TSPE19120-041-12

|y

CICIEESRETRS

HI
>
o
0Z
rH
=
i
FO
o

AT o

Analysis on variability of cryosphere through
energy analysis over Arctic ocean
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[. Title
Analysis on variability of cryosphere through energy analysis over Arctic
ocean

II. Purpose and Necessity of R&D

Polar regions as Arctic are influenced by climate changes, and these area
affects global climate changes. In addition, Arctic is key parameter in climate
change because it is a region where several feedback mechanisms are strong.
However, there is insufficient explanation for polar factors. Therefore, it is
necessary to analyzed the quantitative changes in the energy balance of the
Arctic region and the factors affecting the cryosphere. Variability of
crypsphere factors and energy budget appear in large area over Arctic
Ocean. Therefore, it is practical to use satellite data rather than in-situ data
in order to observe changes in wide areas. It is necessary to analyze the
link between long-term trends in Arctic sea ice and energy balance using
satellite-based data. Therefore, in this study, we want to investigate the
process of energy balance in the Arctic region through long-term field

observations and remote sensing data.

[II. Contents and Extent of R&D

* Collection and processing of satellite-based long-term energy budget

* Quality analysis of energy budget data

e Study on variability of radiative flux over Artic region

* Data collection and post-processing for estimation of sensible heat flux

* Sensitivity analysis of input data in estimation of sensible heat flux and
accuracy analysis of estimated sensible heat flux

* Long-term analysis of the sensible heat flux

* Advancement of sensible heat estimation algorithm in sea ice area

* Development of energy balance model prototype

IV. R&D Results
* C(Collection and processing of satellite-based long-term energy budget
- Collection of five radiative flux variables

- Collection and pre-processing of the radiative flux data

_Vi_



* Quality analysis of energy budget data
- Calculation on net radiation based on previous study
- Analysis of seasonal spatial difference of net radiation by satellite data
- Error analysis by satellite data using statistical methods
- Validation of net radiation based on satellite data using in-situ data

- Inter-comparison between satellite data

* Study on variability of radiative flux over Artic region
- Time series analysis on net radiation during study periods
- Time series analysis on net radiation per area of interest

- Analysis on seasonal variability of net radiation

* Data collection and post-processing for estimation of sensible heat flux
- Investigation of sensible heat flux calculation techniques in advanced
organizations
- Classification of sea ice / ocean area and input data (satellite / model)

- Test estimation of sensible heat flux based on Satellite data

* Sensitivity analysis of input data in estimation of sensible heat flux and
accuracy analysis of estimated sensible heat flux
- Sensitivity analysis of Input data for estimation of sensible heat flux
- Inter-comparison between estimated sensible heat flux and other
organizations sensible heat flux products

* Long-term analysis of the sensible heat flux
- Analysis of spatial and temporal trend over Arctic region
- Classification of research area according to various conditions and

analysis of time series each areas

* Advancement of sensible heat estimation algorithm in sea ice area
- Estimation of sensible heat flux considering sea ice characteristics

- Estimation of sensible heat flux using deep learning

* Development of energy budget model prototype
- Collection data and post-processing for estimation of energy budget
- Estimation of heat content using satellite and re-analysis data
- Development of energy budget prototype model by estimating energy
balance in Arctic region

- Analysis on variability and change factor of Arctic sea ice

- vii -



V. Application Plans of R&D Results

* Study on correlation of previous study and main research with result of

this study over Arctic

* Application for study on correlation of the climatic changes in previous

researches with result of this study

- viii -
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et al.
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Simpkins

et al.

Comiso
and Hall

2003

2005

2006

2012

2014

Variability and Trends of
Air Temperature and Pressure
in the Maritime Arctic, 1875-2000

Snowfall—driven growth in
East Antarctic ice sheet mitigates

recent sea—level rise

Surface melt—induced acceleration

of Greenland ice—sheet flow

Seasonal Relationships between

Large—Scale Climate Variability

and Antarctic Sea Ice Concentration — 3| #/A/FAAE 24

Climate trends in the Arctic

as observed from space

Rk

AlZ9] strong warming 74 gk
decade™ (¥) 0.13 ° C decade™ (A%)
2% W3l 0.05 £0.04° C decade™
7} FAF (0.06° C decade™)
1 2003 Abole] ERS #loly %A 3
L WsbE(dS/dh) = HtR R A% v F A E
D FARAE Y ARG SR A

[e]

ofk

ZA0 - d5 Ao Ak W3}
D A7F 45 + 8 Gt =7}
A7k 105 £ 20 Gt =7}

e L X,
X

— Sea Ice : 0.47£0.10 ° C
— Greenland (Ice sheet): 0.47+0.06 ° C

1=]
=1

= HH2] RE FA Q@ Ao A Surface temperature =7}73 8k




A2 A A YA £

x| ure] A9 thekst ice—albedo feedback®] WAdl= x| ot WA QA9
a7 Bk, = HAR 2E7F FkstHA WA 24T AAdhe
I Qlth oluf, & HARSE & Atolof A WAdEkE oy A FAE

Aol g £ #5379 B0l IH(Seo et al, 2017).
A Wt wE B t7|Z29] oy|A ol Tk d=5Hm, AN
9] solar heat input T7F, WA Q4d W olyx] F5Eo] ztold] mE oy X]
TA 9] Wgo] BEAT SAYE oy FA] WstE gl owM ofyxe ] - &

QI3 AT HAlo] sbstel, ol YN WE BAS AW 2MOE AT - ok

. )

B

4 4

rir

Chapin et al(2005)°] M=, H=o4 dwert gasta 571 ds5ste 4
wolr, oyA Fok t7]2 9] olF 2 10 6 MJ/m? decade™ & T7}
I3kt Perovich et al.(2007)> 7IW <oA1 9] solar heat inputs Al
Fotk, AA 99 = solar heat input trend™= 89%9] <F2] Ak 11%2 <9
S Holow 200 MJ/m* oA 400 MJ/m*S2 F7ishs #H1sklth. Zhang er
al.(2011) ¢ w2, Surface—based inversions(SBD & H/5=9 A x-tj7] AA
oMM AT verstem, 7hEd Age] ¥ Asta A5 FAA DTS Flssith
Nicolaus ef al(2012)+= o5 &<t dd¥ 3 thdw o] 59 5348 zol& A+
stglow, ddio] thd®e] nlsl o w duEE Holw oFe ¢ F7] 4% A
S sttt Riihel et al(2016) ] W=, CERES SYNldeg flux7} "2 Fol
A AL error, 7] oJF°l sea ice albedoE #A F743H, AVHRR 7|8 CLARA
Ag7F o eiyelA o) FAse BEE Btk EE, GEWEX SRB cloud

faction®] x}ol7} =A S gHelslgit),

o e o
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E 2.2.1. 5 A9 oA FA 2 AHE A7 A
AR A= A= e
- el st st SRk Asshe 4%
Chapin Role of Land—Surface Changes in Arctic o
P 9005 e — BZelA U EFe t712Y o5 109 F
et al Summer Warming 1= =
26 MJ/m? decade™ ' F7}
Increasing solar heating of the Arctic Ocean — 7% F+& oA 2] solar heat input AF=
Perovich 0007 and adjacent seas, — AA 949 F solar heat input trend
et al 1979-2005: Attribution and role — Positive @ 89% / Negative : 11%
in the ice—albedo feedback — 200 MJ/m? oA 400 MJ/m*°o.&2 Z7}
n Climatological Characteristics of — Surface—based inversions(SBD & & - 522 X xZ—-t}”]
an
) /g 2011 Arctic and Antarctic Surface—Based AA AN A= Ay
et al
Inversions — SBIE= 7} AL ¢ Zsta A5 F8A A
% B AU AW §5, R Aol
Nicolaus Change in Arctic sea ice result in increasing _ o -
; 2012 ot " 1 absornt; — thdde] vla] dddo] o we duEE B9
et al ig ransmittance and absorption _ oJuo] thaule] Hla] o= Eob s 2%
] ] o — CERES SYNldeg flux 3%, oA &2 error,
B An intercomparison and validation of o - . -
Riihel : L o5 %7] ! sea ice albedo A& F74
2016 satellite—based surface radiative energy flux e i
et al. _ _ — AVHRR 7|8F CLARA == @ 3 afel A o4
estimates over the Arctic ] .
— GEWEX SRB cloud faction #}o] £
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1. #1743 714} Radiative flux

