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High-Resolution Regional
Environmental Forecasting

* Needed to prepare for and respond effectively
to severe weather.

* Required to determine trajectories of plumes
and pollutants.

* Necessary for adaptation to global climate
change.



The Northwest Real-Time
Prediction Effort

 Supported by the NW modeling consortium, a
collection of local, state, and Federal
agencies...as well as private sector firms...a
relatively unique funding approach.

* Nearly two decades old.
* End-to-end environmental prediction.



End-to-End Regional Environmental
Modeling

Pacific Northwest Environmental Forecasts and Observations
Supported by the Nerthwest Modeling Consortium
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History

* The NW modeling
consortium can be traced
back to the early 1990s
when regional air quality
agencies, the UW, and the
NWS started meeting
about another
problem...the lack of
upper air soundings over
the Puget Sound region.




The solution: a 915 Mhz Profiler
supported by several agencies




Consortium Phase Il: Regional Modeling

 During the 1980s and IR M . ) HBNEE S A%
early 1990s, my group
was doing extensive
experimentation with
first RAMS and then
MM4/5.

* |t became clear that with
sufficient resolution,
mesoscale models could
simulate and predict
many local weather SNSRI
features of importance to E
the air qua“ty and other Early MM4 S|mulat|on (10 km) of a Puget
communities. Sound convergence zone (Jim Steenburgh)
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* In 1995, with consortium
support, created a real-
time system: running 18 Hour Forceast Valid 95121
MMS5 once a day at 27 km .. oo e e
over the Northwest * AES ‘ NN

« With very promising
results, the agencies
decided to Iinvest in a far
larger computer and to e Cal
jump to much higher B
resolution. The NW
modeling consortium

was formed.
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Early Members of the Consortium

Puget Sound Air Pollution
Control Agency

Uuw
National Weather Service
EPA

Washington State Depts. of
Ecology and Transportation

U.S. Forest Service
US Navy
Seattle City Light

Naydene Maykut, PSCAA, First Chair,
NW Modeling Consortium



Regional High Resolution
Forecasting: Fast Forward to 2012
MMD5 replaced by WRF

Larger domains ... plus a new 1.3 km 1nner
nest—perhaps the highest resolution
operational NWP in the U.S.

Model run on 136-core SAGE cluster using
commodity (Intel Xeon) chips. Highly
parallelized using 40 Gbit per sec.
Infinitbanc

Over 100 TB of disk storage
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Current Real Time Runs

 WREF driven by NWS GFS model
— 36-12 km out to 180h, twice a day
— 4 km, 84 h, twice a day
— 1.33 km, 48h, twice a day
 MMS5 driven by NWS NAM model (early
look)
— 36-12 km, 72 h, twice a day
Reliability: 99% plus.



2012 Consortium

* Rob Elleman, Chair (replaced Rob Wilson)

* Members:
— Private Sector (Iberdrola, King)
- UW
— Puget Sound Clean Air Agency
— EPA
— State of Washington (Ecology, Transportation, DNR)
— NWS
— Forest Service
— City of Seattle (SPU, City Light)




Output Is available on the web and
In gridded form (to consortium
members)



WRF-GFS
Page

Navigation
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WRF-GFS 12 km Domain
Initialized 2012042012 UTC

