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Abstract

Impacts on the atmospheric circulation and ocean system over the Mediterranean

during boreal summer are investigated using Coupled Model Intercomparison Project Phase 5
(CMIP5) historical simulations (from 1911 to 2005). As the climate warms, global and remote
effects lead to a strengthening in descending motion, an increase in sea surface temperature
(SST) and surface dryness, but a decrease in marine primary production over the Western Medi-
terranean. The global effect is estimated from interannual variability over the global mean SST
and the remote effect is driven by diabatic forcing generated from the South and East Asian
summer monsoons. On the other hand, a local contribution leads to the strengthened descending
motion and increased surface dryness over the Eastern Mediterranean, whereas the marine pri-
mary production over this region tends to increase due to possibly the urban wastewater and
sewage. Our result suggests that particular attention needs to be paid to conserve the marine eco-

system over the Mediterranean.
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HIE7E Z7hshe WA e w A= FA o)tk
(Christensen et al., 2013; Frolicher and Laufkétter,

2018). ol&d 7% WS f2AF Aoje] 54

4 5E, JdF B 98, S8 S AEA T,
i%‘ﬂ' 0104 AYArEF 7Li T AHE B BAA ok
el 9¥S F3 JATHMyers et al., 2000; Giorgi,
2006; Chrlstensen et al., 2013).
AEH AFd V¥ 3 7IFE T A
ZAzsi). o]jgt AR 7$= v tir] ¥ S|

oF A=}
Raicich et al,,

A E tH(Rodwell and Hoskins, 1996;
2003; Alpert et al., 2006; Folland et
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al., 2009; Mariotti and Dell’Aquila, 2012; Tyrlis et al.,
2013; Cherchi et al., 2014). ¢]& S0}, Folro} o

& #<(South Asian summer monsoon, SASM)2 &

A DA dRs B AFsol a4 71Re 8
I Az AEE THE (Rodwell and Hoskins 1996),
oAEH ATl 715 7P & IS v grh
shi, A Flle el By dF 215 (summer North
Atlantic Oscillation)d W A o2 Fi1 Fa|Am,
29 EOMY A5 Fsd w HdFeR mst
2 Azs| A (Folland et al, 2009; Mariotti and
Dell’Aquila, 2012). StiA% 44 d F5(Atlantic
Multidecadal Oscillation)2 A 53] 35 H 2% (sea
surface temperature, SST)9} %2 J&AAAE 7Ixct
(Mariotti and Dell’Aquila, 2012). =2 2]l %= AJo}azg]
7} E4(Western African monsoon), A& 7<=, A
<3 AFH 84 Fo| AFE 7ok #AA 9

(Raicich et al., 2003; Alpert et al., 2006; Tyrlis et al.,
2013). #19] o] dFEe] A A4, 944, AY

HERE AFs] A9 7|5 nX= 9
AAHel olaf7} Faslt) E3 o]Z ulgow {2
Azsl A9 A5H 7|15 dF Ass TP L
2ZH 71 HkE Q8] A7k Aol Y= IIE
Zol= d =fol 2 Ao g

715 Wstel] mE A Fsl o thr] =8kt g Al
d Wslol] #3t AFEo] s X8 Foltt AR
M3} B35 AEE o] & A Aol =™ 1980
HE A& X5l (Western Mediterranean, WM)<]
H =7 S7FAL Atk (Nykjaer, 2009; Volosciuk
et al., 2016; Kim et al., 2019). == X¢] 57 7]HF
T 7eAe AEgS BolM T Wge] dEATE
0.442 A=) F 99%1A F-2l8lth(Kim et al., 2019).
TS A% Aol 9§52 (Chlorophyll-a) =7} 7+
48l FAolH, 3 A ol2l(European pilchard) ¢
3k 4% TH(Tzanatos et al., 2014; EUMOFA,
2017). ol2fgt AHES AE ATl X199 s Al
2go] ST Y-S BoFT) | dd A
oA AMEH 914 #ASF AR AFA FEL 7Tk
FTEEA WAL, o2} ojide] & W mE o
gro] o 5ol WEHo JS F Uk Anav et
al. (2013) 71% ®iste] &g FFE 7T FoA
(Intergovernmental Panel on Climate Change)®] 5%} X
31X #edgk Coupled Model Intercomparison Project
Phase 5 (CMIP5)2] A A28l X & (Earth System
ModelyE°] 3 && 3 tis)] Axtdoz ¢
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B AFe CMIPS BY F ) AT A=E 2
o A 75 E A& tH(Taylor et al., 2012). AR
H =32 CESMI-BGC, GFDL-ESM2M, GFDL-
ESM3G, IPSL-CMSA-MRo|t}. 22 B3 E9] 25 +=
http://www.ipcc-data.org/sim/gecm_monthly/ARS/
Reference-Archive.htmlol| 4] €& 4 Qom, 3 4
7F 25 %258 Y BAEIATE 2400 ARE ¥
& 97 BlH(700-hPa omega), 7<= % (precipitation),
e (evaporation), MNFH =%, g LA AARF
(vertically integrated total primary production by
phytoplankton, INTPP), 8- 4FA&H(dissolved oxygen
concentration at the surface)®|t}. 3] Lz} YAt
e ool 7|2 AEA E¥AEC] Atehe
ANURAZA | F A ] FeE veld 5 e
Lolth s F dxp Aol o wE T Y
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2 JEE omsith BE 42 1911d7E 20059
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e B (multi-model ensemble, MME)S AR5}
o FYEATE dA 71 B e B FUd)
Al B A, Q1 B st FFeE Q1E tr] T
3, A Q1F doj2E F A wHEAH QA &
Foll 9% MEdE E3etal Utk