A9 | A A= a9 3.1.13% Zo] Ykl = Qv A9 Ay A FA= A
Al Bt dA = Qs WA sk= HAF olyA G Axe 7td 9 =9 AH Wt
% #HE turbulent flux® T2 4 Sl ofe] 1y oA WA blAo] HF
< radiative flux 995 Yepflow Iheba vba~ BFEL turbulent flux 992
et oy R A9 A BAF oY A 9} turbulent flux?t #EE o|F 1 Y,
o] fluxg ©°]&3dto] ouA #Hs #=T F vk & A9 HFAHA FHL AT
ANUA FA 9 QaEg ol&ste] ALY oAU WHItE w55k Ao dow @
g A% A9 radiative fluxs AFE #4S FY5A )

buaget

net absarbed
0.6

Al values ave Muxes in Wmr?
and are avevage vaiues based on fen years of date

£3 : NASA homepage (www.nasa.gov)

19 3.1.1. Earth’ s radiation budget (NASA homepage).

(1) CM SAF CLARA-A2
EUMETSATZS] The Satellite Application Facility on Climate Monitoring (CM

SAF) oA A ¥3F+= Thematic Climate Data Records (TCDR) data® A2H 3L
CM SAF clLoud, Albedo and RAdiation dataset, AVHRR-—based, edition 2
(CLARA-A1l)o|t}, ¥ A=+ surface albedo, insolation(SIS), incoming(SDL)/

outgoing long wave(SOL) &} 22 tfst o\ 4] W55 Agstal vk i

_’|2_
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ZF AR uheks AL
T AEE zﬂ%%E} longwave @99 A5+= HFAE Aot JANL
shortwave 999 A}E+= insolation®] A% FH+f, albedo® A% 5¢ H+ =
Al&ett. CLARA-ALS] A9 19829 ellAl 2009974 Al Fatq sk, H vlo]
ES FeAM 1982d5-E 201597k 30 o1 A3t Agrt Alwdn. BE A
T+ 0.25 degree?] &3t SINEE Al
o7 & 4 AsE Azdc ¢
equal area FEAZ WHIH ABE stk E 3.1.1~2& ZF 249 A
5 Yk ok WA 32 3112 9HlE 2RO FFgkolr, 3749 AlolEE B
T add= Yo BEstk summit? DYE-29 AH$ GCOS 7ol 77k
RMSE7} #5504 Sodankyla ¥= #9998 % 0.119% v =2 og #hol
WS5HAT F 3.1.2¢ HAF WAFY ASEE Ui SISgE SDLE A%
absolute bias® R$°™, SOLY A% F 74 WFHT A =2 bias7t #5
o} 37FA WS B Foust A xS HolAwk s validation report®] 7§
A Az Fdel FaE Aolr] wie] SARNE w2 exvt #5E

o] Attt g A5 CM SAF ZH o] Ao A w4 Qi)

:(I)g
o
kit
il
2
ok
)
k=
30
|o
=
~N
ric
Y
|o
il
au!
rin
e
&
rlr

2}
°J

o‘i

A}5#+= Geographic projection
FE Al Lambert Azimuthal

i N
=™ ¥ rle

N
=
olr
o

¥ 3.1.1. CM SAF albedo &9 A% (CM SAF, 2016b)

Albedo Mean rel.
) RMSE )

(Greenland site) Difference (%)
Summit 0.044 —-3.88
DYE-2 0.067 -6.19

Sodankyla 0.119 43.17

¥ 3.1.2. CM SAF radiation A= Az A% (CM SAF,

2016a)
Radiati Abs.bias Std.dev
adiation ,
(W m™2) (W m™?)
SIS 8.8 13.1
SDL 7.9 9.4
SOL 13.7 18.1

_13_



(2) NASA GEWEX
NASA°| 4] Global Energy and Water Exchanges Project (GEWEX) oA A&

gh= Surface Radiation Budget(SRB) AtZolty. & AE:= surface shortwave/
longwave upward/downward AF5E A F3stY, ‘downward AFSE A 3Eo YAF
= 247 quAIGS YERY,  ‘upward AR T A EOA HEALE = U R] 9
e YeRdTh BE AR U] Aue ZHAGA clear—sky A= 750 Y
o] 3¢ all-sky A5 F 7HAE Alweta ow, & dAer= AAl 7] dH
9} e all-sky AHEE o] 433k GEWEX #AEi& 19834 7€ ~ 20074 12¢€
7FA] Alstal 1S ™ International Satellite Cloud Climatology Project (ISCCP)
A2 5 o]g3}9] visible®} infrared radiancies® ©]g3lo] AlEdr 2
geographic projection®] & 74 HIEAZ AFsta o, FIF FPAEE
degree, AIZF S EE €8 B F UHA G ARE AT 2% 3
AA AFEE AR oAjelth i 3.1.32 GEWEX SRB #A8°] 3
Aotk GEWEX <alglsg olgste] Aed dd+ AR
5-20 Wm ™5 Wit &5t gojela o el sl 2%
HolA| gk RMSe} #ut gelx= stFB Rt E3 o]
oot

AN

>
o
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o o= e
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All-Sky Shortwave Surface Downward Flux (W m~?)
Time:01-JAN-198400:00 DATASET : SRB Shortwave

o0*
fBU“ 150°W 120°W 90°W e0°wW 30°W 0° 30°E 60°E 90°E 120°E 150°E 180°

19 3.1.2. GEWEX all-sky shortwave downward flux A&2] <.
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¥ 3.1.3. GEWEX SRB #A%.9] A% % (https://gewex—srb.larc.nasa.gov/)

Shortwave Longwave
Time Ave Bias(W m—2) RMS(W m—2) Bias(W m—2) RMS(W m—2)
Monthly —-4.3 23.1 0.2 11.1
Daily -3.2 35.7 0.48 22.1
3—hourly monthly -6.7 41.0 0.57 13.4
3—hourly -5.9 87.9 0.67 30.2

(3) NASA CERES
NASA°| A A &3F= Clouds and the Earth's Radiant Energy System (CERES)

ARE AMEE Y B Ars gokst e wjEsta 19w Energy Balanced
and Filled (EBAF) A%.9} Synoptic TOA and surface fluxes and clouds (SYN)
= AFESSTE B e A X G 9SS A FsHY geographic projection F3EAZE
Aot Am viE 7] 2000. 03~2018.12 &9+ Al¥stil o, ¥k A%
T 71Edo=w 437 A85E AT EBAF Aae 9%
3 At} SNYldeg A&+ Terra®t Aqua YA &2A¥
CERES AlAelA #5H flux 9 75 A=RE A4 sk 2 Aol A

rlr
—
ol
@
0Q
=
@
@
>,
B
o
o?: ~
o

CERES_EEAF-Surface_Ed4.0_Subset_200003-201602.nc
Surface Shortwave Flux Down, Monthly Means, All-Sky conditions

410
Fo v

lat {degrees_north)
0

=41

o 100 ' 200 300

19 3.1.3. CERES EBAF =& ©.
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¥ 3.1.4. CERES radiation®] A&%

Shortwave Longwave

Down(W m™2) Up(W m? Down(W m? Up(W m?

