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WEATHER CLIMATE
&

ENGAGING YOUTH

In this issue

During 2014, WMO will reach out to young people and 
seek to engage them in weather and climate issues. In 
January, the Organization launched a new web-based 
Youth Corner (www.wmo.int/youth/). In February, it 
issued a new edition of Careers in Meteorology aimed 
at young people who are deciding what to study or what 
kind of work to pursue. In March, over 100 students were 
invited to WMO headquarters in Geneva to celebrate 
World Meteorology Day with the theme “Weather and 
Climate: Engaging Youth.” 

While weather and climate issues affect the lives of 
young people today, they will have increasingly dramatic 
impacts in the future. What are some of the biggest 
environmental concerns that future generations will face? 
The health of the oceans, the impacts of desertification 
and the growth of megacities are three important issues 
that will have to be addressed. “Hot, Sour and Breath-
less – Oceans Under Stress,” “The Future of the Aral 
Sea lies in Transboundary Co–operation” and “Towards 
Integrated Urban Weather, Environment and Climate 
Services” provide some insight into those issues.

Then follows a series of contributions from young 
people. “Junior Professional Officers” at WMO feel an 
urgent need to address the threats and opportunities of 
climate change. They share their passion with readers 
and urge others to consider careers in sciences. Along 
that career path can come some rare perks as shown in 
“Meteo-Volunteers for Sochi Olympic Games 2014.” For 
those taking a different path, there are other avenues for 
them to act on climate issues. Landry Ndriko Mayigane 
provides examples in “How African Youth are Participat-
ing in Global Climate Change Politics.” The final article 

in the series is by a student from the Ferney-Voltaire 
International School, reporting on the WMO-supported 
“Model United Nations” event on climate change, which 
took place in January.

WMO Members and others in the meteorology commu-
nity “engage” youth as part of their mandates. Space only 
permits us to present a few of our community’s efforts, 
including those of the LaMMA Consortium in Italy, the 
Met Office and the Royal Meteorological Society in the 
United Kingdom of Great Britain and Northern Ireland 
(UK), the American Meteorological Society (AMS), the 
Agency for Meteorology, Climatology and Geophysics 
of the Republic of Indonesia (BMKG), and the Caribbean 
Institute for Meteorology and Hydrology in Barbados. 
WMO Members all over the world are implementing 
similar initiatives, and readers are encouraged to contact 
their national meteorological and hydrological services 
for more information. The WMO website contains links 
to the websites of the national meteorological and 
hydrometeorological services of its Members (visit www.
wmo.int/pages/members/members_en.html) where 
more information can be obtained on local activities 
and young people can see how they can get involved. 
The new WMO Youth Corner also contains direct links 
to youth websites and materials created by Members.

The two final articles focus on efforts by WMO and its 
partners to fill the gaps in observation systems in the 
polar regions to respond to growing scientific under-
standing of the critical role these regions play in the 
global weather and climate system. 
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Hot, Sour and Breathless – 
Ocean Under Stress

How is the biggest ecosystem on Earth 
faring?

The ocean covers nearly three quarters of the Earth’s 
surface, contains 96 per cent of its living space, provides 
around half of the oxygen we breathe and is an increasing 
source of protein for a rapidly growing world population. 
However, human activity is having an impact on this 
precious resource on local, regional and global scales.

Over the coming decades and centuries, ocean health will 
become increasingly stressed by at least three interacting 
factors. Rising seawater temperature, ocean acidifica-
tion and ocean deoxygenation will cause substantial 
changes in marine physics, chemistry and biology. These 
changes will affect the ocean in ways that we are only 
beginning to understand.

It is imperative that international decision-makers under-
stand the enormous role the ocean plays in sustaining 
life on Earth, and the consequences of a high CO2 world 
for the ocean and society.

1 – Ocean acidification

Ocean acidification is directly caused by the increase of 
carbon dioxide (CO2) levels in the atmosphere. When 
CO2 enters the ocean it rapidly goes through a series 
of chemical reactions, which increase the acidity of 
the surface seawater (lowering its pH). The ocean has 
already removed about 30 per cent of anthropogenic 
CO2 over the last 250 years, decreasing pH at a rate not 
seen for around 60 million years. 

