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SUMMARY

(3 B 2 o ®)

[. Title

A Study on Arctic Temperature Rise and Jet Stream Response by
Ocean-Atmosphere Boundary Layer-Cloud Interaction Based on EARTH System
Model

ll. Purpose and Necessity of R&D

Due to insufficient observations in polar regions, significant uncertainties exist in
physical processes such as boundary layer turbulent mixing, cloud physics,
radiation, and flux parameterization processes over sea ice, thereby reducing the
predictability of mid-latitude phenomena originating in the Arctic. We analyzed
differences in Arctic temperature rise within models through model performance
evaluation, observation-based approaches, and improvements in mixed-phase cloud
simulations. Regarding the impact of Arctic sea ice and local heat flux changes on
the global-scale atmosphere, academic opinions remain divided. Therefore, we
conducted theoretical and verification studies on the effects of Arctic sea ice and

local surface heat flux changes on the global-scale atmosphere.

[ll. R&D Contents and Results

Establishment of a Model Experiment System and Analysis of the Impact of
Localized Changes in Polar Regions on the Global Atmosphere

The Korea Polar Prediction System (KPOPS-EARTH) analyzed atmospheric
responses to reduced sea ice in the Barents Sea during early winter, integrating
for 36 years using both the base model CESM2 and its predecessor CESM1. When
sea ice decreased, the temperature increase was greater in CESM1 than in CESM2.
This was analyzed as a result of the temperature increase in CESM1, which has a
larger potential for increase due to existing differences in cloud cover. Theoretical
research analyzed the limitations of previous studies on the dynamical
characteristics of global-scale atmospheric motion and established a theory on the

dynamical patterns responding to regional heat fluxes in global-scale atmospheric



motion.

Analysis of Arctic Ocean-Atmosphere Boundary Layer-Cloud Interactions and
Evaluation of the KPOPS-EARTH Simulation Performance

Using the CESM2 model, the foundation of the KPOPS-EARTH, and its
predecessor CESM1, we analyzed atmospheric responses to reduced sea ice in the
Barents Sea during early winter over a 36-year integration period. When sea ice
decreased, the temperature increase was greater in CESM1 than in CESM2. This
was analyzed as a result of the temperature increase in CESM1, which has a
larger potential for increase due to differences in cloud cover. Theoretical research
analyzed the limitations of previous studies on the dynamical characteristics of
global-scale atmospheric motion and established a theory on the dynamical

patterns responding to regional heat fluxes in global-scale atmospheric motion.

Identifying the Role of Ocean-Boundary Layer-Cloud Interactions Using Model Data

In the CESM2 model, supercooled water droplets persist almost continuously
during the cyclone period rather than mixed-phase clouds, exhibiting a
characteristic where ice crystals cannot sink in the middle and upper layers. This
was slightly improved through ice crystal shape parameterization. Consequently,
the decrease in water vapor led to reduced downward longwave radiation and
mitigated surface temperature anomalies. Despite excessive radiative forcing, the
appropriate surface temperatures suggest the need for further improvements in
physical processes over the ocean and sea ice. Theoretical studies involved

comparisons with reanalysis data and CMIP6 data, along with validation analyses.

V. Application Plans of R&D Results

The ice crystal parameterization scheme developed in this study is scheduled for
implementation and verification within the KPOPS-EARTH.
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- Al VAR SRR T A A S AR Ades 5407 AAT
$-of| S A A 5(GloSeab; Global Seasonal forecasting system version 6)& £813Ho] 20211 -E
d =Pt Ao (ZH 1). GloSea6 RH O] A5 s = HFsta /HAdstr] 918 vherst
gAY =¥o] glolsts (Kim et al, 2021; Hyun et al, 2022; Kim et al, 2024; Kim et al,

FCST HCST
vio, / IE Reconfiguration ECMWE
" ’“T’:’:’:i"'” i E:;Z'l‘;l N1280L70 ERA-interim |
. orécip.,' | (023'x016)) T255L60 ~79 km res.
snowfall | ~10km res. {will be replaced by ERAS)
Ocean/Sea-ice @ @ UKMO ODA
Init 5.51 T,"S- R esi
Ll NEMOVAR eanalysis
5“ e (3DVAR, 1AU) N721L75 ~23 kmres.

