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The year 2017 has thus far witnessed a remarkable
number of weather- and climate-related disasters, from
a series of powerful hurricanes in the Atlantic basin
to floods in West Africa and Asia to severe droughts
in the Horn of Africa, Sri Lanka, South Africa and
elsewhere. Growing populations, poverty and precarious dwellings in deserts, flood plains and low-lying
areas leave many countries increasingly vulnerable to
such disasters. A major storm or drought can cut the
annual GDP of a developing country by as much as
30%. Countries lacking infrastructure and capacity for
adequate early warning systems or effective climate
services are particularly exposed to risk. Investing in
these systems and services can therefore make an
essential contribution to national development.
There are many challenges to overcome. In this issue
of the WMO Bulletin, leading experts explore how
weather, climate, hydrological, marine and related
environmental services are assisting countries to
implement the United Nations 2030 Agenda and
Sustainable Development Goals (SDGs). While each
article focuses on a particular SDG, the authors clearly
recognize that the 17 SDGs and the 2030 Agenda
provide a single integrated programme for action. The
cross-cutting nature of the SDGs is a major reason
why WMO and National Meteorological and Hydrological Services (NMHSs) are actively building and
strengthening partnerships with other communities,
sectors and disciplines.
The demand for accessible and accurate services will
continue to grow in the years ahead. With 2017 on
track to be one of the warmest years on record, and
greenhouse gas concentrations rising to alarming
levels, this increased demand is being driven in good
part by concern over climate change and the changing
patterns of weather, hydrology, storms, flooding
and drought. It further reflects the recognition that
natural disasters undermine the long-term stability of
societies and economies, often setting back progress
on sustainable development by many years.
These concerns are also reflected in the theme WMO
has chosen for World Meteorological Day 2018, to
be celebrated on 23 March. Making communities

3

"weather-ready, climate-smart" requires the delivery
of services that empower decision-makers to build
societal resilience in the face of weather extremes and
a changing climate. People everywhere can benefit
from an integrated approach that combines timely
and user-friendly forecasts with effective warning
systems and enhanced preparedness. Many countries
have made significant progress on all three elements,
which has often resulted in less loss of life. But there
is still much more that can be done to ensure that all
communities are weather-ready and climate-smart.
Our weather and climate services must also respond
to new human vulnerabilities resulting from mass
migration, the expansion of megacities, coastal development, and other socio-economic trends of the
21st century. To do so effectively, NMHSs need greater
recognition from policymakers, and they need to be
further integrated into national development plans.
This is essential to ensure that all countries are able
to reduce the risks and maximize the opportunities
linked to weather, climate and water, thereby achieving
the SDGs.
Fortunately, continuing advances in weather and
climate science and in technology will enable the
WMO community to provide continuously improved
services. The tools of our trade include enhanced
observations, collaborative research, innovations
in service delivery, user engagement, technology
transfer, capacity development, technical training,
new partnerships and public outreach. The WMO
community is committed to providing today’s decision-makers and those of future generations with the
information and services they need to manage an
increasingly complex and challenging environment.

Petteri Taalas
Secretary-General
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Strengthening the Early
Warning Capacity of NMHSs in
Low-Income Countries
by John Harding1 and Silvia Llosa1

Sustainable Development Goal 17 (SDG 17), which stresses the importance of partnership, is a global
commitment to enhance support to developing countries, and in particular, to lower income countries
and Small Island Developing States (SIDS). It reflects the international community’s recognition that
the SDGs can only be realized through robust partnerships. At the backbone of this commitment is
country-led monitoring of progress, the mobilization of additional financial resources and measuring
the effectiveness of efforts.
This article explores the opportunities and incentives that SDG 17 – and related agreements reached in
2015 – provide to National Meteorological and Hydrological Services (NMHSs). These include improving the
effectiveness of information service delivery, contributing to national adaptation plans for climate resilience
and sustainable development, and building the case for greater access to climate and other financing.
A great deal of data on sustainable development was
gathered in the lead up to the adoption in 2015 of the
2030 Agenda for Sustainable Development, the Paris
Agreement under the United Nations Framework
Convention on Climate Change (UNFCCC), the SIDS
Accelerated Modalities of Action (S.A.M.O.A.) Pathway
and the Sendai Framework for Disaster Risk Reduction.
One observed trend deserves particular attention: casualty risk for hydrometeorological hazards – the number
of people at risk of losing their lives – is increasing
in low-income countries and SIDS (see Figure 1)2. In
addition, it is the poorer segments of the population
in these countries that are most affected, and extreme
climate events are hampering their efforts to extricate
themselves from poverty (UNISDR, 2015). This trend
is both unacceptable and reversible3.
1

1

Climate Risk and Early Warning Systems (CREWS) Secretariat

2

UNISDR Global Assessment Report (GAR), 2015. According
to the same reports, in most countries the number of lives
lost to hydrometeorological events is trending down.
This is due in a large part to enhanced capacity to predict
extreme events, alert exposed populations and reduce
risk to future impacts (UNISDR, 2015).

3

CREWS Investment Plan 2016-2020 (CREWS, 2016)

The evidence is also clear that SIDS have far higher
levels of risk relative to the size of their populations and economies (IPCC/SREX, 2011). In the
case of tropical cyclones, Vanuatu has the highest
casualty risk per million inhabitants in the world,
with St Kitts and Nevis in third place. This uneven
distribution of risk is also more broadly true for
low-income countries where, for the same number
of people exposed to tropical cyclones, casualty risk
is approximately 200 times higher than in OECD
countries (UNISDR, 2011).
More targeted research reveals a direct correlation
between the intensity of hurricanes and the level of
poverty. A variation in the wind intensity of a hurricane
that affects a country in Central America leads to a
decrease in total per-capita GDP growth of 0.9 – 1.6%,
which in turn increases moderate and extreme poverty
by 1.5%4.
4

Ishizawa, Oscar A.; Miranda, Juan Jose. 2016. Weathering
Storms : Understanding the Impact of Natural Disasters
on the Poor in Central America. Policy Research Working
Paper No. 7692. World Bank
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Figure 1. Extensive mortality
to disasters on lower income
countries and Small Island
Developing States, 1990 to 2013
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This fact is reflected in the first of the SDGs – No
Poverty. This goal is underpinned by two inter-linked
targets:5 first, to reduce at least by half the proportion
of men, women and children living in poverty, and,
second, to reduce their exposure and vulnerability to
climate-related extreme events and disasters. In other
words, governments have recognized that part of the
complex challenge of freeing people from poverty, and
its associated vulnerabilities, is to increase capacity to
understand, predict and reduce the impact of extreme
events. We have collectively committed to achieving
this by 2030.
Thus, NMHSs in low-income countries require investments, partnerships and capacity building to improve
the effectiveness of their service delivery – especially
for early warning systems. They will first need to
measure their current capacity and assess their needs
in order to find the right partners and work with
them to define initiatives, then monitor progress and
demonstrate real, people-oriented results.

Measuring the effectiveness of early
warnings
The capacity of NMHSs to provide effective weather
and climate services that support impact-based early
5

SDG1: End poverty in all its forms everywhere. Target 1.2:
By 2030, reduce at least by half the proportion of men,
women and children of all ages living in poverty in all
its dimensions according to national definitions. Target
1.5: By 2030, build the resilience of the poor and those
in vulnerable situations and reduce their exposure and
vulnerability to climate-related extreme events and other
economic, social and environmental shocks and disasters.

2010

2013

Lina Sjaavik

1990

Below: Small islands in the
Pacific are amongst the most
exposed countries to extreme
climate events.

warnings is highly variable.6 A number of NMHSs,
particularly in Africa and in SIDS, operate with low
capacity, funding and visibility. They also face challenges in communicating and disseminating their
products and retaining qualified staff. At the same
time, countries such as Bangladesh, Cuba, India
and the Philippines demonstrate that effective early
warning systems can save lives and reduce the loss
of livelihoods and assets.
Efforts to measure early warning effectiveness reveal
the components and mechanisms required. Comparing
the loss of lives and livelihoods due to recent event
with losses due to events of similar intensity in the
more distant past helps to making the case for the
effectiveness of early warning systems.
Prior to the Indian Ocean Tsunami in 2004, research
focused on specific disaster events and the effectiveness
6

“Investing in the Cascading Forecasting Process in Modernizing National Meteorological and Hydrological Services
(GFDRR/WB and WMO, 2013); “WISER- Weather and climate
Information and SERvices for Africa, Business Case and
Summary” (DFID, 2015); “A New Vision for Weather and
Climate Services in Africa” (UNDP, 2016)
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Evaluating the economic benefits of weather and
climate services has recently been the focus of significant research.7 While these studies are not normalized
and systematically applied, they are used effectively
in programmes and projects to demonstrate the
cost-return of investment in early warning. NMHSs
also use cost-benefit analysis for making the case for
investments in public services.

of the warning systems. Since then, a small number
of regional and global reviews have been undertaken
that assess early warning systems across different
hazards and identify gaps and needs against the four
elements of an effective multi-hazard, impact-based
early warning system – these are a risk-informed
system design, a monitoring, forecasting and warning
service, communication and dissemination, and public
access and ability to respond to the warning.

Despite these research advances, few countries currently measure the effectiveness of their early warning
system. The tools and metrics to support such efforts
are not sufficiently developed.

These reviews usually reveal gaps in the capacity for
undertaking certain hazard monitoring and forecasting.
They also show an insufficient integration of available
risk information into early warnings, resulting in alerts
that do not provide information about the potential
impacts based on an understanding of the level of
risk. Local preparedness to act on warnings is also,
typically, inadequate.

Metrics that assess early warning effectiveness would
help to guide priorities for programming, institutional capacity development and related resource
allocation. Metrics would contribute to the strategic
plans of NMHSs, the alignment of national needs
with development-partners’ support and facilitate
access to climate finances. They would provide a
basis for reviewing the effectiveness of an early
7

International Conference on Secure and Sustainable
Living: Social and Economic Benefits of Weather, Climate
and Water Services, organized by WMO, held in Madrid,
Spain, 19 to 22 March 2007
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It is now generally recognized that the effectiveness of a
NMHS cannot be looked at separately from the actions
of a broader set of national actors and development
sectors. For example, the responsibility for issuing
warnings and ensuring the security of the population
typically lies with the civil protection authority, not
with the NMHS.
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warning post-disaster. They would also be required
for international reporting requirements.

computational cost that few countries can afford
available to all NMHSs by cascading them down
from World Meteorological Centres to Regional
Specialized Meteorological Centres then to
National Meteorological Centres.

The value of partnerships
Rough estimates of the high-priority investment
needs for NMHSs in developing countries exceed
US$ 1.5 billion to US$ 2 billion, with an additional
US$ 400 million to US$ 500 million per year required for
operating and maintenance costs (World Bank, 2013).
Most of the required resources will need to come from
national governments and other in-country sources
of investment such as the private sector.
There have been significant efforts by international
partners to assist NMHSs in low-income countries,
however, the lack of coordination between partners
and with NMHSs have stymied advancement. Programmes and projects should be more driven by
needs identified by countries, building on existing
capacities and resources. International partners are
increasingly aware of this. At a Development Partners’
Roundtable convened on this topic by WMO and the
Global Facility for Disaster Reduction and Recovery
(GFDRR) in April 20168, participants converged on the
need for sustained engagement with NMHSs based
on systematic, consultative and long-term planning
among donors and with governments. They also
recognized the need to measure the impacts of both
their coordination activities and their investments
in a way that aligns with key international agreements, including the 2030 Agenda for Sustainable
Development.
Nonetheless, many countries are successfully developing their NMHSs through partnerships:
•

NMHSs with stronger capacity and expertise are
supporting countries with less capacity through
bilateral cooperation and assistance.

•

Technical innovations are enhancing forecasting
capacity in lower income countries. For example,
the WMO Severe Weather Forecasting Demonstration Project makes products that have a high

8

Meeting Summary: Development Partners Roundtable,
13-14 April 2016: Geneva, Switzerland (WMO, GFDRR, 2016)

Targets, monitoring and accountability
Most mission statements of NMHSs refer to “saving
lives and livelihoods threatened by disasters” or
commitments to that effect. This is no surprise,
as the first sentence of the World Meteorological
Convention reads: “Considering the need for sustainable development, the reduction of loss of life
and property caused by natural disasters and other
catastrophic events related to weather, climate and
water…” (WMO, 20159)
Further alignment of NMHS operations with the SDGs
has been simplified by the adoption by governments
of the targets of the Sendai Framework for Disaster
Risk Reduction. Four of the Sendai targets are directly
aligned with the mission statements of NMHSs, and
governments have successfully hardwired the measurement of the Sendai targets to the SDGs. Thus the
same indicators are used to measure both sets of
targets. It is expected that governments will decide
to follow the same approach for the global goal on
adaptation10 established under the Paris Agreement,
providing a seamless set of measurements.
The alignment of monitoring and reporting instruments means that NMHSs will be able to demonstrate
and quantify their relevance to national sustainable
development efforts, climate change adaptation and
security. Key targets are the reduction in the loss of
lives (Sendai Target A), the number of people affected
by extreme climate events (SendaiTarget B), economic
losses (Sendai Target C), and the increased access
to and the effectiveness of early warning systems
(Sendai Target G).
9

WMO Basic Documents No.1, 2015 Edition

10

The global goal on adaptation aims at “enhancing adaptive
capacity, strengthening resilience and reducing vulnerability to climate change, with a view to contributing
to sustainable development and ensuring an adequate
adaptation response in the context of the global temperature goal.”

8
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Sustaining NMHSs Development
Efforts for LDCs and SIDS

Test and pilot innovation
Ability to market products
and engage private sector

Carry out research to underpin
practices and services

NMHS Capacity

Development of regulatory
agreements to deliver quality products

Ability to access regional and global
data and operational guidance

Legend
Range of service delivery
scenarios

Readiness to operationalize
external investments

Budget to maintain
equipment and talented staff
Limited range of
products, low visibility

Time

Figure 3. Sustaining National Meteorological and Hydrological Services development efforts for
least developed countries and SIDS

In a world where the number of casualties resulting
from disasters will be systematically and annually
accounted for by all countries, along with the economic
and social impacts based on a standardized set of
metrics, political leaders will have an added incentive
to pay attention to these figures. NMHSs stand to gain
visibility and financial support by quantifying their
contribution to the reduction of lives and assets lost.

