Climate Change Research Letters S RZELIF AR, 2019, 8(4), 373-382 Hans Y
Published Online July 2019 in Hans. http://www.hanspub.org/journal/ccrl
https://doi.org/10.12677/ccrl.2019.84042

Interannual Variation of Spring Cloud Cover
in Arctic and Its Effect on Arctic
Amplification Feedback

Xin Wang}, Fei Huang!2:3*, Hong Wang1.2

1Physical Oceanography Laboratory/CIMST, Ocean University of China, Qingdao Shandong
*Pilot National Laboratory for Marine Science and Technology (Qingdao), Qingdao Shandong
3Ningbo Collabrative Innovation Center of Nonlinear Hazard System of Ocean and Atmosphere,
Ningbo University, Ningbo Zhejiang

Email: 916436100@qq.com, "huangf@ouc.edu.cn

Received: May ZOth, 2019; accepted: May 28th, 2019; published: Jun. 4th, 2019

Abstract

Based on CERES cloud cover, radiation data and ERA-Interim reanalysis data from 2000-2017 period,
obvious interannual variations of spring cloud cover are found in the top two modes by multiva-
riate empirical orthogonal function (MV-EOF) decomposition. The significant signal is located in
the Greenland Sea-Barents Sea in the Atlantic sector with negative low cloud anomaly and positive
high cloud anomaly in first mode. Cloud radiative cooling effect is generated and offsets warming
effect of Arctic amplification, so surface temperature has no evident change. The cloud cover in the
Kara sea-Laptev sea of the Pacific sector and the center of the Arctic Ocean increases uniformly.
The significance signal of the second mode is located over the Arctic Ocean except the Greenland
Sea-Barents Sea with positive low cloud anomaly and negative high cloud anomaly, but high cloud
change is not obvious. Such cloud cover change can produce strong cloud longwave radiative
heating effect and enhance the sea ice-albedo positive feedback and arctic amplification feedback.

Keywords

Cloud Cover, Arctic Amplification, Cloud Radiative Forcing, MV-EOF

EFIMBX = EFHREUFHER AR
K R =

i %ﬁ.l, ﬁ_ 3‘?1,2,3*, 1 7—-21,2

R EEE ORI A S E S e, IR H
SRR .

NESIM: W, HEE, B BFEANEX 2 BERRAARE L X A RBOCR B D). ARSI TR AR,
2019, 8(4): 373-382. DOI: 10.12677/ccrl.2019.84042


http://www.hanspub.org/journal/ccrl
https://doi.org/10.12677/ccrl.2019.84042
https://doi.org/10.12677/ccrl.2019.84042
http://www.hanspub.org

i &%

HHBEERE S EAR A ERLGE, IR HY
SR T IR AR MR AR R R FE ARG R A L, BT TR
Email: 916436100@qq.com, "huangf@ouc.edu.cn

Weks HiH: 201945 H20H; FHAHEM: 201945 H28H; KA HA: 20194F6 H4H

G2

AXFHTF2000~2017ECERESTE BRI FEFILIRMBXIK. F. RoEBEHITELE - ERIEXREE
(MV-EOF), RILETFIES = EWFEBBNERTHRE. F—BSEEE S TERERR X BREE
2% - BRXE, KZERERD, BZRERE, FEZENAEABR, SIRBOCHE RS EHE
H, REBBEZWHN, KPFERXEERRE - AERE U A LKEFORREZE—BOE M, XM
ETWRHERN = E R R ZXBREREPETIRE /N FoESEERESATRTHREZE
- BRSO USMALIKEE B2, ReBERE RS, BaRrEiwe, BEPTEZTHUAHE., XMEZED
o= BRI = KR ST IR, BRI BOR =% -

E3: 4]
=&, WK, =ES5%iE, MV-EOF

Copyright © 2019 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

1. 5]

W LTER, Jb RS DA ok [ P (R, I HopE B A 1 1 32 R DA I A ko1
BIWAE DL BB ST, XIS RR O AR, R GRS IE R TR IR TR R
FI| 2100 [ 1], HGUKIE B 4k Skl , (R AR OK 0 R AR Br AR A T AT A7 AE — s IR o b AR vk Bl 32
ZANREHLHRIFTSEm, AR - SRR AT 2 48 S S ot e vk Al ik AN K 25 EEAE 2] [3].

JERHER E R EREZ X —. 282025 RIKE R TIRIB LML, Johansson 55 [4]45 H
XFFAWI X R KRN R F S5 R s B0, SHREREFE I HG s, X6 2 2
UK PR A — € TR . = AE RSB TP e S s A R S it IR 1, Ji O B R e M R R e A IR AN R
PR S HETT A R RS GE R T47, Kapsch [5]F]H ERA-Interim FE7> Hr80d R EEPR RN E L, HE
PRI R E WM, W AP woE, 7= A R 2 2008 v] DUIN I oK 9030 i UK il T B, BT
fil R IFOK - SMEERIE R st, 51 2 B 2RI OKTE H /)y . Huang 55 [618] FH TR BORE AN 25 SUARHIE SR &
ST T B ZFE L ARIRHEXS 9 H 4 Ab i vk E S RE R, R I 3~5 H i) = s A T K ik A o e
I AR R 2 N SR T A H RN, ET IR TR AL R, SRTIAE S N B 6 B, BEE R R AR
SRR I, B HTRHR K P R RS 3 AR A

