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1. Fjord weather &
forest fire forecasts



West Coastline changes character at the Canadian border

smooth coastline, few
Islands

fjords & many islands
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How does forest-tfire smoke interact with fjords?

i

Bishop Bluffs fire in central BC - 13 Aug 2017

Over 65 provincial parks closed.
Dozens of highways closed. Dozens of towns evacuated.



Smoke oozing down the valleys and fjords toward

Vancouver and Washington State
not classic Gaussian plume
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BACKGROUND
Plume Rise

e Biggest challenge = predicting vertical rise and injection height of the smoke
* small prediction error = potentially devastating downwind effects

* Current models (including BlueSky) use Brigg's (1975) equations for smoke stack
plumes. These do a poor job of describing actual injection of smoke vs. altitude.

temporary overshoot

smoke injected into
a range of heights:
environment-
centric behavior
- ' v
__clean upstreanvair:
plume-centric behavior

February 1, 2017 | A new approach to modelling plume rise for wildfires | C4 2017



Can LES (WRF-FIRE) capture plume rise from real fires?
- research by Nadya Moisseeva at UBC.

* prescribed burn: (Nov 10, 2012 - Elgin Air Force Base, Florida)




BlueSky-
Canada

firesmoke.ca
Run daily at UBC

® hotspots from
satellite

e forest/fuel map

e flame energy &
propagation

® sSmoke emissions

*plume rise <==
Nadya’s research

* meteorology

e dispersion (hysplit co gl
model)

%
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Map data ©2017 Google | 200 kM e——d Terms of Use
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http://firesmoke.ca

2. Pacific data “void”
& rocketsondes



(a) Kelly, Thepaut, Buizza, Cardinali, 2007: QURMS, 133, 1803-1815.

Data Denial

—Xperiment ‘

3 f _ Denied on Day 0

Kelly et al, 2007, QJRMS

Relative RMS errors in the
50 kPa geopotential
heights, when all
observations over the
Pacific are excluded from
the ECMWEF data
assimilation for Day 0O, vs.
those normally retained by
ECMWE

Green, blue, dark purple
show worse forecasts,

while yellow and red show
positive impact.
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\ Signal to / \ SO‘UtIOn

\\\satellite Q/ . s
\
| Sonde | H Fill the data void with
v ) soundings:
Vel rawinsonde,
V| dropsondes,
o | driftsondes,
| GPS radio occultation,
St Buoy with sealed etc.

launch tubes

Deep ocean

l

Floating gantry on Harrison Lake, BC



The poor forecast skill motivated my change from PBL to NWP research

EFnsemble Forecasts at UBC

Reduces random errors associated with chaotic atmosphere

UBC Example: 42 ensemble members run each day on our
448 core computer cluster + additional members run on cloud
computers

e Multi NWP models
WRF, MM5
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e Multi model versions
WRF-ARW, ~ WRF-NMM

e Multi Initial Conditions (1Cs) |
GFS, NAM, GEM, NAVGEM, ARPEGE
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e Multi grid sizes
108, 36, 27, 12,9, 4, 1.3 km horiz.

 Multi boundary-layer physics = |
YSU, ACM2, & more




Model /IBC: WRF3/GFSgcO1 Coloured Surface Winds Grid initialized: 3UTC, 29 OCT 2015

9 km grid Forecost volid 17:00PDT 29 OCT (18-00MDT 29 OCT) [00:00UTC 30 OCT] 2015
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3. NWP terrain grid
smoothing &
nowcasting



Terrain Elev. (m)

Canadian Terrain Elevation
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- West-East terrain cross section through Whistler (50.12°N)
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British Columbia Terrain Elevation
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Zooming in Near Whistler

Sqguamish River

Jervis Inlet Callaghan Lillooet
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Terrain Elevation vs. Grid Size.
Terrain must be smoothed to match grid resolution.

