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= Forecasts | ][ike sausages, cease to inspire respect in
proportion as we know how they are made.”

e First citation, American poet John Godfrey Saxe (1869)
= Often attributed to Otto von Bismarck:

= [f you are really interested:
e How to Make Sausage



https://www.youtube.com/watch?v=OBx-dTNnVJ4

Observations are Limited in Space and Time
« This has implications for data assimilation and initialization.

Forecast Latency Issues

« Warnings must be posted > 24 hours in advance to allow for
public/private emission control efforts to be effective while air
quality responds to mesoscale effects on shorter time scales.

Key Processes Often Not Fully Understood

 Areas of uncertainty include, for example, secondary particle
formation, emissions.

Year-to-Year Changes in Pollutant Precursors

Forecast Metrics
« Key metric (domain peak) poses an Extreme Value challenge.



NO, and CO Reductions
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Fig. 3. Long-term wends of ground-level O3, OO, and N0y ob-
served in the Baltimore Washington area in EPA K05 sites (sites
shown in Fig. 54 of the Supplement). OO miving ratos have been
scaled by 10 for clarity. To imvestizate the ozone chemisiTy, mes-
surements in the afternoon {12:00-18:00 LT) during the ozone sea-
soms wers used fo caloulate anmms]l means,

He, et al., 2013, Trends in emissions and concentrations of air

pollutants in the lower troposphere in the

Baltimore /Washington airshed from 1997-2011, Atmos. Chem.

Phys., 13, 7859-7874.
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Poor Man’s Bayesian approach: The forecast is anchored by
a “first guess” and then adjusted by additional forecast
metrics.

Persistence is typically used as the Anchor.
« What kind of persistence: Local, regional, transport-specific?

The Adjustments are based on:

« Numerical air quality forecast model guidance.
 Post-processed model guidance.

e Statistical guidance (e.g., regression, clustering).

« Ensembles of guidance (multi-model, multi-method).

« Factors not fully resolved by coarser resolution AQ numerical
models are addressed via heuristics “expert analysis”.



This area is
characterized by a
band of high
emissions along the I-
95 Corridor (red
rectangle), complex
terrain with higher
elevations to the west,
and a coastal plain,
with embayments, to
the south and east.
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Persistence: Local and Transport

Numerical Model Guidance

v

Statistical and Ensemble Guidance @

Post-Processed Model Guidance

Heuristics and “Unresolved” Effects



e Local
Persistence

Back « HYSPLIT Model .
Traj ectories (Semi-Lagrangian) Adjustments

(14 c 2
Local Persistence UPWIHd e Current
June 30, 2011 Persistence/ observations
PHL: 60 ppbv Residual via AirNow

RIC: 65 ppbv Layer
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Source * at 37.50N 77.33 W

Meters AGL

NOAA HYSPLIT MODEL

Backward trajectories ending at 1200 UTC 01 Jul 11

NAM Meteorological Data
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This is not a NOAA product. It was produced by a web user.

Job 1D: 349018 Job Start: Mon Oct 17 17:00:19 UTC 2011
Source 1 lat.: 37.5 lon.: -77.33 hgts: 1500, 1000, 500 m AGL

Trajectory Direction: Backward ~ Duration: 24 hrs

Vertical Motion Calculation Method: Model Vertical Velocity
Meteorology: 0000Z 01 Jul 2011 - NAM12

Source * at 39.88 N 7525 W

Meters AGL

NOAA HYSPLIT MODEL

Backward trajectories ending at 1200 UTC 01 Jul 11

NAM Meteorological Data

06 00 18
07/01

12

This is not a NOAA product. It was produced by a web user.

Job ID: 361225 Job Start: Wed Oct 12 20:10:09 UTC 2011
Source 1 lat.: 39.88 lon.: -75.25 hgts: 1500, 1000, 500 m AGL

Trajectory Direction: Backward uration: 24 hrs

Vertical Motion Calculation Method: Model Vertical Velocity
Meteorology: 0000Z 01 Jul 2011 - NAM12

HYSPLIT Model

24-hour back
trajectories
terminating at
S00 m (zreen),
1000 m (blue)and
1500 m (red) AGL,
1200 UTC, July 1.
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Meters AGL

Source ¥ at 3750N 77.33W

NOAA HYSPLIT MODEL
Backward trajectories ending at 1200 UTC 01 Jul 11
NAM Meteorological Data

Shenandoah NP,
Elevation ~ 1 km
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This is not a NOAA product. It was produced by a web user.
Job ID: 349018 Job Start: Mon Oct 17 17:00:19 UTC 2011

Source 1 lat.: 37.5 lon.: -77.33 hgts: 1500, 1000, 500 m AGL
Trajectory Direction: Backward ~ Duration: 24 hrs