Ocean —4.3 23.1 0.2 11.1

Land —-3.2 35.7 0.48 22.1

Arctic -6.7 41.0 0.57 13.4

Antarctic -5.9 87.9 0.67 30.2

(4) ERAS

ECMWEF$®} Copernicuso|A Al &3k th7] A A5=24 A A A9 A3t
t}. ECMWE ERA-interim® &% WAooz 12417+ 4D-VAR A5 F3}E5 o] &
st AFEE Itk Jiang, et al.,, 2019). geographic projection FHIEAZ A ¥-H )
2= A2 7|1k 19799 FE dA7EA] Alwsta e, ¥ SdEE 0.25

degree, A7F A EE 7|EAog AP qo7 A3t}

Surface net solar radiation Surface net thermal radiation

Surface net solar radistion {J m**-2) Surface net thermal radisticn (J m**-2)
| EEEE—— | L US|
an BI40UTOS 12900418 18MGGA17  J4500E338 307406545 145860445 114B63B8 2  S4ISEIN0 552756 23047193 7558370

7% 3.1.4. ERAS AR89 o A].

(5) NCEP
NOAA ESRL (Earth System Research Laboratoryolx] =33+ NCEP/NCAR

Reanalysis Monthly means and other derived variables A5 %5 AFE3}3ith &3¢
g T62 Gaussian grid® AlFH™ AIZF e EF@/AdB8+ A5E AF
Stk T62 Gaussian gridiz A A7 995 4% 192709 k&, 9% 94709 3a
2 AEEy
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mean Daily Net Shotwave Radiation Flux at Surface mean Daity Met Longwave Radiation Flux at Surface

| = ,

. _ |
L L ' ! - "
rean Dty Net Shortwave Radistion Flux ot Surfsce (Wim"2) mean Daily Net Longwave Radiation Flux st Surface (Wim'2)
4_..5:,. — 4__.",:,. PE—— | g
3823 79,7 2172 T 573 OF, 1271

7% 3.1.5. NCEP #A#9] oA

2. TAF oy A A5 AR
(1) Summit SUREQ7

JHH#HE= Summit  A|¥e] Q=  Greenland Environmental Observatory
(727 340" N, 38" 280" W, 3209 m)elA #=¥E Asoltt. £ A=+ 20099
Munneke et al®] <dATFolx AFEE  AEt(Kuipers et al, 2009, The
Cryosphere. i+ A&+ The Summit Radiation Experiment — SURE ' 07% ™
Ho] k. z® Al 7172 2007.6.8.~7.200]H, 30% HACE AFHErt & A=
— Air temperature, Relative humidity, pressure, Wind speed, 10 col. Snow

temperature, Shortwave incoming/outgoing, Longwave incoming/outgoing A&
E AFstn 2 A= HAF olyA] WFE AHESEsiTh

7% 3.1.6. Summit camp ¢ A.
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(2) NASA CERES surface observation data

NASA CERESH A A|&3dF= ground observation AF5E 4 3dFo] AME-3F .
w Atm= AA|l CERES HAF oy 279 AT Al ol &H = #Amolw vekst 7|
118 FalA F5%H Aotk & 3.1.5% 2 ATl AMES 537 A
He A4S AR AEE AYd gloln, 74 AT AR A= 1d" 3.1.7
t},

J,‘i
_H;
0

e

o
rLoooo

JO

e
1ol
o

_4

3 3.1.5. NASA ground observation At52] A H

# site Location Data periods
o . . 2011.04.01.—

TIK Tiksi, Russi 71.59, 128.92, Elev: 48m 2016.12.01
SMT = ETH/Greenland Summit ~ 72.60, 321.58, Elev: 3216m 29010101
NYA  NyAlesund, Norway 78.93, 11.93 Elev: 11m 20000800~
NSlope Alaska . 2000.03-01-

NSA (Ape Hask 71.32, 203.39 Elev:8m oS 0300
ALE Alert, Canada BSRN 82.45, 297.49, Elev:200m 238%4083051‘
BAR  Barrow. Ak BSRN/GMD 71.32, 203.39, Elev: 8m 20000501~

180°

19 3.1.7. NASA CERES ground observation 9] %].
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Go] SHMSE QAnt. 37 A, vd, A a@AF 45 mhe 24, A
T& whgow WEsA Hrl el whet FE ANEE % gk 2 delAe
37 SRS A9 AEe 9% REARw md 24 ¢ 5 b 4y v e
G- Ao ), Y AL AL FE B 288 Fhw ol gkl
SHF = pC,C,U(Ts— Tu) (4 3.1.1)

p. air density,
¢ . Specific heat of the air,

p

¢, . transfer coefficients for SHF,

U Wind velocity,
Ts: Surface temperature,
Ta: Alr temperature

(1) 71 (Air Temperature)

Ao 7122 ECMWF ERA-interim 2 m temperature monthly mean
data At=2E F&3th 7129 A 2W 259 bg2A A ew A4 k&t of
g Wgol7] wEel, AR ARE GEUTh AHEE VAR E 94 I &

EaAl 282 F AT =& CM SAFE 71F0 %2 A8E 459

(Surface temperature)

L
o B -y -AEE P2 o, A #5 ARE 285
9

— Sea Surface temperature (SST)

2 AgdTeldE NOAACA #l¥sk= OISST Monthly data AR5 AFE-3FATH
AlE 713k 1982958 201297H4] Ales™ &3t s E= 1 degree, ARt S
v g8 ARR AvdEd

Ice Surface temperature (IST)
R ¥ 25 A3 95Fe] NASAA Al 3%+ MODIS IST daily data®s

ARSI o] AEE MOD29 AHEE Terra YA ABE o] g3ty o, 337+ st

¢

T 4 km, A7 RS d H7 22 AT B AR 2 ATE 93
A2l BHAE v AREA 25l FA4S 9l5te] quality flags 7wl E JEE =
2 Aadt Algdd. 287 wid 55 ALH A FHAEAR FHS VIFoeR
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— Land Surface temperature (LST)

A% &5 AFEZE+= NASAOA Al¥sl= MODIS LST CMG monthly datas AFE
itk dl4W SE9 A BU 2R 49 INRE AW gL 9T FES, B
ol Hote tuS A 7] el mE AR 2% A5E ARESAT. 31T
AFEE 0.05 degree, AlZF SN EE €9 CE AFHH, climate modeling grid
(CMG) 2 F93 Az Au2 AT

(3) % (Wind speed)
214 7]‘%‘_ 5 A% ooFshA wiEstar XN fiFE AEE S Kol )

(4) 3" +% (Sea ice concentration)

Ao FHE BAsHr] fste] W sEARE AFESIY W AR UM
Z1EAQ1 B AtEEEA thekst Zdel Al etar k. AlFsks 7de] theke
T bootstrap, NASA team algorithm & ©Fst dagl&& o] &3sto] AlEH 1
o, B AFqME HF8E THCE st Q7] el e 2=k o
A 98t OISIC Monthly mean datag AF&3kl7] wistel OISSTS} &3t
Al - FAERR AT ET)

(5) A% A& 7] (Surface roughness)

& d7elM dde FAE W Ax dueFy e Ay o, A%
AL A& =0 guo] 9 EA 9 Zo] T texture 59 AKX FostEw A
7] e Abgstednr. AE A7 A2 oA 7)8F A2Q Cryosat—29F AEA]
59l ECMWF ERA-Interim A%5 ©]&3k3itt.