Climate change finance – an opportunity
for NMHSs
Climate change finance11 provides an opportunity for
NMHSs to develop more long-term, programmatic
11

UNFCCC has three operating entities: the Adaptation Fund
that administers a percentage of proceeds from the Clean
Development Mechanism (CDM) to finance adaptation
project, the Least Developed Countries Fund (LDCF) and
Special Climate Change Fund, both administrated by the
Global Environmental Facility (GEF) and, more recently,
the Green Climate Fund (GCF).

approaches. Following the adoption of the Paris Agreement in 2015, the Green Climate Fund (GCF) became
the Agreement’s main financial mechanism. To date
(September 2017), the GCF has approved 43 projects,
allocating the equivalent of US$ 2.2 billion. When the
leveraging of co-financing is considered, the financial
value of the portfolio reaches some US$ 7.5 billion.
GCF funding policies align with the stated missions
of NMHSs as does its results management framework, which emphasizes early warning systems and
climate information. Several approved GCF projects
include activities that support early warning and
climate information systems. Some of these projects
are entirely focused on these topics.12 But will these

12

Examples are “Strengthening Climate Resilience in SubSaharan Africa: Mali Country Project” implemented by
the World Bank and co-financed by the Climate Risk and
Early Warning Systems (CREWS) Initiative; and “Scaling
Up of Modernized Climate Information and Early Warning
Systems in Malawi” implemented by UNDP.
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CREWS Initiative for Accelerated Action
The CREWS initiative was launched at the 2015
UNFCCC Conference of Parties (COP21) in Paris,
France, as part of the Climate Change Action Agenda.
Its objective is to significantly increase the capacity
of LDCs and SIDS to generate and communicate
effective, impact-based, multi-hazard, gender-informed, early warnings and risk information.
Investments have been initiated in Burkina Faso,
the Democratic Republic of the Congo, Mali, Niger
and the Pacific (Fiji, Kiribati, Niue, Cook Islands
and Tuvalu).
Australia, France, Germany, Luxembourg and the
Netherlands contribute to the pooled trust fund and
provide oversight to CREWS operations through the
CREWS Steering Committee. The initial financing
target is US$ 100 million by 2020. The budget, as
of 2017, is US$ 30 million.
CREWS implementation support to countries is
provided by the World Bank and its Global Facility
for Disaster Reduction and Recovery (GFDRR), the
World Meteorological Organization (WMO) and the
UN Office for Disaster Risk Reduction (UNISDR).

projects deliver an essential “paradigm shift”13 in the
way that early warning systems are designed, operated
and maintained in order to save lives and livelihoods?
WMO, which is an accredited entity to GCF, NMHSs and
other international partners will need to define and
monitor this paradigm shift in close cooperation with
National Designated Authorities (NDAs) – the country
focal points for the GCF. The challenge will be to demonstrate that the capital invested in strengthening NMHSs
promotes adaptation and resilience and is supporting
long-term incentives for staff retention, engagement
with the private sector, and diversification of revenue
streams, including through public-private partnerships.
13

GCF Governing Instrument Article 2 - www.greenclimate.
fund/documents/20182/574763/Governing_Instrument.pdf/
caa6ce45-cd54-4ab0-9e37-fb637a9c6235

9

A small CREWS Secretariat is hosted and managed
by WMO.
Through its operations, CREWS, in cooperation
with its recipient countries, has developed metrics
to monitor the impact and effectiveness of its
investments against countries’ ability to issue
effective risk-informed and impact-based early
warning systems and, ultimately, loss of lives and
livelihoods.
CREWS is assisting countries to access additional
climate financing, such as GCF funds, by increasing
the capacity of NMHSs to operationalize external
investment and helping national authorities to
emphasize early warning systems, weather and
climate services.
CREWS has built an implementation feedback
into the design of its country projects. This creates
a cycle of improvement in outcomes with each
iteration. This, in-turn, provides an environment
where successes in programming are more easily
scaled-up and replicated globally.
You can access additional information on www.
crewsinitiative.org

The Goal remains the reduction of lives lost
Sustaining support to lower income countries and
SIDS around well-established partnerships for climate
risk and early warning systems, in line with SDG 17,
will go a long way towards reducing the loss of lives
and livelihoods and achieving the SDGs.
These efforts will require increased investments, in
particular to strengthen the capacity of NMHSs, with
climate financing providing the most obvious opening.
They will also require a stronger and aligned programmatic approach and the ability to monitor progress. At
the forefront are the countries who will monitor the
effectiveness of their early warning systems. While
development partners will jointly measure the impact
of their aid portfolios and link these to global targets.
This is an opportune time to join the dots.

10
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How climate forecasts
strengthen food security
by Tamuka Magadzire1, Gideon Galu2 and James P. Verdin3

The Famine Early Warning Systems Network (FEWS
NET) is a decision-support activity that produces
timely, evidence-based information on food insecurity.
It supports humanitarian-response programming while
helping to reveal the root causes of food insecurity
around the world.123
FEWS NET was created by the US Agency for International Development (USAID) in 1985, immediately
following famines that claimed over a million lives
in Africa. It is a response to the need for better and
earlier warnings of the potential risk that such human
catastrophes may recur. Since then, FEWS NET has
developed a body of practices, data, and information
that directly contributes to Sustainable Development
Goal 2 and the challenge of ending hunger and achieving food security for all.
Since the livelihoods of food-insecure populations are
often climate-sensitive, climate services and applied
climate science form an important component of
FEWS NET. They complement the close monitoring
and analysis of markets and prices, nutrition and
disease, livelihoods, government policies and conflict.

Developing consensus agroclimatology
assumptions
Every month, FEWS NET updates its eight-month Food
Security Outlooks (www.fews.net) through a rigorous,
structured scenario-development process. In order to
contribute to the agroclimatological component of
the outlooks, food-security analysts and their science
1

FEWS NET, Southern Africa

2

FEWS NET, East Africa

3

USAID

#1 Climate model forecasts released
#2 FS analysts distribute draft assumptions to
review committee
#3 Climate scientist webinar
#4 Science partners + FS analysts webinar

Figure 1. Schematic illustrating the timing and
sequence of the FEWS NET consensus agroclimatology assumption review process in a typical
calendar month. FS is an acronym for Food Security.

partners use a comprehensive procedure for developing
working assumptions about agroclimatology that are
used to build scenarios for food-security outlooks.
This is a three-part process in which (1) food security
analysts draft preliminary agroclimatology assumptions; (2) the draft analyses are reviewed by climate
scientists in light of available scientific evidence; and (3)
the reviewed assumptions are presented to the analysts.
In the initial step of this procedure, the analysts develop
draft assumptions about how agroclimatology could
potentially impact the food-security scenarios under
consideration. These assumptions are based on a
preliminary analysis of publicly available climate
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and forecast information. They are region-specific,
focusing on the most vulnerable and high-impact
areas, and covering all of the FEWS NET countries.
An eight-month forecast would be desirable in order
to provide an extended lead-time, but most long-range
forecasting systems have a comparatively short reach.
FEWS NET has, therefore, developed an operational
approach utilizing multiple lines of evidence for building agroclimatology assumptions. A core objective of
this approach is to provide forward-looking information
for a range of timeframes up to several months in
advance and to continuously increase the accuracy
of this information as the lead time decreases.
It works as follows. If an agroclimatology assumption
is required for a time period when no other information is available – say six to eight months ahead
– assumptions are based on historical climatology,
for example typical variability and trends in rainfall or
temperature. For shorter lead times, climate modes
such as the El Niño-Southern Oscillation (ENSO) are
used to derive assumptions. These are based on the
known relationships between these climate modes
and the response of seasonal climate in many areas.
As time progresses, lead times up to the food-security
outlook period become shorter. At lead times on the
order of three to six months, available long-range
climate forecasts that are updated monthly are also
used for building assumptions. Finally, with the onset
of the rainfall season, seasonal monitoring data are
progressively incorporated into the analysis. Together
with short and long-range forecasts, these data make
increasingly accurate assumptions more feasible.
Here are two examples of assumptions drafted in
June 2017 that illustrate how this works:
1.

Rainfall during the remainder of the March to
June 2017 Gu/Diraac/Sugum rains in Somalia is
expected to be minimal. Given seasonal progress
to date, cumulative rainfall totals for the season are
likely to be below-average to well-below-average
in many central and southern areas of the country.

2.

The start of the 2017/2018 rainy season across
southern Africa is likely to be normal, with most
model forecasts favoring the continuation of

11

ENSO-neutral conditions through 2017. Rainfall
during the October to December 2017 and January
to March 2018 periods is likely to be average in
most of the southern Africa region. This is a more
frequent occurrence in areas during ENSO-neutral
conditions.
Assumptions like these have key implications for
future food security for various reasons. For example,
Assumption 1, with the expectation for well-below-average seasonal rainfall totals, can imply negative
outcomes for rain-fed crop and livestock production
systems. Given that in this specific case the rainfall
season is almost over (in June), there is little likelihood for change from this expected outcome. The
low uncertainty makes it possible to generate strong
early-warning statements that can clearly guide decision-makers towards appropriate responses.
In the case of the second assumption, the start of the
season has implications for various food-security
components such as labor opportunities (for ploughing
and planting), harvest potential based on the timing of
planting, and rainfall outcomes based on climatology.
All of this information, appropriately packaged, enables
decision-makers to begin formulating preliminary,
but adjustable, intervention options that can mitigate
the severity of various scenarios of food insecurity.
As the agroclimatology assumptions are initially
developed by non-climatologists for specific food-security applications, their review by climate scientists
using the best available information helps to ensure
the scientific accuracy of the assumptions. A key
objective of this approach is to build better and more
accurate linkages between science and practice. To
achieve this, the draft assumptions are forwarded
to science partners at the US National Oceanic and
Atmospheric Administration (NOAA), the University
of California, Santa Barbara (UCSB), the US Geological Survey (USGS) and FEWS NET field scientists.
These scientists undertake a rigorous review of the
assumptions, initially with each scientist providing
a detailed analysis of a specific region, followed by
presentations and discussions via teleconference,
leading to a consensus set of reviewed assumptions.
The assumptions are reviewed in light of climatological
analyses of potential outcomes based on historical
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data; climate modes such as ENSO, Indian Ocean
Dipole (IOD) and the Subtropical Indian Ocean Dipole
(SIOD), among others; publicly available long-range
seasonal forecasts; and analyses of current conditions
based on a diverse suite of remotely-sensed products
and models and of field information. Novel user-driven
scientific research and products have often been
inspired by and pursued as a consequence of the FEWS
NET development process for working assumptions.
Findings from such research then feed back into FEWS
NET practice, strengthening the process.
To facilitate robust climatological analysis, FEWS
NET developed the Climate Hazards Group InfraRed
Precipitation with Station data (CHIRPS) data set.
This operational, high-resolution, quasi-global precipitation dataset spans the years back to 1981 (Funk
et al. 2015). It has enabled a deeper understanding
of rainfall characteristics such as variability, expected
amounts, and trends in areas of interest. Long-term
datasets such as CHIRPS have also facilitated the
study and characterization of the regional impacts of
climate modes such as ENSO, IOD and SIOD. FEWS
NET scientists have published several journal articles
detailing these impacts (Hoell et al. (2015), Funk et
al. (2016), Hoell et al. (2017)), ultimately helping to
improve the process for producing agroclimatology
assumptions.
FEWS NET, in collaboration with the Southern African
Development Community (SADC) Climate Services
Centre, has also developed the GeoCOF, a statistical
seasonal-forecast development software tool that
streamlines the process for generating forecasts.
It is used by regional climate centres in their WMO
regional climate outlook forums (RCOFs).This initiative
has helped to improve the generation of regional
forecasts used for the assumptions. Finally, a suite of
web-based and off-line tools has been developed and
published to facilitate user-friendly access to the data.
This includes the USGS/FEWS NET Portal, which hosts
several analytical tools and satellite-based datasets.
A key principle for FEWS NET is to rely on the convergence of evidence. Higher agreement between
different, independent sources of evidence-based
information provides greater confidence in analytical outcomes. To this end, seasonal forecasts from
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various national, regional and international centres
are compared and evaluated as part of the process
for reviewing assumptions. Information relaying the
uncertainty and the skill of the various forecasts helps
considerably in this evaluation. Forecasts with detailed
information regarding their uncertainty or underlying
principles are generally given greater consideration.
Contextual interpretation is important for evaluating
the different data streams. To facilitate this, FEWS
NET has developed, and continuously updates, a
knowledge base of local vulnerabilities with respect
to agroclimatology, livelihoods, markets and trade,
and nutrition. This knowledge base contributes to
the identification of high-probability events and high
impacts in different geographical areas and specific
sectors.
After the consensus-reviewed assumptions have
been adopted, a follow-up meeting is held with the
food-security analysts. At this meeting the reviewed
assumptions are presented, together with the scientific
evidence supporting the revisions. Analysts are given
the opportunity to request clarifications and added
inputs.This increases their understanding of the climate
system and ultimately enhances the usage of climate
science in food-security applications. The finalized,
regional-level assumptions are then disseminated to
field-based food-security analysts as guidance and
for incorporation into country-level agroclimatology
assumptions.

The 2010/2011 and 2016/2017
East Africa droughts
Several recent examples illustrate the benefits of the
FEWS NET process. During the past decade, FEWS
NET, working with its collaborating network partners,
has been able to successfully provide food-security
early-warning advisories with a six-to-eight months
month lead-time. These advisories have supported
appropriate responses and contingency planning in
East Africa during the recent devastating droughts of
2010/2011, 2015/2016 and 2016/2017.
The 2010/2011 drought was the worst on record over
the eastern Horn of Africa in the past 60 years. It had

The designations employed in this map are from FEWS NET. Use of this
map does not imply the expression of any opinion whatsoever on the part
of WMO concerning the legal status of any country, area or territory or of
its authorities, or concerning the delimitation of its borders.