Atm. Forcing: JRA-55 (6-houly; Vi0, Fsw,
Fiw, T2, q2, Pafe, Precip, comected by CHAR)
(soon replaced by ERAS)

Land sfc. Dﬂ'line | ~ Climate forcing
Init 0 | {aerosol, ozone ...)

Land sfc. forcing Ny

GloSea6-GC3.2
Atm, um NEMO Ocean
N216L8S eORCA025L75
~60 km (083 %056 OASIS ~25 km in equator
At = 15 min, {coupler) At = 20 min.
Land JULES 1 hourly CICE Sea-ice
N216L4

Restarts every 15 days

L]

Forecast Hindcast

Ensemble statistical prediction

Verification
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- AV B obdet AEHRE 93 =¥ MR lSled, FatdistueA =
CGCM(Coupled General Circulation Model)= TF3to] 2do S-S H7tsta A5
5 APCC 7| 5-AlEfel Algsto] ebr]@e] oS5dxel v 4ol 7hHs st
et al., 2018).
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shal Q. AA = FA ALASZA AL SEASS B2 E ECMWES] 58 A Ald S AlA
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IFS horizontal resolution (dynamics) T255 T319
IFS horizontal grid linear cubic octahedral
IFS horizontal resolution (physics) N128 (80 km) Q320 (36 km)
IFS vertical resolution { Top of atmosphere)  L91 (001 hPa) L9l {0.01 hPa)
IFS model stochastic physics 3-scale SPPT and SKEB  3-scale SPPT and SKEB
Coupling OASIS3 single executable
Ccean model NEMO v3.0 NEMO v34,1
Ocean horizontal resolution ORCA 1.0 ORCA (.25
Oocan vertical resolution L42 L75
Sea-ice model sampled climatology LIM?2
Wave model resolution 1.0% 0.5°
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I3 3. ECMWF SEASH9] 1981-2016d A2d H9 EH¥HE A4 7|2 o&5/d(Fan

et al.,2020)

120W 60w Q
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AE o] Fomdt M-S HYS. T3l SEASA ol EaFE A 9k FjHl 2 dlS SEAS50] A

AETAA de s A7 (Johnson et al., 2019).
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¥ 12. BSRN A& #=

A5

Baseline Surface Radiation Network

713
(BSRN)

A5 B https:/ /bsrn.awi.de/

A8 EA 2% 60°N ©]4, A9 AR #F A=
Alert(82.49°N,62.42°W) 2004.08. - 2014.05.
Barrow(71.32°N,156.61°W) 1993.02. - 2022.12.

A3 Cape Baranova(79.27°N,101.75°E) 2016.02. - 2016.11.

(A& 713 | Lerwick(60.14°N,1.18°W) 2001.01. - 2017.07.
Ny-Alesund(78.92°N, 11.93°E) 1992.01. - 2023.08.
Tiksi(71.63°N,128°E) 2010.06. - 2018.03.
Basic and others 3. 13

=7 Radiosonde 3. 14

A Z W\ Meteorological synoptical % 15
observation
A5 7]1%F 7] : Basic and others 3}&F A3} EAMEF(#9) A 57F E37H
o -

M]3l
Barrow : 2018 A5 F-A|
Lerwick : Radiosonde 2007.04 ©]% A5 HA|
- 8% A5 ARE Aests 1% & BSRNY ARS HolE3 skglen, A% 60°N 4]
5= A9 Alert(82.51°N, 62°W), Barrow(71.32°N, 156.61°W), Cape Baranova(79.27°N,

101.75°E);, Lerwick, Ny-Alesund(78.93°N, 11.93°E), Tiksi(71.63°N, 128°E) A<} ¢] A 25 A ¥
& #=Ale] wel A Basic and others, Radiosonde, Metorological syoptical observation

¥ (Driemel et al.,, 2018).
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¥ 1.3. Basic and others A& H<F

