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In this issue

WMO maintained its commitment to Engage Youth in
Weather and Climate throughout 2014. The Secretariat
welcomed hundreds of high schools students on day
trips and for various model United Nations events, staff
participated in activities for youth organized by WMO
Members and partners and the new WMO-for-youth website
regularly issued new pages on diverse topics in order to
capture their interest. Activities for Early Career Scientists
at the World Weather Open Science Conference, held in
Montreal in August, are the subject of the first article of this
Bulletin. Women in Meteorology aims to encourage young
women to choose a career in sciences and thus follow in
the footsteps of successful women in science. This will also
be a special focus of the upcoming WMO Conference on
the Gender Dimensions of Weather and Climate Services.
International Migration in a Globalizing World: The Role
of Youth, published by the UN Population Division of the
Department of Economic and Social Affairs (DESA), shows
that youth and young adults, that is those aged 18 to 29,
are the most mobile group among all ages. The main
reasons for their migration are employment, education,
family formation and reunification as well as conflict and
persecution. Another factor that is affecting migration – for
example, in the small island developing states (SIDS) of the
South Pacific – is climate change. In The Impact of Climate
Change: Migration and Cities in South America, the International Organization for Migration (IOM) looks at recent
initiatives linking population mobility, urban settlements
and environmental change, including climate change.
Most migration is toward urban centres where air quality
may be especially detrimental as emissions are concentrated and the urban heat island effect can amplify pollution
levels. Over the last century, poor air quality has become
a critical environmental, economic, and health problem
around the world. Air Quality and Human Health, a priority
for joint action looks at the some of the issues discussed at
the recent World Health Organization (WHO) Conference
on Climate Change and Human Health. It is followed by
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Observing the Global Atmosphere by Instrumented Passenger Aircraft – The Story of IAGOS, which explains how
some air quality data is acquired.
This issue of the Bulletin contains three pictographic
stories. The first two, in the centrefold, illustrate the UN
Climate Summit in New York and the Global Framework for
Climate Services (GFCS) initiative to support the Maasai
Community in Tanzania. The third, on the WMO participation in the UN SIDS 2014 Conference in Samoa, is at the
end of the Bulletin.
Economic losses related to geophysical, meteorological,
hydrological and climatological events have risen three to
fourfold in the United States of America over the past 30
years. Building a Weather-Ready Nation highlights how
the US National Oceanic and Atmospheric Administration
(NOAA) is preparing communities to respond appropriately
to these events. In Pinpointing Regional Climate Change,
the Massachusetts Institute of Technology (MIT) seeks to
answer: “How severely will climate change affect different
regions the US?”
The 19th session of the Conference of Parties (November
2013) of the United Nations Framework Convention on
Climate Change established the Warsaw International
Mechanism for Loss and Damage associated with Climate
Change Impacts. Hazard information is fundamental for
calculating risks of disasters before they occur and for
documenting the losses and damage afterwards. Two
articles in this Bulletin look at issues and needs related to,
first, the standardization of information on hazard events
and, second, the retrospective assessment of disaster risk.
Our two final articles are Preparing the Use of New Generation Geostational Meteorological Satellites, by Tillmann
Mohr, winner of the 58th International Meteorological
Organization (IMO) Prize (2013), and a review of the e-book
Communicating Hydrometric Data Quality: What, How and
Why.

Early Career Scientists

By WMO Secretariat

WMO provided limited support to over 60 early career
scientists, who were selected based on their abstract
submissions to attend the Montreal Conference. In
total, over 1000 were received from over 50 countries.
The early career scientists requesting funding had to
be under 35 years of age at the deadline for abstract
submission and were required to provide a letter of
recommendation from their supervisor. The submissions
were ranked by quality of abstract by the conference
science programme committee.
The early career scientist activities were well attended
and added a certain dynamism to the Conference. At
a lunchtime event where experienced scientists sat
down to eat with the youth and informally discuss
their careers, latecomers had to be turned away. In a
session where Young Earth System Scientists Community (YESS) representative Florian Rauser, of the Max
Planck Institute for Meteorology in Hamburg, provided
insight into their activities and experiences, there was
* The next issue of the Bulletin will include a summary of the Conference.

standing room only. At that event, inspired by what
had been accomplished by the Association of Polar
Early Career Scientists (APECS) during the International
Polar Year (2007–2008), Julia Keller, a young scientist at
Deutscher Wetterdienst, put forward the idea of creating a similar association focusing on weather science
and its application for young scientists from various
countries – developed and developing – as well as from
different scientific branches. An alternate proposal was
to build on what exists by expanding the mandate and
reach of YESS.

Jacques Lavigne, Amethyste Communications

The science community is concerned: many established
researchers plan to retire in the coming decade and
there is a dearth of early and mid-career researchers
ready to take their place and contribute in a meaningful
way. Unless young scientists are encouraged, trained
and mentored in various scientific fields, knowledge
gaps will occur. This is especially true as the growing
and urbanizing global population, confronted with the
limited resources of a finite world, faces exceptional
weather and climate related vulnerabilities. At the World
Weather Open Science Conference*, held in Montreal
from 16 to 21 August, WMO made a concerted effort
to reach out to the early career scientists – some 100
volunteer science students from McGill University and
l’Université de Québec à Montréal as well as early career
meteorologists from around the world. 1

Florian Rauser and Julia Keller putting forward the idea of
creating an association for young social and applied scientists

The APECS experience
APECS is one of few successful organizations of its kind.
It developed in concert with the fourth International Polar
Year (2007–2008) thanks to the efforts and energy of
early career professionals in both research and outreach
programmes. The goal of APECS in the International Polar
Year was to enhance the roles of early career professionals
in international research and to identify opportunities for
them to gain the additional skills needed for successful
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careers. The International Council of Science (ICSU) and
WMO – sponsors of the International Polar Year – recognize
that it is APECS that will carry forward the momentum of
polar research, education and outreach in the years to come.
The lessons learned from creating APECS now serve as
a model for how other initiatives can include and recruit
early career researchers in a meaningful and lasting way.
In order to build meaningful partnerships with professional
organizations, APECS initiated discussions in 2007 with
overarching senior international polar organizations such
as the International Arctic Science Committee and the
Scientific Committee on Antarctic Research. These discussions resulted in the inclusion of early career researchers
in activities of the senior research community.
A number of factors were imperative to the success of
APECS during and beyond International Polar Year:
1.

The energy, momentum and desire required for early
career programmes to be successful must come from
the early career researchers themselves.

2.

True support from organizations and partners that
are willing to engage young researchers is integral
to having meaningful involvement for early career
researchers.

3.

Direct involvement of established scientists alongside
early career researchers is needed to bridge knowledge
gaps and develop mentorship programmes.

4.

The governance and management of associations
and projects for early career researchers need to be
driven by them; they also need to be designed for a
quick turnover rate in order to maintain momentum
and energy in face of changing personnel and to assure
that early career researchers have time to concentrate
on their research while being active in leadership roles.

5.

Dedicated coordination staff and funding can create
a lot of synergies and activities, and are critical for
building and maintaining institutional memory.

6.

Programmes for early career researchers need to offer
services and activities that go beyond home institutions
and national boundaries to ensure interdisciplinary
and international collaborations.

APECS filled the neglected gap of career development
activities for young researchers by making strong connections to the senior leaders in the field. By creating a
continuum of knowledge between early career and senior
researchers, APECS explored new ways to sustain the
international leadership, involvement and energy of Early
Career Researchers beyond the International Polar Year.
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The Association continues to grow and expand, and is
now actively shaping both the present and future of polar
research. As of 2014, APECS counts more than 4 700 members in 75 countries. It represents people with a wide range
of scientific expertise and interests including anthropology,
atmospheric science, biology, biogeochemistry, culture
and heritage studies, education, glaciology, geology,
linguistics, oceanography, paleontology, permafrost, polar
law, sociology and space studies.
Over the next decade the polar regions will undergo many
changes, and polar researchers will be continually challenged as these changes impact people, infrastructure and
ecosystems. It is imperative that early career researchers
stay connected to and engaged in polar topics. Without
this support, much of the energy and enthusiasm created
during the International Polar Year will dissipate and be
lost by the polar community and to science and society
as a whole.

Bridge between applied and social sciences
The World Weather Open science Conference brought
private and academic sector meteorologists, forecasters,
social scientists and application developers related to
the weather science and user communities together to
review progress in meteorological science and to define
the long-term research agenda. It recognized the many
ways in which society is vulnerable to weather-related
impacts – and how such impacts will be exacerbated
by climate change. Most notably, it emphasized the
need for applied scientists to work hand-in-hand with
partners in the social sciences to achieve the advancements in science desperately needed by society. This

on how to develop their own careers and where the
scientific challenges of the future would be.

Jacques Lavigne, Amethyste Communications

is the spirit in which Ms Keller proposed the creation of
an association to bring early career applied and social
scientist together to respond to society’s changing and
growing demand for better and more timely science.
Though enthusiastic, Ms Keller advanced the idea with
caution, repeating the first lesson from the APECS experience, “The energy, momentum and desire required for
early career programmes to be successful must come
from the early career researchers themselves.” Mr Rauser
further underlined that the creation and maintenance of
such an association would be demanding on members
to keep it going as the YESS experience showed.
Called by Ms Keller to join the discussion, Deon Terblanche, Director, WMO World Weather Research Programme, spoke brief but inspiring words. He looked
back at his career and underlined the importance of
networking, pointing out that current early career scientists will be the leaders in weather science in a couple
of years. They will be in position to shape the future of
weather and related social sciences.
Following the APECS example, an early career scientist
association in the weather and users community could
help the young scientists to grow their network, extend
their experience and further advance their career. Members would benefit from activities such as web-based
exchanges of scientific and career experiences and the
organization of an interdisciplinary early career scientist
conference, following the example of YESS in 2013. The
association would form the exchange base for early
career scientists from all over the world to take forward
issues that require a global approach.
A core group of young scientists felt motivated to keep
the discussion going, but many questions arose. It would
take time to build momentum and a base of members,
would it not be better to join the YESS network? Funding
would be needed and a host, would WMO be willing to
play a role? The conversation continued in less formal
settings over the last two days of the Conference. Over
the coming weeks, Ms. Keller in coordination with Mr.
Rauser will study the possibilities, advantages and
drawback of creating or joining another association
such as YESS association.

The Association of Hydro-Meteorological Equipment Industry
first Award for Young Engineers was granted in Montreal to
Dr. Ryan Said of Vaisala for Mastering Hardware and Software
Solution in the Development and Implementation of a Global
Lightning Detection Network
Demand for skilled professionals in the area of meteorology and climatology is on the increase, especially
in the developing countries where development is
often set back by repeated weather and climate-related
disasters. More emphasis is also being placed on
attracting women into the sciences in order that they be
properly represented and fully integrated into weather
and climate related decision-making. In line with its
2014 theme, WMO is Engaging Youth on Weather and
Climate, encouraging them to choose careers in sciences
and to interact more closely with professionals in the
social sciences fields in order to create the weather and
climate services tailored to users needs.
WMO Contributor
Sylvie Castonguay, Editor, Communications and Public
Affairs
Aknowledgements
•

Excerpts on the Association of Polar Early Career
Scientists (APECs) taken from Polar Research Education, Outreach And Communication During The
Fourth IPY

•

Deon Terblanch, Director, Atmospheric Research
and Environment Branch

•

Julia Keller, Deutscher Wetterdienst

Engaging youth
The young scientists were actively engaged in the
conference, presenting their work, networking and
drafting session summaries that will inform the white
papers now being compiled in book format as a legacy
to the conference. Rarely offered opportunities to meet
scientists of international renown, they seized every
occasion to exchange thoughts with these scientists
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Women in Meteorology

By WMO Secretariat

At international, national and local levels, there is a
drive to improve access for women to technology,
information, science education and technical training
and to strengthen the position of women scientists and
technologists. Ensuring that women have equal access
to science education and technology is an essential
catalyst to ensure that the developers and users of
weather, water and climate services provided by WMO
and its Members serve the global community – men,
women, boys, girls. This commitment strengthens the
position of women as scientists, technologists and
users of weather, water and climate services and fosters
increased participation of women in weather and climate
decision and policy-making.
The WMO Conference on the Gender Dimensions of
Weather and Climate Services, Geneva, 5–7 November,
will offer a special side-event on empowering women
– who represent less than one-third of professionals
in meteorology and hydrology – to participate in the
dynamic career opportunities available nationally and
internationally in weather, climate and water sciences
and policy.
Young girls are often discouraged to pursue science as
a career and intimidated by perceived competition with
males at every level of the educational and working
spectrum of the scientific world. Women professionals
can play a large role in encouraging young girls and
women in pursuing an education in science, particularly
meteorology and hydrology.
Can women be successful in science? The overwhelmingly positive experiences from the women interviewed
below proves that they can. These women overcame
obstacles to be the “first” women in many areas of their
careers and to pave a way for others to follow.
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A career in meteorology and hydrology can open the
world to you.

Sue Barrell, Australia
Sue Barrell loved math and science when she was in school.
When she started thinking about
her career choices, ”Meteorology
seemed to combine all the things
I valued – and they happened to
advertised for trainee meteorologists just at the right time!” She
went on to earn a Ph.D. in Astronomy from the Australian
National University, a Bachelor of Science in Physics from
the University of Canterbury (New Zealand), a Graduate
Diploma in Meteorology from the Bureau of Meteorology
and to become a Graduate member of the Australian
Institute of Company Directors.
Dr Barrell is now the Vice-President of the WMO Commission for Basic Systems and Chair of the Inter-commission
Coordination Group of the WMO Integrated Global Observing System (WIGOS). She served on the Australian Space
Industry Innovation Council and is Australia’s Principal
Delegate to the Group on Earth Observations (GEO). She
is a member of the Australian Communications and Media
Authority (ACMA) Radiocommunications Consultative
Committee and sits on the Steering Committee of the
Australian National Telescope Facility. Over the years, she
has served as acting Deputy Director, Information Systems
and Services, Chief Information Officer and as Assistant
Director, Observations and Engineering, at the Bureau of
Meteorology of Australia. Despite her many responsibilities,
she considers herself “very lucky to have worked doing
the things I loved doing and with the challenge of learning
something new every day.”

Her biggest challenge has been “getting the right balance
between work and my home life. But my family is usually
good at reminding me of this!” Apart from her family, she
regards winning a tiny slice of the IPCC Nobel Peace prize
and being elected as a Fellow of the Australian Academy
of Technological Sciences and Engineering in 2013 as her
greatest achievements. In addition, “Becoming the first
female meteorologist to win a senior executive role in
the Bureau has helped me inspire others along the way.”

Sri Woro Budiati
Harijono, Indonesia

Barbara Tapia, Chile

Dr Ir. Sri Woro B. Harijono was
the first woman Director General of the Agency for Meteorology Climatology and Geophysics of Indonesia (BMKG). From
2010 to 2014, she was also the
President of WMO Regional
Association V (South West Pacific). Today, Dr Harijono
is an advisor to the Minister of Transportation of the
Republic of Indonesia on Meteorology Climatology and
Geophysics. “There is nothing that can’t be achieved, it
is just a matter of deciding if you want to do it or not,”
asserts Dr Harijono.

When living close to the border
between the United States of
America and Canada, Barbara
Tapia experienced ex treme
weather conditions for the first
time. Marked by the experience,
Ms Tapia decided to embark
on a career in meteorology, “I
thought that I would be able to better understand the
dynamics of the atmospheric conditions that I had
experienced. It was the best decision!” She holds a
Bachelor Degree in Meteorology and a Masters Degree
in Management and Public Policy.