—xample: [t grid size iIs Ax = 21 km
‘hen smoothed terrain is shown in green.
Whistler Village elevation
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« West-East terrain cross section through Whistler (50.12°N), where 0.1°lon = 7 km.



How Fine is Fine Enough®?
Many valleys are narrower than 1 km
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An Obvious Trick: Use finer horizontal grid size

Example: [fgridsizeis Ax=7km =

Then the modeled terrain is closer to the actual terrain. Good.
And the modeled slopes become steeper (closer to real). Difficult.

Terrain Elev. (m)

- West-East terrain cross section through Whistler (50.12°N), where 0.1°lon = 7 km.

(& still have systematic errors due to Iocatlon )
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Nested Grids (Coarse mesh to fine mesh)
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Forecast Improvement

Large systematic errors due to terrain smoothing

e Systematic error reduction via post processing
(Kalman filters, running averages, (Gaussian process

modeling, gene-expression programming,
artificial neural networkSpetc.)

e Random error reduction via ensembles. mgret
apou

these
* Probabilistic forecast calibration (Nipen method) § later

25



Nowcasting In complex terrain

 Combine gridded NWP output (i.e., forecast)

* With sparse irregularly located weather
observations

* [o make an updated "nowcast".

20



Map Satellite
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Take the sparse
weather
observations from
EmWxNet,

spread them with
due /
regard to

RAW MODEL TEMPE

RATURE FIELD (2M): 2100UTC 26-04-2016

topography,

and combine them

o W .
S TR

with the raw gridded
forecast

to yield ... (see next

'3

slide)




HIGH RESOLUTION TEMPERATURE ANALYSIS (2M) | 2100UTC 26 04-2016 | MD DA

Resu\tmg
Nowcast of /Jz;ﬂ

Temperature
(running operationally at UBC)

_ |

-35 -30 -25 -20 -15 -10 -5

temperature[C]
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4. Ensemble forecasts
& wind turbines



Wind Speed (m/s)

Ensemble Mean

Gives the best forecast




Accumulated Absolute Error AAE

(km/h)
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Ensemble Verification

Measures skill & identifies potential problems
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UBC Examples:
For Deterministic Forecasts:

.....
------

(smaller error is better)

<

photo credit: Zhiying Li & ADavid Siuta

3 months
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Ensemble Probabilities

Finally, calibrate the probabilities:

Calibration means the predicted probability matches the observed frequency.

(Calibrated using the Nipen method: based on a mapping of past forecast
cumulative frequencies vs. past observed frequencies.)

N
-

=
wn
1

Wind Speed (m/s)

operational forecast prod

luced ét UBCffor a vxf/ind fan

m in BC

N P,

photo credit: David Siuta & Thomas Nipen

06 12 18

06 12 18

00
>

day 3

+« Determin

99%
90%
80%
70%
60%
50%
40%
30%
20%
10%
1%
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Simplified cost / loss example for blade-replacement

maintenance decision:

Issue: Should you schedule the
blade replacement for 18 local time
today when 4 m/s winds are
predicted deterministically?

Next slow winds in 2 days.

Assumptions: 2 MW turbine costs
$4M installed. Blades = 18%.
Crane rental = $80,000/day. If
selling at 5¢/kWh, then downtime
cost = $2,400/day. Max wind speed
for crane safety ~ 5 m/s.

http://www.windustry.org/community_wind_toolbox_8_costs

- . “‘ : "“‘l (
photo credit: Mark Stull
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Simplified cost / loss example for blade-replacement maintenance decision:

Solution:

Cost to protect the blades (postpone the replacement) =~ $165k.
Loss if blades damaged during attempt = $970Kk.
Cost/Loss ratio R~ 0.17

P >R, Therefore do not replace today.

