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Hotter, drier, wetter. Face the future. 
World Meteorological Day - 23 March 2016

Our climate is changing. This is not just a future scenario. It is happening 
now. The climate will continue to change over the coming decades as more 
and more heat-trapping greenhouse gases emitted by human activities 
accumulate in the atmosphere.

Each of the past several decades has been significantly warmer than the 
previous one. The period 2011–2015 was the hottest on record, and the 
year 2015 – with an extra boost from a powerful El Niño – was the hottest 
since modern observations began in the late 1800s.

But rising temperatures tell only part of the story. Climate change is 
disrupting some weather patterns, and it is increasing the frequency and 
intensity of certain extreme weather events, such as heatwaves, droughts 
and heavy rainfall. These ongoing changes provide a foretaste of a hotter, 
drier, wetter future.

It is still possible to minimize the damage. In December 2015 the world’s 
governments unanimously adopted the Paris Climate Agreement, seeking 
for rapid and deep cuts in greenhouse gas emissions. This historic agree-
ment commits all countries to undertake ambitious efforts to respond 
to the urgent threat of climate change on the basis of their “common 
but differentiated responsibilities.” It also addresses financial support 
to developing countries, climate resilience and adaptation, technology 
transfer, capacity-building, and education, training and public awareness.

The Sendai Framework for Disaster Risk Reduction (2015-2030), agreed in 
March 2015, and the emphasis on the need to tackle disaster risk reduction 
and climate change adaption when setting the Sustainable Development 
Goals, in September 2015, place the onus on WMO and its Members to 
provide more and better weather, climate and water-related services.

However, scientific advances are making it possible to produce increasingly 
useful climate information and services to support climate resilience, 
adaptation and mitigation. As highlight throughout this issue of the 
Bulletin, WMO and the global network of National Meteorological and 
Hydrological Services of its Members have a major role to play in 
providing the scientific observations, research and operational climate 
services that society will need in order to face the future.

WMO and the global 
network of National 
Meteorological and 
Hydrological Services 
of its Members have 
a major role to play in 
providing the scientific 
observations, research 
and operational climate 
services that society will 
need in order to face 
the future.
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The 2030 Agenda for Sustainable Development, adopted by the United 
Nations (UN) General Assembly in September 2015, will serve as the 
centrepiece for national and international policymaking over the next 
15 years. It sets out 17 Sustainable Development Goals (SDGs) with 169 
associated targets and describes a number of international mechanisms 
for supporting implementation. National Meteorological and Hydrological 
Services and the broader WMO community can contribute to the SDGs 
at the national and international levels.

“Whether we deal with food security, health or water and sanitation; 
whether we foster clean energy or resilient infrastructure and cities; whether 
we pursue the sustainable management of oceans, land or ecosystems – 
building more resilient societies to weather and climate extremes remains 
an imperative and a necessary condition to progress towards sustainable 
development,” states WMO Secretary-General Petteri Taalas.

The products and services delivered by National Meteorological and 
Hydrological Services and other institutions belonging to the WMO 
community save lives and promote human well-being. Thanks to timely 
alerts, predictions and other weather and climate information, people are 
more prepared for, and less vulnerable to, hydrometeorological hazards 
than ever before. They are also better able to maximize productivity 
and plan their daily activities. Less widely recognized is the critical role 
that the providers of such services play in assisting countries to pursue 
sustainable development. Weather, climate and water can all affect sus-
tainable development. The services provided by National Meteorological 
and Hydrological Services can enable decision-makers to minimize risks 
and exploit opportunities in agriculture, public health, water resources, 
energy production and other important sectors.

National Meteorological and Hydrological Services will benefit from 
aligning their activities with the SDGs as the 2030 Agenda will drive 
national policies and investment, the funding of projects by donors and 
UN system programmes and activities. By highlighting how their products 

The products and 
services delivered by 
National Meteorological 
and Hydrological 
Services and other 
institutions belonging to 
the WMO community 
save lives and promote 
human well-being.

The WMO Roving Seminars on Weather, Climate and Farmers assists farmers to apply the best available weather and 
climate information to their operational decisions.
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and services contribute to sustainable development, service providers 
can raise their national profile and attract greater political and financial 
support. Therefore, the WMO community will not only contribute to the 
global drive towards sustainable development, it will also benefit from 
greater support for strengthening its services.

How WMO can contribute

The 2030 Agenda stresses the importance of partnerships and international 
cooperation for achieving the SDGs – an enhanced and revitalized Global 
Partnership for Sustainable Development will facilitate this. The 2030 Agenda 
also invites governments to submit National Plans for addressing SDGs, 
and defines a Technical Facilitation Mechanism. The WMO community can 
make important contributions to the partnership, plans and mechanism, 
as well as to other collaborative forums.

National Meteorological and Hydrological Services can benefit from the 
status of WMO as a Specialized Agency of the UN to engage with the 2030 
Agenda. They can also draw on the partnerships that the WMO community 
continues to build with other communities, sectors and disciplines, for 
example, through national climate services and the GFCS. As policymakers 
and the general public gain a better understand of the WMO contribution 
to sustainable development, National Meteorological and Hydrological 
Services can look forward to establishing an even stronger role in protecting 
life and property, and in building weather and climate resilience.

Virtually all of the Organization’s work on reducing disaster risk, advancing research and providing information 
and services for decision-making, contributes to development and the reduction of poverty.
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Weather forecasts also help to protect energy 
infrastructure from hydrometeorological hazards. 
The Global Framework for Climate Services (GFCS) is 
promoting partnerships and projects for supporting 
energy-management decisions with weather and climate 
information.

The WMO Severe Weather Forecast Demonstration Project 
has illustrated the long-term benefits to countries of 
investing in weather- and climate-resilient infrastructure.

The WMO community is collaborating through the Integrated Drought Management Project and other activities to assist 
governments to develop proactive and integrated national drought-management policies.
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The Strategic Plan for 2016–2019 sets out WMO priorities aimed at enabling 
all National Meteorological and Hydrological Services to improve their 
information, products and services. The application of recent breakthroughs 
in weather and climate science will make it possible to deliver increasingly 
robust and actionable scientific information and analyses to decision-makers. 
The basic actions that WMO needs to carry out to implement its Strategic 
Plan are fully aligned with what WMO needs to do to support the SDGs. 
They include:

• Anchoring WMO expertise within the UN system, 

• Engaging high-level independent advisers,

• Supporting national integrated action plans,

• Developing new partnerships,

• Strengthening the regional approach, and

• Raising high-level political visibility.

Meeting the challenge

The demand for accessible and accurate weather, climate, hydrological, 
marine and related environmental services will continue to grow in the 
years ahead. It will be driven in part by concerns over climate change and 
the varying patterns of weather, hydrology, storms, flooding and drought. 
It will also reflect the need to respond to new human vulnerabilities 
resulting, for example, from migration and the growth of megacities and 
coastal developments. The contributions that these services can make to 
the 2030 Agenda will increase every year.

Advances in weather and climate science will make it possible for the WMO 
community to satisfy this demand for continuously improved services. 
WMO and its Members will collaborate on accelerating this trend through 
technology transfer, capacity development, training and public outreach. 
With a stronger emphasis on partnerships and openness to a changing 
political and economic environment, they will also pursue innovative and 
creative new approaches to delivering services. In this way, the WMO 
community will ensure that today’s decision-makers, and those of future 
generations, have the tools and information they need to thrive and develop 
in an increasingly complex and challenging environment.

The demand for 
accessible and accurate 
weather, climate, 
hydrological, marine and 
related environmental 
services will continue to 
grow in the years ahead.
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Practical illustrations of how WMO 
contributes to the SDGs

Goal 1: End poverty in all its forms every-
where. Virtually all of the Organization’s 
work on reducing disaster risk, advancing 
research and providing information and 

services for decision-making contributes to devel-
opment and the elimination of poverty. While not 
always recognized as poverty-reduction measures, 
weather, climate and other WMO-related products and 
services provide many essential, and often measurable, 
socio-economic benefits.

Goal 2:  End hunger, achieve food security 
and improved nutrition, and promote 
sustainable agriculture. Farmers, herders 
and fishers rely extensively on weather 

and climate services for anticipating and reducing 
risks, adapting crops, day-to-day and seasonal agrarian 
management, and maximizing productivity. Through 
their increasingly targeted services to the agricultural 
sector, National Meteorological and Hydrological 
Services are clearly central to ensuring global food 
security. The WMO Roving Seminars on Weather, Cli-
mate and Farmers, for example, assist farmers to apply 
the best available weather and climate information to 
their operational decisions.

Goal 3: Ensure healthy lives and promote 
well-being for all at all ages. The appear-
ance of mosquitoes, ticks and other insects 
that transmit many illnesses is frequently 

influenced by weather, climate and water. Deaths and 
injuries also result from floods, droughts, heatwaves 
and air pollution. The forecasts and advice that National 
Meteorological and Hydrological Services and other 
service providers deliver to health agencies and to 
the public help to save lives. The WMO/WHO Atlas of 
Health and Climate defines the key risks that climate 
poses to public health in particular countries and 
regions and confirms the value of climate services for 
addressing these risks.

Goal 6: Ensure availability and sustainable 
management of water and sanitation for 
all. Observations and information on the 
hydrological cycle, including wetlands, 

aquifers, lakes, reservoirs and rainfall, are vital for 

guiding sustainable water management. The data and 
analyses provided by National Meteorological and 
Hydrological Services and other service providers 
also help to ensure that drinking water is safe and that 
human activities do not pollute aquatic ecosystems. 
Their work is supported by the World Hydrological Cycle 
Observing System (WHYCOS), which is improving basic 
observations, strengthening international cooperation 
and promoting the free exchange of data in the field 
of hydrology.

Goal 7: Ensure access to affordable, reli-
able, sustainable and modern energy for 
all. The growth in market share by clean 
energy sources is facilitated by rainfall, 

sunshine and wind data and forecasts. Weather fore-
casts also help to protect energy infrastructure from 
hydrometeorological hazards. The Global Framework for 
Climate Services (GFCS) is promoting partnerships and 
projects for supporting energy-management decisions 
with weather and climate information.

Goal 9:  Build resilient infrastructure, 
promote inclusive and sustainable indus-
trialization and foster innovation. Severe 
weather can damage or destroy vulnerable 

infrastructure, resulting in both economic and human 
losses. National weather reports protect infrastructure 
and industry from natural hazards, while climate change 
scenarios provide guidance on the placement and 
climate-proofing of infrastructure in coastal and other 
climate-vulnerable areas. The WMO Severe Weather 
Forecast Demonstration Project has illustrated the long-
term benefits to countries of investing in weather- and 
climate-resilient infrastructure.

Goal 11: Make cities and human settle-
ments inclusive, safe, resilient and sustain-
able. By helping planners to make cities 
more climate-resilient, national weather 

and climate services reduce deaths and injuries from 
hazards, empower the poor and vulnerable, and protect 
cultural and natural heritage sites. At the international 
level, WMO is responding to the Sendai Framework for 
Disaster Risk Reduction 2015-2030 by facilitating work 
on multi-hazard early warning systems, impact-based 
warnings, and other tools for building weather and 
climate resilience.
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Goal 13: Take urgent action to combat 
climate change and its impacts. As empha-
sized by the 2016 World Meteorological 
Day theme – “Hotter, drier, wetter. Face the 

future” – the WMO community recognizes the need to 
provide decision-makers with the scientific facts and 
analyses they need to adapt to climate change impacts 
and build climate resilience. In addition to hosting 
the Intergovernmental Panel on Climate Change, the 
World Climate Research Programme and the Global 
Climate Observing System, WMO is promoting inter-
national action and cooperation on climate change by 
establishing Regional Climate Centres and Regional 
Climate Outlook Forums. WMO is firmly committed to 
supporting the Paris Agreement on climate change. 

Goal 14: Conserve and sustainably use 
the oceans, seas and marine resources for 
sustainable development. WMO, National 
Meteorological and Hydrological Services 

and other national entities support international efforts 
to monitor ocean temperatures, currents, salinity, 
acidification and surface levels – all major drivers of 
weather and climate. They also support coastal man-
agement and resilience, particularly for Small Island 
Developing States and other vulnerable regions. As 
the oceans continue to warm and sea levels to rise, 
the need for observations, research and operational 
services for the oceans will continue to grow. Activities 
such as the Coastal Inundation Demonstration Project 
will become increasingly important.

Goal 15: Protect, restore and promote 
sustainable use of terrestrial ecosystems, 
sustainably manage forests, combat 
desertification, and halt and reverse 

land degradation and halt biodiversity loss. National 
Meteorological and Hydrological Services monitor 
the hydrology that shapes the health of freshwater 
ecosystems, forests and dryland areas. They provide 
essential data and forecasts that support efforts to 
combat desertification and restore degraded land and 
soil, including land affected by drought and floods. 
The WMO community is also collaborating through 
the Integrated Drought Management Project and other 
activities to assist governments to develop proactive 
and integrated national drought-management policies.

Goal 17: Strengthen the means of imple-
mentation and revitalize the global part-
nership for sustainable development. One 
of the WMO strategic priorities for 2016 

– 2019 is to strengthen capacity development in order to 
enhance the capability of the National Meteorological 
and Hydrological Services to fulfil their mandates for 
providing operational weather, climate and water 
services. WMO also collaborates with UN agencies 
and other partners to promote the SDGs, the Sendai 
Framework for Disaster Risk Reduction 2015-2030, 
the GFCS and other multi-stakeholder partnerships.
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My vision:   
An interview with the new WMO 
Secretary-General
by WMO Secretariat1

WMO welcomed its new Secretary-General, Petteri 
Taalas, on 1 January. He came to the Organization 
following a tenure as Director of the Finnish Meteor-
ological Institute (FMI) from 2002 to 2015, which was 
interrupted from 2005 – 2007 when he served as Director 
of the WMO Development and Regional Activities 
Department. His career at FMI started in 1986, where 
he was, in turn, head of research, scientist, leader 
of ozone research and research professor of remote 
sensing, before taking on his role at the helm of the 
Institute. While in that role, he became known in the 
Finnish media as “Mr Climate Change.”1

The Secretary-General has been active on the interna-
tional scene throughout his career. Since 2008, he has 
participated in the coordination and implementation 
of WMO programmes as a Member of its Executive 
Council. He was also on the European Centre for Medi-
um-Range Weather Forecasts (ECMWF) Council from 
2002 to 2005, then from 2007 to present. From 2010 
to 2014, he chaired the EUMETSAT Council, which he 

1 Sylvie Castonguay, Communications and Public Affairs 
Office, WMO

had been a member of from 2003 to 2005.  Mr Taalas 
was Finland’s delegate of to Intergovernmental Panel 
on Climate Change 2007 to 2015.

Secretary-General Taalas comes to the Organization 
with a clear mandate from the World Meteorological 
Congress. The Bulletin interviewed him on the road 
ahead at the end of his first month in office.

What are your priorities as you take office?

My priorities are as defined by the World Meteoro-
logical Congress in May 2015: Eight priorities were 
approved that will shape decision-making over the 
next four years. Congress designated specific areas, 
for example, aeronautical meteorology – a source of 
income for many Meteorological Services – as priorities.  
Disaster risk reduction, climate services and capacity 
development were also prioritized. The role of WMO is 
also paramount in coordinating the scientific research 
and safety services needed for the Arctic regions. 