5 am PDT Fri 20 Apr 2012
Loop
Product By Forecast Hour
Type
}&lztl'i-iypes T{I‘g\gpeygﬁig?gundings ]5 :I; ]g Igj L12|L15|L18|L.21|L.24 .27 |L.30|L.33 [L36|L.39 142 (L45 [ 48 (.51 |L.54|L57 |L60|
SLP, 10 m winds, and temp LOOPI0 3 |6 9 |12 |15 [18 [21 24 27 [30 [33 [36 (39 [42 [45 48 51 [54 |57 |60 [
Subdomain WA SLP, 10m winds, and tempLOOP|0 3 |6 (9 |12 (15 |18 21 [24 |27 (30 (33 (36 (39 |42 |45 48 |51 54 (57 |60 |t
Western WA SLP, 10m winds, and temp|LOOP|0 [3 6 [9 |12 |15 |18 |21 24 [27 [30 [33 [3 39 |42 |45 |48 |51 [54 |57 |60 [
SLP,1om(§§iﬁI;ha1§dG£ﬁ;w°P° 306 o 12 |15 [18 [21 4 |27 [30 [33 [36 B39 |42 l45 148 |s1 |54 |57 |60 |
925 mb temperature, winds LOOP0 [3 6 9 |12 |15 [18 [21 24 27 [30 [33 [36 (39 |42 [45 48 51 [54 |57 |60 [
Thickness 1000-500 mb LOOP0 3 |6 [0 [12 |15 [18 [21 24 27 [30 [33 [36 (30 [42 [45 48 51 |54 |57 |60 [
oy cctive avatiablepotential i1 o0pio 13 16 1o 12 [15 |18 [21 24 7 30 33 36 39 42 |45 48 |sL |54 |57 60
Temperature LOOPI0 [3 16 [0 |12 |15 [18 [21 4 27 [30 [33 [36 39 |42 |45 48 |51 |54 |57 |60 [
WA Surface (2m) temperature{LOOP(0 |3 6 [0 |12 |15 |18 [21 24 [27 [30 |33 36 [30 [42 |45 |48 |51 |54 [57 |60 |
Columbia Gorge Surface (2m) temperature)LOOP0 3 6 (9 (12 |15 (18 (21 24 27 (30 (33 (36 (39 42 45 148 |51 |54 |57 |60 |t
Bias-corrected Surface (2m) temperature |[LOOP|6 |12(1824/30 [36 |42 48 |54 |60 |66 (72
éil;fn;ce Surface (2m) temperature bias LOOP|6 |12(1824(30 36 (42 |48 |54 |60 |66 (12
Surface (2m) dew point temperature LOOP|6 |12(1824(30 36 (42 |48 |54 |60 |66 (12
Bias-corrected Surface (2m) dew point LOOPl6 [12/18R4[30 B6 |42 |48 Is4 l60 |66 [72
temperature
Surface (2m) dew point temperature bias |LOOP|6 (12{18[2430 (36 42 48 |54 60 |66 (72
10m Wind Speed LOOP0 [3 (6 9 [12 |15 |18 |21 [24 [27 30 [33 [36 [39 |42 [45 |48 [51 [54 |57 60 [
Western WA 10m Wind Speed LOOP(0 3 |6 9 [12 |15 |18 |21 [24 27 |30 |33 36 39 42 |45 (48 51 54 |57 60 |
Columbia Gorge 10m Wind Speed LOOP|0 (3 |6 9 (12 (15 |18 |21 [24 [27 |30 (33 [36 39 [42 |45 |48 |51 |54 |57 |60 |t
10m Wind Gusts LOOPI0 [3 16 [0 |12 |15 [18 [21 24 27 [30 [33 [36 39 |42 [45 |48 |51 |54 |57 |60 [
Western WA 10m Wind Gusts|LOOP/0 [3 6 [0 |12 |15 |18 [21 24 27 [30 [33 36 [30 |42 [45 48 51 |54 [57 60 [
Columbia Gorge 10m Wind Gusts[LOOPI0 3 |6 (9 (12 (15 [18 [21 24 [27 |30 (33 36 39 [42 |45 148 |51 |54 |57 |60 |t
Relative Humidity LOOP0 3 |6 [0 [12 |15 [18 [21 24 27 [30 [33 [36 (30 [42 [45 48 51 |54 |57 |60 [
Solar radiation LOOPI0 3 16 9 [12 |15 [18 [21 24 27 [30 [33 [36 39 [42 [45 48 |51 [54 |57 |60 [
WA Solar radiation|LOOP|0 [3 6 [0 |12 [I5 |18 [21 24 [27 [30 [33 [36 [30 |42 [45 48 |51 [5& [57 60 [
12k 1000 ft, pressure, winds LOOP0 3 6 [0 |12 15 [18 [21 24 27 [30 [33 [36 [39 {42 [45 48 51 [5& [57 60 [
Constant 2000 ft, pressure, winds LOOP0 3 6 [0 |12 15 [18 [21 24 27 [30 [33 36 (30 [42 [45 48 51 [5& [57 60 [
Height 3000 ft, pressure, winds LOOP0 3 6 [0 |12 15 [18 [21 24 27 [30 [33 36 (30 [42 [45 48 51 [5& [57 60 [
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A Number of Organizations Are
Getting the Model Grids

National Weather Service: brought into their
Interactive system

Forest Service: to support wildfire and smoke
operations.