Wind Speed (m/s)

15
S 2
s £
.E m * . ']
a A « Deterministi
©Cc 0 99%
10 '8 = — 90% Cum. Prob.
| = .
a =S 80:/6 that winds
— 70% will be less
— (&)
co. than the
> _ apy DPlotted
—  30% value.
1 — 20%
N 7 S . P : . - -
‘ / % \ - photo credit: Thomas Nipen & David:Siuta : Eal 10%
0 : ‘ = ‘ ‘ : -~ 1%
00 06 12 18 00 06 12 18 00 06 12
< > <« > < >

day 1 day 2 day 3 36
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work by David Siuta
Research Goals

1.  Quantify the effects of

e Planetary Boundary Layer (PBL)
physics scheme

Hub Height

e Initial condition (IC)
e Grid length

choice on deterministic and probabilistic
hub-height (80 m AGL) wind-speed
forecasts (Chapters 2 and 3).

2. Evaluate current surface-layer (SL)
similarity theory in complex terrain
(Chapter 4). Photo: David Siuta



Added measurements

Photo: David Siuta

Methodology: WRF Setup

e 48 WREF forecasts each day for 1 year

e 24-hour forecast horizon

Model Grids

work by David Siuta

ICs Used

Global Forecast System (GFS)

North American Mesoscale Model (NAM)

PBL Schemes Used

Yonsei University (YSU)

Asymmetric Convective Model v2 (ACM2)

Medium Range Forecast (MRF)

Mellor-Yamada-Janjic (MYJ)

Quasi-Normal Scale Elimination (QNSE)

Mellor-Yamada Nakanishi and Niino Level
2.5 (MYNN)

University of Washington (UW)

Grenier-Bretherton-McCaa (GBM)




Summary of findings Inclusion of canopy effects on BD flux profile

Statically

e The PBL scheme and grid length influence forecast accuracy the
most; a 13-29% reduction in error can be achieved by selective
configuration (Chapter 2).

reduce ¢ _ by 12%

Increased transition layer depth
(6 times canopy height) a poor fit

e Prescribing a Gaussian probability distribution around a

bias-corrected ensemble mean produces calibrated probabilistic Constant 55% reduction

independent of transition layer a

forecasts (Chapter 3). -
' ' ' , —  poor fit
0% 102 10" 10° 10°
. . . . Stability ()
e Observed wind profiles depart substantially from those described by
accepted flux-profile relationships when applied over complex terrain Next step: Test green curve as a new flux-profile relationship at an
(Chapter 4). independent location under statically-stable conditions.

Which factor is most influential in forecast accuracy?

Site 1 Site 2

S I work by David Siuta

™

GRID Residual PBL Ic GRID Residual

60

40
20
, ML iN
PBL IC

Factor Factor

Contribution to
MAE variance (%)

Analysis of Variance (ANOVA) explains factor contribution to variance of MAE.
1. PBL scheme or grid length are most influential (location, season dependent).

2. A seasonal cycle often exists.

3. |IC choice may be less important for short-term wind forecasts.



5. Landfalling cyclones
& applications to energy,
transportation, hazards
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P|cture:

Occluding
Cyclones




Pre-frontal Jet -- Onset of
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Trick: Use coarse resolution to see what’s coming. ..
Example: 14 Jan 2008 MC2 -108 km -

hoen!s




Victori

Courtesy of Google Maps
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Typlcal End Result (12 h accum preC|p ) 15 Nov 06
O f E:gg 1'/’ %

00 i3 40 50 &0 70 8 90 100 110 120 130 140 150
12Hr Accumulated Total Precipitation {mm)
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Forecast valid 2:30PST 11 FEB (3:30MST 11 FEB) [10:30UTC 11 FEB] 2010

49.6N A

49.7N

49.5N 4

49.4N 1

w1 24-h Accum Snowfall
Forecasts for the

w2010 Winter Olympics




15 Dec 2006 Windstorm
In Stanley Park, several thousand trees destroyed
| .
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Geophysical

