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Retrospective & Synthesis

ATSC 413
Forest-fire Weather & Climate

Doug McCollor & Roland Stull
TA: Jalena Bennett

EOAS Dept., UBC



This Course combines
weather & fire info

Web resources serve as a ‘textbook’.

2117 PM - Om ago ”E
_ 11
i D5 <
Jwil e

UBC A 413 - Forest-fide Weather & Clima
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Case-based Applications
to practice the combination of fire and weather factors




Topic Schedule

Weather

Analysis methods for weather charts.

Types of weather charts: surface, upper air, cross
sections. Observations, METARS.

Weather satellites, imagery & interpretation.

Fire hot-spot detection. Sensors for lightning & drought.

Weather radar image interpretation:
reflectivity, Doppler velocity, polarimetric

Atmospheric soundings, tephigrams, hodographs,
stability & convection.

Extratropical (mid-latitude) cyclones.

Fronts and airmasses.

Effect of temperature, humidity, & clouds on fires.
Convective storms (thunderstorms).

Climate change vs. wildfires.

Weather Forecasting (howcasting, short, medium-
range).

Fire
Intro: Indigenous-part 1; significant fires,

types of burns, WUI

Sources of Fire Info: FIRMS, GWIS, CIFFC,
NIFC, BlueSky.

Fire behavior: fuels, moisture, wind, slope.

Antecedent conditions. Ignition sources. Fire
danger rating systems.

FWI: Fire weather index system.

FBP: Fire behavior prediction system.
PSPS: Public Safety Power Shutoffs.

Indigenous fire issues - part 2.
Wildfire smoke.
Overview of numerical weather pred. (NWP)

PyroCB, fire tornadoes, slope & aspect



Case Studies

Covered This Term

1.

2.

High Level, AB

Camp Fire (Paradise), CA

. Kimiwan Complex, AB
. Sparks Lake, BC

. Lahaina, Hi

. Donnie Creek, BC

. Williams Flats, WA

Covered Last Year

8. Fort McMurray, AB
9. Quebec Fire Complex, QC

10.Marshall, CO




Guest Lectures

e Matt MacDonald, ¢ Mina Deshler, e Liam Buchart, « Jalena Bennett, * Lynn Engel,
BC Wildfire Public Safety Indigenous Sparks Lake Modern Online
Service Power Shutoffs Methods case demo Forecast Tools



Synthesis of Weather, Fire & Cultural Issues
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'SPREADING LIKE WILDFIRE
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United Nations Environment Programme (2022).
Spreading like Wildfire — The Rising Threat of
Extraordinary Landscape Fires. A UNEP Rapid
Response Assessment. Nairobi.




Wildfire
Factors

Factors influencing wildfire outcomes and management actions

o Moisture

o Condition

o Vegetation type

o Soil organic content

o Continuity
e Amount

IGNITION
SOURCES

o Structure

Firebreaks e
Hazard reduction e
e Human activities

o Lightning
o Escaped fires

FIRE
MANAGEMENT

. FIRE
Pre-suppressione BEHAVIOUR
Suppressione o Fireline intensity
e Spotting
® Fire spread rate

® Flame height
® Duration

Wind speed/direction o o Slope

Air temperature o )
. - Aspect
Relative humidity e .
Stability o o Elevation
Solar radiation

Rainfalle

IMPACT
MITIGATION

o Fire management
© Evacuation

* Recovery planning

o Fatalities

o Infrastructure/assets

o Population displacement
o Loss of values

o Disaffection

« Homelessness

o Health

Fatalities o
Agricultural e

o Ecosystem function

o Erosion

« Environmental and social values
o Air quality

o Water quality

o Biodiversity

Food security o
Productivity
Insurance losses o
Rebuilding e
Employment o
Infrastructure/assets

Suppression costs e B0SLE
; E YSTEM
Volunteerism o RESPONSE

® \Vegetation recovery
 Flora/fauna
® Resilience

lllustration by Andrew Sullivan/CSIRO, 2021. GRID-Arendal/Studio Atlantis, 2021

Factors influencing wildfire outcomes and management actions
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lllustration by Andrew Sullivan/CSIRO, 2021.

o Elevation

o Fatalities

o Infrastructure/assets
o Population displacement

lllustration-by-Andrew Sullivan/CSIRO, 2021.
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GRID-Arendal/Studio Atlantis, 2021
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Fire Severity vs. Forest Regeneration

Fire severity and intensity

HIGH INTENSITY MODERATE INTENSITY LOW INTENSITY

Full crown defoliation Unburnt Unburnt vegetation

Direction of
fire propagation

Scorched

Charred Scorched

0
'I' '
1)

. Charred

J /4

N

N 4 - { p / £ - 7/
/} C\"i\\\‘\\ "' “\‘ e JI’(“«/I /'14’/' Z ¢ T

4

/I
s i e (LB

1

Smouldering Flaming
combustion combustion
lllustration by Andrew Sullivan/CSIRO, 2021. GRID-Arendal/Studio Atlantis, 2021



Holdover Fires

New surface fires from sub-surface fire propagation in peatlands

Burning tree  Originating surface fire Burning tree New surface fire
stump and roots stump and roots from burning peat

Mineral soil

lllustration by Andrew Sullivan/CSIRO, 2021.



