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Conducting research and development in the fields of air quality, atmospheric dispersion, climate, and boundary layer

Outline

*National dust forecasting service in the U.S.
*Upcoming NWP changes affect the service
*Multiple efforts in NOAA and other institutions
=Case studies and comparison

=Comparison of 4 emission scheme inlined in HRRR
»Summary and future work
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*Source regions with
emission potential
estimated from
MODIS deep blue
climatology

for 2003-2006
(Ginoux et al. JGR
2010)

*Emissions
modulated by
real-time soil
moisture.

*HYSPLIT model for
transport, dispersion
and deposition
(Draxler et al., JGR,
2010)



Next Generation Global

Prediction System (NGGPS)

Global atmospheric prediction model with non-hydrostatic scalable dynamics

Improve data assimilation and physics

Position NWS for next generation high performance computing

Engage community in model/components development

Reduce implementation time

Provide World’s Best Global Forecast Guidance

Fully coupled system

Built using NEMS/Earth System

Modeling Framework

Each component model will be

community code
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NOAA NGGPS project
PI: Paul Ginoux (NOAA GFDL)

1. Dust Sources Inventory Dust detection using MODIS satellite at 0.1° resolution (~10 km) daily for 12 years
(2003-2014). Dust source = location of the most frequent dust events (Ginoux et
al., Rev. Geophys., 2012). Unlque global high resolutlon dust sources mventory
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2. Dust Simulation/forecasting Dust simulation with NMMB for one year (2012), global and CONUS (high
resolution)

Dust events are frequent in the High Plains,
creating deadly accident, shutting Interstate
Highways, such as in October 2012.
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3. Model Evaluation Evaluation and skill scores using ground-based and satellite data
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Dust Records over the western US
(2000-2007)
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Monitor-based Dust Records

Dust Chemical Profile
(source: Tong et al., ACP, 2012)



Dust indicator for climate assessment

Low enrichment ratios of Cu, Zn & Pb.
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(17 Satellite Dust Detection
(Ginoux et al., 2012)

Step L. Derive Dust Optical Depth (DOD):
1. Angstrom wavelength exp. a < 0;

3. Positive difference o670 - @412> 0,

DOD > 0.2

Step IL. Dust Detection:
\

\

2. Singlescattering albedo @y, < 0.95;

J

GOCART Dust Model B
(Kimet al., 2012)

GOCART dust emission algorithm:

Fp=Ss,u(u-u)ifusuy,
Dynamic dust source calculations;
Integrate Key environmental
variables, such as soil moisture, wind,
and vegetation cover.

.
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Validated Dust Indicator

+* Collaboration between
NOAA, NASA, UTEP and
southwestern air quality

districts.

+» Extend Tong et al (2012)
study to have a 30-year

database of US dust activity

+» Validation with more
satellite products and model

prediction.

Dust is sensitive to climate -- a good indicator of change.



CMAQ5.0.2 Windblown Dust Emission

s CMAQ (Community Multiscale Air Quality)
model is the 3" generation air quality model for
EPA research and regulatory studies.

+¢ > 1000 user groups world around.

+»* Dust is important for climate, air quality and more.

+* CMAQ Dust module, based on a modified
Owen’s Equation (source: Tong et al, 2012):

M N
F:ZI:Z;KXAxngiXSEqu* x(uf —ufﬁ,j)’
=1 j=

+» Effect of non-erodiable elements (Drag partition).

(http:A/www.cmaq-model.org)

+»» Effects of rain and snow (Fecan et al, 1999):

w'=0.0014 * (Yclay)® +0.17 * (Y%clay)



CMAQ dust forecasting

(T owr)gugnd Lee et al. Atmosphere 2013)
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Satellite
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Option 1: HRRR meteorology with CMAQ5.0.2 dust model
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SETTPR R
Soil type map used in HR injjieN of areas characteristic of air-sheds

dust source regions that we used to

Attention is paid to Area #2 evaluate the HRRR-CMAQ windblown dust

where medium sized du model: (area#1) South Coast areas centered

storm poses chall for around L.A. CA; (area#2) Las Vegas and its

models. (Area#5) sees relatively  vicinity; (area#4) Phoenix, AZ and its vicinity;

larger storms on May 11 2015 and (area#5) Southern AZ across the NM
border.
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Area #5