WMO BULLETIN

13

(a)

1. Minimal

2. Stressed

(b)

3. Crisis

4. Emergency

5. Famine

Figure 2. Integrated Food Insecurity Phase Classification (IPC) Maps showing the levels of food insecurity
for (a) July-September 2011 and (b) June-September 2017

severe impacts in Somalia, Ethiopia and Kenya. Using
an analysis of the ENSO climate mode, available
long-range climate forecasts, and an interpretation
drawing on local knowledge and prevailing food
security conditions, FEWS NET was able to issue a
food-security early-warning report by August 2010.
Sadly, conflict obstructed an effective response,
resulting in over 250 000 human deaths in Somalia.
Over 12 million people in East Africa required urgent
humanitarian assistance. The severe and prolonged
drought had adverse socio-economic, environmental
and political impacts in the worst affected regions of
the eastern Horn, more specifically in Somalia, Kenya
and Ethiopia. Overall, US$ 1.7 billion was provided to
mitigate this human catastrophe, representing 71%
of the United Nations appeal for US$ 2.4 billion in
early 2011.
Similarly, FEWS NET was also able to predict the
devastating 2015/2016 drought in Ethiopia with adequate lead-time. More recently, it predicted the ongoing and unprecedentedly severe 2016/2017 drought,
which resulted in about 27 million people (June 2017)
requiring urgent food assistance. It also led to a
UN appeal for US$ 4.4 billion in funding, twice the

2010/2011 appeal.The 2016/2017 drought was relatively
more widespread, extending from the eastern Horn
into the western sector of the region. It adversely
affected the main staple food-production zones of
Kenya and Uganda, and into Tanzania. The improved
early-warning systems and multi-agency responses
employed during this drought, as well as improved
humanitarian access thanks to less-adverse patterns
of conflict, meant that famine was averted, unlike the
case of Somalia in 2010/2011.
USGS/FEWS NET and UCSB scientists and FEWS
NET field staff in East Africa, were able to predict and
continuously monitor key climatic drivers (modes).
As a result, they were able to provide early warning
of the impending severe droughts with adequate
lead-times of six-to-eight months. This was possible
owing to the use of innovative agroclimatic monitoring
indicators and decision-support tools, backed by a
strong field-science and applied-research teams. The
use of remotely-sensed agroclimatic data facilitated
the continuation of this work under very challenging
and volatile conflict situations. There was limited
access to critical information on field assessments,
which, where available, facilitated the timely and
comprehensive analysis of agroclimatic conditions.

14

Vol. 66 (2) - 2017

The 2015/2016 Southern Africa drought
The 2015/2016 rainfall season in southern Africa was
one of the driest in over 35 years. This had significant
adverse impacts on agriculture and food security. The
previous season (2014/2015) had been characterized
by the erratic onset of rains, extended dry spells and
abnormally high temperatures. This led to reduced
yields in eight of the 13 mainland countries of the
Southern African Development Community. Poor
rainfall over the past few seasons had also caused
poor grazing conditions and low water supplies for
livestock, resulting in deteriorating body conditions
of the livestock. The regional cereal deficit stood at
7.9 million metric tonnes below what was required,
maize prices across the region were above the yellow
maize prices, and 27.4 million people in the region were
determined to be food insecure, 13% more than in the
previous year (2013/2014). Food security conditions
were, therefore, already compromised going into the
2015/2016 season.

Greg Husak, UCSB

1 Oct 2015 to 20 Feb 2016 Rainfall Rank

As early as June 2015, FEWS NET’s consensus agroclimatological assumptions were for below-average
rainfall in the southern parts of the SADC region. This
was based on the then-current and the forecasted ENSO
state, with predictions for a strong El Niño in 2015/2016.
FEWS NET’s July 2015 Food Security Outlook stated
that late onset of rains associated with El Nino conditions could limit labor opportunities, thus worsening
food insecurity. By August, most major global models
were forecasting below-average rainfall in southern
Africa, thus strengthening confidence in FEWS NET’s
agroclimatological assumptions. The Southern African
Regional Climate Outlook Forum (SARCOF) forecast
for normal to below-normal rainfall, released in late
August 2015, further cemented confidence in a poor
rainfall outcome.
As assumed, the 2015/2016 season turned out to be
dry. Analysis using the CHIRPS precipitation dataset
showed that many areas received their lowest amount
of rainfall since 1981.The consensus seasonal forecast
review, monthly FEWS NET Food Security outlook
updates, and monthly seasonal monitor reports co-produced with the SADC Food Agriculture and Natural
Resources Directorate as the SADC Agromet Update,
were used to monitor and report on the evolution of
the drought.
By January 2016, nearly five months before the end-of
season crop harvests, analyses of seasonal rainfall
to date and historical El Niño rainfall performance
led to a consensus FEWS NET agroclimatological
assumption that crop performance in most southern
Africa countries was likely to be below average.
National reports, which provide critical field information, corroborated many of the observations
made using satellite- and model-based analyses.
The February 2016 SADC Agromet Update reported
on the largely decreased planted area, long dry
spells, and high temperatures that were impacting
the region’s harvest prospects.

Driest

Second
Driest

Third
Driest

Third
Wettest

Second
Wettest

Wettest

Figure 3. Map showing areas where the 2015/16
seasonal rainfall totals were the driest or wettest
since 1981. The map was effectively used to
communicate the severity of the drought to
decision makers.

Based on their internal national assessments, individual countries started issuing Drought Emergency
Declarations as early as December 2015. Some countries, such as South Africa and Zimbabwe, began
arranging for grain imports by January. In early
February 2016, the World Food Programme (WFP),
the Food and Agriculture Organization of the UN
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(FAO), FEWS NET, and the European Commission
Joint Research Centre released a joint statement “El
Niño Set To Have A Devastating Impact On Southern
Africa’s Harvests And Food Security” that garnered
high international visibility.
In late February, SADC held a Consultative Meeting
on Preparedness and Response to the Impact of
the 2015/2016 El Niño on Agriculture and Food and
Nutrition Security, with the support of FAO and WFP. In
March, the SADC Council of Ministers recommended
that a regional drought disaster be declared. A SADC
El Niño Logistics and Coordination Team was established at the SADC Secretariat. In June 2016, SADC
launched a Regional Humanitarian Appeal, with an
opening statement by the SADC Chairperson, the
President of Botswana. The Appeal document stated
that the 2015/2016 drought was the worst in 35 years
and, together with other factors, had resulted in
approximately 40 million people in the region requiring
humanitarian assistance, at a cost of approximately
US$ 2.4 billion.
This example provides clear evidence that the streamlined assumption building processes and agroclimatological monitoring and analyses undertaken during
this drought led to effective early warning, sound
decision-making, and timely action that mitigated
the overall impacts.

Communication, collaboration, capacity
The successes of FEWS NET’s early warning information systems during recent severe droughts have made
an important contribution to the implementation of
the Sustainable Development Goals, and in particular
to SDG 2. Several factors contributed to this. Key
among these has been a close working relationship
between climate scientists and food security analysts,
enabling scientists to respond to the analytical needs of
food-security experts. These effective communication
systems have facilitated the production of well-targeted
briefs, reports and web-based interventions delivered
to high-level decision-makers in both donor countries
and organizations and in the affected countries.
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Strategic network partnerships with lead national
agencies and regional and international stakeholders
have been instrumental to developing food-security
outlooks. Continuous capacity building for institutions
has strengthened these networks and supported
sustainable technology transfer. Innovative climate
datasets such as CHIRPS, together with their accompanying decision-tools, have enabled the development
of a solid local knowledge base on prevailing agroclimatic trends, food-security risks, and vulnerabilities
to climate variability and change.
These datasets and tools have also supported reliable
seasonal climate forecasting and its contextual
interpretation. They have strengthened the ability
to generate area-specific, agro-climatic assumptions, high-resolution monitoring and the tracking
of climatic extreme events based on independent
data-streams. This capacity has been backed by
regular field assessments. The result has been interagency consensus updates on food security status
and outlooks with six-to-eight month lead-times for
early-action by response and contingency-planning
agencies.
FEWS NET’s linkages with international and local
universities and research and development agencies
also allow it to leverage applied research, promoting
the continual development of relevant products. Strong
agro-climatic early warning and monitoring systems
are supported by strategic science partners at the
international and national levels.
FEWS NET’s suite of remotely sensed products and
model outputs is available at:
•
•
•
•
•

http://earlywarning.usgs.gov/fews/africa
http://chg.geog.ucsb.edu
http://www.fews.net
http://www.cpc.noaa.gov/products/international/
nmme/nmme_seasonal.shtml
https://lis.gsfc.nasa.gov/projects/fewsnetsouthern-africa
References available in the
online version
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The Global Programme Water (GPW) of the Swiss Agency for Development and Cooperation (SDC) and its partners strive to meet the global
challenges associated with the management of water resources through
its many projects and activities. At the beginning of the 21st century, these
efforts aim to improve global water security within the framework of the
2030 Agenda for Sustainable Development. In particular, they support the
implementation of the Sustainable Development Goal on Water (SDG 6)
and its related targets as well as the SDGs that are linked to water such
as climate change, health, hunger, energy and others.
Demand for fresh water is growing as is the local, national and cross-border
competition for this limited resource, leading to rising water stress around
the world. The water crisis raises serious concerns. The World Economic
Forum’s Global Risks Reports have repeatedly placed water at the top of
its list of global risks in terms of its threat to the well-being and safety
of society. Extensive knowledge of water resources and the availability
of data on water quantity and quality is crucial for hydrological services
and evidence-based policy and decision-making. Better data, information
and knowledge can greatly improve environmental protection. They are
also key for developing the necessary legal and financial frameworks for
international water cooperation and hydro-diplomacy.
Recent innovation and technological change offer opportunities for improving the planning and design of sustainable and effective water-monitoring
projects. Over the past few decades, innovation has become one of the
main drivers of societal change as a broad range of non-expert citizens
have adopted new technologies and integrated them into their daily
lives. Today, smartphones have more computing power than the first
super-computers, modern cars are full of sensors and mobile Internet is
available practically everywhere people live. It is part of GPW’s strategy
to leverage the pervasiveness of such technologies to serve the greater
cause of water resource management.
Smartphones, for example, have revolutionized the way water data
can be gathered and the role citizens can play in contributing to water
monitoring at the local level. A simple click on a smartphone app allows
users to measure water levels and discharge in small to medium-sized
rivers and share the data with the world. These smartphone apps make it
possible to gather a potentially huge volume of additional fit-for-purpose
data. These data can provide even greater value if existing mechanisms
for water data collection, storage and access are further developed to
provide for a better integration of all these non-traditional, innovative
data sources.
This article describes some of the international work that GPW has
undertaken in order to promote innovation and water data. It also explains
how this has led GPW to actively back the newly established WMO Global
Hydrometry Support Facility (HydroHub).
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Globally, a data, information
and computer technology
revolution is underway.
The water sector has to
become even more active
and creative in developing
innovative approaches
and using this revolution,
to leave no one behind
and to make the best use
possible of the emerging
technologies. This will be
needed to underpin the
achievements of Sustainable
Development Goal 6, which
should be driven and guided
by the demand of users.”
Pio Wennubst, Vice-Director,
Swiss Agency for Development
and Cooperation, at the
AquaHacking 2016 Conference
in Montreal.
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The iMoMo project
Recent improvements in innovative technologies – from
low-cost sensors and communication technology to
hardware and software integration – are bringing a
whole new set of opportunities to the hydrological
monitoring space. They have made it possible to
engage new actors in water monitoring, with a shift
from a reliance on technical experts to the inclusion
of non-experts, including local communities.
The feedback received from local communities helps
instrument manufacturers to develop technologies
in a way that takes site- and culture-specific circumstances into consideration, making their maintenance
easier. Combined with traditional approaches to water
monitoring, as currently applied by national hydrometeorological services, such innovative approaches
have the potential to unlock solutions for some of the
challenges encountered in current monitoring networks.

Robert Naudascher, Hydrosolutions Ltd. and iMoMo Consortium

Taking advantage of the momentum around innovation,
starting in 2012 the GPW, together with a consortium
of Swiss and international partners, embarked on an
“Innovation Journey.” It aimed to incubate innovative
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Monitoring and Modelling (iMoMo) approaches that
promote the development of new sources of data.These
new sources complement currently used observing
networks operated by national hydrometeorological
services and thereby fill longstanding gaps. Where
feasible, these new sources should be co-designed
by data and instrument experts working together
with end-user communities in various sectors. The
following examples of two iMoMo pilots illustrate
how this can work.

The Kazakhstan and Kyrgyzstan pilot
The Chu, a river in northern Kyrgyzstan and southern Kazakhstan, suffers from both water pollution and
water shortages. The management of water resources
in Central Asia profits from a heavily structured and
highly sophisticated top-down approach inherited
from the Union of Soviet Socialist Republics (USSR).
However, since the dissolution of the USSR, much
of the infrastructure has not been modernized. This
hinders the effective flow and exchange of digital
information between various stakeholders at the local,
national and regional levels.
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Building on existing procedures and protocols for data
exchange, jointly with stakeholders from Kazakhstan
and Kyrgyzstan, the project team deployed iMoMo
technologies with the goal of increasing the coverage, management and exchange of digital data. This
includes data from non-traditional sensing, such as
crowd-sourced or citizen science data, with the goal
of making water monitoring and management more
efficient and sustainable while still satisfying requirements for compliance with international standards
and national regulations.

In partnership with a broad range of local stakeholders,
the iMoMo initiative has focused on helping communities and water user associations in different parts of the
catchment as well as the local river basin organization
to enable them to make better decisions regarding their
water usage by improving the transparency of water
allocation and water availability. Through its various
actions, such as the integration of software and hardware components, and improvements to the analytical
decision-support software, the project has benefited
local communities and governmental stakeholders.

The key achievements of the pilot project:

The main outcomes of this project are:

•

•

The iMoMo Service Centre: The establishment
of the Centre within the Pangani Basin Water
Office has supported institution building and
strengthening, project advocacy and outreach.

•

Site instrumentation: The formerly ungauged
Themi catchment is now equipped with a growing
number of official river gauges. Local communities
are delivering daily measurements from off-farm
irrigation canals and ditches using the discharge.ch
smartphone application.

•

Tailored information: Subscribed end-users are
receiving information such as weather forecasts
and up-to-date market prices for agricultural goods
from key markets via SMS.

•

Data administration for water management and
planning: Collected data is stored in a modern,
safe and secure way in order to inform management and planning as well as for reporting and
data-exchange purposes.