Health Impacts

T

Factors influencing health

EXPOSURE
POPULATION Frequency

Vulnerability Duration
Size Magnitude /

| of actionable
\_\information

PROTECTION Reduce
INTERVENTION exposures

Effective

EMISSIONS
Fire intensity _’ SMOKE
and duration | COMPOSITION

DISPERSION

Atmospheric
conditions

GRID-Arendal/Studio Atlantis, 2021
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Human health exposure

Organic acid

Hydrogen/
cyanide

Target organ

Nose, mouth and throat

Particles penetrate through nose
and mouth by ingestion or
inhalation causing eye,

nose and throat irritation

Large particles are eliminated ~—— C\"
through coughing and sneezing —\

Aldehydes "

Fine particles can penetrate deep
into the lungs causing an impact
on the respiratory system

(e.g., asthma, COPD*)

Particles can induce oxidative
stress response in lung cells

Respiratory System
Digestive System )
\ /

- Particles

*Abbreviations:
COPD - Chronic obstructive pulmonary disease;
N02 - nitrogen dioxide;
Sources: NOX — nitrous oxide;
Health impacts of fire exposure: Reid et al. 2016; Cascio 2018; Liu et al. 2015; Adetona et al. 2016. PAH - polycyclic aromatic hydrocarbon;
Oxidative stress response in lung cells: Franzi et al. 2011; Karthikeyan, Balasubramanian and louri 2006; Nakayama et al. 2011. SO, - sulphur dioxide;
Impacts on the central nervous system: Milton and White 2020. VOC - volatile organic compound.

\ Central Nervous System

Particles may cause oxidative
stress in brain cells

Particles can cross from the
circulatory system to the
central nervous system

and impair it

_ Carbon
/monoxide

/

Cardiovascular System

Particles can cross
the gas-blood barrier
in the lung and reach
the circulatory system

Particles can deliver harmful
chemicals into the blood

 PAHs*

-.* - Foetus

- Effectson foetal'd_e\}_e'lopment

GRID-Arendal/Studio Atlantis, 2021

Figure 3.4. Smoke particulate exposure pathways and impacts. Smoke exposure is most commonly measured from land-based
air pollutant monitors, followed by satellite-based imagery models, with fewer studies measuring personal exposure to smoke

(Liu et al. 2015).



Climate change

Wildfire - Climate
Feedbacks

Greenhouse

Ambient air
9as pollution
S \
Direct :
Biomass Thawing carbon RENE Dry
change permafrost emissions anomalies lightning

Longer wildfire seasons
/

Increased
wildfires and
intensity
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Societal /
Cultural

Impacts of wildfire on Sustainable Development Goals

Loss of ecosystems and
biodiversity

Increased nutrients, o
sediment, contaminants o

Increased desertification and
¢ land degradation

Impacts on agriculture: reduction in soil
fertility, stability, and water infiltration and

Post-fire runoff ‘0 retention characteristics

/ - ° Impacts on foraging: loss of food
sources and conversion of

15 ON LAND | vegetation

. Displacement and loss

14 I of livelihoods

Changes in albedo @

Release of greenhouse gases °
and particulate matter

Loss of water SUSTAINABLE “__ Women and qi
e girls tend to
a}gg:;’:ﬁg&‘:g ® DEVELOPMENT ® cxperience greater
13 Cumar Gg"g AL S GENDER impacts from poverty,
ACTION “an” EQUALITY food insecurity and
displacement

Increased nutrients,

sediment, contaminants CLEAN WATER GOOD HEALTH
AND SANITATION AND WELL-BEING

@ Decreased air quality

Post-fire run-off @ - @ Food insecurity

Loss of environmental values @ ~ @ Impacts on mental health

[

Pressure on health and other services @ ® | oss of homes/livelihoods

Loss of historically and
culturally important nature,
artifacts, places and
buildings



Additional Resources on our Course Website

UBC ATSC 413 - Forest-fire Weather & Climate

Bibl iOg raphy: | Home | Schedule | Fire Basics | Fire Cases | Met. Concepts | Forecast Tools | Smoke | Climate |
ATSC 413 - Forest Fire Weather & Climate

Welcome to this course.

