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Ocean stressors on global scale 

Global scale ocean stressors

T, S, 
R-O mixing

High CO2



Coastal ocean stressors—
either directly or indirectely related to OA

• Temperature stress
– Global warming; local extreme weather

• Salinity stress
– Tidal cycle; reduced or increased freshwater input

• River end-member increase
• Nutrient stress

– Fertilizer use (NO3); sewage discharge (NH4)
• (low) O2 stress
• CO2 (high and low) stress
• More frequent storm
• …



How do they 
interact? ?

Ocean acidification (in coastal waters?)
• Global ocean uptake of atm-CO2 (ΔpH = -0.1)
• Source water with a higher DIC/TA ratio  advect

onshore and mix with low S waters
• This water is further acidified by respiration



Examples of acidification and low O2
events in coastal waters

GOM

Major upwelling
impacted waters

Within and under eutrophic river plumes
(warm waters)

low temp waters

Chesapeake Bay

The Bering Sea and 
Arctic Ocean coastal
waters

Baltic Sea



Acidification and low O2 events in coastal waters--1.

At an eastern boundary current shelf
– dominated by upwelling of open ocean subsurface water 

with low temp, low [O2], low pH, low Ω, and high 
pCO2/DIC on to the shelf (Feely et al. 2008, Science)



Acidification and low O2 events in coastal waters--2.

• In an upwelling dominated 
submerged estuary/bay 
(Puget Sound)

Feely et al. 2010, ECSS



Acidification and low O2 events in coastal waters—3.

• High latitude waters
(Eastern Bering Sea)

Ωarag, spring

Ωarag, summer

(Mathis et al. 2011; JGR)
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Acidification and low O2 events in coastal waters—5.

• Eutrophication-hypoxia is not only a serious regional 
stressor, it is also 

a globally threat.

July 2007 Hypoxia (N. Rabalais)

MR/GOM



Acidification and low O2 events in coastal water--5.

• Gulf of Mexico 
hypoxic water
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Cai et al. 2011
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Subsurface water pH and [O2] relationship
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Subsurface water pH and [O2] relationship

(CH2O)106(NH3)H3PO4 + 138 O2
106 CO2 + 16 HNO3 + H3PO4 + 122 H2O

O2 (μmol/kg)

0 50 100 150 200 250

pH
T

7.4

7.6

7.8

8.0

8.2
Apr 2006
Jun 2006
Sep 2006
May 2007
Jul 2007
Aug 2007
Aug 2008
Jul 2009

Jul 2007
Jul 2008
Aug 2009

Mississippi

Changjiang

hypoxic

Cai et al. (2011)



O2 (μmol/kg)

0 50 100 150 200 250

pH
T

7.4

7.6

7.8

8.0

8.2
Apr 2006
Jun 2006
Sep 2006
May 2007
Jul 2007
Aug 2007
Aug 2008
Jul 2009

Jul 2007
Jul 2008
Aug 2009

280 ppm
385 ppm
800 ppm

Mississippi

Changjiang

hypoxic

Model (atm. CO2)

OA'P-F 
= -0.40

OA'PI-P = -0.16

RespF =
 -0.47

RespPI = -0.29

RespP =
 -0.34

OAPI-P = -0.11

OAP-F = -0.27

Preind

Present 
(pHT = 8.08)

Future

OA
ResppH

T =
 7

.7
4 

How do anthropogenic CO2 and
CO2 from respiration interact?

Enhanced ocean acidification!
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Respiratory CO2-driven acidification is 
enhanced by anthropogenic CO2

Why?



Weakening of buffer capacity in CO2-
enriched waters

Cai et al. (2011)
Nature Geoscience



Impact on carbonate saturation state

• with the same hypoxia level, by year 2100, large 
areas of GOM will be driven to under-saturation 
with respect to aragonite!

today

yr2100



Responses of ocean CO2 system to multiple 
stresses: from first principles

• Salinity
• Temperature
• River-Ocean mixing 
• Metabolic CO2 consumption and release 
• N cycle (NO3 and NH4)
• More frequent storm
• …



A simple model 
--examining the impact of respiration on pH, pCO2 and Ω

under various conditions (T, S, …)

• Initial partial pressure (pCO2 and pO2) is set by the 
atmosphere

• Alk is known
– River end-member = 1.0 mmol/kg
– Ocean end-member = 2.3 mmol/kg

• Bottom water is no longer in contact with the 
atmosphere

• Metabolic processes follows the Redfield CN ratio…
(CH2O)106(NH3)H3PO4 + 138O2

106CO2 + 16HNO3 + H3PO4 + 122H2O



Effects of T & S on respiratory-driven CO2 acidification  
(over a complete consumption of O2)

• at higher S & T, less 
increase in Rel.[CO2] 
and decrease in pH 
(0.25–0.77 at S=36)

• [CO3
2-] decreases by 

12-fold (low S & T) 
and 1.6-fold (high T 
&S) 

(Sunda and Cai, ES&T, under review)
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Effects of T & S on respiratory driven CO2 acidification 
(over a complete consumption of O2)

• Due to higher solubility of O2 in 
colder and less saline waters?

(Sunda and Cai, ES&T, under review)
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Effects of T & S on respiratory driven CO2 acidification 
(over a complete consumption of O2)

• The different initial 
[CO3

2-] is responsible 
for the very different 
sensitivity to salinity 
and temp 
– Higher TA at high sal

(2.4 mM vs. ~1.2 mM)
– Mainly, a change in 

dissociation constants 

(Sunda and Cai, ES&T, under review)
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What is so magic about this point of 
max-ΔpHR?

• Where the system has minimum buffering capacity
• A point where DIC = TA  or [CO2] = [CO3

2-]+ B(OH)-

[CO2] + [HCO3
-] + [CO3

2-] = [HCO3
-] + 2[CO3

2-] + B(OH)-
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Enhanced denitrification?
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Summary

• Respiration often plays a more important role in 
acidifying coastal bottom waters today, but

• Anthropogenic CO2 uptake from the atmosphere 
will play an increasingly important role in 
acidifying coastal bottom waters.

• There is a strong enhancement of acidification in 
CO2-enriched waters, and such effects vary greatly 
with salinity and temperature, with a greater 
effect in low T and S water (decreasing) and a 
smaller effect in high T and S water (increasing).

• Storm on pH and N cycle…



Turley et al. Hot, Sour and Breathless –
Ocean under stress. PML

SIO, EPOCA,
OCEANA, BIOACID
UK OA Res Prog

processes depend 
on the stressor

on organisms 
& ecosystems