# Name Short Name Unit

1 DATE/TIME Date/Time

2 HEIGHT above ground Height m

3 Short-wave downward (GLOBAL) | gD W/m2

radiation

| Fadiaiion, standard deviation D) | SWD std dev | W/m2

5 Direct radiation DIR W/m2

6 Direct radiation, standard deviation DIR std dev | W/m2

7 Diffuse radiation DIF W/m?2

8 Diffuse radiation, standard deviation DIF std dev | W/m2

9 Long-wave downward radiation LWD W/m?2

10 Eong-wave downward radiation, standard LWD std dev | W/m2
eviation

11 Short-wave upward (REFLEX) radiation SWU W/m?2

12 Short-wave upward (REFLEX) radiation, | gy std dev | W /m2

standard deviation

13 Long-wave upward radiation LWU W/m?2

14 I&ong-wave upward radiation, standard LWU std dev | W/m2
eviation

15 Air temperature at 2 m height T2 °C

16 Humidity, relative RH %

17 Station pressure PoPoPolPo hPa

3} 1.4. Radiosonde A& ¥

# Name Short Name Unit

1 DATE/TIME Date/Time

2 ALTITUDE Altitude m

3 Pressure, at given altitude PPPP hPa

4 Temperature, air TTT °C

5 Dew/frost point TdTdTd °C

6 Wind direction dd deg

7 Wind speed ff m/s

_34_




3 1.5. Meteorological synoptical observation A& <

# Name Short Name Unit Method/Device

1 DATE/TIME Date/Time

2 Cloud base height h code Ceilometer (CEIL)

3 Horizontal visibility \AY code Visibility sensor

4 Wind direction dd deg Anemometer

5 Wind speed ff m/s Anemometer

6 Temperature, air TTT °C Thermometer

7 Dew/frost point TdTdTd °C %_I{I%]{C%RE)()) meter

8 Pressure, atmospheric PPPP hPa Barometer (BARO)

9 Sharacteristic of barometric a code Barometer (BARO)
endency

10 éﬁ?&rgy of  barometric PPP hPa Barometer (BARO)

11 Present weather WW code Visual observation

12 Past weatherl W1 code Visual observation

13 Past weather2 W2 code Visual observation

14 Low cloud CL code Visual observation

15 Middle cloud CM code Visual observation

16 High cloud CH code Visual observation

17 Total cloud amount N code Visual observation

18 Low/middle cloud amount | Nh code Visual observation

19 Temperature, air, maximum | TxTxTx °C Thermometer

20 Temperature, air, minimum | TnTnTn °C Thermometer

21 Whiteout yes/no 96111 y/n Visual observation
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¥ 1.6. ACTRIS A #= A%

The Aerosol, Clouds and Trace Gases Research Infrastructure

(ACTRIS)

https:/ /cloudnet.fmi.fi/

A 712k 298] FAAL AS

S Ny-Alesund
" Y 2017 ~ @A)
(A= 71%b) | (78.92°N,11.92°)
Cloud fraction, U(m/s), V(m/s), T(k),
Model
q(kg/kg), P(Pa)
. Rainfall  rate(mm/h), Number of
Disdrometer ]
Particle
- Lidar Attenuated backscatter coefficient
I =A+H
452 Radar reflectivity factor(dBZ), Doppler
(A1 W) | Rader . .
velocity(m/s), Spectral width(m/s)
Microwave radiometer Liquid water path (kg/m?2)
] Model, Lidar, Radar, Microwave
Categorize ) .
radiometer ¥ A5
BAbgo| A Ado] A+ Liquid water path, Ice water content,
Liquid water content A5 =X
=10

2018.10.-2019.06. A5 Z4 n] &
Kenttirova (67.99°N,24.24°E) A5 % EA5t 1 F4 7| FOo&E A9
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Target classification