Having obtained a doctoral degree in atmospheric
sciences from the Institute of Technology Bandung
(ITB), Dr Harijono started her career as a Coordinator
of the Weather Modification Program at the Agency for
Assessment and Application of Technology in 1985. “My
responsibility required me to gain in depth understanding of cloud microphysics processes, which I thought
very unique, yet fascinating.” She remained in that post
until 1999 when she became Deputy of the Research and
Technology Program of the Ministry of Research and
Technology. She left that position to become Deputy
of Data from 2004 to 2005 in the agency that would be
renamed BMKG.

Ms Tapia, a Senior Meteorologist at the Chilean Meteorological Service, is currently stationed at the Pacific
Regional Meteorological Centre on Easter Island. In
2014, she was elected Vice-President of the WMO Commission of Climatology (CCl). During her career, she
led the Working Group on Climate Services for South
America, coordinated the implementation processes
of two WMO Regional Climate Centres in the South
America region and carried out other climate related
activities. In 2002, Ms. Tapia spent a year working for
the WMO World Climate Programme.

She believes her greatest accomplishment was the
development of the Indonesian Tsunami Early Warning System and the Tropical Cyclone Warning Centre.
But BKMG also recognizes the important contributions
she made to the creation of the Weather and Climate
Warning Centre and the Division for Research and
Development. She is proudest of her son and daughter,
both are medical doctors.

Dr Barrell recommends a career in meteorology to young
women as it offers many opportunities. “It can move you
from different roles within the organization and can take
you around the world.”

Her work on climate issues has earned her recognition
at the regional and international levels, she is very proud
to be the first female representative from South America
elected as Vice-President of CCl.
Ms Tapia claims that success came from perseverance
and always wanting to accomplish “something more”
than others. But it was not always easy. “Unfortunately,
we women still need to go the extra mile to prove our
abilities,” observed Ms Tapia. “I would recommend that
young women scientists remain open-minded, because
there are several different areas in which to develop
one’s career in the meteorological field.”

To young women embarking a scientific career she
recommends to “be a lifelong learner“ but also “to
balance your private life and your work.”

Nadia Pinardi, Italy
Professor Nadia Pinardi is passionate about science and its
usefulness for society, so her
decision to have a career in
physics and mathematics was
logical. “I like to understand the
laws of nature. Science is like
artistic inspiration, providing a
new vision of nature.”
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Today, Prof. Pinardi holds a Ph.D. in Applied Physics
from Harvard University and is an associate Professor
of Oceanography at Bologna University. She directs
the Operational Oceanography Group of the Istituto
Nazionale di Geofisica e Vulcanologia and is co-president
of the Joint Committee for Oceanography and Marine
Meteorology (JCOMM) of WMO/IOC-UNESCO (Intergovernmental Oceanographic Commission of the United
Nations Educational, Scientific and Cultural Organization). Prof. Pinardi is a member of both the European
Environment Agency Scientific Advisory Committee and
the European Research Council for Earth Sciences, and
was awarded the European Geophysical Union Fridtjof
Nansen Medal for Oceanography in 2007 and the Roger
Revelle Unesco Medal in 2008.
Prof. Pinardi claims the key to success is “hard work
because even geniuses have to work hard. And luck
because I was lucky to find people who cared about my
education and gave me a research topic so visionary
that I built an entire career on it.”
She is proudest “to have started the field of ocean
forecasting, down to the operational service design and
implementation.” Though she claims that to be her greatest achievement, she insists that her biggest challenge
was “to reconcile private and working life – bringing-up
a family and having a career in scientific research.”
Twisting the old saying to her personal experience she
notes that, “Behind a great woman, there is always a
caring man!”
Her recommendation for young women starting a career
in Applied Physics is “to look for people and institutions
that have the highest level of scientific achievements
and that have a mission.”

Federica Rossi, Italy
“If you do what you like it
will be more interesting, and
you will reach better results,”
says Federica Rossi to young
female scientists. She followed
her own advice. Fascinated
by research, Federica earned a
Ph.D. in Agricultural Science at
the University of Bologna then dedicated her career to
agriculture meteorology, a field she knew would have
a big impact on people’s lives.
“Being a researcher is a hard job, but you need to be a
360° person and not only a scientist,” says Ms Rossi. The
various areas in which she is active certainly prove that:
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•

Senior Researcher at the Italian National Research
Council, Institute of Biometeorology (IBIMET),
leading the working team on Micrometeorology,
Ecophysiology and Productivity of Natural and
Agricultural Systems;

•

Representative of Italy in the International Society
Horticultural Science;

•

Representatitve of Italy on the Management Committee of the Cost Action 734 “Impacts of Climate
Change and Variability on European Agriculture” and
of the Cost Action 718 “Meteorological Applications
in Agriculture” (COST is one of the longest-running
European frameworks supporting cooperation
among scientists and researchers across Europe);

•

Member of the Editorial Board of the Italian Journal
of Agrometeorology;

•

Web Editor and founding Member of the International
Society of Agrometeorology;

•

Vice-Director of the Fabbrica del Futuro, a Project
of the Italian Ministry of Education and Research to
improve the competitiveness of the Italian industry
and of products branded “Made in Italy” within the
global context; and

•

Vice-President of WMO Commission for Agricultural
Meteorology (CAgM) since 2010.

The hardest challenge for a researcher like her is “the
huge amount of time to be spent in finding money” she
says. However, she believes that success takes dedication and bit of fantasy. She encourages young people
to “dedicate time to others and to support the people
working with you.” She urges them to keep a positive
attitude and to work in teams. “Do not be afraid to fight
for your ideas, but respect the ideas of others.”

Vida Auguliene, Lithuania
“Meteorology is a rare profession – romantic and independent of political influence
– which allows consistent and
interesting work,” claims Vida
Auguliene. As Director of the
Lithuanian Hydrometeorological Service (LHS), Permanent
Representative of Lithuania to WMO since 2006 and
Vice-President of WMO Regional Association VI (Europe)
since 2011, she is well placed to strongly recommend
her career choice to young women.

Ms Auguliene did her diploma studies at Vilnius University before holding various positions at the predecessor to the present-day LHS. In 1994, she became
the Chief Specialist for Environmental Monitoring at
the Environmental Protection Agency of the Ministry
of Environment. She left that post in 2004 to become
the Deputy Director of LHS. Ms Auguliene represents
Lithuania at EUMETSAT (European Organization for
the Exploitation of Meteorological Satellites), ECMWF
(European Center for Medium range Weather Forecasting) and HIRLAM (High Resolution Limited Area Model).
She has chaired the EUMETSAT Advisory Committee
of Cooperating States since 2008. Over her career, she
published several papers on ambient air quality as well
as on meteorological issues, and coordinated various
international and national projects and programmes.
She perceives her greatest achievements to be her
contribution to the modernization of Lithuanian hydrometeorological infrastructure and services. Prior to
modernization in 2005, only 43% of survey respondents
thought weather forecasts were important. In 2009, after
some remarkable improvements, the number increased
to 70%, and in 2012 to 86%.
“If you love what you are doing, you will be successful,”
says Ms Auguliene. “Real leaders are shaped to overcome challenges, control stress, sweat and practice.”

Agnes Kijazi, Tanzania
Dr Agnes Kijazi rose from the
lowest ranks of National Meteorological Service in the United
Republic of Tanzania, which she
joined in 1987 as a meteorological assistant, to be the Director
General. She is the first woman
in the East African Region to
hold such a post and to be elected to the WMO Executive Council.
A desire to further help her country to better cope with
extreme weather events motivated Ms Kijazi to join the
undergraduate program in Meteorology at the University of Nairobi in 1996. She completed her Bachelor
of Science in 2000, and went on to do a Master’s in
Environmental Science at the University of Cape Town
in 2004. She earned her Doctorate in Meteorology at
the University of Cape Town in 2008.
Her career has brought her personal satisfaction, however, Dr Kijazi is most gratified to have paved a way for
young women in science. “Unfortunately, women are
discouraged from choosing scientific studies in Africa.
They should not be. Instead, they should look at the

women that have succeeded in these fields and know
they can make it too,” urged Dr Kijazi.
The key to success “is not only hard work, but also
support from family and relatives” stated Dr Kijazi who
was married when she started her studies. “It turned
out to be very important,” she said smiling.

Laura Furgione,
United States of America
“I grew up on a five-generation
farm in Missouri, so I understood the importance of accurate weather information very
early,” explains Laura Furgione.
“Weather impacts everyone and
everything. There is no other
field that has such a broad and diverse mission.”
Ms Furgione obtained a Bachelor of Science Degree in
Atmospheric Science from the University of MissouriColumbia and a Master of Public Administration Degree
from the University of Alaska-Southeast. “I found my
options unlimited, there are so many geographical
choices of employment. If you don’t restrict yourselves
geographically, the opportunities are endless.”
Since 2010, Ms Furgione has been the Deputy Assistant
Administrator for Weather Services and the Deputy
Director of the National Weather Service (NWS), both
part of the United States National Oceanic and Atmospheric Administration (NOAA). In this role, she is
responsible for the day-to-day civilian weather operations
for the United States, its territories, adjacent waters
and ocean areas. She was the proud recipient of two
NOAA Administrator’s Awards in 2011 – one for NOAA’s
Arctic Vision and Strategy and another for developing
NOAA’s Strategy Execution and Evaluation system. Ms
Furgione was designated as the United States Permanent
Representative to the WMO in March 2013.
Being passionate and curious about what one does is
the key to success for Laura Furgione. “I always ask a
lot of questions and get involved in as many activities
as possible.”
WMO Contributors
•

Assia Alexieva, Monitoring & Evaluation Officer,
Strategic Planning Office

•

Veronica Grasso, Project Officer, Global Framework
for Climate Services Office
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The Impact of Climate Change:
Migration and Cities in South
America

By Elizabeth Warn1, Susana B. Adamo2

Cities – particularly megacities – are becoming focal
points for climate change impacts. Rapid urbanization,
accelerating demand for housing, resource supplies and
social and health services, place pressure on already
stretched physical, social and regulatory infrastructure,
heightening risks and vulnerability. In South America,
internal migration flows – as well as immigration – are
mostly to cities. Migrants, notably those of low socioeconomic status, are often particularly vulnerable as they
are more likely to reside in areas at risk of environmental
hazards. They are also likely to lack local knowledge,
networks and assets, and are, therefore, less prepared
to cope with, and avoid, the impacts of these hazards.1
The impact of climate change and environmental degradation on migration and cities is not fully known. Sea
level rise, land degradation and desertification, as well
as changes in water availability, including glacial melt,
are three important factors in the interplay of migration
drivers and environmental change. Additional migration
to cities is likely to exacerbate pre-existing vulnerabilities
related to inequality, poverty, indigence and informality
(informal work and settlements), and worsen the situation of those exposed to environmental risk factors. This
places further stress on the ability of cities to adapt to
climate change. At the same time, migration and other
forms of mobility are common responses for coping
with and adapting to environmental hardship, stress
and risks. Migrants make important contributions to the
cities that they live in, and migration to cities should,
therefore, be appropriately managed and planned for.2
Senior Regional Specialist in Migration and Development for South
America, International Organization for Migration (IOM)
1

Associate Research Scientist at CIESIN (Center for International earth
Science Information Network), Co-coordinator of PERN (PopulationEnvironment Research Network) and Adjunct Assistant Professor at
Columbia University. This article draws on her presentation “Migration,
cities and climate change in Latin America” for the Hamburg Conference
2
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Understanding the dynamics between migration and
cities is an important priority of the International Organization for Migration (IOM). The Organization´s 2014
World Migration Report and upcoming Ministerial-level
conference will be devoted to migrants and cities.3 This
article highlights some of the recent processes linking
population mobility, urban settlements and environmental change, including climate change in South America.

Cities and urban growth in South America
South America and the Caribbean is the most urbanized
of the developing regions and one of the most urbanized
in the world. In 2010, 83% of the population of South
America resided in cities – it will be 86% by 2020. While
the Southern cone has some of the lowest population
densities in the world, a high proportion live in one or
two very large cities per country.
More than 20% of the population of Latin America is
concentrated in the largest city of each country. With
total populations in excess of 10 million, Buenos Aires,
Rio de Janeiro, Sao Paulo, and Belo Horizonte already
count as megacities. While Bogota, Lima and Santiago
are approaching the 10 million mark. These cities make
up social, economic and, in many cases, political hubs,
being home to a major share of urban dwellers in the
region.
In the last decades, urban growth within South America
has been less rapid in large cities and megacities than
Actions for the Climate-Induced Migration, Hamburg, 16-18 July 2013
ciesin.columbia.edu/binaries/web/global/news/2013/adamo_hamburgconf_jul2013.pdf. Ms Adamo is also a member of ALAP (Latin American
Association for Population). In 2015 IOM and ALAP will organize a joint
workshop for academics on Migration, Environment, Climate Change
and Development.
3

Forthcoming in 2014.

anticipated. Instead, growth is concentrating in mid-size
or small cities and urban centres or in the margins of
metropolitan regions. Cities are spreading out further
and further over large metropolitan urban areas, across
municipal, regional and even national borders.

land degradation and desertification may also play a role
as a migration driver. For example, a significant proportion
of the population of the landslide and flood susceptible
favelas of Rio de Janeiro are migrants from the dryland
areas in northeast Brazil.

Migration, immigrants and cities in South
America

Immigration flows are generally directed to major cities.
In Argentina, Chile and Brazil, most immigrants are concentrated in large cities. In Argentina, 70% of migrants
are thought to reside in the Metropolitan Area of Buenos
Aires, in Chile 65% reside in the Metropolitan Area of
Santiago, while the majority of those in Brazil live in São
Paulo and, to a lesser extent, Rio de Janeiro and Paraná.
Migration from lesser developed to more prominent cities
has gained importance in recent years but is still vastly
understudied. Recent international immigration in South
America originates from within the region. Nevertheless,
immigration remains a small percent of migration in the
majority of the region. There are also important numbers
of internally displaced persons due to conflict or natural
hazards, predominately in Peru and Colombia. Urban
displaced persons converge on capitals and megacities,
but also on peri-urban areas and secondary cities, for
example Santa Marta in Colombia.
Estimates of the number of immigrants in cities in South
America remain imprecise primarily due to a lack of data,4
but also due to levels of irregularity. There are few studies
that specifically assess the conditions of migrants vis-à-vis
native-born populations. Migration is mainly driven by the
search for better opportunities, including employment and
higher salaries, but also by poverty in the areas of origin.
Immigrants and migrants usually derive from lower socioeconomic groups, experiencing greater levels of poverty,
delayed social mobility and precarious social conditions.
Cities, in particular capitals, are perceived to be centres
of economic growth and employment opportunities for
migrants. Conflict and generalized violence drives migration
in certain areas, from rural to urban areas and between
and within urban areas. Environmental factors including
Data regarding foreign-born individuals are scarce, and are normally
taken from census data, and at times from household surveys, both
sources which have their limitations.
4

Scott Wallace, World Bank

In terms of internal mobility, cities are important recipients
of predominately urban-urban, rural-urban and intra-urban
flows. There are also flows of urban-rural, seasonal and
temporary migration, which remain difficult to quantify.
Within the region, Chile and Colombia have some of the
highest rates of lifetime internal migration intensity with far
higher rates of internal compared to international migration.

