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1. BlueSky-System Framework (BSF) Basics

2000s
BlueSky (RAINS) was created by USFS AirFire team in Seattle (Sim Larkin)
and UWash Environ. & Forest Sci (Joel Dubowy). RAINS -> BSF

2007-2009

BC Ministry of Environment (Steve Sakiyama) & AB Environment (David Lyder)
contracted with UBC and Sonoma Tech Inc (STI) to Canadianize BlueSky.

2010-2011
UBC ran 4xdaily operational BlueSky/MM5
fcsts. for W. Canada, with BC & AB $

2012-2016
UBC BlueSky W. Can. fcsts. expand thru
prairies. New Eastern Canada domain (ON $).

Change from MM5 to WRF weather model.

2013-2015
UBC BlueSky expansion with DND/CSSP->CFS $ and BC, AB, SK, ON $

2017-2019
UBC BlueSky Canada-wide nested 12 & 4 km domains: BC, AB, SK, ON, NT $
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BlueSky Framework Components

Fires

1) Get initial and boundary condition 1) Satellite hotspots and ground reports are
weather from US NCEP NAM. collected by CFS in CWFIS.

2) Run the WRF numerical weather 2) CWFIS adds Can. Fire Wx Index (fine-fuel
prediction model at UBC for Canada- moisture, duff moisture, drought code, initial
wide domain at 12 & 4* km grid- spread index, buildup index, fire wx indices)
spacing out to 3+ days. & Fire Behavior Prediction (rate of spread,

3) Use BSF to convert WRF output to head-fire intensity, total & sfc fuel consump.)
ARL format for input to hysplit 3) These data grabbed by UBC.

4) UBC runs Smartfire to clump, associate &
@ reconcile the data sources -> data stream.
Dispersion *

1) Collect: ARL weather, new Emissions
emissions, & carryover smoke 1) Every 4 hours BSF grabs fire data from
from day before as input to: Smartfire. Has 48 hours spin up & 60+ hours of

2) Run the HYSPLIT puff-dispersion forecast
model to predict 3-D PM2.5 conc. 2) BSF Computes: fuel consumption, FEPS time

3) Compute graphics (kmz, web profile, emissions, & plume-rise.
viewer, jpg, text) for surface PM2.5 3) Create emission & plume-rise data as time
& display on firesmoke.ca series for each fire source to send to hysplit.
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Hysplit (Lagrangian) Dispersion Model

Fire
2

e Each fire produces a puff every few seconds.

e Hysplit tracks the center location, concentration,
and spread of each puff as it blows downwind.

e Each puff has its own “age”.

e Puffs are merged in the horiz. or split in the vertical as needed.

¢ To prevent calculation of an infinite number of puffs, if Npuff > maxPar,
then lower-numbered (older) puffs are deleted.

e To prevent calculation of ancient puffs, those puffs older than KHmax are
deleted.

Puff 1

p = air density, U = wind speed, L = length scale, y = molecular viscosity, g = accel. due to gravity, T = temperature, z = height, 6=T+(9.8K/km)-z. 5



Results in animated maps of Estimated Surface PM2.5
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2) BlueSky Issues

Issues in 2018:
e Many fires in W. Canada
¢ | ight-to-calm winds allowed smoke to accumulate for many days

Results:
e More fires and more carryover smoke produced more total smoke

puffs than BlueSky could handle
e (Gross under-prediction of surface concentrations

e | 0ss of confidence by the public.

e Triggered an intense 4-month post-mortem effort at
UBC to diagnose the root causes.
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Case Study Period: 5 - 18 Aug 2018
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Case Study Period: 5 - 18 Aug 2018

but has widespread dense smoke later.

Lots of smoke 08 Aug 2018




Case Study Period: 5 - 18 Aug 2018

but has widespread dense smoke later.

09 Aug 2018
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Case Study Period: 5 - 18 Aug 2018

but has widespread dense smoke later.

10 Aug 2018




Case Study Period: 5 - 18 Aug 2018

but has widespread dense smoke later.

15 Aug 2018




Case Study Period: 5 - 18 Aug 2018

but has widespread dense smoke later.

16 Aug 2018




- 5-18 Aug 2018

Case Study Period

but has widespread dense smoke later

17 Aug 2018
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Case Study Period: 5 - 18 Aug 2018

but has widespread dense smoke later.

18 Aug 2018




3) BlueSky Post-mortem Diagnosis

Caught by Surprise:
e Nothing in BlueSky was changed from 2017 to 2018.

e But hints of problems had already existed in 2017.