* fextbooks N
yllabus:
¢ Fu N H |St0 rlcal & FlCthn For New & Prospective Students:
Welcome - Glad you are interested.
NOVGlS Course Info - Whom this course is for.
Syllabus Overview - Main topics in this course.
" Course Goals - What you will be able to do.
°
VIdeOS Instructors & TAs - See who your teachers are.
Eval b e aammaaacc onment weights.
Other Reference Books Textbooks & Bibliography - Mt are online.

and Journal Papers

*Technical Reports The playlist of all 100+ Cascadia wildfire webinar

‘Indigenous Fire Info recordings can be found here:
https://research.ubc.ca/cascadia-wildfire-urban-smoke
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https://research.ubc.ca/cascadia-wildfire-urban-smoke

Fire on the Land
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Coyote Story Interviews Galleries
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Be Open to
lternative ldeas

Fire Ecology History Today
The Science of Fire Tribes and Fire Modern Fire Management



https://www.meted.ucar.edu/education_training/course/9

Catalog Courses

Never Stop
Learning

Ccourse

Advanced Fire Weather
Forecasters Course

The Advanced Fire Weather Forecasters Distance Learning Course

addresses advanced training needs of Incident Meteorologists
(IMETs), Fire Weather Program Leaders (FWPLs) in NOAA's NWS
weather forecast offices (WFOs), and Regional Program Managers.
These individuals are responsible for maintaining local fire weather
programs and supporting all-hazards incidents onsite including

wildfires, hazardous material releases, and incidents of national
significance.



https://www.meted.ucar.edu/education_training/course/9

Never Stop Learning

 MetEd Fire Weather Forecaster topics

History of the Incident (optional)
Meteorologist Program

HISTORY English

OF THE

INCIDENT

METEOROLOGIST | ( - Non-scientists

0-.25h

Navigating the (Optional)
National Weather

Service Fire Weather

Program

Navigating the
National Weather Service
Fire Weather Program

English
0 - Non-scientists

H50-.75h

17

Assessing Fire Danger

ASSESSING English
FIRE DANGER

;@" B 1-Basic

ol Bl 0-.25nh

-~ -
~— \ -
> ’\_'- | A

BLM

PBL in Complex Terrain - Part 1

epIOT \ J English
sl

: 2 - Intermediate

.75-100h

PBL in Complex Terrain - Part 2

'he PBL.in Regions of
{Complex Terrai

English
2 - Intermediate

1.00 -1.25 h

Fire Weather Climatology

English

2 - Intermediate
Fire Weather
Climatology

3.00-4.00h

Stability, Smoke Management,
and Fire Weather Forecasting

\‘lzll)ilil\. Eng“sh
Smoke Management,
Fire Weather
TSl 2 - Intermediate

s t4
4
- .":q. AU 125 - 150 h
.

Fire Model Matrix (Optional)

Fire Model Mat
= Ve e
— ’

atrpd English

-~
.

1 - Basic

b50-.75h

English
2 - Intermediate

1.25-150 h

Mesoscale Meteorology Effects
on Fire Behavior

Mesoscale English
Meteorology

Effects — ; 2 - Intermediate
on Fire Behavior

b -
-

/ Bl 25-.50h

©The COMET Program

Fire Weather Grid Techniques:
Relative Humidity and
Dewpoint Temperature

English
2 - Intermediate

25-.50h

Fire Weather Forecasting: Clear  (optional)
Communications, Second Edition

- ' English
Fire Weather Forecasting:

Clear Communications 2 - Intermediate

Second Edition
N & | 1.00-125 h



Science Graffito
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Citizen Scientist |..ooimiams s

— Sir Wilfred Grenfell.

— Make an informed choice for
A SCIENTIFIC PERSPECTIVE ¢ Citizen your “room on the Earth.”

Scientist -

PROTECT YOUR HOME

British Columbians play a critical role in mitigating wildfire risks around
their homes and properties by undertaking FireSmart™ activities. Simple
measures, such as focussing on FireSmart’s three Home Ignition Zones,

Scientists and engineers have at least the same re-
sponsibilities to society as do other citizens. Like our

can make a significant difference to the survivability of structures by

fellow Citizens , WE U.ltimately deCide the Short-term decreasing the intensity of a wildfire and slowing its spread.

EXTENDED ZONE

balance between environmental quality and material 10m to 30m
wealth, by the goods that we buy and by the govern-

1.5m to 10m

ment leaders we elect. Be informed. Take a stand. IMMEDIATE ZONE

Vote.

Perhaps we have more responsibility, because we
can also calculate the long-term consequences of our
actions. We have the ability to evaluate various op-
tions and build the needed technology. Take action.
Discover the facts. Design solutions.

z o N E FireSmart

18
https://firesmartbc.ca/resource-types/guides-manuals/



AT S C 41 3 UBC ATSC 413 - Forest-fire Weather & Climate
| Home | Schedule | Fire Basics | Fire Cases | Met. Concepts | Forecast Tools | Smoke | Climate |
- ATSC 413 - Forest Fire Weather & Climate
Forest-fire Weather  |eeoreomscon

& Climate

For New & Prospective Students:
Welcome - Glad you are interested.
Course Info - Whom this course is for.

DOug MCCO' IOr Syllabus Overview - Main topics in this course.
Course Goals - What you will be able to do.
ROIand Stu ” Instructors & TAs - See who your teachers are.

J al ena Ben N e-t-t Evaluation - Test and assignment weights.

Textbooks & Bibliography - Most are online.

EOAS Dept., UBC

End of Course.
= Any Questions?
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