A favela on the outskirts of Salvador de Bahia, Brazil

The interrelationship between climate
change, urban risk, migration and cities
Migration patterns are modified or exacerbated by climate
events and trends rather than solely caused by them, making the impact of environmental or climate change dynamics hard to predict. Urban areas and cities are affected by
slow-onset events, changes in water availability and the
general scarcity of natural resources, which may also be
linked with potential migration.
Low-level coastal zones will be affected by a rise in sea
level, changes in rainfall regimes and the ocean chemistry.
Degradation of coastal/marine ecosystems will affect areas
that are considered among the most important in terms
of urbanization and economic change. Sea level rise in
South America is more likely to affect urban rather than
rural dwellers – 77% of those considered to be in at risk
areas live in cities. Small and medium-sized cities could
become destinations for migration flows from larger cities as sea level rise and water scarcity hit large coastal
metropolitan areas.
Access to, and use of water, is likely to be one of the
greatest challenges to cities in South America. Greater
urban growth implies increased water use in cities, and
the possible need to divert water to these cities to meet
demands. Glacier retreat and melt can exacerbate current
water resources-related vulnerability, affecting water
availability and impacting on large cities and urban settlements, notably La Paz, El Alto, Lima, Arequipa, and Quito.
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Agricultural production in the outskirts of large cities and
urban zones requires intensive water use. Diverting water
to cities can undermine the viability of local agriculture,
particularly in dry climates, which may also have migration
implications. “In Bolivia, decreasing water availability
[partially due to glacial melt] could lead to changing land
use, an accelerated rate of depopulation and further
migration towards cities”.5 Studies that have linked projected impacts of water availability on agriculture, and the
corresponding economic impacts, suggest that full-scale
migration could occur from Brazil´s northeast.

Cities: environmental hazards, vulnerability
and heightened risks
The increase and intensity of sudden onset natural hazards
such as droughts, extreme temperatures and heavy rains
are likely to be the most immediate impacts of climate
change on cities, linked with mobility. The urban population in South America is concentrated in areas of high
vulnerability to environmental and climate hazards. Cities
located in areas at high risks of droughts, earthquakes and

Hoffmann, D. (2008) Consecuencias del Retroceso Glaciar En La
Cordillera Boliviana. Pirineos, 163, 77-84
5

floods, such as Quito and Santiago, are facing multiple
hazards.Quito is also vulnerable to landslides and a volcano.
Examples of how environmental hazards have affected
cities in South America are numerous, and are likely
to increase as the impacts of climate change intensify
and urban populations grow and concentrate. In Quito,
during the winter of 2010, excessive rainfall contributed
to a landslide in a marginal area, killing five people and
forcing the relocation of at least 130 families. In Bogota,
in 2011, rainfall was 300% higher than normal, triggering
the evacuation of 711 buildings and the displacement of
thousands. In Rio de Janeiro, in 2013, excessive rainfall
caused flooding and mudslides in metropolitan areas.
Additionally, a large proportion of urban expansion is
taking place in areas exposed to environmental hazards
such as low-lying deltas and, low-lying plains, coastal
zones, stepped slopes and drylands. There is an increasing concentration of population on potentially hazardous
locations in coastal megacities, especially in informal settlements. These areas are ill-suited to settlements as they are
particularly prone to flooding and seasonal storms, and
risks are amplified due to lack of essential infrastructure
and services or inadequate provision for adaptation. For
example, in Buenos Aires, informal settlements can be

The effects climate change has on different
countries are not proportional to their respective
contributions to greenhouse gas emissions.
Rather, they vary greatly and in some cases the
effects may even be positive in specific regions.
This presents a general paradox: the countries
that are the highest emitters may experience
less impact, while those that are lower emitters
may experience the greatest impact. Metropolitan areas in the region are experiencing
different levels of risk as a result of extreme
events such as cyclones, floods and droughts.
Owing to their location, the cities of Central
America, the Caribbean and Mexico, as well as
those in central and western Colombia and the
coastal areas of eastern Argentina and Brazil,
are the most vulnerable to climate hazards.
- Nieves López Izquierdo, Associate Consultant
UNEP/GRID-Arendal
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found in low-lying areas prone to flooding, while in Rio de
Janeiro they are located on hilly areas prone to landslides
and mudslides.
The individuals that are most at risk from the likely impacts
of climate change come from lower income groups. They
face the greatest risks when environmental hazards occur,
are less able to put into place short term measures to
limit impacts, such as moving family members or assets,
and least likely to be able cope with the impacts – health,
injury, loss of property, etc – and to adapt – building better
homes, disaster preparedness. Hazardous locations are
more likely to lack infrastructure and services because
they are not intended for settlement. Women, children, the
health compromised, the elderly, those with disabilities
and recent migrants are particularly vulnerable.

Immigrants from South America are more likely to reside
in informal settlements. Although figures are highly disputed, a considerable number of the inhabitants of informal
settlements in Buenos Aires are believed to be immigrants,
mainly from neighbouring countries.6 Cities with large
informal settlements are likely to face challenges in protecting incoming populations, resulting in the paradoxical
situation of populations migrating into more vulnerable
areas as far as climate change effects are considered.

Recommendations to harness the positive
impact of migrants’ contribution to cities and
to adaptation
Despite their vulnerability, migrants play a significant
economic, social and cultural contribution to the countries and cities in which they reside. They provide skilled
and unskilled labour and create new enterprises. They
also contribute to their communities of origin through
transfer of remittances.

Government of Equador

The measures suggested below could reduce the vulnerability and impact of hazards, and increase the adaptive
capacities of migrants:
a) Generate further data, studies and information regarding the complex interlink between cities, migration and
the environment, including climate change

Cities located in areas at high risk of droughts, earthquakes
and floods, such as Quito (above) and Santiago, are highly
vulnerable to multiple climate hazards
Migrants may face additional challenges, such as language
barriers, lack of community participation, discrimination
and prejudice, and difficulties in accessing health services,
housing and land tenure as well as social protection
mechanisms in the areas in which they reside. Internally
displaced persons also face additional protection concerns.
In Colombia, they were found to have lower labour outcomes, higher levels of unemployment and more limited
access to financial capital and risk coverage than local
communities.
Unlike locals, migrants and displaced persons may lack
knowledge regarding previous disasters or environmental
conditions and remain uninformed and unaware of risks,
because of lack of exchange with local, better informed
communities. Migrants from the northeast of Brazil living
in Rio de Janeiro do not have personal experience with
mudslides, which may account for their precarious building
practices on slopes above the favelas.

There is a need to address gaps in scientific and empirical
knowledge to better understand the level of vulnerability
of cities to weather variability and climate change in
order to build resilience to environmental hazards and
implement adaptation strategies. While regional and
national data may exist, comparable measurements at
the local level do not. More research is also required to
address certain gaps in the understanding of the impact
of environmental change on cities in particular in relation
to migrants and other vulnerable groups. The implication of climate change, exposure and vulnerability on
health and migrants is a particular area that warrants
further research.
b) Develop and strengthen policy measures, legislation
and infrastructure at the municipal level to increase the
adaptive response of migrants and cities

In Buenos Aires, migrants from Bolivia, Paraguay and Peru tend to
concentrate in areas where the access to housing is cheaper and where
living conditions are comparatively worse. They cluster in the south and
southwest (where large informal settlements are located) and to lesser
extent in the center-south of the city. In all the informal settlements,
migrants from these countries are over-represented. For example, in the
Villa 31 (Retiro), they represent 11.3% of the population.
6
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Further measures are required to address irregularity and
inequality between migrants and non-migrants through
social inclusion and promotion of human rights. Several
countries in South America have introduced changes to
the domestic legislation on migration towards facilitating
entry and residence of citizens from within the region,
thus reducing irregularity. The recent Brazilian initiative
for the creation of a Municipal Coordination Office for
Migrant Policies7 is an important step toward addressing
the vulnerabilities of migrants at the city level.

that can be harnessed to reduce the impact of hazards
and foster adaptation. South America will continue
to be affected by humanitarian disasters intensified
by climate change, such as intense rainfall, flooding,
drought and hailstorms, with stressors becoming more
pronounced due to the effects of population growth
and redistribution, especially where infrastructure and
regulations require further strengthening.

In recent years, Bogotá, Buenos Aires, Esmeraldas,
Quito, and São Paulo have adopted metropolitan level
adaptation plans. Such plans could also be developed
to factor migration and particularly recent migrants as
part of these cities adaptive response.
c) Increase the capacity and knowledge of migrants
to contribute to adaptation and to mitigate hazards in
origin areas
Migrants can also reduce their vulnerability and contribute to adaption by creating new livelihood opportunities and diversifying income streams. Knowledge and
understanding will permit them to mitigate hazards in
the places they have moved to as well as in those that
they left behind. In the suburbs of Buenos Aires, migrants
from Peru have savings groups that contribute funds to
help recovery in areas back home hit by disaster.

Strengthening of infrastructure and policies
As the vector of economic growth and employment
creation in many cities, migrants can act as a powerful
source of innovation, income generation and experience
In Brazil in May 2013, the Secretary for Human Rights and Citizenship
of the city announced the creation of a Municipal Coordination Office
for Migrant Policies. Addressing migration at the Municipal level is
extremely new.
7

In Argentina in 2010, the National Government approved a Decree
regulating the Migration Act of 2003. Under this new legislation,
municipalities are obliged to create spaces for migrant participation,
consultation, information and counselling and for channelling proposals
and demands to the authorities. At State level, in 2001 the Brazilian
State Parliamentary Council for Root Communities and Foreign Cultures
was established by Bureau of the Legislative Assembly of the State of
São Paulo (Resolution Nº 817, of 22 of November) with the objective of
supporting the social integration of the various communities of foreign
descent living in the State of São Paulo.
8
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Scott Wallace, World Bank

Legislative provisions that facilitate migrants´ community participation at the municipal level8 could also be
used to develop migrants´ adaptive capacity through
building local knowledge. For example, awareness of
risk factors, improved local environmental knowledge
and an understanding of slope dynamics might cause
Brazilian favela dwellers to reconsider where they settle.

Residents of Amauta-B shantytown in Peru band together to
build a restraining wall
Cities and urban areas in South America will require
complex policy and operational responses to address
the effects of climate change and to include migration
into national and local development plans, adaptation
planning and disaster risk reduction. In certain circumstances, institutional frameworks to ensure clearly
defined competencies between local and national government may also be required.
A number of cities already have in place disaster risk
reduction mechanisms for fast onset disasters. Greater
coordination between sectorial policy and operational
responses; improving land security and tenure, human
security, access to housing, education, as well as portable
social protection health, social services, will contribute to
reducing the impact of environmental hazards and pave
the way for factoring migration into responses to climate
change. These responses will need to include increased
city planning that is more responsive to migration-led
growth and analysis of urban developments in the context
of social and health impacts of climate change. In short,
“Facing a new climate system and, in particular, the
exacerbation of extreme events, will call for new ways
to manage human and natural systems for achieving
sustainable development” (IPCC, 2014).
References
A complete bibliography is available in the online version of the Bulletin.

Air Quality and Human Health,
Government of Equador

a priority for joint action

By Joy Shumake-Guillemot (WHO/WMO Joint Climate and Health Office), Liisa Jalkanen (WMO Secretariat);
Heather Adhair-Rohani (WHO)

Air quality, weather and climate, and human health are
closely linked. These interdependencies are becoming
ever more evident and health professionals ever more
reliant on meteorological and climate services to help
anticipate and manage the health risks of poor air quality. Over the last century, poor air quality has become a
critical environmental, economic, and health problem
around the world as industrial growth and economic
development have caused massive increases in air
pollutants.
Nitrogen oxides, ozone, volatile organic compounds
(VOCs), sulphur dioxide and particulate matter (PM) are
accruing in our atmosphere, especially due to inefficiencies in transportation, energy production, energy use and
industry. Chemical components and pollutants emitted
into the atmosphere undergo chemical transformations
and get transported far and wide, depending on the
climate and weather. Air quality is also compromised
by natural contaminants such as aeroallergens – pollen, moulds – smoke from wild fires, airborne sand and
dust as well as by personal behaviour such as tobacco
smoke exposure or indoor burning of solid fuels. When
inhaled, these contaminants penetrate deeply into the
respiratory system and cause a myriad of damaging
biological reactions in the human body. As a result, air
pollution is now the world’s largest single environmental
health risk.

Air quality and health
In recent months, the World Health Organization (WHO)
has released alarming figures on the impact of ambient
(surrounding outdoor) air quality on human health. The
Global Burden of Disease assessment indicated that 3.7
million premature deaths per year, representing 6.7%
of the global disease burden, could be attributed to
ambient particulate matter pollution, placing it among
the top health risk factors globally. A further 152 000

premature deaths were attributable to ozone exposure.
These premature deaths resulted from ischemic heart
disease (IHD), 40%; stroke, 40%; chronic obstructive
pulmonary disease (COPD), 11%; lung cancer, 6%; and
acute lower respiratory infections (ALRI) in children,
3%. Additionally, the figure below shows that ambient
air related diseases disproportionately affect people in
low- and middle-income countries, where 88% of the
3.7 million premature deaths occur, mostly in the WHO
Western Pacific and South-East Asia regions.1

Deaths attributable to ambient air pollution in 2012 (000s)
Short-term exposure to air pollutants can have many serious health effects that result in emergency medical care,
especially following severe pollution episodes such as
wild fires, dust and sand storms and urban smog during
heat waves. However, long-term exposure to elevated
levels of air pollution over time may have greater health
effects than acute exposures. Fine particulate pollution,
The WHO South East Asia Region has 11 Member States: Bangladesh,
Bhutan, Democratic People’s Republic of Korea, India, Indonesia,
Maldives, Myanmar, Nepal, Sri Lanka, Thailand, Timor-Leste. The
Western Pacific Region has 37 Member States: including China, Japan,
the Republic of Korea, Philippines, Mongolia, Singapore, Australia, New
Zealand, Viet Nam, Malaysia, Cambodia, and the Pacific Islands.
1
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ozone, carbon monoxide, nitrogen and sulphur dioxides,
and aeroallergens are the principle air contaminants of
concern for human health.

In areas with cold winters, heating will have the same
effect. Frequently, atmospheric inversion occurs causing pollutants to be trapped close to the ground, and
making the exposure concentrations higher and long
lasting. If surrounded by mountains, pollutants can be
trapped within the basin causing a similar effect.

Role of meteorological community
Climate and weather – wind, temperature, precipitation
and other meteorological factors – play a key role in the
poor air quality that populations face. The meteorological
community can assist global and local health partners to
understand and reduce health risks of poor air quality,
especially through:
•

Monitoring – which needs to be done effectively in
relevance to population exposures, measuring key
contaminants to standards that can be compared
across locations. Monitoring of PM2.5 should have
the highest priority, followed by ozone, black carbon,
and NO2.

•

Modelling – to understand risk dynamics and make
case studies to assist in, for example, urban planning. Inverse modelling may be used for emission
estimations.

•

Forecasting – to anticipate specific hazardous conditions in order to take action to improve air quality,
to advise the public by, for example, providing Air
Quality Indexes.

•

Long-term projections – to forecast future trends
and problem areas in order to inform policy and
multi-sectoral interventions to protect health.