Washington State Univ: Air quality and
smoke modeling

Washington State: to force air quality models
KING-5 TV for on-air graphics

...and others.



WSU Air Quality Modeling

WASHINGTON STATE Air-quality forecasting for the Pacific Northwest

@UNIVERSI'IY AI RPACI"

World Class. Face to Face.

AIRPACT Home Today's PM2.5 Modeling Prediction

Graphics Products ) ) o
(click here for today's OZONE modeling prediction)

LAR Home
BUCID ARG AQI-colored Rolling 24-hr Avg PM2.5
Domain
Collaborators from two AIRPACT-3 CMAQ runs:
Background 2012041600 and 2012041700
Change Log 350.40 95
News
Disclaimer 280.45
Contact
210.45
Activities/Related 140.45
Programs:
55.45
NW-AIRQUEST
AlIRNow 35.495
BioEarth
BlueSky 15.45 Flash Animation
CEREO Products
ClearSky 10.00
WRF Forecasting
NSPIRE 0.00 16 e it e i
WSU Laboratory for uQ!ms 1 95
Atmospheric Research April 19,2012 2:00:00 (PST)

Min= 0.19 at (14,70), Max= 21.85 at (60,33)



Managing Field Burning

WASHINGTON STATE A dispersion forecasting system supported by NW-AIRQUEST
QUNIVERSI'I‘Y

World Class. Face to Face.

ClearSky dispersion forecasting system for management of agricultural field
burning smoke in the Pacific Northwest.

ClearSKY Home
Visitor's Area
LAR Home

Function

Technical Description
Timing

Disclaimer

Project Contacts

User-Prescribed Burn
Scenarios (pwd protected)

Activities/Related
Programs:

NW-AIRQUEST
AIRPACT
BlueSky
El Web Center

WRF Forecasting
WSU Laboratory for

AocpHeric Research Burn Locations: Burn Scenarios:
= Eastern Washington = Default user-prescribed burn scenarios
= Northern Idaho (password protected)

n Clearwater & Nez Perce
Reservation

= Boundary County



WSDOT

University of Washington

J"" w A e T e CameraLoop

Department of Transportation
Click on small camera image to view larger image (Camera loop for high speed modems only)

Apr 20,2012 10:15 AM PDT

90 Midspan 1-90/SR900  Bandera West Summit  Hyak West Elk Heights ~ Rocky
Canyon
(=) Current Conditions Updated at: 10:00 AM Fri Apr 20 ROAD TEMPERATURE BLUE TEXT=AIR® snow Depth NWAC Mountain Forecast
— =9 32° & below  33°-38° over 38° no data
(_ Forecast Conditions
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Page Information WSDOT Road Weather WSDOT Traffic Ferry Weather
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Ventilation Index for AQ Agencies
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U.S. Forest Service
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King-5 Futurecasts Driven by UW
WRF
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Real-Time Hydrological Prediction:
WRF Driving DHSVM

Chehalis_River_Near_Doty streamflow {(cfs)

Latest Forecast initialzed on: ® RT-12km
Tuesday 03-13 04:00 PST * RT-4dkm
fl i 9601.
PIHE AP o 11559 pat * RTeta-12km
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Data Everywhere

* In support of the nascent modeling effort in the
mid-1990s, we needed a lot more data than
was available as NWS/FAA airport sites.

 During that period a number of groups
established observing networks, whose data
was available over the nascent Internet (Puget
Sound Clean Air Agency, Schoolnet, etc.)

* Why not collect these networks, decode them,
and combine to create a dense mesonet?



NorthwestNet was born




Today

Over 72
different
networks

3000-4000
observations
per hour
over WA and
OR

10 FEB 11 18002



Probabilities

Probabilistic prediction is the future.

Clearly needs to be done at high-resolution for
regional applications.

Based on high-resolution ensembles.
But little had been done before 2000.

Starting at that time, the UW built the highest-
resolution regional ensemble system in the U.S.

