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Supplementary Figure 1. Surface water pCO2 (patm) in the Chesapeake Bay during 18-24
August 2014. Data were collected underway aboard the R/V Sharp similar to Figure 1 in the
main article. Station 858 is our focused study site. pCO- in the mid-bay (37.9 to 39.0°N) was
undersaturated with respect to the atmosphere (~390 patm) with an average value of 251.6+70.9
patm in August 2014.



m- 2013 Station 858

407 02014 R
JARY

/ Y

/ \

30 /

A |

/ / Y

20 - ,r(/j / \\
,."x , ‘-,\I

Chlorophyll-a (mg m™)

. i\ g J/ e
10 \%/ P Bg m ©
X -
L -
0 1
200 Station 858
“m-2013 Station 85
b R
-0-2014 AN
160 - / \\
é I.-"fll \ }
E / o 00 Lo\
7 1200 AN ;¢
a ... - W ’f_./_/_____ I
< {}*“wnb\ j}fii// g
80 o=
| |
| Transect Region |
39.8 394 39 38.6 382

Latitude (deg N)

Supplementary Figure 2. Transects of chlorophyll-a and dissolved oxygen saturation (in %)
measured in surface waters (0.5 m depth) along the axis of the main stem of the Chesapeake Bay
between August 12-14, 2013 and August 4-6, 2014 (see http://www.chesapeakebay.net/data).
The under-saturated oxygen levels north of 39.2 °N are consistent with super-saturated pCO>
levels measured during the underway transect while the chlorophyll-a peak and over-saturated
oxygen levels at 39 °N are consistent with extremely under-saturated pCO levels.
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Supplementary Figure 3: Monitoring stations for measurements of surface (0.5 to 1 m) dissolved
oxygen, temperature, and salinity in Chesapeake Bay, USA.
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Supplementary Figure 4: Annual cycles of percent dissolved oxygen saturation at 21 stations in
Chesapeake Bay (USA) for each year over the 2013-2015 period. Station locations are given in
part 1. We analyzed monthly and regional patterns of percent dissolved oxygen saturation in
surface waters of Chesapeake Bay for the years 2013, 2014, and 2015. The data originated from
the long-term monitoring program in Chesapeake Bay, where we downloaded concentrations of
dissolved oxygen and measurements of water temperature and salinity from the Chesapeake Bay
Program website (www.chesapeakebay.net). We used the equations of Benson and Krause
(1984)* to compute dissolved oxygen saturation for measurements made at bi-weekly to monthly
intervals at 21 stations that span the longitudinal axis of the estuary. We averaged data for each
month over the 2013-2015 period and plotted the along-axis pattern of percent saturation (this
figure) as well as plotted the monthly averages for each year (2013, 2014, 2015) at all stations
(Supplementary Figure 5). For further explanation is given in Methods.
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Supplementary Figure 5: Monthly percent dissolved oxygen saturation at 21 stations in
Chesapeake Bay (USA) averaged over the 2013-2015 period. For further explanation, see
Supplementary Figure 4 caption and Methods.
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Supplementary Figure 6. A simplified picture of the physical conditions in Chesapeake Bay. (a)
Time series of the along-channel wind speed during August 2013: the wind switched from
southerly (up-estuary) to northerly (down-estuary). (b) A schematic diagram showing the
straining effect of along-channel wind on estuarine stratification (AS): down-estuary wind
enhances vertical shear (AU) and strains the along-channel density gradient to increase
stratification and reduce vertical mixing (A;), whereas up-estuary wind reduces vertical shear
and stratification and increases vertical mixing. This is a reproduction of Fig. 6 in ref2. The
strong southerly (up-estuary) wind during August 8-11 generated vertical mixing and tilted the
isopycnals vertically to reduce stratification while the weak northerly (down-estuary) winds on
August 12-13 strained the along-channel density gradient to increase stratification as shown in

Fig. 2a in the main text. The data were collected at a mid-bay tower as part of a NSF-funded
project®.
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Supplementary Figure 7. Hourly wind speed vector at a mid-bay station before and during our
cruises in (a) 2013 and (b) 2014. The cruise period was from August 9 to 14 in 2013 and August
18-24 in 2014. Red dashed line indicates day 1 of each cruise. It shows that wind direction
shifts constantly between down-estuary (northerly, favoring re-stratification) and up-estuary
(southerly, favoring mixing) directions during both years. However, overall wind speed was
strong and changed direction before August 9, 2013 but was not as strong and as variable before
August 18, 2014. The data were collected at a mid-bay tower?,
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Supplementary Figure 8. Vertical distributions of measured chemical properties at the focused
study site in 2014. (a) Salinity, (b) Total Alkalinity (TA), (c) Dissolved Inorganic Carbon (DIC),
(d) Dissolved Oxygen, (e) pH (25°C and NBS scale), and (f) H2S concentration. The lines are

the lower and upper boundaries between days 1 & 2 and days 3-5, respectively from the 2013
cruise (that is Fig 2 in the main article) for a comparison.
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Supplementary Figure 9. Depth profiles of [NH4"] at two mid-bay stations near our focused
study site in August 13, 2013. Station locations (CB3.3C and CB4.1C) are given in
Supplementary Figure 3. Data from the Chesapeake Bay Program;
http://www.chesapeakebay.net/data/.
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Supplementary Figure 10. Net alkalinity uptake in surface waters computed from data from
1985 to 2007 presented in Waldbusser et al. (2013)*. A conservative mixing line was generated
between the lowest salinity samples and the highest salinity values in the Chesapeake Bay
monitoring dataset. Deviations from that conservative mixing line indicate alkalinity uptake in
surface waters, of a magnitude that matches with the estimated carbonate dissolution in deep
water.



job)
O

2,000 40 -
. measTA-calcTA against [H2S]

kg™)
Lol
®
S o
S o

1,600

¥
8
%
o,
ATA (umol kg?)

measTA (umol kg

H
(92}
o
o
%
]

1,400

1,300 - -100
1300 1500 1700 1900 2100 0 10 20 30 40 50
calcTA (umol kg?) H,S (umol kg?)

Supplementary Figure 11. Measured TA vs. calculated TA from DIC and pH. (a) A direct
comparison. (b) The difference between measured and calculated vs [H2S]. TA and DIC was
measured after adding HgCl. for preservation while pH was measured on board without
preservation.
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