EPA “RARE” Project:

Testing CMAQ air quality model
for wintertime Fairbanks episodes

Source: Javier Fochesatto




Fairbanks“ RARE” Project

« RARE = Regional Applied Research Effort

— Internal EPA program to match ORD scientiststo Regional
needs

— Collaboration between EPA-R10, EPA-ORD, ADEC, and
Fairbanks North Star Borough

 Model meteorological inversionsand PM, -
— Develop emission inventory «—Sierra Resear ch
— Test WRF options < Penn State

— Test aerosol chemistry EPA-R10 and EPA-ORD

* Rely on field measurementsby FNSB and ADEC
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WRF Domains (Penn State)

12 km




WRF Domains

WRF Vertical Levels

WRF 1.3 km Domain
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High Vertical Resolution Presents
Challengesto M odeling

 WRF
— Nudging
— Comparison to observations

e Pollutant emissionsinto CMAQ



High Vertical Resolution and Nudging

Normal Scenario High Vertical Resolution

L og-layer for winds

*Adiabatic lapserate
from2mfor T

36 m

velocity weighting function
temperature weighting function

T,U,V at %2 levels 0.0 1.0 0.0 1.0

Normally use neutral log layer to extrapolate from 10 and 2 meters

* Need to change nudging and verification to use explicit WRF levels




High Vertical Resolution and
Comparison to Observations

Normal Scenario High Vertical Resolution
36 m

L og-layer for winds _
«3rd 15 level for winds

*Adiabatic lapserate
from2mfor T

115 level for T

T,U,V at % levels T,U,V at % levels

 Normally use neutral log layer to extrapolate from 10 and 2 meters

* Need to change nudging and verification to use explicit WRF levels




High Vertical Resolution
and Pollutant Emissions

Normal Scenario High Vertical Resolution

36 m
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T,U,V at % levels

'Chlmn—eyl_a*pipe

Om F
Chimney Tailpipe

« Emissionsarenow in the2"d or 3'd layer of CMAQ

 Roadway turbulence must be parameterized




High Vertical Resolution Presents
Challengesto M odeling

 WRF
— Nudging <« Penn State
— Comparison to observations« Penn State

e Pollutant emissionsinto CMAQ«——EPA-ORD



Time Periods

Daily Average Temp and Daily PM2.5 in Fairbanks
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WRF Configurations

Experiment Planetary Boundary Layer Land Surface Radiation
Name (PBL) Model (LSM)
MND . )
] Mellor -Yamada -Janji _(MY)) Noah Dudhia Shortwave /RRTM Longwave
(Baseline)
MNR Mellor -Yamada -Janji _(MY)) Noah RRTMG Shortwave /RRTMG Longwave
QNR Quasi-Normal Scale
Noah RRTMG Shortwave /RRTMG Longwave
Elimination (QNSE)
MRR Rapid Update

Mellor -Yamada -Janji _(MY))

New Baseline

Cycle (RUC)

RRTMG Shortwave /RRTMG Longwave




PBL Schemes

 Méellor-Yamada-Janjié
— Janjié¢, 2002, NCEP Office Note
— Turbulent Kinetic Energy (TKE) 2.5 order closure
— Penn State decreased the minimum TKE by order of
magnitude (0.1 => 0.01 m?s?)
 Quasi-Normal Scale Elimination
— Sukoriansky and Galperin, 2008, Phys. Scr ., vol T132
— Turbulence becomes anisotropic as stability increases
— Nocritical RI (can get morerealistic transition to stable)
— Includes gravity waves



L and Surface M odels

 Noah
— Typical LSM in WRF studies
— 4 soil levels
— Dynamic land surface based on ssmulation rain/snow

e Rapid-Update Cycle (RUC)
— Similar idea as Noah
— Allowsfor multiple snow layers

— Therefore better characterization of unigue snow
radiation characteristics

— More LW cooling and thus stronger inversion



Hind Speed {(n/s)

Wind Speed Bias

Near Darkness Episode Partial Sunlight Episode

HETAR bias scores, within Grid 3, 83688 UTC 14 Dec 26067 -- 8688 UTC 83 Jan 20088 HETAR bias scores, within Grid 3, 8388 UTC 23 Jan 2608 -- 8866 UTC 12 Feb 20888
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« No major difference between all smulations at a given

resolution




TemperatureBias

Near Darkness Episode Partial Sunlight Episode

HETAR bias scores, within Grid 3, 8388 UTC 14 Dec 2687 -- 8866 UTC 83 Jan 2088 HETAR bias scores, within Grid 3, 8388 UTC 23 Jan 20088 8888 UTC 12 Feb 20888
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 QNSE dightly lesswarm-biased than MY J*

e RUC hascold bias




Tenperature {C)

TemperatureBias

Near Darkness Episode
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Partial Sunlight Episode

HETAR Tenperature, Grid 3, 8388 UTC 23 Jan 2008 -- 8866 UTC 12 Feb 20888
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RUC’s cold bias occurs during cooling periods with light snow

and icefog

During coldest periods, RUC performsthe best becauseit has

the least positive bias



re {nb)

Vertical Temperature Sounding

Near Darkness Episode Partial Sunlight Episode

Sounding tenperature, Grid 3, 8388 UTC 14 Dec 2687 -- 8808 UTC 83 Jan 2088 Sounding temperature, Grid 3, 8380 UTC 23 Jan 2008 -- 8808 UTC 12 Feb 2008
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e RUC isclosest to observed Fairbanksairport sounding
« RUC isstill warm in lowest layers, as an average

e OQNSE isnot much different than MY J*




Tenperature {C)

975 mb Sounding Temperature

Near Darkness Episode

Lowest PAFA Sounding Tenperature, 8386 UTC 14 Dec 20887 -- 88688 UTC 26 Dec 2007
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e Near Darkness:

Partial Sunlight:

Tenperature {C)

Partial Sunlight Episode

Lowest PAFA Sounding Tenperature, 8386 UTC 82 Feb 2088 -- 88688 UTC 12 Feb 2008
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RUC develops cold bias during light snow (microphysics?)
RUC isbest during coldest period

Base and QNSE have best diurnal range but 7 °C warm
RUC too cold when snowy (microphysics?)
RUC isbest at night but too much diurnal range (radiation)




Nudging on 1 km Domain:
Sounding Temperature RMSE

Fairbanks temperature RHSE, 83688 UTC 14 Dec 2887 -- 8688 UTC 20 Dec 2007

5808

Near Darkness Episode

6680

780

re {nb)

[
& gee |

Nudged 1 km

9680

8 2 4 6 8
Tenperature {C)

R Grid 3 HRR THINDO 8,45 ====== Grid 3 HRR THINDO 1,0 =
R wssss== Grid 3 HRR THINDO 2,0 e

Nudging on 1 km has lar ge effect



Summary

« WRF can model strong Fairbanksinversions

e High vertical resolution requires modifications
— Nudging M ethodology, verification routines, CMAQ emissions

e QNSE PBL isnot much different than MY J*

e RUC LSM isbetter overall than Noah for the coldest
periods of this case study

— Cold biasduring period of cooling temps and light snow
possibly due to microphysics

B — Strong diurnal cyclein Feb. and coldest inversions possibly a
result of better resolved snow radiation flux

M
-+ Nudging at 1 kmisstill useful and perhapsnecessary

Source: Fairbanks North Star Borough



