)

NH4 (kg/ha)

3.0

25

2.0

1.5

1.0

0.5

0.0

R
o

w
o

0.4 0.5

0.3
1

0.2

0.1

1 NH,

J3a_b313_12km SO4 for NADP_dep from 20000101 to 20011231 : All Site

All Sites, J3a_b313_12km , NADP_dep
Coverage Limit - 75% B---

SO,

E— NADP_dep
CMAQ

18

102

121 118

T T T T T T T T T T T T
1 2 3 4 5 6 7 8 9 10 11 12

Months
J3a_b313_12km NH4 for NADP_dep from 20000101 to 20011231 : All Site

All Sites, J3a_b313_12km , NADP_dep
Coverage Limit - 75% B---

E— NADP_dep
CMAQ

1

T T
10 11 12

NO3 (kg/ha)

precip (mm)

J3a_b313_12km NO3 for NADP_dep from 20000101 to 20011231 : All Sites

All Sites, J3a_b313_12km , NADP_dep m— NADP_dep
Coverage Limt - 75% B --- CMAQ
o |
o
23 118
|
a2 |
-
i
o
Q|
[=]

T T T T T T T T T T T T
1 2 3 4 5 6 7 8 9 10 11 12

Months
J3a_b313_12km precip for NADP_dep from 20000101 to 20011231 : All Sites

All Sites, J3a_b313_12km , NADP_dep
Coverage Limit - 75% B---

E— NADP_dep
CMAQ

Precip

139

138 139

T T
10 11 12

RESEARCH & DEVELOPMENT

NADP

» SO, performance is relatively
good throughout the year

* NO, is under-predicted in the
spring, summer and fall and
over-predicted in the winter

* NH, is generally under-
predicted throughout the year

* Precipitation performance is
relatively good, although there
are issues in the fall

Building a scientific foundation for sound environmental decisions




Model

Model
158

3.0

25

2.0

1.0

05

0.0

J3a_b313_12km NO3 from December to February; RPO=None; State=All; Site=All

o NADP_dep
7 o
Winter NO,
| CMAQv4s5
(12km)
o
=]
=]
—~ . a "
gl e P o
] frez]
UDB -] e a
o e Woa NO3 (kg/ha)
. o manthly accumulated
- g oPB8 ap ot RPO = None  State = All Site = All
B, ,? T
® J3a_b313_12km
a a
o AMSE NME % NME %
| By NADP_dep 0.196 156 63.84
o
- a
T T T T T
0 1 2 3 4
Observation
J3a_b313_12km NO3 from June to August; RPO=None; State=All; Site=All
4 0 NADP_dep
Summer NO,
CMAQ v4.5 *
1 (12km)
a
o o
= o oo
o a
= o " o a
o oG O=
a
- [ g : : od o % =
a o -] = o g o
-] b Og P a nq, a - o
- o o
LS B Da% o NOT [kgha)
B N Gan o8 monthly gecumdated
[ o o
D"n“c q,ﬂﬁ ;}F‘J = = flon  State = A1l ite Al /
a
= " o ':ﬁ;ﬁ ED s? Bdho® o Jaa._.b3‘[3._
a e bl &° ° AMSE/NMB % NME %
oo Ko Ll
m&: a S % B WAQP_dep 0317\ 4582 8256
g o 8o o o o
& B e Ty a
I T T T T T T
0.0 0.5 1.0 15 20 25 3.0
Observation

Building a scientific foundation for sound environmental ¢

Wet Depostion ,, |

NO,

Model

Large under-

]

3.0

25

20

15

1.0

0.5

o NADP_dep
Spring NO,
4 CMAQV4.5
(12km)
: o -
7 oo o n“n “ G o
B/o &g ﬂ‘ua "
/| “n 7 Dun 5 %50 NO3 {kgfpa}
n L) QDS% Duﬂ o o o manthly accumulated
o (e 5% ;’D% BPO=None  State = All Site = All
" [ J3a _b313_
o @ T Ll RMSE/NMB % NME %
iy ey # oo NADP dep 0235\-29.49 5274
5 g P B
| EE