Colourized electron microscope image of pollen from the
sunflower family - Depending on weather and climate pollens
can remain suspended in air for hours, causing allergy
outbreaks far from their source at any time of the day
The interdependent relationships between air pollution,
weather and climate, and health are also tightly coupled
with climate change: almost all non-CO2 climate-altering
pollutants are hazardous to human health; weather and
climate determine the location, timing and quantity of
atmospheric pollutants that people may be exposed to,
including aeroallergens; and air pollutants are altering
the climate system itself. In particular, ozone and several
components of fine particulate matter (PM2.5), such as
black carbon, are Short-Lived Climate Pollutants that
play an important role in climate change and both ecosystem and human health. Combined with accelerating
urbanization, the inevitable range of effects that climate
variability and climate change will have on air quality
are expected to magnify human exposure to:
•

Particulate matter – wild fire smoke, smog, and dust;

•

Ground-level ozone;

•

Aeroallergens (pollens, moulds, harmful algal
blooms); and

•

Long range transport of pollutants and aeroallergens.

Air pollution can be especially detrimental in urban
areas, where large numbers of people and emissions
are concentrated, and urban heat island effects can
amplify pollution levels. In fact, today, in most cities
that monitor ambient air pollution, air quality fails to
meet WHO guidelines for safe levels. The location of a
city has a major effect on the air pollution experienced.
For example, in areas with high temperatures the use of
air conditioning increases air pollution in the summer.
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At the global level, WMO coordinates the Global Atmosphere Watch (GAW) network, responsible for systematic,
long-term global monitoring, analysis and assessment
of atmospheric chemical and physical parameters. The
system serves both developed and developing countries,
and includes training of field personnel. GAW is concentrating its efforts on addressing global and regional
questions such as greenhouse gases, stratospheric ozone
depletion, biomass burning, sand and dust storms and
the formation of photochemical smog.
WMO is increasing its focus on megacities and large
urban complexes, due to their concentration of pollution
sources and large populations at risk. Its aim is to develop
strategies to help megacities deal with weather, climate
and environmental problems, improve related services;
enhance environmental monitoring and modelling
capabilities; and generate useful case studies to help

Liisa Jalkaren

Health forecasting activities provided by the Shanghai Meteorological Service of the China Meteorological Administration

GAW Urban Research Meteorology and Environment
(GURME) is building capacity to provide air quality
modelling and forecasting, including improvement of
related pollutant and meteorological observations. This
is currently being done mostly through pilot projects,
for instance, in Beijing, Moscow, Shanghai, several
Indian cities including New Delhi and Pune, and in
Latin America. The projects consider the full chain
of action from research to operations to provision of
products and services. In 2012, GURME, together with
the International Global Atmospheric Chemistry (IGAC),
published a report on the Impacts of Megacities on Air
Pollution and Climate, summarizing the current situations of megacities on different continents.
At the national level, meteorological and hydrological
services, together with partners such as environmental
services, play a fundamental role in air quality monitoring. Some produce air quality indexes and air quality
forecasts that help raise awareness and inform decisions
about air pollution. Where available, these services have
shown to be useful instruments for decision-makers to
improve the predicted air quality, for instance, by limiting
emissions from traffic, power plants and industrial activity. Air quality forecasts and indexes are also important
public communication tools. They can help people plan
activities to avoid exercise and strenuous work outside
when the pollution is high, and help hospitals prepare
accordingly for a potential increase of patients with
cardiovascular and respiratory complications. National
meteorological and hydrological services are working
together with the health community to provide a better
understanding of how local meteorological conditions
trigger hazardous air pollution episodes, and to provide
relevant, easily understandable, and reliable information
to inform actions that can keep populations healthy.

The Shanghai Meteorological Service (SMS) of the China
Meteorological Administration (CMA), for example,
provides a range of climate services specifically tailored
for the needs of local health authorities, especially for
the preparation for large events such as the 2010 World
Expo. The forecasts of specific environmental health
exposures are produced for pollen, ultraviolet (UV)
radiation, haze and ozone, influenza transmission, and
extreme temperatures as well as foodborne outbreaks
related to temperature. With forecasts of these local
hazards hospitals can plan staffing, notify respiratory
and cardiac specialists of likely increased cases during
specific periods, prepare pharmacies to have adequate
supplies of essential medicines on hand, and alert high
risk patients and the public to modify their behaviour
to avoid exposure to poor air quality.

Simone D. McCourtie, World Bank

understand air pollution, health and climate connections
in different types of megacities.

Cyclists shield their faces in Hanoi, Vietnam
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A patient receives treatment in Tajikistan

in place actions that can avoid illness and death due
to poor air quality. Awareness of the potential health
applications of weather and climate monitoring, modelling, and forecasting is rising steadily. The publication
in 2012 of the WMO/WHO Atlas of Health and Climate
stimulated public and scientific interest. The new WHO/
WMO joint office for climate and health will further help
raise awareness, build capacity, and strengthen relevant
partnerships to address this issue. Potential exists
worldwide to improve the transfer and use of available
weather and climate products. However, further steps
are needed to improve dialog and catalyze partnerships
between health and meteorological professionals at
global, regional, national and city levels.

The health community is also taking preventive action
to address the health risks of air pollution. In addition to
providing guideline levels of pollutants for clean air, the
WHO is collaborating with other international organizations to establish a Global Platform on Air Quality and
Health. The Global Platform will provide Internet-based
open-access to data and information, facilitating search
for a wide range of users on human exposures to ambient air pollution; on health impacts; and on effective
interventions for air pollution reduction. A combination of data from atmospheric transport models and
satellite remote sensing, calibrated with ground-level
air quality monitoring, will be used as inputs to derive
integrated estimates of population exposure to air pollution. Once established, the Global Platform will be a
unique clearinghouse, providing relevant air quality and
health information to stimulate policy development,
facilitating monitoring and evaluation, and assisting in
building capacity to prevent diseases associated with
air pollution in all countries of the world.
Both WMO and WHO are also collaborating with the
Climate and Clean Air Coalition (CCAC) to reduce shortlived climate pollutants. CCAC is a voluntary partnership of governments, intergovernmental organizations,
representatives of the private sector, the environmental
community and other members of civil society that
addresses the challenge of short-lived climate pollutants.
The Coalition builds on the joint UNEP/WMO Integrated
Assessment of Black Carbon and Tropospheric Ozone.
The CCAC will provide benefits for both immediate
health protection and address climate change.

Developing climate services for health
Air quality and human health is a priority for joint
actions. The meteorological community generates a wide
range of data, products and services that are essential
instruments for the health community to effectively
advocate for policies that protect individuals, and put
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Curt Carnemark

Role of health community

Smokestacks in an industrial town in Estonia
The Global Framework for Climate Services (GFCS) is
bringing together the WMO network of national meteorological and hydrological services with, amongst others,
the WHO health policy and science professionals to
define the operational management needs of the health
community for weather and climate products. Countries
and partners implementing the GFCS should consider
how national meteorological and hydrological services,
and other meteorological actors, could contribute to
improving community health through joint efforts to
monitor, alert and manage the impacts of hazardous air
quality. The interdependencies of air pollution, climate
and weather, and human health call for actionable
knowledge that is only possible through joint actions.
References
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Observing the Global
Atmosphere by Instrumented
Passenger Aircraft - The Story
of IAGOS
By Valerie Thouret, Univ. Paul Sabatier III, Toulouse and Andreas Petzold, Forschungszentrum Jülich

The In-service Aircraft for a Global Observing System
(IAGOS) uses commercial passenger aircraft as a platform for the measurement of the composition of the
atmosphere. It is one component of the European
Research Infrastructure for gathering long-term,
routine in-situ observational data on the state of the
atmosphere.
Global aviation offers a cost effective and efficient way
of collecting such information, and optimizes use of
existing infrastructure. By deploying a set of autonomous instruments aboard passenger aircraft of
internationally operating airlines, IAGOS collects crucial
atmospheric data – most notably in regions poorly,
or never, sampled by other means and in the critical
upper troposphere and lower stratosphere region – at a
global scale and in high resolution. In addition, vertical
profiles of trace gases and particles are gained during
each single landing of instrumented passenger aircraft.
Therefore, IAGOS perfectly complements groundbased networks and satellites instruments and makes a
valuable contribution to the Global Atmosphere Watch
(GAW) Programme.
The European MOZAIC (Measurement of Ozone and
Water Vapour on Airbus In-service Aircraft) programme
initiated the use of in-service aircraft platforms for
probing atmospheric state parameters and chemical composition in the early 1990s. Airbus A340-300
passenger aircraft were equipped with compact sensors
for water vapour, ozone and carbon monoxide. Almost
in parallel, the European CARIBIC (Civil Aircraft for the
Regular Investigation of the Atmosphere Based on an
Instrument Container) project pushed for the monthly
deployment of a cargo container equipped with instrumentation for a larger suite of components than aboard
the Airbus A340-300 aircraft. It would combine in-situ
measurement methods, remote sensing techniques

and the collection of samples for post-flight analysis in
the laboratory.
IAGOS combined the two complementary approaches
and extended them to cover a broader set of atmospheric constituents and a larger fleet of deployed
aircraft. IAGOS-CARIBIC pursues the CARIBIC project,
while IAGOS-CORE continues the MOZAIC initiative, which will include operation of autonomous
instruments on up to 20 long-range aircraft after
full implementation for continuous measurement of
climate-relevant reactive gases and greenhouse gases
as well as aerosol particles and clouds. In May 2014,
the MOZAIC programme celebrated its 20th anniversary at Airbus headquarters in Toulouse, France.

The research infrastructure
The suite of instruments operated on board of IAGOSCORE aircraft consists of one unit (Package 1), which
measures ozone, water vapour, carbon monoxide and
the number concentration of cloud particles. In addition, there is a second unit (Package 2) with several
options (a, b, c and d), targeting specific chemical
substances and properties such as nitrogen-containing
compounds, greenhouse gases or aerosol particles,
which will be installed in aircraft at the end of 2014. The
fully equipped IAGOS-CORE instrument rack weighs
approximately 120 kg and is mounted in the avionic
bay of Airbus A340/A330 aircraft.
IAGOS-CORE has started its operation with the
Lufthansa A340-300 “Viersen” in July 2011 out of
Frankfurt Airport. The second Airbus A340 went into
service in July 2012, operated by China Airlines from its
home base in Taipei, China. In 2013 instruments were
installed on an Air France (out of Paris) and an Iberia
(based in Madrid) aircraft, and on an Airbus A330 operated by Cathay Pacific (Hong-Kong, SAR China).
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In 2010, the CARIBIC container was fully revised
and recertified and returned to operation aboard a
Lufthansa A340-600 with a deployment of four flights
per month. Thus, in 2014, the fleet counts five IAGOSCORE (Air-France, Lufthansa, Cathay Pacific, China
Airlines and Iberia), one IAGOS-CARIBIC (Lufthansa)
and one MOZAIC (Lufthansa) aircraft (until the end
of 2014). Destinations covered by CARIBIC are globally distributed, with the majority of flights heading
to North America and the Far East and a few to South
Africa and South America. A map of recent destinations is accessible at www.caribic-atmospheric.com.
The data set which has emerged so far from the IAGOS
project and its predecessor programs are freely accessible for the global scientific community on request via
the IAGOS database hosted by the French joint venture
ETHER (CNRS/CNES) atmospheric data centre at www.
iagos.fr.

A sustainable initiative
IAGOS is designed for global coverage and a lifetime of
at least 20 years. It builds on 20 years of scientific and
technological expertise gained in MOZAIC and CARIBIC.
IAGOS was included on the “European Strategy Forum
on Research Infrastructures” (ESFRI) roadmap in 2006.
It is listed among ESFRI success stories.
IAGOS has secured a sustainable funding through
international observing initiatives, such as the Global
Earth Observation System of Systems (GEOSS) and
its European component, the Copernicus Programme,
and from national funding institutions. In early 2014,
it implemented a sustainable governance structure,
IAGOS-AISBL (Association Internationale Sans But
Lucratif – not-for-profit organization), in order to ensure
long term operation and continuous data provision.

The value of IAGOS
AMDAR and IAGOS Complementary Systems
The WMO Aircraft Meteorological Data Relay programme (AMDAR) and IAGOS both use civil aviation
aircraft for observations, but they cover different
aspects of the atmosphere.
AMDAR uses predominantly existing onboard sensors, computers and communications systems to
collect, process, format and transmit meteorological
data to ground stations via satellite or radio links.
AMDAR collects and distributes data on wind speed
and direction at airports, on meteorological variables
from airplanes at cruise level, on turbulence, and on
water vapour and humidity (from suitably equipped
aircraft) and provides accurate measurements of
coordinates (time, latitude, longitude and pressure
altitude). The main focus of AMDAR is temperature
and wind speed and direction measurements.

IAGOS provides long-term, frequent, regular, accurate,
spatially-resolved in-situ atmospheric observation data
to the global scientific community. The observations
covers:
•

Atmospheric chemical composition (H2O, O3,
CO, NOx, NOy, CO2, and CH4 in IAGOS-CORE,
plus a number of volatile organic compounds in
IAGOS-CARIBIC);

•

Aerosol number concentration and size; and

•

Concentration of in-cloud particles.

IAGOS provides observations of high quality – using
identical systems with identical and regular Quality
Assurance procedures including calibration against

The emerging global network, map of flight tracks from July 2011 - 4 September 2014
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Ozone and CO profiles from IAGOS (black line)
compared to different versions of the MACC model
(color lines). This data was recorded in July 2012
over Vancouver. They highlight the impact of
Siberian biomass burning plumes as shown by
high CO mixing ratios in the lower troposphere.
(Note: IAGOS observations are averaged to match
the model vertical resolution.)
Such profiles and additional information may be
found in the IAGOS-MACC dedicated website
www.iagos.fr/macc

reference instruments, based on GAW standard procedures – that is inherently better than that from many
stations operated by different institutions using
different instrumentation. This data is essential for
climate research, emissions monitoring, weather
prediction and air quality forecasting.
This valuable information on atmospheric composition
is improving understanding of global and regional air
quality as well as of the potential impact of greenhouse
gases on climate. MOZAIC (see list of publications
in (www.iagos.fr) and CARIBIC data have led to the
publishing of important findings on global distribution and trends of ozone, water vapour, nitrogen and
carbon oxides. Several of them are used in the recent
Task Force on Hemispheric Transport of Air Pollution
(2010) report and the Intergovernmental Panel on
Climate Change Fifth Assessment Report (AR5, 2013).
The Copernicus Atmosphere Monitoring Service
uses the data for air quality forecasting (for demonstration tool visit www.iagos.fr/macc). It is also
employed for carbon cycle models for the verification of CO2 emissions and Kyoto Protocol monitoring.
Regional air quality models assimilate IAGOS near
real-time (NRT) data to improve forecasts. More
specifically, IAGOS data is of particular interest for:
•

Studies on changes in the upper troposphere and
lower stratosphere, most important for climate
change;

•

Validation of atmospheric models and satellite
retrievals; and

•

Global air quality studies.

IAGOS builds on previous European initiatives with novel
technological developments and a strong emphasis on
expanding the network in the Pacific, North America
and the Southern Hemisphere. Success relies on the
willingness of airlines to support the operation. In the
coming years, IAGOS will provide the accurate knowledge and long-term surveys of global atmospheric
chemical compositions required to improve understanding of the changing climate system, to reduce
the uncertainty of climate predictions and to mitigate
climate change along with its impact on air quality.
Visit www.iagos.org for further details on the status
of the fleet, upcoming meetings and other news.
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UN Climate Summit

By WMO Secretariat

Caitlin McManus

Michael Williams

The UN Climate Summit brought together 100 Heads of State and Government, along with
chief executives from the financial world, business and civil societies to give new momentum
to the search for answers to the challenges posed by climate change.