4. F7F 7122 =
7]%X]‘JEJ_TI:— 3.1.3 94 =S 'ﬂt}j’ %%‘iﬂi%\‘oﬂfﬂ /R]—%—% z]._‘EJ_g], Oﬂﬁx] 5,\_;q —E_}'\j]
S el ARE Frhele] BAsklon BAF oA 9l FAE s 7FW ERAS S

CMIP59] 7] exta & AMg-39t).
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oA 7k oUx] W4 EA BN W

=
= ':1}\-]

d 2AS JREE dh ol fete] 94
719Ee] o9 x] ¥4 (Albedo, Insolation, Longwave Radiation) ¥} 72 E-A} oL %]
of A¥d Axe Fyo] Hesit. Y AREES diFE 1980dth FHHEH
2007~9d A% EAs}. 242 AR e AlFshe 713, AFS-E L= sensordl mhEk 1
Al - B3R ST Aol g wds s} YR Wed Hev) . ol &

de Fde=, 7lst RS Fotol SAWel A HIEAR
re—mapping STk FAlOl B} up/down scaling¥ £ WS o] §8t

A 3 A ER AXAIY dgo® B 43 Rludss S 94 Al
o

2 429 F42 B/ 5+ Yok ol Quality control 5 ol83te] HHO| A=
92 sampling sto] Aeket zpzele] wlwAZo] AR ojop & lolth, FA #Ao]
gud ARE gor B Ade) & BA WE 5HS P4l AF AT
WA WE 99 B4 W B Buw dv 479 duix 959 W8 A - 53
Ao A AL Faste] 7 WIS YFAow BSuUTh ofF Ha A7 u)
o £38 Ang olfete] = BAE AFete] NAY/FAE B4 9 oA B
Ng Faekel Net radiation®] Wahsh o9l A7A o) B44 Wae ABYS 2
Hetaat gt

Longwave Shortwave
radiative flux Radiativeflux

Radiative
Flux remapping

AR
Atz £

Inter—comparison

Consistency Analysis
Standard deviation
RMS Diff / Bias
Spatial distribution

In situdata -

Radiative

Flux
Hs EM

HA
(-S|
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3. 3x = (2019)

IAFAZ(2017) oA H5 A2 914 7|9 &858 Joe HAS 9 A7)z W3
= A - FFoer BAET. 229 = (2018) o4& turbulent flux &= 94 7|4k
A4 A 2 AHF, A7 BAs . silE AR (2019) 0= B A9 dyA F
AE FAtL olF IR OE B A9 s W els A stuAl s ga
A= F 37HA A S T8l AFE Aystaxf shrh, A AA 342 Heat content
2 FAsle FRo|th o]lu] Heat contentE AM&3dl7] %W - tf7] - &l A 9
st A5E FHst] B Al HAsdE W S

T AFES stk st b A
A FH4E fste dd #AS AE7F obd, AA/EA/AEA T g ARE &8
Q)& heat storage®} latent heat =4 ¢4 E

7]
b = tjoksl vkAlS B2 heat contentE AHYSH

FAE oo, Bd - =2 7]
o a2 2017~2018d%] HH QW radiative heat flux$®} Sensible heat
flux, A H}ANA A E Heat content® HFE S 2 Earth energy budget %
Arctic climate WIAYES %%fﬂ'oﬂ 55 A9 oyx] FAE FAST a8 F
A oyA FA9 54 YW Heds g B4 7IHEs &8st A4St B
x| 3o oy A 2E prototype% Zpstet. a2la 2 A W #S5 Ve
2 AEE Y HeAd s vt Oo R oyx] FA7F s Wsle wX e Y-S A
sto] Bl oA siAs T3 B WA WHE a]lSs AT olE FE B
giyol A 7HxE 7H SAARER A 7FeE ZolH, YA e #eA H=
el HelE Ay 7hsd A9

Inputs H22| 3t

Humidity Bulkalgorithm

or a3 13 Heat content

(Heat storage/Latent heat)

Arctic Energy budget

LA sjHE2 &
Model Prototype == oAl A E
Sensible Heat flux C EAMEME 5 Ha e
(2018) Y e e O] 4:4] & a2 s Ado] Ak 244
iati TEFHMS UHOR 25 OfJL{R| £7| — 3 13} Fad 24
Radiative Flux 7~|9|°|01||—‘|7\| ol . e
(2017) HAHLZE 2= [HA[ 2] < 3 ofFLIE 24

% 3.2.3. 3AE A EFE.
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AT
=)
AFEE S clemaga aze
Re—mapping
©] 249 7]} (Nearest Neighbor WH)
oA W
2=z 1l A= .o =
T4 1@ Net radiation A&
2ko] 4
Jd3lT B A
°1]L1X] Eﬂ/\tﬁ ZQ—..L RN
= (BAX 2
34 74
ded 24
AR, FAA )
B %o o] Data blending

Radiative flux
AlAE 4

ME 54 84
(1F3)7) 22

dd +74
qdd #4=
9%t AAe 4
=
APATE 283 5=
qd +74

TA AL &

geographic projection?] AF&ZE nearest

neighbor WS A&3ste] EASE—-2 grid
11 3}

A5 250 HluE fd CM SAFefA]
&%+ Daily SIS, Pentad SAL, Monthly
SOL, SDLE AFg-3}o] daily net radiation

A=
= &8sty GEWEX, CM SAF

net radiation®]
F714 Ao] Ml B4

CERES =A%

Root Mean square error standard
deviation, averageE ©]-&3}o
214 7]WF net radiation A5 FJ&ax EA

23t CERES®} GEWEX A&
of W& d¥Ag B4
A A ¢} bias, rms—diffS 83 F
A7 0 A% H7}
CERES® GEWEX A} =9
T A= 7I3F &9t H 5o
30 ol 7] 7% 2w A

HE il
H:l o

529 net radiation®] AAIE A3F WI&
)\].14 H] Hﬂ§]. 7ﬂf5‘t T,\i_/;j

olgo] Al F83te] A =4

SHF = pC,C,U(Ts — Ta)

p- air density,

¢, Specific heat of the air,

¢, transfer coefficients for SHF,

U Wind velocity,

Ts: Surface temperature,

Ta: Air temperature

Inoue et al.,, 20119

Arctic Marginal Ice Zone°olA HEH
S v o7 Y FH

HYATE whgo

N
A
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A 5S4 " wEAs(c)E &85

3 /“Q_-s].ﬂgll:_oai °
AT HSEET U o gy o A9 A9 Freel *
37
4
i H}
A% wdS sgs 2o Bastiaanssen, 2000 &_Han et al., 2010- i
. . Holl mabs A FolA &85= W AH7]
dd +4