However, three important international agreements 
were reached last year that we will also respond to: 
A major climate change agreement was reached in 
Paris at COP212 in December; earlier, in Spring, the 
Sendai Framework for Disaster Risk Reduction3; and 
in September, the UN General Assembly approved the 
Sustainable Development Goals (SDGs). 

2  The 21st session of the Conference of Parties (COP21) 
of the United Nation Framework Convention on Climate 
Change (UNFCCC) took place in Paris from 30 November 
to 11 December 2015

3 Sendai Framework for Disaster Risk Reduction 2015-2030 
was agreed the UN World Conference on Disaster Risk 
Reduction in Sendai, Japan, from 14-18 March 2015

Secretary-General Taalas at the Finnish Meteorological 
Institute (FMI)
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These three agreements will also guide our work, and 
WMO and its Members have an important role in their 
implementation.  

I see capacity development as a major challenge for 
WMO.  The majority of our Members need help to 
enhance their service capabilities. By transferring know-
how from one person to another, between national 
hydrological and meteorological services and related 
institutions, from country to country, we will strengthen 
all our Members and enhance and develop capacity 
worldwide. 

We need to find resources for such highly important 
work. We need to more actively develop closer coop-
eration with donor organizations and other institu-
tions, such as the World Bank, European Commission, 
regional banks and other organizations, in order to get 
resources flowing to assist our Members. We also have 
to be more interactive with governments and ministries 
in order to improve the profile of Met Services so that 
they can get the support and visibility they need to 
ensure that there is a proper level of governmental 
resources for their work. That’s the big picture.

How can WMO best work and coordinate with Members 
and the other key players in the areas of meteorology, 
climatology and hydrology, whether information pro-
viders, intermediaries or end-users? 

I think partnership is a very high priority issue. We are 
still a fairly small Organization, so we need to partner 
with other players. I am highly interested in building 
win-win partnerships with other international institu-
tions as well as other UN agencies like FAO4, UNEP5, 
WHO6, UNESCO7 and UNDP8. In addition, we must 
have closer relationships with donor organizations to 
attract resources for our work at the WMO Secretariat, 
but especially for our Members. 

To attract these partners, we need higher visibility, 
particularly outside of our community. We deal with 

4  Food and Agriculture Organization (FAO) of the United 
Nations (UN)

5  United Nations Environment Programme (UNEP)
6  World Health Organization (WHO)
7  United Nations Educational, Scientific and Cultural Organ-

ization (UNESCO)
8  United Nations Development Programme (UNDP)

many highly interesting and attractive elements such 
as climate adaptation, disaster risk reduction and food 
security. Besides these, there are new services we can 
offer, for example, to the energy sector to optimize 
the use of solar-, wind- and hydropower-based energy 
production. We also monitor air quality, a worrisome 
issue in many big cities worldwide, especially in Asia. 
With urbanization, many cities are also more exposed to 
flash flooding and coastal flooding, and other weather, 
climate and water related impacts. In all of these areas, 
there are opportunities to provide new services at the 
national level that will further enhance the socio-eco-
nomic value of resources invested in the national 
hydrological and meteorological services.

WMO and its Members have know-how and services of 
very high importance. These skills should be advertised 
to decision-makers and potential new customers for 
those services. 

Your goal then is to extend the reach of the Organization 
by increasing services from the Secretariat?

The primary group with which I would like to reinforce 
services is our Members. The majority of the work of  
WMO is done by Members, the Secretariat acts to a 
large degree as a coordinator and facilitator for them. 
This is reflected by the excellent people and staff 
in-house at WMO. 

However, the know-how required for the concrete 
work of the Organization rests with Members. We must 
motivate them to allocate their best expertise for the 
global common good. This was also emphasized in 
the WMO Technical Commissions’ Presidents meeting 
recently. If we can make it attractive for Members to 
dedicate their experts to the work of WMO on priorities 
they set at Congress that will ensure the best services 
in return to all Members.

In what area can WMO make the most impact on the 
global scene? And how?

In the global arena, the scientific work of WMO makes 
it an important player in climate mitigation, but even 
more so in climate adaption. Disaster risk reduction 
is a WMO and a UN priority as defined in the Sendai 
Framework. In the next 50 years, we will see more 
frequent and intense disasters related to weather 
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phenomena.  Thus, WMO will need to invest to further 
develop early warning services – a very powerful 
adaptation tool in practical terms. This will require 
strengthening the service capabilities of the meteoro-
logical and hydrological services in several Members. 

National meteorological and hydrological services are 
the backbone of disaster risk management as they pro-
vide early warnings to other national safety authorities, 
private enterprises and to the general public. That role 
can be further enhanced when it comes to planning 
for the future. We must adapt to the changing climate 
and I would like to see the National Met Services – in 
partnership with other national institutions – play a 
role in adaptation planning. 

There is a growing need to communicate scientific 
findings to decision-makers and to general public. 
The WMO Members with their agencies form the 
backbone of physical climate science. WMO also hosts 
the IPCC9  Secretariat. Climate change impacts and 
greenhouse gas concentrations need to be monitored 
as the Paris Climate Agreement moves forward. Miti-
gation measures are urgently needed to limit warming 
to two degrees. 

The public wants more and better information on envi-
ronmental issues and the actions they can take. What 
is the role of WMO in this area?

We have to stick to scientific facts, what has been 
measured with the WMO observing systems or has been 
calculated in prediction models, for example, based 
on various emission scenarios. We are not a political 
player but the importance of the fact-based scientific 
communication we produce cannot be underestimated.

We also need to strengthen our Members’ capacity to 
communicate climate science. The developed coun-
tries are fairly good at delivering such information to 
their citizens and decision-makers, but most of our 
Members need support in this area. We can provide 
some basic materials to assist them with this kind of 
communication. We should support and strengthen 
communication skills in the national hydrological 
and meteorological services and related national 
institutions, so that they are recognized as important 

9  Intergovernmental Panel on Climate Change (IPCC)

contributors to the well-being and sustainable devel-
opment of their countries.

Can you provide an example?

When the IPCC Fifth Assessment Report (AR5) was 
finalized in 2014, National Met Services based their 
communications on the graphical information and 
facts in the report. We could have helped them form 
better messages.

The next COP meeting in Morocco later this year will 
offer another opportunity for communication. WMO and 
the national meteorological and hydrological services 
should be highly visibility there. We should help the 
National Met Services and research institutions to 
deliver clear, concise messages to their governments 
in anticipation of the event. That is one example of 
work that we could be doing. 

From your point of view, what are the key challenges 
the Organization is facing? What in your background 
supports your present function as the Secretary General?

There is a need to update some structures and working 
practices in the Organization. We have excellent, highly 
qualified, staff but some internal working practices, 
how meetings are run – our participation in them – and 
how we assist our Members, need to be revised. We 
are planning to conduct a stakeholder survey on how 
satisfied they are with our functions and structures.

I have been happy to notice that the WMO staff is highly 
motivated to reshape working practices to offer better 
value for money to the Members. I’m also personally 
convinced that it is feasible. WMO is regarded as a 
good UN Agency. There is an opportunity to become an 
excellent one. WMO is also in a unique position thanks 
to the close global spirit of co-operation among the 
National Meteorological and Hydrological Services. 

My past experience has prepared me for this task. I 
have a science background and have been working 
on climate change issues for many years. Under my 
leadership, FMI enhance its service capabilities and was 
recognized nationally for its excellence: every year for 
the past 10 years, it was ranked the best public sector 
organization. FMI actively assisted several National 
Meteorological and Hydrological Services in all WMO 
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Regions. Finland is one of the most active countries in 
development cooperation and in sharing know-how 
with others. I was also the Chairman of the Board of a 
fairly big university and sat on the Board of Directors 
of an international energy company. And, of course, 
I worked here at WMO as the Director of Capacity 
Development and was a Member of the Executive 
Council for the last eight years. 

Within the human and financial resources approved by 
Congress, where should emphasis be placed to optimize 
their use?

We were happy to get a slight budget increase at the 
last Congress, which shows confidence of the Members 
on WMO. There are also possibilities to attract external 
resources to enhance our service capability and help 
our Members improve theirs.

By enhancing our internal processes and revisiting 
our work practices, we could be more effective in our 
everyday work. The well-being of staff is also of great 
importance to me. We are also planning to conduct a 
staff satisfaction survey to see where we are today. We 
will analyse the results to see how we can improve. I 
like to see people who are running fast with a smile 
on their face.

You are just starting this job, but looking to the future, 
how would you like WMO to be recognized at the end 
of your term?

I would like WMO to be doing more for its Members, 
especially their National Meteorological and Hydrolog-
ical Services so that they are more satisfied with the 
services that we are providing to the outside world. I 
would like to see a WMO with greater visibility in climate 
and disaster issues and to be seen as a credible partner 
among international players. Mostly, I would be happy 
to see that we had contributed to the well-being of the 
peoples in all WMO Member states and territories. 

Secretary-General Taalas on the roof at the Finnish Meteorological Institute (FMI) with geostationary satellite receiving 
antennas.



Disaster-related displacement 
in a changing climate
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Climate-related displacement is already a global reality. Every year, the 
lives of millions of people are affected when they are displaced by the 
impacts of weather and climate hazards. Some of the largest disasters 
make the international headlines, but most disasters do not even make 
the national news. Yet, for poor and vulnerable families struggling to 
survive, even a small weather-related event can make an enormous impact 
on their lives. The Internal Displacement Monitoring Centre (IDMC) has 
estimated that between 2008 and 2014, an annual average of at least 22.5 
million people were displaced by the direct threat or impacts of floods, 
landslides, storms, wildfires and extreme temperatures on their safety, 
homes and livelihoods.1

The figures (see graph below) vary significantly from year to year, ranging 
from 13.9 million displaced in 2011 up to 38.3 million displaced in 2010. 
This variance is strongly influenced by mega-scale disasters that occur 
relatively infrequently and unpredictably but which can displace millions 
of people at a time. In 2014, for example, the 10 largest events, all of which 
were related to either storms or floods in Asia, each displaced around  
500 000 to 3 million people in the Philippines, India, Pakistan, China, Japan 
and Bangladesh.2

1   These statistics capture displacement as a direct effect of hazard events (rather than 
gradual processes) in 173 countries and draw on a wide range of sources: mostly 
governments or official authorities, as well as UN and international organisations, 
NGOs and media reports.

2  See IDMC Global Estimates 2015: People displaced by disaster, pp. 88-89

Between 2008 and 
2014, an annual average 
of at least 22.5 million 
people were displaced 
by the direct threat 
or impact of floods, 
landslides, storms, 
wildfires and extreme 
temperatures.



18 Vol. 65 (1) - 2016

Knowledge gaps: Displacement in the context of gradual 
change

The scope of these estimates is substantial yet limited in providing an 
overall picture of displacement related to weather hazards and other 
climate impacts. For instance, it does not capture displacement that comes 
about indirectly through the gradual erosion or destruction of livelihoods, 
increasing food insecurity and other basic means for survival in the context 
of climate-related processes such as drought and sea-level rise. The lack 
of systematic monitoring of displacement in these contexts is an impor-
tant drawback in the knowledge currently available to decision-makers 
formulating policy and plans.

The core of displacement risk: Exposure and vulnerability

The contribution of weather events and gradual climatic changes to 
displacement risk is dependent on patterns of population exposure and 
vulnerability, which neither climate change nor weather events alone 
are responsible for driving. As pointed out by the International Panel on 
Climate Change (IPCC) Fifth Assessment Report (AR5), differences in the 
levels of exposure and vulnerability between people and countries are 
linked to “non-climatic factors” and “multidimensional inequalities often 
produced by uneven development processes”. Policy and actions that aim 
to decrease exposure and vulnerability through sustainable development, 
disaster risk reduction and climate change adaptation, therefore, play an 
important role in averting or minimizing displacement risk.

Country Disaster/Hazard event People displaced* 

Philippines Typhoon Rammasun (local name: 
Glenda) 2 994 000

Philippines Typhoon Hagupit (local name: Ruby) 1 823 000

India Odisha floods (July) 1 074 000

India Jammu and Kashmir riverine floods 
(October) 812 000

Pakistan Riverine floods, multiple states 
(September) 740 000

India Cyclone Hudhud 639 000

China Typhoon Rammasun 628 000

Japan Typhoon Halong 570 000

Bangladesh Floods (August) 542 000

China Storm, multiple provinces (May) 447 000

*Figures rounded to nearest 1 000.  
Source: IDMC data as of 01 June 2015. Data available for download from www.internal-displacement.org/global-figures

The 10 largest weather-related displacement events of 2014
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Significantly more people are living in hazard-prone areas such as coastal 
and river floodplains than ever before, due to their proximity to livelihood 
opportunities or the lack of land in safer areas. The global population has 
grown by 96% since 1970 and average urban populations have grown twice 
as fast. Taken on their own, urban populations in developing countries 
have grown 326%. Mainly because this growth is often unplanned and 
poorly managed, vulnerability is also increasing.

These broad trends are reflected in the global distribution of disaster 
displacement in recent years, with developing countries accounting for 
over 90% of weather hazard-related displacement recorded since 2008. 
While all regions of the world have been affected, east and south Asia 
and the Pacific have seen the highest levels of displacement by far, while 
displacement levels in Latin America and the Caribbean have also been 
comparatively high relative to population (see graph below). 

Chronic patterns and prolonged problems

Many areas and populations are hit by multiple hazard events and repeated 
displacements, even within the short timespan of a year. Such patterns can 
be seen in disasters in China, for example, where flooding and storms as 
well as earthquakes triggered repeated large-scale displacements in the 
southern provinces of the country (see map on page 20).

Developing countries 
account for over 90% of 
weather hazard-related 
displacement recorded 
since 2008.
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Disclaimer:
The boundaries and names shown and the designations used on this map 
do not imply official endorsement or acceptance by IDMC and/or WMO.

Chinese provinces affected by repeated disaster displacements in 201431

3 See IDMC Global Estimates 2015: People displaced by disaster, Map 4.2, p.39 

*  Internally displaced persons (IDPs)

*
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The IPCC has reported 
wide agreement 
that climate change 
will increase the 
displacement of people 
in response to both 
longer-term climate 
variability and the 
increasing intensity and 
frequency of extreme 
weather events over the 
course of the twenty-
first century. 

