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~ Qutline of Discussion

* Overview of recent efforts at the US EPA to improve our
WRF modeling for Air Quality research and applications

* New very high resolution landuse datasets for better
modeling of land-surface processes

* WRF-CMAQ): a fully coupled modeling system of the future
* AMAD’s WRF new assimilation (nudging) strategy

* Recent model performance of US EPA’s annual CONUS 12
km simulations

* WRF-CMAQ ensemble modeling



| m—

"“Weather Research and Forecast
Model: Historical Contributions

* Involved in initial workgroups that were formed to guide
the development of WRF in late 9o’s, early 2000’s

* Contributed to the funding of the development of grid
nudging/data assimilation in WRF (~2006-2007)

* Implemented AMAD developed physics in WRF

e Asymetric Convective Model V2 (Pleim 2007)

e Pleim-Xiu Land surface model (Xiu and Pleim, 2001;
Pleim and Xiu, 2003; Pleim and Gilliam, 2009)

* Meteorology-Chemistry Interface Processor (MCIP)
* WRF-Chem (NCAR)
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Current WRF Research and Contributions

¢ Continued updates and improvement to ACM2, P-X LSM
* Development of land-surface dataset for WRF
e NLCD 1992, 2002, 2006; MODIS 2006

* WRF-CMAQ (US EPA/AMAD)

e Direct (SW/LW rad) and indirect effects (microphysics) of aerosols on
meteorology

* Assimilation of wind profiler observations to improve lower troposphere
transport

* Ensemble FDDA using SREF or other weather forecast ensemble systems

* Other active AMAD research that may yield significant model
improvements

e Use of impervious surface, canopy fraction and canopy height in LSM
WRF Regional Climate Modeling

Subgrid scale cloud fraction from convective to radiation scheme
Nudging of moisture added to spectral nudging scheme in WRF

More flexibility in vertical nudging coefficients to allow lower or no nudging
in the upper troposphere and lower stratosphere



Very high resolution National Land
Cover Dataset (NLCD): approx. 30
m data for US with 4 urban
categorizations

Utilized in P-X LSM fractional land
use scheme

Developed a tool to map these data
to user defined model domains

Developed datasets (NLCD 1992,

NLCD 2002, NLCD 2006) for
distribution with the WRF model
this summer

Other NLCD-based data is available ;o™ X
and will be leveraged in the future; Medium
i.e., impervious sfc. frac., forest e
canopy coverage and height
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Aerosol Optics & Feedbacks

* Volume weighted refractive indices
for each wavelength based on
- Composition and size distribution
=S BEN O NEE NG S C R EC A POA;
anthropogenic and biogenic SOA,
other primary, water

* Both RRTMG and CAM Shortwave

radiation schemes in WRF

« Effects of aerosol scattering and

absorption on photolysis

+ Effects of O, on long-wave radiation

Flexible design of model coupling allows

* data exchange through memory resident buffer-files
« flexibility in frequency of coupling

* identical on-line and off-line computational paradigms with minimal code changes

* both WRF and CMAQ models to evolve independently;
Maintains integrity of WRF and CMAQ




WRF-CMAQ: California Fire Case Study

Widespread wildfires resulted in significant PM
pollution during mid/late June 2008 in California and
surrounding states

* Fuel loading: National Fire DangerRating (NFDR) system
+ Emission Factors: Fire Emission Production Simulator (FEPS)
Function of fuel class
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Shortwave Radiation Reaching the Surface
With and Without Feedbacks
Comparison with measurements at ISIS site at Hanford, CA

1200
p——— 1200 T———
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1000 eedbac Loup ] ! teedback
800 4 200
GO0~ 600
o o
E E
= 400 s 400
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* More pronounced reduction in shortwave radiation due to aerosol loading
* Including aerosol direct forcing improves simulation of SW radiation
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RF “ch-ﬁnfiguratioﬁ: General

