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Delhi Air Quality Forecasting System - Configuration

Atmospheric process

Cloud microphysics Thompson microphysics

RRTMG (lacono et al., 2008)

Monin-Obukhov (Janjic Eta)
Scheme (Janjic, 1996, 2002)
Unified Noah land-surface model
(Tewari et al., 2004)

Boulac TKE ((Bougeault and
Lacarrere, 1989)

Grell-Freitas ensemble scheme
(Grell & Freitas, 2014)
MOZART (Emmons et al., 2010)

Short- and Long-wave radiation

Surface Layer

Land surface model

Planetary boundary layer

Model domain covers northern Indian Cumulus
subcontinent at 10 km resolution.

Gas phase chemistry

Aerosol processes GOCART (Chin et al., 2000)
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Delhi Air Quality Forecasting System - Workflow

GFS met IC/BC NRT fire emissions WACCM chem BC Anthropogenic emissions
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MODIS NRT AOD Corrected (Aerosol) IC
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Improvements in PM, . Forecasts (US Embassy, Delhi)
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Large improvements (up
to 200 pg/m3) in surface
PM, . forecasts are
observed during all the
three forecast days in
both 2016 and 2017.
PM, . levels peaked about
a week earlier in 2016
compared to 2017. This
was found to be related to
difference in wind speed
between the two years.
Similar improvements are
seen in comparison with
CPCB observations.

UCAR



AOD assimilation improves weather forecasts!
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Operational Air Quality Forecast - Example
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Forecasting Crop-residue burning influence in Delhi
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Verification of operational PM, . forecasts

_________—___—____

iwali

Forecast verification-hourly data

Observed (averaged from 24 AQMS station in Delhi)

Predicted (averaged from all Delhi grids)

—e— Diwali Emissions on 7 Nov Night

(R _#r .._

Pre-Diwali

L

1

Traffic Jam

Crop-residue burning

_______

SAFA

n

servati

A

=
o
o]

o
n
N

=]
=]
N

=
'y}
o

=
=)
©

=]
(9]
0

=
=)
)

=]
0
<

bt ursg

=
=
<

=]
o)
(y)

=
=)
(]

=
)
N

o
o
N

© 00O
n ow
- -

o

00T} 81-AON-C|
00:00 81-AON-Z}
00-C) 81-AON-}
00:00 81-AON-L}
0} 81-AON-01
00-08QL-AON-0}
002} 81™QY60
00:00 84-AON"
00-C 81-AON-80
00:00 81-AON-80
00-C} 81-AON-L0
00-00 8}-AON-L0
00:Z} 81-AON-90
00:00 84-AON-90
00-C} 81-AON-S0
00:00 81-AON-S0
00-C} 81-AON-0
00:00 81-AON-p0
00-Z} 81-AON-E0
00-00 8}-AON-€0
00-C} 81-AON-Z0
00:00 81-AON-Z0
00-C} 81-AON-L0
00:00 81-AON-1L0
002} 81P0"LE
00:00 81-P0"1€
007} 81-10-0¢
00:00 81-90-0¢
007} 811062
00:00 8110-6¢
002} 81-P0-8¢
00:00 81-190-87
002} 81P0-LT
00:00 81-R0-L¢
002} 8110-9¢
00:00 81190-92
007} 81P0-GT
00:00 81-P0-6¢
00:2} 81RO
00:00 81P0-¥¢
002} 81P0-€C
00:00 81190-€2
007} 81P0-TT
00:00 81-P0-2¢
002} 819012
00:00 811012
002} 81-P0-0¢
00:00 81-490-0¢
002} 819906}
00:00 81-490-6}
002} 8110-81
00:00 81-10-8}
002} 81101}
00:00 81-90-L}
002} 81-10-9)
00:00 81-190-94
002} 81P0-G)
00:00 81-10-G}
00:Z1 81-R0-v1
00:00 81-R0-F}