FEAC I ORI/ S 5 R, BET DR R R o B bR B 2R UK [ i TR & — 5@
e, VM T HFR B X = &2k ) B B . Mace 5[ 71 BUAE 26 B °F 5 i X AR 2o 6 KA PR AR
H, TG B & o RIS IRAE A - 5T AAEWT T - UK - SR S B AR D bt X = & 5 AN Rl

ik

DOI: 10.12677/ccrl.2019.84042 374 AAEAR I I i


https://doi.org/10.12677/ccrl.2019.84042
http://creativecommons.org/licenses/by/4.0/

T &

FEIR BT, AR = AR A AR S 28OS0 AE AR TR S B ok an ) 2 BRI AR SO LA A [ v
B R m B AR R R AT R ML, IF HER X ACARBOC R (1 aT BE DTk -

2. BUEMFZE

ASCAE ) 2 8 AR 5t 55 BRI T CERES (Clouds and the Earth’s Radiant Energy System), %% [f] 43 ¥
KN x 1 mnEERaR: Sai. £z ®E(1000~700 hPa), H12(700~500 hPa), 1 2(500~300 hPa);
RS TERLESE. MERKIRRS B E . MR AR SEE . SRR TR . 2 R A S R A R 2 A 5
18, TR 2 B G R S PR 0 ECMWE (European Centre for Medium-Range Weather
Forecasts)#2 it i) ERA-Interim f70Hr BORL, M BN 17 x 17 ASCHRHEN 2000~2017 49 1)
TORL, BRI 3~5 A E B, BFRTEEDN 60° N BUE.

N T B HTIE A REFICR M X RZE TR . S ERERRTE, KRN EERITE
LR fR(MV-EOF) /1%, R & B it S 15 = 2R TV B e i, Fdid B iR =
AR ACARBOR S st I pT REDTER . 2 F R I TV F A ST ¢ A

3. HEEIMEEBTIRTSHHE

JEITEXKE 2000~2017 FFHEZFEIRM X K. F. S EF#T MV-EOF 70, KILATIY/MEZS Bt
ZETTHRN 50.8%. AR AT DU L AnvEAL BB [R]F 51, G HUbRAE ZZ ZE0HE K T 1 AN T—1 G, 5
xS R o B EE 4 AT G B i, BORZEAE, SHTRSY B E SRS, B 1 25t T RT TR )
VIR Y, SRR RIS E a5 = &8I0 & 7 B A i, & 1 4l TR
FHREREL, AT LR ILET DY MBS 1) 25 (8] 73 A 3 53 e ke 3637 2 (A AR OC R 503548 0.62 DL E, Ffidid
TREERL . B 1 ATCUE RIS B 2 1 I S S PRSI0 1 X 3 A M B 0 - AR S X

DOI: 10.12677/ccrl.2019.84042 375 SR AR


https://doi.org/10.12677/ccrl.2019.84042

i &%

-24-18-1.2-06 0 0.6 1.2 1.8 24

Figure 1. Physical significance test of MV-EOF mode. (a)-(c) First mode; (d)-(f) Second mode; (g)-(i) Third mode; (j)-(1)
Fourth mode. The first three columns denote low, middle and high cloud cover. Shading denotes composite difference.
Green dots in figure denote areas exceeding the 90% confidence level (T test)
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Table 1. Spatial correlation coefficients between the eigenvector of the first for mode of MV-EOF and mode check patterns
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Figure 2. Spatial patterns and time series of spring cloud cover in. (a)-(c) Denote low, middle and high cloud. (d) Denotes
the standardized time series of the first principal component (PC1) (red solid line: detrending; blue solid line: not detrending)
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Figure 3. Same as in Figure 2, but for the second mode
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Figure 4. The linear regression of spring (a) cloud radiative forcing; (b) cloud longwave radiative forcing and (c) cloud ra-
diative forcing (unit: W/m?) on the first principal component (PC1) of cloud cover in Arctic. Shadings in figure denote re-
gression value Green dots in figure denote areas exceeding the 90% confidence level (F test)
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Figure 5. The linear regression of spring surface (a) downwelling longwave radiation; (b) upwelling longwave radiation; (c)
downwelling shortwave radiation; (d) upwelling shortwave radiation (unit: W/m?) on the first principal component (PC1) of
cloud cover in Arctic. Shadings in figure denote regression value Green dots in figure denote areas exceeding the 90% con-
fidence level (F test)
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Figure 6. The linear regression of spring (a) 2 m temperature; (b) skin temperature (unit: K) on the first principal component
(PC1) of cloud cover in Arctic. Shadings in figure denote regression value Green dots in figure denote areas exceeding the
90% confidence level (F test).
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Figure 7. Same as in Figure 4, but for the second mode
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Figure 8. Same as in Figure 5, but for the second mode

8. FE 5, {BAEZRESHEYIS

DOI: 10.12677/ccrl.2019.84042 380 SR AR


https://doi.org/10.12677/ccrl.2019.84042

T &

(a) Detr-PC2 T2m
o

(b) Detr-PC2 Skin-T
0 0°

-1.8 -1.2 -0.6 0 0.6

Figure 9. Same as in Figure 6, but for the second mode
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