Conducted 4-month In-depth Post-mortem Case-study Analysis:

e \Was it due to updates of our operating system? NO

e \Was it due to changes in our computer hardware? NO

e \Was it due to changes in our weather model output? NO

e \Was it due to incomplete downloads of fire info from CWFIS? NO

e \Was it due to incomplete SmartFire reconciliation? YES

e \Why? BSF sometimes accessed older emissions, not most recent.

e Also, BSF was sometimes accessing incomplete or missing emission files.

e \Why? SmartFire would sometimes hang on ground reports.

e \Why? Some old ground-reported fires unclosed from April.

e Solution to this issue: Turn off ground reports. Speed up SmartFire
processing. Delay BSF's access to the fire data.

Note: STI provided compiled binaries of BlueSky to UBC.
Bottom line: we have limited ability to fix intrinsic problems.
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Case Study Period: 5 - 18 Aug 2018

Aug 2018 Hotspots SmartFire’s Hotspots
2071 2071
1380 1380
2532 2986 4 h old
156 156
558 558
6985 1970 4 h | old
4434 ~ 170 28 h| old
4408 4408
4246 4246
4154 4154
4408 4408
4611 4611
5569 5569

5652 5652




BlueSky Diagnosis

e Re-forecast the case study with actual (correct) hot spots.

e Did the SmartFire fixes solve the problem? Not completely. Keep
looking.

e Did the puff count exceed default maxPar = 175,0007 YES.

e Did the puff age exceed default KHmax = 3 days? YES

e \Why? Too many puffs = [carryover puffs from days before] + [new puff
emissions].

e Other ramifications of the above”? YES, puff-splitting stopped.

e \What was the result: too little smoke in the forecasts.

e Solutions? Increase maxPar and KHmax toward infinity .

e Drawbacks? Takes infinite time to run. Not timely for clients.
e Sensitivity Tests with different maxPar & KHmax values.

e Result: Optimum maxPar = 840,000. KHmax = 8 days.

Compare BlueSky Reforecasts for new vs old parameters ...

18



3 \ Ly ; =
S

20UTC on 09 Au92018

@

Canada

Alberta

North Dakota Notth Dakota

S CE s £ ) Qoo{;“le Earth

SI0. NOAA, USS. Navy, NGA, GEBCO
1

3 gle X ) % g
RSN moor s hteape s ‘ . oogle Earth
4 & Dt SI0 NOAR, U Navy, NGA. GEBCO 3 ol indifh
Imagery Date: 12/14/2015  54°49'57.15" N 1102°2817.19" W, elev 328m eye alt 3107.96 km £ \ { L 5
:12/14/2015 54°38'37.54" N 103°03'10.49"W elev 341m eye alt 3107.96 km ‘s




Srihwest Territories

20UTC on 10 Aug 20" RO SRS B

[ é\‘ 55 Ity . ) -

mrssmg some fires Z

g

)
N4

]

old @sfo | danie T, = gqew@sfc:\
"‘ il ' o W

Canada
Quebec
Quebe

Alberta

Manitoba

P L

)]

Saskawchewan adian Shield
Ontario

ontario

North Dakots . 4
Montana 3 e . North Dakota

.. South Dakota = =Y E { 3 i
- 12 ) R S } Q 3 L S SounDakois
Im46¢18CAO ~— v Imi4¢ 1BCAO
018:Google " 2 2018:Google——
Image Landsat') Copernicus. - ] \ 3 ndsati/|Copernicus.
2510, P[«J/\A U5 Navy, NGA. GEBCO % | o ) X / 4 ) ta S10; NOAA_U'S. Navy. NGA, GEECO

nn e
.915W  elev 1527 m eye alt 3107.96 km

Canada / / Canada

Alberta > v Alberta

Manitaha R A ¥ Manitoba
Saskarchewan \ [ askatchewan

Ontario

South Dakota
IFTSGEIBCAD.

e - > % @oog L LR ) e g ‘GoogleEarth

WG

Data swo 140;\,1 U'S. Navy, NGA, GEBCO diana
Niinois linots:

61°41/58.22" N 137°24'25.81" W elev 1175 m ayenlt3107 96km € S 2 . 2 . 1 S - 61258!39.90" N/ 137°27'28.70" W | elev 1136m eye alt 3107.96 km




Northwest Territories

Quebe

Alberta

Saskawchewan

ontario

South Dakota
I "?lnc,\o
2016:Google———_ pu_ 3
ndsati( Copernicus B
3 ‘uAA. U'S. Navy, NGA, GEBCO \

