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Earth’s oceans cover close to 70% of our
planet’s total surface area and are an
integral aspect of supporting our planet and
combating the climate crisis (Wurl et al.,
2017). Our oceans are important in
supporting the stability of our ecosystems
through weather and climate moderation,
heat and moisture redistributing, and
oxygen production (Hossain, 2019; Li et al.,
2020; Mendler de Suarez et al., 2014). While
for humanity, our oceans play a vital role in
providing essential benefits like food,
livelihoods, transportation, and recreation
(Bari, 2017; Mendler de Suarez et al., 2014).
However, all of these benefits are in
jeopardy as rising temperatures threaten to
fundamentally alter our ocean’s function
and ecosystem services (Geiser, 2021).

while carbon sources, including fossil fuel
combustion, volcanic activity, and animal
respiration, release carbon into the
atmosphere. Figure 1 depicts Earth’s carbon
sinks and sources. Across geologic time,
carbon levels in sinks and sources have
gradually fluctuated, resulting in
differences in global temperature,
acidification levels, and ecosystem
functions.

WHAT IS CLIMATE CHANGE?

Climate change is an increase in global
temperatures and resulting problems due to
elevated anthropogenic greenhouse gas
emissions. In our solar system, the sun is a
major source of energy for our planet.
Incoming solar radiation comes to the Earth
where 30% is reflected out into space by
the Earth’s surface and atmosphere, 47% is
absorbed by the Earth’s surface and oceans,
and the remaining 23% is absorbed by
greenhouse gas molecules, the ozone layer,
and dust (Webb, n.d.). Greenhouse gases
include carbon dioxide (CO2), methane
(CH4), nitrous oxide (N2O),
chlorofluorocarbons, and water vapour. In
the context of climate change, the focus is
on carbon dioxide (CO2) and methane (CH4)
because they are two of the major drivers of
human-induced climate change. Carbon
dioxide (CO2) and methane (CH4) circulate
across the Earth, transitioning through the
carbon cycle between carbon sinks and
sources. Carbon sinks, such as the oceans,
wetlands, and soil, play a role in storing
carbon- 

Since the industrial revolution in the 1800s,
humans have been releasing materials from
Earth’s carbon sinks through the extraction
and burning of fossil fuels. Fossil fuels are
thousand to million-year-old carbon sinks
composed of decayed carbon-rich plant and
animal matter that can be burned to
produce non-renewable energy. Coal, oil,
and natural gas are examples of fossil fuels
used for the majority of our energy needs,
including transportation, manufacturing,
and electricity. As seen in Figure 2, the
amount of carbon in the atmosphere is the
highest it has been in the last 800,000
years. 

Figure 1: Earth’s carbon sinks and releases
(http://globecarboncycle.unh.edu/diagram.shtml)
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After being burned, the carbon from the
greenhouse gasses in the fossil fuels is
released into the atmosphere, where it
remains until eventually being transferred
into a new carbon sink. While in the
atmosphere, these greenhouse gasses
exacerbate the greenhouse effect. The
greenhouse effect is a natural process
where greenhouse gasses trap outgoing
energy from the sun. The greenhouse effect
is important because it keeps our planet’s
average surface temperature at 15°C and
prevents a potential decrease of Earth’s
average surface temperature by 33°C
(NASA, 2023). While the greenhouse gas
effect is vital for sustaining life, too many
greenhouse gasses entering the atmosphere
can be devastating. As a society, we are
already experiencing the impacts of climate
change through extreme weather events like
heat waves, longer and hotter wildfire
seasons, and heightened sea levels.
However, these impacts will increase as we
burn more fossil fuels and temperatures
continue to rise. 