UN Climate Summit

Two days before the UN Climate Summit, the People’s Climate March gathered millions in 2 646 rallies in 162
countries in a united call for climate action.

Poet Kathy Jetnil-Kijiner, from the Marshall Islands, addressed the Opening Ceremony of the UN Climate Summit
with her poem "Dear Matafele Peinem". Kathy was selected from among over 500 civil society candidates in an
open, global nomination process conducted by the UN Non-Governmental Liaison Service. (Watch the video at
www.wmo.int/sids/content/media-corner)
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The WMO, United Nations Educational Scientific and Cultural Organization (UNESCO)
and United Nations Institute for Training and
Research (UNITAR) sponsored Thematic
Session on Climate Science on 23 September showcased how high-quality scientific
information can support decision-making on
climate change mitigation and adaptation. The
discussion highlighted that the knowledge
base for informed action is already available
to guide climate policies and decisions from
the national to the local scale. WMO Secretary-General Michel Jarraud and UNESCO
Director-General Irina Bokova at the event.

Brian Kahn/Climate Central

Stills from Weather Reports from
the Future – In the lead up to the
UN Climate Summit, WMO released
a series of videos by television
weather presenters from around
the world showing possible scenarios for weather forecasts in their
area in 2050 if climate action is not
taken. The scenarios were based
on the most up-to-date climate science, and they paint a compelling
picture of what life could be like on
a warmer planet. (Watch on WMOs
YouTube channel at www.youtube.
com/user/wmovideomaster)

The WMO-Climate Central “Weather Presenters Project Workshop” on 24 September, above center WMO
Secretary-General Michel Jarraud and, in the top right image, UNFCCC Executive Secretary Christiana Figueres.
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GFCS Climate Services Adaptation
Programme Supports
Maasai Community in Tanzania

Author

The “Climate Services Adaptation Programme in Africa” is the first multi-agency initiative to be implemented under the Global Framework for Climate Services (GFCS). This flagship programme will help
develop user-driven climate services for food security, health and disaster risk reduction in Malawi and
Tanzania. The Programme, funded by the Government of Norway, aims to increase the resilience of those
most vulnerable to the impacts of weather and climate-related hazards, such as droughts and flooding,
and associated health risks, including malnutrition, cholera and malaria.
The Programme will strengthen capacity both to develop and use climate services, and combine cuttingedge science with traditional knowledge. It represents a unique partnership between climate and social
scientists, researchers, development and humanitarian agencies and other key user sectors.
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These photos show Maasai community members in Tanzania taking part in the production of a participatory-video to identify, highlight, video-document and report from their perspectives the importance of
climate services for their lives and livelihoods. During the process, they discussed the current knowledge
of local climate and weather hazards, risks and vulnerabilities as well as simple practical examples (stories)
of early warning system responses. The Programme underlines the importance of timely and accurate
climate and weather information peered with useful information for locals to better plan livelihoods and
to adapt to seasonal climate variability and long-term climate change.
The Tanzania Red Cross facilitated the meeting with support from the International Federation of Red
Cross and Red Crescent Societies. Learn more about the project at www.gfcs-climate.org/Norway_2

Photos: Fernanda Baumhardt
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Building a Weather-Ready Nation

by Douglas Hilderbrand, Weather-Ready Nation Ambassador Lead, Of fice of the Director,
National Weather Service

Across the United States of America and around the
globe, extreme weather is wreaking havoc on increasingly vulnerable communities. Coastal populations are
growing1 and development is expanding into higher
risk areas such as floodplains and wildlands. Sea
level is rising. Over the past 30 years, losses related to
geophysical, meteorological, hydrological and climatological events have risen three to fourfold in the United
States.

level, to farmers minimizing drought impacts heading
into the growing season, to immediate lifesaving decisions such as a family seeking adequate shelter during
a tornado warning.
To this end, NOAA is committed to building a “WeatherReady Nation” where communities are prepared
for and respond appropriately to these events. The
Weather-Ready Nation (WRN) strategic priority is
building community resilience in the face of increasing
vulnerability to extreme weather, water, climate and
environmental threats. To build a Weather-Ready
Nation, NOAA is enhancing Impact-Based Decision
Support Services (IDSS), transitioning science and
technology advances into forecast operations, applying
social science research to improve the communication and usefulness of information, and expanding its
dissemination efforts to achieve far-reaching readiness,
responsiveness and resilience. These four components
of Weather-Ready Nation are helping ensure NOAA
data, products and services are fully utilized to minimize societal impacts from extreme events.

Impact-based Decision Support Services
The United States National Oceanic and Atmospheric
Administration’s (NOAA) primary mission since its
inception has been to reduce the loss of life and property, as well as disruptions from, high impact weather
and water-related events. However, in recent years,
the significant societal losses resulting even from well
forecast extreme events have shifted the attention
from the forecast alone toward ensuring the societal
response is equal to the risks that exist for communities, businesses and the public. The responses relate to
decisions ranging from coastal communities planning
years in advance to mitigate impacts from rising sea
1

http://stateofthecoast.noaa.gov/
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IDSS is a fundamental shift toward active involvement
by weather forecasters in better understanding societal impacts from certain types of weather conditions.
This knowledge has made the information and services
they provide more relevant to decision-makers. These
weather forecasters participate directly in government
decision-making where their expertise is fundamental,
especially to the protection of life and property. When
high impact events are expected, this may require
on-location support by trained emergency response
specialists. With government partners, the goal of
IDSS is to make NOAA interactions part of the standard
operating procedures of core partner agencies.

Science and technology advances
Scientific and technological (S&T) advances continue
to result in improved accuracy of weather, water and
climate predictions. Supercomputing output, radar
advances, like the recent Dual-Polarization upgrade of
the NEXRAD system, and weather satellite programs,
like JPSS and GOES-R, all contribute to improving forecast accuracy. However, a new focus on social science
research exists to ensure products and services convey
risk and uncertainty in a manner that elicits live-saving
actions by decision-makers.

A new experimental potential storm surge flood map was first
displayed during the Hurricane Arthur landfall along the North
Carolina coastline in July 2014

Communications and outreach

risk areas. These alerts direct users to seek additional
information and safe shelter. Information delivered on
mobile phones contribute to a multi-source delivery
system, building on more traditional sources such as
television broadcasts, the Internet and NOAA Weather
Radios.

Innovative partnerships: A fifth component
There is a fifth component to building a WeatherReady Nation, one that is essential to strengthening
resilience from the national level down to the community level – innovative partnerships. NOAA recognizes
that it is essential to work collaboratively with external
stakeholders across all levels of government, industry,
non-profit organizations and academia. Thus, NOAA
launched the Weather-Ready Nation Ambassador initiative earlier this year to reach out to organizations
committed to working with NOAA and to contribute to a
Weather-Ready Nation.
In the seven months since launching the initiative, NOAA
has recognized more than 700 organizations across
all levels. Federal government departments are WRN
Ambassadors alongside local fire and police departments.
Transnational companies are WRN Ambassadors alongside small local businesses. Weather data providers are
WRN Ambassadors alongside weather data users. WRN
Ambassadors are helping NOAA move the bar higher,
whether by using NOAA data to generate and deliver
valuable lifesaving information or by taking a leadership
role within their respective communities and applying
NOAA information in their decision-making. Learn more
about the WRN Ambassador initiative at www.nws.noaa.
gov/com/weatherreadynation/ambassadors.html.

Information delivery

All these organizations (see a full list at www.nws.noaa.
gov/com/weatherreadynation/current%20ambassadors.html) share the same commitment to working with
NOAA to make communities across the country ready,
responsive and resilient to extreme events. Their contributions are as diverse as the organizations themselves
and, when combined, can affect societal change such
that future high impact weather events do not have to
result in human disasters. By contributing to a larger
more unified effort, WRN Ambassadors ensure consistency in messaging, are able to highlight their successes
while working directly with NOAA on innovative collaborative opportunities, and can connect with other WRN
Ambassadors.

Information, such as lifesaving severe weather warnings, must be received by users in ways they expect,
using technology with which they are familiar. NOAA
has partnered with the Federal Emergency Management
Agency (FEMA) and private cellular companies to deliver
mobile device alerts broadcast by cellular towers within

NOAA’s Weather-Ready Nation strategic priority does
not stop at US borders. The same challenges exist in
other countries across the globe, including increasing
vulnerability, quantifying societal relevance and communicating the science. Countries can learn from one
another through open dialog and sharing best practices.

Preparedness messaging and education – on how to
apply forecast information from NOAA and its weather
industry partners to decision-making – are focusing on
three objectives: action-oriented, consistent messaging
of the expected risks and reaching out to vulnerable
populations in more meaningful ways. Preparedness
outreach information and community events are
designed to elicit an action, not just awareness.
Consistency in the message is critical for users to trust
the information enough for them to act on it.
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Pinpointing Climate Change

By Audrey Resutek and Erwan Monier, MIT Joint Program on the Science and Policy of Global Change

How severely will climate change affect different regions
the United States? It depends on climate policy, says
new research by the MIT Joint Program on the Science
and Policy of Global Change.
The US National Climate Assessment, released this
spring by the White House, describes a troubling array
of climate woes, from intense droughts and heat waves
to more extreme precipitation and floods, all caused by
climate change. The report also describes how climate
change is expected to impact regions across the United
States in the future, yet it notes that exact regional
forecasts are difficult to pin down. At the larger scale,
it is clear that climate is changing, but local predictions
can disagree on the extent to which temperatures will
increase, and what regions will be hit the hardest by
precipitation changes.
Researchers at the MIT Joint Program on the Science
and Policy of Global Change examined four major factors that contribute to wide-ranging estimates of future
regional climate change in the United States, with an
eye toward understanding which factors introduced the
most uncertainty into simulations of future climate. They
find that the biggest source of uncertainty in climate
modelling is also the only one that humans have control
over – policies that limit greenhouse gas emissions.
In this context, the term “uncertainty” does not mean
that there is a lack of scientific consensus that climate
is changing. Instead, uncertainty refers to the fact that
using different assumptions for the variables that go into
a climate model – for example, the amount of greenhouse
gases emitted over the next century, or how sensitive
the climate is to changes in carbon dioxide levels – will
produce a range of estimates. Overall, these estimates
indicate that the Earth will be a warmer and wetter
place over the coming century, but there is no single
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universally agreed on amount of climate change that
will take place.
In fact, estimates that point to a single number for
changes in temperatures and precipitation may be
misleading, precisely because they do not capture this
uncertainty. It is more useful to think of estimates of
future climate change as a range of possible effects.
The range of potential warming, for example, follows a
bell curve, with the most likely change in temperature
falling at the highest point of the curve. The farther you
travel from the curve’s peak, toward the tails, the more
unlikely the temperature change. While the extreme
temperature increases at the curve’s tails are unlikely,
they still fall within the realm of possibility, and are
worth considering because they represent-worst case
scenarios.

The biggest source of uncertainty
The MIT study1, published this spring in a special edition
of Climatic Change, looked at how different sources of
uncertainty affect estimates of future regional climate
change in the United States – in other words, how do different factors affect the width of the range of estimates?
The study concludes that lack of information about future
climate policy is the biggest source of uncertainty over
the next century for simulations of both temperature
and precipitation change. Climate policy introduces
uncertainty into the mix when researchers must try to
predict what regulations will affect emissions in the
future, leading to varying levels of global greenhouse
gas emissions.

Monier, E., X. Gao, J.R. Scott, A.P. Sokolov, and C.A. Schlosser. 2014. A
framework for modeling uncertainty in regional climate change. Climatic
Change, online first, doi: 10.1007/s10584-014-1112-5.
1

Not knowing the details of a future emissions policy,
including the timing or magnitude of reductions, makes
it difficult to estimate climate change – especially in
certain regions. For example, the MIT team found that
temperature increases in the Pacific Northwest and
New England could range from 1°C to 6°C, depending
on the policy studied. When climate policy to control
greenhouse gas emissions was in place, no region
experienced more than 3.5°C warming.

damages in different regions of the country. Would
stabilizing emissions produce the largest benefits compared to policy costs? Would a more drastic cut in carbon
emissions lead to even bigger benefits, or just increase
the costs associated with cutting emissions?
To study the scenarios identified by the EPA, researchers built three emissions scenarios, achieved through
different climate policies, into the IGSM. In the first,
nothing is done to slow global greenhouse gas emissions. In the second, global emissions are stabilized by
enforcing a carbon tax. In the third, even more stringent
checks on emissions are in place. The policies used
are described in detail in a second article3 published in
Climatic Change. The policies were then combined with
the other sources of uncertainty to produce over 100
simulations of climate change through 2115.

Example of a range of potential change in temperature
The MIT team used an Integrated Assessment Model,
the MIT IGSM2, to study the effects of different climate
policies. The Computer Model links a simulation of the
global economy with a simulation of Earth’s climate.
This makes it possible to study how climate policies
affect activities that contribute to greenhouse gas emissions, such as electricity generation, transportation,
industry and changing land use. The model then calculates the effect of the resulting changes in emissions
on climate.
Such models are particularly useful for studying the
effects of climate policy because they use one modelling
framework to consistently take into account interactions
between the climate and economic factors like population growth, economic development and changes in
energy and land use. They can also be used to study the
opposite relationship – how changes in climate impact
economic activity, including what regions and areas of
the economy are most likely to be affected.
The specific polices used in this study were selected
based on the researchers’ participation in the Climate
Change Impacts and Risk Analysis (CIRA) Project, an
effort led by the US Environmental Protection Agency
(EPA) to understand the benefits of emissions mitigation.
The EPA wanted to know how reducing greenhouse gas
emissions would affect climate change impacts and
2

http://globalchange.mit.edu/research/IGSM

Simulated change in temperature over the next century
under different sources of uncertainty: (a) Different initial
conditions representing natural variability, (b) Different
climate sensitivities, (c) Choice of policy, and (d) Different
climate models (Monier et al. 2014)

Other sources of uncertainty
Though the choice of climate policy is the biggest
source of uncertainty in simulations of climate change
by the end of the century, it actually plays a much
smaller role in influencing estimates for the immediate
future. This is because once they are released into the
atmosphere, greenhouse gases stay there for decades
or even hundreds of years. So, past emissions continue
to influence climate for decades after a climate policy
is in place. Because of this lag time other sources of
uncertainty, like the climate’s response to changes in
Paltsev, S., E. Monier, J. Scott, A. Sokolov, and J.M. Reilly. 2013.
Integrated economic and climate projections for impact assessment.
Climatic Change, online first, doi: 10.1007/s10584-013-0892-3.
3
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greenhouse gas levels (also called climate sensitivity),
or the natural variability of the Earth’s climate, introduce
more uncertainty into near-term simulations.
Natural variability plays a big role in differing regional
simulations of future climate change, at least through
2050. Basically, the Earth’s climate is a complex system
made up of many related processes – some of which, like
circulation of currents in the deep ocean, take thousands
of years to run from start to finish. On top of this, climate
naturally varies from year-to-year, so it is normal for
some years to be exceptionally hot or cold.
Climate processes and natural year-to-year variability are
chaotic by nature and difficult to predict, complicating the
process of climate modelling. Small errors in the initial
conditions used in a simulation, such as temperatures,
humidity or wind, can result in different paths for the
entire climate system. This is reminiscent of the fabled
butterfly effect analogy – where a butterfly flapping
its wings in one part of the globe leads to a hurricane
weeks later, thousands of miles away. To work around
this problem, climate scientists run the same model with
different starting conditions, which helps to identify the
natural variability in the climate system and quantify
its uncertainty.