g AQelA HAE A JFS FEHeR Hrt
at7] e, & A9 F 3 (total effecty> A AT,
A, 297 FFor FA = Aok 7P g

total effect = global effect + remote effect
+local effect + residual

9 2ol F IdFE AFE AF3(0°~20°E, 35°~45°N)
o] H A 2% ol AAIE tig 3
o2 FAHHED. o] (YL AFdoA 7 HE
Aol 2 AFo|thFig. 1). L2 o] AALE AHg-s
39 B4 A AT AA ] AAES AR
St 3|19 B4 Ao vtk L 2% A WA g
ol A A4 Jgke v+ 2 (large-scale) P o] H3l=
el AAIG tial 39 B4)ste] ") o]
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Fig. 1. Climatological variance of SST anomaly for the four-
ESM model ensemble-mean during boreal summer (1911~
2005).
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7 94 ABS T3 A5
7]—}01] 7}0 & 93 *% 7| X B Z(Seo and Ok, 2013;
Seo et al., 2013; Kim et al., 2019) & X992 F4+E
HEH A4 a4= st FobroK(T75°~115°E,
0~40°N3} 50°~75°E, 0~15°N)2} FoFA]o}(115°~180°E,
20°~50°N) A9 9] 7zt Bt 2 o= AAE S
ARgete] 39 B 2 S 94 FFeE F 9
gtk o714 d AT A 94 dFE vUeil=
F AAIE 7+ #4F 3% A4 (Variance Inflation
Factor)= oF 10|B2 XN =& A5 Sy Aolt}, &gk ¢

(a) w 700hPa [Pa s7']
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st} o] FollE residual B9} X5 HQ] ul A=
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22) Aol e AHES) A5 AGoR o

e 57 93 BAE
3.4 1}
3.1 7|%8HM9l o= X 53
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Z2H(P-E, water availability), 315H 2%, 3|
2t AR 2otk A5H BAHoE AFE A
Aol st 71F7F YehuH, 53] $%(22.5°-35°E,
27.5°~35°N) A5l & AA 7P 2k 57 71571 9
2| QHeh(Fig. 2a). A0S G2 A5
ALt A= o] gholm, NZET 5% | F5
oM o & &9 #S HEAth(Fig. 2b; Seager et al,
2014). ol8 3k A= Ao FR-AFa Ay
o] F9=ol A Wil 7R I &
¥9} ‘%]_X]ﬂE]—(Flg 2a). B3 dlH 229 g A
2k AT S 7Rt Ardstd s sYd A
Sko] 4—7L 2XE

Yebdth(Figs. 2c, d). A= 20°ES
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Fig. 2. Spatial pattern of the climatological (a) 700-hPa omega (Pa s '), (b) P-E (mm day™), (c) SST (K), and (d) INTPP (107

mol m™
Mediterranean in each plot.

s™") for the four-ESM model ensemble-mean during boreal summer. Left (right) boxes indicate the Western (Eastern)
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Fig. 3. 700-hPa omega anomaly (Pa s™) fields regressed against (a) Mediterranean SST index (total effect), (b) North Atlantic
SST index (global effect), (¢) monsoon indices (remote effect), and (d) residual component (local effect) for the period of
1911~2005 from the four-ESM model ensemble-mean in the CMIP5 historical simulation. Black (gray) dotted area in (a-d)
indicates the statistically significant regions at the 90% (80%) confidence level. Left (right) boxes indicate the Western

(Eastern) Mediterranean in each plot.

712 ME ATl Hlel 5% AT 299 @l
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2014), 3% L=k *gﬂ' = t] ZtH(Fig. 2d; Sammartino

et al., 2015; Colella et al., 2016).
3.2 0{FE X|Zoll 7|F0l O|X[= ™ X|7#, |, X|
o Qg

A AFe 71l WAL FFe 2 A AT,

7% el me)
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|
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ol 7 7IH7F ok &S 2 (22.5°~35°E° A 10°~
20°E) o] 3= AL omsitt, A X Oﬂsk(Fig 3b)
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I 2990 ARE AQjslal A F3| A& 29 (10°~20°E)
o A <keo] A7 ulgk ke Hlth(Fig. 3c). ¥HAd A

o e A AT G A MR 55 AZH)
o &7 7175 78FEThFig 3d). w715 s
o gt 97 Je =& =9 s 7157 7}
5 FHFE % AT =

FE BHIAT. S A9 9 T
dEle AP 2 AT 4 715 45l 7]
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PrFZNF 4, 5 9T

&l 2193 (0°~30°E)ll A &<
HOlEE SAGIN A 7l5e 2ol o HolFg o
] Gl (Fig. 4a). o)t 77k SxsiEel wel ol
Azt BEOE o]F L HFETGE A7 I
X] SFcH(Scheff and Frierson, 2012; Seager et al., 2014;
Alessandri et al., 2014). & 93 T A& AF3N}
R 745%‘% AA A FElatth(Fig. 4e).
bl | 7<1°E‘ FEFE & AFolA dxgo] F=
I AA AR e -
HRIthk(Fig. 4d). B g3l W3}
ARt ol2d A= bt 7174
H]S=3}Ch(Figs. 3¢, d). 3FH A A
45°N F-2 9 AGelM Az 7
Al BRITh(Fig. 4b). o gy 4
Aol e Aot sYstEE(3HE HAA])
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Fig. 4. Same as Fig. 3, but for the P-E anomaly (mm day ™).
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