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[bookmark: _GoBack]Introduction 
This file provides the details on air-sea CO2 fluxes calculation, the meridional distribution of sea surface temperature (SST), salinity (SSS) and fCO2 at the sea surface and in the atmosphere along transects SR03 or Re (Figure 1) during 1993-2011, the positions of the Subtropical Front (STF), the Sub-Antarctic Front (SAF) and the Polar Front (PF) in each cruise determined based mainly on SSS gradient (Figure S1), and the temporal changes of SST, SSS, wind speed, and air-sea CO2 fluxes in the three zones divided by the main circumpolar fronts (Figure S2). Also, cruise information and the positions of the STF, the SAF and the PF in each cruise were summarized in Table S1. Sea surface fCO2, SST, SSS, and barometric pressure data were extracted from the Surface Ocean CO2 Atlas (SOCAT) (http://www.socat.info/) [Bakker et al., 2014]. Data quality control has been made when these data were integrated into the SOCAT database. 

Text S1.
Air-sea CO2 flux, F, was calculated according to the bulk flux equation:
      F = k × K0 × (fCO2sea - fCO2air)                (1)
k = 0.251 × U102 × (Sc / 660)-0.5                (2)
where k is the gas transfer velocity; K0 is the solubility coefficient of CO2 [Weiss, 1974]; and fCO2sea and fCO2air are the fCO2 in the surface water and the atmosphere respectively. In this paper, a positive value of F denotes CO2 release from water to the atmosphere. 
Gas transfer velocity k was estimated using the parameterization of the gas transfer velocity with wind speeds proposed by Wanninkhof [2014]; U10 (m s-1) is the wind speed at the height of 10 m above sea surface. In this paper, the Cross-Calibrated Multi-Platform (CCMP) product [Atlas et al., 2011] at a 0.25° resolution was used (http://podaac.jpl.nasa.gov/datasetlist?search = ccmp). Sc is the Schmidt number, which can be calculated after Wanninkhof [2014].
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Figure S1. Meridional distribution of SST, SSS, and fCO2 at the surface (black) and in the atmosphere (red) along transects SR03 or Re (Figure 1) during 1993-2011(a-n). And positions of the STF, the SAF and the PF are shown with vertical dashed lines.
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Figure S2. Temporal changes of sea surface temperature (a, b, and c), salinity (d, e, and f), wind speed from the Cross-Calibrated Multi-Platform (CCMP) product [Atlas et al., 2011] at a 0.25° resolution (g, h, and i), and air-sea CO2 flux (j, k, and l) in the PZ, PFZ, and SAZ. Linear regression analysis was performed for the period 1993-2000 and 2000-2011 in each figure. Data with red color were not considered during regression analysis. Note that we grouped the data collected in December 2000 to the period 2000-2011, rather than the period 1993-2000. 


	Time
	latitude
	longitude
	STF
	SAF
	PF

	13-27 Mar 1993
	45.68-63.85 S
	139.80-145.65 E
	46.89 S
	48.99 S
	50.95 S

	2-15 Jan 1994
	44.00-65.00 S
	139.80-146.32 E
	45.34 S
	47.08 S
	52.23 S

	21 Jan-1 Feb 1995
	43.61-64.99 S
	139.80-147.31 E
	45.79 S
	49.79 S
	51.73 S

	19-20 Jan 1996
	44.01-49.93 S
	139.83-146.68 E
	46.91 S
	49.45 S
	　-

	2-7 Feb 1997
	43.61-64.98 S
	140.74-147.40 E
	46.62 S
	49.64 S
	54.14 S

	22-31 Mar 1998
	43.60-55.00 S
	141.69-147.48 E
	44.26 S
	46.04 S
	51.88 S

	14-16 Feb 1999
	43.60-53.38 S
	142.03-147.02 E
	45.56 S
	50.62 S
	51.10 S

	22-25 Dec 2000
	49.94-64.94 S
	141.04-146.68 E
	　-
	　-
	51.64 S

	4-12 Dec 2001
	43.68-65.00 S
	139.80-147.30 E
	45.24 S
	48.66 S
	52.42 S

	8-21 Jan 2002
	43.73-65.00 S
	139.88-147.33 E
	46.22 S
	49.06 S
	52.74 S

	29 Jan-4 Feb 2003
	43.62-64.98 S
	141.90-146.47 E
	45.72 S
	46.48 S
	51.78 S

	24-27 Jan 2009
	43.67-57.92 S 
	139.80-147.28 E
	44.76 S
	50.50 S
	53.00 S

	1-5 Mar2010
	43.89-63.03 S
	140.83-147.34 E
	46.07 S
	48.99 S
	51.15 S

	4-17 Jan 2011
	43.60-64.93 S
	139.80-147.30 E
	45.75 S
	48.37 S
	52.33 S



Table S1. Investigation dates and tracks of each cruise as well as the positions of the Subtropical Front (STF), the Sub-Antarctic Front (SAF), and the Polar Front (PF) determined based mainly on SSS according to the method of Chaigneau and Morrow [2002].

References:
Atlas, R., et al. (2011), A Cross-calibrated, Multiplatform Ocean Surface Wind Velocity Product for Meteorological and Oceanographic Applications, B Am Meteorol Soc, 92(2), 157-174.
Bakker, D., et al. (2014), An update to the Surface Ocean CO2 Atlas (SOCAT version 2), Earth Syst. Sci. Data, 6, 69-90.
Chaigneau, A., and R. Morrow (2002), Surface temperature and salinity variations between Tasmania and Antarctica, 1993–1999, Journal of Geophysical Research: Oceans (1978–2012), C12, 8020, doi:10.1029/2001JC000808.
Weiss, R. F. (1974), CARBON DIOXIDE IN WATER AND SEAWATER: THE   SOLUBILITY OF A NON-IDEAL GAS, Mar Chem, 2, 203-215. 
Wanninkhof, R. (2014), Relationship between wind speed and gas exchange over the ocean revisited, Limnology and Oceanography: Methods, 12(6), 351-362.
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