Repeated cycles of displacement and return can eventually culminate in 
vulnerable people seeking longer-term safety and more secure livelihoods 
elsewhere. In Bangladesh, for example, poor rural families living in the 
flood and cyclone-prone Ganges delta region suffer frequent disaster and 
displacement by floods and cyclones, which erodes their capacity to recover 
between one disaster and the next. Six months after Cyclone Aila displaced 
over 842 000 people in 2009, some 200 000 were still living in makeshift 
shelters on roads and embankments, “surrounded by unruly water at high 
tide and at low tide by thousands of hectares of desolate muddy land.”4 Six 
years later, many remain in highly vulnerable conditions or have moved 
out of the area.1

Significant displacements are also triggered by extreme weather in high-in-
come countries where specific vulnerabilities or pre-existing forms of 
inequality and discrimination make displacement a particular concern for 
some people. This becomes more pronounced in prolonged or protracted 
cases of displacement. In the United States of America (USA), for example, a 
disproportionate number of people of colour from low-income backgrounds 
remain among those still displaced from their homes following “Superstorm” 
Sandy in 2009.52In Canada, the displacement of indigenous “First Nation” 
communities from their homes and way of life on reservation land following 
the 2011 Manitoba floods continues to go unresolved.6 3

While it is commonly assumed that displacement following sudden-onset 
disasters is short term and temporary, these examples are among many 
others that show that displacement among highly exposed and vulnerable 
populations may become chronic or prolonged for years before sustainable 
solutions are found.7 4 

Displacement risk amplified

In combination with socio-economic drivers of exposure and vulnerability, 
patterns of increasingly frequent and severe weather clearly influence 
displacement risk. While quantitative projections are highly uncertain 
because of displacement’s “complex and multi-causal nature,” the IPCC 
has reported wide agreement that climate change will increase the dis-
placement of people in response to both longer-term climate variability 
and the increasing intensity and frequency of extreme weather events 
over the course of the twenty-first century. It has also noted that tens of 
millions of people could become permanently displaced from home areas 
made uninhabitable by sea level rise.

4 Ibid. Spotlight: Bangladesh, pp 58-60. Quote from Displacement Solutions, Climate 
Displacement in Bangladesh: The Need for Urgent Housing, Land and Property 
(HLP) Rights Solutions, May 2012.

5 IDMC Global Estimates 2015: People displaced by disaster. Spotlight: US, pp. 
70-72.

6  Ibid. pp 51-22, 5.5.4
7  See IDMC 2015, section 5, pp. 47-72
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Naturally occurring cycles of El Niño and La Niña climatic periods, such 
as we have been experiencing during 2015/2016, also increase the severity 
and frequency of extreme weather events. While there is no consensus on 
how iterations of El Niño and La Niña will change as the global climate 
warms, studies suggest they are becoming more intense.8 1 

The strongest El Niño on record in 1997/1998 is associated with some of the 
worst flood and storm-related disasters of the last couple of decades. During 
the 1997/1998 El Niño, severe floods in Asia, an abnormally active tropical 
storm season in the Atlantic basin, hurricanes in Central America and the 
Caribbean and other events all contributed to major disaster displacements 
with serious and long-lasting impacts on vulnerable populations. Some 14 
million people were displaced during summer floods across wide areas 
of China, including the South-central Yangtze river basin, and a further 8 
million displaced across 12 northern states of India by flooding between 
June and August. Hurricane Mitch created havoc across several countries 
in Central America and the Caribbean. 

In Honduras, where half of the population was already living in extreme 
poverty, Hurricane Mitch displaced 2.1 million people and worsened 
poverty levels and food insecurity for some, including those who remained 
displaced.9  While some returned to rebuild their former homes they often 
did so without adequate materials to make them resilient against further 
shocks. For others, the extent of the devastation meant return was not 
possible, including 25 communities that had to permanently relocate 
elsewhere. Some people were still displaced up to ten years later.  2

Under changing climatic conditions, even normal seasonal coping strat-
egies or preparedness measures can prove inadequate to managing the 
impacts of abnormal weather, especially for the most vulnerable people 
and households. Provisions made for emergency evacuations, for example, 
may underestimate the areas affected and the needs of the displaced. As 
evacuations usually assume that people will be able to return within a 
short period of time to their homes, families and government authorities 
may also underestimate how long they are likely to be displaced for. The 
needs of displaced people for protection, relief and recovery assistance 
evolve over time while they are unable to return to their former homes or 
settle in new ones. People with limited mobility, those dependent on carers 
or access to medical care and others, such as older people, people with 
disabilities, women who are pregnant or with young infants and children, 
have specific needs and require particular attention.

8 For example, see Climate Central, “Climate Change Could Double Likelihood of 
Super El Niños”, 19 January 2014.

9 Ensor, M O, “The Legacy of Hurricane Mitch: Lessons from Post-disaster Reconstruc-
tion in Honduras”, University of Arizona Press, 2009. P. 25 and 39; FAO, “Analysis of 
the Medium-term Effects of Hurricane Mitch on Food Security in Central America, 
2001. P. 58

The Global Estimates 2015: 
People displaced by disasters 
report draws on information from 
a wide range of sources, including 
governments, UN and international 
organizations, non-governmental 
organization’s (NGOs) and media, 
to provide up-to-date figures and 
analysis on displacement caused by 
disasters associated with rapid-
onset geophysical and weather-
related hazards such as earthquakes, 
volcanic eruptions, floods and 
storms. Read the full report at:  
www.internal-displacement.org
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Sea level rise is expected to become a significant driver of future displace-
ment, particularly in small island states and low-lying coastal areas as 
natural resources and livelihoods dependent on them become increasingly 
degraded and unviable. Sea level rise will aggravate the effects of swell 
waves, storm surges and other drivers of severe sea-flood and erosion risk. 
Wave over-wash is also confidently predicted to degrade fresh groundwater 
resources.  Likewise, other gradual changes such as the warming of sea 
surface temperatures, ocean acidification, the depletion of oceanic oxygen 
and coral bleaching have the potential to impact on the sustainability of 
livelihoods, including fisheries and tourism. Agricultural livelihoods can 
also be affected by the salination of groundwater and soil associated with 
sea level rise and climate variability in terms of drought and floods. 

Where displacement is unavoidable, measures to minimize crisis conditions 
and ensure that people are able to migrate with dignity will be increasingly 
needed.  This requires context-specific strategies that are socially and 
culturally acceptable and pay particular attention to including those people 
who risk being literally or figuratively left behind, such as older persons, 
people with disabilities and indigenous communities. Ultimately, the future 
scale of displacement and the severity of its impacts will depend on the 
extent to which vulnerable communities and countries are able to invest in 
strengthening their resilience and ability to adapt to risk in this changing 
landscape. While uncertainty about climate change and environmental 
impacts continues to demand more research, the frequent and global 
scale of displacement already happening amplifies the urgency for action.

Where displacement is 
unavoidable, measures 
to minimize crisis 
conditions and ensure 
that people are able to 
migrate with dignity will 
be increasingly needed.
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Highlights from the First 
Five-yearly Statement on 
the Status of the Global 
Climate
by WMO Secretariat1

In the last few months, 2015’s status as the warmest 
year on record has been making headlines around the 
world. The WMO annual Statements on the Status of 
the Global Climate are an important part of the global 
climate monitoring that has arrived at this conclusion.  
Now, for the first time, WMO has issued a five-yearly 
Statement on the Status of the Global Climate, covering 
2011–2015.

Looking at the climate on a five-year timescale allows 
us to gain a medium-term perspective on recent global 
climate. This enables us to step beyond the year-to-year 
influence of major drivers of interannual variability 
such as the El Niño Southern Oscillation, which have 
swung from strong La Niña conditions in 2011 to one 
of the strongest El Niño events on record in the second 
half of 2015.1

The Statement allows up-to-date reporting on some key 
variables analysed in the Intergovernmental Panel on 
Climate Change (IPCC) Fifth Assessment Report. It also 
allows more comprehensive reporting on significant 
climatic events that extend over a number of years 
such as the severe multi-year droughts that have 
affected parts of Brazil and western United States of 
America (USA). 

1  Blair Trewin, Lead author of the 2011-2015 Statement on 
the Status of the Global Climate

Global temperatures at record levels

The important finding in this Statement is that the 
2011–2015 period is the world’s warmest five-year period 
on record. Global temperatures over the 2011–2015 
period have been 0.57 °C above the average for the 
1961–1990 reference period, and 0.06 °C warmer than 
the previous record holder (2006–2010). The last five 
years have also included the two warmest years on 
record. However, 2015 was by far the warmest year, 
with temperatures

0.74 °C above the 1961–1990 average, while 2014 ranked 
second at 0.61 °C above the average. 

The warmth of the last five years has been significant 
almost worldwide – the period being the warmest 
on record for every continent except Africa, where 
temperatures fell only 0.01 °C short of the 2006–2010 
record. Some parts of the world had cool individual 
years, but almost nowhere was consistently cool across 
the five-year period. Most continents also set annual 
records during this period. 

Consistent with the high annual mean temperatures, 
significant heatwaves were a common occurrence 
during the five-year period. While no single event had 
the extreme impacts of the 2003 central European 
or 2010 Russian Federation heatwaves, many parts 
of the world still experienced heatwaves in which 
records were broken over large areas, sometimes by 
big margins. 
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Multi-year droughts in several parts of the world

The 2011–2015 period featured significant multi-year 
droughts in several parts of the world, most of which 
are still ongoing. Perhaps the most significant occurred 
in Brazil. The US southwest also experienced protracted 
drought during the period. In 2014 and 2015, dry condi-
tions were exacerbated by record high temperatures. 
Significant multi-year drought also affected parts of 
eastern Australia from early 2012 onwards. A more 
recent, but still developing situation, is occurring in 
southern Africa, with poor rains in the 2014/2015 rainy 
season being followed by a worsening of conditions 
in the first part of the 2015/2016 summer. 

Shorter-term droughts also had major impacts across 
the world. A severe drought in the Horn of Africa in 
2010/2011 was a significant contributor to a disastrous 
famine in Somalia in late 2011 and early 2012, which 
caused more than 250 000 deaths. Drought in the US 
and adjacent areas of northern Mexico caused agricul-
tural losses of the order of tens of billions of dollars. The 
arrival of El Niño in 2015 brought significant drought to 
a number of other areas, including Indonesia – which 
also suffered from severe forest fires – the islands of 
the western South Pacific, Central America and the 
Caribbean, and parts of the Indian subcontinent. 

Other notable disasters related to natural 
hazards

Although improved forecasts and warnings, along with 
improved disaster planning and emergency response, 

are reducing the number of events with catastrophic 
numbers of casualties, there were still events in which 
a thousand or more lives were lost in the last five years.

Three of these mass-casualty events were tropical 
cyclones that hit the Philippines. The worst was Typhoon 
Haiyan (Yolanda) in November 2013 – one of the most 
intense tropical cyclones ever to make landfall – which 
claimed about 7 800 lives. The others were Washi 
(Sendong) in December 2011 and Bopha (Pablo) in 
December 2012. 

The other weather-related event to cause casualties 
on such a scale occurred in June 2013, when floods 
and associated landslides in the Himalayan foothills 
in northern India left more than 5 800 people dead 
or missing. 

A number of events during 2011–2015 also caused 
large economic losses. One standout example was 
Hurricane Sandy, which hit east coast of the US and 
Canada in October 2012, causing an estimated US$ 67 
billion in damage. Another was the prolonged flooding 
in southeast Asia, especially Thailand, between July 
and October 2011. In addition to claiming over 800 
lives, the flooding caused tens of billions of dollars in 
economic losses, much of it through the disruption of 
industrial activities. 

Greenhouse gases at record levels

The concentrations of major long-lived greenhouse 
gases in the atmosphere continued to increase in 
2011–2015. The three major long-lived greenhouse 
gases, carbon dioxide (CO2), methane and nitrous 
oxide, all reached record concentrations in 2014, with 
consistent increases each year from 2011 to 2014. 

The Antarctic ozone hole stabilized in the period from 
2011–2015, but did not show strong evidence of recov-
ery. Over the last 20 years, there has been no clear trend 
in the ozone hole but there is substantial interannual 
variability depending on seasonal atmospheric condi-
tions. This is consistent with expectations that reduced 
emissions of ozone-depleting substances, following 
the adoption of the Montreal Protocol, would prevent 
further significant deterioration, but that it would 
take until the mid-twenty-first century for substantial 

Source: Met Office Hadley Centre
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recovery to occur. Years 2012, 2013 and 2014 had rela-
tively small ozone holes by recent standards, but 2015 
had the largest hole since 2006. 

Widespread melting of ice, except in 
Antarctic

Arctic sea ice continued its decline in 2011–2015. The 
minimum summer sea-ice extent in 2012 (3.39 million 
km2) was the lowest on record, with 2011 ranking as 
third lowest and 2015 as fourth lowest in the post-1979 
satellite record. The decline has not been as rapid in 
winter as it has been in summer, but 2015 still saw the 
lowest winter maximum on record. All five years, from 
2011 to 2015, had winter maximum sea-ice extents 
below the 1981–2010 mean. 

Summer surface melting of the Greenland ice sheet 
also continues at above-average levels, with 2012 
being a particularly extreme year. Mountain glaciers 
have also experienced continued decline in most 
continents. The picture is less clear for the Antarctic 
ice sheet, which has large measurement uncertainties. 
Different studies have all concluded that continued net 
ice loss is occurring in west Antarctica, but results are 
less consistent for east Antarctica. 

In contrast, for much of 2011–2015, Antarctic sea-ice 
extent was above the 1981–2010 mean value, especially 
for the winter maximum. At times, particularly in 2014 
and early 2015, sea-ice extent in the Southern Ocean 
was at record levels for the time of year. However, an 
unusually slow freeze-up in the 2015 winter saw sea-
ice extent return to near-normal levels by the second 
half of 2015. 

Sea levels continue to rise

Global sea levels continued to rise during 2011–2015, 
which is consistent with the longer-term trends. The 
interannual variability in global sea level during 
2011–2015 was high. The period began with a sea 
level about 10 mm below the long-term trend value in 
early 2011, due to the strong La Niña of that time. The 
period finished with a sea level about 10 mm above 
the long-term trend because strong El Niño conditions 
developed in the second half of 2015.

Contribution of climate change

Scientific assessments have found that many extreme 
events in 2011–2015, especially those relating to high 
temperatures, have had their probabilities substantially 
increased as a result of anthropogenic climate change. 
It is likely that studies yet to be completed on 2015 
events, and longer-term events (such as droughts) 
that continued into 2015, will show similar results. 

There have also been events such as the unusually 
prolonged, intense and hot dry seasons in the Amazon 
basin of Brazil in both 2014 and 2015. While it cannot 
yet be stated with confidence that these are part of a 
long-term trend, they are of considerable concern in 
the context of potential “tipping points” in the climate 
system as identified by the IPCC Fifth Assessment 
Report. 

Raising awareness and assessing the state of 
the climate

The five-yearly Statement was released in provisional 
form on 25 November 2015, alongside the provisional 
annual Statement for 2015. It draws heavily on the 

Global annual average temperatures anomalies (relative 
to 1961-1990) based on an average of three global 
temperature data sets (NOAA, Met Office and NASA) from 
1950 to 2015. Bars are coloured according to whether the 
year was classified as an El Niño year (red), a La Niña year 
(blue) or an ENSO-neutral year (grey). Note uncertainty 
ranges are not shown, but are around 0.1°C.
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I-DARE, the International Data Rescue 
portal

Robust analysis of climate variability and change is 
not possible without reasonably long time series data. 
Meteorological observations have been recorded for 
decades and, in some cases, for centuries. However, 
computers are a relatively new invention so most 
of those observations were recorded on paper. 
Preservation and digitization of paper records into 
computer-readable formats – data rescue – requires 
significant efforts. WMO recently implemented the 
International Data Rescue portal I-DARE (www.
idare-portal.org) to serve as a single-entry point 
for such activities worldwide. It offers technical 
guidelines on data rescue, tools and inventories of 
to-be-rescued data as well as ongoing and planned 
data rescue projects. The latter element helps to 
coordinate data rescue efforts worldwide, allowing 
prioritization of projects and identification of gaps. 

annual Statements. It also makes extensive use of 
material reported by Members and related organiza-
tions (either directly to WMO, or through their own 
reports and websites), other WMO programmes (such 
as Global Atmosphere Watch), Regional Climate Centres 
and, and the annual State of the Climate reports pub-
lished in the Bulletin of the American Meteorological 
Society. As final 2015 data will not be available for 
some elements until well into 2016, and studies on the 
attribution of 2015 events to climate change will also 
continue to be published over the next few months, 
the final Statement is planned for release only once 
all relevant information is available. This is expected 
to occur in late 2016 or early 2017.

