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Introduction to boreal forest fires



Boreal wildfires are very unique (1)

 Boreal forest fires are mainly set by lightning,
not people.

(Veraverbeke et al., 2017, Nature Climate Change)



Boreal wildfires are very unique (2)

* Increasing trend of boreal forest fires
* New normal?

Burning area in Alaska from 1975-2015 2018 is even higher
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(Veraverbeke et al., 2017, Nature Climate Change) (Credit: Mark Parrington)



You can see it from satellite

Heavy smoke from several wildfires over Alaska, west of Fairbanks, Alaska, USA - July 8th, 2019 - Enhanced natural colors with IR overlay for hot spots - Contains modified Copernicus Sentinel data [2019], processed by Pierre Markuse

&

-

o SENTINEL ~.0

(Credit: Pierre Markuse)




You can also see it from NASA satellite
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NASA Aqua satellite on July 8, 2019



Boreal wildfires are very unique (3)

Arctic wildfires are often fueled by duff layer smoldering

e

The duff layer is the organic material layer between the A-horizon (or uppermost soil
mineral horizon) and the litter layer.

It is actually the primary carrier of fire in black spruce forest and often supports
smoldering combustion.



Boreal forest fires last longer

3-Day Long Flaming Fire 3-Month Long Smouldering Fire
" * Strong Fire Plume + Weak Fire Plume
4 S « Surface Phenomenon * Volumetric Phenomenon
¢ ' * Fast moving Diffusion Flames + Creeping Flameless Reaction
> . * Black Smoke (Abundant Soot) « Whitish/Yellowish Smoke (Abundant Organic Carbon)
» Short Superficial Soil Heating + Larger Soil Thermal Severity and Longer Residence Time

* Minimal Soil/Ecosystem Damage

+ Lethal Damage to Soil Properties and Biological Systems

60-90% of fuel consumption comes from carbon in boreal soils (Peat, duff burning).
Fires burning in the lower 48 U.S. states are often put out as quickly as possible, to
avoid damage to property and human lives.

In the Arctic, where the population is sparser, fires are often allowed to burn and
often grow massive.



Boreal wildfires are very unique

« Mainly smoldering with little flaming [Akagi et al., 2011]

» Aerosol emissions dominated by organic aerosols (OA) including brown
carbon (BrC)

» Relatively little black carbon (BC) [Chakrabarty et al., 2011]




Global Modeling of biomass burning
Solve continuity equation for chemical mixing ratios C,(x, {)

Hodel top AD Eulerian grid box
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driven by GFED4 daily emissions.



Mass concentratio
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Observed and modeled PM2.5 during a fire event

Modeled PM, 5 is too low by a factor of ~6 in 2015

Observation and model results of PM2.5 at Fairbanks in July 2015
=Obs (10-day avg=47.8 ug/m 3) :
——GEOS-Chem (10-day avg=7.7 ug/m3)

EPA NCORE site
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A challenge for satellite fire detection due to low intensity fires
45% fires undetected by MODIS in Alaska in 2016 [Waigl et al., 2017].

Underestimation of aerosol emissions in current emission inventories, mainly
derived from satellites.



2. Develop a network with low-cost
Sensors



Strong need for real-time monitoring
on air pollution
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Why do we need this?

* Air quality in rural Alaska can reach alarmingly
bad levels due to extreme wildfires and
excessive road dust.

* We actually don’t know how bad the air quality
IS in rural Alaska during wildfire seasons.

* Providing real time data for communities can
provide a tool to help protect their citizens and
understand health implications.

« Without knowledge of air quality, people are left
guessing and uninformed to the dangers that
they face when spending time outside.



Each sensor provides real time PM2.5, PM10, temperature humidity data, and data
can be accessed by clicking the map.
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Vert few sensors in rural Alaska.

Where to put them?
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https://fire.ak.blm.gov/predsvcs/maps.php

Fire frequency

2001-2014 2015

Fire occurrence density
annual mean, 2001-14
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Mean number of forest fire occurrences, per 100 km: (10 000 ha) of forested area
for 2001 to 2014, by ecoregion section within Alaska (adopted from Potter, K.M.,
& Conkling, B.L. (2017)



PA-II: Dual Laser Air
Sensor

1) Built in WiFi for logging to “the cloud”.

2) Dual laser counters provide reliable particulate
readings.

3) BME280 temperature, humidity and pressure sensor.
4) Automatic updates: Your sensor will update over
WiFi when new firmware is available.

In The Box

1) PA-Il Dual Laser Sensor.

2) Micro USB connector.

3) 5V 2A USB Outdoor Power Supply.
4) 17 foot power cable.

5) Zip Ties for mounting.

M PA-11-SD: With microSD

Includes:

1) Everything included with the PA-ll Dual Laser
Sensor.

2) Built in 16Gb microSD Card (Good to store two
years of data).

3) Built in Real Time Clock for offline logging.

Please note: The SD version may take longer to
ship. The SD version is only intended for locations
where WiFi is not available. We encourage the use
of the standard PA-Il where WiFi is available.

A PA-I-Indoor:

A limited edition, 3D printed sensor with a single laser
counter and BME280 temperature / pressure /

This sensor can be deployed both outdoor and indoor.
If no internet available, data can be stored on microSD card.

PurpleAir sensors use a fan to draw air past a laser, causing
reflections from any particles in the air. These reflections are used
to count particles in six sizes between 0.3um and 10um diameter.

Using one second particle counts, estimated total mass for PM1.0, PM2.5 and PM10 is
averaged by the PurpleAir Internet of Things (IOT) control board.

Readings are then uploaded to the cloud every 80 seconds or so where they are stored
for download and display on the PurpleAir map.

B

PA-Il $0.00 $0.00
PA-II-SD $0.00 $0.00
PA-I-Indoor $0.00 $0.00

Please note: The SD version may take longer to ship.
The SD version is only intended for locations where WiFi is not available.
We encourage the use of the standard PA-Il where WiFi is available.

NOTE: Your purchase places you in the shipping queue.
Currently, shipping time may be several weeks or more unless there is current stock.
Orders outside of the US may be subject to customs charges in your country.

Total: $0.00
~ BuyNow

visa | [N I -
Quantity PA-II PA-I-SD PA-I-Indoor
1-2 $229 $259 $179
3-8 $219 $249 $169
9-25 $199 $229 $149
26+ $189 $219 $139

Technical Specifications

Power Supply

Outdoor power supply with 17 foot leads:
Output Voltage: 5 Volt (V)
Output Current: 2 Amps (A)
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Communities that

Julia visited and

installed PurpleAir
61 Sensors —
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Kenali fires
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Purple Air network provides critical information
for air quality forecast, emission validation and
many other things.
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We have installed ~30 sensors in Alaska

2019 and counting

@




3. Next steps
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The future of the PurpleAir project

* Once critical mass is reached we hope that communities in
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Mobile App for Air Quality (In collaboration with Martin Stufer,

Jonathan Metzgar at UAF)

Wildfires/
woodstove burning

Air pollution

Transportation
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Step 1:
Install 20-30 sensors in rural Alaska, including high schools and elementary schools.

Step 2:
Develop cell phone APP for data access.

Step 3:
Include more sensors, similar to EarthScope map (100 sensors only cost $20,000).

* PBO Station USArray Station B  Exsing/Upgraded @  Instslled @ 2017



Future work

» Detailed comparison between model and
PurpleAir sensors.

» Validating model emission inventory with
PurpleAir sensor network.

* Improving model prediction with 3-d model.
 Improving prediction with machine learning ???
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