[} no data

i Aerosols & insects
Insects
= 8 Aerosols
§_ \ . Melting & droplets
g ¢ A Melting ice
2 Ice & droplets
= Ice
% 9 Drizzle & droplets
2 \dﬁt :
i, Ul ) .@. Drizzle or rain
L b i "“ sl ;p' V‘ f ¥ Droplets
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Time (UTC)
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2 1.20. &x= ACTRIS A& &= At& ofJA]. 20234 10
2749 23A 55H AA 23, Liquid water content
(LWC), Ice water content (IWC)9] HAl Exet Liquid
water path (LWP) A|7td B3

we |4

¥ 1.8. CALIPSO-GOCCP 94 #= A8

=t NASA
- (National Aeronautics and Space Administration)
Az An https:/ /espo.nasa.gov/impacts/content/ The_ GCM-Oriented_CALIPS
O_Cloud_Product_ CALIPSO-GOCCP
e mg | AT €% B (GOM)S] 5AE Awe] S ASHE A4 ¥
% Am
A= 7%k 2006.06. - 2020.12.
Cloud fraction Total, High, Middle, low
I < ZF #H e jce, liquid,
Ae b Cloud fraction_phase ! . d i
unclassified cloud fraction

H] 2016.02. A5 H-=)
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Total C'°F£ Fraction

Low Clot{g Fraction
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(Quasi-Geostrophic potential

Ageostrophic motion]

vorticity equation) HFFOE
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7h S5 AR AelEE Y Al W] AAS-TE, HAF 548 24
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Infrastructure (ACTRIS)®] #|5 Z}%&, Baseline Surface Radiation Network (BSRN) A& =}
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u. Ate]ZE #9 Al KPOPS-EARTH tl7|2€e] 5, A 54 &4

- KPOPS-EARTH tj7] Zdle] 7|uk melel CESM2(CAM6):= =A< &% E5o] Jrrod
= A8 A7F ol 42 A Ql5(Baek et al, 2022; Bae et al, 2022). CESM2(CAMS6)°]
Vavrus and Walizer 2008 schemes % -83l0], 549 35 %S Agste], CTRL A&,
> A A¥ (FD)C.Z 2020 299 Alo]ZEe] i3t o5 A¥S WY md 53

& 29 99 271ES EEsto] 29 28U7HA, AAE 31K ARE ARES (3E 21).
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_____________________ e BN .
e NS 97.x25%, 32 levels .
Freeze_dry scheme A&
H| 1! — 170
R (Vavrus and Waliser.,, 2008)
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YER T, 5% 0.8~09 WA A YEtE A9o] Qs CTRL A¥2 271424 9
d) o]F FFE VI AL ERASSE HluFE W, 559 54 G AGA a5 7E
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). FD Al X+ Vavrus and Waliser (2008)°l4] #1213t freeze-dry schemes %] -&-3}o,
= dellA 3]'5 TEY FAe AT o] A¥ A= CTRL A vws st 75 &
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Total cloud fraction Low cloud fraction

T2 2.9. CALIPSO-GOCCP ¢4 Atg9] 20204 2¥ HA4 =
2H(Total cloud fraction), st& 2% (Low cloud fraction),

3 L= &2(ice cloud fraction at low level)) B
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of o 75 F4e WgstH, AelEEe] FRl wet 7530l HATHe Ae BoE. o
T TES TR 5T AT AUnE PR A ol ‘/‘rE‘rUr“ﬂ, 5 AdelM= &
Fol Ao AF. o] xe AL I sl B 57 =0l sk
T5 B4 T 92 s S AL ek e SelME AA AEY e F
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1. CESM2.1.3

- Z*]: https://www.cesm.ucar.edu/models/cesm?2

2. JRA-55
- Z&A: https:/ /jra.kishou.go.jp/JRA-55/index_en.html
- A7z 19819 1€ ~ 2022+ 29

- 99 AA T

3. ERA5
- Z4: https://cds.climate.copernicus.eu/ datasets/reanalysis-era5-single-levels
- SR 1981 1€ ~ 2022 29

- 9o AT

4. ACTRIS Cloudnet data

- Z74: https://cloudnet.fmi.fi/

- FR7IZE 20206 1€ ~ 2022 29
- 99 Ny-Alesund

5. BSRN

- Z*]: https://bsrn.awi.de/

- FR717E 2020 1€ ~ 2022 24
- 99 Ny-Alesund

6. CALIPSO-GOCCP
- Z3A]: https://climserv.ipsl.polytechnique.fr/ cfmip-obs/Calipso_goccp.html
- FA717k 2006 69 ~ 2020 29

7. CMIP6

- Z*]: https://cds.climate.copernicus.eu/ datasets/ projections-cmip6

- 3717k 2006 62 ~ 20201 29
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