® Other than Air Quality Forecast initiative in the mid-
2000's, the US EPA simulates meteorology for
retrospective cases

e Full annual US simulations for 2002-2009

® Qur data assimilation methodology is “grid nudging’,
which leverages model analyses and observations; can
be thought of as a “dynamic analysis”

e WREF is used to drive annual CMAQ simulations in an
oftline, non-coupled mode



3-D ANALYSIS NUDGING

Obsgrid: 12 km NAM Analysis (3-hourly) + —
twice daily RAOB, vars--U, V, T, Q
—>
—
g / SEnmEm

SURFACE ANALYSIS NUDGING
Obsgrid: 12 km NAM Analysis (3-
hourly) + 10 m wind obs (U, ,V,. )

PBT TTcight







¥ 12 km Morth American domain pictured above

3 Annual simulations for 2002, 2006 and 2007,
2008 in progress and 2009-2010 are planned

» 472 (nx) x 312 (ny) grid cells with 34 layers; first
layer is ~40 m thick with about 17 layers belaw 2000
m

* High resolution (30 m) Mational Land Caover
Dataset used for landuse; fractional landuse used to
detive sutface characteristics within the PX LSk

% Time varying sea surface temperature

¥ Bth order diffusion (opt. 1), w_damping, w-
Rayleigh damping, km_opt (opt. 4), positive definite
advection for scalars and moisture

3 Simulations were split into 5.5 day run segments
that overlapped by 12 hours. The 12 haours is used
for model spin-up, but not used by the air guality
model or in the evaluation

* Analysis nudging of U, T and Q was enabled
with the specific options provided to the right; no
temperature and moisture nudging in the PBL

¥ Surface  analysis nudging  was
namelist options to the right

enabled per

* Pleim-#iu LSM soil maoisture and temperature
nudging enabled

3 All nudging fields including 3-D wind, temperature
and water vapor mixing ratio; 10-m wind, Z-m
termperature and 2-m mixing ratio were derived from
the Obsgrid re-analysis program, which used the 12
km MNAM as the base analysis and standard surface
observations and rawinsonde soundings for the
upper air data

WRF Configuration: Physics Options

Model Configuration

Physics Parameterization
Microphysics Morrison
Longwave radiation RRTMG
Shortwave radition RRTMG
Surface-layer Pleim
Land-surface Pleim-Xiu
Boundary-layer ACM2

Cumulus

Kain-Fritsch 2

Eidda
grid_tdda
grid_stdda
agfdda_1nname
agfdda_end_h
agrdda_interval_m
agidda_interval
gtdda_inname
ufdda_end_h
gidda_interval_m
fgde
if_no_pbl_nudging uv
if_no pbl nudging t
1f_no_pbl_nudging_q
if_sEec_uv
k_zimc_uv

k_zfac_q

CFELTY
B8

1E_rasping
dtramp min
io_form_grdda
rirble

!

i,
1,
"wefafdda d01",
133,
180,

10800
Swrffdda_d<domain:*,
133,

180,

0,

i,

1,

1,

0.

13,

o,

13,

o,

13,
0.0003 ,
0.0003,
0.00001,
0.000%,
0.0000,
0. 0000,
1,

0.0,

2,

250.0

Model Evaluation: The Atmospheric Model Evaluation Tool (AMET), developed by the US EPA and
the Univ. of Marth Caraolina's Institute for the Environment, was used to match the annoal WRF simulations
with point measurements from surface networks and wind profilers. AMET uses the observations collected
by the Metearalogical Assimilation Data Ingest Systern (MADIS). Far the comparisons to MMS it must be
understood that the MMS simulation was far a different year (2005) and that domain only covered the
gastern US, while the WRF domain covered the difficult to model western LS.
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New Assimilation Strategy

* Need: Evaluations showed important features for pollution
transport, like nocturnal jets, were not simulated well

* Test 1: Elimination of nudging within the PBL as suggested
in the past by Zhang et al. (2001)

