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Figure S1: fCO2 measured using the membrane equilibrator system (solid black line) when measuring from the underway system (lime green background) or between 2.5 and 3.5m whilst on station at station L4 (yellow background). fCO2 measured by the showerhead equilibrator system (crimson stars) when measuring along the transect line (lime green background)  and on station at L4 (yellow background). Background colour indicates whether the Plymouth Quest was in transit to/from L4 (lime green background) or on station at L4 (yellow). Transect data were not always collected on both the outward and return legs between the Breakwater and L4. Each subplot corresponds to a different date. Gaps in the membrane equilibrator system data on station correspond to periods when the system was not measuring at the depth of the underway system.
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Figure S2: Surface underway salinity transects measured onboard RV Plymouth Quest between Plymouth Breakwater and station L4 from 10th June and 21st September 2016 (circles, data plotted every 30 seconds). The date of each transect is shown in dd/mm format. Transects are ordered by the mean time at which they occurred after the most recent period of low water (LW+hh:mm) as referenced against the Devonport tidal gauge.
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Figure S3: Surface underway temperature transects measured onboard RV Plymouth Quest between the Plymouth Breakwater and station L4 between 10th June and 21st September 2016 (circles, data plotted every 30 seconds). The date of each transect is shown in dd/mm format. Transects are ordered by the mean time at which they occurred after the most recent period of low water (LW+hh:mm) as referenced against the Devonport tidal gauge.
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Figure S4: Surface underway fCO2 transects measured onboard RV Plymouth Quest between Plymouth Breakwater and station L4 from 10th June and 21st September  2016 (circles, data plotted every 30 seconds). The date of each transect is shown in dd/mm format. Transects are ordered by the mean time at which they occurred after the most recent period of low water (LW+hh:mm) as referenced against the Devonport tidal gauge.
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Figure S5: Scatter plot of ξS versus ξfCO2 for bottle data collect along the River Tamar on October 1st 2014. All nine data points T1 to T9 are plotted relative to the underway pCO2 value of 410.93ppm and underway salinity value of 35.16 PSU measured at L4 by the RV Plymouth Quest on 29th September 2014. All nine points are coloured by their distance from station L4.  The best fit line from the summer 2016 transects (dashed black line).

[image: quest_salinity_scatter]
Figure S6: Comparison of observations of ξS from the Plymouth Quest and modelled ξS from the FVCOM model. The best fit line is shown as a red dashed line and the 1:1 line is shown in black.
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Figure S7: (a) Model surface salinity field on 15th June at the midpoint of the observational transect. Note that the range of the colourbar was restricted to better depict salinity in the lower estuary and thus salinity in the upper estuaries is beyond the range of the colourbar. (b) derived ξfCO2 using determined ξS and ξfCO2 relationship.
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Figure S8: (a) Model surface salinity field on 30th June at the midpoint of the observational transect. Note that the range of the colourbar was restricted to better depict salinity in the lower estuary and thus salinity in the upper estuaries is beyond the range of the colourbar. (b) derived ξfCO2 using determined ξS and ξfCO2 relationship.
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Figure S9: (a) Model surface salinity field on 10th June at the midpoint of the observational transect. Note that the range of the colourbar was restricted to better depict salinity in the lower estuary and thus salinity in the upper estuaries is beyond the range of the colourbar. (b) derived ξfCO2 using determined ξS and ξfCO2 relationship.
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Figure S10: Modelled impact of a full tidal cycle (a) on tidal height (b) on air–sea CO2 flux in the coastal zone (hourly calculations) on 15th June 2016 with a fixed wind speed of 5.3ms-1.  The total integrated air–sea CO2 flux within the modelled domain (c–f). Spatial variation in flux at four different stages of the 12 hour tidal cycle is shown: LW+0 hr (c). LW+3 hr (d), LW+6 hr (e). LW+9 hr (f). The red dots in (a) and (b) correspond to panels c–f.
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Figure S11: Modelled impact of a full tidal cycle (a) on tidal height (b) on air–sea CO2 flux in the coastal zone (hourly calculations) on 30th June 2016 with a fixed wind speed of 7.5ms-1.  The total integrated air–sea CO2 flux within the modelled domain (c–f). Spatial variation in flux at four different stages of the 12 hour tidal cycle is shown: LW+0 hr (c). LW+3 hr (d), LW+6 hr (e). LW+9 hr (f). The red dots in (a) and (b) correspond to panels c–f.
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[bookmark: _GoBack]Figure S12: Modelled impact of a full tidal cycle (a) on tidal height (b) on air–sea CO2 flux in the coastal zone (hourly calculations) on 10th June 2016 with a fixed wind speed of 3.5ms-1.  The total integrated air–sea CO2 flux within the modelled domain (c–f). Spatial variation in flux at four different stages of the 12 hour tidal cycle is shown: LW+0 hr (c). LW+3 hr (d), LW+6 hr (e). LW+9 hr (f). The red dots in (a) and (b) correspond to panels c–f.
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