WMO climate reports have been instrumental in raising 
awareness on the year-to-year and multi-year climate 
variability and trends. The participatory approach 
involving world-leading institutions and centres in the 
process of these publications and their peer review 
have allowed an ownership by WMO Members and 
ensured their authoritative status. Hence, these reports 
have complemented effectively the IPCC reports in 
providing useful and up-to date climate information 
for policymaking at the international level.

Since the 21st session of the Conference of Parties 
(COP21) of the United Nation Framework Convention 
on Climate Change (UNFCCC) took place in Paris 
in December 2015, such reports will be even more 
prominent in assessing the state of the climate. They 
will also be used for detecting possible stabilization 
or inflection in long-term trends and extreme events 
as a result of an eventual limitation of or reduction in 
greenhouse gas concentrations in the atmosphere. 
These reports should, therefore, be sustained over 
decades as the results of mitigation efforts will take a 
long time to become observable.

Time series of yearly maximum of daily precipitation 
from 1897-2008 for station Stralsund with newly 
rescued and digitized data for the period 1897-1950.
The background shows the original paper document 
(Source: Mr. Hermann Mächel of Deutscher 
Wetterdienst, Germany)
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Climate risk early warning 
systems in Europe 
by Peter Bissolli1, Ivan Cacic2, Hermann Mächel1 and Stefan Rösner1 

WMO is establishing networks of Regional Climate 
Centres (RCCs) to support Members, through their 
National Meteorological and Hydrological Services, in 
better meeting their climate-related goals. Droughts, 
heatwaves, cold waves, floods, extreme storms, land-
slides, bush and forest fires and coastal erosion, to 
name just a few, are often triggered by large-scale 
climate drivers such as the El Niño Southern Oscillation. 
Thus, efficient and effective early warning systems for 
such climate extremes require cross-border collabora-
tion. The setting up of RCC networks for early warning 
systems to anticipate climate anomalies and associated 
extremes is, therefore, a priority for WMO.1 2

Among other functions, these RCCs are to establish 
Climate Watch Systems in each WMO region and 
to issue Climate Watch Advisories (Advisories) in a 
standardized format at timescales from a week to a 
season, hence providing a framework for climate risk 
early warning. The Advisories will inform users – par-
ticularly those involved in disaster risk preparedness, 
mitigation and response – of ongoing, pending and/or 
foreseen climate anomalies and their potential negative 
impacts. The Climate Watch System will also activate 
early warnings of climate anomalies that could lead 
to extreme events and potential disasters. Once such 
an Advisory is activated, National Meteorological and 
Hydrological Services will be guided and prepared 
to continuously monitor and assess the state of the 
climate, evaluate available medium- and long-term 
forecasts and provide users with concise and under-
standable early warnings on extreme events.

1 Deutscher Wetterdienst, Offenbach, Germany
2 President WMO Regional Association VI (Europe), Director 

and PR of Croatia with WMO, Meteorological and Hydro-
logical Service, Zagreb, Croatia

The Europe RCC Network, the first of the WMO RCC 
networks to become operational, offers a good example 
how they will function.

Establishment of European network 

After a preparatory phase from about 2005–2009 
and a pilot phase from 2009–2012, in mid-2013, the 
WMO Executive Council designated the Europe RCC 
Network to become an operational entity within the 
WMO Specialized Meteorological Centre System and 
a regional entity of the Climate Services Information 
System of the Global Framework for Climate Services 
(GFCS) in Europe. Thereafter, functions were defined 
for each node of the RCC Network:

• climate data services (RCC Node-CD) led by 
the Royal Netherlands Meteorological Institute, 
Netherlands; 

• climate monitoring products (RCC Node-CM), led 
by Deutscher Wetterdienst (DWD), Germany; and

• long-range forecasting products (RCC Node-LRF), 
jointly led by Météo France and Roshydromet 
(Russian Federation).

DWD is also taking responsibility for the overall lead 
and coordination of the Europe RCC Network, which is 
funded by the participating institutions on a voluntary 
basis. 

In the northern part of Europe, the predictive skill of 
most seasonal forecasts is still rather low. Therefore, 
Climate Watch Advisories have been issued mainly 
using climate monitoring results and monthly fore-
casts from the European Centre for Medium-range 
Weather Forecasts (ECMWF). Since implementation 
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of the Climate Watch System started in early 2012, 14 
Advisories have been issued for various areas in the 
region, mostly concerning heatwaves and cold waves, 
drought situations and flooding. Two examples are 
showcased below.

Hotter: Summer 2015 heatwave in Europe

From late June to September 2015, an unusually 
intense and extended heatwave occurred in Europe. 
With maximum temperatures over 40 °C – the highest 
values since records began were measured in many 
places. It was one of the most intense heatwaves in 
recent decades, especially for south-western, central 
and south-eastern Europe. The absence of rain caused 
severe drought in many areas, which impacted agricul-
ture, the water levels of rivers and forest fires. There 
were violent thunderstorms between hot/dry spells; 
these claimed human lives and destroyed buildings, 
cars and other goods. Unusual high sea-surface tem-
peratures in the Mediterranean caused excessive fish 
mortality with severe economic consequences on 
the fishery sector. In south-western Europe, in spring 
and June, mean temperatures were clearly higher 
than normal and among the 10% warmest of recent 
decades. However, in July and August, these extreme 
intensified and extended further to the east and to the 
north of Europe. 

How temperatures would evolve in south-western 
Europe over the summer was not clear to the Europe 
RCC Network until the end of June, because temper-
atures dropped to a near-normal level in the second 
half of the month. Forecasts did not provide a clear 
picture. However, by the end of June, a longer period 
of well-above-normal temperatures started, especially 
in western Europe (for example, see temperature 
graph for France). 

Drought has not been the only weather-related natural  
hazard. On 22 June, weekly ECMWF forecasts predicted 
well-above-normal temperatures for a large area from 
Iberia over to central Europe, the Balkans and Ukraine, 
starting the following week (29 June) and lasting 
several weeks. Below-normal precipitation was also 
predicted for much of this area. On 25 June, forecasts 
confirmed this evolution. Even short-range forecasts 
on 26 June predicted a heatwave developing in Spain, 

with maximum temperatures rising to about 40 °C until 
29 June. Météo France issued a national warning of 
an upcoming heatwave for the week starting 29 June. 
After discussion the Europe RCC Network decided to 
issue the following Climate Watch Advisory for heat 
and drought for that area on 26 June, which remained 
valid until 12 July:

Due to the results from monthly forecasts we expect 
(although the last week was rather cooler than normal): 
A period with significantly above-normal temperatures 
and a drought situation, at least for the next two weeks, 
is expected for most parts of Europe (from Portugal 
to Poland and from United Kingdom to Croatia). The 
weekly anomalies are forecast to be up to 6 - 10°C 
above normal in northern Spain and France due to 
advection of warm air from Africa. The probability 
for this anomaly is estimated to be above 90%. The 
centre of the heat is propagating from south-west to 
the north-east of the affected area.

The heat occurred as predicted. Temperatures up to 
43 °C were measured at the end of June in Spain. In 
Algeria and Morocco, temperatures increased above 
40 °C in several places. The heatwave extended to the 
north-east and reached large parts of western Europe 
at the end of June or by early July. Maxima above 
40 °C were also measured in France. In the United 
Kingdom, London Heathrow Airport reached a new 
July record of 36.7 °C; Maastricht in the Netherlands 
reported 38.2 °C. The heat also encroached on central 
Europe. A new German all-time record of 40.3 °C was 
registered in the south-east on 5 July. Even Sweden 
saw temperatures above 30 °C. In the days  that fol-
lowed, the heatwave reached eastern central Europe, 
Italy and the Balkans region, with maxima very close 
to 40 °C. A heavy thunderstorm over central Europe, 
with hailstones and strong gusts of wind – reaching 
141 km/h in Innsbruck, Austria – but with very little 
cooling followed this first phase of the heatwave. 
Three more phases were identified from mid-July to 
the end of August. These were interspersed by short 
cooler periods of a few days with thunderstorms. 
Further extremely high temperatures were registered. 
Even in September, maxima above 35 °C were seen in 
eastern central Europe, and new all-time September 
records were measured in places. 
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The monitoring and forecast results were analysed and discussed within 
DWD and the Europe RCC Network. As a result, the Advisory was updated 
and extended seven times, about every two weeks. Finally, at the beginning 
of October, no further heat or drought situations occurred, and forecasts 
did not show any regeneration of heat or drought. As temperatures were 
decreasing due to the change in season, further heatwaves were very 
unlikely. After consultation within the Europe RCC Network, it was decided 
to terminate the Advisory on 5 October. 

Wetter: South European floods in 2015 

During the warm summer of 2015, the sea-surface of the Mediterranean 
heated up considerably. The monthly average sea-surface temperatures in 
some areas exceeded 28 °C in August with anomalies 1–2 °C above normal, 
particularly in eastern parts of the basin. These anomalies continued to 
late September. Therefore, thunderstorms developed with heavy rain. 
Total precipitation for August was well above normal in parts of southern 
Italy, Greece and western Turkey, among others. On 21 September, a 
pronounced low-pressure system affected Greece and surrounding areas, 
with thunderstorms and heavy rain of up to approximately 100 mm in 24 
hours. These were accompanied by strong wind gusts and tornadoes. 
This event caused fatalities and injuries, and considerable damage to 
buildings and cars. On 24 September, Croatia and neighbouring regions 
were affected by rainfalls of up to approximately 150 mm. 

Daily time series of maximum (upper curve) and minimum (lower curve) 

temperatures in France (mean of 30 stations) from 1 June to 30 August 2015  (Source: 

Météo France)
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ECMWF weekly forecasts from 21 September showed 
a continuation of above-normal precipitation in the 
eastern Mediterranean area for at least the next two 
weeks, which would indicate that the situation would 
not change. Forecasts from 24 and 28 September 
confirmed this. The Europe RCC Network decided to 
issue a Climate Watch Advisory for heavy precipitation 
for the sub-region (Italy, Albania, the Former Yugoslav 
Republic of Macedonia, Bulgaria, Greece, Cyprus and 
Turkey) on 25 September, for the two weeks to follow. 
At the beginning of October, some heavy precipitation 
occurred over the Mediterranean, and ECMWF forecasts 
showed a continuation of above-normal precipitation 
at least for another week. The Europe RCC Network 
extended the Advisory for heavy precipitation for that 
area on 9 October for a fortnight, until 26 October, and 
to include southern France, all of Italy and the Balkan 
Peninsula. 

The Europe RCC Network also issued a second exten-
sion for the same area, without southern France and 
the Balkans, but now including the Middle East, on 
23 October for the next fortnight, until 8 November. 

Monitoring analyses show that for the first week 
of the initial advisory (25 September–11 October), 
there was some enhanced precipitation experienced 
locally over southern Italy, south-eastern Greece and 
northern and eastern Turkey. However, most of the 
heavy precipitation occurred over the western basin 
of the Mediterranean. In the second week, local heavy 
precipitation occurred over the whole Mediterranean 
and parts of Turkey. A particularly heavy event occurred 
on 10 October, with daily rainfall totals above 100 mm 
over Italy and the western Balkans, and above 50 mm 
in adjacent regions. 

Monitoring analyses for the first update (12-26 October) 
show some heavy precipitation over southern France, 
large parts of Italy and much of the Balkans, espe-
cially the western parts, but dryness over the eastern 
Mediterranean for the first week. In the second week, 
some heavy precipitation also occurred in parts of the 
eastern Mediterranean, especially over the Aegean 
Sea and western Turkey. 

Monitoring analyses for the second update (27 Octo-
ber-8 November) show, for the first week, some locally 
heavy precipitation over Italy and southern France, 

and another area with high rainfall totals over eastern 
Turkey and the Middle East. In the second week, there 
was some locally heavy precipitation in Spain, southern 
France and Sicily, while most of the Mediterranean 
was dry. 

Concluding remarks 

The Climate Watch Advisories issued by RCC Node-CM 
so far can be considered successful with regard to 
forecast events, as documented for the two showcases 
above. The results demonstrate how it is possible to set 
up an efficient and timely mechanism at a regional scale 
for activating, updating and terminating Climate Watch 
Advisories in support of climate risk early warning 
in Europe. The European Climate Watch System has 
added great value to short-term weather advisories by 
expanding the time frame for the awareness of ongo-
ing climate anomalies and their potential associated 
climate risks. It offers an excellent process for improved 
disaster preparedness and mitigation, hence is a vital 
contribution to GFCS implementation. 
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Links

Additional and background information can be obtained 
from rcc.cm@dwd.de or via the website of the Europe 
RCC Network at www.rccra6.org. 
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Pole to Paris

 Espen Mortensen

Pole to Paris was a public awareness campaign 
ahead of the 21st session of the Conference of 
Parties (COP21) of the United Nations Frame-
work Convention on Climate Change meeting 
in Paris. The campaign followed a team of envi-
ronmental scientists as they travel – by bicycle 
and foot – from the Polar Regions to Paris.
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While in Indonesia, Pole to Paris was joined by 500 
other cyclists in the streets of Jakarta. The Minister 
for Environment and Forestry and other dignitaries 
joined an event where Dan addressed the Indonesian 
government, calling for greater ambition to tackle 
climate change.

In the capital of Mongolia, Ulan 
Bator, a young cycling group took to 
the streets with Dan to voice their 
concerns about climate change. 
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On 4 December, Dan Price 
and Erlend Moster Knudsen 
finally met in Paris. This 
marked the end of 10 000 km 
of cycling over 7.5 months for 
Dan and 2 459 km of running 
over 4 months for Erlend. While he mostly ran alone, Erlend was occasionally joined by 

other runners and cyclists over parts of the Northern Run. This 
photo is from an event organized with Pole to Paris partner SALT 
in Lofoten, Norway.
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The monsoon in Bangladesh made 
for damp cycling to say the least. 

The terror attacks in Paris, and trailing fear, restricted events and public participation on the final 
leg of the run between Brussels and Paris. Nevertheless, runners, Oria and Erlend, were met by 
running and cycling groups and had a police escort into Maubeuge, France.
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Back on the run after a 3.5 weeks-long presentation tour, Erlend was 
joined by Pole to Paris European Union coordinator, Oria Jamar de 
Bolsée, for the last days of the United Kingdom leg of the run. Here, 
the two at the British end point in Downing Street, London, flanked by 
joining runners and supporters.