2 g3l Y A9 @D 774
Fairall et al. (2003)°l4 The Coupled
Ocean—Atmosphere Response Experiment
= &8
alF Aol Ad 432 OAFlux A&
2ol #A4 o Hlw A Al FIHA Aol W APEE, A
AL $HE B8 F AR Aol AN

Root Mean square error, standard

COARE 3.0 Bulk?] &

i
T8 %3 A F4

input A= 9]

s B4 H

r_{

d4d A%

EB e 42 B4 deviation, average® &&sto] A5 A9}
o (EAA 24 W ool AEs @ W oum e A
o= AT
A e AAL A BT A 99 AGe vgow A W
Wl A A (AEF3) A A &5 AFHoE MY
thekek 710
ANA T2 Faslo W oo o =
e AT A Aty BA MHEE FEshel OAFluxeh & AelA +
pl il LS A ) & o3 o = o3 1 /\L_TL]- PN .
B9 AN CGHAw, BAA B4 ° 0 dai] e AwATeh  bias,
rms—diffE Z-g3to] AR AT fd =&
A2

(1) %53} (standardization)

(& = Zean )/ T y1a

(x-mean) / standard deviation
252 st dlolel 8] H& 002 U=

(2) dt3} (normalize)

(@ = i)/ (T e — T

2e ARE 0~12 %3 &

Input Hidden Output
= =

= )
e} ECMWF /A O\
ERA- | Temper }
_ ature

(1) h20 &&: Deep Neural Network
learning rate : le—5
epochs: 4000,

hidden: [14]%6
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A A _
) re—mappin
e A% s

. (#AA" & Great circle
A 5] gl _

. distance)

A =

A2 s 2
A AEnE AYATE &3 559

Solar heat input 74

content F4

S A6 CELE
P 5 (FAA wA4)
F4s T3
A=A 57
29 prototype IHA #4 2= prototype
7Nk 7i
B AAL FA
HEA 2 W (AT A
29l £4 e

activation: Rectifier

(2) Tensorflow—Keras &

learning rate : le—5
epochs: 1000
hidden=[64]*2

activation: Rectified Linear Unit

(1) #HaAd

— Geographic projection® A o5 =4l
A 9 -AxEY A ke AE
mapping

(2) Great Circle Distance (GCD)
GCDE &83o] Geographic & polar
stereographic projections EASE—grid 2.0
o7 Hgl

_5]/\ Z/\l 71— x] 794_ remapping 4

Ag = arccos(sing, sing, +cose, cos@, AN)

Ao = 2arcsin

\/Sin2 (%) + cos¢, cosp,sin’ (%)

$,,A, and ¢, A, = latitude and longitude of two points
A¢,AN= absolute difference of two points
Ao =central angle between two points
A3 AT Perovich et al., 2011V
Solar heat input(£,,)
=F(1-a)(1-0)

where, F, =

o = albedo,
C = ice concentration

Mean square

2

insolation,

Root error, Bias,
Correlation coefficient® &3t A5 A
T (570¢ ground observation) 2} EHA} ofi
A Ame g HF

FAL oA 9 AL, heat content®] %3}
2 &3 EF5d AYAAd YA FF
prototype @S 7|t
B A FAF oY A L] AAD AF ks
A 9 wis A A
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1%

A 3 dF AE AAe L ¢ xEE vH|A F
1. projection W&

hollA g 37k 94 7Nt BAF ARE] Ae AE #5E o AFS
cylindrical EASE—Grid projection®. @ %o} Qt}. ol & 34 FHEAZ Aut
Al A= A Al del 2ol& JJrJJﬂ] ot skAIYE & HE FHEA= 19 E AYow
A o =o] At 5 A3 L 5 A9S #FHs] oH o] SASH. aYE
2 FA HAgE HAuAZ AT HPo] s, kst oA 2 A4
Az 334 A7) dEbA olE 22 AVIE WHEsTE Bgo] Fastth dykA
© % Map projection ¥ interpolation re—gridel| thst t}okst F A4 W o] A&
7hseb, =21 % (Physics) & SA o] & W AdestA doh 2 Aol s HA7
2] M3} Great Circle DistanceE HE O % remappings 2 &stgion, W ik
Av FAY Ao dal 22o]& Equal-Area SSM/I Earth Grid (EASE-Grid) &

ol &3ttt HEAE ¥ 3317 Fow, 2 AFgNE EFHFE FHOE
Northern EASE -grid projections ©]£3}3it}.

1% 3.3.1. Northern and southern Equal—Area SSM/I
Earth Grid projections($]) 2} Cylindrical EASE-Grid
projection (}&) (Brodzik et al, 2012).
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bR & HAF ouR 2 EAAS z
olu], oux] A AmOAH HABErtu U#W CERES & BAF 27 =
CM SAF$t GEWEX #A8E Bk 13 3.3.22 AEE Xojo] X5 HoF
otk 2% 341904 9% F22l (a)—(d)= CM SAF & HARSES] zto] #X 5 UE
Uy, olglZ (e)—(h)= GEWEX £ EAFgLS] zpo]= HojFEth g1 (a),(e)
2000/03 (spring), (b),(HH+= 2000/06 (summer), (c),(g)+= 2000/09 (Autumn),
(d),(h) & 2000/12(Winter) ©] 7]3FHs YERHTE

(1) CMSAF
Sl Al Aw A%

i
2
&
|
o
1o

1% = =
o oo, JddE Ao By Y 7<H°1W CERESE} Hla Al S &

Ae 2

g Holth ASA 9 wmu, 3 B2 Ba 24 APl FEAAY, 1uU
= AYAA i o] #Ee

(2) GEWEX

GEWEX:= CM SAF$} ¥it]® CERESSF Hlw A, AAA R %2 & JAY] &3t
A RIS HoFETh o5 He] A9 AWy oR 22 FXE HoAR, FH
=X EX7F =59 o459 A9 0.949 w2 Ao
b BEEW 53] 9% 80° Aol mrjFA o]
o] A AAASZ FAFSE gro] FEE HojFa Itk AZH] A olFEstd I3t
XS Hojer, I¥dE A9 Ao #A& FAS sHAR, RHE/FIES/HEH
%

T o] ¥ %Huﬂ CM SAFA T2 F=Ao] #ZHPW FEI} &
2
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CM SAF Net radiation|20000901) CM SAF Net radiation[20001201)
A [ B ; W 7 ~

B0 o 80
60 sy A &0
40 ?, 40
A
[l 0
20 Er_‘ﬁ‘-, pea 20
.'g-,_}_g;f' )
o t"‘" ¥ > ]
o e LS
-20 E" - . -20
=40 :1) ’ =40
_an [y -80
BO B0
&0 &0
40 40
70 20
o [}
20 -20
a0 -40
60 —60
=80 ]

% 3.3.2. AE¥W CERES =549} zF 94 Amd¥ 33 ¥ 2o] (a)—(d)E CM SAF =84t zfo] X (e)—(h) &=
GEWEX < EA} xlo] E3E; (a),(e) 2000/03(spring), (b),(f)= 2000/06 (summer), (c),(g)= 2000/09(Autumn), (d),h)+=
2000/12 (Winter) .
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3. CM SAF¥ GEWEX net radiation® RMSE, bias &4
A4 A= AFole] A AL Aol 7) obd ARA JolE #A s §ske] RMS—Diff

o]
9} Bias? A|7F X E #A=39vh(1¥ 3.3.3). E BEAAME 7]F AEE= CERES

(1) B+ RMS Diff

19 3.3.3°04 9% gz oot} FdM HE GEWEX, F3A H& CM
SAF 7]8Ee] =34 RMS—DiffE Yepdth. A o® FAIE FiE RMS—Diff7}h
A #S59 AHFS BASAT. GEWEXE 17.23 W m—2, CM SAF : 20.25
m—2°] RMS-DiffE& H3om &~ ofFd RMS Diff 7} A Fxshe= AL &
ATH