•

Outscaling: The approach has been successfully
outscaled to the Rufiji Basin in Tanzania. The
basin organization uses the iMoMo discharge.ch
technology for compliance monitoring of irrigation
water abstractions by large farms.

•

•

Data monitoring and exchange: Water accounting by Water Users' Associations and in Water
Districts has been improved at the local level.
This has been achieved through both portable
and low-cost automatic sensors, all linked via the
mobile phone network to a web-based database
system.
Development of procedures: Regular data
exchanges have been enabled between stakeholders in the Chu River Basin, both at national
and transboundary levels. Partners voluntarily
share hydrological data of current observations
as well as historical statistical data, which are
the basis for water-management, forecasting and
climate-information services.
Reinforced hydrological data management and
modelling capacities: Hydrometeorological
services have been reinforced by management
systems that fully digitalize the exchange of operational hydrological data, the automatic generation
of hydrological bulletins and the forecasting of
river flows at different lead times.

The Tanzania pilot
The Themi river catchment is a sub-catchment of the
Pangani river of north-eastern Tanzania. Population
growth in the region has increased demand for drinking
water, irrigation and livestock watering. The resulting
water shortages are seriously affecting downstream
ecosystems, hydropower generation and human
well-being in local communities.

Lessons learned
The success of community-based approaches to data
collection often depends on 1) the motivation of and
buy-in by communities from the very beginning,
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•

The importance of the technology’s usability: the
successful uptake of the technology depends on
local needs and local context. Requirements for the
local context need to be defined and incorporated
into the design of the technologies.

•

Community involvement: it is important to involve
communities from the beginning and to communicate the potential benefits of more precise and
timely information about water availability and
use. This helps to create a sense of ownership and
responsibility over time and will help to improve
the sustainable use of water resources.

•

Valorization of efforts: to ensure sustained monitoring by community members, provide acknowledgement and financial incentives.

•

Water metering and/or pricing: in some cases, the
lack of incentive or the desire to avoid increased
prices for water can lead to untruthful reporting
and vandalism.The use of a digital data acquisition
technology can to a certain extent address these
issues when measurements are automatically
geo-located and time-stamped, making manipulation harder.

•

Weakly structured vs strongly structured hydrometeorological monitoring cultures: A cultural
context with little tradition of hydrometeorological
monitoring and well-established workflows can
benefit more from innovation based on the deployment of non-traditional observation technologies.
In cultures where a strong hydrometeorological
culture exists, innovation should focus instead
on the modernization – that is, digitization – of
existing workflows rather than on the introduction
of non-traditional monitoring.

Robert Naudascher, Hydrosolutions Ltd. and iMoMo Consortium

and 2) expert technical guidance. Here are a few lessons learned from both the Tanzania and Kazakhstan/
Kyrgyzstan pilots:

hosting the iMoMo Innovation Initiative and ensuring
its financial sustainability. Several organizations have
supported the idea of developing iMoMo into a Global
Innovation Hub and expressed their interest for stewardship. In 2014, the WMO proposed establishing the
Global Innovation Hub as a way of strengthening its
hydrometry mandate. A year later, the World Meteorological Congress (Cg-17) endorsed the establishment of
the Global Innovation Hub to promote the large-scale
uptake of innovation technologies.

The WMO HydroHub

In parallel, a full review of the WMO World Hydrological
Cycle Observing System (WHYCOS) recommended that
a WHYCOS office be set up to support the management
and sustainability of the WHYCOS programme. Congress also endorsed this recommendation. WHYCOS
is dedicated to improving basic observation activities,
strengthening international cooperation and promoting
the global exchange of free and open data in the field
of hydrology.

Based on the experience, achievements and lessons
learned from the iMoMo projects in Tanzania and
Central Asia, the GPW explored various options for

Discussions on the side-lines of Congress explored
bringing the Global Innovation Hub and the recommended WHYCOS office under a single operational
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support structure. This would make it possible to
consolidate and upscale iMoMo at the global level.
One year later, and in response to this idea, a proposal
for a Global Hydrometry Support Facility, the WMO
HydroHub, was endorsed by the WMO Executive
Council (EC-68).The SDC committed to supporting the
WMO HydroHub from its inception, in 2017, until 2020.
WMO HydroHub has been specifically designed to
build operational systems and capacity in hydrometry and water monitoring, expand both the base
and the exchange of hydrological data, and facilitate free and open exchange of observation data
and information in support of informed policy and
decision-making. HydroHub also assists developing
countries to strengthen their monitoring networks
and responsible institutions.
Thus, WMO HydroHub contributes to strengthening
national monitoring capabilities. It assists national
institutions to integrate their data with that of others
at the regional and global levels and to embark on
a transformation journey where innovation is at the
core. WMO HydroHub will embrace non-traditional
monitoring as a complementary way of acquiring
data for better, more effective and more sustainable
water-resources management.

Institutionalizing innovation
As it moves forward, WMO HydroHub – through
its Global Innovation Hub – will drive innovation
in hydrometry. To this end, a number of concrete
approaches will shape the Global Innovation Hub’s
work on institutionalizing innovation more widely.
As a first step, a new framework for the WHYCOS
programme is being developed. It will pursue greater
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sustainability by better integrating projects into
national and regional development plans and by
demonstrating and measuring their added value
during the implementation phase.The new framework
will thus shift the WHYCOS programme towards
a new generation of HYCOS projects with modern
monitoring focusing on the establishment of end-toend systems covering the whole value chain from
the collection of observations to end-user services.
Experiences gained from two pilot projects – namely
the Intergovernmental Authority on Development
(IGAD) HYCOS1 and Senegal HYCOS2 in east and
west Africa, respectively – will help to shape the new
WHYCOS framework by implementing sustainability
measures and innovation.
In parallel to this, the Global Innovation Hub is establishing a funding mechanism for innovation projects.
The fund will make it possible to support the development of tailored solutions for needs identified by
the HydroHub and the WMO community to create
actual operational services that support the daily
work of national hydrological services in capacity
development projects and other contexts. Added
value for users is the goal of measures that aim at
increased sustainability, improved cost-effectiveness
and the exploitation of synergies through partnerships
across sectors.
At the dawn of these exciting developments, the
SDC is delighted to support the WMO HydroHub and
believes that it will contribute to fact-based policy
and decision-making toward achieving the SDG 6
objectives on water.
1

IGAD countries are Burundi, Djibouti, Ethiopia, Kenya,
Rwanda, Somalia, South Sudan, Sudan and Uganda

2

Senegal river countries are Guinea, Mali, Mauritania and
Senegal
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The Sustainable Development Goals will shape the
international development agenda and transform the
course of the 21st century through action to end poverty,
inequality and violence, particularly against women.
Achieving gender parity and women’s leadership are
indisputable prerequisites for addressing these global
challenges. The standalone Goal 5 on Gender Equality
and Women’s Empowerment was conceived to focus
attention on, and accelerate efforts to achieve, gender
parity and many other SDGs by 2030.
Women have a right to equality in all areas. The principle of equality must be embedded across institutional
processes and legal systems and upheld in both laws
and legal practices. Law and policy play an important
role in addressing gender inequality and preventing
gender discrimination and Sexual and Gender-Based
Violence (SGBV) in disasters. All efforts must be made
to cut the roots of gender discrimination wherever
they appear and to allow for equal opportunities for
all women and girls, notably in terms of accessing
information, job opportunities, funding mechanisms
and influencing decision-making.
Women are still too often absent from the development
of disaster risk reduction strategies and decision-making processes. When present, their voices are seldom
heard.The fact that women are often under-represented
in politics is a clear indication of their absence in the
development of national priorities, including those
related to disaster risk reduction and climate change
adaptation. Only 22.8% of all national parliamentarians were women as of June 2016, a slow increase
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from 11.3% in 1995.1 The SDGs offer the opportunity
to galvanize the support needed to finally achieve
women’s full, equal and meaningful participation in
public and political affairs.

National progress
The Sendai Framework for Disaster Risk Reduction
2015-2030 supports an inclusive approach to disaster
risk reduction. It recognizes the indispensable role
of women in risk reduction efforts. The Framework
emphasizes both their distinct gender-specific capacities to prevent, prepare, confront, and recover from
disasters and their vulnerabilities. Promoting and
mobilizing women’s leadership and gender equality
in building resilience is critical to the sustainability
and achievement of risk-reduction priorities and
sustainable development goals at all levels. Gender
equality in the context of disaster risk reduction is
thus not only an issue of rights, but also an issue of
effectiveness.
Consistent advocacy over the past years has resulted
in significant progress in recognizing the need for
gender equality and parity and in empowering and
acknowledging women’s and girls’ role and leadership
in disaster risk reduction. Good examples include
Vietnam, where the contribution of women has been
recognized through a Government decree that gives
the Women’s Union an official space in decision-making
bodies. Lives were saved in the 2013 storm season by
involving women in disaster planning and the identification of dangerous areas through local flood risk
mapping. Mothers also received swimming classes that
allowed them to teach their children and community
members how to swim during floods.
In Nepal in 2016, over 100 women from 14 earthquake-affected districts jointly issued a 15-point Kathmandu Declaration that calls for a gender-responsive
reconstruction approach. It includes programmes that
offer economic empowerment opportunities to women
affected by the earthquake, a special package for
women with disabilities and those from marginalized
1

http://www.unwomen.org/en/what-we-do/leadership-andpolitical-participation/facts-and-figures accessed March
2017
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communities, and a 50% representation of women
in the National Authority.
In the Philippines, the National Disaster Risk Reduction and Management Act of 2010 emphasizes a
whole-of-society approach to all aspects of disaster
risk reduction, including decision-making. It outlines
climate change measures that are gender- responsive
and sensitive to indigenous knowledge.

International action
At the global level, the discussions of the OpenEnded Intergovernmental Working Group (OEIWG)
on Indicators and Terminology relating to disaster
risk reduction (November 2016) resulted in concrete
recommendations to member states to strengthen the
collection of data on disaster loss, disaggregated by
income, sex, age and disability. It also recommended
that countries start reporting on these disaggregated
data. This is a major step forward.
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The 2017 Global Platform for Disaster Risk Reduction2
provided policy and implementation guidance to
facilitate gender integration as part of national and
local disaster risk reduction policies and plans by
2020 (Target of the Sendai Framework). It called for
enhanced and sustained efforts in women’s empowerment and leadership in disaster risk reduction, to
be supported, reviewed and monitored currently.
Guidelines currently under development will integrate
strong recommendations for member states to monitor
progress on gender achievements. They will also
foster reporting based on sex-disaggregated data.
Significant efforts were made over the past few years
to increase gender parity in international conferences.
Figures show an overall increase in women’s participation in substantive discussions from 31.7% at the Third
2

Special Event on Women Leadership in Disaster Risk
Reduction, 2017 Global Platform for Disaster Risk Reduction (May 2017, Cancun, Mexico), http://www.unisdr.
org/conferences/2017/globalplatform/en/programme/
special-events/view/808
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World Conference on Disaster Risk Reduction (March
2015, Japan) to 37.2% at the 2017 Global Platform on
Disaster Risk Reduction (May 2017, Mexico). A major
improvement has also been achieved in fostering
women as speakers, with rates passing from 31.2%
in 2015 to 40.7% in 2017.
Gender parity and mainstreaming is also recognized
as a critical element in technical arenas such as early
warning systems and climate risk management.
Some operational guidance on gender-sensitive
programming for early warnings, for instance, has
been developed. The aim is to ensure that the Climate
Risk & Early Warning Systems (CREWS) initiative3,
through its investments, contributes to the ability
of relevant national and local institutions to provide
gender-sensitive early warning systems and climate
risk information.

From normative commitments to
concrete action
More effort, however, is still required. More predictable resources are needed to bring women’s
empowerment, leadership and gender parity up to
speed in order to achieve gender parity by 2030. In
particular, governments’ commitments and actions
must be scaled up without delay to provide adequate
capacity building, skills-enhancement opportunities
and equitable access to basic education to empower
and build all women’s and girls’ skills. This is critical
to allow them to take an active and leading role in
the design, planning, programming and resourcing of gender-responsive disaster risk reduction
strategies, disaster risk reduction governance and
3

See page 4
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decision-making processes at the national and local
levels.
Support must also be provided to governments to
systematically collect and report progress using data
disaggregated by sex, age and disability. This will
make it possible to keep track of women’s needs and
achievements in disaster risk reduction. This is critical
in order to build inclusive and broader disaster risk
management strategies and systems. Without this,
women’s challenges and needs will remain ignored
and thus unaddressed, and their contribution to making
their communities safer and resilient to disasters will
remain unleveraged.
There is a vital need to strengthen the operational
frameworks and move from normative commitments
to concrete action with lasting results for women, men,
girls and boys. Innovative partnerships and transformative models that put gender equality and women’s
leadership at centre stage are essential to guide and
support member states, women activists and other
relevant stakeholders in building long-term resilience
to disasters.
In this spirit, UNISDR, UN Women and IFRC have
jointly launched a Global Programme Towards a
Gender-responsive Sendai Framework for Disaster
Risk Reduction Implementation: Addressing Gender
Inequalities of Risk. This programme will provide an
effective mechanism to support countries in operationalizing their gender commitments and accelerating
efforts towards a gender-sensitive implementation of
the Sendai Framework and the SDGs by 2030. It will
address core gender gaps and barriers, advance gender
parity and women’s empowerment and secure space
for women’s leadership in disaster risk reduction and
resilience-building.
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Present and future leaders in
weather, water and climate
science – An intergenerational
perspective
by Gaby Langendijk1

As a specialized agency of the United Nations and
on behalf of its 191 Members, WMO is committed
to achieving the goals and targets laid out in global
development frameworks, above all the Sustainable
Development Goals (SDGs) of the 2030 Agenda for
Sustainable Development. On SDG number 5 “Achieve
gender equality and empower all women and girls”
WMO is mainstreaming gender issues in its governance, working structures, programmes and service
delivery by attracting more women into scientific
fields and improving their access to technology,
information, science education and technical training.
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 policy
and decision-making.
Women remain a minority in many areas of science,
including meteorology, hydrology and climatology.
Empowering women and girls is not just a matter of
equity and justice. It is also essential to meeting the
1

