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NCAR’s Experimental Air Quality Prediction System
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WRF-Chem Forecast Configurations

Standard Setup “fcst” Parallel Setup “aq_watch”
Chemical Scheme MOZCART T1-MOZCART
(MOZART V4+ GOCART) (T1 MOZART+ GOCART)
Domain 1 domain (12x12 km?2 over CONUS) 2 domain (CONUS & 4x4 km2 Colorado)
Model Version WRF-Chem V3.9.1 WRF-Chem V4.1
(terrain-following coordinate) (hybrid sigma-pressure coordinate)

Anthro. Emissions NEI 2014 (hourly, monthly average) | NEI 2017 (Trend adjusted, hourly, day specific)

Fire Emissions FINNv1 FINNv1, aerosols doubled
Biogenic Emissions MEGAN online MEGAN online with 50% reduction of isoprene
Start Date Summer 2019 Summer 2020




Evaluation: AIRNOW Surface Ozone per EPA Region
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Anthropogenic Emissions

Sensitivity Studies

Biogenic Emissions & Chemical Scheme

Urban Parameterizations

Emissions Chemistry EBIO_lIso Urban Scheme
Control NEI2017 trend adj. | day specific T1-MOZCART 50% None
NEI2014 NEI2014 avg. day T1-MOZCART 50% None
NEI2017trend NEI2017 trend ad|. avg. day T1-MOZCART 50% None
C02014 NEI2017 trend ad;. avg. day T1-MOZCART 50% None
NEI2014 over CO
MOZCART NEI2017 trend adj. | day specific MOZCART 100% None
MOZCART_Ebio | NEI2017 trend adj. | day specific MOZCART 50% None
Urban1 NEI2017 trend adj. | day specific T1-MOZCART 50% Single-Layer
Urban 2 NEI2017 trend adj. | day specific T1-MOZCART 50% Multi-Layer

Simulation Period: 20-25 July 2021, 2 domains CONUS (12km) and Colorado (4km)




Sensitivity Studies

Anthropogenic Emissions Biogenic Emissions & Chemical Scheme Urban Parameterizations

Emissions Chemistry EBIO_lso Urban Scheme

Control NEI2017 trend adj. | day specific T1-MOZCART 50% None
NEI2014 NEI2014 T1-MOZCART

NEI2017trend NEI2017 trend adj. T1-MOZCART

C02014 NEI2017 trend adj. T1-MOZCART

NEI2014 over CO

MOZCART NEI2017 trend adj. | day specific MOZCART 100% None
MOZCART_Ebio | NEI2017 trend adj. | day specific MOZCART 50% None
Urban1 NEI2017 trend adj. | day specific T1-MOZCART 50% Single-Layer
Urban 2 NEI2017 trend adj. | day specific T1-MOZCART 50% Multi-Layer

Simulation Period: 20-25 July 2021, 2 domains CONUS (12km) and Colorado (4km)




Anthropogenic Emissions Sensitivity Studies
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Anthropogenic Emissions

Sensitivity Studies
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Bias = (Model-Obs). Derived from CONUS domain

e NEI 2017 simulates lower ozone across most of
CONUS

e The ozone bias decreases for all regions with NEI
2017, except for Region 8 including the Colorado
Front Range (FR). This is the only region where
NEI 2014 has a low bias compared to surface
sites.

e Changing emissions outside of Colorado only
introduces spatially variable changes in surface
ozone within Colorado but the overall model bias is
dominated by the local emissions used.




Sensitivity Studies

Anthropogenic Emissions | Biogenic Emissions & Chemical Scheme | Urban Parameterizations

Emissions Chemistry EBIO_lso Urban Scheme

Control NEI2017 trend adj. | day specific T1-MOZCART
NEI2014 NEI2014 avg. day T1-MOZCART 50% None
NEI2017trend NEI2017 trend ad|. avg. day T1-MOZCART 50% None
C02014 NEI2017 trend adj. avg. day T1-MOZCART 50% None

NEI2014 over CO
MOZCART NEI2017 trend adj. | day specific MOZCART
MOZCART_Ebio | NEI2017 trend adj. | day specific MOZCART
Urban1 NEI2017 trend adj. | day specific T1-MOZCART 50% Single-Layer
Urban 2 NEI2017 trend adj. | day specific T1-MOZCART 50% Multi-Layer

Simulation Period: 20-25 July 2021, 2 domains CONUS (12km) and Colorado (4km)




Biogenic Emissions & Chemical Scheme Sensitivity Studies

Control (T1 Chemistry, 50% Ebio) Control-MOZCART Ebio 50% Control-MOZCART 100%
. il | hY T ¢ NV g 4 1
' R
4 -
. ™
O3 Surface 20-23UTC Difference O3 Surface 20-23UTC
O T | | . . ]
20.00 26.88 33.75 40.62 47.50 54.38 61.25 68.12 75.00 -10.00 -7.50 -5.00 250 0.00 2.50 5.00 7.50 10.00

MDAS for 20-25 July 2021

15
e MOZCART produces significantly more
ozone compared to the more recent T1

chemistry

&
o

Mean Absolute Bias (ppb)
! o o
\\\\l\l\\l\l\\H\\‘\l\l‘\l\I
I—

e T1 performs better over all regions - except
Region 8.