4=

(2) MAE (Mean Absolute Error)

19 3.3.3004 ofEfjE zEfame] J oot} & el dhakA e GEWEX,
A 48 CM SAF 7]4ke] £=2A}e] biasES UERYH, ﬁ*ﬂgi FAE e 7~9
2 717+ et GEWEXS ¢ MAE7ZF 10.52 W m 2, CM SAF : 6.13 W
m 29l A3} #A=H. o, RMS—-Diffe} th=4 CM SAFB] bias7} @A #=
H3Edl, ol CM SAFS A% 43 29 bias7F EAE] gloir wAst= Ao
= A2 9T GEWEXY 725 20074 249 Algstns AAH oz 9 Bias 4F
o] #5HSG e, 53] 7~o]FH bias7t A #xdte= AS & F Utk olHEd A

Ao RMS-Diff9+%s E9st Awoltt. A% CM S 4 Ao o=aS A9

N

o

Antdo® &9 bias Aol #ZHry. RMS-Diffe] ¥} nlw 3¢S uw, %o
biasE Holx 7|7toAE= ANk o7 CERES < »“;—A}EH Z}ol 7} & Al eSO |

El

w2 biasE Hol= 7|itel= B4 %2 RSM-Diff£ Hojsr
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SRB CM SAF
ki
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£ 25 fﬁ f i | ﬂ fi
= A 1 ' I | i
= ¥ ili 1 | ".I /il A | I A
1= 4 111 | f | | /
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2000 2001 2002 2003 2004 2005 2006 2007 2008
30
Iill A _."‘I
20 4 ."/Ilu .l'lA\". |II III| .'III II'. My |II II| | A
S0 \ [\ ~ o / [ A I' r 7\ /
& i \ I.' \ _,f .'I I"., s \ ol I|I | I|I j '| ¢
= /‘\ N/ 7{\ W/ L7\\\ J VAN, \ B |I ,fﬁ"/,\’,
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w0
m
201 SRE_Bias
CMSAF_Bias
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18 3.3.3. RMS—Diff (£]) ¢} Bias(e}2l) 2] A4
AMRE CM SAFE 9w,

— U
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4. A= A5 (SURE 07) & o] & 3

A4 Abole) 45 wie] A% A J1F Ame Aol duats] we] Fae
of et AThAQ FAE o g3 ojynk metH ASARE BgS AY AN
B A AFE

oX
N
krtl
o
Mr
1
off
o
38
of
o
D)
rlj

ol o Hst] ¢ S 5
AR = €37 A5 ATEHY] Wi dBF dAFE VFEoE G P T
st &3l 259} pentad mean YW= AR E o] &dte] A HA & HAF AR
stk AS 71 ASAEE A 20074 =
ot 1% 3.3.4 247t AbEE & HARY AAD FEE HojFErh w42 A
k5%l SURE 075 debd™, sz & CERES, F&44d2

& CM SAFZ yehdth AAld Bx 5 B 23289 CERES, GEWEX®
AR AAE A& FASH BSE AT, CM SAFS 4% 18 U S wojF
ol#igt A¥i= CM SAFS] A+t & HALE AT w, Fuh oA & & F3te
A7 E wA s AEs] i o] el Aoz Atg g

1o
i

40 4

Mel Radiation (W / m*2)

-4

Date (2007/06/07 ~ 07/18)

1% 3.3.4. AR Ft & A AR AAG BE, ws AAS A
A%, sheA dE CERES, 34 A& GEWEX, 54 A& CM

# 3.3.12 ASAEge AZF4 vlu A¥dE yepdr. CERESE RMSE 12.15
W m~? GEWEX3: RMSE 14.35 W m %, CMSAF+ RMSE 28.15 W m 29 A3}
7 #5EY. AA A e® CERESZE 7HE st A3E BEglew GEWEX, CM
SAF +9 Ag=E Hivh AR A5 A AR & JAF e As5E

12~30 W m™ 2o] EA@h = BAF 429 A% FARe @ AL FH 0
Fo WMEE A4 wiel oleld Aol olF FAY A - A FHo) LFE of
st} gEd FAY A B4 o 29l B shsAol Ak oleld YA
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Al 45 BEk AA §A UY A, W1 F AN F5 1B 35 W
1 o O

Z7hskE e COvt 2d) F/kahs st ge Sush EnE

t}(Chapin et al, 2005).

# 3.3.1. f14d As 23

SURE 07 CERES GEWEX CM SAF
Ave 19.10 25.51 24.51 -2.13
SD 8.66 12.85 13.16 12.47
RMSE - 12.15 14.35 28.15

5. CERES$} GEWEX Aol &) 3] Test

71FREHE A58] feiM s Ha 309 o) A7) ARTE dasit Z7IE A

27F AlgEe CM AR AF vh& 7 AR Hls) w2 gt 3l Aold A

A4l

N w7 e o] ARE AW AgHE AL oA WAL 0T Aol

olth, 187] wjEe] & AFo|r= GEWEXS CERES A& E g83to] &7z

o A4 [t F A%H A go] 74 soto] Aot 19
A Az A S Uk Zoltk Daily ¢k monthly S HFE O
kul

Jeobomn ¥

o

RMS—-Diff% 33.32 W m ™2, 17.91 W m 29 &9t %2 R},

FEFIA Gk ol M F AY AR Aol ABA testE ko] F

A5

3993 Daily2t Monthly E5 0.76, 0.949 &2 A#AA HU{Y. =S

500 R-square : 0.7621 e 2000 300 R-sguare : 0.9355 e 1000
RMS Diff : 33.3241 /,‘ RMS Diff : 17.9027 ra
400 4 Bias : -7.0381 ad 200 4 Bias : 10.5214 /,'
Slope : 0.9534 {? 1750 Slope : 0.9507
Intercept : -1.4519 e - Intercept : 11.2765 / 800
5 13004 No. of points : 15899162 . 2 1500 2 3004 No. of points : 3760000
k= B
2 004 1250 T 200 600
u:.r E -
= 1000 & S
2 1004 Y § 1004
i 750 E 400
& R
u.. T - -
@ . [ 500 ] 2
¢ - ; 200
00{ Daily 250 ~100 Monthly
oo (2007.04~ 07.31) , ol (2000.03~ 2007.12) .
-200 -100 o 100 200 300 400 500 -200 -100 ] 00 200 300 400 500
CERES daily net radiation CERES monthly net radiation
1% 3.4.5. CERES A9 GEWEX A59 AHHE 32, x5 CERES, y5< GEWEX

Daily 3£ (3}), Monthly &3 ().
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A 44 FHARE A} oAUA] AR HF
2712k ground observatione €83 HF

A Aol A AER st @Y HFE SR ol Aol A
29 A olUAE AFEAH CM SAF As9] 3
G A ASESY] wjitel oWl AFA e A9 et
AR HFSAEZFY]  collocations F3sFTE o]
ol A ASS 3P 1 440 ¥ = ¥ 3.4.13 2y TIKS SMTS 7
% 20109 °]F9 7|3k AFE o] CMIP59 GEWEX9LS] HAF2 S35 X %iﬂv}.
AZ ABRE QA A8A ERASY M = AFEr #=EH9 T EBAF,
GEWEX, CMIP5, NCEP 02 AZg%7} #3553t}