Mean range of temperature change over time. Lines represent
how large the range in estimates of change is for each source
of uncertainty. Lines show averages of two different modelling
methods used to create regional forecasts
Using different starting conditions leads to surprisingly different regional simulations, especially when
it comes to regional patterns of precipitation, the MIT
study found. It can even cause conflicting projections
about whether a region will become wetter, or drier.
For example, in the Pacific Northwest two of the five
starting conditions the researchers studied resulted
in simulations of a much drier climate by 2100; two in
somewhat drier climate for the area; and one actually
led to an increase in precipitation.
Uncertainty about changes in regional precipitation is
also the result of the tendency different climate models
have toward either wet or dry projections. For example,
precipitation simulations for the Southeastern United
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States are noticeably different depending on the climate
model the researchers tested. By the end of the century,
all four sources of uncertainty contribute about equally to
the overall uncertainty in future changes in precipitation.

Increases in extreme weather
As part of the EPA’s CIRA Project, the MIT team used
the same method to study how different sources of
uncertainty affect projections of changes in extreme
weather4 . Climate change is often measured as the
change in average temperature and precipitation levels.
While this is a meaningful way to think about climate
trends, using an average can hide changes in extreme
weather like heat waves, cold snaps, and heavy snow
and rain. These changes in extremes, perhaps even
more so than changes in average climate, can have
serious consequences for health, energy demand and
agriculture.
The estimates of regional climate change in the United
States varied according to the specifics of each scenario, but a clear pattern emerged: the population can
expect more intense and frequent hot days and heavy
precipitation. Just how hot and wet depends more on
what climate policy is in place than any other source
of uncertainty. Accompanying the findings on extreme
heat, researchers found that extremely cold days will
decrease. As a result, it’s likely that more areas of the
country will remain frost-free year-round.
While these patterns did differ from region to region
based on the representation of natural variability and
climate sensitivity, policy again emerged as the driver of
the largest differences in estimates of regional climate
change. These findings show that none of the sources
of uncertainty related to specific aspects of climate
modelling has a bigger effect on simulations than the
actual amount of emissions humans generate over the
next century. This underscores how important it is, if
we want to avoid the worst effects of climate change,
to implement a global policy aimed at stabilizing greenhouse gas concentrations in the atmosphere.

Monier, E. and X. Gao. 2014. Climate change impacts on extreme
events in the United States: an uncertainty analysis. Climatic Change,
online first, doi: 10.1007/s10584-013-1048.1
4

Risk Information: Documenting
Loss and Damage Associated
with Natural Hazards and
Extreme Climate Events
By WMO Secretariat

Hazard information is fundamental for calculating risks
of disasters before they occur and for documenting the
losses and damage afterwards. This article focuses
on the role of information about hazards and extreme
events in documenting associated losses and damage.
Assessing ex ante disaster risk is inherently a probabilistic exercise, since it involves uncertainties associated with
future states. Variables include the number of exposed
people and assets, their vulnerability characteristics and
future hazard behaviour. In the article that follows this
one, Manuela Di Mauro takes a closer look at issues and
needs related to assessment of ex ante disaster risk.
Ex post information on disasters, on the other hand,
takes the form of historical loss and damage data – on
killed, injured or missing people and/or loss and damage to physical assets. The latter can be converted to
economic equivalencies using standard methods.1 Over
time, information about loss and damage provides an
outcome indicator for evaluating the success of risk
reduction efforts as well as a basis for calibrating risk
reduction investments. As many hazards – particularly
climatic/hydro-meteorological events – are recurrent
phenomena, historical loss and damage data also provide
input for assessing the risk of future loss and damage.
This article presents a synthesis of issues, needs and
recommendations concerning the further standardization of information on hazard events as an input to the
systematic quantification and tracking of their consequences. These were identified by risk experts participating in the “First Technical Workshop on Standards for
Hazard Monitoring, Databases, Metadata and Analysis
Techniques to Support Risk Assessment”, held at the
www.eclac.cl/cgi-bin/getProd.asp?xml=/publicaciones/xml/4/12774/
P12774.xml&xsl=/mexico/tpl-i/p9f.xsl&base=/mexico/tpl/top-bottom.
xsl

WMO in Geneva in June 2013. In addition, the article
also broadly surveys selected other needs identified
during the workshop relating to non-hazard-related
risk information.
Despite its limited focus on hazard information, the
importance of the WMO initiative cannot be overstated.
Although some hazards – such as tropical cyclones and
earthquakes – are reasonably well characterized with
internationally accepted definitions and parameters for
specifying magnitude, timing, location and duration,
definitions of other major hazards such as drought and
floods are more arbitrary. Yet, drought and flooding
alone account for more loss and damage than all other
hazards combined. Thus, many records of loss and damage associated with these hazards lack a reference to a
clearly defined, correct and well-characterized hazard
event. Although further progress in hazard standardization will take time, more systematic and standardized
characterization of hazard events is vital for improving
the quality and reliability of data on loss and damage.
A parallel effort to address non-hazard-related needs
for improving loss and damage data would further
increase the potential for significant improvements in
the evidence base for managing risks and monitoring
the outcomes of risk management efforts.

Information about disasters: documenting the
losses after an event
Basic data about a disaster include:
•

the numbers of people killed, injured or affected;

•

physical losses and damages across the social,
infrastructure and productive sectors and their
economic equivalencies;

•

the geographic area affected;

1
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•

the time of the event; and

•

the characteristics of the hazard event that triggered
the losses.

The number of systems for recording this information at different levels has grown rapidly in recent
years. At the global level, three long-established and
well-known databases include EM-DAT, maintained by
the Centre for the Epidemiology of Disasters (CRED),
NatCatSERVICE, maintained by Munich Re and Sigma,
maintained by Swiss Re. An increasing number of
disaster loss and damage databases have been, and are
being, established at national and local level. A recent
study by UNDP documents systems in approximately 60
countries and regions (UNDP 2013). When local-level
systems are taken into account the actual number may
be considerably larger.

procedures sustained over decades. The quality and
coverage of country- and local-level systems is highly
variable and their diversity inhibits interoperability both
among them as well as vertically, with global datasets.
Yet, due to the fact that data quality is only as good as its
primary source material, local sources are often better
positioned to reflect the picture on the ground. Downscaling to national and sub-national levels, therefore,
can lead to improved data quality. And, disaggregated
data with country- and local-level resolutions are more
relevant than global data for decision-making at the
country or local level where most risk management
decisions are made.

•

tracking loss trends over time;

•

identifying the geographic distribution of disaster
occurrence;

•

obtaining breakdowns of historical losses by hazard;

•

assessing the impacts of losses on other variables,
for example Gross Domestic Product (GDP);

NOAA

There are many driving forces behind this proliferation
of these datasets, among them being that they are
necessary for:

Boat up-ended by Hurricane Katrina, Louisiana

•

assessing requirements for prevention, preparedness, recovery and insurance; and

•

assessing the risks of future disasters.

The CRED, Munich and Swiss Re databases are widely
regarded as authoritative and have benefited from
rigorous and standardized data collection and reporting

The procedures for capturing and archiving disaster
data are generically common to all such systems. The
institution that maintains the database receives information on hazard event occurrences involving loss and
damage. The institution creates an entry or entries
for the event in the database and – according to the
database’s particular format – enters as many attributes
about the event as possible, applying any relevant
inclusion and quality control criteria. There are few,
if any, universally-applied standards in this process.

Example of disaster data from EM-DAT, the OFDA/CRED International Disaster Database
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This diversity results in differences from one database to
another in terms of how events are classified, geo-coded,
and the levels and types of associated losses and damages recorded. There is a lack of clear standardized data
collection methodologies and definitions. Consequently,
it can be difficult to compare and cross-validate data
from different databases both horizontally and vertically
between databases with global, national or local-level
coverage. These complexities can be compounded in
cases of events affecting multiple countries.

Mohamed Abd El Ghany/Reuters

The determination of the hazard event with which the
losses are associated, for example, may or may not have
been made by a recognized authority, such decisions
are often taken by the database operator. Munich Re,
for example, applies a hierarchy of “peril families” for
assigning hazard typologies. Systematically collected
primary loss and damage assessment data may or may
not be routinely available from official sources. CRED
applies a hierarchical policy for sourcing its data, with
priority given to data from United Nations agencies,
United States Agency for International Development
(USAID) Office of U.S. Foreign Disaster Assistance,
governments, the International Federation of Red Cross
and Red Crescent Societies, insurance and reinsurance
companies, research institutions and the press.

Egyptian farmer squats down on cracked soil to show the
dryness of the land due to drought in a farm formerly irrigated
by the river Nile
An indexing system for unambiguous identification of disaster
events.
Issues affecting country-level databases include:
•

Many parameters, some with unclear definitions
(“affected,” “victims”),

•

Inconsistent economic valuation of physical damages and losses,

•

Lack of differentiation between zero (no losses) and
missing values (no information),

•

Attribution of losses in localities to local secondary
hazards without ability to aggregate losses associated with a larger-scale, primary hazard, and

•

Lack of application of a standardizing indexing
system.

Some 80% of entries in country-level databases contain
blank or zero values for the key parameters of deaths
and economic losses. On some 30% of entries, all values are blank or zero. More than 50% of the databases
appear to contain data gaps – years for which no data
was entered. These are most prevalent in the earlier
years of database entries.

A more ideal situation would be a concentric system of
disaster impact data collection – interoperable between
sub-national, national, regional and global levels – using
a harmonized set definitions and methods. A number
of initiatives have been, or are, dealing with facets of
this problem. The International Council for Science
(ICSU) Integrated Research on Disaster Risk project, for
example, has a working group to study issues related to
the collection, storage and dissemination of disaster loss
data. The working group has identified needs in the areas
of user education, data comparability and accessibility,
downscaling of loss data to sub-national geographies
for policymakers and improving definitions of what
constitutes a loss and loss assessment methodologies.
A recent report by the European Commission Joint
Research Centre2 makes technical recommendations for a
European approach to standardization of loss databases.
The ongoing WMO-led Disaster Risk Reduction initiative
cited above is unique, however, due to the fact that WMO
is a global regulator and standard-making organization
in the area of hydro-meteorological information.

De Groeve, T., Poljansek, K. and Ehrlich, D., 2013. Recording Disaster
Losses, Recommendations for a European Approach. JRC Scientific and
Policy Reports, European Commission
2
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Documenting losses and assessing
risk: issues and needs related to hazard
information
With the above points in mind, there are three broad
areas that would benefit from further standardization.
1.

Standardization of hazard event identification and
characterization

Being able to correctly attribute losses consistently to
the particular hazards with which they are associated
is critical for accurate accounting of hazard-related loss
and damage. This exercise can be non-trivial, however,
due to several complicating factors.

in a standardized way. For other hazards, in particular
drought, there is little if any standardization of any of
these parameters. Database operators often arbitrarily
set the start and end dates of disasters as well as the
areas affected. This leads to a lack of comparability
and inter-operability of data from different sources. A
set of standards for hazard event characterization in
terms of magnitude, duration, location and timing for
all major hydro-meteorological hazards would help fill
this important gap.
Finally, unlike disaster loss data, again with the exception
of tropical cyclones, little hazard data is systematically
archived by relevant authorities. This is a vital gap
for conducting research on the relative contributions
to disaster causality of hazards, exposure and vulnerability. For example, accurate, complete and consistent
historical hazard event data, when combined with data
on associated losses and exposure, would make it
possible to isolate the contribution of vulnerability to
disaster causality, a key current gap in disaster reduction
research.3 Guidelines on the preparation of historical
hazard databases would address this need.

U.S. Air Force

2.

Flooded village in Bangladesh after the 1991 cyclone
A principle one is that one hazard may trigger another,
such as landslides triggered by heavy rainfall triggered
by a hurricane. Ideally all losses associated with a
particular hurricane should be aggregatable into a total
loss for that event. Yet, it is also essential to record
information about locally-triggered hazards since these
constitute proximate causal factors at the local level.
Different disaster database formats handle this issue
differently. A universal standard or set of standards for
addressing this problem, such as the Munich Re “peril
families,” is needed.
A second issue concerns rigorous definitions of the
various hazards for correct and consistent hazard event
designation. A storm surge, for example, is different
from a flood. Different types of floods can be – but are
not always – distinguished from each other, for example,
flash floods versus riverine floods versus floods associated with heavy rain. Standardized definitions would
address this problem.
All hazard events are by definition characterizable in
terms of magnitude (intensity), duration, location and
timing. Information for all these parameters for some
hazards, such as tropical cyclones, is routinely provided
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Official real-time hazard event designation and
archiving of hazard event data

A related issue to standards is the real-time application
of those standards by an appropriate authority when a
hazard event (or chain of events) occurs. The naming
convention for tropical cyclones is an example of how
this can work, but most hazard events come and go
without official recognition. Thus, database operators
– at local, national and international levels – may all
draw different conclusions as to the hazard or hazards
to which to assign the associated losses. There is a
need for guidelines in the application of those standards
to guide official designation of hazard events in near
real-time. These would address such issues as who the
designated authority is in a country, how the designations are to be framed – hazard names, numbers or other
conventions – how the information is made public, how
discrepancies are retroactively corrected, reconciliation
of designations across borders during hazard events
affecting multiple countries, etc.
3.

Integration of hazard-related standards with nonhazard-related standards

Due to the fact that the vast majority of disasters are
associated with hydro-meteorological hazards, an effort
to address the above areas, such as the aforementioned
Ms Di Maura’s article Risk Information: Issues and Needs for Assessing
Disaster Risks, which follows this one, discusses the theory of disaster
causality in terms of hazards, exposure and vulnerability.
3

WMO-led initiative, would make a major contribution
to the improvement of risk information. As previously
noted, however, there are additional issues affecting
disaster data quality and usability that are beyond the
scope of hazard standardization. These include, but
are not limited to:
•

Adoption of a standard indexing system for disaster
events, such as the GLIDE;

•

Standardization of the number and definitions of core
parameters, such as sex- and age-disaggregated
mortality, physical asset losses and damages and
their economic equivalencies, etc;

Disaster risk reduction and particularly climate-related
loss and damage have risen to the top of the international
policy agenda. Improving the systematic documentation of hazard and extreme events on an event by event
basis would constitute a vital contribution to documenting the outcomes of risk reduction efforts and guiding
investments to promote sustainable development and
reduce disaster losses.
WMO Contributor
Maxx Dilley, Director, Climate Protection and Adaptation
Branch, Climate and Water Department, WMO
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Standards for loss assessment and reporting (i.e.
primary data collection);
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Standardized methods for the estimation of economic losses;
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•

Standards governing data access; and
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Conclusion
Data on the magnitude, location, duration and timing
of each hazard or extreme event is crucial information
for documenting and cataloguing damage and losses.
Yet for many hazards, including flooding and drought,
this information is often not systematically collected
according to common standards. Nor is it catalogued
in an accessible form for future retrieval. Nor, with the
exception of named storms, is each event assigned a
unique identifier. The latter is vital for correctly linking
loss and damage data to the extreme events with which
they are associated, as well as for aggregating loss and
damage across national borders for events with transboundary impacts.
In addition there are issues related to so-called “slow onset” (that
is non-event-based) climate change related losses and damages that
currently go beyond the scope of disaster-related losses generally.
4
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Quantifying Risk Before
Disasters Occur: Hazard
Information for Probabilistic Risk
Assessment
By Manuela Di Mauro, Risk Knowledge Section, United Nations Office for Disaster Risk Reduction (UNISDR)1

Risk is a forward-looking concept that implies an eventuality of something that can occur. Therefore, assessing
risk means looking at the possible events that can occur,
quantifying how likely they are to happen and appraising
the potential consequences should they occur.
Assessing risk only based on past events does not
provide complete information on the current state of
the risk, for several reasons:
•

•

•

Records of past events cover a limited amount of
time and therefore might not include infrequent but
severe hazards which are present but which simply
might not have occurred previously within the time
covered by the catalogue;
Observed events do not reflect the full distribution
of possible future events; in fact, no two events are
exactly the same, thus basing the risk assessment
only on past events might not adequately anticipate
future events of greater magnitude, of different
durations, in different locations, etc.; and
Record of past events do not usually provide complete temporal and spatial information about the
event and detailed records of consequences, especially linked with the local severity of the hazard.1

It is important to use an approach that builds on past
records but that also takes into account events that
may occur in the future although they have not been
mentioned in catalogues or captured in loss databases.
Such an approach allows a better coverage of the possible events and provides an improved estimation of the
probability of occurrence of each event and associated
losses. Decision-makers use probabilistic risk assessment

to know which events and losses can possibly occur as
well as their likelihood and frequencies of occurrence.
Although specific applications are strongly dependent
on the scale of the assessment, probabilistic risk assessment is generally used for:
•

Designing risk reduction interventions, using probabilistic information on hazard intensities, exposure
and vulnerability;

•

Disaster risk reduction financing and budgeting; and

•

Cost/benefit analysis, comparing the cost of specific
interventions with the reduction of losses following
the implementation of these interventions.