PhD candidate at
Climate Service Centre
Germany

challenges of climate change, disaster risk reduction
and sustainable development. Their talent, energy
and skills must be fully unleashed to ensure rapid
progress in science and operational services. This will
enable men and women, together, to build weather
and climate-resilient societies.
Ensuring that women have equal access to science
education and technology is also an essential catalyst
to ensure that the developers and users of weather,
water and climate services provided by WMO and its
Members remain gender sensitive while serving the
global community – women, men, boys, girls.
There are many success stories of women working in
science. This article profiles some of the present and
future leaders in weather, water and climate science,
and provides an intergenerational perspective on
what it is like working in meteorology, hydrology
and/or climatology. They discuss how they started
their careers, their greatest achievements and offer
advice for future female scientists.
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Future Leaders
Fiona Tummon
Fiona Tummon, an atmospheric scientist, grew up in Cape Town, South
Africa, a coastal city. Inspired by one of her mother’s friends, she decided
to pursue an undergraduate degree in oceanography at the University
of Cape Town. Studying a mix of biology, chemistry and physics, Fiona
learned more about the big blue surrounding her hometown and gained a
better understanding of how important the ocean was for Earth’s climate.
This led to her completing a Masters degree in Atmospheric Science,
followed by a PhD, jointly from the University of Cape Town and the
Université Paul Sabatier - Toulouse III (France), focusing on the climatic
impact of aerosols over southern Africa.
In 2012, Fiona started her post-academic career as a Project Scientist
for a World Climate Research Programme (WCRP) Core Project named
Stratosphere-troposphere Processes and their Role in Climate (SPARC).
Currently serving as the Director of SPARC’s International Project Office,
Fiona focuses on both research and science coordination, however, she
would like to concentrate more on the latter. As projects become more
multidisciplinary and international, proper coordination is vital in ensuring effective facilitation of quality science. The SPARC framework offers
guidance, assistance, opportunities and visibility. This allows scientists to
come together to discuss and present their research to each other, create
partnerships and define new key scientific topics.
In the future, Fiona sees weather and climate science growing further
together to provide truly seamless predictions. She recognizes that
challenges still remain in terms of our understanding and ability to predict
various temporal and spatial scales, particularly at the cross-over from
traditional weather to climate scales. However, she is confident that the
new generation of young scientists are ready to face these challenges and
continue pioneering these crucial areas of research in order to provide
solutions that will benefit society and the long-term advancement of
Earth system sciences.

Marisol Osman
Marisol Osman, a Postdoctoral researcher at the University of Buenos
Aires in Argentina, has always been fascinated by the weather. She grew
up in a small town in Argentina where agriculture was the main economic
activity. Her family was always concerned about when and how much
it was going to rain, as a hailstorm could damage the crops or a strong
cold spell could harm the grass for the cattle. After flourishing in her
math classes during primary and secondary school, Marisol decided to
study Atmospheric Sciences at the University of Buenos Aires. The degree

“I grew up in Cape Town,
South Africa, a city
surrounded by the ocean.
An encounter with one
of my mother’s friends
inspired me to pursue an
undergraduate degree in
oceanography. Studying a
mix of biology, chemistry,
and physics gave me the
chance to learn more about
the big blue surrounding my
home town.”
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“In my everyday life, I am
inspired by those people
that wake up every morning
and go to work with a smile.
I try to do the same as I feel
touched for being able to do
what I love.”
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combined her love of math and physics and allowed her to channel
interests from her youth. After successfully completing her degree, she
continued her studies and recently received a PhD in Atmospheric and
Ocean Sciences.
Marisol has been fortunate to have two great mentors in her life. The
passionate climate scientist Carolina Vera is Marisol’s advisor and her
main source of inspiration. Celeste Saulo’s1 skills at dialoguing and building bridges between people, disciplines and institutions also impresses
Marisol, who would like to follow a similar career path.
Regarding that career path, Marisol imagines herself working more
closely with societal actors and building awareness of their needs and
demands. Furthermore, she wishes to be more engaged in the activities
of her University’s Department of Atmospheric Sciences through guiding
and advising students while they develop their careers. Marisol believes
that these kinds of activities enrich oneself and provide tools that can be
applied in many aspects of everyday life.
Marisol sees the future as both promising and challenging at the same
time as climate change is a reality and is one of the major hazards to
current and future generations. Marisol believes that scientific knowledge
cannot remain isolated and there is a great need to strengthen connections
with other specialists and societal actors. On the other hand, she also
envisions a promising future for young researchers in climate science.
As part of the Executive Committee of the Young Earth System Science
community (YESS), a network for early career scientists, Marisol sees
many enthusiastic young people with fresh ideas and energy who are
ready to face the scientific challenges that relate to climate change.

Nilay Dogulu
Nilay Dogulu has always been fascinated by water and would often catch
herself admiring the tranquillity before the rain or finding a harmony
in the raindrops crashing down during a heavy storm. This fascination
led Nilay to wonder about how the water moves on the Earth’s surface
and why. After obtaining her Bachelor’s degree in civil engineering, she
decided not to continue in that field. Instead, she followed her passion
and pursued graduate studies in Hydrology and Hydroinformatics. She
is currently a PhD candidate at the Water Resources Laboratory, Middle
East Technical University in Ankara, Turkey.
Nilay recognizes the great uncertainties that need to be overcome in
climate, weather and hydrological sciences – all of which, in the end,
should be reflected in the various services that these sciences provide
1

Current head of the National Meteorological Service of Argentina and Permanent
Representative to WMO
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to communities. Nilay acknowledges the challenges in communicating
these uncertainties to communities, but also sees the opportunities
for strengthening their resilience to climate, weather and hydrological
extremes by increasing their meteorological and hydrological literacy.
Nilay hopes to pave the way in her field for the active participation of
society in climate, weather and hydrological risk management activities.
Nilay is grateful to the many great professors from around the world
who supervised her during her academic career. As part of the Erasmus
Mundus Master’s Programme in Flood Risk Management, which she
attended on a full scholarship, Nilay had the opportunity to learn a wealth
of information on various aspects of floods in four different European
universities: Technische Universitat Dresden (Germany); IHE Delft Institute
for Water Education (Netherlands); Universitat Politecnica de Catalunya
(Spain); and Univerza v Ljubljana (Slovenia).
Nilay believes that advancements in the hydrological sciences will depend
– apart from high performance computing and advanced models with
greater precision – on increasing the number of motivated and passionate
researchers who can persistently tackle today’s scientific problems with
devotion. In this respect, she believes in sustaining strong and motivated
research groups in hydrology, especially in Turkey. Nilay is the current
European Geosciences Union (EGU) Early Career Scientist Representative
for Hydrological Sciences. She is also the Chair of the Young Hydrologic
Society, a network aspiring to enable the active participation and integration
of early career researchers in the global hydrological community.

Present leaders
Carolina Vera
From a very young age, Carolina Vera has been fascinated by the weather.
Inspired by her mother who taught her to admire natural phenomena, such
as clouds and heavy storms, she decided to pursue a career in applied
physics. Ultimately, she chose to study meteorology, which allowed her to
combine her interests in weather and climate as well as in math and physics.
When Carolina started her PhD at the University of Buenos Aires (UBA),
she quickly became aware that being a woman working in science had
both advantages and disadvantages. She realized that some male senior
scientists and professors treated her differently from her fellow male
students. For example, one of the professors did not feel comfortable
discussing science topics with her during meetings and even went as
far as to tell her: “I don’t want you to contradict me in public.” With her
strong personality and the support of her advisor and mentor, Eugenia
Kalnay, Carolina was able to overcome these issues and find her own
way as a scientist.
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‘Jacob Bronowski says,
“knowledge is an unending
adventure at the end of
uncertainty.’’ I am keen
to continue living this
adventure as much as
possible to be able to
understand nature along
with its uncertainties.’
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“I have been very fortunate
to meet amazing women
trying to make progress in
science. It has been easy
for me to encourage and
empower them in their
career, just by explicitly
recognizing their excellent
skills and aptitudes.”
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Despite its challenges, being a woman from a developing country gave
Carolina the opportunity to participate in international scientific committees
and programmes at a very early stage in her career. On some occasions,
she was the only woman in a meeting or a committee. Although she
grasped these opportunities wholeheartedly, she always worked very
hard to show that she deserved to be there on merit and not just because
of gender or geographical balance.
Carolina Vera is currently a professor at UBA and the co-chair of Working
Group I of the Intergovernmental Panel on Climate Change (IPCC). Her
primary work is in enhancing the understanding of climate variability
and change in South America and its applications for societal benefits.
As a professor at the University, she has been very fortunate to meet
amazing women who are passionate about advancing science. By
explicitly recognizing their excellent skills and aptitudes, she encourages and empowers the careers of her students and is always ready
to discuss any issues with them as well as find common solutions.
She recognizes that it is an important role that every professor should
have, but believes that it is particularly inevitable for female teachers
to empower female students.

Debra Roberts
After completing her PhD in Urban Biogeography at the (then) University
of Natal, South Africa, Debra Roberts initially pursued a career as a
researcher. Her doctoral and post-doctoral research, however, highlighted
the fact that academia at the time was not responding effectively to
the challenges faced by urban policymakers and practitioners. In 1994,
she decided to leave academia to join the local government, where her
scientific knowledge could make a difference in the country and city
she lived in.

‘Do not be deterred or
intimidated, just keep your
eye on the ball.’

Transitioning from science to practice, Debra faced several challenges.
She describes, “once you become a practitioner you are no longer considered to be a scientist by many of the members of the more traditional
scientific community. Practice is still seen by many traditional scientists
as being unscientific.” In order to bridge this divide, Debra and her team
have published their work in peer-reviewed literature to demonstrate
that practitioner-scientists are an important source of knowledge. After
joining local government, Debra found herself working in what was
then a very traditional, hierarchical and male-dominated environment.
Debra’s response was simply to get on with the job and let her work
speak for itself.
This hands-on mentality led her to establish the Environmental Planning
and Climate Protection Department of eThekwini Municipality (Durban,
South Africa). In 2016 she was given the responsibility of establishing

WMO BULLETIN

31

the new Sustainable and Resilient City Initiatives Unit in Durban and is
the city’s first Chief Resilience Officer. Furthermore, she is the Co-Chair
of IPCC Working Group II.
By providing strong, clear and consistently focused leadership, Debra has
become a living example that women can be influential leaders, and that
practitioner-scientists can help change the mainstream debate. Furthermore,
she has also encouraged members of her team to study further and has
established research partnerships with the local university in order to
encourage and train the next generation of practitioner-scientists.
Debra’s words of advice, “Never leave the room – it is difficult to provide
a bridge between the science and practice communities and often you
will not fit in comfortably with either. Do not be deterred or intimidated,
just keep your eye on the ball and know that it is the practitioner-scientist
who has the greatest chance of changing the world.”

Torn between studying math or physics and her passion for glider flying,
Daniela Jacob ultimately decided to study meteorology at the Technical
University Darmstadt in Germany. After completing her PhD at GKSS
Research Center, Daniela moved to Boulder, Colorado, to work at the
National Centre for Atmospheric Research (NCAR). As a visiting scientist,
Daniela simulated snowstorms with the Clark model using the two-way
nesting technique. In 1993, she moved to Hamburg, Germany, where she
carried out research at the Max Planck Institute for Meteorology. It was
there that she first developed the regional climate model that could be
used to calculate the regional impacts of climate change. Daniela proved
distinct excellence in regional climate modelling and is the current director
of the country’s first institute for climate services called Climate Service
Centre Germany (GERICS).
Throughout her career, Daniela has experienced difficulties with men in
higher positions who distrusted her skills as a scientist. She challenged
their perceptions by consistently demonstrating excellence in research
as well as persistence in her argumentation – she would keep on talking
until they were convinced.
Nowadays, as a leading scientist and director, she encourages equal
opportunities for all staff by promoting a healthy work and life balance
and offering flexible working hours. She also makes sure that an equal
share of male and female staff members are hired.
Daniela advises those who want to pursue scientific careers to think
about what is important for them and would make them happy – if you
are happy at work, success will come.

Christian Schmid

Daniela Jacob

‘Think about what is
important for you and what
makes you happy - if you
are happy at work, success
will come, too.’
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Elisa Palazzi
Inspired by her math and physics Professor in high school, Elisa Palazzi
decided to study Physics at the University of Bologna. Although she
had other interests, she soon realized that she was really enjoying her
courses, especially those in environmental issues. After completing her
Bachelor of Science, she continued on at the same University and in 2008,
completed her PhD in Physical Modelling for Environmental Protection.
Elisa’s career in climate change began at the Italian National Research
Council (CNR) in Torino, Italy. After moving to a new research group that
focused on the mountain environments, Elisa found her passion. The
work was exciting: she enjoyed researching mountains, how important
they are in providing essential services, such as water, and how sensitive
they are to climate and environmental changes.
At the Institute of Atmospheric Sciences and Climate of the Italian
National Research Council (CNR-ISAC) where she currently works, Elisa’s
research focus is on the current and future evolution of the water cycle in
mountains and on elevation-dependent warming – the amplified warming
observed in the high-altitude regions. The main goal of her research is
to understand how mountain ecosystems might change under different
climate change scenarios and what the consequences for downstream
societies could be. Elisa is also the co-coordinator of the Collaborative
Programme “Changes in the Hydrological Cycle” of the European Climate
Research Alliance (ECRA) and the Global Network for Observations and
Information in Mountain Environments (GEO-GNOME), a Group on Earth
Observations (GEO) Initiative.
Throughout her career, Elisa has approached challenges with a positive
attitude, seeing them as opportunities to learn and grow. She has also
been thankful for all the help she has received along the way from teachers, both in academic and professional environments. She is particularly
thankful for the enthusiastic feedback she receives from students during
laboratory and scientific dissemination activities.
One of her greatest achievements was being published in the 2015 journal
on “Nature Climate Change” which focused on elevation-dependent
warming in the mountain regions of the world. Elisa collaborated on the
study with a large group of researchers from around the world. Although
she is proud of the article, she believes that one makes achievements
every single day. Even unsuccessful results often springboard us to new
paths, achievements and ideas.
Elisa’s advice for female professionals embarking on a career in science
is to be self-confident and not feel inadequate. The key to success,
according to Elisa, is a mix of study and dedication, open-mindedness,
curiosity, asking questions and the ability to change one’s mind. This is
a never-ending process.
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Using indicators to explain
our changing climate to
policymakers and the public
by Michael Williams1 and Simon Eggleston2

Despite the great complexity of climate change, scientists must accept the challenge of communicating
their findings to policymakers and the general public.
They must do this in a way that is simple enough for
non-specialists to understand, but not so simple that
it distorts the science. Climate science is often communicated through well-written technical reports, but
it can also be effectively explained through graphics,

animations, oral presentations, compelling narratives,
trusted messengers, and popular books and films.12
A promising approach to conveying the reality of
climate change is to develop indicators – numbers
1

WMO Secretariat

2

GCOS
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and scales that track the state or level of some aspect
of the climate. One widely used indicator in climate
science is the change in the global average temperature of the lower atmosphere. This indicator is also
one of the targets set out by the 2015 Paris Agreement
on climate change, which calls for keeping a global
temperature rise this century to well below 2 °C above
pre-industrial levels while pursuing efforts to limit the
temperature increase even further, to 1.5 °C.

technical and scientific purposes and audiences. They
often use different sources and baselines, however,
which are not always comparable. Many are also rather
complex. They are thus not all equally suitable for
helping non-specialists to understand how the climate
is changing.The challenge is to identify a subset of key
indicators that capture the essential features of climate
change in a comprehensive way and that can be well
understood by non-scientific audiences.