**Washington State University, U.S.A.

In the footsteps of polar 
explorers
by Mats Granskog*, Lana Cohen*, Stephen Hudson*, Von Walden** and Harald Steen*
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In pitch dark at 40 below, a research expedition set out to the icy Arctic 
Ocean in January 2015. Their goal: to better understand ongoing changes 
in the Arctic due to a shift from an older and thicker ice cover that would 
survive the summer melt to a younger and thinner one that, to a larger 
degree, melts away in the summer. This change is likely to have widespread 
influence on processes related to the sea ice and the interaction between 
the ocean and atmosphere, with effects way beyond the local climate in 
the Arctic. Linkages between sea-ice loss and extreme winter weather 
patterns in Asia and North America have been proposed. 

The Norwegian young sea ICE (N-ICE2015) expedition used the Norwegian 
Polar Institute’s research vessel Lance as a base in the drifting sea ice north 
of Svalbard to establish a research camp in a regime of thinner Arctic sea 
ice. Researchers set up a camp in the vicinity of the ship at 83° North, and 
thereafter freely floated along with the sea ice, making measurements of 
the ice, ocean, atmosphere and ecosystem. Some 70 scientists from many 
disciplines and more than 10 countries worked together for 3- to 6-week 
stints on board the ship to unravel how the Arctic system is responding to 
the dramatic changes that have occurred in the last decades, with a strong 
focus on the interaction between atmosphere, ice and ocean.

Challenges abounded for the scientists, besides the pitch dark and freezing 
temperatures during the polar night, the ice – where researchers would 
set up instruments to make measurements away from the influence of 
the ship – was far from stable. The sea ice was moving around and broke 
up under their feet several times during the expedition. This resulted in 
several salvage operations in difficult conditions, where equipment was 
rescued back to the ship, and the research camp had to be re-located to 
a new ice floe. Polar bears also posed a constant threat, both to humans 
and equipment. Curious as they are, they several times sneaked in to the 
camp and “played” havoc with scientific equipment to the amusement 
of the spectators. 

How is the thinner ice pack affected by atmospheric processes?

To help answer this question, a comprehensive suite of atmospheric 
instrumentation was deployed, both on the ship and out on the ice, to get 
undisturbed measurements away from the ship. Measurements included 
surface meteorology from a 10-metre mast, upwelling and downwelling 
surface radiation, and turbulent fluxes. Radiosondes were launched 
twice each day to measure temperature, humidity, and winds up to 30 
kilometres in height. A sodar (Sonic Detection And Ranging instrument 
used as a wind profiler) was deployed in spring, which provided valuable 
information about vertical motions within the boundary layer. Clouds 
were measured over the ship using a both a ceilometer and a lidar. The 
lidar provides information about the type of particles in the clouds: water 
droplets, ice crystals or a mixture of both. 

The ice – where 
researchers would set 
up instruments to make 
measurements away 
from the influence 
of the ship – was far 
from stable and broke 
up under their feet 
several times during the 
expedition.
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Several intense storms during the winter months of 
the N-ICE2015 expedition provided opportunities to 
study the impacts of cyclones in the high-Arctic. These 
events transport considerable amounts of heat and 
moisture into the Arctic, changing the energy balance 
over large areas via advection, cloud re-radiation and 
turbulent mixing of the atmospheric boundary layer. As 
storms approached the ship, both the temperature and 
moisture increased dramatically; one storm caused the 
surface temperature to increase from -40°C to nearly 
0°C in 48 hours. The surface radiation and turbulent flux 
data during these transitions indicate large changes 
in the surface energy balance.   

The role of Arctic storms in sea ice loss is also of inter-
est. Wind speeds exceeded 15 metres per second during 
many of these storms, which significantly increased 
wind stress at the sea-ice surface. Because the thinner 
ice pack might be more sensitive to break-up due to 
storms and waves than the thicker ice, N-ICE2015 
scientists monitored interactions of the thinner ice 
pack with storms using a combination of buoys that 
tracked their movement and with the aid of satellite 
observations measured their wave action. These buoys 
were deployed in two arrays on the on the sea ice tens 
of kilometres away from Lance. This was done by ski 
patrols and snow machines during the polar night, 
and by helicopter when daylight returned.

Preliminary results from N-ICE2015 ocean physical 
properties and turbulent flux measurements show 
correlations between storm events and enhanced 
ocean heat fluxes that further melt and break-up the 
ice pack. Oceanographers showed particular interest in 
understanding whether ocean heat from the inflowing 
warmer Atlantic waters make it to the underside of 
the ice and melt it. Besides measurements by the 
ship, autonomous buoys drifting with the ice also 
measured how the ice melts to give an idea of larger 
scale conditions. Storms and a combination of a more 
mobile ice pack may be one mechanism that makes the 
ocean heat at depth more readily available for ice melt. 

By comparison, summer conditions were “quiet” 
with less intense synoptic activity and lower winds. 
As summer approaches, the surface energy budget 
becomes increasingly influenced by solar radiation, 
which is modulated significantly by cloud cover. Pre-
liminary results show that the cloud cover steadily 

increased from about 50% in winter (January/February) 
to nearly 90% in summer (May/June). Around the onset 
of melt, clouds play an important and complex role in 
the energy budget since they block incoming sunlight 
but provide a lot of extra incoming infrared light; the 
snow’s high albedo (i.e., most of the sunlight hitting 
the surface bounces back towards space) often means 
the latter gain can outweigh the former loss. Cloud 
radiative forcing and boundary layer processes are 
key parameters in understanding the energy balance 
in the Arctic, and yet these parameters still prove 
challenging to reproduce in numerical weather models 
and coupled climate models. The boundary layer and 
cloud measurements from N-ICE2015 will provide a 
valuable dataset to compare to models and atmospheric 
reanalysis datasets.

The wealth of data collected during the campaign will 
take scientists years to analyse and interpret in order 
to improve our understanding of the ongoing changes. 
A feat that all the scientists that were aboard Lance 
in the period from January to June look forward to.
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Polar and high mountains: A new WMO priority

The more rapid than expected loss of sea ice in the Arctic, the Ozone Hole in the  Antarctic, glacial 
decline and the potential for both the Greenland and the Antarctic ice sheets to dominate sea level rise 
are just some of the issues in the polar and high-mountain regions that have global ramifications. It is 
clear that these changes are indicators of the effects of human activities elsewhere on Earth and will 
have profound effects on human society around the world if they continue. 

The sensitivity of the polar regions is increasingly understood as an issue of global significance, thus, 
the World Meteorological Congress designated polar and high mountain as a strategic priority for WMO. 
The goal of WMO is to improve operational meteorological and hydrological monitoring and prediction 
services in polar, high mountain regions and beyond by:

• operationalizing the Global Cryosphere Watch (GCW);

• better understanding the implications of changes in these regions on the global weather and 
climate patters; and

• advancing the polar prediction under the Global Integrated Polar Prediction System (GIPPS).

The 2017-2019 Year of Polar Prediction (YOPP) is a community initiative and key activity of the WMO 
World Weather Research Project's Polar Prediction Project (PPP).
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The Young Earth 
System Scientists (YESS) 
Community 
by WMO Secretariat1

Due to human-induced climate change, the planet is 
undergoing many changes.  “We have had years of 
record Arctic sea ice minimum. We have lost a massive 
area of northern hemisphere snow cover, probably 
by more than 1 million square kilometers in the past 
15 years,” elaborates David Carlson, Director of the 
World Climate Research Programme (WCRP). “We 
are working in a different climate and we do not fully 
understand the new patterns emerging.” It is in this 
spirit that the WCRP and the World Weather Research 
Programme (WWRP) have emphasized the need to 
form an association where young applied scientists can 
work hand-in-hand with partners in the social sciences 
to achieve the advancements in understanding Earth 
system science desperately needed by society.

With support from the three leading WMO research 
programmes – the Global Atmospheric Watch (GAW), 
WCRP and WWRP – the Young Earth System Scientists 
(YESS) Community has expanded to fill this role. In 
October 2015, the newly formed International Steering 
Group of the YESS Community met for the first time 
at the Deutscher Wetterdienst in Offenbach, Germany, 
to define the governance, roles and terms of reference 
of the association.1

YESS Community

The YESS Community was launched in Germany by a 
handful of students in 2010 to provide a collaborative 
platform for early career researchers working in the 
field of Earth system science.  In 2014, the Community’s 
founders approached WCRP to obtain support for 

1 Sylvie Castonguay, Communications and Public Affairs 
Office, and Boram Lee, Senior Scientific Officer, World 
Climate Research Programme

establishing a unified early career network that would 
reach out to all young professionals in climate-related 
natural sciences with additional focus on the socio-
economic and applied sciences fields. Following this, 
YESS played a crucial role in the early career scientists’ 
activities at the 2014 Climate Symposium in Darmstadt, 
organized by WCRP and EUMETSAT and at the World 
Weather Open Science Conference (see Bulletin…) 
organized by WWRP and Environment Canada.

Following these two events, given the increasing 
overlap in weather and climate sciences, the YESS 
Community came together to form a network of inter-
national and interdisciplinary early career Earth system 
scientists. And by the end of 2015, many early career 
scientists in the fields of climate, weather, water and 
related applications had joined the Community, which 
now counts some 600 members.

The Community principal aims are to unify early career 
professionals in an influential network to enhance 
collaborations and promote both local and global 
exchange across multiple disciplines related to Earth 
system sciences. YESS gives young scientists a col-
lective voice and leverage, while supporting their 
career development – its members have a critical role 
to play in shaping the future of Earth system science. 
The Community wants to breach the gaps between 
traditional disciplines by incorporating a powerful 
network of both natural and social scientists to work 
towards a seamless understanding and prediction of 
the Earth system and its impacts on society.

Under the guidance of the GAW, WCRP and WWRP, 
YESS is currently in the process of launching itself 
as a truly global early career network in the Earth 
system sciences.
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Workshop on the Earth System Science Frontiers 

A group of 27 young male and female scientists from 18 countries and 
multiple backgrounds participated the first YESS workshop on the Earth 
System Science Frontiers held in Offenbach, Germany, in October 2015. 
This event was organized in liaison with and sponsored by the WMO 
research programmes: GAW, WWRP and WCRP. The group had held monthly 
teleconferences to develop the scope and vision of the network and to 
develop concrete plans. Representatives of the research programmes 
addressed the workshop and followed its progress.

The workshop discussed the interdisciplinary challenges in Earth system 
science in a comprehensive way. Three areas were highlighted:

• Seamless Earth system prediction / Representation of scale interactions,
• Communication of uncertainty / Sustainability of user-driven science, 

and
• Earth System Science Frontiers / Interdisciplinarity.

Participants identified the structural needs of an early career scientist 
network aimed at tackling these science challenges. They developed 
implementation strategies for formally establishing the network and 
enhancing its reach and potential impact. 

The discussion at this workshop resulted in a white paper on Earth System 
Science Frontiers, presenting the vision and the role of young scientist in 
shaping science during the coming decade. Focus was paid to identifying 
challenges and future directions for the following aspects:

• User frontier: balancing user-driving demands and fundamental 
research;

• Communication frontier: disseminating knowledge;
• Scale frontier: seamless environmental prediction; and
• Human frontier: need for interdisciplinary Earth system science in 

the Antrhopocene.

“We are working in a 
different climate and we 
do not fully understand 
the new patterns 
emerging.”  
- David Carlson

David Carlson, Director of the World Climate Research Programme (WCRP), 
addresses the YESS Community International Steering Group
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YESS representative 
Fiona Tummon of ETZ 
Zurich, one of the world’s 
leading universities for 
technology and natural 
science, will address 
guests at the WMO 
World Meteorological 
Day celebration on 23 
March. 

The paper presents some of the key questions in these areas on which future 
societies will expect scientific development. It consolidates the position of 
young scientist toward continuity and sustaining capability – that is, the 
long-term development of the joint sustained research infrastructure that 
is required  by the global research community to answer the questions 
that future societies will be asking. 

The collaboration of natural scientists, social scientists and communication 
experts, as it is aimed for in the interdisciplinary approach of  YESS, will play 
a significant role in the dissemination of knowledge on the Earth system. It 
will allow for a more comprehensive view of social context in aggravation 
damages in weather-, climate- and water-related disasters. It will permit 
the development of knowledge and innovative ideas to further minimize 
or adapt to problems associated with extreme events and climate change.

Future development of YESS

To ensure the sustainability and continuous growth, a more formal imple-
mentation of the YESS Community with dedicated financial resources will be 
required. WCRP,  WWRP and GAW are in process of consolidating resources 
for a central YESS office, which will be responsible for further developing 
and promoting its vision. A truly international, sustainable research early 
career scientist network will compliment and integrate ongoing activities 
in the short-term and benefit the WMO research programmes in the long-
term by training and creating opportunities for future leaders.

In the midst of almost daily reports on disenfranchised youths, the Young 
Earth System Scientists Workshop at the end of October was a breath of 
fresh air.  These young scientists are eager to work together to improve 
the environment of the Earth system.

B
or

am
 L

ee
/W

M
O



41WMO BULLETIN

Three research projects to 
share US$ 5 million grant
WMO congratulates the three scientists leading the 
research teams that will share the US$ 5 million grant 
from the United Arab Emirates Research Programme 
for Rain Enhancement Science.

• Masataka Murakami, Visiting Professor from the 
Institute for Space-Earth Environmental Research, 
Nagoya University (Japan), for his work on pre-
cipitation enhancement in arid and semi-arid 
regions. Professor Murakami’s project focuses on 
innovative algorithms and sensors dedicated to 
identifying the clouds most suitable for seeding. 
Researchers from the University of Tokyo and the 
Japan Meteorological Agency also contributed 
to this research project.

• Linda Zou, Professor of Chemical and Environ-
mental Engineering from the Masdar Institute 
of Science and Technology (UAE), for her work 
on using nanotechnology to accelerate water 
condensation. Through her research, Professor 
Zou explores the different ways of employing 
current knowledge of nanotechnology to develop 
novel cloud seeding materials and make rain 
droplet formation more efficient. Professor Zou 
has received contribution to her work from the 
National University of Singapore and the Uni-
versity of Belgrade. 

• Volker Wulfmeyer, Managing Director, Professor, 
and Chair of Physics and Meteorology at the Insti-
tute of Physics and Meteorology in the University 
of Hohenheim (Germany), for his work on cloud 
seeding optimization. Prof. Wulfmeyer’s work 
aims to specifically study convergence zones and 
land cover modification to enhance precipitation.

 

Schedule for the next cycle of the UAE grant
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Toronto 2015 – Pan and Parapan American Games 

An Environment and 
Climate Change Canada 
Perspective
by Environment and Climate Change Canada (ECCC)

The Pan American and Parapan American Games 
are a regional international summer sporting event 
staged in the year prior to the Summer Olympic and 
Paralympic Games. The Pan American Sports Organiza-
tion awarded the 2015 Games to Canada in November 
2009. Approximately 11 000 athletes, athlete support 
personnel and technical officials from 41 countries 
participated in the Toronto 2015 Pan American and 
Parapan American Games (Toronto Games). These 
were held in the Greater Toronto Area in the southern 
part of the province of Ontario from 10 to 26 July and 
7 to 15 August 2015, respectively.

