4. Ocean Warming — Environment

A new international study published in Advances in Atmospheric Sciences reports that the world'’s
oceans absorbed more heat in 2025 than in any year since modern records began. The study
involved over 50 scientists from 31 institutions worldwide, using combined data from international
climate centres and independent research groups across Asia, Europe, and the Americas
Study Overview and Context

The study highlights unprecedented ocean warming in 2025, reinforcing the oceans’ role as the
primary absorber of anthropogenic heat. Oceans act as a climate regulator, but their increasing heat
content signals escalating risks for climate stability, ecosystems, and human livelihoods. The findings are
consistent with long-term climate projections and underline the urgency of global mitigation and
adaptation efforts.

Key Findings of the Study
Record Ocean Heat Content (OHC)

Ocean heat content increased by ~23 zettajoules (ZJ) in 2025. This amount of energy is
equivalent to around 37 years of total global energy consumption at 2023 levels, illustrating the massive
scale of excess heat accumulation.

Zettajoule (2J) -
1. Unit of energy
2. 12J=10"joules

This record confirms that 2025 marked the highest ocean heat content ever observed.
Upper Ocean Warming

Heat stored in the upper 2,000 metres of the ocean reached its highest recorded level. This layer
is critical because it -

1. Directly interacts with the atmosphere
2. Influences weather systems, monsoons, and marine ecosystems
Persistent warming confirms that excess heat is accumulating over decades, not just during short-

term climate events.

Annual sea surface temperature anomalies in 2023
Data: ESA SST CCl Analysis v3.0 « Reference period: 1991-2020 « Credit: ESACCI/EOCIS/UKMCAS/C3S/ECMWF
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Link with Greenhouse Gases

Nearly 90% of the excess heat trapped by greenhouse gases (GHGs) is absorbed by the oceans.
Oceans therefore act as a buffer, slowing atmospheric warming. However, this buffering capacity comes
at the cost of -
1.  Ocean warming
2. Sea-levelrise
3. Ecosystem stress

Regional Patterns of Ocean Warming

Surface Area Affected
About 16% of the global ocean surface experienced its warmest year on record in 2025. 33% of the
ocean surface ranked among the three warmest years ever recorded.
Fastest-Warming Ocean Regions
The most rapid warming was observed in -
1. Tropical and South Atlantic Ocean
2. North Pacific Ocean
3. Southern Ocean
These regions play a key role in -
1. Heat redistribution
2. Global circulation patterns
3. Carbon sequestration
Deep Ocean Heating
Heat content in the deep ocean layers also reached a new record. This indicates that warming is
1. Not confined to surface waters
2. long-lasting and difficult to reverse
Deep-ocean warming has multi-century implications for climate systems.
Sea-Surface Temperature (SST) Trends and Impacts
Enhanced Evaporation and Rainfall
Warmer sea surfaces increase evaporation rates. This intensifies -
1. Atmospheric moisture
2. Rainfall variability
Resulted in extreme precipitation and flooding in -
. Southeast Asia
2. Mexico (2025)
Extreme Weather Events
Elevated SSTs contributed to -
1. Floods in tropical regions
2. Severe droughts in parts of the Middle East
Confirms the strong ocean—atmosphere coupling in driving climate extremes.
Increased Ocean Stratification
Warmer, lighter surface water increasingly overlies colder, nutrient-rich deep water.
Consequences include -
1. Reduced vertical mixing

2. Lower nutrient supply to surface waters



3. Declining marine productivity
This threatens fisheries and marine food chains.
Long-Term Consequences of Ocean Warming
Sea-Level Rise - Ocean warming causes thermal expansion of seawater, a major contributor to sea-
level rise. This acts alongside -
1. Melting glaciers
2. Polarice sheet loss
Coastal cities and low-lying islands face heightened risks.
Marine Heatwaves-Higher Ocean heat content increases the frequency, duration, and intensity of
marine heatwaves.
Impacts include -
1. Coral bleaching
2. Fish mortality
3. Ecosystem collapse
Stronger Storms - Additional oceanic heat and moisture -
1. Energise tropical cyclones
2. Increase storm intensity and rainfall
Raises disaster risks for coastal populations worldwide.
Future Outlook
Likelihood of New Records - Scientists warn that as long as Earth continues to accumulate excess heat,
new ocean heat records are inevitable. Highlights the insufficiency of current mitigation efforts.
Global Research Collaboration - The study involved -
1. Over 50 scientists
2. 3linstitutions worldwide
Data sources included -
1. International climate centres
2. Independent research groups across Asiq, Europe, and the Americas
Reflects strong scientific consensus on ocean warming trends.
Socio-Economic Consequences of Rising Ocean Temperatures
Impact on Marine Tourism - Coral bleaching damages ecosystems crucial for tourism. Particularly
affects regions such as -
1.  Andaman Islands
2. Great Barrier Reef
Leads to -
1. Declining tourist inflows
2. Loss of local employment and revenue
Impact on Shipping Routes - Melting Arctic Sea ice opens shorter shipping routes.
Benefits - Reduced travel time
Challenges -
. Increased storm risks
2. Environmental hazards
3. Navigational uncertainty affecting global trade
Impact on Port Infrastructure - Sea-level rise threatens low-lying coastal ports.

Risks include -



1.  Flooding
2. Storm surges
3. Infrastructure damage
Requires large-scale investment in climate-resilient port infrastructure.
Impact on Coastal Livelihoods - Altered fish migration patterns disrupt fisheries.
Coastal communities face -
1. Income instability
2. Food security risks
3. Higher vulnerability to climate disasters
Measures for Tackling Ocean Warming
Mitigating Greenhouse Gas Emissions - Deep and sustained reduction in GHG emissions is non-
negotiable.
Aligns with -
1. Paris Agreement targets
2. Net-zero commitments
Protecting and Restoring Marine Ecosystems - Expansion of -
1. Marine Protected Areas (MPAs)
2. Marine Reserves
Coral reefs, mangroves, and seagrasses -
1. Act as natural buffers
2. Support biodiversity
3. Sequester carbon (“blue carbon”)
Coastal Climate Resilience - Strengthening -
1. Coastal defenses
2. Flood protection systems
3. Climate-sensitive urban planning
Essential for safeguarding coastal populations and infrastructure.
Addressing Ocean Acidification
Ocean warming accelerates ocean acidification, harming shell-forming organisms. CO, emission
reduction simultaneously addresses -
1.  Warming
2. Acidification
Sustainable Shipping and Maritime Practices
Transition towards -
1. Cleaner fuels (hydrogen, ammonia)
2. Energy-efficient vessels
Reduces the maritime sector’s carbon footprint.
Concluding Perspective
Rising ocean heat content is a clear indicator of accelerating climate change. While oceans have
shielded humanity from even more severe atmospheric warming, this buffering role is reaching
ecological limits. Immediate global action on emissions, combined with ecosystem restoration and
coastal adaptation, is essential to -
1. Protect marine systems

2. Safeguard livelihoods



3. Ensure long-term climate stability

Source - https -//ddnews.gov.in/en/worlds-oceans-set-new-heat-record-in-2025-study/
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