Disaster Computational Fluid Dynamics Center

What we do.
Weather Forecasts for
Clean Energy

e Hydroelectricity
* Wind power
* Solar power
® Biomass energy
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Solar radiation (W/m? )

Sponsor: For 4 BC Wind Farms:

BC Hydro e Bear Mountain ® Dokie
* Quality e Cape Scott
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1, Bear Mountain 2. Dokie Ridge 3. Quality

Average solar radiation (W mi2)
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Copyright 2013 by UBC
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Sponsor: BCIT
Region: Burnaby

Solar-radiation
forecasts for GAIT
solar-panel oasis.

photo by BCIT

Bear Mountain Wind Park photos by AltaG
— =

QTY October Actual Wind & SREF Forecast at Hub Height via Power Law Method
T T T T

Wind speed km/h

For more info, contact:

Prof. Roland Stull
UBC EOAS Dept.
2020-2207 Main Mall
Vancouver, BC V6T 174
Canada
rstull@eos.ubc.ca
604-822-5901

Sponsor:
Harvest Power

Region:
Richmonad

Wind and stability
(qustiness) fore-
casts & email alert
messages.

Empowering Organics .&) HARVEST

A Story of Clean Energy, Nutrient-Rich e v
Soils and Healthy Communities

Harvest exists to create a more sustainable future by helping communities in the
Metro Vancouver region better manage and beneficially re-use their organic waste.
Harvest’s vision is to find the highest and best use for the 500 million tons of organic
materials produced in North America each year.

The company operates organics facilities in the Mid-Atlantic and West Coast of the
US, and in Ontario and British Columbia, Canada. Harvest has grown rapidly since its
founding in 2008 and has garnered awards for its business of energy generation and
soil revitalization: the company was named to the Cleantech 100 Top Global Clean-
tech companies three times, received a KPMG award for “Top Infrastructure Project”
in the world in 2012, and won the won the Bloomberg 2013 New Energy Pioneers
Award.

Cycling Energy & Nutrients — How It Works

Farms and gardens Source separated organic
thrive with soil materials are collected
revitalization. ’ \ from local communities.

f/ '. .

Mulches and soil Harvest creates renewable
blends enrich the energy and high-quality
earth and beautify ~ organic fertilizers.
landscapes.

|
E Follow us @harvestpower n Be our friend Tune into our channel
www.harvestpower.com/bc
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Geophysmal Dlsaster Computatlonal Fluid Dynamics Center

o University of British Columbia — Vancouv e Dept. of Earth, Ocean & Atmospheric Sciences ¢ Weather Forecast Research Team e Directed by Prof. Roland Stull e

What we do.  Highway Maintenance
Weather Forecasts for * Electric Bus/Trolley

Transportation ® >ea Ports
P e Railroads

Sponsor: Caribou Road Services W == o e
Peace Region in N.E. Brit. Col.

Snowfall, temperature, wind, hu-
midity, and cloudcover forecasts
out 2.5 days

Tailored Weather Forecast for Caribou Road Services, Ltd.

Temperature with Dewpoint Precipitation Wind Speed & Direction
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Sponsors: Deltaport & Westport

Wind & gust forecasts |
for safer ship loading

Deltaport is Port Metro Vancouver's largest container terminal, located at Roberts Bank.

489N =7

Sponsor: Coast
Mountain Bus Co.

I Region: Greater
- Vancouver

midity for frost &
S ice formation on
H trolley overhead
lines.

Also deployed
weather stations.

