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Table S1. The reaction of carbonic system species to a temperature change of 20 to 25°C

in a closed system with constant dissolved inorganic carbon (DIC) and total alkalinity

(TA). The calculation is based on an imaginary seawater with SST, salinity, DIC, and TA

of 18.35°C, 34.87, 2020 pmol kg1, 2306 pmol kg1, respectively. The rightmost column

shows how fugacity of carbon dioxide (fCO,) would change if all of the hydrogen ion

(H*) change were used to react with bicarbonate (HCOs") to form aqueous CO2 (CO2*, a

combination of both dissolved CO: and carbonic acid, or H2COs) (or reverse) and the

CO:z solubility remained constant at the 20°C level. Please note that in this example, we

used a temperature change of 20 to 25°C. Their values could be very different at other

temperature change intervals. This is especially true for the dissociation of water (H20).

H* change | fCO:change
Processes
(umol/kg) (natm)
HCOs5- dissociation +1.99 61
Generating H*
H>O dissociation +1.55 48
Reacting with B(OH)4 to
form B(OH)s ~272 -84
Consuming H*
Reacting with HCOs to
form COY* -0.82 25
Staying as free H* or
+ —_—
H* surplus forming H:O* to lower pH 0.0015 0.05
fCO2 change due to | Ko decreases with increasing
N/A 53
Ko change temperature
fCO2 change due to
changes in both N/A N/A 78

[COy*] and Ko
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Figure S1. The difference between surface pHr based on the 2nd version of the Global
Ocean Data Analysis Project (GLODAPv2) and that of the 6 version of the Surface

Ocean CO: Atlas (SOCATV6).
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Figure S2. Climatological distribution of global surface ocean pH on the total hydrogen
scale (pHr, annually averaged) at in-situ temperature and adjusted for the year 2000.
Panel a, the global surface ocean pHr based on the 6t version of the Surface Ocean CO:
Atlas (1991 to 2018, ~23 million observations). Panel b, the global surface ocean pHr

extracted from the Geophysical Fluid Dynamics Laboratory (GFDL)’s ESM2M Model.
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Figure S3. Plots of surface ocean aragonite saturation state (Qarag) and pH on the total
hydrogen scale (pHr) against both latitude and sea surface temperature (SST). Panel a,
plot of Qarag against latitude. Panel b, plot of Qarag against SST. Panel ¢, plot of pHr

against latitude. Panel d, plot of pHr against SST.
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Figure S4. Plots of pH on the total hydrogen scale (pHr), and aragonite saturation state
(Qarag) under the two aspects of temperature influences against water temperature.
Panels a and b, plots of pHr and Qurag that are calculated by assuming constant TA and
DIC but varying temperature (from 0 °C at the poles to 30 °C at the Equator). Panels ¢
and d, plots of pHr and Qarag that are calculated by assuming constant TA and pCOs,
varying input temperature, but a constant output temperature. Panels e and £, plots of
pHr and Qurag that were calculated by assuming constant TA and pCO», varying both

input and output temperature.
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Figure S5. Surface water pH on total hydrogen scale (pHr, annually averaged) in 1770,
2000, and all decades of the 215t Century under the Intergovernmental Panel on Climate

Change (IPCC) Representative Concentrations Pathways (RCP8.5) Scenario.



Hydrogen ion activity (10'9mol kg'l)

Figure S6. Surface water hydrogen ion activity ([H*], annually averaged, unit: 10 mol

kg1,) in 1770, 2000, and all decades of the 21st Century under the IPCC RCP8.5 Scenario.



Revelle Factor

Figure S7. Surface water Revelle Factor (annually averaged) in 1770, 2000, and all
decades of the 215t Century under the IPCC RCP8.5 Scenario. Revelle Factor is a
measure of the ocean’s buffer capacity (the higher the Revelle Factor, the lower the

ocean’s buffer capacity).
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Figure S8. Long-term changes of surface ocean pH on the total hydrogen scale (pHr)
and partial pressure of carbon dioxide (pCO>) from 2000 to 2100. Panel a, the global
surface ocean pHr change from 2000 to 2100. Panel b, the global surface ocean pCO>

change (patm) from 2000 to 2100 under the IPCC RCP8.5 Scenario.
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Figure S9. Surface water pH on total hydrogen scale (pHr, annually averaged) in 1770,

2000, and all decades of the 215t Century under the IPCC RCP4.5 Scenario.
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Hydrogen ion activity (10'9mol kg'l)

Figure S10. Surface water hydrogen ion activity ([H*], annually averaged, 10-° mol kg)

in 1770, 2000, and all decades of the 215t Century under the IPCC RCP4.5 Scenario.
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Revelle Factor

Figure S11. Surface water Revelle Factor (annually averaged) in 1770, 2000, and all
decades of the 215t Century under the IPCC RCP4.5 Scenario. Revelle Factor is a
measure of the ocean’s buffer capacity (the higher the Revelle Factor the lower the

ocean’s buffer capacity).
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Figure S12. Surface ocean pH uncertainty from spatial gridding using the Data-

Interpolating Variational Analysis (DIVA).
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