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than do the Poles, enormous horizontal and vertical ocean currents form and circulate this 
heat around the planet. Some of these currents carry heat for thousands of kilometres before 
releasing much of it back into the atmosphere. 

Another key interaction is that, because the 
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Two notable ocean temperature anomalies developed from late 2013 onward: a large area 
of very warm water in the eastern North Pacific, with sea-surface temperatures more than 2 
°C above average in places, and a persistent pool of below-normal sea-surface 
temperatures in the eastern North Atlantic between the British Isles and the southern tip of 
Greenland. 

As the oceans warm, they expand, resulting in both global and regional sea-level rise. 
Increased ocean heat content accounts for about 40% of the observed global sea-level 
increase over the past 60 years and is expected to make a similar contribution to future sea-
level rise. The warming of ocean waters adjacent to the ice sheets can also affect the flow of 
ice into the ocean, which is another key component of sea-level rise. In 2015, global ocean 
heat content reached record levels through both the upper 700 m and 2 000 m of the 
oceans. 

Global sea levels continued to rise over the period 2011–2015. The level of interannual 
variability in global sea level over the period was high by the standards of the satellite era. 
The period began with global sea level about 10 mm below the long-term trend value in early 
2011, due to the strong La Niña at that time, and resultant high rainfall over some land areas 
resulting in above-normal water storage on land (especially in Australia). Sea levels quickly 
rebounded as the La Niña ended and had returned to trend or above by mid-2012. There 
was a further marked rise in early 2015 as an El Niño developed, with sea levels about 10 
mm above trend through the second half of 2015. Both the 2010–2011 and 2015 departures 
from trend were larger than anything observed between 1993 and 2009, including during the 
very strong 1997/1998 El Niño. The trend over the full satellite record from 1993 to present 
of approximately 3 mm per year is larger than the average 1900–2010 trend (based on tide 
gauges) of 1.7 mm per year. 

A number of studies have concluded that the contribution of continental ice sheets, 
particularly Greenland and west Antarctica, to sea-level rise is accelerating. Cryosat-2 data 
show that the contribution of Greenland ice-sheet melting to global sea-level rise in the 
period 2011–2013, which includes the extreme melt year of 2012, was approximately 1.0 
mm per year. This was well in excess of the 0.6 mm per year reported in the IPCC Fifth 
Assessment report for the period 2002–2011. 

There have been strong regional differences in rates of sea-level rise in the Pacific Ocean 
over the period 1993–2015, largely associated with the El Niño/Southern Oscillation 
(ENSO),11 and the predominance of El Niño events in the 1990s and La Niña events 
between 2007 and 2012. The world’s fastest rates of sea-level rise over this period have 
been in the western Pacific, more than 10 mm per year in places, whereas in parts of the 
eastern Pacific there has been little change in sea level over the period 1993–2015. Sea-
level rise has been more consistent in the Atlantic and Indian Oceans, with most parts of 
both oceans showing rates similar to the global average. 

According to WMO’s Provisional statement on the status of the global climate in 20162, such 
trend continued in 2016. Temperatures were above normal over most ocean areas. This 
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The most prominent area of below-normal sea surface temperatures was the Southern 
Ocean south of 45° South (especially around the Drake Passage between South America 
and Antarctica, where temperatures were more than 1°C below normal in places). 

Global sea levels rose about 15 millimetres between November 2014 and February 2016 as 
a result of El Niño, well above the post-1993 trend of 3 to 3.5 mm per year, with the early 
2016 values reaching new record highs. Since February, sea levels have remained fairly 
stable. 

Carbon dioxide flux   Since the industrial revolution about 375 billion tonnes of carbon 
have been emitted by humans to the atmosphere as CO2. The main sinks for CO2 
emissions from fossil fuel combustion are the oceans and terrestrial biosphere. Despite the 
increasing emissions from fossil fuel energy, ocean and land biosphere still take up about 
half of the anthropogenic emissions. There is however potential that these sinks might 
become saturated, which will increase the fraction of emitted CO2 that stays in the 
atmosphere and thus may accelerate the CO2 atmospheric growth rate. 
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may well be reduced to only 20% by the end of the 21st century. The current rate of ocean 
acidification appears unprecedented at least over the last 300 million years based on proxy-
data from paleo archives. In the future, acidification will continue to accelerate at least until 
mid-century based on projections from Earth system models. Acidification rates are slightly 
affected by climate change . Warming enhances the increase in H+ while reducing the 
decrease in CO3

2-, but those effects amount to less than 10% of the changes due to 
increasing CO2.  Yet freshening, e.g., from enhanced ice melt in the Arctic, can accelerate 
acidification rates by much more. 

 

Action undertaken to address the effects of climate change on the oceans and to 
foster climate resilient sustainable development of oceans and seas 

Science, data collection and awareness raising   

Observation  Because the ocean is a global commons, strong international coordination is 
needed to ensure regular and sustained observation.  

WMO hosts and co-sponsors the Global Climate Observing System (GCOS) which sets 
requirements for the observations of the Atmosphere, Land and Oceans required to track 
changes and variability in the climate system. In 2016 a new GCOS Implementation Plan 
was welcomed by the UNFCCC, who encouraged parties to work towards its 
implementation.  