Carbon dioxide (CO2) becomes dissolved in
our oceans in two ways. The first is through
gas exchange between the atmosphere and
ocean through a process known as diffusion.
For the ocean, the surface acts as a
boundary between air and water that gases
like CO2 can move between. Naturally, the
atmosphere and ocean have differing
concentrations of CO2, which creates areas
of higher and lower concentrations.
Diffusion is a process where molecules
move from an area of high concentration
(atmosphere) to an area of lower
concentration (ocean) in an effort to create
equilibrium (DeVries, 2022). The second way
CO2 becomes dissolved in seawater is
through biological processes, including
photosynthesis by marine organisms. This
process involves marine organisms like
phytoplankton taking in dissolved CO2 and
releasing oxygen (Marinov & Sarmiento,
2004). These processes are not equal across
the globe- factors like temperature and
wind speed can directly impact rates of
diffusion and gas exchange. With that in
mind, the ocean is not an endless carbon
sink. Over time rates of carbon uptake by
the ocean have been decreasing, indicating
that although our ocean has been mitigating
much of climate change, this may change in
the coming decades (Jens Daniel Müller et
al., 2023).

The ocean is one of Earth’s primary carbon
sinks and has helped to sequester 90% of
excess heat and 25% of carbon dioxide
emissions, which is equivalent to over 150
billion metric tons of carbon (DeVries, 2022;
Li et al., 2023; National Oceanic and
Atmospheric Administration, Fisheries,
2020). 

Figure 2: Graph of atmospheric carbon dioxide over the
past 800,000 years to 2022. 

Source (https://www.climate.gov/news-
features/understanding-climate/climate-change-

atmospheric-carbon-dioxide)

HOW DOES CARBON ENTER THE OCEAN?

HOW IS CLIMATE CHANGE SET TO IMPACT
OUR OCEANS? 

https://www.climate.gov/news-features/understanding-climate/climate-change-atmospheric-carbon-dioxide
https://www.climate.gov/news-features/understanding-climate/climate-change-atmospheric-carbon-dioxide
https://www.climate.gov/news-features/understanding-climate/climate-change-atmospheric-carbon-dioxide
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However, storing excess carbon in the
ocean can have detrimental impacts and is
not a sustainable, long-term solution to
climate change. There are four major ways
climate change is set to impact our oceans:
ocean warming, acidification, sea level rise,
and changes to ocean circulation.

Ocean warming

Over the past century, our oceans have
been taking excess carbon dioxide from the
atmosphere. In 2023, it was estimated that
the ocean had warmed by 0.70F since 1880
(National Centers for Environmental
Information, 2023). While 0.70F may seem
insignificant, the trend of rising
temperatures is alarming because
approximately 63% of this warming has
occurred in the last five decades alone
(Dahlman & Lindsey, 2023). Rising ocean
temperatures pose threats like coral
bleaching, sea-level rise due to thermal
expansion, more intense precipitation
events, and ice sheet melt, alongside
ecosystem degradation and biodiversity
loss (Cheng et al., 2022). 

Ocean acidification

Another issue resulting from rising ocean
temperatures is ocean acidification. Ocean
acidification describes a decrease in ocean
water pH due to increased carbon
absorption. As climate change continues,
our oceans intake more carbon dioxide
(CO2) from the atmosphere, resulting in a
decrease in ocean water pH. Ocean
acidification can make it difficult for species
like oysters, coral, and zooplankton to gain
carbonate (CO3^-2), a compound necessary
to create their shells and skeletons
(National Oceanic and Atmospheric
Administration, Fisheries, 2020). Over time,
this can have cascading effects across 

marine ecosystems, leading to food web
disruptions, ecosystem degradation, and
biodiversity loss (Zunino et al., 2021). 