Environment and Climate Change Canada (formerly 
Environment Canada) was tasked to support the Games 
with enhanced weather monitoring and venue-spe-
cific weather warnings, watches and advisories, to 
ensure the safety and protection of athletes, staff, 
volunteers and spectators. The Games provided ECCC 

with an opportunity to showcase its innovations and 
technological capabilities. To fulfil its mission, ECCC 

designed a high-resolution state-of-the-art automated 
atmospheric monitoring network called the Games 
Mesonet. Data from the Mesonet informed forecast 
and numerical weather prediction systems, which 
produced Games-specific alerts (Advisories, Watches 
and Warnings), and forecasts at a fine temporal and 
spatial resolution. 

In this article, ECCC chronicles its contribution to the 
Games through data and forecast products.

Human factors 

ECCC worked with about 450 people to ensure the 
success of the Games. The key objectives were to 
enhance public safety and decision-making by:

• Issuing weather warnings,
• Forecasting weather conditions,
• Providing climatological information,
• Supporting critical weather sensitive government 

services, and
• Monitoring atmospheric conditions.

Training was a critical preparatory step towards Games 
operations. New processes, such as the issuance of 
venue-specific alerts and forecasts within existing 
public forecast areas, required a review of product 
distribution applications. A new level of close coor-
dination between forecast and briefing teams was 
also necessary. The teams were trained in the use of 
Mesonet observations, new display applications arising 
from this Mesonet and high-resolution experimental 
numerical weather products. Innovative technologies 
were deployed, including Doppler LiDAR instruments, 
mobile car top weather stations and a sensor array 
for a three-dimensional total lightning solution. These 
all required training for interpretation. Briefing teams 
located at the Toronto Games Main Operations Centre 
and the Police Unified Command Centre were tasked 
with training and/or interpreting these data and prod-
ucts for outside clients.  
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Climatological information

To meet the anticipated climatological needs of the 
Toronto Games organizers, the ECCC Games Project 
Office developed, with a focus on the venue sites, a 
series of detailed climatologies for Ontario for seven 
specific areas: tornadoes, heat and humidity index, 
lightning and days with thunderstorms, extreme rainfall, 
wind, lake-breeze and Air Quality Health Index (AQHI).

The climatologies were included as part of a series of 
internal training workshops for operational forecasters 
and briefing team members. These climatologies were 
used in the Federal Risk Assessment to assess the 
impacts and likelihood of weather-related hazards. 

Mesonet Observations: A Network of 
Networks 

ECCC built a high-resolution monitoring network 
(Mesonet) with 55 new automated land- and marine-
based weather stations, and additional experimental 
monitoring platforms. Most of the new stations com-
prised “compact weather station” technology, paired 
with solar power and cell modems. The stand-alone 
design permitted easy installation at temporary loca-
tions, notably where there were space constraints in 
the urban environment and at sports venues.

The Mesonet was designed to monitor weather at the 
venues. It provided close tracking of southern Ontario 

lake-breezes, which can be associated with severe 
weather initiation and high air pollutant concentra-
tions. Knowledge of lake-breeze location increases 
understanding of heat and air-quality patterns, par-
ticularly in the urban environment. It also provided 
both high-density station spacing and high-frequency 
minute-by-minute reporting.  Standard meteorological 
variables were reported – pressure, wind speed and 
direction, relative humidity, temperature and precipi-
tation amounts – as well as a new element, recorded 
by a black globe thermometer, used in the evaluation 
of heat stress on the human body.   

Two new buoys were deployed just south of the Toronto 
Islands in Lake Ontario.  An AXYS WatchKeeper™ buoy, 
with a full suite of weather instrumentation, reported 
every 10 minutes (the standard is once per hour). A 
smaller  TRIAXYS™ Directional Wave Buoy provided 
precise measurement of directional waves. Four ultra-
violet (UV) radiometers reported minute-by-minute 
observations of sun exposure.  A temporary Upper Air 
station deployed just north of Toronto provided four 
radiosonde releases per day.  An Unmanned Aerial 
Vehicle was used for the first time by Environment and 
Climate Change Canada. It monitored temperature, 
relative humidity, pressure, wind speed and gusts 
in the lowest levels of the atmosphere.  When condi-
tions warranted, the weather monitoring sensors were 
replaced by air quality probes to measure CO2 and total 
aerosol concentrations. The Southern Ontario Lightning 
Mapping Array, the first such deployment in Canada, 
provided 100% lightning detection efficiency at very 

EC
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Doppler LiDAR at Hanlan’s Point in the background of the photo (left).  The radial velocity from the Doppler LiDAR shows 
sharp wind shifts above ground height -  NW at 14 m, SW at 42 m and SSW at 56 m height – marking the passage of a 
lake-breeze (right).
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fine temporal and spatial resolutions – on the order of 
tens of nanoseconds and tens of metres, respectively.  

ECCC turned to its Network of Networks initiative to 
further increase the observation data available. Canada’s 
Air Navigation Agency (NAV CANADA), the not-for-profit 
corporation that owns and operates Canada’s civil air 
navigation system, provided automated minute-by-min-
ute reports from nine of its Automated Weather Observ-
ing Systems and Human Weather Observing Systems. 
ECCC also able to use the Toronto Games as a catalyst to 
sign data-sharing agreements with local and provincial 
authorities for access to sub-hourly data at more than 
70 additional weather-monitoring platforms.  

Information management

ECCC provided support to data acquisition procedure 
applications to permit the acquisition, quality assur-
ance/quality control, archive, display and redistribution 
of minute-by-minute data flow. Much the same was 
true for the creation and distribution of new forecast 
products. Providing the briefing teams with real-time 
access to the venue-specific forecast products was 
a challenge as they were using workstations hosted 
by an external organization. Three modified versions 
of the Integrated Forecaster Workstations had to be 
built to meet the specific needs of each forecast and 
briefing team. 

Prediction 

The Ontario Storm Prediction Centre (OSPC) is a 24-hour, 
7 days-a-week (24/7) operation, staffed by about 30 
meteorologists – three to five per shift, depending on 

weather conditions. During the Toronto Games OSPC 
added five operational and research meteorologists to 
their staff, while three National Weather Service (NWS) 
staff from the United States of America rotated visits. 

OSPC started operational support with the provision 
of specialized weather forecast products for the Pan 
Am torch relay run, which began in May 2015. Full 24/7 
production of venue-specific alerts, forecasts and a 
daily  Thunderstorm Outlook graphic product started 
on 6 July and ended with the closing ceremonies of 
the Parapan Games on 15 August. 

Forecasts were issued three times per day (amended as 
conditions warranted) and were valid for seven days. 
The forecasts included sky condition, precipitation, 
temperature, humidity, wind speed and direction, 
and obstructions to visibility. Marine forecasts for the 
sailing venue in Toronto Harbour was issued three 
times per day. Forecasts of wind speed and direction, 
wave height, obstructions to visibility and precipitation 
were valid for five days. 

Neither the venue-specific public forecasts nor the 
marine forecast used sport-specific alerting crite-
ria. Alerts, issued as required based on existing and 
approved ECCC criteria, included: fog advisories, heat 
warnings, rainfall warnings, severe thunderstorm 
watches and warnings, smog and air health adviso-
ries, tornado watches and warnings, generic weather 
advisory warnings, wind warnings and special weather 
statements.

The Toronto Games provided an ideal opportunity to 
implement new impact-based triggers for heat warn-
ings, developed through a multi-year collaboration 
of federal and provincial partners with Public Health 
Units. Outputs from the 1-km and 250-m experimental 
Numerical Weather Predictions systems were designed 
to enhance weather forecasts during the Toronto Games 
and to support applications related to weather and 
health services. The Toronto Games also provided 
an opportunity to showcase the development and 
application of the next-generation air quality model, 
the Global Environmental Multiscale - Modelling Air 
quality and CHemistry (GEM-MACH), run at 2.5-km 
resolution for the Games. 

Briefing Team at Toronto Games Main Operating Centre
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Three wave-modelling systems with horizontal grid 
resolutions of 1 km, 2.5-km and 250-m were also used 
during the Toronto Games. The deterministic wave 
prediction system at 250-m resolution over western 
Lake Ontario was deployed specifically in support of 
the Games. The system produced 24-hour forecasts 
using input from the 250-m resolution urban scale 
atmospheric model.

Service provision 

Several platforms were created to disseminate forecast 
products and observational data to end users: 

• A password-protected Weather Portal;
• EC Alert Me, a prototype e-mail and web service 

tailored specifically for venue managers and the 
Toronto Games planners;

• “Datamart” (http://dd.weather.gc.ca); and
• A lightning alerting application for mobile devices 

from Vaisala Canada (initially built for the Fédéra-
tion Internationale de Football Association (FIFA) 
2015 Women’s World Cup in Canada from 6 June – 5 
July).

ECCC provided briefings in English and French to the 
Toronto Games Main Operating Centre and police, 
including interpretation of OSPC forecast products and 
observational data to the most critical users. These brief-
ers were the sole point of contact for questions related 
to forecasts and sport-specific weather sensitivities. 

Whereas the bulk of essential weather services was 
delivered by ECCC, a great deal of work was accom-
plished with partners. For example, the Ontario Min-
istry of the Environment and Climate Change and 
the University of Toronto implemented a study of 
traffic-related air pollution in Canada to evaluate the 
utility of a network of air quality monitoring stations. 

Innovation, weather sensor intercomparison 
and research 

ECCC had a twofold objective in its engagement for 
the Toronto Games. The first was to support the Games 
from a meteorological perspective. The second was 
to learn from the scientific research, development 

and technological innovation to make meteorological 
services even better. 

An automated weather sensor intercomparison study 
was initiated in 2012 during the Mesonet planning 
stages to assess the performance of automated compact 
weather stations. Data from five compact weather sta-
tions installed at the Centre for Atmospheric Research 
Experiments (CARE) test facility just north of  Toronto 
were compared with data from co-located reference 
sensors. Study results were used in decisions for 
selection of compact weather station types for the 
Mesonet. 

Two Doppler LiDAR systems, capable of measuring 
wind speeds up to 7 km away, were deployed during 
the Games: one at Hanlan’s Point (Toronto Centre 
Island), and a second mobile unit in the back of a 
pick-up truck. They were instrumental in improving 
understanding of the convective and dynamic processes 
driving convective storms and the evolution of the 
lake-breeze front. 

During the Games, three hybrid vehicles equipped 
with Automated Mobile Meteorological Observing 
System (AMMOS) units were deployed as part of the 
high-resolution atmospheric monitoring network. These 
were driven along routes between Lake Ontario shore 
in Toronto and suburban/rural areas to the north and 
west. They collected standard meteorological data 
(temperature, humidity, pressure, wind speed and 
direction) at 1-second intervals in locations where 
fixed stations could not, such as along roadways 
surrounded by “urban canyons”. AMMOS vehicles 
also carried fine particulate air quality sensors, and 
one AMMOS vehicle carried a prototype AirSENCE 
air quality sampling system.

Communications and outreach

Ocean Networks Canada provided ECCC with a platform 
for distribution of products to external users. This 
bilingual (English and French) weather portal delivered 
surface weather observations, weather forecasts and 
alerts to security services, the Toronto Games organi-
zation and approved sporting federations.  

An externally accessible, password-protected website, 
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http://ecpass.ca, was also created to showcase science initiatives during 
the Toronto Games. The website, known as ECPASS (Environment Canada 
Pan Am Science Showcase), allowed real-time access to data from several 
science initiatives.

ECPASS also served as the communications hub for science activities, 
with a daily blog post and a forum in real time. More than 250 posts were 
written over the period covering both Games. The Weather and health 
Information for Decision Optimization Management (WISDOM) was an 
application developed by public health authorities to provide a portal for 
weather-related decision-making around the Toronto Games. 

Closing comments

During the lead-up years to the Games, many innovations and procedures, 
which were necessary for the teams to have equipment and staff in place, 
were implemented. There was a significant amount of testing required to 
assure optimal performance. Forecasters and briefers needed to be trained 
in the use of new hardware and software to ensure full utilization of Mesonet 
datasets, high-resolution numerical weather prediction and air quality 
model products that would be available to support the Toronto Games 
alerting programme. This included contingency planning to determine 
and document alternate courses of action for the provision of services in 
the event of an outage of OSPC or either of the two briefing units. A series 
of five integration tests were conducted during an Intensive Operations 
Period (IOP) to verify and validate that all instruments, workstations and 
staff were ready for the Games. 

The Toronto Games provided an opportunity for EC3 to test next-generation 
monitoring strategies, prediction models, forecast methods, data acqui-
sition processes and distribution applications. Long-standing working 
relationships with national and international agencies were renewed and 
strengthened.  There was close cooperation between the research and 
operations branches within Environment and Climate Change Canada, 
which led to the creation of a unified dataset that included all monitoring, 
forecasts and models used during the Toronto Games. This dataset is 
secured and available for use by the international community. 

Overall, the “weather services” programme for the Toronto Games was a 
successful effort that has left ECCC with new tools and an understanding of 
how to better support any large event.  The Toronto Games team overcame 
many challenges, some foreseen, some emerging as they advanced closer 
to the launch of the games.  The team is most willing to share lessons 
learned and best practices in addressing the complexity of providing 
“fit-for-purpose” services at a fine scale while deploying high-resolution 
monitoring and forecast systems.   

The Toronto Games 
provided an opportunity 
for Environment and 
Climate Change Canada 
to test next-generation 
monitoring strategies, 
prediction models, 
forecast methods, data 
acquisition processes 
and distribution 
applications.

We invite parties inter-
ested in receiving further 
information to contact Mr. 
Michel Jean, Director  
General, Canadian Centre 
For Meteorological and 
Environmental Prediction: 
michel.jean2@canada.ca



Status of the Global 
Observing System for 
Climate
by Global Climate Observing System Secretariat
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Global observation of the Earth’s atmosphere, ocean and land is essential 
for identifying climate variability and change, and for understanding their 
causes. For example, recent observations and analyses have shown that 
global mean sea level has continued to rise, and it has been possible for 
the first time to identify the relative importance of the contributions from 
thermal expansion, melting ice and the storage of water on land. 

Observation also provides data that are fundamental for evaluating, 
refining and initializing the numerical models that predict how the climate 
system will vary over the months and seasons ahead, and that project 
how climate will change in the longer term under different assumptions 
concerning greenhouse gas emissions and other human influences. Long-
term observational records have enabled the Intergovernmental Panel on 
Climate Change (IPCC) to deliver the message that warming of the global 
climate system is unequivocal. 

This article highlights the main finding and conclusions of the Status of the 
Global Observing System for Climate (Report)1, published in late 2015. The 
Report offers an extensive account of how well climate is currently being 
observed, where progress has been made, where progress is lacking or 
where deterioration has occurred. It provides a basis for identifying the 
actions required to reduce gaps in knowledge, to improve monitoring and 
prediction, to support mitigation, and to help meet increasingly urgent 
needs for information on impacts, adaptation and vulnerability. 

The Status Report was prepared by the Global Climate Observing System 
(GCOS), a co-sponsored programme of WMO, the Intergovernmental Ocean-
ographic Commission (IOC) of the United Nations Educational, Scientific 
and Cultural Organization (UNESCO), the United Nations Environment 
Programme (UNEP) and the International Council for Science (ICS). 