This effect can be considered beneficial since it has 
slowed the accumulation of CO2 in the atmosphere and 
the rate of global warming; without this ocean sink, 
atmospheric CO2 levels would already be greater than 450 
ppm. However, the continuation of such a fundamental 
and rapid change to ocean chemistry is likely to be bad 
news for life in the sea; it will not only cause problems 
for many organisms with calcium carbonate skeletons 
or shells (such as oysters, mussels, corals and some 
planktonic species) but could also impact many other 
organisms, ecosystems and processes with potentially 
serious implications for society.

The average acidity of the upper ocean has already 
declined by around 0.1 pH unit (30% increase in acid-
ity) since the industrial revolution and it is expected to 
further decline by about 0.3 pH units by the end of this 
century if CO2 emissions continue at the current rate.

2 – Ocean warming

Over the last decades ocean warming has been a direct 
consequence of increasing atmospheric temperature due 
to the “greenhouse effect.” This warming affects the 
exchange of gases between the ocean surface and the 
atmosphere, and their transport and storage in deeper 
waters. In a warmer ocean, there will also be less mixing 
between the nutrient-rich deep waters and the nutrient-
poor surface ocean, particularly in tropical areas with 
detrimental consequences for ocean productivity, hence 
significantly diminishing food security from fisheries.

Ocean warming is also likely to have direct effects on 
the physiology of marine organisms and thereby alter 
the geographical distribution of species, including those 
of commercial importance, currently well-adapted to 
existing conditions; for example, temperature increase 
is almost certainly contributing to the decline of cod in 
the North Atlantic. 

1 By C. Turley, T. Keizer, P. Williamson, J.-P. Gattuso, P. Ziveri, R. Monroe,K. 
Boot and M. Huelsenbeck of the Plymouth Marine Laboratory, UK Ocean 
Acidification Research Programme, European Project on Ocean Acidification, 
Mediterranean Sea Acidification in a Changing Climate project, Scripps 
Institution of Oceanography at UC San Diego, OCEANA; 2013 6pp. ISBN: 
978-0-9519618-6-5 (available at www.oceanunderstress.com). 

This article has been republished with the authorization of the Plymouth Marine Laboratory1
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The heat content of the ocean is immense with ~90 per 
cent of the energy from warming of the Earth system 
stored in the ocean over recent decades. There has 
already been a mean sea surface warming of about 
0.7°C over the last 100 years, likely to increase by over 
3°C in some ocean regions by the end of this century.

3 – Ocean deoxygenation

Ocean deoxygenation is the reduction of dissolved 
oxygen (O2) in seawater. Climate change can influence 
oxygen levels in the ocean in several ways. This is certain 
to occur in a warmer ocean since higher temperatures 
reduce oxygen solubility. Warming is also likely to cre-
ate a more stratified ocean, decreasing the downward 
oxygen supply from the surface. Ocean acidification 
and nutrient run-off from streams and rivers can also 
contribute to deoxygenation.

Fish and many other marine organisms depend on suf-
ficient levels of oxygen to function, and may therefore be 
stressed by declining oxygen concentrations. Extended 
zones of low oxygen may result in the exclusion of such 
organisms. However, other organisms tolerant of low 
oxygen, particularly microbes are likely to flourish, alter-
ing the balance of communities. Low oxygen levels in 
the ocean may also increase the amount of greenhouse 
gases in the atmosphere by changing feedback mecha-
nisms involving methane and nitrous oxide.

Current ocean models project declines of 1 to 7 per 
cent in the global ocean oxygen inventory over the next 
century. However, there are considerable uncertainties 
regarding the scale and location of oxygen changes, 
and their ecological impacts.

Triple trouble – multiple stressors

In the future many parts of the ocean are likely to experi-
ence more than one of these environmental stressors 
at the same time, since they are driven by the same 
underlying process – increases in atmospheric CO2 and 
other greenhouse gases. These “hot spots” will not only 
be warmer, but are also likely to be more stratified, have 
increased acidity and contain less oxygen, increasing 
the stress on marine life in ways that may be more than 
the simple addition of each. 

For example, ocean acidification can make species 
more susceptible to the impacts of warming waters, 
and higher CO2 alongside lower oxygen levels can 
create respiratory difficulties. Acting together these 
stressors could more rapidly threaten biogeochemical 
cycles, ecosystems and the goods and services the 
ocean provides to society, thereby increasing the risk 
to human food security and industries depending on 

productive marine ecosystems. Furthermore, changes 
in the exchange of gases between the atmosphere and 
ocean will impact on climate change. 

