


















! )!

  





























































































































































































! "#$!

!"#$$%&'%()*+(,-./#0&#10$0/2(33(45+!,(336(7+*8%9/:( (

(

(

!"#"$%&"'(")'('#*$+#"#,-,.# $

(

;"0.(9"#7/%+(0.(#(<*=0)0%=(>%+.0*&(*)(;*?#@#(%/(#$:(4ABAC16:(D1.%+>#/0*&#$(=#/#()*+(/"0.(./-=2(#+%(

#>#0$#1$%()+*<(/"%(=#/#(+%7*.0/*+2(*)(/"%(E#/0*&#$(3&./0/-/%(*)(F*$#+(G%.%#+9"H(;*I2*H(J#7#&(

4"//7.KLL#=.:&07+:#9:87L=#/#.%/L5ABAABMBNOBBP6(#&=(/"%(J5Q,;R!(@%1(7#'%(

4"//7KLL@@@:8#<./%9:'*:87L%L6!(E*/%(/"#/(/"%(=#/#(.0/%(*)(J5Q,;R!(0.(&*@(/%<7*+#+0$2(9$*.%=(

1%9#-.%(*)(#(.%9-+0/2(0&90=%&/:(E%>%+/"%$%..H(#$$(*)(/"%(=#/#(-.%=(0&(/"%(7+%.%&/(./-=2(9#&(1%(*1/#0&%=(

/"+*-'"(/"%(.0/%(4"//7.KLL@@@:'*=#9:8#<./%9:'*:87L=#+@0&S/<7L%T7$#0&LMUL%6:(,-77*+/0&'(

0&)*+<#/0*&(0.(#>#0$#1$%()+*<(;*?#@#(%/(#$:(4ABAC16:($

(

(

/,0,1,.2,3 $

(

5&=%+.*&H(V:(5:(#&=(,#+<0%&/*H(J:(V:(4UWWC6:(G%=)0%$=(+#/0*.(*)(+%<0&%+#$0?#/0*&(=%/%+<0&%=(12(

&-/+0%&/(=#/#(#&#$2.0.:("#$%&#'()$*+$,-+.),&#'/0,#+1H(MH(PXYMB:(

"//7.KLL=*0:*+'LUB:UBAWLWNZ[BNNUM(

(

5++0'*H(\:(G:(#&=([+*@&H(!:(]:(4UWWP6:(3<7#9/(*)(9"+*<*7"*+09(=0..*$>%=(*+'#&09(<#//%+(*&(^_(

0&"010/0*&(*)(7+0<#+2(7+*=-9/0>0/2(0&(/"%(.%#:(2&3)4+'5,$#$*0'63$*3+11'7+3)+1H(UCBH(AB`YAUP:(

"//7.KLL=*0:*+'LUB:NNXCL<%7.UCBAB`(

(

5++0'*H(\:(G:H(>#&(a08I%&H(Z:H(F#10H(,:(4ABBM6:(3<7#9/(*)(#(."+0&I0&'(5+9/09(09%(9*>%+(*&(<#+0&%(

7+0<#+2(7+*=-9/0*&:("+$8-01),&#'9+1+&3,-':+;;+31H(NXH(VUWPBN:(

"//7.KLL=*0:*+'LUB:UBAWLABBMZVBNXBAM(

(

[#/%.H(E:(#&=(Q#/"0.H(J:(4ABBW6:(;"%(5+9/09(D9%#&(<#+0&%(9#+1*&(929$%K(R>#$-#/0*&(*)(#0+Y.%#(!D ! (

%T9"#&'%.H(*9%#&(#90=0)09#/0*&(0<7#9/.(#&=(7*/%&/0#$()%%=1#9I.:(()$*+$1,)+4,+1H(PH(ACNNYACXW:(

"//7.KLL=*0:*+'LUB:XUWCL1'YPYACNNYABBW(

(

[#/%.H(E:(G:H(Q*+#&H(,:([:H(b#&.%$$H(a:(5:H(Q#/"0.H(J:(;:(4ABBP6:(5&(0&9+%#.0&'(!D ! (.0&I(0&(/"%(

5+9/09(D9%#&(=-%(/*(.%#Y09%($*..H("+$8-01),&#'9+1+&3,-':+;;+31H(NNH(VANPBW:(










































	1. General Introduction
	Atmospheric carbon dioxide (CO2) uptake by the oceans
	CO2 uptake and environmental change in the polar oceans

	2. Seasonal variations and drivers of surface ocean pCO2 in the Seasonal Ice Zone of the Eastern Indian Sector, Southern Ocean
	Abstract

	3. Oceanographic factors determining the distribution of nutrients and primary production in the subpolar Southern Ocean