* Test2: Utilize more upper-level observational data like
UHF and VAD wind profiles in the data assimilation
(Michelson and Seaman 1999; Godowitch et al., 20m)

* It was found that this combination not only improved the
winds in nocturnal jets and at the top of the convective
boundary layer, but this improved forcing lowered error in

wind within the PBL



UHF Profiler

-
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UHF Profiler

Pros: high vertical (10’s of m)
and temporal resolution
(sub-hourly), good coverage
in the more critical air sheds

Cons: inconsistent spacing

Velocity Azimuth Display (VAD)
Pros: Consistent and full US
spatial coverage, sub-hourly and
easily accessible

Cons: Coarse vertical resolution,
can be influenced by birds and

precip

VAD Wind




Impact of VAD Nudging———
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Wind Speed RMSE (

N Wind Speed 10
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esting the New Assimilation trategy
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Error difference (Ne.wAssim—AQMEII) (300-1000 m)
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WRF/orig FDDA wind speed field

[4]=profiler 0_0811_08UTC (DBS) [B]=WINDS_WRF34basefida_11AUGZ00208

August 11, 2002 08:00:00 UTC

Wind Speed (mfs)

16.

14.

12.

10.

Godowitch et al (2011) - Figure A3

[3=METDOT3D_020811EUSL? [4]=profiler 0_DS11_08UTC (DBS)

August 11, 2002 08:00:00 UTC

esting the New Assimilation trategy

Z =300 m AGL

WRF/updated FDDA wind speed field

Wind Speed (mfs)

16.

14.

12

10.

> Stronger winds in mid-Atlantic jet agree with obs
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Ozone aloft { CMAQv4.7 + WRF org FDDA)
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esting the New Assimilation trategy
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yzone aloft in residual urban plume in close

proximity to values at observed protile sites In VA than previous model results
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CMAQ vs UMD Aircraft Ozone Measurements
Morning Horizontal Flight Path - Richmond, VA to Ft. Meade,MD

CMAQvy47 w/WREF orig. FDDA

Model vs UMD aircraft concentrations
July 18, 2002 : 1323 UTC : Traverse OFP > FME

CMAQvs0 w/WRF new FDDA

Model vs UMD aircraft concentrations
July 18, 2002 : 1323 UTC : Traverse OFP > FME

110 110 i
® ¢ ® Opserved ® & @ Observed
® ® o CMAQ ® ® ® CMAQv50
100
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60 60
L ) L ]
. .
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40
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Distance along Flight Path (km) Distance along Flight Path (km)
> Modeled O, values from CMAQyvso0 are in much closer agreement

to observed values along this horizontal path aloft than previous
model results
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Model Performance of Recent US
EPA Annual CONUS (12km)
Simulations



Montly-Diurnal RMSE of 2-m Temperature (K)
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Mearszolute Error of %m Temperature (C) Date: BEETWEEN 20060101 AND 20060131
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Model Performance Statistics Obs and Mod Box Plots
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August 2006

Model Performance:
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1.5
175
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Mean Absolute Error of Wind Speed (m/s) Date: BETWEEN 20060801 AND 20060831
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Model Performance Statistics

Data court

Correlation

Standard Deviation

Mean Absolute Error

Mean Bias

*Mean Fractional Bias (%)
“Mean Normalized Bias (%)
"Mean Normalized Error (%)
"Normalized Mean Bias (%)
*Nermalized Mean Error (95)
Root-Mean-Sar—Error
Index of Agreement

1679262
0.9549
1.8875
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0.065214
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28067
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29862
1.8057
095448

* Stats are normalized by observation range

Model Perdormance Statistics
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* Stats are normalized by observation range
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Mean Absolute Error of Mixing Ratic (g/kg) Date: BETWEEN 20060101 AND 20060131 B

Index of Agreement

Mean bias of Mixing Ratio (g'kg) Date: BETWEEN 20060101 AND 20060131

(% o , 0% ¥ ° .