Vertical Motion Calculation Method: Model Vertical Velocity
Meteorology: 0000Z 01 Jul 2011 - NAM12

at 39.88N 75.25W

Elevation ~ 0.75 km i

Meters AGL

NOAA HYSPLIT MODEL
Backward trajectories ending at 1200 UTC 01 Jul 11
NAM Meteorological Data
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Job ID: 361225 Job Start: Wed Oct 12 20:10:09 UTC 2011

Source 1 lat.: 39.88 lon.: -75.25 hgts: 1500, 1000, 500 m AGL
Trajectory Direction: Backward uration: 24 hrs
Vertical Motion Calculation Method: Model Vertical Velocity

Meteorology: 0000Z 01 Jul 2011 - NAM12
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NAQC (NOAA/EMC)
« NAM + CMAOQO

Baron Meteorological Services (2 versions)
e« MMS + CMAQ/MAQOSIP-RT

North Carolina Department of Environment and Natural
Resources, Division of Air Quality (4 versions)
 WRF + CMAQ

Multi-Model Ensemble: Models vary by emissions,
physics, dynamic core. Note that nearly all numerical
models in operational use in US are coupled CTMs.



http://www.emc.ncep.noaa.gov/mmb/aq/NAQFC-reports.html
https://products.baronams.com/clients/usfs_models.html
http://www.ncair.org/airaware/forecast/model/CMAQ/12/info.html
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Raw Model Guidance

 Running Bias and/or Seasonal Drift Corrections.

e 2015: EMC KF/Analog Bias Corrections for PM,

» See, Djalalova, I, Monache, L.D. and Wilczak, J. 2015, Atmos. Environ., in
press.

» Preliminary results (PHL, Summer 2015) reduced bias by 43%, decreased
MAE by 21%.

Statistical Guidance: Variety of methods using model
guidance and meteorological variables as predictors.

Multi-Model and Multi-Method Ensembles.
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Standard linear regression (for this example, July 1,
2011 statistical guidance is backcast from the current
operational regression model). Heavily weighted to T, .,
wind speed, sky cover, persistence.

e 75 ppbv but over-prediction bias ~ +6 ppbv.

Simple cluster including “air mass relevant” variables:
T4, Tgs0, Wwind direction, NAQC forecast.

e N =9, Median: 66 ppbv, Mean: 65 + 8 ppbv; 1 of 9 cases reached
warning threshold.



A Local Persistence A Adjusted Transport Persistence (k ~ 1.2)

A Transport Persistence ®—® Range of AQ Models A AQ Model Ensemble
@ Range of Statistical Models



A Local Persistence A Adjusted Transport Persistence

A Transport Persistence =~ ®—® Range of Numerical Models
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» What Features are not Fully Resolved by Models?

= Mesoscale Effects
 Local Circulations, e.g., bay and sea breezes.
 Timing of Cloud Cover, Precipitation and Convection.
e CTMs usually coarser scale than met model.

* Unusual Events
 Snow Cover (winter season PM, )
 Wildfire Smoke (summer season O; and PM, )



SREF Probability of Clear Skies, 107011515 snEsaa s
4 Source: NCEP Aviation Weather



http://www.emc.ncep.noaa.gov/mmb/wd20bz/SREF_aviation/web_site/html_212/fltrestr.html

1800 UTC, 2100 UTC
Surface Wind
Speed and
Streamlines .2
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Finer scale weather model (12 km WRF at this time) predicts strong sea breeze in NJ,
weak sea breeze in Delmarva Peninsula with hint of bay breeze north of Baltimore.



July 2: Impact of Mesoscale Phenomena
(Sea Breeze)

Daily Peak Ozone AQI
Saturday, July 02, 2011
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Radar 2325 UTC, July 2 & In this case, numerical model guidance

Intrusion of sea breeze shown
by yellow arrows.

was not in agreement, nor consistent.



In this case (August 11, 2010)
sea breeze re-circulated the
previous day’s polluted air mass.

MODIS/Aqua TR LR i )
~ 1730 UTC HYSPLIT back trajectories superimposed
' on AirNow observations
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July 3: Impact of Mesoscale Phenomena:
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Persistence: Local and Transport

Numerical Model Guidance
Post-Processed Model Guidance
Statistical and Ensemble Guidance

Heuristics and “Unresolved” Effects




Higher resolution in-line or strongly coupled CTMs.
e Air quality events increasingly driven by mesoscale.

Fine particle (PM, ;) numerical guidance is critical.
« Few statistical alternatives, particularly in winter season.

Post-processed guidance for both O; and PM, -
Methods for diagnosing residual layer pollutants.

Continue efforts to ease access to model output (US).
« Forecaster community is diverse and non-hierarchial.

Assimilation of emissions (“top down”).

e Useful in multi-day intra-regional events. We realize this is a tall
order.
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