Importantly and worryingly, these “hot spots” of multiple 
stressors are likely to coincide with areas high in ocean 

productivity - and currently supporting significant fisheries 
and subsistence fisheries in developing countries (see maps).

Steps ahead

Mitigation: As ocean acidification is mainly caused 
by CO2, strong mitigation measures are required to 
reduce its emission. Atmospheric accumulation of other 
greenhouse gases should also be limited, as all of them 
contribute to ocean warming and hence deoxygenation.

Adaptation: Adaptation strategies need to be developed 
as the world is already committed to a substantial amount 
of additional warming, acidification and deoxygenation, 
even if atmospheric CO2 could be stabilized at the current 
level. A key strategy is to ensure maximum potential for 
resilience in the system, e.g. by maintaining, or even 
increasing biodiversity and by conserving a diverse 
set of habitats. The reduction of other environmental 
stressors, such as coastal eutrophication and pollution 
by organic and inorganic substances will be helpful as 
well. However, given the unprecedented rate of change 
it is doubtful that adaptation measures alone, without 
mitigation, will be sufficient to avoid most of the harm.

Research: Research is required to improve our knowledge 
and understanding of these three connected stressors. 
For example, whilst ocean acidification has recently 
become a topic of high research priority, deoxygenation 
has not yet reached that level of recognition.

UNEP 2010. UNEP Emerging Issues: Environmental Consequences of Ocean 

Nicolas Gruber, Phil. Trans. R. Soc. A (2011) 369, 1980–1996

Increased stratification causing lower productivity (stronger nutrient limitation) Aragonite undersaturation

Increased stratification supporting higher productivity (lower light limitation) Eastern Boundary Upwelling 
System Hotspot

Low oxygen regions with hight vulnerability for deoxygenation
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What is really missing is the joint perspective, where 
the combined effects of two or all three stressors act-
ing at the same time are investigated. Already, detailed 
laboratory studies and field experiments from regional 
to global scale monitoring and modelling are beginning, 
through cross-disciplinary and international cooperative 
partnerships. Importantly, research capacity needs to 
be grown globally, particularly in vulnerable developing 
countries. 

In order to better understand the impacts on ecosystems 
and the consequences for every one of us, research will 
increasingly need to follow a multi-disciplinary approach 
across the physical, life, chemical, Earth, social and 
economic sciences. These studies need to be policy 
relevant, with a rapid exchange of knowledge between 
researchers and decision-makers.

Ocean Stress Guide Your awareness can 
make a difference

What the ocean will experience this century without urgent and substantial 
reduction in greenhouse gas emissions.

How is the biggest ecosystem 
on Earth faring? 

Contains 96% of the living spaCe on earth  l  has 80% of earth’s living organisms  l  Covers 
71% of the earth  l  almost half of the oxygen we breathe is produCed by oCean plants  l  

fish provide 4.2 billion people with at least 15% of their animal protein  l  90% of world 
trade is Carried aCross the oCeans  l  holds an estimated 80% of earth’s mineral resourCes

Hot, Sour & Breathless – 
Ocean under stress

Stressor

Warming 
l A relatively mature 
 study area in terms 
 of physical 
 changes and 
 physiology but 
 poorly studied 
 at ecosystem and 
 biogeochemical 
 level 

Acidification 
l Developed as a  
 research topic in 
 past decade

Deoxygenation
l Emerging issue, 
 poorly studied

All three together
l Few studies

Causes

l Increasing 
 greenhouse gas 
 emissions to the 
 atmosphere

l Increasing 
 atmospheric carbon 
 dioxide emissions 
l Coastal nutrient 
 enrichment, 
 methane hydrates 
 and acid gases from 
 industrial emissions 
 may also contribute 
 locally

l Reduced oxygen 
 solubility due to 
 warming
l Decreased oxygen 
 supply to the ocean 
 interior due to less 
 mixing
l Nutrient rich land 
 run-off stimulating 
 oxygen removal 
 locally

l Increasing 
 greenhouse gas 
 emissions, 
 especially carbon 
 dioxide, to the 
 atmosphere