2-m Temperaiu s (K)

275

2-m Tempsranm s (K)

2-m Tempseaiums (K)

25

280 285 20

270

285 20 295 200

230

275

S00

295

220

WRF I\/Iodel Performance

FO06-01-01 :

aum-m-os ;

2006-01-05 :

B:m—b]—()? o E00E-01-02 : amﬁ-m n H ams-pl [EWE 2005-01 15

| Time Series Statistics — =

MAE BIAS 041

FO0B-01-01.. . ..

o | Time Series Statistics —>

MAE 1.52 BIAS -0.22 I0A 0,98 |

FODE-D1-01  ©  2006-01-05

. H0BD1-05 © 080109 . 2006DI-11  2008-DI-13  © 2006-01-15

Time Series Statistics —>

MAE 1.77 BIAS -0.12 104 0.84 | o

2-m Temperat m (K)

2-m Tompeeatum (K)

00

mmrm mms n o 200G

220 2@s %0 s

A05

25

2-m Tomporat m (K)

!58293222942%298&1)31‘

R | Time Series Statisties —s  MAE 1.29

BIAS 088

D4 085




Time-Height Mean Model of Wind Speed (m/s)
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RF Model Performance: Precip.
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WRF-CMAQ Ensemble Modeling

* Uncertainty in air quality modeling is largely impacted by
the uncertain inputs of meteorology and emissions

* In order to account for meteorological uncertainties a more
probabilistic approach may be necessary

* Short-Range Ensemble Forecast system (SREF) is a 21
member system ran 4 times each day and can be used to
drive multiple WRF-CMAQ simulations via grid nudging

* CMAQ results can not only provide a better assessment of
modeled pollutant uncertainty, but a quantitative measure
of the impact of meteorology inputs on air quality
solutions

37



55 ODE m 57 138 J‘
4—Géﬂ 08 ‘DJ!\ e
i -

73 098
sy o Ug$°\

I \H

27%

Jun 7, oo UTC




2 4
f'f\;ﬁ 45{48
B 42 #
80 g wgc'.' r‘im‘. c
JE;:DJ 43 45 A

e

+
BS 105 €

57_05F_ (50
2 i
SN &

I%&’.Q\‘%@[}DZ'I(; ,‘i )
0 Y :
"o S Jun 9, 12 UTC

Jun 9, oo UTC
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omain-Wide Error Summary

RMSE (K, g/kg, m/s, deg)

NAM (baseline) 2.87 2.24 1.91 41
EM_CTL 2.9 2.23 1.91 41
EM _P1 2.89 2.19 1.93 42
EM N1 2.8 2.18 1.93 41
EM_P2 2.83 2.19 1.92 41
EM_N2 Z2.89 2.2 1.95 42
NMM_CTL 2.77 2.15 1.89 40
NMM_P1 2.82 2.2 1.91 41
NMM N1 2.73 2.17 1.92 40
NMM_ P2 2.74 2.19 1.88 40
NMM_ N2 2.83 2.2 1.92 41
ETA_CTL1 2.73 2.14 1.92 40
ETA_CTL2 2.73 2.14 1.92 40
ETA_P1 2.94 2.3 2.03 47
ETA N1 2.77 2.15 1.92 40
ETA_P2
ETA N2 3.11 2.38 1.98 44




Domain-Wide Temperature(2m) Error
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Impact of Ensemble Meteorology on CMAQ
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nsemble Mean, Standard Deviat_i—z)rr_\, and Coefficient of
Variation of 8hr DM 03, Jugﬁg9, 2011

Ensemble Mean (pph) Ensemble Standard Deviation (pphb)
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Ensemble CV vs. Ensemble Mean

semble Standard Deviation and Ensemble Coefficient of Variation

of 8-hr DM O3 as Function of Ensemble Mean Concentration
All Days June 6 — 9, All Grid Cells Except 100% Water Cells
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Spatial Ensemble Metrics