Ban on trucks,
tended till Monday

Delhi pollution

TIMES OF INDIA

M)

10N eX

Al Quality Forecasting, MAC-MAQ w co nStru Ct



Air Quality Forecasting System for the CONUS

Objectives

* Provide forecast support for FIREX-AQ Summer 2019

* Provide forecast and hindcast products to the research community on an ongoing basis
(e.g. TOLNET team)

o Offer regular air quality predictions for Stakeholders, the Public and anyone interested.
« Evaluate performance of WRF-Chem in near-real time and test new developments
 Extend the current global ACOM prediction capability

 Provide long-term model output for use in research projects including health studies

Disclaimer: This is a research product and not intended for official guidance. For the operational U.S. air quality
forecast please visit https://airnow.gov/. For information on air quality health effects and U.S. standards please
visit https://www.epa.gov/environmental-topics/air-topics.

NCAR Air Quality Forecasting, MAC-MAQ workshop, 11-13 Sep 2019, UC Davis, California, USA
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CONUS Air Quality Forecasting System - Workflow

GFS met IC/BC NRT fire emissions WACCM chem BC Anthropogenic emissions
2 7
Y O
& o
2 o
! : : XS
= WRF-Chem air quality >
IS forecasting system g
o o
: 3
° | 5
I\/Ietec?rologlcal and 48. hour air
Chemical IC and BC quality forecast
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Dissemination of the CONUS AQ forecasts

NCAR ACOM website

c @ https://www2.acom.ucar.edu ¥

Home About Themes Observations Modeling Forecasts Publications Events  Opportunities People  For Staff

NCAR. | National Center for Atmospheric Research NCAR Is sponsared by, ¥

UCAR | Atmospheric Chemistry Observations & Modeling  National Science Foundation

INJECTING SO2 INTO THE
STRATOSPHERE

ACOM paper investigates
geoengineering

=]

RESEARCH THEMES

Chemical Climate @

Chemical Weather rrei
Working Groups

OBSERVATIONS MODELING FORECASTS
Contact Us
Screenshot

bt

3

Home » Forecasts » Overview

FORECASTS AND NEAR REAL TIME (NRT) PRODUCTS

Daily chemical forecasts are now being provided with the Whole Atmosphere Community Climate Model (WACCM) configuration of CESM2.
10-day forecasts are being run, driven by NASA/CMAOQ CEQS-5 meteorological forecasts. Fire emissions are updated daily with near-real-
time FINMv1 emissions and used for the following 10-day forecast. Anthropogenic emissions are from the CMIPE inventory. The chemistry
scheme is the MOZART TSMLT1 chemical mechanism with MAM4 aerosols (see Liu et al. (GMD, 2015)). Daily forecasts of U.S. air quality for
the next 48 hours are being provided with WRF-Chem. These forecasts use WACCM output for chemical boundary conditions and FINNv1.5
fire emissions and are evaluated in near-real-time with U.5. EPA AirNow surface observations for ozone and PM2.5.

Daily forecasts of U.S. air quality for the next 48 hours are being provided with WRF-Chem. These forecasts use WACCM output for
chemical boundary conditions and FINNvL.5 fire emissions and are evaluated in near-real-time with U.5. EPA AirNow surface observations
for ozone and PM2.5.

For questions regarding the ACOM forecast products please consider subscribing and posting to the ACOM Forecast Discussion list. Users
of the forecasts whe would like te be informed about downtimes and other issues with daily production are encouraged to sign up for the
ACOM Forecast Notification list.

We have provided a variety of tools for visualizing our data products:

WACCM IN WORLDVIEW PRE-MADE FORECAST MAPS CUSTOM FORECAST PLOTS WACCM CHEMICAL MAP

Screenshot

https://www?2.acom.ucar.edu/acresp/forecasts-and-near-real-time-nrt-products

NCAR

UCAR
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Dissemination of the CONUS AQ forecasts
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UCAR | Atmospheric Chemistry Observations & Modeling
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Time stamps are in UTC.
Press shift-refresh to reload all images.

