Atmospheric Measurements
in the Canadian High Arctic:
The PEARL Experience
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The PEARL at Eureka

Polar Environment Atmospheric Research Laboratory

* Formerly Environment Canada’s Arctic Stratospheric Ozone Observatory

®* Run by the Canadian Network for Detection of Atmospheric Change
(CANDAC) since August 2005

l
* ~25 experiments at 3 facilities
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| ocated on Ellesmere

Island, Nunavut (80°N, 86°W)
* 15 km from Env. Canada’s

Eureka Weather Station
* 1100 km from North Pole
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Satellite Valldatlon

[‘:qudSat Arctlc D‘uarpassas

Eureka is at the
“sweet spot” for polar
orbiting satellites

— More overpasses at
this latitude than any
other location on the
planet

Possible to validate
— “A-train” (Cloudsat)

— Scisat

— Terra/Aqua/Aura

— Envisat

— Any sun synchronous

satellite C Ak

CALIFSD DHBIT DuER 2 DAYS (M. Capderoufixion)
Canadian Network for the Do













W OF ATMOsp
2 cnanging Atmg HE/P/O

°¢

PROBING THE ATMOSPHERE
OF THE HIGH ARCTIC (PAHA)

I*I Environment Environnement
Canada Canada

z’\i Wy
CSA ASC

(53
oy

L'E":"'.\""-"'

N gy

CANDA®

alf
Canadian Network for the Detection of Atmospheric Change "mr’r?Em OF cO



What are We Doing?

* Addressing the issue of the variability of the
atmosphere in the Canadian High Arctic.

* Three major themes: Composition Measurements
(CM), Polar Night (PN) and Satellite Validation (SV).

* The strength of this proposal is the extent to which a
comprehensive, well-calibrated set of measurements
from the High Arctic will be used in multiple ways to
produce multiple outcomes.

* Emphasis on the Polar Night
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Resources

The dataset from Eureka from inception of: the
weather station (1947+), ASTRO (~1993-2002)
and PEARL (2005+)

PEARL and its associated instrumentation (25+
instruments spanning the entire atmosphere)

Links to other Arctic stations through the
Integrated Arctic Stations for Observing the
Atmosphere (IASOA) initiative (under SAON)

Other (inter)national collaborations
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(FTIR) spectrometer installed
July 2006
— Replaced EC Bomem DAS,
which was removed in 2009

* Daily semi-automated solar
infrared absorption
measurements
— Late February to late October

* Vertical profiles and columns of
many gases retrieved
— 03, NO, NO,, HNO3, CIONO,, >
HCI, OCIO, HF, N,O, CFCs, CO,
CH,, C,Hg, HCN, OCS, ...

Da eaver, Joseph Mendonca
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Batchelor et al., JAOTech 2009; AMT 2010; Lindenmaier et al., JQSRT 2010; JGR 2011, ACP
2012; Viatte et al., Atmos-Ocean 2013; AMT 2013; ACPD 201 47
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Temperature (K)
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Time series of temperature on the 525-K isentropic surface
(~21 km) obtained from the MetO analyses for Eureka, and
from radiosondes launched at Eureka.
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PSCS were detected above Eureka from
March 8-12 by the CANDAC Rayleigh-Mie-

Raman Lidar (run by Tom Duck)

Altitude (km)

March 8-12, 2011

C\{‘ttw%}m(ﬁ\ Oﬁgﬁ%ﬁ;ﬂ%@%e Nott, Tom Duck (Dalhousie)

Lindenmaier et al., ACP, 2012



2011: Stratospheric Ozone Depletion

HNO < . e Total Columns: 1997-2011
T -;ﬁ'{gi,% 2 —1997-2006 EC Bomem DA8
S fpot of —2007-2011 Bruker 125HR
HCl s = | | —Normalized by HF to remove
S dynamical effects
7 IR, —Shading = outside vortex
Clog&_izw | * Most years in green
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- R L ozone depletion In urs
o SRt TR @) e 2011 in red
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Lindenmaier et al., ACP, 2012



August 2010 Biomass Burning Event

August 10 to 30, 2010
CO, HCN and C.H, columns
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HCN total columns are enhanced by more
than 50% compared to the four-year
(2008-2011) monthly mean for August

Viatte et al., Atmosphere-Ocean 2013



Tracking the Origin of
August 2010 Event

Russian wildfires

Cove red ~5 M a} Backward trajeccti%"i:; aniinglat‘”i%o UTC 24 Aug 10
hectares by early e e ]
August 2010

Smoke extended
over about 3,000 km
(E to W) and
sometimes reached
altitudes of 12 km

Plumes from fires
on August 15
arrived at PEARL
on August 24

a) HYSPLIT back-trajectories
b) Back-trajectories on Google mz
c) MODIS fire image
d) OMI aerosol index

Source % at 80.05N 86.42W

Meters AGL

Trajectory Direct
Verical Hotion ¢

d)

0MT034.003 wﬂaﬂﬁdn [unitiesa]

End at PEARL

Start in Russia &8
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Viatte et al., Atmosphere-Ocean 2013



Altitude (lm)

January Mean Temperatures (1991-2005)
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In winter it is permanently cold!
There is a persistent inversion
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The Polar Night

January Average Temperatures at Eureka
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Surface Air Temperature Anomaly (°C)

Trend in the annual mean surface air temperature
averaged over 22 stations covering most of Canada.

Sfc Air Temp Anomaly (°C)

Trend in Annual Averages

Individual Stations
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Global Trend:(1971-2010) = 0.17 °C / decade (Amplification 4x)
Global Trend:(1991-2010) = 0.21 °C / decade (Anjplification 5x)

is a factor of 5
for 1991-2010
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Lesins et al, 2012, J. Climate



Amplification Factor

Amplification Factor

Amplification Factor Increases by about 80 % from
50° to 80°N latitude

Annual Amplfication Factors by Latitude
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The Warming Trend is Amplified in the Winter

Related to the temperature inversion and cold surface temperatures.

a) 1971-2010 b) 1991-2010
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Surface Temperature Warming Trend (°C/decade)
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Much of Arctic Amplification is a consequence of a suppressed
latent and sensible heat response due to the stable boundary layer.

AL, (AT,)=AR +AC + AF, + AF,
Change in

surface —— AR (AT ,ACQO, ., Awater vapor, Aclouds, Aaerosols)
radiative ’

forcin . . N .
g Outside the Arctic Arctic Winter @  Arctic Summer
(well-mixed PBL) (very stable PBL) : (weakly stable PBL)
A | |
Change in A’" (AT‘) .
Ellerldlonal ARS E ARS
] AR nergy ‘ . )
NOTE s Transport to
The arrows | the Arctic
=
sum vector- | OF ,+AF,,
wise to zero : Al (AT)
for surface Al (AT) _nymionTor | AFy#AF,
energy T ,_ :
v v W
(reverse Ground or Ocean M : ’ Sea Ice or Ocean
arrow below |
ground) AC(thinning sea ice) : AF,h{{melting seaq ice)

The length of the bold black arrow (Al,) gives the amount of surface warming



Thank You for Your
Attention!

http.://www.candac.ca
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