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Motivation for Including Lightning NO, in CMAQ

In the summer over the US, production of NO by lightning (LNO,) is
responsible for 60-80% of upper tropospheric (UT) NO, and 20- 30% of
UT ozone (Zhang et al., 2003; Allen et al., 2010).

Mid- and upper-tropospheric ozone production rates are highly
sensitive to NO, mixing ratios.

Inversion-based estimates of NO emissions from CMAQ simulations
w/o LNO, have large errors at rural locations (Napelenok et al., 2008).

CMAQ-calculated N deposition is much too low without LNO, (e.g.,
Low-bias in CMAQ nitric acid wet deposition at NADP sites cut in half
when LNO, was added).

LNO, can add several ppbv to summertime surface O; concentrations



CMAQ Lightning-NO emission Parameterization

LNO, = k* PROD*LF, where

K: Conversion factor (Molecular weight of N/ Avogadros #)
PROD: Moles of NO produced per flash (defaults to 500 moles)
LF: Total flash rate (IC + CG), where

LF =G *a;; * (precon;; — threshold), where
Precon: Convective precipitation rate from WRF
threshold: Value of precon below which the flash rate is set to zero.
G: Scaling factor chosen so that domain-avg WRF flash rate

matches domain averaged observed flash rate.

Local or continental/marine scaling factor chosen so that
monthly avg model flash rate for each grid box or region
equals observed flash rate

Cli,ji

For retrospective simulations, observed flash rate can be the United
States National Lightning Detection Network (NLDN)-based monthly
(or seasonal) average total flash rate for the month of interest

Operational forecasts could use satellite-retrieved or NLDN-based
climatological flash rates for a season as observations.



NLDN records a high % of cloud-to-ground (CG) flashes and a low % of
intracloud (IC) flashes. After extracting CG flashes, total flash rate is est
by multiplying CG flash rate by Z+1, where Z (shown below) is the IC/CG ratio
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Note: The use of a climatological Z when estimating the total flash rate is
the main source of uncertainty in the total flash rate.



Implementation of lightning-NO parameterization in v5.0 of CMAQ:
LNO, = k* PROD*LF, where LF =G * a;; * (precon;; — threshold),

There are four run-time options:

1. No lightning-NO

2. LNO, read in from a 4-D input file

3. LNO, calc online using climatological marine & continental relationships
between NLDN-based total flash rate & convective precipitation rate.

4. LNO, calc online using year and month-specific relationships between NLDN-
based total flash rate & convective precipitation rate at each grid box. Note:
detection-efficiency adjusted ests of monthly avg flash rates will be made
available to tropospheric chemistry and AQ communities.

NO emissions per flash will default to 500 moles for both IC & CG flashes;
however, user will have option of choosing separate values for IC&CG
flashes.



Vertical partitioning of lightning-NO emissions
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-

Ry

45 . ' o e i .
AR SRR T
oG =
40 ] nwﬁ{ .. -'q’ 40
i
" :'H

W 0 = -1‘I-" =
™ “ £ - ﬂ 'I i o
30 Ry ™ :;Z:_:EL.'.-_--'L-.,':'__,H oo 90
e MSPEE Y
25 TR N MRS s

-120 -110 ~100 ~80 ~80 -70
WRF 12km

35

30

23 : i ]
=120 =110 =100 =80 -B80 =70

Flashes 12km=2 hr=1

Observed
Flash rate

Modeled
Flash rate
For run-time
Option 4

0.0 05 1.0 20 30 40 50 60 8.0 100 130 16.0 20.0



Flash rate 20060/02

50 NLDN CG + Beccippio IC/CG 12km
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Flash rate 20060705
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Flash rate 20060704
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Flash rate 20060/05
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Flash rate 20060706
5 NLDN CG + Beccippio IC/CG 12km
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Flash rate 2006070/
50 NLDN CG + Beccippio IC/CG 12km
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Flash rate 20060708
NLDN CG + Beccippio IC/CG 12km
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Flash rate 20060709
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Flash rate 20060710
50 NLDN CG + Beccippio IC/CG 12km
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Flash rate 20060/11
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Flash rate 20060/12
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Flash rate 20060715
NLDN CG + Beccippio IC/CG 12km
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Flash rate 20060714
50 NLDN CG + Beccippio IC/CG 12km
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Flashes hr—1
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Flashes hr—1

Diel variations in flash rate well captured during the summer
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Flashes s—1

Temporal variations in daily-average flash rate poorly
Captured during the summer
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Summary of hourly, diurnal, and daily correlations for 2006 (solid)
And 2004 (dashed)

Agreement between modeled and measured flash rates

a R: Hourly totals b R: Diurnal totals
1.0 T ' ' ' 1.0 ' — '
0.8 - 0.8
0.6 7 0.6
0.4 0.4
0.2 0.2
0.0 0.0
L L
JFMAMUJJASOND JFMAMUJJASOND
c R: Daily totals d Std Dev of hourly totals
1.0F° B ' ' ~ 'OF" NLDN (solid) -
: 1 8 Model{dashed)
o
w B
u
o4
n
=2 2
- L
-0.2 4]

JFMAMIJASONDED JFMAMJ JASOND



CMAQ simulation of summer 2006

Simulations of 2006 air quality performed at EPA under the

management of Wyat Appel and Shawn Roselle as part of the Air
Quality Model Evaluation International Initiative (AQMEII)

Version 4.7.1 of CMAQ used with CB-05 chemical mechanism

NEI-based emissions with year specific power plant emissions from
CEMS and satellite-derived wildfire emissions

