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Fairbanks “RARE” Project

• RARE = Regional Applied Research Effort
– Internal EPA program to match ORD scientists to Regional

needs
– Collaboration between EPA-R10, EPA-ORD, ADEC, and

Fairbanks North Star Borough

• Model meteorological inversions and PM2.5
– Develop emission inventory
– Test WRF options
– Test aerosol chemistry

• Rely on field measurements by FNSB and ADEC

Sierra Research
Penn State
EPA-R10 and EPA-ORD



Emissions Inventory (Sierra)

• Update and refine point, area, and mobile
sources

• Residential home heating

• Mobile emissions

• Results to come after SMOKE processing
– Next few months



WRF Domains (Penn State)
12 km

4 km

1.3 km



WRF Domains

• Lowest ½-level for temperature, humidity and winds at
2 meters

• Third ½-level at 10 meters

WRF 1.3 km Domain WRF Vertical Levels

T, U, V at ½ levels

2 m
6 m

10 m



High Vertical Resolution Presents
Challenges to Modeling

• WRF
– Nudging
– Comparison to observations

• Pollutant emissions into CMAQ



High Vertical Resolution and Nudging

• 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 ResolutionNormal Scenario

T, U, V at ½ levels

2 m
10 m

0 m

36 m

18 m

•Log-layer for winds
•Adiabatic lapse rate 
from 2 m for T



High Vertical Resolution and
Comparison to Observations

• 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

T, U, V at ½ levels

2 m
6 m

10 m

Normal Scenario

T, U, V at ½ levels

2 m
10 m

0 m

36 m

18 m

•Log-layer for winds
•Adiabatic lapse rate 
from 2 m for T

•3rd ½ level for winds
•1st ½ level for T



High Vertical Resolution
and Pollutant Emissions

• Emissions are now in the 2nd or 3rd layer of CMAQ
• Roadway turbulence must be parameterized

High Vertical ResolutionNormal Scenario

0 m

36 m

Chimney Tailpipe
T, U, V at ½ levels

2 m
6 m

10 m

Chimney Tailpipe



High Vertical Resolution Presents
Challenges to Modeling

• WRF
– Nudging
– Comparison to observations

• Pollutant emissions into CMAQ

Penn State

EPA-ORD

Penn State



Daily Average Temp and Daily PM2.5 in Fairbanks
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WRF Configurations
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PBL Schemes
• Mellor-Yamada-Janjić

– Janjić, 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 m2s-2)

• Quasi-Normal Scale Elimination
– Sukoriansky and Galperin, 2008, Phys. Scr., vol T132

– Turbulence becomes anisotropic as stability increases
– No critical Ri (can get more realistic transition to stable)
– Includes gravity waves



Land Surface Models
• Noah

– Typical LSM in WRF studies
– 4 soil levels
– Dynamic land surface based on simulation rain/snow

• Rapid-Update Cycle (RUC)
– Similar idea as Noah
– Allows for multiple snow layers
– Therefore better characterization of unique snow

radiation characteristics
– More LW cooling and thus stronger inversion



Wind Speed Bias

• No major difference between all simulations at a given
resolution

Near Darkness Episode Partial Sunlight Episode

RUC

QNSE

New
Baseline

RUC

QNSE

New
Baseline



Temperature Bias

• QNSE slightly less warm-biased than MYJ*
• RUC has cold bias

Near Darkness Episode Partial Sunlight Episode

RUC

QNSE

New
Baseline

RUC

QNSE

New
Baseline



Temperature Bias

• RUC’s cold bias occurs during cooling periods with light snow
and ice fog

• During coldest periods, RUC performs the best because it has
the least positive bias

Near Darkness Episode Partial Sunlight Episode

RUC

NoahRUC Obs

12/14 12/21 12/28

NoahRUC Obs

1/23 1/30 2/6

LS M, IF, LS LS LS LSLS LS LS LS, M, IF

LS = Light Snow
M = Mist
IF = Ice Fog

Highest PM2.5 Highest PM2.5



Obs

QNSE RUC ObsBase

RUC

Base 
QNSE

Vertical Temperature Sounding

• RUC is closest to observed Fairbanks airport sounding
• RUC is still warm in lowest layers, as an average
• QNSE is not much different than MYJ*

Near Darkness Episode Partial Sunlight Episode

QNSE RUC ObsBase

Obs
RUC

Base 
QNSE

975



975 mb Sounding Temperature

• Near Darkness:
– RUC develops cold bias during light snow (microphysics?)
– RUC is best during coldest period

• Partial Sunlight:
– Base and QNSE have best diurnal range but 7 ºC warm
– RUC too cold when snowy (microphysics?)
– RUC is best at night but too much diurnal range (radiation)

Obs

QNSERUCObs Base

RUC

Base 
QNSE

Near Darkness Episode Partial Sunlight Episode

BaseRUC QNSE

Obs
RUC

Base 
QNSERUC

Obs

Obs

Base QNSE

Base QNSE

Obs
RUC

12/14 12/22 1/31

Highest PM2.5

2/412/18 12/26 2/8 2/12

Highest PM2.5

M, IFLSLS M, IF, LS LS



Nudging on 1 km Domain:
Sounding Temperature RMSE

Nudging on 1 km has large effect

RUC

Base

Nudged 1 km

Near Darkness Episode



Summary
• WRF can model strong Fairbanks inversions

• High vertical resolution requires modifications
– Nudging Methodology, verification routines, CMAQ emissions

• QNSE PBL is not much different than MYJ*

• RUC LSM is better overall than Noah for the coldest
periods of this case study
– Cold bias during period of cooling temps and light snow

possibly due to microphysics
– Strong diurnal cycle in Feb. and coldest inversions possibly a

result of better resolved snow radiation flux

• Nudging at 1 km is still useful and perhaps necessary
Source: Fairbanks North Star Borough


