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Three-dimensional aerosol-cloud distribution and

their long-term trends over the Arctic
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SUMMARY

I. Title

Three-dimensional aerosol-cloud distribution and their long—-term trends over

the Arctic

II. Purpose and Necessity

Arctic amplification and sea ice loss due to climate change are changing the
characteristics of the global water vapor cycle. Research is underway to find out
the relationship between changes in the chemical composition and concentration
of aerosols (fine dust) and sea ice. It is reported that these relationships are due
to the amount of heat and water vapor transmitted by the atmosphere and the
ocean. Modeling studies are being conducted on the effects of aerosol on Arctic
climate, cloud generation (water vapor), atmospheric radiation, sea ice, and
atmospheric transport pattern interactions in mid- and low-latitudes. However,
observations and detailed studies over Arctic region are still lacking. In this
study, the aerosol distribution and characteristics in the Arctic region and the
long-term variation of clouds are investigated through the analysis of satellite
and ground aerosol(fine dust) and cloud data. Also, the impact of long-distance

transport from mid-latitudes to the Arctic region was analyzed in detail.

III. Contents

This research aims to understand the temporal and spatial distribution and
long—term variation of aerosols (fine dust) and clouds in the Arctic region. In
this study, (1) analysis of spatial and temporal distribution of aerosol (fine dust)

in the Arctic region and microphysical characteristics of clouds by using ground



and satellite remote observation data, and (2) investigate vertical distribution of
cloud microphysics and its relationship with long wave radiation. In addition, (3)
we investigate the main transport of aerosols in the Arctic Ocean and the
impact of long—distance transport from mid-latitudes to the Arctic. Finally, (4) a
database of observational data that can be wused as verification data for

aerosol-cloud modeling in the Arctic region is collected.

IV. Results

The aerosol scattering coefficient observed at the Ny-Alesund Station showed
a maximum value of ("8 Mm!) in March, decreased steadily until August and
September (0.05 Mm!). The number concentration of each aerosol particle size
in the early 2000s were less than about 200 cm-3, while it increased to 250-300
cm® in the 2010s. The number of particles in the nucleation mode increased by

about +3.975 cm yr L.

The aerosol optical depth (AOD) observed by AERONET in the Arctic region
peaked in April, July, and August. The highest AOD observed was 0.24+0.43 at
the Yakutsk Observatory, which might be due to the influence of aerosols
caused by forest fires as it i1s Siberia where forest fires frequently occur. In the
case of the PEARL observatory, which is located at the highest altitude, showed
the lowest AOD (0.07+0.05).

In Barrow, Alaska, top 709 high concentration aerosol cases occurred the
highest at about 50% during winter, followed by spring (27%) and summer
(12%). The distribution of potential pollutants for each season was examined
using reverse trajectory model, where Russia and Eastern Europe regions above
50 degrees North Ilatitude and the Arctic Ocean region near Barrow are
estimated to be have strongest potential pollutants (0.6-09) in winter. A
relatively high contribution (0.6-0.7) was found near Bering Sea in summer, and

no clear potential pollution source was seen in autumn (less than 0.4).

On average over the Arctic, 78% clouds were observed, consisting of 39%

single layer clouds and 38% multi-layer clouds. The total cloud occurrence



frequency was higher than 80% on May to October, and less than that from
November to April. On average, ice clouds was about 2 km thick, and occurred
at high altitudes of more than 3 km in summer, but 2 km in winter.
Mixed-phase clouds generally occur at the lowest altitude (around 1 km) as the
lower height increases in summer and early autumn, and the fluctuation range
of values is small. The LWC of liquid cloud was observed to be 0.6 gm® on
average, and it was confirmed that it was during relatively warm temperature
range (-3.8°C+0.2°C). The IWC values were less than 0.1 gm >, especially in ice

clouds, which was observed below 0.5 km in the temperature range of - 1273°C.

In warm advection case, total cloud occurrence frequency was highest around
05 km (760%), which was mostly due to mixed-phase clouds (730%) and ice
clouds (725%). In case of cold advection, the frequency of clouds due to
mixed-phase (720%) and ice (720%) clouds was highest (745%) at approximately

0.8 km height, and ice clouds were the most common in the upper layer.

The average long wave radiative forcing of surface clouds calculated through
the model was 4156 Wm 2 It showed a minimum (18 yvear average of 34.82
Wm™?) in June, then gradually increased to a maximum ("50.06 Wm?) in

October and then decreased afterwards.

During cold advection, the observed mixed-phase clouds occurred
discontinuously with low (-10°C) temperature. Accordingly, the upward long

2 which was significantly less than in case

wave radiation was about 250 Wm~
of warm advection. Downward long wave radiation ranged from a maximum of
240 Wm? to a minimum of 150 Wm? was observed especially when clouds

were present.