Indicators have a number of advantages. They are
quantified, objective, based on data provided by
virtually all countries, and they demonstrate change
over time. This is why Agenda 2030, adopted by the
United Nations in 2015, seeks to use indicators to track
progress on the various Sustainable Development
Goals, including SDG 13 on combatting climate change
and its impacts.

To ensure the clear and concise communication of
global climate change, the number of indicators
could be around five, and certainly fewer than 10.
This headline list of indicators could be useful to the
United Nations, the Paris Agreement, and national
policymakers, as well as to the general public.The ideal
list would capture the major outlines of climate change
without either over-simplifying, or over-complicating,
its characteristics.

The Parties to the United Nations Framework Convention on Climate Change (UNFCCC) are also likely to
include indicators in the five-yearly “global stocktake”
for measuring progress under the Paris Agreement.
In addition to indicators that capture progress on
mitigation, indicators can measure changes in the
climate change impacts that should be targeted by
adaptation efforts. The ongoing negotiations on how
to structure this process and on what information to
include in the stocktake are to be finalized before the
first stocktaking exercise takes place in 2023.
Over the past year, WMO, together with partner organizations, including those in the Global Climate Observing System (GCOS) and the World Climate Research
Programme (WCRP), has started developing a short
list of “headline” indicators tracking changes in the
physical climate system.The indicators discussed in this
article focus on monitoring such changes. Additional
indicators will also be needed to track climate risks
and impacts in order to guide climate adaptation; this
should be the focus of future work. WMO will remain
fully committed to this effort.

An ideal short list
The large number of existing indicators produced by
climate scientists – many of which draw on the 55 GCOS
Essential Climate Variables – are useful for many specific

This article draws on the WMO community’s ongoing
discussions and does not present any final conclusions. As many institutions within the community
are involved in producing indicators, any proposed
set of indicators would eventually need to appear in
a peer-reviewed scientific paper whose co-authors
include the key WMO constituencies.

The makings of a headline indicator
WMO and its partners focus on the indicators of physical
climate, for which they have the mandate and expertise, spanning the energy, water and carbon cycles.
Socio-economic indicators of how climate impacts
sectors such as health and agriculture are also, of
course, critically important. Developing these indicators
is a major challenge because of the diversity of climate
impacts and a lack of systematically collected data on
climate impacts in affected sectors from authoritative
sources.This challenge is best addressed by other organizations and expert communities. WMO recognizes
the need to obtain the broadest possible picture of
climate change and therefore collaborates with these
other organizations to provide information on weather,
water and climate that is relevant to their work.
Most people are aware that the temperature – or
more specifically, the global average temperature
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of the atmosphere just above the Earth’s surface – is
rising, but this is not sufficient as an indicator of
climate change. People focus on the surface-level
atmosphere because that is where we live, and its
temperature, which has been reliably measured for
over 150 years, shapes our daily lives. But more
than 90% of the excess heat trapped by humanity’s
greenhouse gas emissions is stored in the ocean, with
much smaller amounts absorbed by the atmosphere,
the cryosphere and land. Therefore, the atmosphere’s
temperature does not provide a complete picture of
the Earth’s climate or of the full dimensions of climate
change, and at worst can contribute to a false sense
of security.
There are five criteria for the indicators on the short list:
•

Relevance: each headline indicator should be a
clear, understandable indicator of global climate
change, with broad relevance for a range of
audiences. Some such global indicators may also
have value at the national and regional levels.

•

Representativeness: the indicators as a package
should provide a representative picture of changes
to the Earth system related to climate change.

•

Traceability: each indicator should be calculated
using an internationally agreed (and published)
method and accessible and verifiable data.

•

Timeliness: each indicator should be calculated
regularly (at least annually), with a short lag
between the end of the period and publication
of the data.

•

Data adequacy: the available data needed for the
indicator must be sufficiently robust, reliable and
valid.

A key challenge in producing a set of headline indicators that are mutually supportive and consistent,
and that form a truly coherent package, is the need
to harmonize reference periods and baselines. The
Paris Agreement uses the pre-industrial period as the
reference period for global temperature, and indeed
this provides a useful measure of humanity’s modern
impact on the climate system. Scientists currently use
several differing definitions of “pre-industrial period.”

35

A number of periods have been proposed with respect
to temperature observations, such as 1720–1800 (when
industrialization truly got started) and 1850–1900 or
1880–1910 (based on the availability of instrument
records).The available data indicate that these periods
all give outcomes within 0.1 °C of each other.
In the case of greenhouse gases, for which ice cores
provide reliable data well before the start of the instrumental period, the date 1750 is often used as the end
of the pre-industrial period. For other indicators, such
as precipitation, data from the pre-industrial period
are not available. Only the use of a reference period
that is based on data post-1980 would allow for the
consistent handling of data sets based on satellite
retrievals and reanalyses.

A closer look at six candidates
With the above criteria and constraints in mind, it can
be quickly determined that some indicators are easy
to support with credible measurements and are not
too difficult to communicate. Temperature is a good
example. Others are much more difficult. Even something as seemingly basic to climate as precipitation
cannot easily be reduced to a single global indicator.

Global annual
average surface temperature
As noted above, the Paris Agreement is best known
for emphasizing the need to keep the global surface
temperature to well below 2 °C above pre-industrial
levels.The pre-industrial period still needs to be defined
more clearly.
Of the three instrument-based global temperature
records dating back to that time, the one maintained
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by the Hadley Centre/Met Office in the United Kingdom
extends back to 1850.Those maintained by the National
Aeronautics and Space Administration (NASA) and
the National Oceanic and Atmospheric Administration
(NOAA) in the United States of America extend back
to around 1880. The Japan Meteorological Agency
maintains a global temperature data set back to 1891.
The European Centre for Medium-range Weather
Forecasting (ECMWF)/Copernicus provides reanalyses
of these data sets. The China Meteorological Administration maintains a global land temperature data set
and will, in time, likely provide a global land-and-sea
temperature data set. Measurements from before the
mid-1800s are based on proxy records such as tree
rings and ice cores. A practical baseline based on the
instrumental record, then, could be the 30-year period
of 1880–1910.

The remainder warms the land and melts ice, with only
1-2% warming the atmosphere. Thus, the increase in
ocean heat is a good indicator of the warming of the
Earth system as a whole.
The global measurements from the international network of Argo buoys make it possible to reconstruct a
time series of the heat content in the top 2 000 metres
(m) of the ocean from 1970 onwards. Reconstructed
gridded ocean-heat content products are available from
Australia’s Commonwealth Scientific and Industrial
Research Organisation (CSIRO), NOAA and other
organizations. The possibility of expressing these
data as an average temperature should be explored.
A subsidiary indicator could be the heat content down
to only 700 m, since this would make a longer time
series, is possible.

The global surface temperature offers a relatively
easy-to-understand indicator, but it reflects only part
of the increases in energy in the global system. Nevertheless, as surface temperature is a critical target
for the Paris Agreement, it would seem essential to
include it in the set of climate headline indicators. It
should be supplemented with temperature indicators
keyed to the regional and national levels as well.
Scientists recognize that a better measure of the
increase in the energy of the Earth system may be, for
example, the top-of-atmosphere energy balance. But,
recalling that indicators should be easily understood
by policymakers and the general public, it is important
to also recognize that this indicator would be more
difficult for many non-scientists to interpret.

Ocean heat content
Well over 90% of the additional energy captured by
human-made climate change is stored in the oceans.

Atmospheric concentrations of
carbon dioxide
Because the level of greenhouse gases in the atmosphere influences how much energy is trapped in the
Earth system, atmospheric concentrations provide
a useful indicator of climate change. Currently, the
WMO Global Atmosphere Watch (GAW) gathers data
from around the world on the concentrations of major
greenhouse gases and publishes an annual report
with a time lag of ten months.
Traditionally, the UNFCCC has used an indicator
of concentrations that combines all greenhouse
gases – carbon dioxide, methane, nitrous oxide,
HCFCs, etc. – into one basket. Each gas is translated
into a CO2-equivalent to produce a single number
using Global Warming Potentials (GWPs) with a 100year time horizon. However, the use of GWPs is
now questioned by some Parties to the Convention

Cumulus Congestus Praecipitatio. "Nature's Power," Bandarban, Bangladesh
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given the differing timescales of the impacts of the
different gases: methane has a large immediate
impact but this diminishes over decades while CO2
will have impacts for centuries. Because carbon
dioxide is currently the most important greenhouse
gas directly emitted by humanity and is the target of
many emissions-reduction efforts, experts believe it
may be more transparent to focus on annual trends
in atmospheric concentrations of CO2 as the indicator.
Subsidiary indicators could include concentrations
of methane and of nitrous oxide.
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sources – melting ice, thermal expansion of ocean
water and changes to water storage on land – that
contribute to global seal-level changes. More recently,
satellites have also started to measure changes in the
mass of water in the oceans, bringing an independent
check on measurements of the changes in these
contributions. However, these estimates have been
available only in recent years, and in some cases
with a considerable time lag. Moreover, as changes
in sea level are non-uniform across the world, global
sea-level information should be supplemented by
regional analyses where these are relevant.

GHG emissions increase concentrations, while sinks
reduce concentrations by removing gases from the
atmosphere and storing them in the ocean, biosphere
or geosphere. To better understand changes in concentrations, as well as sources and sinks, WMO is
working with partners to explore how atmospheric
monitoring instruments can measure concentrations
and local CO2 sinks and sources through an Integrated
Greenhouse Gas Information System (IG3IS).

Changing extent or mass of
the cryosphere

Global mean sea level
As described above, the ocean plays a vital role in
shaping our climate by storing vast quantities of
heat and moving it around the globe. How climate
change affects the ocean also has great significance
for humanity. Climate impacts include warming waters
and acidification, which affect fish stocks and other
biodiversity, and sea-level rise with its implications
for coastal cities and communities.
Sea-level rise is routinely assessed by CSIRO, the
University of Colorado Sea Level Research Group, and
others. Annual analyses of sea level can take a few
months before they are released. Thanks to improved
observations from satellites and Argo ocean profiling
floats, scientists are able to estimate the various

The Earth’s cryosphere includes solid precipitation,
snow cover, sea ice, lake and river ice, glaciers, ice
caps, ice sheets, permafrost and seasonally frozen
ground. The cryosphere provides some of the most
useful indicators of climate change, yet is one the
most under-sampled domains of the Earth system.
The most readily produced data and analyses of the
cryosphere include sea-ice extent in the Arctic and
Antarctic (updated daily and monthly by the US-based
National Snow and Ice Data Center), Northern Hemisphere snow cover (the Rutgers University Snow Lab)
and Mountain glacier analysis (the Swiss-based World
Glacier Monitoring Service). Measures of southern
hemisphere snow cover are not as reliable. Analyses
of changes in the Greenland ice sheet are made
available by the Danish Meteorological Institute, but
the record is short.
Choosing a single indicator for the cryosphere may not
be possible. Arctic and Antarctic ice should be reported
as separate numbers as the Arctic and Antarctic ice
behave very differently. Over land, the behaviour of the
cryosphere involves complex interactions at regional
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and local scales. This makes it difficult to develop
indicators that depict the global impacts of climate
on the cryosphere in a coherent manner.
Currently, the best approach may be to adopt a threepart cryosphere indicator: Arctic sea-ice extent, Antarctic sea-ice extent and Northern Hemisphere snow cover.
Analyses of these various facets of the cryosphere
would help draw the attention of policymakers to
the most sensitive parts of the cryosphere. Simple
and easily understood indicators would be needed
as well as scientific explanations of where scientific
knowledge of the cryosphere is still not robust.

Global precipitation
The WMO Global Precipitation Climatology Centre
(GPCC), operated by the Deutscher Wetterdienst
(DWD), provides the most comprehensive data available. GPCC uses data collected through WMO systems
and channels. Currently, the precipitation analyses
are provided on a monthly basis after they have been
quality controlled. Information on the geographical
distribution of precipitation extremes on seasonal,
annual and multi-year time scales can provide good
insights into shifts in the patterns and nature (solid,
liquid) of global precipitation, changes in geographical distribution, trends in drought and intense rain
storms, and the influence of other changing features
of the climate system, such as monsoons, the El
Niño-Southern Oscillation, dipoles, and so forth.
These insights can be used to inform decisions on
adaptation.
As a single indicator, however, the global precipitation
anomaly would not make a good climate indicator.
Climate projections suggest an intensification of the
global hydrological cycle, but the uncertainties and
variability at the local level are large. It is therefore

unlikely to provide a clear signal. A better approach
would be to have indicators based on an analysis of
the global distribution of precipitation that captures
annual, multi-year and long-term variations.