A7t =UW ERA59F EBAFS Hlw & wf 1% 34.1~29 o] NYA A5 A
A& AQsta & wde] #ZFAFe] dEth ERASE #A) FAES S o,
EBAFE= ¥4 334 Z o] BHom wthel 7§ ERASE #4 74, EBAFE #d

A& Ak ol" Aol7t e Al daiAE &EAE TAEsE 4 a4 e
S|

ol Bad Aow AmndT

w P

¥ 34.1. FUAEE & FAMY HF A3

ERA5 NCEP CMIP5 EBAF GEWEX

R 0.96 0.86 - 0.97 -

TIK  RMSE 14.92 36.77 - 22.22 -
Bias —5.22 —-5.05 - 4.41 -

R 0.94 0.88 - 0.63 -

SMT  RMSE 8.45 23.25 - 20.78 -
Bias 5.76 10.47 - —18.61 -

R 0.97 0.91 0.91 0.92 0.91

NYA RMSE 27.01 65.5 47.21 36.05 46.86
Bias 18.57 3.62 12.96 7.06 —-15.57

R 0.97 0.83 0.98 0.96 0.94

NSA RMSE 14.41 37.68 26.1 16.33 22.03
Bias —6.6 10.17 —7.51 2.52 —10.46

R 0.94 0.84 0.93 0.96 0.92

ALE RMSE 21.41 28.94 21.99 17.64 21.63
Bias —-13.79 9.34 14.04 —4.79 —10.09

R 0.97 0.81 0.97 0.96 0.93

BAR RMSE 14.42 41.38 24.06 19.1 24.58
Bias —2.7 13.73 —5.37 6.25 -9.62
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TIK

SMT

NYA

150
125 r=0.96*** r=0.86** e® o r=nan r=0.97*** r=nan
RMSE = 14.92 RMSE = 36.77 [ * RMSE = nan RMSE = 22.22 RMSE = nan
100 Bias = -5.22 b Bias = -56.056 Bias = nan Bias = 4.41 1 Bias = nan
75 ] °
(]
50 °
°
25 o o
0 e e
=25
-50
-50 ] 50 100 150 -50 0 50 100 150 -50 0 50 100 150 -50 0 50 100 150 -50 0 50 100 150
ERAS NCEP CMIPS EBAF GEWEX
125 r=0.94*** r=0.88** r=nan r=0.63** r=nan
RMSE = 8.45 RMSE = 23.25 RMSE = nan RMSE = 20.78 RMSE = nan
100 | gias =576 Bias = 10.47 Bias = nan Bias = -18.61 Bias = nan
75
50
25
0
-25
-50
-50 0 50 100 150 -50 0 50 100 150 -50 0 50 100 150 -50 0 50 100 150 -50 0 50 100 150
ERA5S NCEP CMIP5 EBAF GEWEX
=004 ° r=001* r=091"" r=002** r=091"
125 4 [ LV ] e "o
RMSE = 27.01 ‘ RMSE = 65.50 RMSE =47.21 RMSE = 36.05 (™ 2 RMSE = 46.86 ™
100 | gias = 18.57 Bias = 3.62 Bias = 12.96 A N A Bias = 7.06 Bias = -12.57
75 °
L 4 o
50 . o ®
°
25
.l
°
0 [ ]
=25 pe
=50
-50 0 50 100 150 -50 0 50 100 150 -50 0 50 100 150 -50 0 50 100 150 -50 0 50 100 150
ERAS NCEP CMIPS EBAF GEWEX

1% 3.4.1. ground observation®} ¥ 7HAFE A}ol o] AFHE (9] TIK, &7 SMT, oFa: NYA).
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150 - - C [
r=097" °° r=083" g0 °° § r=098" r=0.96 " % ¢ r=094 .
125 oy ° ¢ o ‘ p—
RMSE = 14.41 o RMSE =37.68 ¢ ® o RMSE = 26.10 RMSE = 16.33 o ®o® . RMSE = 22.03 oo
100 | gias = 6.60 . Bias = 10.17 Bias = -7.51 Bias = 2.52 o Bias = -10.46
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25 o & Se
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-25 { 4
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ERAS NCEP CMIPS EBAF GEWEX
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s | 17094 ¢ r=084" 40" r=093"" @’ r=0.96 " r=092"" a
RMSE = 21.41 ® RMSE =28.94® o RMSE = 21.99 'Y RMSE = 17.64 RMSE = 21.63 °
100 | pias = 1379 > Bias=9.34 o ® Bias = 14.04 Bias = -4.79 Bias = -10.09 °
[ ]
75 ® ®
- L)
ER o
25 . °.. o/ @
®
0 & e h )
CR %
- ™ °
25 . .
-50 L L]
=50 o 50 100 150 -50 1] 50 100 150 -50 1] 50 100 150 -50 1] 50 100 150 -50 0 50 100
ERAS NCEP CMIPS EBAF GEWEX
150 ) e o v - g L
s | 1709 r=081" g % L 8° =097 r=0.96 ‘e & r=093* e eo°
RMSE = 14.42 oo RMSE=4138 © RMSE = 24.06 RMSE = 19.10 e® Mol RMSE = 24.58 e
100 1 Bias =-2.70 Bias = 13.73 Bias = -5.37 Bias = 6.25 Bias = -9.62
75
e % M Fad
z 50
z °
b °
25 ° ? °
0 of
s ¥
=25 .s
-50 il
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1% 3.4.2. ground observation®} F7FAFE Alo] 9] ARHE (9] NSA, % ALE, o} BAR).
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A5 A EAouA xme] AV W3} B

1. AA A+ 7|7t net radiation®] H3} X4
= A9 radiation fluxe WE 54 F4317] 9814 net radiation trend%
A8tk olwl, A7kt AEE ol&sty]l #se] GEWEXSH CERES #Ass

blending sto] #A1e] ARE-3FGIth Blending WA + 259 @S Hish ol &

& A, THEE 20009~2007d8] 7|3 w9 F = HBAFE WAstke] o] &5k

th o= FEHE £BALY AAYG EEE ¥ 3513 #u A9 A4S vy

o7 = FAR AAEES # }

A W3 AeFS —0.42 W m ? decade !9 @& AIAAS Ho
7

A4 JFHORE M gl w2 54V

l
e
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At
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£ H
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Met Radiation

-50 4

-100
198306 1EIED.-EIl:| 1EIEE[EI':| 1EIEI.»:EI':| 1EIEI,_.:EI':| 1EIEIB.-EIE EEIEH 06 EI:IEI-:LEIE EEIEI'*' 0 EEI1EI 06

19 3.5.1. Blending ¥ = EAFS] AlAE FE.
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2. A1 net radiation?] W3} H & FA
AAZIZE et AAL BASE W, AldA EACR s JFHo] A7) wiel
AdE 2 Fste] At AdE A& (Dec—Jan—Feb), & (Mar—Apr—May),
o]5 (Jun—Jul-Aug), 7F&(Sep—Oct—Nov) & F&atqich 19 3
AR AAlE #ExE HolFr Y dF AES As
A ALY AELE o T3 nER HEL 7S
Fol #FHUoH F3 AZH| 1 Aol T
3= B -o] —-8.98 W m™? decade™!, /&2 —6.3

