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Plan: A focus on Polar Regions’
atmosphere

* Processes: Aerosol — Clouds — Radiation — Precipitation — Circulation.
* Observations: Space, ground, aircraft and laboratory experiments.
* Validation: From ground-based, via in-situ aircraft to satellites.

* Data assimilation: Operational forecast
* Future missions: Active — passive instruments.



Polar Thin Ice Clouds

CIRRUS FIBRATUS

http://www.astrosurf.com/luxorion/meteo-nuages-images.htm




Sulphate Trend and Seasonal Variation

Due to anthropogenic emission, sulphate concentration increases by about 50X

during polar night with respect to the cleaner summer time.
The associated sulfuric acid is responsible for TIC modulation and dehydration.

The cooling process is predicted by model simulations and observed from
satellites and ground stations.
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Polar night : Indirect IR effect of sulphate (acid)
Aerosol on clouds, precipitation and radiation.




Clear skies spring : Direct solar effect of arctic haze
Sulphate and soot aerosols on solar radiation.
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CALIPSO - CloudSat revealed very extensive TIC
associated to sulphate aerosol

Ref.: http://www.touristmaker.com/climate/polar.html




Processes
Aerosol — Clouds — Radiation — Precipitation — Circulation



Background

Early DGF hypothesis (Blanchet & Girard, Nature, 1994)

Large scale transport Cloud formation

(Bigg, 1980)
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Greenhouse Atmospheric Radiation at the ground

» From enhanced precipitation/dehydration a vast spectral cooling window
opens up in the far IR range, in the so called « dirty window ».
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Generation of Available Potential Energy in the Atmosphere
due to Latent Heat (tropics) and Radiative Cooling (Poles)

 Increasing cooling rates in the Arctic during winter, enhances the heat deficit
« Storm activities are strengthened to transport and fill the energy gap
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Radar — Lidar Thin Ice Cloud Types
Definition
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Radar — Lidar Thin Ice Cloud Types
(Definition)

532 nm Total Attenuated Backscatter, /km fsr  Begin UTC: 2007-01-19 21:36:44.7002 End UTC: 2007-01-19 21:50:03.6752 Version: 01.10 Image Date: 01/25/2007
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Process #1 — Adiabatic Cooling (Dynamics)

Time Scale : ~ 6 — 24 hours

CALIPSO Cloud Mask

Model aerosol transport
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Process #2 — Direct IR Cooling (IR from Ice

CIOUd&L Time Scale : ~ 1 - 5 days
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Process #3 — Indirect IR Cooling (Lost Water Vapor
GHG) ime Scale: ~1-2 k

CALIPSO Cloud Mask High OLR Low OLR
Cold Low Cyclolysis in the Polar Vortex
ECMWEF Humidity Analysis
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Net Heating Rate [°C/day]
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2009 Apr 16 (106) | 2B-FLXHR | Granule 15795 13 00:18:16 00:15:05UTC  Total Heating Rate: ~ -10 10 CIRA CloudSat DPC




Net Heatlng Rate |° C/day] TIC vs ITCZ Ci+Cb

Arctic TIC (9 km)
Winter polar night

2007 Jan 8 (008) | 28- LX%R\Gra%le 3715




Arctic Clouds: TIC-1, TIC-2A, TIC-2B, TIC-2C

2011 Jan 1 (001) 22:36:14 UTC | 1A-AUX | Granule 24896
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Observations

Space, ground, aircraft and laboratory experiments



Polar Night Observations: A-Train and
PEARL

2007-01-01 Red is Daytime, Blue is Nighttime
Version: 01.10 Image Date: 01/20/2007
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E-AERI & FIRR at PEARL 2015-16

In preparation for TICFIRE microsat mission, 3 campaigns are planed to test FIRR during winter
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TIC-2B from PEARL and CALIPSO Simultaneously

7 January 2007, 14h (Ref.: Ed Eloranta, OPAL at Eureka NU) Ref.: eloranta@lidar.ssec.wisc.edu
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otitude (km)

TIC Type Amount: CloudSat-CALIPSO vs
PEARL

January 2007

From Space: CALIPSO-CloudSat
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AItitqu 4(km)

TIC Clouds and PRECIPITATION initiated in the UTLS region
CALIPSO Dataset (Jan 2010)
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Validation
From ground-based, via in-situ aircraft to satellites
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Evidence of Acid Aerosol — Cloud — Precipitation Interactions

Altitude, km
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65.32

-143.45

Height (km)

532 nm Total Attenuated Backscatter, /km /sr Begin UTC: 2008-04-14 22:04:59.1142 End UTC: 2008-04-14 22:16:54.7971
Version: 2.01 Image Date: 04/18/2008
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ISDAC Aircraft Campaign — March April 2008: Sources of

Source * at multiple locations

Meters AGL

April 15, 2008 00:55:40 — 01:17:24
NOAA HYSPLIT MODEL
Backward trajectories ending at 0200 UTC 15 Apr 08
GDAS Meteorological Data
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ISDAC Aircraft Campaign — March April 2008: Cloud