J3a_b313_12km NO3 from March to May; RPO=None; State=All; Site=All

predictions in o

the spring
and summer

Model

2.5

20

15

g
o 1 T T T T T T T
/UW 15 20 25 3.0 35

Observation

J3a_b313_12km NO3 from September to November; RPO=None; State=All; Site=All

o NADP_dep
o
Fall NO,
CMAQ v4.5 d
o
(12km) . A .
n &
UU o o
=] o
= = & aa
o & g9 - o
[ & B oo
o ao ® B
Du o oo e
g/ T o )
o o o o
= S Bo oo
2 Pofag M Be 4, NO3 (kg/ha)
o
58/ L ed, o manthly accumulated
o ag #g o RPO=Hone State=All Site = Al
it k] 7, o ° q J3a_b313 12km
Tiy. . @ @ o G L b313_
Z ol AMSE NMB % NME %
& g &o® 2 | NADP dep 0195 -953 6145
o Eél -] "
o a
T T T T T
0.0 0.5 10 15 20 25 3.0
Observation

RESEARCH & DEVELOPMENT

CISTONS




Model

Model

J3a_b313 precip from December 1o February; RPO=None; State=All; Site=All

Precipitation

Model

Differences in
precipitation bias
in the winter and
spring are small

o NADP_dep
Winter NO,
2
87 CMAQvV45 o
(36km) .
-]
2 o Q
— a oo a
of ws 8Ly "
o e B Og
-]
a anﬂ B B0
S A DQUDU ndgﬂg Bnﬂg )
o7 8 _° L % g precip (mm)
a q:s% N manthly accumulated
:gﬂm %™ T 8 RPO=None State=All Site=Al
]
2 s 5 o J3a_bat
% ] RMSE( NMB % NME %
NADP dep 12674 -42 422
[:] c|mE o
=] oo
20y T T T T T
0 50 100 150 200 250
Observation
J3a_b313 precip from March to May; RPO=None; State=All; Site=All
§ 1o NADP_dep
2 - o N ’ Po
o H o
Spring NO; A o,
o
¢ | CMAQv45 .
o
-] a
g (36km) ° o
o
2 g a
2 8 " . = ° . mﬂnsI
- B a i 8% a o o
o, B e -
=] o
og o &L ® g R a
=] ?ﬂ of, mD‘P é’hﬂnﬂ nn B
=ity LY ) 2 i
o B STk o & precip (mm)
it o® oh 5 o, monthly accumulated
a'y s L RPO = None State = All Site = All
| o @ oo J3a b3l
2 e g ad® un G AMSE NME % NME %
o NADP_dep 16.93\ -367 5141
@ Ho® [-]
o
Sy T T T T T T
0 50 100 150 200 250 300

Observati

on

Model

J3a_b313_12km precip from December to February; RPO=None; State=All; Site=All

o NADP_dep
=]
§ -
Winter NO, b a
o =
o
g4 CMAQv45 H AL
(12km) P
8 o s s
mé o o
o
-] 5 ' o By
9 :D; D%“ a
.8—_ o, m s%m J_\G‘:anm a i
4 i D precip (mm)
& i qEElb ] o monthly accumulated
5" APO=None State=Al Site = AR
Hy @ o
o a . J3a_b313_
AMSE( NMB % NME %
NADP_dep 13.18\ -665 4208
T T T T
100 150 200 250
Observation

J3a_b313_12km precip from March to May; RPO=None; State=All; Site=All

§ o NADP_dep
= o
g | o
o .
Spring NO, @
CMAQ v4.5 - -
g y
(12km) /" -
o o d: Og - o
o
% ’ g o 8 og
o o
[=] s
n o o 3
a el & dl_: B g g g
Og 0 “g o
o o 9 F o %8 -]
SRS, D
oQ I | . Pprecip (mm )
= &5 o2 A manthly accumulated
%° a® = a® PO = Flone  State = All Site = Al
l:‘n o Duu;‘:ﬂa o b3S
Ume ) 5 AMEE NMB % NME %
an s a NADP dep 17762\ -5.28 5468
B 8o o
&
8 &, 4
20y T T T T T T
0 50 100 150 200 250 300
Observation