Developing indicators for extreme events
Change in the frequency and/or intensity of extreme
weather and climate events resulting from climate
variability and change is one of the most important
impacts of climate change. In its Fifth Assessment
Report, the Intergovernmental Panel on Climate Change
(IPCC) highlights eight key risks for human well-being
that will require adaptation measures. Most of these
risks are driven by extreme events, including storm
surges, coastal and inland flooding, extreme heat,
drought, flooding, and precipitation variability and
extremes. As noted below, this is echoed in the
Intended Nationally Determined Contributions (INDCs)
delivered by Parties to the UNFCCC, which identify
flooding, sea level rise and drought or desertification
as the main causes of concern.
Since what is perceived as an extreme event varies
from place to place, indicators could be based on the
frequency of deviations from a typical range, such as
the number of times a specific percentile is exceeded
in a specific place.
Consistent and meaningful indicators for extreme
precipitation, droughts, heatwaves and other hazards
have been proposed that could reflect the influence of
climate change on extreme events at the global scale.
The frequency of tropical cyclones has been discussed
as an indicator. However, the various WMO Regional
Specialized Meteorological Centres (RSMCs) have
different ways of categorizing these storms according
to their intensity. There are also inconsistencies in
the coverage of historical time series, so it is often
difficult to get useful information that can be put into
historical or geographical context. A global index of
Accumulated Cyclone Energy (ACE) as an indicator for
cyclonic activity is being provided by NOAA/NCEI. It will
be explored in the context of WMO Statement on the
State of the Global Climate in 2017 and, if successful,
it will be considered as a global indicator for tropical
cyclones. However, how this indicator may relate to
climate change is unclear at this stage.
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In 2015, the World Meteorological Congress decided
“to standardize weather, water, climate, space weather
and other related environmental hazard and risk
information and develop identifiers for cataloguing
weather, water and climate extreme events.” This
decision will promote the increasingly standardized
compilation of data on hydro-meteorological events
– the main cause of losses and damage – by national
governments.

Next steps
As this brief survey makes clear, several indices – global
temperature, CO2 concentrations, ocean warming, polar
sea-ice extent and sea-level rise – seem to be robust
and obvious choices for the set of headline climate
science indicators. For others, it is more challenging
to identify indices that satisfy the criteria listed above
while also being clear and easy to communicate to
policymakers and the general public.
Looking ahead, it is important to develop further indicators that support global action on climate change.
Key instruments for enabling climate action under
the UNFCCC’s Paris Agreement are Parties’ National
Determined Contributions (NDCs), which will update
and refine the existing INDCs. It is vital that these
national climate actions benefit from scientific information on climate variability, trends and extremes.
As of October 2017, 162 INDCs had been submitted,
covering 190 Parties, representing 96% of the Parties
to the Convention. Of these, 137 Parties also included
an adaptation component where Parties reported
their vulnerabilities. In terms of climate hazards, the
main sources of concern identified by most Parties
are flooding, sea-level rise and drought or desertification. While sea level is an indicator, this highlights
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the need for the indicators of extreme precipitation
events discussed in the previous section to address
these issues.
Priority areas and sectors identified in the adaptation
component of the INDCs include water, agriculture,
health, ecosystems, infrastructure, forestry, energy,
disaster risk reduction, food security, coastal protection
and fisheries. These areas include all priority areas of
the Global Framework for Climate Services (GFCS).
Thus, additional indicators that contribute to impacts
across these sectors are also needed.
In the intermediate term, WMO can make available
information on most of the indicators discussed in this
article through its publications, such as the Statement
on the State of the Global Climate and the Greenhouse
Gas Bulletin. These annual reports will be harmonized with the IPCC Assessment Reports, however,
to ensure that WMO’s annual reporting and the more
comprehensive, but less frequent, IPCC reports tell a
consistent story.
Further work is also needed to refine the indicators
explored above. Consensus could be achieved through
the publication of a peer-reviewed article involving
interested authors, many of whom contribute to the
WMOTechnical Commissions and GAW, GCOS, WCRP
and the IPCC Working Groups.
Finally, the WMO community needs to continue
engaging strongly with organizations that can provide
indicators of key climate impacts, including through
GCOS and the GFCS.
With thanks to the following contributors from the
WMO Secretariat: Maxx Dilley, Omar Baddour and
Amir Delju, as well as Carolin Richter from GCOS.
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Implementing GFCS:
Swiss and German national
showcases
by Angela Michiko Hama1, Maya Körber2, Stefan Rösner2,
Christof Appenzeller1, Paul Becker2, Peter Binder1,
Mischa Croci-Maspoli1, Klaus-Jürgen Schreiber2 and Elias Zubler1

1

Federal Office of Meteorology and Climatology MeteoSwiss

2

German Meteorological Service, Deutscher Wetterdienst, DWD
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Climate services are fundamental for enabling national
and local decision-makers to maintain and boost
resilience in view of the increase in frequency and
intensity of extreme weather and climate events due to
climate change. Better availability of, access to and use
of climate services is indispensable for addressing the
Sustainable Development Goals (SDGs), the Priorities
for Action in the Sendai Framework for Disaster Risk
Reduction, the Paris Agreement of the United Nations
Framework Convention on Climate Change (UNFCCC)
and other international frameworks. Climate services
are also vital for implementing effective climate mitigation and adaptation measures and for instigating
societal transformation.
The Global Framework for Climate Services (GFCS)
was established in 2009 to enable society to better
manage the risks and opportunities arising from climate variability and change. At the European level, the
climate services arena consists of the WMO Regional
Climate Centre Network and activities and programmes
such as Copernicus, components of Horizon2020, the
European Research and Innovation Roadmap and the
Joint Programming Initiative “Connecting Climate
Knowledge for Europe” (JPI Climate).
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operationalization of the Framework and the provision
and diffusion of tailored services. To this end, Switzerland and Germany founded the Swiss National
Centre for Climate Services (NCCS) and the German
Climate Service (Deutscher Klimadienst, or DKD),
respectively, in late 2015.
Given the fact that both Switzerland and Germany are
federations with comparable governance structures,
expertise and experiences, their national efforts to
implement the GFCS are similar in nature and have
many commonalities. The two national frameworks
for climate services are both based on agreed national
adaptation strategies and are organized as nationwide
networks. Given these similarities, this joint article
describes how the two frameworks were set up and
are operated.

National set-up and structure
To realize the vision of boosting adaptive capacities
to achieve increased resilience, both DKD and NCCS
pursue overarching goals:
•

supporting climate-sensitive decision-making
from the national to the local level and throughout society in order to minimize risks, maximize
opportunities and optimize costs in the context
of climate change and variability;

•

bundling of existing national climate services;

•

acting as network agents and knowledge brokers;

•

identifying unaddressed and emerging needs for
new climate services;

•

building user-interfaces for dialogue with end-user
communities in order to co-design processes and
to tailor new solutions; and

•

establishing and maintaining mechanisms to
sustain the long-term provision and uptake of
such services.

The GFCS advocates for national coordination
mechanisms, led by – but not limited to – National
Meteorological and Hydrological Services, to ensure

In both countries, this concerted effort was pursued
through an inter-ministerial and inter-agency process.
The process to establish a one-stop-shop for engaging

42

Vol. 66 (2) - 2017

Climate Services

Essential Foundation

Climate Adaptation
and Mitigation

Sectoral and
Cross-sectoral Services

Strategies and Measures

Observations,
Monitoring, Modelling,
Prediction, Mapping,
Capacity Building

Climate-sensitive
Decision-Making,
Measure-Setting &
Implementation

Monitoring & Evaluation

Fig. 1: Schematic of interdependencies of climate services and climate adaptation and mitigation.

public sector decision-makers as initial stakeholders
originated at the federal level. These range from ministries in Germany and departments in Switzerland at
the federal and state level to local governments. The
federal agencies and national research institutions
involved in climate services are members1 of the
networks in both countries. DKD and NCCS cover the
five GFCS components – the user interface platform,
climate services information system, observations
and monitoring, research modelling and prediction
and capacity building – as well as its five priority
1

In Germany, the eight DKD partners include Deutscher
Wetterdienst (DWD), Federal Highway Research Institute
(BASt), German Maritime and Hydrographic Agency (BSH),
Federal Waterways Engineering and Research Institute
(BAW), German Federal Institute of Hydrology (BfG), German Environment Agency (UBA), Federal Institute for Geosciences and Natural Resources (BGR), Julius Kühn Institute
- Federal Research Centre for Cultivated Plants (JKI);
In Switzerland, the eight NCCS members are: Federal
Office of Meteorology and Climatology MeteoSwiss,
Federal Office for the Environment (FOEN), Federal Office
for Agriculture (FOAG), Federal Office for Civil Protection
(FOCP), Federal Office of Public Health (FOPH), Federal
Food Safety and Veterinary Office (FSVO), ETH Zurich,
Swiss Federal Institute for Forest, Snow and Landscape
Research (WSL)

areas – agriculture and food security, disaster risk
reduction, energy, health and water. Inadvertently
anticipating the guidelines2 that were later produced
by the GFCS, the five crucial steps recommended by
the GFCS for setting up a National Framework for
Climate Services were undertaken.
In Germany, eight federal agencies currently make up
the DKD, which will be complemented by KlimAdapt,
a system of services that supports adaptation to climate change. Together, DKD and KlimAdapt form the
“Federal overall programme of the German Federation
for the delivery of climate services and services to
support adaptation to climate change” (Deutsches
Klimavorsorgeportal, KliVoPortal).The implementation
and further advancement of the DKD are guided by the
Federal Interministerial Working Group on Adaptation
to Climate Change (IMA) at the political level. Regular
partner meetings, and a DKD office with a managing
director, are hosted and provided by the German
Meteorological Service (Deutscher Wetterdienst,
or DWD).
2

Priority Needs for the Operationalization of the Global
Framework for Climate Services (2016-2018), p. 22
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In Switzerland, as of today the NCCS comprises eight
members, six government agencies and two key
national research bodies. The governance structure
is made up of a board of directors, the executive
decision-making body with representation from all
members, a steering committee with strategic advisory functions, and a secretariat with a managing
director. The Swiss Federal Office of Meteorology and
Climatology, MeteoSwiss, hosts the secretariat. The
establishment of the NCCS was legally mandated by
the Federal Council Decision “Adaptation to Climate
Change in Switzerland – Plan of Action, Part II of the
Strategy of the Federal Council.” As in the German
case, an Interdepartmental Committee on Climate
Issues (IDA) plays a guiding role at the political level.
Offering a comprehensive climate services portfolio
requires bringing together the expertise of all national
framework members and their respective sectors – the
“collaborative network of entities” – as recommended
by the GFCS. In both countries, national meteorological
services have been identified as key to success. They
represent the primary starting point of the climate
services value chain, are experienced in servicing a
variety of user communities at the operational level,
and play an important role in scientifically sound
adaptation.
In addition to strengthening cooperation among all
federal members and fostering synergies with state
and local governments, the networks also focus on
interfacing with stakeholders ranging from academia
to the general public. Furthermore, the need for a
dialogue with the private sector is fully recognized
and may lead to formalized engagement. Although the
coordination mechanisms are geared towards national
needs, they also act as interfaces with the governance
structure of the GFCS and offer opportunities for bi- to
multilateral activities.

Becoming national knowledge brokers
and network agents
In order to become recognized actors and national
hubs, both DKD and NCCS are currently bundling
climate services and developing targeted new services and strategies, approaches for implementation,
stakeholder dialogues and outreach activities.
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To gain further traction, networking and communications strategies are being designed and rolled
out, identifying target groups and tailoring outreach
formats such as workshops, user forums as well as
media and dissemination activities. Organizational
branding is recognized as an essential element for
successful implementation, as is close consultation
between DKD and NCCS.
Interactive web portals will serve as market places
for the provision of climate services. They will feature
information, good practices and guidance. Users can
enter the portals via menus ranging from sectoral via
regional to GCOS3 Essential Climate Variables (ECVs).
Links to other national and international portals will
be established, including the forthcoming GFCS Help
Desk or the Copernicus C3S Data Store.
Early accomplishments include garnering the interest
of numerous federal partners in founding the national
frameworks. This has helped to overcome fragmented
climate-services landscapes. Meanwhile, DKD and
NCCS are recognized as essential sounding boards
for governmental stakeholders and their needs. Both
networks have also reached out to other national and
international actors. Moreover, priority themes that
are in line with the priority areas of the GFCS have
been defined and populated, with different emphases in Germany and Switzerland based on partner
needs and requests. Specific studies are underway
within each theme, addressing, among other issues,
questions on extreme events, including heat waves,
risk management, and the spread of pests and invasive species. Overarching climate services and core
3

GCOS: Global Climate Observing System
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products include, for example, new generations of
national climate scenarios (see also text box).

Synergies and international cooperation
Germany and Switzerland have started co-developing
new climate services such as common climate analysis
tools. Closer collaboration among Germany, Switzerland and Austria is foreseen for increased efficiencies
and mutual benefit.
In response to the GFCS’s advocacy for stronger
international cooperation on development, Germany
and Switzerland are committed to promoting and
carrying out climate services twinnings. For example,
Peru and Switzerland are jointly developing climate
services-related capacities and sharing knowledge
via the WMO-GFCS project CLIMANDES2. Recently,
Germany has launched a global project on climate
services for infrastructure investments (IKI-CSI).
As two examples of National Frameworks for Climate
Services, the Swiss and German networks are well
on their way to contributing to all three strategic
objectives identified in the GFCS Implementation Phase
II (2016-2018)4. These objectives are “improving decision-making in climate-sensitive areas,” “connecting
user needs with climate services through sustained
engagement mechanisms,” and “enhancing technical
and scientific capabilities to support user-driven climate
4

WMO, 2017, pp. 12

Selected examples of climate services
in both countries
•

•
•
•
•

•
•

Extreme value analyses for Disaster Risk
Reduction (DRR), e.g. on temperature, heavy
precipitation, wind
Energy potentials and efficiency planning
in urban environments
Analyzing the climate suitability and production risks of crops as well as animal welfare
Supporting climate resilience of forests and
their functions
Impacts of heat waves on health and mortality
and prevention measures including early
warning systems
Investigating the impact of climate change
on water resources and natural hazards
Generating regularly updated national climate scenarios

services.” In pursuit of operationalizing the GFCS in
a hands-on manner the world over, DKD and NCCS
are regularly seeking international exchange and are
willing to share their experiences and expertise.