Finding on atmospheric, oceanic and terrestrial observations 

Global observation varies in its nature, arrangement and extent across the 
atmospheric, oceanic and terrestrial domains. Owing to the heritage of 
many decades of meteorological data collection, atmospheric observation 
is the best developed, with relatively dense though far from gap-free 
networks, clear observational standards, largely open data exchange and 
international data centres covering most, if not all, variables. Refinement 
of atmospheric observation is ongoing. 

Ocean observation has developed quickly, with international planning and 
implementation of observational networks, and new technologies that 
enable more and better autonomous data collection. While there are still 
limitations and some issues with established networks, overall structures 
are in place for the improvement to continue. 

1 http://library.wmo.int/pmb_ged/gcos_195_en.pdf

This article highlights 
the main finding and 
conclusions of the Status 
of the Global Observing 
System for Climate 
(Report), published in 
late 2015. The Report 
offers an extensive 
account of how well 
climate is currently 
being observed, where 
progress has been made, 
where progress is lacking 
or where deterioration 
has occurred.
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Terrestrial observations have traditionally been made 
on smaller scales, with different standards and methods 
in different countries. They also have a poor history 
of open data exchange. Space-based observation is 
now providing global coverage of improving quality 
for a number of variables, increasingly with open 
data access, and there is progress in other areas, 
through global networks for glaciers and permafrost, 
for example. Standards, methods and data-exchange 
protocols for key hydrological variables have been 
developed. However, an integrated approach to ter-
restrial observation is still lacking. 

Most of the principal findings that have been drawn 
from the reviews that were undertaken variable by 
variable and action by action fall straight forwardly into 
two separate groups, one for in situ measurement and 
ground-based remote sensing and one for space-based 
remote sensing, even though many applications of 
observations make combined use of both groups of 

data. There are both positive and negative findings, 
and both need to be acknowledged and taken into 
account when planning what needs to be undertaken 
in the future. 

For the in situ and other non-space-based components 
of the observing system, the following is found: 

• The development and contribution to climate 
monitoring, understanding and prediction of the 
Argo network since floats that profile temperature 
and salinity were first deployed in 2000 have been 
outstanding. The original goal of 3 000 floats was 
reached in 2007.  The network is now expanding 
into marginal seas and high latitudes. It is begin-
ning to host sensors that measure biogeochemical 
variables and offers the prospect of profiling to 
greater depths. 

The Plateau Rosa Global Atmospheric Watch (GAW) station, Italy 
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• There have been improvements in coverage, and 
quality of measurements, for a number of longer 
established in situ networks, including the main 
meteorological networks. 

• Several oceanic and terrestrial in situ measure-
ment networks and ground-based remote sensing 
networks for atmospheric composition have been 
established or significantly expanded in recent 
years, but some requirements for forming such 
networks have not been met. 

• Some atmospheric-composition and marine-
buoy networks have provided fewer observations 
recently due to planned closures, inadequate 
maintenance or unexpected equipment failures. 
Responses have been effective in limiting some of 
the shortfalls. Particular issues with moored-buoy 
networks have prompted a review of the observing 
system for the tropical Pacific. 

• Surface meteorological measurements from ships 
have declined in number over major parts of ocean 
basins, but have increased near coasts. 

• Some gaps in the coverage of networks over land 
have been reduced. Local gaps that appear small 
from a global perspective may nevertheless be 
critical, especially where populations are at risk 
or where local changes have global impacts. 

• Capacity development continues to fall far short 
of what is needed to fill critical network gaps in 
a sustainable way, and more generally to ensure 
that vulnerable developing countries have the local 
observations needed to adapt to climate change.  

• Automation has increased the temporal frequency 
of observation, and has enabled measurements 
to be made at additional remote locations, but 
certain issues relating to data quality and loss of 
ancillary information remain outstanding. 

• Progress in specifying and establishing reference 
observing sites and networks has been mixed: 
good for upper-air measurements but attaining 
representative global coverage is a challenge.

• There are opportunities to benefit from expanding 
global near-real-time data exchange and from 
adopting new reporting codes and metadata 
standards. 

• Recovery of historical data has progressed in 
some respects, but it is still limited in extent and 
hampered by restrictive data policies.

• Generation of data products, for example, on sur-
face air temperature, humidity and precipitation, 
continues to improve. 

• Sustaining observing-system activities that are 
initiated with short-term research funding is a 
recurrent issue. 

For the space-based component of the observing 
system, the following findings are reported: 

• The newer and planned generations of operational 
meteorological satellite systems offer improved 
quality and a broader range of measurements. 
China is becoming established as the provider of 
a third pillar in the constellation of polar-orbiting 
systems. 

The Providence Flux Tower, Southern Sierra, California, 
USA
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• The European Copernicus programme is placing 
additional types of observation on an operational 
basis, with increased coverage and quality of meas-
urement, and accompanying service provision. 

• There have been increases in the numbers of 
national providers, cooperative international 
missions and other collaborative arrangements.

• There has been very little progress on the con-
tinuation of limb sounding (when the instrument 
looks sideways at the limb of the Earth rather 
than downwards, which is referred to as nadir 
sounding in the case of a sounding instrument) 
and the establishment of a reference mission. 

• Continuity of observation is at risk for meas-
urements of solar irradiance and of sea-surface 
temperature at microwave frequencies. 

• New observational capabilities have been demon-
strated, and others are being prepared for demon-
stration. Future deployment is uncertain for some 
of the demonstrated capabilities, for example, for 
monitoring cloud and aerosol profiles, sea-ice 
thickness and soil moisture. 

• The generation and supply of products derived 
from space-based observations have progressed 

with increasing attention paid to documenting 
product quality and uncertainty.

• Inter-agency cooperation has been effective in 
product validation and in starting the development 
of architecture for climate monitoring from space 
and an inventory of products. 

• Data access is becoming more open, but further 
progress is required. Some data remain to be 
recovered from early missions, and long-term 
preservation of data, including occasional repro-
cessing, is not yet fully ensured. 

Data-centre holdings are increasing with the pas-
sage of time, and are generally distributed by data 
type. International data centres hold collections of 
in situ data for many but not all essential climate 
variables. Basic satellite data are usually held by 
the agency that operated the satellite. Derived data 
products are hosted primarily by the organizations 
that generated the products. This arrangement is 
not seen to be problematic, but the Report outlines 
a few concerns.

Reanalysis of data

Global reanalysis of comprehensive sets of observa-
tions has been sustained with improving capabilities 
and better understanding of user requirements and 
deficiencies in current products. The activity is being 
placed on a firmer footing in Europe, through inclusion 
in operational Copernicus service provision, and in 
Japan and the United States of America, through the 
commitment of providers to continue and refresh 
production. 

Atmospheric reanalysis for the radiosonde and satellite 
eras has been supplemented by reanalysis covering 
the twentieth century and more, assimilating only 
surface atmospheric data but constrained also by 
observationally based surface and radiative forcings. 
Reanalysis has become better established for the ocean, 
the land surface and atmospheric composition. Good 
progress has also been made in the development of 
data-assimilation systems that couple various elements 
of the climate system, the atmosphere and the ocean 
in particular. Launch of an Argo float, Indian Ocean
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International coordination

International organization of observing systems has been strengthened, 
especially for the atmosphere and ocean, through the development of the 
WMO Integrated Global Observing System and the revitalization of the 
IOC-led Global Ocean Observing System. The withdrawal of support for 
the Global Terrestrial Observing System by its lead sponsor has restricted 
coordination and standardization for the terrestrial domain, but many 
individual elements of terrestrial observation have progressed. 

Further conclusions concerning overarching and cross-cutting topics, 
and topics specific to the atmospheric, oceanic and terrestrial domains, 
are presented in the full Report.  It is also presents a general indication of 
progress over the past five or so years by assessing the accomplishment of 
the actions set out in the 2010 Implementation Plan for the Global Climate 
Observation System. 

To conclude, many countries have improved the contributions that they or 
their intergovernmental agencies make to the global observing system for 
climate. The system continues to progress and support better the needs of 
an increasingly wider user community. With the passage of time, the length 
of the modern instrumental data records is extending and improving – for 
recent years by better observations and for earlier years by recovery and 
better reprocessing and reanalysis of data. However, the system never-
theless continues to fall short of meeting some essential requirements for 
observationally based climate information, which anthropogenic climate 
change makes ever more urgent. What needs to be done will be addressed 
in the forthcoming new implementation plan that GCOS is preparing for 
publication later in 2016. 

We invite readers to consult the Report for a fuller picture of the progress that 
have been made over recent years, but also to get a better understanding 
of how much work remains to be done.

International 
organization of 
observing systems has 
been strengthened, 
especially for the 
atmosphere and 
ocean, through the 
development of the 
WMO Integrated Global 
Observing System and 
the revitalization of the 
IOC-led Global Ocean 
Observing System.
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Climate Predictability in the 
Stratosphere
by Alexey Karpechko1, Fiona Tummon2 and WMO Secretariat3

In order to accurately predict the day-to-day evolution 
of weather systems, one needs a detailed description 
of the initial state of the atmosphere. A good picture of 
the actual atmospheric conditions is therefore required. 
Predictability of the atmosphere associated with its 
initial state is, however, limited to approximately 10 
days. Beyond this limit, only statistical properties of 
atmospheric conditions can be predicted. Of these, 
the mean state of the atmosphere over some period 
of time and the probability of extreme weather events 
are perhaps the most relevant for society. 123

Such predictability is possible because the state of 
the atmosphere is sensitive to other components of 
the climate system. These vary at slower timescales 
than weather and thus constrain the evolution of the 
atmosphere towards some preferred state. These com-
ponents include, for example, sea-surface temperature, 
soil moisture, snow cover and sea-ice extent.

Weather systems develop and exist in the tropo-
sphere (the lowest layer of the atmosphere). Above 
this layer lies the stratosphere, which, as the name 
implies, is highly stratified, stable and dry. It is not 
directly involved in the development of daily weather. 
Rather, stratospheric conditions impose constraints 
on weather and climate variability, and thus can 
extend the predictability beyond the 10-day limit, 
in the same manner as for sea surface temperature 
or sea-ice cover. The role of the stratosphere in the 
global climate system is one of the foci of research 
coordinated by SPARC (Stratosphere-troposphere 
Processes And their Role in Climate), a core project 
of the World Climate Research Programme (WCRP). 

1 Finnish Meteorological Institute
2       International Project Office for SPARC
3 Boram Lee, Senior Scientific Officer, World Climate Research 

Programme

Founded in 1992, SPARC has coordinated high-level 
research activities related to understanding Earth sys-
tem processes for over two decades. SPARC promotes 
and facilitates cutting-edge international research 
activities on how chemical and physical processes 
in the atmosphere interact with climate and climate 
change and in particular, takes a lead in organizing 
a variety of projects focused on many issues related 
to atmospheric predictability. Recent advances in 
the research on stratosphere-troposphere coupled 
system inspired the drafting of this short summary 
of how and when the stratosphere provides climate 
predictability, which should be of interest to a larger 
audience of readers concerned with adapting to and 
mitigating the effects of climate change.

The stratosphere and its impacts on the jet 
stream 

In the mid-latitudes, the stratosphere extends from 
altitudes of about 10–50 km above the Earth’s surface. 
In the tropics, the stratosphere starts somewhat higher, 
at altitudes of about 18 km. The dominant feature of 
the stratosphere in the winter is a cold circumpolar 
vortex surrounded by strong westerly winds forming 
a polar night jet. This jet varies in strength, at times 
being characterized by anomalously strong winds, 
while at other times being anomalously weak. When 
the polar night jet weakens, the westerly winds can 
sometimes reverse and even become easterlies. During 
such periods, the polar vortex warms by several tens 
of degrees and can move off the pole or even split 
into smaller pieces. Such periods are called sudden 
stratospheric warmings. In the summer, easterly winds 
prevail and the season is dynamically quiescent with 
little variability apart from the slow seasonal changes.
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Anomalous conditions in the stratospheric circulation 
patterns can affect the atmosphere all the way down 
to the Earth’s surface. Key tropospheric features that 
are sensitive to the strength of the stratospheric polar 
night jet are the mean position of the tropospheric 
westerly jet (the so-called “jet stream”) and the storm 
tracks that propagate along this jet. 

When the stratospheric polar night jet is anomalously 
weak, the storm tracks shift towards the Equator. This 
allows intrusions of cold Arctic and continental air 
masses into areas with a more temperate climate. 
In the northern hemisphere, such cold air outbreaks 
usually occur over northern Europe and eastern United 
States of America. In the opposite case, when the polar 
night jet is anomalously strong, the storm tracks move 
poleward and bring mild temperatures and moist air to 
northern Eurasia. Once the winter stratosphere shifts 
towards anomalous conditions, it may take up to several 
weeks before it returns to normal. This persistence of 
stratospheric anomalies helps to maintain tropospheric 
circulation and surface climate in anomalous states 
and thus contributes to enhanced predictability.

So, when the winter stratosphere is in an anomalous 
state, climate conditions in mid-latitudes become 
more predictable. In extreme cases, such as sudden 
stratospheric warmings, skilful predictions of mean 
temperatures and the probability of cold air outbreaks 
are possible for periods of up to two months. Extended 
predictions can be made either by initialized dynamical 
systems or even by using statistical methods. But what 
is the cause of these stratospheric anomalies and can 
we predict them a season or even a year ahead? 

The key mechanism leading to anomalies in the strat-
ospheric circulation is the action on the mean strato-
spheric state of large atmospheric eddies generated 
by the topography and thermal inhomogeneity at the 
Earth’s surface. These eddies can propagate up to the 
stratosphere as planetary-scale waves only when strat-
ospheric winds are westerly. This is why stratospheric 
conditions are variable during winter, but not during 
summer when winds are easterly. An amplification or 
attenuation of the magnitude of climatological planetary 
waves, which are always present in the troposphere, 
leads to a corresponding weakening or strengthening 
of the polar night jet. 

Factors that control the generation and propaga-
tion of planetary waves are numerous, which makes 
exact forecasting of the evolution of the stratosphere 
strongly dependent on initial conditions, similar to 
the troposphere. Thus, predictability of anomalous 
stratospheric conditions is, in most cases, limited to 
roughly 10 days, which is the same as for weather 
systems. Nevertheless, it may be possible to predict 
the probability of extreme stratospheric events before 
a winter starts.

Planetary waves

Some of the factors influencing the generation and 
propagation of planetary waves are predictable a long 
time ahead. For example, the variability of sea surface 
temperatures affect the generation of planetary waves 
in the troposphere. The El Niño Southern Oscillation 
(ENSO) in the tropical Pacific is perhaps the most 
remarkable pattern of sea surface temperature varia-
bility. During the warm phase of ENSO, called El Niño, 
the planetary-wave flux into the northern hemisphere 
stratosphere during winter is usually enhanced, and 
so is the probability of sudden stratospheric warm-
ings occurrence. As the phase of ENSO is predictable 
several months ahead, it provides an opportunity to 
skilfully predict stratospheric vortex anomalies and 
thus surface climate.