I|_I|_l|__l | _.I. _.l. ._I .'.._-_I_.___]_ R I
I e Biogenic isoprene changes have a smaller

impact, but can change the surface ozone
bias by a few ppb.

(6]

Contrpl

i
o

mozcart_Ebio (50%)

-15
CONUS Rt R2 R3 R4 R5 R6 R7 R8 R9 R10 FR

e
Bias = (Model-Obs)




Anthropogenic Emissions

Sensitivity Studies

Biogenic Emissions & Chemical Scheme | Urban Parameterizations |

Emissions Chemistry EBIO_lso Urban Scheme

Control NEI2017 trend adj. | day specific T1-MOZCART

NEI2014 NEI2014 avg. day T1-MOZCART 50% None
NEI2017trend NEI2017 trend ad|. avg. day T1-MOZCART 50% None
C02014 NEI2017 trend adj. avg. day T1-MOZCART 50% None

NEI2014 over CO

MOZCART NEI2017 trend adj. | day specific MOZCART 100% None
MOZCART_Ebio | NEI2017 trend adj. | day specific MOZCART 50% None

Urban1

NEI2017 trend adj.

day specific

T1-MOZCART

Single-Layer

Urban 2
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T1-MOZCART

Simulation Period: 20-25 July 2021, 2 domains CONUS (12km) and Colorado (4km)

Multi-Layer




Urban Parameterizations Sensitivity Studies
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Urban Parameterizations

Surface NOx

Sensitivity Studies

Surface Ozone
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Sensitivity Studies - Summary

Colorado Front Range
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Scale and site characteristics play a major role in performance assessment



Final Thoughts

> The NCAR Experimental forecasting system has | © v 4men

shown value for research and for supporting (3 @ swaterguidebookcom  + (8
decision making

> The most recent model updates and input data
sets are not necessarily the best performing

> Performance is varying in time and space and The prediction below is not always
there might not be a “one size fits all” accurate. In fact, it is rarely accurate.
configuration for a forecast system WP SALWOR - WEDLE FORK LODGE D)

> Further analysis is needed but final configuration
might include different settings for CONUS and
Colorado.

Stage, ft
$
Discharge, cf:
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> TEMPO data will significantly help with the '
evaluation. M e
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Anthropogenic Emissions

Sensitivity Studies
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Evaluation: AIRNOW Surface Ozone and NO,
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July 2021

Evaluation: TROPOMI NO,
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Evaluation: TROPOMI NO,

24 hr NO, for JJA 2021 24 hr NO, for JqA 2‘022
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Evaluation: TROPOMI NO,

Mean Absolute Bias (ppb)
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Sensitivity: Anthropogenic Emissions
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Sensitivity: Anthropogenic Emissions
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Sensitivity: Anthropogenic Emissions

Mean Absolute Bias (ppb)

o (3
\I\‘I\\I‘\I}\rl\\l\\l\
—

Mean Absolute Bias (ppb)

o
\II\lI\\I‘{é\\I\‘I\\I‘\I\\
—

MDAS for 20-25 July 2021

do

1

15

10

IL

\\I\‘I\\I‘\HI\II‘II\\l\\l\

i

|

]

i

™

||| . i '||| ]ll
= NEI2014 | |
NEI2D17trend } two 12-hour emission ffiles
-10 CO2014 _
NEI2017trend eeky  daily/hourly
-15C |
CONUSRT R2 R3 R4 R5 R6 R7 R8 R9 RI0 FR FR
urban OG/Hwy
24 hr NO,, for 20-25 July 2021
15 ]
10 -
5 =

| |

5
NEI2014
NEI2017trend
-10 C02014 3
NEI2D17trend_week]y ]
-15 | ]
CONUSR1T R2 R3 R4 R5 R6 R7 R8 R9 R10 FR FR

urban OG/Hwy



Sensitivity: Anthropogenic Emissions

Mean Absolute Bias (ppb)
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Biogenic Emissions & Chemical Scheme

Sensitivity Studies
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Biogenic Emissions & Chemical Scheme
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Biogenic Emissions & Chemical Scheme

Sensitivity Studies
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Urban Parameterizations

Sensitivity Studies
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Sensitivity Studies - Summary
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Performance for separate FR regions d02

MDAS for 20-25 July 2021
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Surface Ozone Monitors
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Why the different performance in Regions 8 & 9?

map of surface ozone afternoon from aq_watch and firex and
their difference for test week July 2021
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Evaluation with AIRNOW Surface Obs (2022)
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Evaluation with AIRNOW Surface Obs (2022)
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MDAS Ozone (ppb)
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NEI 2017trend versus CO2014 no feedback
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