Result

l Temperature 
 increase, 
 particularly in near- 
 surface waters
l Less ocean mixing 
 due to increased 
 stratification
l Increased run-off 
 and sea-ice melt 
 will also contribute 
 to stratification in 
 Arctic waters

l Unprecedented 
 rapid change to 
 ocean carbonate 
 chemistry 
l Much of the ocean 
 will become 
 corrosive to shelled 
 animals and corals, 
 with effects 
 starting in the 
 Arctic by 2020

l Less oxygen 
 available for 
 respiration 
 especially in 
 productive regions, 
 and in the ocean 
 interior
l Extended areas 
 of low and very low 
 oxygen

l More frequent 
 occurrence of 
 waters that will 
 not only be warmer 
 but also have 
 higher acidity and 
 less oxygen  
 content

Direct effects

l Decreased carbon dioxide 
 solubility
l Increased speed of 
 chemical and biological 
 processes 
l Reduced natural nutrient 
 re-supply in more 
 stratified waters

l Reduced calcification, 
 growth and reproduction 
 rates in many species
l Changes to the carbon 
 and nitrogen composition 
 of organic material

l Reduced growth and 
 activity of zooplankton, 
 fish and other oxygen-
 using organisms
l Endocrine disruption

l Damage to organism 
 physiology, energy 
 balance, shell formation:  
 e.g. coral reef degradation

Impacts

l Stress to organism physiology, 
 including coral bleaching
l Extensive migration of species
l More rapid turnover of organic 
 matter
l Nutrient stress for 
 phytoplankton, particularly in 
 warm waters
l Changes to biodiversity, food 
 webs and productivity, with 
 potential consequences for 
 fisheries, coastal protection
 and tourism

l Impeded shell or skeletal 
 growth and physiological stress 
 in many species, including 
 juvenile stages 
l Change to biodiversity and 
 ecosystems, and the goods and 
 services they provide
l Cold and upwelling waters 
 currently supporting key 
 fisheries and aquaculture likely   
 to be especially vulnerable

l Stress to oxygen-using 
 organisms
l Risk of species loss in low 
 oxygen areas
l Impacts on reproductive success
l Shift to low oxygen-tolerant  
 organisms, especially 
 microorganisms and loss of 
 ecosystem services in 
 these areas

l Ocean acidification can reduce  
 organisms’ thermal tolerance, 
 increasing the impact of 
 warming
l Combined effects further 
 increase risk to food security 
 and industries depending on 
 healthy and productive marine 
 ecosystems

Feedback to climate

l Reduced ocean uptake of carbon 
 dioxide due to solubility effect
l Increased oxygen consumption, 
 carbon dioxide production and 
 decrease in oxygen transfer to the 
 deep ocean
l Potential decrease in the export of 
 carbon to the ocean’s interior
l Decreasing primary production   
 except in the Arctic where sea-ice  
 loss may result in an increase

l Reduced ocean uptake of carbon 
 dioxide due to chemical effects
l Changes to the export of carbon to 
 the ocean’s interior 
l Higher oxygen use throughout 
 the water column due to changing 
 composition of organic material

l Enhanced production of the two   
 greenhouse gases methane and   
 nitrous oxide

l Major change to ocean physics,   
 chemistry and ecosystems
l Risk of multiple positive feedbacks 
 to atmosphere, increasing the rate 
 of future climate change

Following awareness raising concerning ocean acidification at 
the United Nations Framework Convention on Climate Change 
meetings (2009, 2010, 2011 and 2012) the international 
partnership as shown below is now highlighting its concern 
about the impacts of the multiple and interacting stressors 
of ocean warming, acidification and deoxygenation on ocean 

systems, which will occur in the coming decades in a high CO2 
world. This publication has received support from international 
organisations and programmes. 

Please email forinfo@pml.ac.uk for any further details.
www.oceanunderstress.com.

Partners

Plymouth Marine Laboratory 
Prof Stephen de Mora, forinfo@pml.ac.uk, www.pml.ac.uk

Ocean Acidification International Coordination Centre
IAEA Peaceful Uses Initiative project, Ms Lina Hansson, L.Hansson@iaea.org

Scripps Institution of Oceanography at UC San Diego
Mr Robert Monroe, rmonroe@ucsd.edu, www.sio.ucsd.edu

OCEANA
Ms Jacqueline Savitz, jsavitz@oceana.org, www.oceana.org

UK Ocean Acidification Research Programme 
27 partner institutes from the UK, Dr Carol Turley OBE, ct@pml.ac.uk, www.oceanacidification.org.uk