More Information:

WRF-Chem and WRF Configuration and Specifics.
Evaluation and additional visualization.

Forecast Team:

NCAR
UCAR
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Dissemination of the CONUS AQ forecasts
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CO Tracers: keep track of CO
and subjected to the same
physical and chemical processing
In the atmosphere as the standard
model CO but do not affect the
standard model physics or
chemistry.

Tracers for:

« Anthropogenic and biomass
burning emission sources
located inside the domain

* Photochemical production of
CO

« Background CO flowing into the
domain

UCAR



Dissemination of the CONUS AQ forecasts
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Near Real Time Evaluation of the CONUS AQ forecasts
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Surface Observations are typically available a few hours past real-time
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Evaluation and Additional Visualization

Altitude:| Surface =
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Time stamps are in UTC.
Press shift-refresh to reload all images.

More Information:

WRF-Chem and WRF Configuration an
Evaluation and additional visualization.

AverageStatictics: Observed and Modeled timeseries for entire domain average, individual
EPA regions, all Colorado, Colorado Front Range & spatial statistics

HourlyMaps: Hourly maps of observed and modeled surface ozone & PM2.5

KMZ: kmz files for 2D fire tracer

TOLNET: curtain plots for various parameters at 5 TOLNET sites (with Bo Wang, UHA)

NCAR Air Quality Forecasting, MAC-MAQ workshop, 11-13 Sep 2019, UC Davis, California, USA
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Evaluation and Additional Visualization

AIrNOW (2019-08-06_23:00:00)

- "',"_"" ’ “ L\> = “‘/ 2, WRF-Chem Bac. Coeff. 300nm 20190808 00UTC 48h fcst at TOPAZ lidar site
Wi hi e fr\’@f < = C @ https://www.acom.uca ° SHE
Name Modified Size £
; AverageStatistics/ 2019-08-08 07:11:09 4KB j ‘
| HourlyMaps/ 2019-08-08 07:11:59 4KB i A - i 1
i KMZ/ 2019-07-2307:11:51 sSKB —— F:ms”'me[""”: —
; TOLNet/ 2019-08-08 06:10:01 40KB LSRRI
|
;?‘:E?x; sessssoc . icssssssssssssses Front Range (20190805)
80 EPA—OIbs | |
- 60_ . WRF-Chem
8 0
8 ol
Cl: . . . .
0 10 20 30 40
Lead Time (UTC)

NCAR Air Quality Forecasting, MAC-MAQ workshop, 11-13 Sep 2019, UC Davis, California, USA

UCAR






Custom made plots for FIREX-AQ

https://www.acom.ucar.edu/firex-aq/flight.shtml
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Ongoing and Next Steps

e Make monthly evaluation statistics public
- Day-1 and Day-2 forecast and observed surface ozone and
PM2.5 timeseries for each region
- Spatial & temporal statistics for Day-1 and Day-2 forecasts for each region

e Evaluation with TOLNET data EPA Region (Colorado - Day 1 forecast)
. . 10 A S R
and create dedicated website | EPA-Obs (CC = 0.83: MB =0 72 ppb: RMSE = 5 67 ppb) ]|
E 60:_ 'I!.'!lll ; : ] ( . : s f __
e Publication on forecast setup S LIRRNER AR AR by THERES
e and operational evaluation o 40-FREHTS 181 SR ELLEI TR Y
5| AR
. . 20 - -
Full evaluation with FIREX-AQ " June 2019
oL . . . . . .
0 5 10 15 20 25 30
Feedback and collaborations welcome Day of Month
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. AiriS found to

* The CONUS air quality forecasting system started in Jun 2019 and aims to assist field
campaigns, research community, facilitate routine evaluation of WRF-Chem performance,
and provide additional piece of information to decision-makers.

Thank You

.
NCAR | ai oo . o —
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