/

Canada “ [ [ Canada
/ Quebet }

Alberta v Alberta

Manitaha R A 4 Manitoba

Saskarchewan \ [ askatchewan ‘ Canadian Shield

Ontario

S Montans 3 - y v g ¢ / Mantang North Dakota

WG

Data soo NOAA. US. Navy, NGA. GEBCO

mage Landsat ( Copernicus A A | ‘ lle. J & = o S o \ s ‘G\o Ie Ea th

! J b B 5 "
61°41'58.22" N'-137°24'25.. elev 1175m  eye alt 3107.96 km £ : 1 G 3 61258139.90" N/ 137°27'28.70" W | elev 1136m m-n:ﬂw 96km €




o S v‘*

NOrhwest Terfitories
R

20UTC on 18 Ayg\2018

Y

Canada

Alberta
Alberta

Manitoba N Y X :
7 Manitoba 4
Saskatchewan
Saskatchewan Canadian Shield
Ontario

North Dakota o, X & J e~
2 Y } . f North Dakota
|

s Suth Dk LT 5
# ImiGe 1BCAQ 13 == % 5 £y o Imige 18CAO 25
o oz0isGengle——— gy 4 : v
S . : \ ¥ e o : Goo le Ea th
A, \ 7 ndiana - — 3 \ 4 %
ta 10, T(“\ US. Navy, NGA, GEBCO N ( g0 | Ingi L 3 ta 510, T(JI\A U.S. Navy. NGA, GEBCO 3 C Indiana g

South Dakota

0033365 S )
E310053 383 N1 30205114 AR W elev: 1805 ) """‘3'07 ool Imagery Date: 12/14/2015  54°49'67.15" N'1102°28'17. 19~ W] elev azsm mnn 3107.96 km €

18/201

: o“lmdm”qulmgmrn g . s N  (new Golumn

infeggted | - 2o PN = 08 | integrated

Alberta | / ' Alberta

Manitoba / BN 3 4 Manitoba
Saskatchewan R \ & \ Saskatchewan

Ontario

North Dakota North Dakota

Montana Montana

Rbcky Mountain:

7
Rbcky Mountains Minnesota

’ chigan

2
South Dakota
mage IBEAO,
18:Google———_ Googl
__Image Landsati(iCopernicus
n04ta SI0; I(IOAA U'S. Navy, NGA, GEBCO




13/7011 8 o;iqu me

(S e amest e

mtegrated

Alberta

Manitoba

Saskatchewan

Montana North Dakota

tdaho

C aSIO iOAA U'S. Navy, NGA, GEBCO

anadian Shield

pm

Nosthwest Tecritories

Alberta

]
Rbcky Movntains

8/2018. 8:00:00 pm,

gnew Column

N ithwest Territa

mtegrated

Alberta

Manitoba

Saskatchewan

Imige s neieaicapeuoicus

510, T()I\A UsS. Navy. NGA, GEBCO b

Imagery Date: 12/14/2015

Canada

Manitoba

Saskatchewan

Ontario

54°49'57.15" N'102°28'17.19" W/ elev 328m

Ontario

C
) minois |

62°32'29 87 N1137°14'13.98" W_elev 1051m

eye alt 3107.96 km




4) Operations Plans for 2019

e Feb - Mar 2019: Continue fine tuning parameters. Also
verify with PM2.5 obs at surface (AB & BC).

e Apr - Oct 2019: Operational forecasts with new params.
& careful checking daily by humans.

5) Research for 2019
BlueSky/Pipeline/\WWebsky:

e Adapt new BlueSky from USFS/AirFire to Canada.

* |n late summer begin operational runs, Al
in parallel with old BlueSky

Large Eddy Sims (LES) of Atmos. Response & Plume Rise:

e \WRF-SFIRE LES, experiments by Nadya Moisseeva

e Dutch Atm. LES (DALES), experiments by Frans Liqui Lung &
Dr. Rosie Howard
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Large-Eddy Simulation (WRF-SFIRE): first experiments
Research by Nadya Moisseeva at UBC.

e Simulating the prescribed burn: RxCADRE 2012 (Nov 10, 2012 - Elgin Air Force Base, Florida)
two large lots (shrub/forest). .Surface/air measurements of emissions, including H,O vapor




WRF-SFIRE

Convective-Structures. LES runs by Nadya Moisseeva. Analysis by Rosie Howard at UBC

Crosswind-averaged u-wind at t = 20 mins Crosswind-averaged w-wind at t = 10 mins
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DALES
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Fire-convection Structures. Analysis by Frans Liqui Lung at UBC & Delft
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DALES

Region of Influence. Analysis by Frans Liqui Lung at UBC & Delft

Horizontal velocity in the mean wind direction, t = 30 min
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DALES
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Convective-Structures.  Analysis by Frans Liqui Lung at UBC & Delft
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DALES experiments with Stronger Winds & Fire

Experiments by Rosie Howard, UBC

Smoke, t=770s
Ub =8 m/s, whp = 20 K- m/s

Width =100 m, wfbs = 0.10 K- m/s, df/dz = 6 K/km 200
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Wind speed u = 8 m/s (3-hour spin up was run with this value and then final time from spin up
used to initialize this 30-minute smoky run), plume heat flux = 20 K m/s (kinematic).
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