With UW statistics created a sophisticated post-
processing system to get reliable probabilistic
information.



The UW Mesoscale Ensemble
Prediction System (UWME)

Resolution (~@ 45 °N)

Objective
Abbreviation/Model/Source Type Computational Distributed | Amnalysis
rﬁc Emé‘sé avn, Global Forecast System (GFS), Spectral | T254 / L64 1.0°/L14 SSI
\ 7" National Centers for Environmental Prediction ~55km ~80km
EI cmcg, Global Environmental Multi-scale (GEM), | Spectral | T199/L28 | 1.25°/L11 | 3D Var
Canadian Meteorological Centre ~100km ~100km
-.’(NC EP} eta, Eta limited-area mesoscale model, Finite | 12km/L45 | 90km/L37 | SSI
“ " National Centers for Environmental Prediction Diff.
=\
/7@‘\?)))/ gasp, Global AnalysiS and Prediction model, Spectral | T239 /L29 1.0°/L11 3D Var
((\\\E:/ Australian Bureau of Meteorology ~60km ~80km
jma, Global Spectral Model (GSM), Spectral | T106 /121 125° /113 | O
@ Japan Meteorological Agency ~135km ~100km
A ngps, Navy Operational Global Atmos. Pred. System, | Spectral | T239/L30 1.0°/L14 Ol
Fleet Numerical Meteorological & Oceanographic Cntr. ~60km ~80km
&,‘P@’ 3 tcwb, Global Forecast System, Spectral | T79/L18 1.0°/L11 Ol
f a y Taiwan Central Weather Bureau ~180km ~80km
| . -~ S
=~~~ ukmo, Unified Model, Finite | 5/6°x5/9°/L30| same /L12 | 3D Var
United Kingdom Meteorological Office Diff. ~60km

o




UWME
36 and 12 km
Grid spacing

Precipitation
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Ensemble Post-Procssing: Bayesian
Model Averaging (BMA)

The predictive PDF is a mixture of PDFs, each one centered on one

of the forecasts after bias correction.

------

Let y be the observed value.

Let Vi be the kth forecast from the ensemble :
The BMA model is:

K =
plylia,....9k) = > wiN(ak + bk, o)
k=1

. K
where wy > 0 and >, we = 1.

Termzurabare

The model is estimated from a training set of recent data by
maximum likelihood using the EM algorithm.

[c.f. Raftery et al. 2005, Mon. Wea. ReV.]
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The Long Term Future of the UW
Modeling Effort

Based on a 64-member ensemble of forecasts at
36 and 4 km grid spacing. WRF model and
DART Ensemble Kalman Filter (EnKF) System

Every three hours assimilate a wide range of
observations to create 64 different analyses.

Then we forecast forward for 3 hours and then
assimilate new observations.

hus, we have a continuous cycle of probabilistic
analyses.




EnKF Ensemble Forecasting System

* \We can run ensemble of forecasts forward to
give us probabilistic forecasts for any period
we want. Now doing 24h, four times a day.

 Planning to go to a 1-hr cycle and to use more
observations (e.g., more surface pressure obs).

 This will be the way to produce the best
analyses and short-term forecasts for a variety
of needs.



UW WEF EnKF 4km Domain Init: 12 UTC 5at 05 May 12
Fest: 3 h Valid: 15 UTC Sat 05 May 12 (08 PDT Sat 05 May 12)
Total Precip in past 3 hre (.01lin)

Model Infe: ¥3.0.1.1 EF YSU PBL WSM 2class Noah LSM 4.0 km, 37 levels, 24 szec
L¥W: RRTM 5W: Dudhiaz DIFF: simmple EM: 2D Smagor



UW Regional NWP Effort Serves As

A Model

* Based on the success of the UW NW modeling
and consortium approach, a number of others
tried to clone or duplicate it.

A major example: the U.S. Forest Service
FCAMS (Fire Consortia for Advanced Modeling
of Meteorology and Smoke) effort:



FCAMMS

FCAMMS Regional Modeling Domains Nationa! Prodwucts




A Different Model

 Regional high-resolution environmental
prediction is viable.

« Combined with a national backbone effort, it
offers an alternative to completely centralized
environmental prediction.
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