Microphysiggs

ISDAC (April 2008)

e Ice and mixed-phase arctic clouds

® Barrow-Fairbanks (Alaska)

e Aircraft Convair-580 from NRC (Canada)
* Probes : 2-DS, 2-DC, 2-DP, Rosemount Icing Detector, PCASP ...
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ISDAC Aircraft Campaign — March-April 2008: IFN-Size vs
RH-T
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ISDAC Aircraft Campaign — March-April 2008: Size
Distribution
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In Laboratory Allan Bertram UBC

Acid Coated IFN Particles before ice nucleation Particles after ice nucleation
Ice Forming Nuclei

Flow cell coupled to microscope

RH,=1% RH,= 95%




In Laboratory Allan Bertram UBC

\%

v

uncoated kaolinite
coated, (NH,),SO,
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Low nucleation rate
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Many Ice Crystals
Low Precipitation
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Ground Campaign, Eureka — Winter
2015-16

New Far IR
Spectral Radiometer
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Mid & Far IR Radiative Spectral Cooling Rates Profile (MLS)
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NETCARE Campaign — April 2015
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NETCARE Campaign — April 2015
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532 nm Total Attenuated Backscatter, km™ sr’ UTC: 2015-04-11 15:23:43.7 to 2015-04-11 15:35:40.9 Version: 3.30 Standard Daytime
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Spectral Radiance vs Simulations: Clear

* MODTRAN V5.4
* Clear sky

* April 11, 2015

* Two altitudes
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Clear Skies Measured vs Simulated Radiance

* Spectral radiance
profiles in cold

atmosphere regions

* April 7, 2015 (left)

* April 11, 2015 (right)
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Cloudy Skies Measured vs Simulated Radiance
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Cloud-Radiation Closure Experiments

Relative humidity vs ice (%) Number concentration

0 40 60 80 100 120 0 05 1.0 15 20
7 . T T 9 T 7 T HE T Libois
. Temperature R T —— Temperature
| —— Humidity Voo ~ 7.9-95um
v : : : ! : : : N —— 10-12um
6 Vol 6 . ""' . —— 12-14um |
K ——— 17-18.5um
—— 18.5-20.5um
~— 20.5-22.5um
—— 225-27.5um
5 5¢ — 3050um |
—— Measurements
---- Simulations
’8\4 4
=
3 \
3 %
b= X
<3 3. b N
)
2 ; N\ 2
4 H
E >
N
T
1 K Lhoor L —— Extinction Coefficient |, 1
::' —— Effective Radius
<t o 2DC (LY
- .
: ~ } © 001 x FSSP300 (cm %) : 3
05— w0 % 30 B 20 15 80 02 07 06 08 10 12 T4 % 50 =% —%0 15

Temperature (°C) Extinction coefficient (m~?)

40 45 50 55 60 65 70 75 80 85
Effective Radius (pm) 50

Temperature (°C)




Validation of IR Cooling Rates
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round Campaign, sureka — Wwinter
U10-1cC

© Dan Weaver




Ground Campaign, Eureka — Winter

9 : ‘ 1.0

8
Sophie Tran (UofT)  Ludovick S. Pelletier  Kim Stng (UofT) 0.8
; \
Validation against reference
6F

! g

Radiance (W m~2 sr™!)

4]
0.4
3 ;
A
: \ NAY
- - \ / ‘:J v 'M O J
2 7.9-9.5m \ Jv"\ ; Vo, W
10-12pm 1\? ' r({ \T / s 0.2
— 12-14pm | f‘ ‘1 1
17-18 5um 1"\ ;'
I — 18.5-20.5m V ; &[ i /
—  17.25-19.75um o .
20.5-22.5um e R

000000 01,0000 020000  03:0000 040000 050000  06:00:00  07:0000  08:000b
UTC time on 2016-02-24 53



Altitude (km)
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Clear Sky Observed FIRR vs Simulation
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Brightness temperature
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Model simulations

Microphysics, radiation and climate models
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Monthly Mean Aerosol — Observed vs Simulated
Observed

Zulphate Index during January 2007 - v2 - 1500-3000m
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Data assimilation
Operational forecast and climate models



Planck Function and Channel Ranges
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Jacobian AIRS and FIRR/TICFIRE -
Humidity

0 2016-02-26-11 with more FIR bands

Room for improvement
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Analysis Error Variance — AIRS vs FIRR/
TICFIRE
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Future missions
Active — passive instruments
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Coverage Analysis — Or
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e Spectral Radiance is a fundamental quantity to constrain models.

e Sidetracking via “evaluation” of aerosols and cloud microphysics add
uncontrollable errors and model biases (R, N, types... do not exists!).

* Direct and accurate measurement of radiation energy everywhere and
all the time is the ultimate and least biased constrain.

* It can be directly assimilated into forecast models.

* The combination of active and passive instruments is the way to go!



» Coordinated observations from space, ground and aircraft are essential.

* CloudSat and CALIPSO have permitted to close many of the gaps in the
complex interaction between aerosol, clouds, precipitation and radiation
in the Arctic during the polar night.

* The involved feedback processes are powerful modulators of the
atmospheric circulation and regional climate.

* Future mission should involve active instruments together with
radiometric measurements, especially in the far IR and sub-mm range.
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Two Coupled Planetary Scales Feedback Loops
Vertical Branch : Time scale ~ 1 — 5 days (indirect IR-Cloud)

Fast growing Ice
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Horizontal Branch : Time scale ~ 1 — 2 weeks (DGF)
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