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Introduction

There is an increased demand for continuous measurements of the atmosphere as
severe weather events become more frequent

Hurricane Fiona [1] Quebec Wildfires in 2023, the worst Canadian Wildfire season on record|2]



How do we measure our atmosphere?

Remote sensing - acquire information about our atmosphere from the ground or from space
by detecting reflected or emitted radiation

Space-based Ground-based




HAWC (High-altitude Aerosols, Water vapour and
Clouds) Satellite Mission

HAWC consists of 3 Canadian instruments and a Canadian satellite
that will be part of the international NASA-led Atmosphere
Observing System (AQOS).

The Canadian instruments:

ALl (Aerosol Limb Imager)

2. SHOW (Spatial Heterodyne Observations of Water)
3. TICFIRE (Thin Ice Cloud in Far InfraRed Emissions)

Set to fly in 2031

Instruments and satellites involved in HAWC [3]
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ALl Instrument

Objective: characterize aerosols in the upper troposphere and stratosphere to reduce the
large uncertainty in climate forcing due to aerosols

aerosol - particles or droplets suspended in the air. Ex: dust, pollen, smoke

Sun

measures the visible
200 km and near infrared
spectral region

(600-1500 nm)

Illustration of ALI measurement geometry [4]



Micro Pulse Lidars (MPLs)

* Transmitter is a 532 nm laser
emitting pulses of 3-4 uJ

* A telescope collects photons that
are backscattered from the
atmosphere at the same
wavelength (elastic scattering)

* It is a dual-polarized lidar allowing
for total volume depolarization
ratio measurements

Aerosol or cloud layer
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N(z): particle number density

A Little Radiative Transfer 7 : cross section

d : : - i
(—GSC“) : differential scattering cross section
/[

Extinction — fraction of light lost when transmitted
through a medium due to scattering and absorption Absorption Scattering

extinction coefficient: o = N(z) gy (A)

a(z,A) = &S (z,A) + oS (z,A) + a%PS(z,A) 5

Backscatter — amount of light backscattered to the i
lidar receiver (180° for MPLs)
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MPL measurements

Attenuated backscatter can be derived from We cannot separate extinction and
photon counts detected by the MPL. backscatter in an elastic lidar measurement
without assumption of the lidar ratio:

Bae(z A) = B(z, A) e Jo a(z'A)dz’ S = g units: sr

B

ALl measurements

ALl measures limb scattered radiance from the Sun and retrieves:

* Aerosol extinction * Aerosol particle size



Relating MPL and ALI Measurements

MPL: 3, (o, 5) ALL: 0ger & Nyelr)

| convert the ALl retrievals into attenuated backscatter by calculating the aerosol backscatter
coefficient for direct comparison with MPLs.

Method 1: assume lidar ratio and use retrieved extinction:
Baer — O‘aer/S

Method 2: Use retrieved aerosol size distribution and Mie theory: size distribution
dogca (A dogca(A) 1 (oo l
Baer(z,A) = N, (2) ( sual )) ( ZCS ) = Efo T * Qpack (1, M, A)nge (1) dr
T TT
Number density backscattering efficiency
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Initial Result Comparing ALl and MPL Simulations

Method 2: Using particle size and Mie theory

Method 1: Using lidar ratio

= from ALI retrieval
- MPL Simulator

= from ALI retrieval

> “. Ny -, == MPL Simulator
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SNR drops off at about 15 km /

.| for these low aerosol loads
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Scattering ratio - ratio of total attenuated backscatter to molecular attenuated backscatter
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Future Work

* Run several coincident measurements using various atmospheric
models, including higher aerosol loadings that would be more easily
detectable by MPLs

* Simulate the satellite passing over the MPLCAN during a wildfire
smoke event where a pyrocumulonimbus cloud injects smoke into the
stratosphere
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