Hazard
In a probabilistic risk assessment, the hazard is usually
represented through a stochastically generated set of
all the events that could possibly occur, each associated
with a frequency of occurrence. In this way the model
is able to statistically represent the probability of events
that have not yet occurred at a given location.
From the set of hazard events that are built for the
probabilistic risk it is possible to reconstruct the hazard
curve2, which relates a value of intensity to the probability of exceeding that value. This curve is necessary
for developing local risk reduction strategies for building
resilient infrastructure – roads, bridges etc. – land use
planning – identification of low risk areas for development – defining appropriate building codes, etc. However,
these applications require a description of the hazard
This curve can take different names depending on the hazard and the
application, e.g. “flood” or “flow” frequency curves (CEH, 1999; USGS,
1982), “intensity exceedance” curves etc.
2

Manuela Di Mauro was at UNISDR when this article was drafted, but
has since resigned.
1
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with good spatial resolution, subject to the quality of
the input and the scale of the analysis. For example, to
design an earthquake-resistant building, the magnitude
of a possible earthquake at its epicentre would not suffice, it is necessary to describe the propagation of the
seismic wave and the actual “ground shaking” that would
affect a structure. Similarly, to design a bridge, a hazard
curve describing probable rainfall at a particular point
within a catchment is not sufficient; a reconstruction
of how this rainfall translates into runoff and then into
the river flow that propagates in different parts of the
domain is required.

Damaged buildings after an earthquake in Sichuan Province,
China in 2008
Designing such interventions and infrastructure also
requires knowing the intensity of the hazard that should
be used as reference. For example, when building
infrastructure in a flood prone area, one might ask: How
wide should the bridge be? How much drainage will the
road need? How far from the river should the school
be situated? As different possible events correspond
to different values of flood depth, we need to know the
expected value of the flood depth in each point of the
domain, as well as the likelihood of this value being
surpassed.
In other words, designing risk reduction interventions,
as well as risk-proofing infrastructure, requires the
knowledge of the hazard’s spatial variability, in the
form of the probability of exceeding a certain value
of intensity in each point, or in specific points, of the
domain. This information is needed with a resolution
that varies between a few centimetres to hundreds of
metres, depending on the requirements of the application. This knowledge can only be achieved through
reconstructing – modelling – the spatial variability of
the hazard for a stochastically generated set of events.
The hazard curve at each point of the studied, modelled,
domain can be built by applying this stochastically
generated set of events to the domain, each event linked

with its probability of occurrence. As the events are
considered independent and mutually exclusive, the
resulting probability of exceeding an intensity a can
be calculated as:

p(a)=∑Ni=1 P(A > a|ei) · f(ei)
Where: p(a) is the probability of exceeding an intensity a,
P is the probability of exceeding an intensity a, given the
occurrence of the event ei, f (ei) is the annual frequency
of occurrence of the event ei, and N is the total number
of events e. Equation (1) implies that, for each event,
the intensity in one point is expressed as a probability
distribution. In this way the uncertainty in the estimation of each event ei is integrated in the hazard curve.
If only one value of intensity is available for the event
ei (i.e. P(A>a|ei) = 1) and there is only one event that
exceeds the intensity a among those modelled, then the
intensity excess rate p(a) equals the annual frequency
of occurrence of the event.
The inverse of the annual frequency of the event is the
“Return Period.” The return period should be regarded
as the inverse of the annual frequency of occurrence
and not as a recurrence interval. For example, a return
period of 1 in 250 years does not correspond to an event
that will occur exactly every 250 years, but to an event
that has a 0.4% chance of occurring in any given year.
However, the hazard assessment alone is not sufficient
to appraise the risk and design risk reduction interventions. In fact, such interventions, including designing
structures to withstand hazards or regulating land use
planning, can be costly. To appraise the direct benefits of
risk reduction, for instance in terms of return on investments, it is fundamental to quantify the likely losses if
the interventions are not implemented or structures are
under-designed, and compare these losses with those
that could occur should the intervention be implemented.
For this, a probabilistic hazard assessment needs to
be paired with the full assessment of the risk, which
includes taking into account of the impact of the hazard
on the exposed elements.

Exposure and vulnerability
To assess the impact of the hazard, the first step is analyze
and reconstruct the environment that can be affected.
In general, exposure data identify the different types of
physical entities that are on the ground, including built
assets, infrastructure, agricultural land and people. The
characteristics to be assessed depend on the scope of
the analysis. If the risk is assessed in terms of losses in
the built environment, structural types and construction characteristics are needed. If the risk assessment
includes damages to agricultural land, types of crops
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and their seasonality has to be considered. An analysis
on mortality risk will require demographic and socioeconomic characteristics of the population.
The exposure data should contain the physical location
of the asset as well as the characteristics of the asset that
influence its vulnerability and enable the assessment of
the damage or loss to the asset. These characteristics
typically can include:
•

geographical location of each exposed element,

•

structural characteristics,

•

replacement values,

•

human occupation/population density/number of
people in each location, and

•

socio-economic characteristics of the population
at each location

For each hazard and each element’s typology, one vulnerability function is defined. For very detailed analyses, and
for exposed elements that might not fall into a general
class like a dam, a bespoke vulnerability curve can be
developed. Each point of the curve links a characteristic
of the hazard – intensity – to the likely loss in terms of
mean and variance, representing the probability distribution of the losses that are likely to occur following a
hazard event of a given intensity.

Probability distribution of losses for one hazard event

Risk

Example of loss exceedance curve
The exposed elements are usually classified based on
their typologies, for example, by building taxonomy, by
age group, etc. This classification is relevant to assign
the vulnerability to each exposed element.
Once the physical characteristics for each exposed element are defined, it is possible to establish and assign the
likely damage, and subsequently losses to that element
subjected to a specific hazard. This is done by defining
relationships between a measurement parameter of the
hazard – water depth in case of flooding or the spectral
acceleration in the case of earthquakes – to the likely
damage of the particular element or type of elements.
The damage may be expressed in percentage or in term
to their replacement value. The name given to these
relationships – between hazard and loss – varies from
one field to another. In earthquake engineering, they
are often called “vulnerability functions”; in flood and
dam engineering, they are often referred as “fragility
curves”; and in other publications “damage functions”.
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Once the hazard exposure and vulnerabilities of the
exposed elements are defined, it is then possible to
calculate the losses related to each of the possible events.
A probability distribution of the hazard intensity for
certain return periods can be associated to each point
of the domain. As each point of the vulnerability curve is
itself a probability distribution, a different probabilistic
distribution of damages is calculated at each point for
each event and for each exposed element.
Therefore, at each point of the space, for each modelled
event, and for each exposed element (or class of elements), we obtain a probability distribution of losses.
For each value of losses X, the area underneath the
probability curve represents the probability to exceed
this value P(x > X).
The combination of all these distributions, for all the
building classes and the points of the exposure database, produce the probability distribution of losses in
the country. This distribution is call a “loss exceedance
curve.” The curve usually constitutes the key output of
a fully probabilistic risk assessment.
Each point of the curve is not associated with a specific
event, but rather represents the absolute probability of
having a loss equal or higher than X in any given year
(“Excess Rate”). Similarly to the hazard curve, as each
of the events are considered to be independent and
mutually exclusive, the resulting probability of exceeding

a loss x (constituting one point of the loss exceedance
curve) can be calculated as:

this “residual risk” can be economic but also political,
resulting in what is sometimes called “acceptable risk”.

r(x) = ∑Ni=1 R(X > x |ei) · f(ei)
Where: r(x) is the probability of exceeding a loss x, R
is the probability of exceeding a loss x given the occurrence of the event ei, f (ei) is the annual frequency of
occurrence of the event ei, and N is the total number
of events e.

Example of probable maximum loss

Recommendations concerning hazard data for
probabilistic risk assessment

Example of loss exceedance curve
The integral of the loss exceedance curve – the area
underneath the curve – is the Annual Average Loss
(AAL), which represent the expected losses in any given
year, averaged over a long period of time. For example,
if the losses are expressed as monetary value in terms
of replacement cost of urban buildings, these results
provide a picture of the extent of monetary losses the
country is likely to face, on average, in one year.
Each point of the curve is what is usually called the
“Probable Maximum Loss,” which is the maximum
loss that could be experienced in the occurrence of a
disaster with a particular return period.
Although the probable maximum loss is not related
to a single event, this metric can be used as a proxy
to assess losses should the design return period be
exceeded. Thus, it can provide a strong argument in
terms of cost/benefit analysis for specific return periods.
In general, the probable maximum loss represents
the actual return period of losses, hence it is used to
provide information on how to address the different
level of risk. Risks with high to medium probability of
losses occurring can be addressed through interventions
such as prospective and corrective risk management
measures – that is, codes and norms. Risks with low
probability of high losses may be addressed through
risk transfer mechanisms. Risks of very high losses
with very low probability of occurrence are “residual”
risks that decision-makers may not be able to address
nor transfer. The decision on where to set the level of

To design a good risk assessment, it is necessary first
to ask the right questions – that is, define the specific
scope of the risk assessment. This will inform the choice
of the best resolution and scale of the analysis. These
factors are also dependent on the time, resources and
type/resolution of the data available for the analysis.
The choice of the hazards to include in the analysis may
depend on the context of the specific assessment – the
questions asked – but also by the resources available.
If this is the case, a pre-assessment of the risks in the
area is necessary to prioritize which hazards should be
included in the analysis.
Carrying out a probabilistic risk assessment requires a
considerable amount of input data on hazards, exposure
and vulnerability. Usually, hazard information from
meteorological offices is used as input for the models
that are needed to reconstruct the intensity of the hazard,
its spatial variability and probability. Although the data
requirements strongly depend on the scope and scale of
analysis, some general recommendations can be made:
1.

Guidelines and standards for probabilistic hazard
and risk assessments

Risk assessment is one of the key indicators of progress
for the Hyogo Framework for Action. However, there
are no general guidelines for assessing the quality of a
probabilistic hazard and risk assessment, nor for identifying the minimum requirement for such assessment.
Without such information, resources may be producing
sub-standard or uninformative risk assessments. Such
guidelines would require extensive consultation with
various institutions.
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2.

Baseline data produced, updated and made available
for hazard modelling

Baseline data, such as topographic, land cover or bathymetric data have to be systematically produced and
updated, with different spatial resolutions and information on their accuracy, and made available for hazard
and risk modelling.
3.

Time series of hydro-meteorological data systematically collected and stored, following standardized,
quality-controlled, formats

Time series of hydro-meteorological data (e.g. rainfall,
flow discharges, wind gusts etc.) should be systematically and continuously collected, as they should cover
a sufficient temporal span to be used in the analysis.
For different time series to be usable for analysis, it
is important to ensure coherence in the way the data
are collected and measured. Modellers require data
collection that follows coherent formats and methods.
Such data should be collected providing an appropriate
spatial coverage to enable the modellers to produce a
usable description of the hazard. Parameters include
the magnitude, timing, location and the duration of each
hazard or extreme event.
4.

Data quality, resolution and uncertainty provided
together with the datasets

The input data for risk modelling should also be provided
with information on their quality. If this information is
lacking or cannot be assessed, it is difficult to evaluate
the uncertainty related to the input data and hence to
calculate the propagation of this uncertainty into the
output.
5.

In case of flooding, conduct post event surveys to
record water depths, and possibly velocity, at different points within the affected areas

Vulnerability curves are mostly based on laboratory
experiments and subsequently validated with real data.
Recorded flood depths and velocity at different points
within the affected area are extremely important to
validate hazard models, but also to develop vulnerability curves when coupled with the damages/losses
at the same points and the physical characteristics of
the damaged elements.

Other issues
Additional issues regarding exposure and vulnerability
data include:
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1.

Exposure data should be systematically collected
and updated

Geo-referenced demographic and socio-economic data
– population, age classes, income levels, etc. – are
generally collected through censuses. Building censuses, including structural characteristics of buildings
and infrastructure, are less common. Exposure data
should include geo-referenced locations of buildings and
infrastructure, structural characteristics, replacement
values, or characteristics relevant for reconstruction
such as building use. These data are fundamental for
quantifying losses and prioritizing interventions. Given
the potential sensitivity of such data, they may be collected by government agencies to be made available
to risk modellers.
2.

Vulnerability curves should include uncertainty levels

Model results are sensitive to the vulnerability curves
adopted and their uncertainty. These curves often
embed a high level of uncertainty. For instance, they
may depend on the construction techniques used in
the analysis and, therefore, be area-specific. Structural
characteristics of exposed elements are also complex
to assess, requiring detailed information on design,
building codes, construction techniques, etc. that might
be imprecise, unavailable or not assessable. Thus, the
level of uncertainty in the vulnerability curve should be
appropriately represented.
3.

Forums could be created to share and validate
vulnerability functions

Physical vulnerability data are often not available. It
is important that practitioners share such curves and
jointly contribute to their improvement and validation.
A forum is a mechanism for sharing information and
improving the knowledge-base.
4.

Further research should be devoted to developing and validating vulnerability curves, especially
regarding human vulnerability

The characterization of the human vulnerability is an
open research question. While the physical vulnerability
contributing to the consequence of a building collapse
might be more easily assessed, factors such as the
contribution of early warnings to vulnerability levels of
exposed populations can be more difficult to estimate,
although they may greatly affect the mortality associated with some hazards.