SO HA e
e
[
=

Met Radiation
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A 6d 98 ARE HEY AL 3
HA7 P AL AbE 1 A

AE A F 879 e zASRo 7 9 A AE duels, o
3.6.17 LTh AL AR o 912 AEFA A A A

A7k BASGTh W 20100 AFE A Alge] SR 22 HAsn

(1) AHE AR &7

zﬁoﬂ Zxﬁ }\]

— Surface temperature

: NCEP, ERA—Interim / Metop, AVHRR, OISST
— Air temperature

: NCEP / SSM/I, NOAA, TRIOS, POLES,
— Wind Speed

© SSM/I, ERS—1&2, Ouik—SCAT, TRMM

(2) AHE da8F &7

dd AbE Al AFRE daElEFS A Bulk aerodynamic ¢al2lE 3 COARE 3.0
bulk dug]Foz FEs 4 v} Bulk aerodynamic €1#52 29 cool skin
layer E37F &= A kol =4 dfjefel A&st7] of#Fweo] . &ARF COARE
3.0 bulk <¢38&E° A$ cool skin layer &3& AL —’F Qo  wave
spectrum, WHe EF%, X3t % A dE aHE 14 F . I3 wind
speed AR E 83l ZF %7} 189 turbulent friction velocityE ©]&7}s 3f
W T 2gs | 2% scaling parameters AH43sto] A HFS Ab=5}, AR
3.0 e A FEWUTF FAo] o] FojA A ¢Sy wiiel FH A
olE W] vla] Foh.(3.5MHE] B F5E 20 m/sE AME 7He).

Good quality®] 3}AE wlg oz F dug]FS vluE 4-$ Bulk aerodynamic
diuglger AEd
COARE 3.00.% AF&3% OAFlux?
= =0 AP wolr)

o - =

Root mean square error’} 2.25 W m™?

HHN'

o o

L 1.47 W m 202 #=xo] COARE 3.0

— Bulk aerodynamic: Chou(1993), Bentamy.(2013), Belijaars (1994,1995)
— COARE 3.0 bulk algorithm
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¥E 3.6.1. 71 d49 A= duEs W dEAdE FE (Yu er al, 2011 €5 A8)

Surface
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Temperature (ts temperature (ta) speed (U) Algorithm
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R Quik—SCAT al.(2013)
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OAFlux Satellites, NWPM ) COARES3.0
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TRMM, SSM/I,
SeaFlux @ AVHRR, NCEP TRIOS,NCEP COARE3.0
NCEP
COREv2 OISST POLES QuikCAT COARE3.0
Beljaars
ERA—40

(1994,1995)

- Casel
MS =]
S Sensible heat flux
Sea & Seaice
Aerodynamic £Q1 5L A4 AL Case?

Sensible heat flux

transfer coefficients

* Sea:Calm sea, snow
covered flat plain

(sea condition)

. . Sea & seaice
e e 270 2 2 A4 AZ Case3
snow-covered fields —. .
(sea condition & Sensible heat flux

smooth condition)

Surface Roughness
(Sea ice)- Cryosat?2

Surface roughness& Cased
Surface Roughness 018%H g =4 2ErE]L. 2 PERU DT
(Glacier)-ECMWF
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T drMeE F 47HA Bl Ve R ddS AY

3.6.137} o] Case 1~4% W3t on A3 o 7|Hto g FA3 dHS Case
g & Al Y8 EHE Aerodynamic WEASFE A

, eyt ”Hoko Tiste] wEATE 8IS B4 Case

“é”é‘é}‘%iﬁ}. Case 49 45 <telM Agd T} v=7 Xlsll dd =4 7IH
A

[‘

O

%?113.' A5E o]gsle] AAFEATE Air densityts ECMWEolA #|¥38F= mean
sea level pressure®} Specific Gas constant, 7]&2< o]&3te] AArslgdth.
specific heat of air at constant pressure® 7% 1004 J kg™! K™'& 1143} A}
Rl

(1) 89 Ad 4 (Case 1: A3 A7 714

SHF = pCI')C}LU(Ts’— 74)
p: air density = 1.3 Kg m %,
¢+ transfer coefficients for SHF = 1.33 x 107°

Inoue et al., 2011 AGE 7]HFOS = air density, aerodynamic transfer
coefficients for temperature (LS5 E EF Az AAsto] F4sidh. A
st A= 919 A Zom, SeA JAFHE Wee sdetth oju SHWHSE A
ost B Wt A E AHE FHEACH

casel 20100901
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(2) 49 A8 F4 (Case 2! Y wsAF 28)
SHF = pC;;C}LU(Ts— Th)
¢, . transfer coefficients for SHF = 1.4 X 107°

ok, W EF FHZAS] sea conditiond WE 7St FAHSATE o 7] A
sea condition<= Clam sea, snow covered flat plain 1Y W& ow|st 3|
oJo] flat stth= 7Hdstel 4= FAqAH. F4E A= Case 13 FARHA
g ¥ At

case2_20100901
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1% 3.6.3. Case 2 & =74 oA,

(3) ¥4 A3 F4 (Case 3: sfF—s|ld wsAF+ AL
SHE = pC]')C}LU(Ts— Ta)
pt air density = 1.3 Kg m™?,
1.4 X 107 (ocean)
2.8 X 107 (sea ice)

¢, . transfer coefficients for SHF

¢, . transfer coefficients for SHF

dlFol A= sea condition®.Z 7} 3L, sea ice YA smooth condition® &
7Hgstel F4S APttt 91714 smooth condition<> Pack ice, snow covered
fields 7S 2u|d}by, 24 sea condition®] H|3| A% Tdd v A L&E= w3k
Folt}. o] FHAHolA e = HUI &%io] B2 AR 7Pt el on F
e dre= O9 3.6.49 2o L wBATE AL Case 29 vHluwsA &Y

GololA o we dAe 2R
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spp= LGS T0)
r(l
In(z—d)
[ 2 }
y KU
p . air density,
¢, : Specific heat of the air,
k  : von Karman Constant = 0.41
U : Wind velocity,
Ts . Surface temperature,
Ta . Alr temperature
z : height of the anemometer (10 m)
zo . surface roughness

Cryosat—29] &) roughness A85E &83}9], aerodynamic resistance® %4

sto] A FAsIt. ANk o7 X% HdAS FHss WS WA A L35k
o ARG A A f%F W FTRE AR EolE F43Fo] aerodynamic
resistance® FAst=dl, & AFoM = W ARAVIE o] &sto] AlEEAT. o] W

=
ANog FAHE A A9 Case 17 Case 29 FAFSE ko] BEx = welr), &7
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QA A5 FGelA dAst= Aol 7t i -3 boundaryell 711st @125 &
of®7] fste] W FF e dASHA AAstelA vttt 19 3.6.85 EH
Ax4E A4 AL v 9 W AFE on eE2® g A9 W ¥
57k 0%Ql HA % JAS vlw P W ARl F AFES vuFe o
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kel & 67 Y-S A AASIAA FE BAS A
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— Baffin bay (RMSD: 25.71 W m 2 R: 0.78)

— Bering (RMSD: 27.88 W m 2 R: 0.84)

— East Greenland sea (RMSD: 39.50 W m™? R: 0.64)
— Okhotsk (RMSD: 13.93 W m™2 R: 0.83)
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Annual changes of sensible heat flux
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