Evaluation time series for the HRRR-CMAQ windblown dust model for the
May 11 2014 test case over regions depicted in previous slide for: (a)
Area#2 -- Las Vegas and its vicinity; and (b) Area#5 -- Southern AZ across

the NM border.
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Evaluation of windblown dust emission scheme inlined into HRRR

Govern Feature Correlation | Median Median
coefficient | mod/obs | timing error|

AFWA 4 Ogust =0.5; Vaust =1.0  0.79 0.88 2.2 h
AFWA 7 Ogust =1.0; Vgust =1.5  0.71 0.36 3.2h
U Cologne Dust scheme 1 0.63 1.48 2.3 h
(UoC2)

fengshal USGS soil type 0.72 3.55 3.5h
fengsha2 USDA 500m soil type 0.71 1.09 3.6h

GOCART  Base physics (NASA)  0.67 0.50 2.8 h



Average PM10 for the 5/11/14 to 5/12/14 Dust Storm Event:
Comparing HRRR/Dust model results with EPA AQS monitor data
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Average PM10 for the 5/11/14 to 5/12/14 Dust Storm Event:
Comparlng HRRR/Dust model results with EPA AQS monitor data
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PM10 timing errors for the 5/11/14 to 5/12/14 Dust Storm Event:
Comparlng HRRR/Dust model results with EPA AQS monitor data

Aaaa e laiaaty R loiceatansalas PP PN TR e |
37 4
3 bserved Mld Sum Time
36 3
353 8
343
333
3 o &
323
Mid-Sum Time (UTC) of PM10 integral |
{integral from 182 5/10/14 10 182 5/12/14) £25
314 IR RN EEEEEE EEEEE RS L B B N N R N RN L R RN R R R
-118 -116 -114 112 <110 -108 -106
6:00 AM 12:00 PM 6:00 PM 12:00 AM
S/11/14 5/12/14
T s SR U P o ionetsng —
(2] u = "
o Timing error (hrs)
" Fengshd1 dust
35 & 3
34 :
33 —
o & ;
3 1 aul 1. N 1 1 Laiaal N Lasiad Ladiard
118 -116 -114 112 -110 -108 -106
‘ : ‘.—
10 5 0 5 10

Mid-Sum Time Difference (hrs) - [Model minus Obs.] fengshal_dust

AR ARALS LALS LRSS RAALE RAALS RASEY RASEAN RALANSALAN LAN

™)

. N , | Timing err'or (hrs)
p ' GOCART dust
>

10

37F

35F
34f:
33F

32F

31k

36F

TTTTT YT 7 T T T llvvv|

T|m|ng errpr (hrs)
Fengsha2

L ! 1 1 1 ] 1 e
18 116 114 12 110 -108 -106
e . E— |
-10 -5 0 5 10

Mid-Sum Time Difference (hrs) - [Model minus Obs.] fengsha2_dust



Evaluation of windblown dust emission scheme inlined into HRRR

Scheme Govern Feature Correlation | Median Median
coefficient | mod/obs | timing error|

AFWA 4 QAgust =0.5 ; Ydust =1.0
AFWA7  ayu =1.0; Vaue =1.5

U Cologne Dust scheme 1
(UoC2)

fengshal USGS soil type
fengsha2 USDA 500m soil type

GOCART  Base physics (NASA)




~ SUMMARY

*NOAA provides national dust forecasting service in the U.S.

"Upcoming NOAA NWP changes affect the dust forecasting service

*Multiple efforts in NOAA and other institutions pre-position for such changes
*NOAA OAR proposes 4 options of dust emission modules

> Air Force Weather Agency (AFWA) — previously developed in MM5

» Cologne U scheme

> Fengsha as available in CMAQ5.0.2

» Goddard Global Ozone Chemistry Aerosol Radiation and Transport (GOCART)
*The unification and selection task for the service is a working progress
"Preliminary results showed comparable skill by all these 4 options

sResults is sensitive to fine resolution soil data and real time moisture data



http://www.mdpi.com/journal/atmosphere/
special issues/air monitoring
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Manuscripts on the topic due June 30 2017
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