ENSO may be the most remarkable surface driver of 
the large-scale planetary-wave variability on seasonal 
timescales, but it is not the only one. Studies suggest 
that other modes of SST variability, such as the Atlantic 
Multidecadal Oscillation or the Pacific Decadal Oscilla-
tion, as well as anomalies in Arctic sea-ice extent during 
autumn, can also influence the strength of the polar 
vortex. Over the continents, snow cover also creates 
large-scale thermal contrasts and so contributes to 
the generation of planetary waves and potentially to 
perturbing the polar night jet.

The solar cycle and large volcanoes

The 11-year periodicity in solar activity opens a pos-
sibility for even longer climate predictions. Studies 
suggest that during winters with high solar activity, the 
polar night jet tends to be stronger, while near-surface 
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temperatures in northern mid-latitudes are milder. The 
opposite is true during years with low solar activity. 
This occurs because of differential heating of the 
stratosphere by ozone absorption of solar ultraviolet 
radiation, which creates Equator-to-Pole temperature 
gradients and affects the propagation of the planetary 
waves and their interaction with the polar night jet. This 
appears to be the key ingredient of the mechanism 
controlling the solar cycle modulation of the climate. 

Injections of aerosols into the tropical stratosphere 
by large volcanic eruptions may also create strong 
meridional temperature gradients, thus strengthening 
the polar night jet and leading to mild winters over 
northern Eurasia, although such massive events are 
rare.

The tropics and the poles

Another important factor that affects the propagation of 
planetary waves into the stratosphere is the direction of 
stratospheric winds over the Equator. In the equatorial 
stratosphere, the winds alternate between wester-
lies and easterlies in a period of roughly 28 months, 
which is a phenomenon known as the Quasi-Biennial 
Oscillation (QBO). The polar night jet weakens during 
the easterly phase of QBO and strengthens during its 
westerly phase. Modulation of the polar night jet by 
QBO further affects the position of the tropospheric jet 
and thus surface climate. Current climate models can 
skilfully predict the phase of QBO up to two years in 
advance, thus enhancing surface climate predictability 
over certain regions.

It is not just naturally occurring phenomena that cause 
the stratosphere to contribute to climate predictability. 
The Antarctic ozone hole, caused by chemical ozone 
depletion from substances mostly of anthropogenic 
origin, has dramatically changed the climate of the 
southern hemisphere over the last few decades. These 
changes include, for example, cooling of the Antarc-
tic continent, warming of the Antarctic Peninsula, a 
poleward shift of the storm tracks, strengthening of 
the circumpolar Antarctic Ocean current and even 
a poleward shift of subtropical precipitation. As 
the concentration of ozone-depleting substances is 
decreasing as a result of the international ban on 
their production (Montreal Protocol), many of these 
changes are expected to reverse by around the middle 
of the twenty-first century. This will either mitigate or 
reinforce the changes occurring because of increases 
in greenhouse gas concentrations.

A complex system

Although the stratosphere constitutes only a small 
fraction of the atmospheric mass, it is a key component 
of climate predictability beyond the timescale of a few 
days. Some climate drivers, such as QBO, the solar 
cycle or stratospheric ozone changes, interact with the 
climate directly in the stratosphere. Others, such as 
ENSO, affect the climate directly in the troposphere but 
also involve stratospheric pathways, thus prolonging 
their impacts and influencing climate in remote regions 
via teleconnections, and enhancing predictability. The 
skill of long-term surface climate predictions arising 
from stratospheric predictability is admittedly modest 

Schematic illustration of 
stratosphere-troposphere coupling 
in winter. (Left) Anomalous 
planetary wave flux propagates up 
and warms the stratospheric polar 
vortex. (Middle) Warm stratospheric 
conditions influence the position of 
tropospheric jet stream and (right) 
lead to surface weather anomalies 
over different parts of the Northern 
Hemisphere.
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in most cases, but even this level of skill is useful to many end-users and 
applications. An example is in the use of seasonal sea-ice predictions to 
guide transport in the Baltic Sea.

The future

What are the ways forward for us to benefit further from stratospheric 
predictability? There are still many questions to be answered and many 
problems to be solved. A better understanding and representation in 
climate models of factors contributing to planetary-wave generation and 
their interaction with stratospheric circulation is crucial in order to enhance 
climate predictability on timescales of weeks to months. 

Solving some of these problems requires raising the top level of models 
used for climate prediction above the stratosphere and enabling the 
internal generation of QBO in models. Several climate modelling centres 
around the world have already incorporated these updates into their 
operational forecast models. Furthermore, better capturing the signals of 
the solar cycle and stratospheric ozone variability may also require explicit 
representation of chemistry-climate interactions in models. This has the 
potential to improve predictability on timescales of a season and longer.

International collaboration between research groups and climate modelling 
centres is paramount for untangling scientific and modelling problems 
and thereby improving climate predictions.

References available in the online version

The Space Shuttle Endeavour 
orbiting at more than 200 miles 
in altitude and straddling the 
stratosphere and mesosphere. The 
orange layer is the troposphere, 
where all of the weather and 
clouds which we typically watch 
and experience are generated and 
contained. This orange layer gives 
way to the whitish Stratosphere and 
then into the Mesosphere. (Source: 
NASA/ STS-130 Shuttle Mission)
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Nowcasting for Central 
Europe
by Yong Wang1, Ingo Meirod-Mautner2, Alenka Sajn Slak3, Alexander Kann4  

High-impact weather has always posed challenges for 
crisis management and risk prevention. Nowcasting 
provides very short range weather forecasts (0–6 hours) 
and warnings in a timely manner and in high spatial 
detail. It can help end users such as civil protection 
authorities, hydrologists and road safety services in 
their time-critical applications to respond, prepare and 
take actions for high-impact weather.1234

Nowcasting information and warnings need to be 
tailored to end users, so that information can be 
understood and used in decision-making to enable 
timely action and preparedness. Multidisciplinary and 
cross-sector collaboration between meteorological 
services and end users is essential for nowcasting 
to be effectively used in crisis management and risk 
prevention. As weather does not stop at borders, 
successful crisis management and risk prevention 
also require transnational collaboration on nowcasting 
information and coordination on warnings. The Inte-
grated Nowcasting through Comprehensive Analysis for 
Central Europe (INCA-CE) project achieved all of these.

INCA-CE was co-funded by the European Regional 
Development Fund and participating members and 
implemented from April 2010 to September 2013 under 
the leadership of the Austrian Central Institute for 
Meteorology and Geodynamics (ZAMG), developers 
of the INCA system. It covered eight Central European 
countries – Austria, Czech Republic, Germany, Italy,

1  Department of Forecasting Models, Zentral Anstalt für 
Meterologie und Geodynamik (ZAMG), Austria

2  Department of Forecasting models, ZAMG
3  Enviroment Department, CGS plus d.o.o., Innovative IT 

and Enviromental Technologies, Slovenia
4 Department of Forecasting models, ZAMG

Poland, Slovakia, Hungary and Slovenia – had 16 
partners, and included many disciplines. The project 
was organized into six work packages and steered by 
an international scientific advisory board. Its main goal 
was the improvement of risk management standards 
and methodologies in order to enable more detailed 
transnational assessments and warnings.

The development and implementation of such a now-
casting system directly contributes to the Sendai Frame-
work for Disaster Risk Reduction (Sendai Framework) 
global goal to “substantially increase the availability 
of and access to multi-hazard early warning systems 
and disaster risk information and assessments to 
people by 2030.” Additionally, the goals and results of 
INCA-CE are closely ties to Sendai Framework Priority 
4: “Enhancing disaster preparedness for effective 
response…” At national and regional level, the INCA-CE 
project contributed in developing, maintaining and 
strengthening people-centred multi-hazard, multi-sector 
forecasting and early warning systems. The projected 
facilitated coordinated regional approaches and opera-
tional mechanisms to prepare for high impact weather 
situations by implementing a common nowcasting 
platform and through the exchange of guidelines and 
strategies in civil protection.

The INCA system 

End-user requirements and demands originated INCA 
and have continued to help in improving the system. 
A very high resolution spatial and temporal system, 
INCA provides weather analyses and nowcasting for 
a one kilometre squared (1 km2) grid and has a rapid 
update cycle, running every five minutes to one hour 
depending on weather parameters and application 
requirements. It is now used in many application areas 
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from public weather forecasts, civil protection, road 
management, renewable energy providers, and oper-
ational hydrology to building industries and research 
applications. 

INCA analysis merges, in real time, the available 
observations of automatic weather stations, radars and 
satellites, forecasts of numerical weather prediction 
models, and very high-resolution geographical and 
topographic data. As a multivariable system, INCA 
provides real-time analyses and nowcasting for precip-
itation amounts and types as well as for temperature, 
humidity, wind, cloudiness, snow fall line, ground 
temperature, convective parameters, global radiation, 
and so on. These quantities are essential for meeting 
the challenges of warning for high-impact weather 
and for satisfying the increasing demand for better 
services by end users.

International cooperation for success in 
nowcasting development 

Nowcasting is becoming increasingly important for 
warnings of high-impact weather and numerous other 
applications. It is essential that every national weather 
service runs its own nowcasting system and provides 
warning information tailored to the specific needs 
of its end users. In Central Europe, most weather 
services are small and often lack sufficient human 
resources, technical capacity and know-how to develop 

a state-of-the-art nowcasting system. 

Experiences from other cooperation programmes, 
such as the Regional Cooperation for Limited Area 
modelling in Central Europe (RC LACE, www.rclace.eu), 
have shown that a strong decentralized partnership 
between meteorological services is crucial for devel-
oping a nowcasting system. Additionally, international 
cooperation is also vital for many countries with regard 
to strengthening capacities and learning opportunities 
within the regions.

The success of INCA development and application at 
ZAMG attracted several Central European national and 
regional weather services to use INCA as a nowcast-
ing tool for operation and application. These include 
the Slovak Hydrometeorological Institute, the Czech 
Hydrometeorological Institute, the Hungarian Meteor-
ological Service, the Polish Institute of Meteorology 
and Water Management, the Environmental Agency of 
the Republic of Slovenia, and the Regional Agency for 
Environmental Protection of Friuli-Venezia-Giulia, Italy. 

Currently, INCA runs operationally at very high spatial 
resolution in space (1 km2) and time (15 min) at all 
partner weather services involved in the project. It has 
been tested and evaluated independently in different 
regions, and makes use of all available meteorological 
data.

Countries and regions marked with a blue star are operationally run INCA
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Interdisciplinary cooperation

A goal of INCA-CE is to improve disaster/risk manage-
ment standards and methodologies in order to enable 
management institutions and public authorities to 
issue more detailed risk assessments and warnings. 
INCA-CE has achieved this by focused on nowcasting 
applications within the three areas of operational 
hydrology, civil protection and road safety. 

The INCA-CE concept for interdisciplinary coopera-
tion is based on end user requirements for effective 
integration of nowcasting in crisis management and 
risk prevention. It consists of four stages: 

• Communication and understanding: Close col-
laboration is required between the nowcasting 
information providers and end users. This is vital 
to understand the demands of end users, and 
to communicate the strengths and limitations 
of nowcasting information. INCA-CE bridged 
the gap between nowcasting providers and end 
users, who are now incorporating nowcasting 
information into decision-making process. 

• Optimization and translation: INCA is optimized 
and configured to the needs of end users in their 
application areas. Nowcasting information is 
translated into user-relevant information for crisis 
management and risk prevention.

• Implementation and integration: The optimized 
INCA was implemented in operations in each 
partner country. The relevant nowcasting infor-
mation was then integrated into practices in 
partner agencies and institutions for operational 
hydrology, civil protection and road safety. 

• Evaluation and training: After the forecasting 
and decision-making processes were evaluated, 
the strengths and weaknesses of the integrated 
nowcasting and application were communi-
cated to nowcasting information providers and 
end users. This enabled further improvement 
of the integrated system of nowcasting and its 
application. Training was organized to improve 
capacity-building and knowledge transfer. 

Transnational cooperation

Weather and its impact know no borders, thus coop-
eration across borders – transnational cooperation 
– can greatly assist in addressing high-impact weather 
forecasting and the coordination of warnings on larger 
scales than possible without cooperation. Risks can 
often be handled more efficiently by the exchange 
of information with neighbouring countries. Jointly 
developed solutions are frequently more efficient and 
effective than the stand-alone efforts.

In Central Europe, transnational cooperation is indis-
pensable. INCA-CE, therefore, established three trans-
national working groups representing regional stake-
holders: Operational Hydrology, Civil Protection and 
Road Safety.  Furthermore, the INCA-CE transnational 
web-based dissemination system conveys nowcasting 
information and warnings to authorities and the public. 
The portal provides participating authorities with links 
to every national web portal containing nowcasting 
information for civil protection, road safety and oper-
ational hydrology. It also supports end users by giving 
an accurate and reliable overview of the transnational 
weather situation, thus enabling activities within the 
three application areas to be planned accordingly.

The main added value of this transnational coopera-
tion is a wider understanding of the “warning chain” 
extending from weather models to the dissemination 
of nowcasting information and warnings between 
countries. Recent events, such as the heavy storm 
that hit Hungary in April 2015 or the floods in Eastern 
Austria in May 2014, demonstrated the importance of 
common weather and warning platforms and coordi-
nated approaches in disaster impact reduction.

Individual INCA-CE partner countries also actively 
cooperate in knowledge exchange and dissemination 
of advanced nowcasting technologies with sister 
institutions in developing countries, thereby also 
directly supporting the Sendai Framework.

Forecast Demonstration Project 

The INCA-CE project addressed World Weather Research 
Programme (WWRP) objectives and contributed to its 
overall mission: to improve public safety, quality of 
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life, economic prosperity and environmental quality by 
bringing researchers and scientists from operational 
centres and users together. In 2011, WWRP established 
INCA-CE as a Forecast Demonstration Project. The 
involvement of  WWRP and WMO helped the INCA-CE 
concept to be implemented in other regions of the 
world, and facilitated the acquisition of know-how, 
expertise and experience between countries, especially 
in developing countries.

Beyond INCA-CE

Since the completion of the project’s implementation, 
on-going scientific breakthroughs – wind and gust 
nowcasting, probabilistic nowcasting, road weather 
forecasts, convective precipitation nowcasting – have 
been implemented gradually into the operational 
warning chains in close coordination with national 
authorities in order to guarantee an effective use of 
these new technologies. 

Since 2014, the INCA-CE web portal has made oper-
ationally, rapidly updated nowcasting information 
available to the general public and professional end 
users. More international partners have also joined the 
INCA development. Recommendations and guidelines 
developed from INCA-CE have been implemented 
in the operational environment in Central European 
countries, and further refined in framework of several 
European Union and EUMETNET (a grouping of 31 
European National Meteorological Services) projects 

led by ZAMG, for example, PROFORCE (seamless 
probabilistic forecasts for civil protection) and ASIST 
(Application oriented analysis and very short range 
forecast environment). 

In the coming years, the evaluated INCA technique and 
high-impact weather warning concepts from INCA-CE 
will be transferred to developing countries through 
international cooperation and training. As this goes 
forward, efforts will be made to spread the INCA-CE 
cooperation ideal, in particular, its comprehensive 
interdisciplinary partnership with respect to countries 
and institutions/authorities, in similar initiatives in 
other regions of the world. 

In the hotter, drier, wetter future that lies ahead, INCA-CE 
will help to increase preparedness for high-impact and 
extreme weather events which will recur in higher 
frequency with increasing intensity.
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