Jocelyn Augustino/FEMA

Marulanda Fraume, M. C., 2013, Modelacion probabilsita
de perdidas economicas por sismo para la estimacion de la vulnerabilidad fiscal del estado y la gestion
dinanciera del riesgo soberano, PhD thesis for the
Universitat Politecnica de Catalunya, available at www.
tdx.cat/bitstream/handle/10803/116424/TMMF1de1.
pdf?sequence=1
Manuele, F. A., 2010, Acceptable Risk, Professional
Safety, v. 55, 5, 30-38

A lone house remained standing after Hurricane Ike (2008)
devastated Gilchrist and Galveston, Texas. Taking advantage
of lessons learned from Hurricane Rita in 2005, the house was
built on elevated ground and designed to withstand winds of
up to 209 km per hour

Prahl, B. F., Rybski, D. Kropp, J. P., Burgho, O. and Held,
H., 2012, Applying stochastic small-scale damage functions to German winter storms, Geophysical Research
Letters, 39
Rossetto, T. and Elnashai A., 2003, Derivation of vulnerability functions for European-type RC structures
based on observational data Engineering Structures
25 1241–1263

Conclusion
Historical hazard data is essential for assessing risks of
future losses. Yet, for many hazards such data has not
been systematically collected, is catalogued in different
formats, is inaccessible and lacks metadata. Recording
the magnitude, location, duration and timing of each
hazard or extreme event is a crucial component in the
process of documenting and cataloguing damage and
losses. Accumulated over time, these data provide a
basis for calibration and validation of the hazard models
needed for (ex ante) probabilistic risk assessment.
Disaster risk reduction has risen to the top of the international agenda. WMO and its members would make a
valuable contribution to this agenda both internationally
and in terms of reducing losses at country level by giving
this important issue the attention it deserves.
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EUMETSAT

Preparing the use of New
Generation Geostationary
Meteorological Satellites

By Dr. Tillmann Mohr1, winner of the 58th International Meteorological Organization IMO Prize (2013)

Seven new generation geostationary satellites will be
launched into positions over the equator within the
next five years.1These launches will drastically change
the Space Component of the WMO Integrated Global
Observing System (WIGOS) and National Meteorological and Hydrological Services are challenged to prepare
for the advanced capabilities the satellites will offer. 2
The imager capabilities, sampling rate, spectral resolution and spectral channels, of this new generation of
satellites will drastically increase data rates – by an order
of up to 100. All National Meteorological Hydrological
Services will be affected.2

More channels, more data
The Himawari-8 of Japan (JMA) launched on 7 October,
demonstrates significant improvements over the previous generation. Its Advanced Himawari Imager (AHI) is
transmits on 16 channels, up from 5. Its sampling rate is
augmented from 30/60 minutes to 10 minutes. It allows
additional rapid scanning of Japanese territory every
2.5 minutes and, when monitoring typhoons, every 2.5
minutes in a targeted area around the typhoon.

Half of the new generation satellites will also have a
sampling rate (temporal resolution) of 10 minutes.
These data sets allow the generation of new products for
use in applications such as weather forecasting, climate
and environmental monitoring and service provision,
and improved water services. The benefits will be huge
for sectors such as disaster risk reduction, agriculture
and food security, health, water management, energy
and transportation.

Preparing the National Meteorological
Hydrological Services
But the large investments in these new generation satellites would be wasted and result in little benefit if National
Meteorological Hydrological Services are not prepared
to take advantage of their advanced capabilities. There
is reason to worry as the WMO Satellite User Survey in
2012 revealed that to be the case. The situation in WMO
Regional Association V (RA V covers the South Pacific)
is a typical example: training is inadequate and both
human resources and equipment are lacking.

The majority of the new generation satellites will have
16 channels, but what is most notable is that 9 of those
channels are common to all satellites, permitting all
users to get global data sets in those wavelength bands.
A great achievement compared to the present situation.
Special advisor to the WMO Secretary-General on space matters;
previously President of the German Weather Service and DirectorGeneral of EUMETSAT. Read an interview of Mr Mohr in the 2005 WMO
Bulletin at www.wmo.int/pages/publications/bulletin_en/interviews/
tillmann_en.html
1

International satellite meteorology is facing two major challenges: the
development of an architecture for climate monitoring from space and
preparation for the use of new generation of geostationary meteorological satellites. WMO Bulletin Volume 62(2) of 2013 discussed the first.
2

42 | WMO Bulletin 63 (2) - 2014

The results for RA V from the WMO Satellite User Survey 2012,
typical for all WMO Regions, show that training is inadequate
and both human resources and equipment are lacking

WIGOS Space Component
Before

Current WIGOS Space Component: a ring of 14 geostationary
satellites and a variety of low Earth orbiting satellites in
different orbits

After

Next generation geostationary constellation

The eight new generation geostationary meteorological satellites to be launched in the period 2014 to 2019 (*launched
successfully on 7 October)
However, the WMO Commission for Basic Services
(CBS) “CBS Guideline for Ensuring User Readiness for
New Generation Satellites (Report CBS-15, 2012)” states
that “operational users (NMHSs) are to establish user
readiness projects 5 years prior to launch.” It assigns
responsibility to “satellite operators to assist users in
the introduction of new data streams into operations.”

Meteorology (BOM) participated in the WMO Satellite
Programme side-event at the 2013 WMO Executive
Counsel (EC-65). With input from satellite operators,
the WMO Satellite Programme also develop a guide
on new generation satellites, entitled “User Readiness
Navigator (SATURN).” Online since June (www.wmo.
int/sat), the Guide is continuously updated.

In order to alert Members to the urgency of the situation, the China Meteorological Administration (CMA),
EUMETSAT (European Organisation for the Exploitation
of Meteorological Satellites), Japan Meteorological
Agency (JMA), United States National Oceanic and
Atmospheric Administration’s Satellite and Information Service (NOAA/NESDIS) and Australian Bureau of

The 13 Centres of Excellence of the WMO-Coordination
Group for Meteorological Satellites Virtual Laboratory
for Education and Training in Satellite Meteorology
(WMO - CGMS VLab) now also provide special courses
to assist NMHSs in preparing for the new generation
of satellites.
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As concerns RA V, some of the Regions’ National Meteorological Hydrological Services have started to prepare
for Himawari-8. BOM has specified its requirements to
JMA, the satellite operator, which include:
•

Synthetic data sets in advance of operations;

•

Early release of software for processing new data;

•

Early advice on formats and technical data such as
downlink frequencies, signal characteristics, etc; and

•

Coordination between satellite operators in RA V
(CMA, JMA, NOAA/NESDIS) on product generation
and delivery.

the best preparations to be made for establishing
data access and delivery capabilities.

Analysis of the current situation
There is no doubt that satellite operators will meet the
requirements of National Meteorological Hydrological
Services on training, technical information, synthetic
data sets, coordination on product generation, etc.
However, a significant number of WMO Members may
not be able to use the data from the new generation
satellites at the national level due to lack of human and
financial resources. A concerted capacity development
effort is required from WMO and the space agencies.
One possibility is for each of the 13 Centres of Excellence
to dedicate a unit of 4 to 5 people, sponsored by the space
agencies, to be seconded to National Meteorological
Hydrological Services and specific end users. The task
of the units would include:

Channels of next generation geostationary imagers
At the same time, BOM established a list of internal
preparatory steps to be taken prior to Himawari-8 becoming operational in the second quarter of 2015. The list
of actions considers:
•

Staff readiness, training for staff (forecasters and
other internal users);

•

Engagement in available training events;

•

End-to-end testing of ground systems using synthetic data;

•

Sharing information between users; and

•

Establishing prioritized requirements, including clear
priorities for current and future products allowing
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•

Generation of tailored products in the area of responsibility of the Centres of Excellence based on requirements of the National Meteorological Hydrological
Services and the end users, and

•

Running of a visiting scientists programme for young
scientists coming from the area of responsibility
and nominated by the National Meteorological
Hydrological Services.

Two years after the worrying WMO Satellite User Survey,
steps have been taken, but the 2014 to 2019 launch dates
quickly approach and there is urgent need for more
training. The costs of developing and launching new
generation satellites are huge, the benefits they will
bring for disaster risk reduction, agriculture and food
security, health, water management, energy, and transportation may be phenomenal if National Meteorological
Hydrological Services are ready to take advantage of
their advanced capabilities.

E-book review: Communicating
Hydrometric Data Quality: What, How and Why
By Thomas H. Yorke2, Jérôme Le Coz3 and Tony Boston4

The availability of adequate fresh water for human consumption, agriculture, industries, cooling of industrial
and electric generating facilities, and aquatic and riparian
resources is critical, or will become so, in all countries.
Accurate and verifiable streamflow data are essential for
making confident estimates of available fresh water, for
designing roads, bridges and other infrastructure, for
calibrating and validating hydrological models, and for
assessing the potential impact of floods. The quality of
that data is ever more important as resources become more
limited and water allocation decisions more impactful on
local, regional and national socio-economic development.1 2
“Communicating Hydrometric Data Quality: What, How,
and Why” provides a good synopsis of the current state of
how streamflow data are collected, processed, reviewed
and categorized. It describes the old paradigm of national
organizations that had standard operating procedures for
collecting and validating streamflow data as accurate and
verifiable, then looks at the new paradigm of many disparate
providers sharing data using the WaterML 2.0 standard5,
which offers no complementary standards for characterizing the quality and reliability of the data. WaterML 2.0
makes the need for transparency in hydrometric procedures – external audits by independent organizations, in
addition to internal procedures – more acute than ever,
but this emerging issue is not addressed in the ebook.3 4
The author discusses the codes used for communicating
data quality by five organizations: WMO, U.S. Geological
Survey (USGS), Water Survey of Canada, National Environmental Monitoring Standards (NEMS) of New Zealand,
and the Open Geospatial Consortium (OGC). This includes
a rudimentary comparison of the data quality categories
of good, fair, poor, estimated, unchecked and missing.
Obviously, it would be relevant to extend the exercise to
more organizations worldwide.
The e-book section “Standards for Characterizing Data
Quality” is very informative and includes numerous links
1

Available at aquaticinformatics.com

2

Hydrologist, Yorke Consulting Inc., Haymarket, VA, USA

River Hydraulics Scientist, Irstea, Hydrology-Hydraulics Research Unit,
Lyon, France.
3

Branch Head, Environmental Information Management, Australian Bureau
of Meteorology
4

to other publications, including those of the International
Standards Organization, USGS, and WMO. It contains
information on various aspects of stream gauging that
affects data quality, including site selection; water-level
measurement methods and equipment; discharge measurement methods, technologies and equipment deployment;
and computational procedures using the stage-discharge
ratings, velocity-index ratings, and modeling and other
estimation techniques.5
“Categorization of Hydrometric Data Quality” is the core of
the ebook. It identifies NEMS as the only agency reviewed
that has a standard with testable criteria for data quality
categorization. The section has two examples, including
flow charts, showing the performance objectives for water
level data and streamflow data. The flow charts include
decision nodes for defining six data quality zones, which
provides a good example of the need for more standardized
practices in the production and delivery of hydrometric data.
A missing component of the e-book is information on
determining the quantitative uncertainty of streamflow
data. NEMS data quality zones are based on decision nodes
of calculated uncertainty, however, the book stops short
of providing guidance on calculating uncertainty. Perhaps
calculating uncertainty is beyond its scope, but it would
have been useful for the author to point to procedures and
examples for calculating the uncertainty of streamflow data
available in ISO 748 and ISO 5168. The e-book properly
makes reference to the GUM (JCGM, 2008) as the general
uncertainty analysis framework.
Uncertainty analysis of hydrometric data is complex and
difficult to achieve routinely and in a reproducible, auditable way. However, it is necessary to make progress on
the quantification of uncertainty, according to an explicit
level of confidence (usually 95%), because the qualitative
grading of data through a quality code is insufficient to
assess whether data are fit for a given use. Unlike quantified uncertainties, quality codes cannot be propagated
to hydrological statistics or other hydrological products.
The WaterML 2.0: Part 1 - Timeseries standard was released by OGC
in September 2012, and in November 2012 the Commission for Hydrology
recommended that WMO Members test, through pilot projects during 20132016, the use of WaterML 2.0 for the exchange of hydrological data with a
view to its adoption as a joint WMO/ISO standard.
5
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Third UN Conference on Small
Island Developing States

The Third International Conference on Small Island
Developing States was held from 1 to 4 September in
Apia, Samoa. It focused the world’s attention on a group
of countries that remain a special case for sustainable
development in view of their unique and particular vulnerabilities. The overarching theme was “The sustainable
development of small island developing States through
genuine and durable partnerships”. Confirming its strong
commitment to Small Island Developing States, WMO
played an active role in the event.

Managing Extreme Weather Events in Small Island
Developing States (SIDS), WMO side-event on
1 September: This televised panel discussion
event focused attention on the need for enhanced
weather and climate services in SIDS and encourage increased investment in weather and climate
services by SIDS governments and their development partners.

Strengthening weather and climate services to protect
Small Island Developing States, a WMO side-event
on 2 September: The event started with a viewing of
the 15-minute video “Storm Island – Do small island
nations need stronger weather and climate services?”
In the discussion that followed, panelist expressed
their views on recent climate-related disasters that
impacted their communities, whether they felt these
events were increasing and the challenges such an
increase would bring. The discussion then moved
on to what governments were doing to protect communities and the investments needed in improving
weather and climate services.
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WMO Secretary-General Michel Jarraud and Indian
Ocean Commission (OIC) Secretary-General Jean Claude
de L’Estrac signing Memorandum of Understanding
during SIDS Conference.

WMO launched a new Global Framework for Climate
Services partnership for strengthening weather and
climate services in SIDS in the Caribbean, South Pacific,
Indian Ocean and other regions. The partnership will
initially focus on economic sectors that are particularly
sensitive to weather and climate, including agriculture
and food security, disaster risk reduction, health, and
water resource management.

WMO and the Secretariat of the Pacific Regional Environment Programme (SPREP) developed the “Small
Islands, Weather Together” partnership to demonstrate
how the small island nations of the world are working
together to improve their vital weather and climate
services. (More info at www.weathertogether.org/)

WMO Secretary-General Michel Jarraud (right) and
Deputy Secretary-General Jeremiah Lengoasa (left) at
the WMO booth at SIDS conference.
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GLOBAL ATMOSPHERE WATCH (GAW)
GAW RESEARCH ENABLING SERVICES TO
WMO MEMBERS THROUGH:
ATMOSPHERIC COMPOSITION
OBSERVATIONS & RESEARCH

CAPACITY DEVELOPMENT

IMAGE COURTESY OF THE NATIONAL OCEANIC AND
ATMOSPHERIC ADMINISTRATION (NOAA), USA

ASSESSMENTS, PRODUCTS
AND SERVICES RELATED TO
ATMOSPHERIC COMPOSITION

www.wmo.int/gaw
1989 – 2014

25 YEARS OF GAW

5–7 NOVEMBER 2014
GENEVA, SWITZERLAND

CONFERENCE ON
THE GENDER DIMENSIONS OF
WEATHER AND CLIMATE SERVICES
UNIVERSAL ACCESS | EMPOWERING WOMEN
The World Meteorological Organization will host this groundbreaking international forum to advance gender
inclusion in weather and climate services. The Conference will raise awareness and showcase good practices
and concrete actions to empower women – as well as men – to produce, acquire and use such services to make
more informed decisions in the weather and climate-sensitive areas of food security, disaster risk reduction,
water resources management and public health. Empowerment of women is important both to improve the
effectiveness of weather and climate services and to build climate resilience.
Speakers will include:

Ms Irina Bokova
Director-General, UNESCO

Senator Loren Legarda
The Phillippines

Her Eminence Ms Tarja Halonen
Former President, Finland

www.wmo.int/genderconference | genderconference@wmo.int
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