V. Application Plans of Results

In this study, the understanding of the direct and indirect radiation effects of
aerosols can be improved through the analysis of the temporal and spatial
changes of the aerosol and cloud characteristics using ground and satellite

observation data sets. It 1is expected to improve the aerosol-cloud



parametrization process in the Arctic region. In addition, it is predicted that the
accuracy of cloud simulation can be improved by using the Arctic cloud
characteristics investigated in this study. Improved cloud simulation accuracy
will be enable more accurate picture of climate change and mid-latitude impacts

of Arctic warming.
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ZARE olgste] 75 £ A4 v¥, $ALE a3 TH U1 dEte
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A fh(Pierce and Adams, 2009; Liu and Li, 2014). @A oo 2ol o
AL R FEA B e TR AR 39S olsste A 2%
Holv] ool ZE(AWA)-TF FHEA olHE 2 FAF & Uk TEH} ¥
Aol sEw AUES 29 219 dehiglth

Surface
Temperature
[ N Positive Feedback

egative Feedback 1

S Surface Sensible and Q!t Pond Fraction,
Radiation Budget &= Depth and Lead

Latent Heat Fluxes Fracti
raction

I\ 1

. <4 Air Temperature | Large Scale Advection
[ Cloud Fraction ] 4 and Humidity and Vertical Motion

rot
BN

Positive or Negative
Feedback

Modified from Curry et al., 1996

[ Cloud Optical Depth ]

Microphysical Properties of Clouds

‘ ’ = Phase
= Cloud Droplet Size
Aerosols ..
= Liquid Water Content

= |ce Water Content

gl 2010 FE, BAF = fAYFY EA % ZH:Curry et al. (1996).
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albedo), HA} =4 & (complex refractive index).
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Hornsund 2004.05 - & A 77.001° N 15.540° E
ARM_Oliktok_AK 2013.11 - & A 70.499° N 149.880° W
Barrow 1997.07 - €A 71.312° N 156.665° W
Yakutsk 1999.06 - €A 61.662° N 129.367° E
Thule 2007.03 — A 76.516° N 68.769° W
Tiksi 2010.06 - 2019.08 71.587° N 128.921° E
Ittoggortoormiit 2009.10 - 2019.10 70.485° N 21.951° W
Resolute_Bay 2004.07 - 2019.10 74.705° N 94.969° W
PEARL 2007.02 - 2019.10 80.054° N 86.417° W
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(Sand et al., 2013; Breider et al., 2017, Gagné et al., 2017).
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(Nephelometer) 2 #=3 550 nm o2& FAISE YebWeh 2o A YEd
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2 A= “Arctic Amplification: Climate Relevant Atmospheric and Surface
Processes, and Feedback Mechanisms(AC)Y” =+#4] ZZAE9 2302 Svalbard,
Ny-Alesund(78.92 °N, 11.92 °E)¢] AWIPEV #Z2oA 2016 64HE 8=
A AEHd 5 BASARE ofsto H5 75 54 dis 45 Jds
Gtk 94 GHz +E @]y (Cloud radar), 905 nm +31LA(Ceilometer), 1#] il
K-band®} V-bandE o] &3sl= mlol= & #ht] @ v E (Microwave radiometer), Al 7}
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BE w4 75 2 AEE § gk aga ols oA vEYA
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=

Cloudnetol Al A& H:— oty =

B 2 AEE A7k e h71FB0 s, 20 m) Wl A EFE o]&3ho
TES A 15 FES A JHAA, 48, EFY LE)ER BRIt
T WelA 5 Aol FHoE dAEEH AFHAS W FEFTolH AYskAa, A
olx FE=9] Jfe] wal @E(single-layer clouds), T (multi-layer clouds) 2 &
ERSEATE Eg, FESA AA e S stue] AR EAgeE 499 77
WA 5 e A TEOE, F 7HA Aol BT EAEY £ FEoE R
sk St

Ao A o] FE HAEY 5AL e 22 Uyog AEFHT o

| 4=3sFaF(Liquid water content; LWC)2 wlo]=a = 2ht] QU] E (MWR)|A] =74 3k
Mz 47 Z(Liquid water path; LWP)¢} el &% 2 ored S o] &3lo] AH&31Y
S (Illingworth et al., 2007), 45 3% Ice water content; IWC)> & #olH
HEES Ao A 835t =g tHHogan et al, 2006). 759 YA F& Wb
7d (Effective radius; Re)®] 255 HAA A<t d5 A ZZF Frisch et al
(2002)¢} Delanocé et al. (2007)ellA AlFst= d@2AS 3 ANHJTG. FA AU
 AED 549 AE WHE 1 320 YEY gl

N

£ 3.2. 75 vAE 54 A Wy

Parameter Equation Reference

Oﬂxﬂ }“6]-1—"/]3

(Liquid water "P}o]Z 2 HrjonHE SAE AA +4=ZE o Ilingworth et
content dx o=z qHE3lele] A& al. (2007)

; LWC)

Ao TFF  log,, W) =(0.00058)27 + (0.0923)Z — (0.00706)7 — 0.992
(Ice water |
Content Z = 07194 >< Zmeasured Hog(ggogg/ a ’
; TWC)

AT Zl(h) H s Frisch et al
g w3 _ Tp 3 B} 2 risch et al.
(Bifective ") o) |27 WM) exp (~20) (2002)
radius) 2LWP3

5o o) o

2 9 AT _ 3UWO) Delanoé et al.
WA 10

¢ 2p,a (2007)
(Effective
radius) logye(a)=(0.000876)Z 7T+ (0.0928) Z— (0.00513) T— 2.49

Z = Radar reflectivity factor, T = Temperature, h;= Height in the cloud (i; radar range gate at cloud base and
top), Ah= Radar range gate thickness, p = Water density, p= Solid ice density (0.917x10° g cm™), oy=
Logarithmic spread of the distribution (assume 0.38; Miles et al., 2000), a= Visible extinction coefficient
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Hogan et al. (2006)3 Nomokonova et al. (2019)] <¢]&}H, Cloudnetoll A A2tH
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