RESEARCH & DEVELOPMENT

Building a scientific foundation for sound environmental decisions




Model

Model

400

300

200

600 700

500
1

300

200

J3a_b313 precip from June to August; RPO=None; State=All; Site=All

O NADP_dep “
o
o
a o
L o
Summer NO,
o 8 R a
o
CMAQ¥45 . |, o
(36km)° =° ¢ by
o o =] o
29 o %‘:‘hn 2 Eg " 2 o
o =] n" DCI g @ 2 H
L] Bg o o
ol E’mgu i il
T a of -
&g Ehn . o 2
0 g®8 B g oo # .
% £ : » recip (mm )
e © @il BP% g = 5D . Pprecp
e RG S C] an monthly accumulated
P u:?% - ot . RPO=None State=All Site = Al
% K E?’ﬂ - J3a b3y
§ .o ﬂal%] o AMSE(NME % NVE %
af e L NADP dep 31153 14.46 B1.12
aﬂ 1=} = (-1
a o -]
T T T T
100 200 300 400
Observation

J3a_b313 precip from September to November; RPO=None; State=All; Site=All

o NADP_dep P

Fall NO,
CMAQ v4.5
(36km)
= i precip (mm)
o = monthly accumulated
e RPO = None State = All Site = All

8 = N J3a b3y,
iy L AMSE/NMB % NME %
e @ NADP_dap 19.69N\-1571 56.42
=] m

T T T T T T T

300 400 500 600 700

Observation

J3a_b313_12km precip from June to August; RPO=None; State=All; Site=All

Precipitation g |

o NADP_dep

Summer NO,

8
o a
CMAQ v4.5° S
o
(12km) .
- a By L]
o - 9 = o .
] o ik ol o
B g a
= § B o GE? aoo® g ° =]
o a o o
Opg o [ o
e %o B ol o
e n e e
a =] L DS E b H mg o -] S
o o o o @ z
= “%a o % et precip (mm)
2 o O monthly accumulated’
& ° RPO =None State = All Site = All
& J3a_b313_}
8, AMSE/ NMB % NME %
5 NADP_dep 29.578 -5.06 71.54
T T
300 400
Observation

J3a_b313_12km precip from September to November; RPO=None; State=All; Site=All

o NADP_dep B
Differences in & -
precipitation bias
. Fall NO,
in the summer and
fall are relatively g ©MAQvAS
|arge (12km)
o]
g
SO :“:uﬂ‘“ precip (mm )
: 5y 2 o monthly accumulated
8 = = = ® 7 RPO=None State=All Site=Al
‘o Og b313.
iy om0 B AMEEY NMB % NME %
Py o%am . NADP_dep 18.78B\ 2383 53.28
bt Ze° o,
L T T T T
0 100 200 300 400
Observation

RESEARCH & DEVELOPMENT

Building a scientific foundation for sound environmental d

CISTONS




V4.5 O, bias and error similar to v4.4

SO, bias and error is improved versus v4.4

NO, bias is mixed between versions and grid resolutions
EC bias and error is much higher at 12km than 36km

Wet deposition SO, performance is relatively good

Wet deposition NO, and NH, are generally under-predicted

Precipitation bias and error values in the winter and spring are
comparable at 36km and 12km

Precipitation bias in the summer and fall is considerably
different at 36km and 12km

RESEARCH & DEVELOPMENT

Building a scientific foundation for sound environmental decisions



* O; overnight bias
= K, minimum?
« EC and OC under-predictions at IMPROVE

« Large EC over-predictions at STN
= Comparison issues
= Urban emissions issue?

 HNO, over-prediction in spring through fall

» Wet deposition NO4 under-prediction
= Needs investigating
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« Complete evaluation report available through CMAS
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DISCLAIMER: The research presented here was performed under the Memorandum of
Understanding between the U.S. Environmental Protection Agency (EPA) and the U.S. Department
of Commerce's National Oceanic and Atmospheric Administration (NOAA) and under agreement
number DW13921548. This work constitutes a contribution to the NOAA Air Quality Program.
Although it has been reviewed by EPA and NOAA and approved for publication, it does not
necessarily reflect their policies or views.
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