: e i

2% 12 1240 T235W 120 12250 220
Forecast valid 1PST 15 JAN (2ZMST 15 JAN) [09UTC 15 JAN] 2008
R tae v e R U T S Rl Rl e T e R T

5 10 1 4 4 0 60 65 70
lour bar: W din. km/fhr below ¢

Speed marked in knots above bor and L v bor
arrows: Wind Directior

Weather-
station data
in support
of Canadian
Pacific Rail-
oo | WAY OpPEIa-
el tions.

rstull@eos.ubc.ca

604-822-5901

For more info, contact

Prof. Roland Stul
UBC EOAS Dept

http://www.cpr.ca/en/news-and-media/photo-gallery/merchandise/PhotoGallery/Attachments/7/merch_007_hr.jpg

Sponsor: RadHyPS.
Region: W. Canada
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Geophysical Disaster Computational Fluid Dynamics Center

* University of British Columbia — Vancouver e Dept. of Earth, Ocean & Atmospheric Sciences ® Weather Forecast Research Team e Directed by Prof. Roland Stull e

What we do. e Forest Fire Smoke
Forecasts for Weather- * Flooding

e Avalanches
related Hazards * Emergency Weather Net

Sponsors: CSSP
& Environment
Ministries from
many provinces.
Name: BlueSky

Fire hotspots detected TEE e X e Alberta ‘,, ot | ifone” \ | Ch . Reg ion: Canada

by satellite are input g ‘ 5 ] saskatchewans "~ § Canadian Shield. N\ ———x

with forest fuel and p il 3 / i | LY | Ohvirlo

weather to calculate ’""“5? A g4 3 \ P Spread Of SmOke

smoke dispersion. » B e o . - L e st | R . & g = -

- BT | from wild fires.
w165" \
. 7’*N4‘7; 30 No r’thako"law . ,
AT Montana - '—fffw”"' BRI T Minoesota \
‘ “'*7'“5.”13@3%'_“‘“‘:.5 RN IueSky smoke forecast produced at UBC 31 Oct 201 3
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Sponsor: Town of |l
Canmore, AB,
and BGC Engr.

Region: Alberta

Analysis of storm
conditions that

caused flooding
in 2013.

Sponsor: BC Ministry of Transportation Emergency Weather Network
Weather support for emergency managers

Region: BC. Avalanche weather data.

<
ST R
oy
3

A

5

Weather-$tation
networks
deployed by
other agencies
For more info, contact and industries,
Prof. Roland Stull uni'ﬁed into a

UBC EOAS Dept.

2020-2207 Main Mall supern etwork
Vancouver, BC V6T 174
database at UBC.




Geophysical Disaster Computational Fluid Dynamics Center

 University of British Columbia — Vancouver e Dept. of Earth, Ocean & Atmospheric Sciences ® Weather Forecast Research Team e Directed by Prof. Roland Stull

What we do. e 2010 Winter Olympics
Weather Forecasts for * Project Firestorm

. . ® Rocketsonde Buoys
Special Events/Projects o Camadian Arctic

” PRISAN P e Sponsor: 2010
y Vancouver Olympic
- Committee & OTP
Region: Whistler,
Callaghan, Cypress
R 2Etim [l s Ski Resorts, BC.
Ot [ s [ ] bes [ ] s
[ [abEs Ewm =w %ﬁm Tailored weather
o7 o ggs 1 5m Ei a forecasts for ath-
B 4 e e letes & technicians,
e mgi:w c»-«m w=--— and research on
il el snow race surfaces.
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Geophysical Disaster Computational Fluid Dynamics Center

* University of British Columbia — Vancouver e Dept. of Earth, Ocean & Atmospheric Sciences ® Weather Forecast Research Team e Directed by Prof. Roland Stull e

UBC|  Numerical Weather Prediction —
\H”ff/, (\lWP) |SSUGS |n MOuntaanUS 1. ]tjoorredc\;vsetzther&forestfire

2. Pacific data “void” &

Western North America | rooketeondes

3. grid smoothing &

Roland Stull nowcasting
rstull@eoas.ubc.ca 4. ensemble forecasts & wind
University of British Columbia (UBC) turbines
Vancouver, Canada 5. landfalling cyclones &
Aug 2017 applications
The End.  Questions? o
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N o UBC Weather Forecast Research Team
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