To deliver the ocean component, GCOS works closely with the Global Ocean Observing 
System (GOOS) which coordinates observations of physics, chemistry and biology required 
to deliver requirements for climate, services and ocean health through an integrated 
observing system of satellites, ships, moored and autonomous platforms. GOOS is also co-
sponsored by WMO and led by the Intergovernmental Oceanographic Commission of the 
United Nations Educational, Scientific and Cultural Organization (IOC/UNESCO).  

Technological advances in telecommunications, autonomous platforms and new sensors are 
revolutionizing our ability to systematically monitor the ocean and thus understand its role in 
weather and climate. In the past decade the International Argo Array of profiling floats has 
enabled us to systematically monitor the global subsurface oceans for the first time. The next 
revolutions will be as new technologies enable us to systematically observe the deep ocean, 
ice covered oceans, and new chemical and biological variables to enable us to track issues 
such as ocean acidification. WMO collaborates with the maritime industry to ensure 
continuous weather and ocean observations from Voluntary Observing Ships and ocean-
based observing platforms. 

With improved monitoring of the ocean and atmosphere and enhanced scientific 
understanding, scientists can increasingly 
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hazards such as ocean-generate storms and related storm surges, coastal flooding and high 
winds. Developing multi-hazard early warning systems for addressing coastal inundation is 
now a high priority. 

Extreme weather  The enormous amount of energy captured by the ocean creates the 
world’s most powerful and destructive storms, known variously as cyclones, typhoons and 
hurricanes. The enormous amount of energy captured by the ocean creates the world’s most 
powerful and destructive storms, known variously as cyclones, typhoons and hurricanes. 
WMO’s tropical cyclone Regional Specialized Meteorological Centres and Tropical Cyclone 
Warning Centres facilitate international collaboration and the sharing of best practices (they 
also decide on the names of each year’s storms to improve coordination and the clarity of 
warnings). 

Atmosphere -ocean exchange of chemicals  and marine geoengineering Through its 
Global Atmosphere Watch (GAW) network of observing stations, WMO is a long-term 
sponsor of the Joint Group of Experts on the Scientific Aspects of Marine Environmental 
Protection (GESAMP) Working Group on The Atmospheric Input of Chemicals to the Ocean 
(WG 38). WG38 studies the atmospheric-ocean exchange of chemicals and the impact on 
ocean biogeochemistry. In 2017, WG 38 is embarking on an investigation of the impact of 
ocean acidification on fluxes of non-CO2 climate-active species. A workshop to gather the 
relevant international scientific experts and initiate this activity will be held in Norwich, UK 
from 27 Feb to 2 March, 2017. WMO/GAW is also a sponsor of a new GESAMP Working 
Group (WG 41) on marine geoengineering under the lead of IMO with support also from 
IOC/UNESCO and co-chaired by independent experts. The WG was tasked with carrying out 
an assessment of a wide range of marine geoengineering approaches for their potential 
environmental and socio/economic impacts on the marine environment (and the atmosphere 
where appropriate)  as well as their potential scientific practicality and efficacy for climate 
mitigation purposes. The final peer-reviewed report, to be completed by January 2018, is 
intended to assist the Parties of the London Convention and London Protocol to determine 
which marine geoengineering activities might be listed in Annex 4 of the Protocol and 
consequently regulated. 

Polar activities Recognizing the growing need for better weather and sea ice forecasts, 
more reliable climate predictions and, ultimately, better services for those who live and work 
in polar regions and beyond, the 68th Executive Council of WMO adopted a decision on the 
implementation of the Year of Polar Prediction6
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complete a 2000km continuous mission under the sea-ice with an autonomous underwater 
vehicle in the Arctic or Antarctic. The start of the competition was formally announced at the 
Arctic Science Summit Week in March 2016. This challenge aims to promote innovation 
towards a cost-effective, scalable and sustainable monitoring system for the polar oceans. 

Capacity-building, partnership and financing   

Coastal inundation The Coastal Inundation Forecasting Demonstration Project (CIFDP) is 
a multi-hazard warning system that promotes an integrated approach in the enhancement 
and delivery of early warnings, no matter what the causes for coastal inundations are, in line 
with the concept of impact-based forecasting and the UN Sendai Framework for Disaster 
Risk Reduction (DRR). The CIFDP is currently underway in four sub-projects (Bangladesh, 
Dominican Republic, Fiji and Indonesia), three of which are in urban coastal settings. 
Substantial progress to date has been made in each of these CIFDP sub-projects since 
2013 and expected completion by 2017-2018. The development of the CIFDP as a more 
sustainable platform for the strengthening of national multi-hazard early warning systems to 
address flooding in coastal areas is currently being considered.  

Small islands  States and terr itories Rising sea levels can damage freshwater supplies 
and worsen storms and coastal inundation. Better projections of how storm patterns will 
change, polar ice sheets melt and regional sea levels rise is vital for the improved safety of 
life and property at sea and for coastal zone management. WMO has launched a dedicated 
programme on Small Island Developing States and Member Island Territories7 to help small, 
vulnerable islands to use weather, marine and climate services. This will contribute to the 
implementation of Sustainable Development Goal 14 – Conserve and Sustainably Use 
Oceans, Seas and Marine Resources for Sustainable Development. 

 

 
 
 
 

 

  

 

 

7  Resolution 54 (Cg-17), 2015.   
                                                           