Chemical boundary conditions from GEMS (European-led
assimilation effort)

http://ozone.meteo.be/meteo/view/en/1550484-GEMS.html


http://aqmeii.jrc.ec.europa.eu/doc/AQMEII_activity_description.pdf�

OMI tropospheric NO, products

1.DP-GC product [Lamsal et al., 2010]
2.Vv2.0 DOMINO product [Boersma et al., 2007; Boersma et al., 2011]

DP-GC and DOMINO products begin with same slant column & use
same method to remove stratospheric column.
Different methods used to convert tropospheric slant cols to overhead

cols
- Yield different tropospheric vertical column amounts
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Mean TropNOZ column 20060601-20060850
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TropNO2 column 20060601-20060830
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Mean summer 2006 enhancement of
8-hr maxO3 in CMAQ v4.7.1 due to LNO,

ant:r 8hr03 lightning—NO enh 20060701-20060831
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Impact of Lightning NO on Monthly Average
Surface O, during the summer of 2006

Average Difference of V5b6p_Beta_Test_Base - V5b6p_Beta_noLNOx O3_8hrmax for July 2006

units = ppb
age limi

7 >5
o -

RN SO R

LI IR e oo

| N / R s 2

N § ] o jﬁt‘/ ;

L W
LA\
'iv
N
}f
¢’ TR
,3»
B T e

CIRCLE=AQS_Daily;

Calculated by Wyat Appel using v5.0 of CMAQ



Boston, MA . '

] EMAS CRBelbTack]
& ool :
i "
wk pC

BE01 D808 I!II15 DIEE EHB ﬂ?ﬂ I!I'.FIJ ﬂ?!n l'.ﬁ"!'.l' HEJ HE1D0!1'.|' Hlal B3N 083

Atlanta, GA

T:ﬁi EMAS [RERlhleck)
1ol | '5
g =
Maw Orleansz, LA — :

e EMAS CRBIElEocs] -
5w _E
3 NWM

UV

GEO1 0808 0615 0822 0620 0708 071307200727 (803 OB10 0817 024 OB3) 081

Lnu hngeluu Ca

MAQ [REGELRTack]

8 B

Bhr03 (ppbv)

B8 B B

01 0808 0615 D822 0620 0708 071307200727 803 OB10 0817 0424 OBI 1 D831

Wuuhl'ng'rnn,

uAS CREELRTack]

3 B

Bhr03 (ppbv)

58 B B

i1} ﬁll'.ll l'.ll15 Dlﬂ Dﬂﬂ iy ] ﬂTIJ UHD l'ﬁ"!'.l' nan: DBWHH’ Iﬂﬂ DHI a3

Minmneapalis, MH

b EHAR rRERTecy
£ .k E
. - . 3
g ;
s :

{HI;H DI;'.II l'.lll15 MJEE DI‘:!H l'.l?h ﬂTJIJ ﬁ?llﬂ HTL?.T IHJDJ ﬁBl1ﬂﬂ'!l:l7 DIJI-I- ﬁ!lil 0;31

- Dunur, o

ot EMAG RBLELEcH]

A : :

= ]

g ;

= ;
ﬂl;1 ﬂllﬂl l'.lll15 Dldlﬂ DII!H l'.l]":- ﬂT‘IJ UTIID ﬂ?hl'? Hdﬂ-l DBl1ﬂﬂ'!l:l7 H‘E-l- DIIJI ﬂ!:'ﬂ
20 Phuunlx,,

120 .
3 EH""S Eﬁ 05l ]'355] E
1l
3 st £
5 sof .

20 - 3

D01 OB08 0615 822 0825 0708 07130720 0727 0B03 OB10 0817 0824 OBI1 0831



Percent of grid box—days

Percent of grid box—days

Contribution of LNOx to 8—hr max 03 on all days
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Summer 2006 wet deposition of nitrogen
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Summary

Contribution of LNO, to mean model column is ~25%, ranging from ~10%
In the northern states to >45% along the Gulf of Mexico and in the
southwestern states.

For a 500 mole per flash LNOx source, CMAQ columns have a high-bias
wrt DOMINO columns over urban areas. Mean biases at other
locations were generally minor after accounting for the impacts of
LNOx and the averaging kernel on model columns

LNO, increases wet dep of nitrate by 43%, total dep of N by 10%, &
cﬁanges 30% low-bias wrt NADP measurements to 2% high-bias.

On poor AQ days (0O3>60 ppbv), LNO, contributes >6.5 ppbv to 8hrO; at
10% of western sites and 3% of eastern sites

Adding LNOXx is unlikely to improve forecasts of 8hr ozone

— Day-to-day variations in flash rate are poorly simulated in the summer
(better agreement when flashes are associated with frontal passages)

— NLDN network samples CG flashes while both IC & CG flashes contribute
to LNOXx (geostationary measurements of total flash rate will help).
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Processing of DOMINO & CMAQ fields

Gridded DOMINO fields created by mapping version 2.0 level 2 DOMINO
fields onto 0.25°x0.25° grid.

DOMINO retrievals over snow/ice or with cloud radiance fractions > 50%
filtered out (Boersma et al., 2009)

Mean value in each grid box obtained using algorithm that gives more
weight to near-nadir pixels and to pixels with low geometric cloud fractions
(Celarier and Retscher, 2009).

CMAQ profiles extracted at location of high-quality DOMINO pixels &
weighted in same manner. CMAQ output interpolated onto TM4 vertical
grid (TM4 model used to obtain a priori profiles for DOMINO product) .

When appropriate, averaging kernel is applied to tropospheric model sub-
columns before weighting is performed (Allen et al., 2010; Boersma et al.,
2009).

CMAQ tropospheric NO, column determined by summing sub-columns
within the troposphere, where the number of tropospheric layers is included
in DOMINO data product.
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