Sea level rise

Sea level rise is another major ocean issue
related to climate change that is caused by
two main factors- melting terrestrial ice and
the thermal expansion of water. Terrestrial
ice is found across the globe in the form of
ice sheets and glaciers created by the
freezing and compacting of freshwater and
snow. Increasing temperatures cause ice
sheets and glaciers to thaw, resulting in
meltwater that flows into the oceans and
increases sea level. Elevated ocean water
temperatures also lead to the thermal
expansion of the water. Thermal expansion
essentially describes volume changes in
matter as a result of temperature
fluctuations. In the case of seawater, as our
ocean temperature increases, the volume of
the water grows, and consequently sea level
rises. On a regional scale, sea level rise is
not uniform due to ocean circulation and
isostatic rebound from ice sheet loss,
causing ocean water to move and pool in
certain areas. In Canada specifically, sea
level rise projections have estimated that
British Columbia and the maritime
provinces will be hit hardest with over 1m of
sea level rise by 2100 (James et al., 2021).
Over time, sea level rise will have
implications, including coastal erosion,
flooding, loss of coastal habitats, and
saltwater intrusion into freshwater supplies
(Cazenave & Cozannet, 2014). 

Impact on ocean circulation 

Climate change is also set to impact ocean
circulation. Ocean circulation is the
movement of water across the ocean due to
variations in temperature and salinity (also-
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known as density) or forces like wind
(National Oceanic and Atmospheric
Administration, 2019). Ocean circulation is
important because it helps to control
climate and move heat and nutrients across
marine ecosystems (Visbeck & Keiser, 2021).
Also known as the ocean conveyor belt,
thermohaline circulation (THC) is one of the
largest ocean circulation patterns. Figure 3
shows thermohaline circulation on a global
scale. Thermohaline circulation slowdown
or shutdown, specifically the portion known
as Atlantic Meridional Overturning
Circulation (AMOC), is a major concern.
Slowing or reducing the THC and AMOC
would deeply alter weather patterns,
reduce agricultural output, and impact the
stability of marine ecosystems.

against sea level rise, ecosystem restoration
like dune restoration to buffer against
extreme weather events, and increased
disaster management (Abbass et al., 2022).
Generally, adaptation strategies enhance
the resilience of both communities and
individuals. However, adaptation strategies
do not directly reduce greenhouse gas
emissions and mitigate the procession of
climate change. Mitigation strategies focus
on reducing greenhouse gas emissions to
prevent accelerating climate change.
Popular mitigation strategies include
switching to renewable energy sources like
solar and wind, reducing energy
consumption, and carbon removal methods
such as carbon capturing (Fawzy et al.,
2020). A combination of adaptation and
mitigation strategies are considered to be
the most impactful because together they
address the root cause of climate change
while building resilience to the threats we
are currently experiencing. At this stage,
many communities are struggling to
implement adaptation and mitigation
strategies due to a lack of funding, policy,
and implementation of effective urban
planning (Aboagye & Sharifi, 2024; Grafakos
et al., 2019). 

Figure 3: Map of thermohaline circulation across the globe.
Source

(https://www.britannica.com/science/thermohaline-
circulation#/media/1/591633/109639)

Humanity is addressing climate change
through two primary approaches:
adaptation and mitigation. Adaptation
describes the process of altering our ways
of life to the consequences of climate
change. Adaptation strategies for climate
change include infrastructure upgrades like
seawalls and dune restoration to protect

HOW DO WE REDUCE CLIMATE CHANGE?

Figure 4: Venn Diagram depicting coastal adaptation and
mitigation strategies, made using Canva. 
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WHAT CAN PEOPLE DO ABOUT CLIMATE CHANGE? 

Climate change can be overwhelming, and
at times it can feel like our efforts are a drop
in the bucket. However, there are lots of
ways the average person can contribute to
addressing climate change. Some of these
can include:

Reduce Energy Consumption:
Switching to energy-efficient
appliances and bulbs.
Turning off lights and electronics
when you’re not using them.
Adjusting your thermostat to
conserve energy.

Consider your consumption and Reduce
Waste and Support Sustainable Products:

Being mindful about your
consumption.
Using reusable bags, containers, and
water bottles.
Trying to avoid single-use plastics
where possible.

Raise Awareness and Advocate: 
Stay informed about climate change
but not overwhelmed.
Support local initiatives like non-
profits working toward a sustainable
future. 
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