Mean Ensemble MAE (pbb)
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Note: Symbol color is the mean of the MAE of Ensemble Members (8-hr Max Ozone)
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Symbol size is proportional to the Std.Dev. Of the Ensemble MAE’s
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Daily City-based max 8-hr O3 Comparisons

June 6, 2011
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City: LosAngeles
Datwe: 2011-06-06
Chbs Hits: 6ol 10 or <80%

Cilty; Sacramenta
Date: 2011-06-06
Obs Hits; 5of 10 or <50%

ity Denver
Date: 2011-06-06
Cbs Hits: 100f 12 or -83%

City: Dallas
Date: 2011-06-06
Obs Hits: 10 0f 15 or ~87%

City: Houstan
Date: 2011-06-06
Oibs Hils: 17 of 17 or «100%

City: Chicage
Date: 2011-06-06
Obs Hits: 11 of 11 or ~100%

City: Calumbus
Date: 2011-06-06
Obs Hits; 30f 7 or ~43%

City: Chariote
Date: 2011-06-06
Chs Hits: 18 of 27 or ~67%

City: DC-Balt
Date: 2011-06-06
Obs Hits; 13 of 13 or =100%

City: Nework
Dawe: 2011-06-06
Chs Hits: 2 of 4 or <50%

City: Cleveland
Date: 2011-06-06
Obs Hits; 14 of 15 or <33%
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Date: 2011-08-07
Chs Hits: T ot 10 or -7 0%

Dale: 2011-06-07
Obs Hits: 5 of 11 or -82%

Date: 2011-08-07
Obs Hits: 2ot 1207 =17%
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Dale: 2011-D8-07
Obs Hits: 11 ot 150r -7 %

Date: 2011-06-07
Obe Hits: 1601 18 or ~85%

Diabe: 2011-08-07
ChesHitsz 110l 11 0r~100%

Date: 2011-06-07
Obs Hits: 201 7 or ~28%

Date: 2011-08-07
Cbe Hits: 25 01 28 or ~89%

Date: 2011-06-07
Obs Hits: B0l 14 or ~67%

= =

Date: 2011-06-07
Obs Hits: 0 of 4 or ~0%

Date: 2011-06-07
Obs Hits: 5 ol 15 or ~33%
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—
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* City-wide 8-hr max O3 can vary widely on a day-to-

day basis. It is very difficult for a single model

realization to capture this spatial variability on such a
small scale. Probabilistic modeling has the capability

of making these max 8-hr estimates more likely to

cover the observed range.
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Daily City-based max 8-hr O3 Comparisons

June 8, 2011
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City: LosAngeles
Date: 2011-06-08
Chs Hits: 100f 100r =100%

City: Sacramento
Date: 2011-06-08
Obs Hils: 8 of 10 or =B0%

City; Denver
Date: 2011-06-08
bs Hits: 1001 11 or =81%

City: Dallas
Date: 2011-06-08
Obs Hils: 3of 15 or =20%

City: Houston
Date: 201 1-06-08
Obs Hils: 18of 18or =100%

City: Chicage
Date: 2011-06-08
Ohs Hits: 11 0f 11 or =100%

City; Columbus
Dats: 2011-06-08
Obs Hits: 7ol 7 or =100%

City: Charlatie
Dade: 2011-06-08
Obe Hits: 26 o1 27 or ~86%

City: DC-Balt
Date: 2011-06-08
Obs Hits: 13 oF 14 or ~93%

City: Newark
Date: 2011-06-08
Obs Hits: 4 of 4 or~100%

City: Cleveland
Drate: 200 1-06-08
Obs Hits: 16 ol 16 or ~84%

CheHits: 9 ol 10 or ~80%

Obe Hits: 11 of 11 ar~100%

Obs Hits: 601 11 or ~55%

Obs Hits: 1ot 15 or ~T%
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Obs Hits: 10cf 10 0r ~100%

Obs Hits: 7017 or ~100%

Obs Hils: 23 028 or ~82%
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Obs Hits: ol 4 or~75%
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