European Project on Ocean Acidification
32 partner institutes from 10 countries; Dr Jean-Pierre Gattuso, gattuso@obs-vlfr.fr, http://epoca-project.eu

Mediterranean Sea Acidification in a Changing Climate 
16 partner institutes from 10 countries; Dr Patrizia Ziveri, patrizia.ziveri@uab.cat, http://medsea-project.eu

Biological Impacts of Ocean ACIDification programme
19 partner institutes from Germany; Prof. Dr. Ulf Riebesell, uriebesell@ifm-geomar.de, www.bioacid.de

Message supported by

Please cite this document as: Turley C, Keizer T, Williamson P, Gattuso J-P, Ziveri P, Monroe R, Boot K, Huelsenbeck M: Hot, Sour and Breathless – Ocean under stress. 
Plymouth Marine Laboratory, UK Ocean Acidification Research Programme, European Project on Ocean Acidification, Mediterranean Sea Acidification in a Changing Climate project, 
Scripps Institution of Oceanography at UC San Diego, OCEANA; 2013 6pp.  ISBN: 978-0-9519618-6-5

Partnership for
Observation of the Global Oceans

United Nations
Educational, Scientific and

Cultural Organization

Intergovernmental
Oceanographic
Commission

Integrated Marine Biogeochemistry and
Ecosystem Research

I M B E R

Atoms for Peace

UNEP
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The Future of the Aral Sea 
Lies in Transboundary            
Cooperation

Based on the UNEP Global Environment Alert Service (GEAS) bulletin January 2014 1 2

Diversion of water sources has caused the Aral Sea in 
Central Asia to decline significantly over the past five 
decades. It has broken into several smaller seas, leaving 
behind a vast desert and a multitude of environmental, 
economic and social problems. Recent restorative action 
has produced a rebound in the fishing industry in what 
is now the North Aral Sea, possibly indicating a turn for 
the better, but it has come at the expense of the South 
Aral Sea which was starved of water flow when the Kok-
Aral dam was constructed. Although the water levels 
of the Aral Sea may never return to pre-1960s levels, 
transboundary co-operation on the implementation of 
and compliance with conservation policies and activities 
provides some hope for the survival of the Aral Sea and 
security of livelihoods in the region.

Why is this issue important?

Once the fourth largest lake in the world, the Aral Sea 
now covers approximately 10 per cent of its former 
surface area, holds less than 10 per cent of its former 
volume, and receives 10 times less water than it used 
to. The basin supports a population of more than 60 
million people – a population that has increased more 
than four times since 1960. The Aral Sea basin covers 
1.5 million square kilometres in Central Asia and is 
predominantly shared by six countries: Afghanistan, 
Kazakhstan, Kyrgyzstan, Tajikistan, Turkmenistan and 
Uzbekistan.

Meltwater from snow and glaciers on the southwest-
ern Pamir Mountains in Tajikistan and the Tien Shan                      

Mountains that border China and Kyrgyzstan contributes 
water to the Amu Darya and the Syr Darya, the two main 
rivers that historically have fed the Aral Sea. The sea 
has no outflow river. Meltwater is particularly valuable 
during the hot, dry summers. However, the Amu Darya 
and Syr Darya have been diverted to support irrigation 
schemes and, consequently, the flow of both rivers has 
been altered and the sea itself has become desiccated. 
Diversion of the Amu Darya and Syr Darya rivers began 
as early as 1938 to provide water for irrigation. Natural 
events such as spring floods breaching the banks of the 
Amu Darya have also occurred, but they have caused 
only insignificant changes in water levels. 

New irrigation schemes for cotton and rice farming in 
the arid region accelerated the diversion of water in the 
1960s. While the use of groundwater for irrigation was 
explored, the focus remained on using surface water. 
Climate change could also influence water flows into, and 
around, the Aral Sea. Glacier shrinkage on surrounding 
mountains is already occurring, which could eventually 
lead to reduced runoff, and the region could experience 
more floods and droughts.

1 Lead Author Lindsey Harriman, Remote Sensing Research Scientist, 
United Nations Environment Programme/Global Resource Information 
Database Project, Sioux Falls. 

2 The original, full-length version of this article with full references 
is available in the online version of the Bulletin and from UNEP at                                    
www.unep.org/geas 

The salty shores of the Aral Sea
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预览已结束，完整报告链接和二维码如下：
https://www.yunbaogao.cn/report/index/report?reportId=5_16240