References available in the
online version
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HIWeather: A 10-year
research project
Despite substantial advances in forecasting and
emergency preparedness, weather-related disasters
continue to kill, to displace populations, and to damage property and infrastructure. Even less severe
weather events place an increasing strain on society.
This is especially the case in countries with fragile
economies and infrastructure. Such events challenge
the objectives of the Sustainable Development Goals,
by pushing people back into poverty, destroying
food crops, contaminating water supplies, disrupting
education, undermining health and destroying businesses. The potential of advanced weather-related
hazard forecasts to reduce these impacts has been
demonstrated in developed countries.
HIWeather plays a critical role in developing the science
required for improved early warning systems that will
reduce the toll in lives, livelihoods, health and wealth.
In order to increase resilience, research is required
for better monitoring and prediction of weather and
related hazards, but also in human impacts and in
effective communication of information to those most
vulnerable.The scope of the project thus integrates work
across many physical and social science disciplines.
HIWeather is focused on five selected hazards and
their impacts:
•

Urban floods: Reducing mortality, morbidity,
damage and disruption from flood inundation by
intense rain, out-of-bank river flow, coastal wave
and surge overtopping, and from consequent
urban landslides.

•

Wildfire: Reducing mortality, morbidity, damage
and disruption from wildfires and their smoke.

•

Extreme local wind: Reducing mortality, morbidity,
damage and disruption from wind and wind-blown
debris in tropical and extra-tropical cyclones,
downslope windstorms and convective storms,
including tornadoes.

•

Disruptive winter weather: Reducing mortality,
morbidity, damage and disruption from snow, ice
and fog to transport, power and communications
infrastructure.

•

Heat and Air Pollution in Megacities: Reducing
mortality, morbidity and disruption from extreme
heat and pollution in the megacities of the developing and newly developed world.

Breakdown of research teams
HIWeather is being delivered through five research
task teams each addressing a different area. The
first will focus on knowledge and understanding of
the processes and predictability of hazard-related
weather systems, focusing on storm scale error growth,
scale interactions, causes of stationarity, the roles
of the boundary layer, clouds and land surface, and
hazard-specific processes. The team will undertake
several field experiments and is planning a review
of wind hazard forecasting.
The second team will study multi-scale forecasting of
hazards, using coupled numerical weather, ocean, land
surface, ice and air quality modelling, nowcasting, data
assimilation and post-processing systems. They will
focus on cloud-scale observations, data assimilation,
parameterizing cloud and land surface processes,
ensemble prediction and user-relevant products for
short-range hazard forecasts. This team has also organized a conference on predictability and multi-scale
prediction of high-impact weather that took place in
Landshut, Germany in October 2017.
The third team will delve into forecasting the human
impacts, exposure, vulnerability and risk of hazards to
people, buildings, businesses, infrastructure and environment. They will focus on obtaining observations,
sharing existing methods, representing vulnerability
and growing expertise in this highly fragmented area
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HIWeather Steering Group:
Co-chairs:
• Brian Golding (Met Office, UK)
• David Johnston (Massey University & GNS
Science, New Zealand)
Task Team Leaders:
Elizabeth Ebert (Bureau of Meteorology, Australia),
Jenny Sun (NCAR, USA), Brian Mills (University
of Waterloo, Canada), Shannon Panchuck (Bureau
of Meteorology, Australia) and Sally Potter (GNS
Science, New Zealand)

WMO Secretariat:
•
•

Paolo Ruti, Head, WMO World Weather
Research Programme (WWRP)
Julia Keller, WWRP

Advisory board:
•
•
•
•
•

Jennifer Sprague-Hilderbrand (NOAA, USA),
representing users
John Rees (British Geological Survey &
Research Councils, UK), representing donors
Michael Reeder (Monash University, Australia), representing academia
Virginia Murray (Public Health England, UK),
representing the UN
Jan Polcher (CNRS France), representing
the climate community

of work. This team is planning a survey of impact
forecasting methods used by weather services.
The fourth team will research the communication of
hazard forecasts and warnings to vulnerable communities in order to achieve responses from risk managers
and the public that increase resilience. They will focus
on sharing and developing good practice, observing
and understanding reasons for different responses,
including the role of trust, and growing research
capability. This team is currently producing a special
issue of the Journal of Disaster Risk Reduction on
communication of weather warnings.

The fifth team will be evaluating hazardous weather,
impact and risk forecasts, alerts and warnings, and
the resulting responses, with user-relevant metrics.
They will focus on obtaining suitable observations,
modelling information loss through the production
chain, developing verification methods for hazards,
impacts and responses, assessing economic value
and growing research capability. This team recently
completed a successful international competition
to develop user-relevant verification scores and is
leading development of the Value chain concept for
warnings.
While carrying out activities in their own areas of
expertise, much of the work led by each team is
cross-cutting, involving input from other teams, including involvement in several research and development
projects. The outputs of the research will be brought
together in a series of Forecasting Demonstration
Projects aimed both at demonstrating new capability,
and at building capacity in developing countries. The
first of these is the “HIGH impact Weather Lake System
(HighWAY)” project, funded by the United Kingdom
Department for International Development (DFID).

HighWAY
The Lake Victoria Basin is the lifeblood of East Africa,
supporting approximately 25% of the population. The
region’s people and economy are heavily dependent
on rain-fed agriculture and the Basin’s fish industry.
Lake Victoria supports Africa’s largest inland fishery,
which produces about one million tons of fish annually,
employs about 200 000 people and generates over
US$ 500 million annually in exports. Over 30 million
people live near the coastline which has 1 400 landing
sites or beaches from which 50 000 boats operate.
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However, an average of 3 000 to 5 000 deaths are recorded each year –
affecting some 40 000 dependents – due to navigational accidents caused
by strong winds and waves. There are no regional, operational early
warning systems to protect the health and safety of those navigating and
exploiting the natural resources of the Lake Victoria Basin. The HighWAY
project aims to address this need.
HighWAY will bring scientists and users together to develop an improved
regional early warning system to prevent deaths and damage due to severe
convection and strong winds on Lake Victoria and in the East African Region.
By working with mandated institutions at the international, regional and
national levels, HighWAY will ensure that the regional early warning
system is effective and sustainable. The programme will be the driving
force for triggering the Lake Victoria Basin into economic development.
Through financing provided by the DFID under the Weather and Climate
Information Services for Africa Programme (WISER Programme), the Met
Office (UK), WMO and the African Ministerial Conference on Meteorology
(AMCOMET) collaborate to implement HighWAY in partnership with
National Meteorological and Hydrological Services (NMHS) in East Africa
(namely, Burundi, Kenya, Rwanda,Tanzania and Uganda), the Lake Victoria
Basin Commission and the East African Community (EAC).
HighWAY is a three-year project (2017-2020) which aims to increase use of
weather information to improve resilience and reduce the loss of life and
damage to property in the East African region. The project will address
the lack of much needed in-situ observation and data availability, both
for research and operational purposes. It will also develop, validate and
implement innovative products to improve the early warnings in the
region. A key to success will be user engagement to understand and
meet specific service needs through a co-production process: from needs
analysis to packaging and distribution of products and services. A feedback
mechanism will also be put in place for the continuous improvement of
the products and services.
HighWAY also builds on existing projects to provide downscaled weather
forecasts and severe weather warnings for communities and stakeholder
groups in the East African region, such as the Multi Hazard Early Warning
Services (MHEWS) project in Tanzania, Aircraft Meteorological Data Relay
(AMDAR) implementation in Kenya as well as the Severe Weather Forecast
Demonstration Project (SWFDP) for Eastern Africa, among others. At
the end of the project, an accessible and operational and sustainable
regional Early Warning System will be in place based on a regionally
agreed institutional framework, which can be replicated in the continent.
The HighWAY project was officially launched by EAC, DFID and WMO
representatives at the AMCOMET-Africa Hydromet Forum at the
African Union Commission headquarters in Addis Ababa, Ethiopia,
in September 2017.
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“There is need to reduce the
ever rising deaths and loss
of property in and along
the Lake Victoria shores
partly due to lack of or
inadequate early warning
system for severe weather to
users of the lake especially
fishermen.”
Steven Mlote, EAC Deputy
Secretary-General

“We hope this project will
be able to show the benefits
of the regional, user-led
approach that is core to
the WISER programme
and how the principles of
co-production can lead
to services which are of
greatest use to the people
whose lives and livelihoods
are so often at the mercy
of the weather in the Lake
Victoria region.”
Rosalind West,
DFID representative

48

Vol. 66 (2) - 2017

Climate services for
affordable wind energy
by Marta Terrado1, Nube González-Reviriego1, Llorenç Lledó1, Verónica Torralba1, Albert Soret1 and
Francisco J. Doblas-Reyes1,2

Renewable energy is central to the global effort to
move to less carbon-intensive economies that support
the United Nations Sustainable Development Goals
(SDGs).The energy sector currently accounts for more
than two thirds of global greenhouse gas emissions
(Global Wind Energy Council 2016). Consequently, the
global transition to a low-carbon future portends a
fundamental and comprehensive change for the entire
energy sector (Organisation for Economic Co-operation
and Development (OECD) and International Energy
Agency 2016).12
Renewable energy comes from natural sources such
as sunlight, wind, rain, tides, plants and geothermal
heat. These sources all offer environmental, economic
and energy-security benefits.They also bring big challenges. In particular, the generation of and operational
planning for renewable energy are strongly affected
by weather and climate, which cause wide variations
in both energy supply and demand. For this reason,
the Global Framework for Climate Services (GFCS) is
leading international efforts to enhance the quality,
quantity and application of climate information and
predictions in support of decision-making by renewable
energy producers (Hewitt et al. 2012).
The GFCS initiative, which is spearheaded by the
WMO, coordinates efforts by the United Nations, governments and organizations to develop science-based
climate information for various climate-sensitive
sectors. It seeks to incorporate climate information
and predictions into socio-economic planning, policy
and practice. The initiative has five components:
1

2

Earth System Services Group, Earth Sciences Department,
Barcelona Supercomputing Center (BSC-CNS),Spain
Institució Catalana de Recerca i Estudis Avançats (ICREA),
Spain

provider-user interface platforms; climate services
information systems; observations and monitoring;
research, modelling and prediction; and capacity
development. The GFCS provides a roadmap for
developing user-friendly climate services that can
contribute to a greener and more efficient energy
system (WMO 2017).
Wind energy has led the recent growth in renewables-based capacity, and it is expected to continue
to be the largest source of renewable energy through
to 2030 (GWEC 2016). However, the further expansion
of wind-energy production will require, in particular,
improved climate predictions that better estimate
the changes in wind speed for upcoming seasons,
years and decades. This is critical for anticipating
wind-energy supplies, which in turn is needed to
facilitate the large-scale integration of wind energy
into the broader energy system.
To serve the needs of the renewable energy sector, the
Earth System Services (ESS) group at the Barcelona
Supercomputing Center (BSC) applies its scientific
understanding of the Earth system and its expertise
in climate prediction to providing climate services for
decision-making. The aim is to inform climate-smart
practices and decisions in the wind-energy sector
that considerably improve its resilience to weather
extremes and climate variability and change and that
support the full chain of operations during the entire
life-cycle of a wind farm.

Seasonal climate predictions
Forecasting the variability of wind-energy resources
at different timescales is crucial for efficient energy
management (Figure 1). Wind energy users have
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Wind farm
development
PROSPECTING
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Climate projections
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Figure 1. Stages of wind farm development, the stakeholders involved at each stage and temporal
horizons of the climate information used. While weather forecasts are limited to two weeks, climate
predictions extend further into the future, from seasons up to decades, and climate projections are longerterm, from decades up to centuries.

traditionally used weather forecasts from hours to
a few days ahead because near-surface winds, and
thus wind-energy production, strongly depend on
short-term wind-speed fluctuations. However, to guide
investments and the selection of wind farm sites
over the longer term, as much as a few decades, the
wind industry has become increasingly interested in
long-term climate projections.
To cover the information gap between one month
and up to a decade into the future, the wind energy
sector currently assumes that future conditions will
be like those of the past. This approach makes it
impossible to anticipate events that, seemingly, have
never happened before. Fortunately, it is becoming
increasingly possible to use probabilistic seasonal
forecasts to overcome this limitation by providing
additional information for wind energy applications
(Clark et al. 2017, Torralba et al. 2017).
Seasonal predictions range from one month to slightly
more than a year into the future. These predictions are
probabilistic. They provide information on the probability that certain outcomes will occur rather than a
single "yes-no" deterministic prediction. Seasonal wind
predictions can be used to derive the probability that

the seasonal wind speed will be above, near or below
normal. These categories are obtained by dividing
the distribution into terciles (equal thirds), but other
categories (e.g. using quintiles, or fifths) could also be
defined if they better support the required decisions (for
example, if there is an interest in looking at extreme
wind speeds). To evaluate whether these predictions
fulfill the requirements of users, their quality has to
be explored using various verification measures. The
results provide wind-energy users with guidance on
whether or not seasonal predictions can better inform
the approaches they are currently using.
The main shortcoming of seasonal predictions is
the systematic errors that result from the inability of
global circulation models to reproduce all the relevant
processes responsible for climate variability (DoblasReyes et al. 2013). Hence, seasonal predictions require
that bias adjustments be made in order to minimize
forecast errors and produce useful information. Several state-of-the-art statistical methods focus on the
correction of these predictions. These include quantile
mapping (Themeßl et al. 2012), the calibration method
(Doblas-Reyes et al. 2005) and simple techniques
that only adjust the mean bias (Leung et al. 1999).
These methods will produce seasonal predictions
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What wind-energy producers say
“Knowing in advance the availability of renewable
energy makes it possible to optimize its management in the medium and long term as well as to
rationalize other related assets, such as fossil fuel
power plants or water management for irrigation or
drinking water supply. In this context, the access to
accurate and reliable seasonal forecasts of renewable energy sources is key in many decision-making
processes, including (i) operations and management
strategies and resource allocation for optimum
tasks scheduling, (ii) grid management taking into
account renewable energy supply and demand, and
(iii) quantification of the interconnection effects and
long-term changes of climatic indexes and their
consequences for renewable energy production.”

Daniel Cabezón,
EDP Renewables (EDPR),
Spain

“Energy companies have a strong interest in seasonal wind prediction to improve energy efficiency.
As one of the largest energy companies in Germany
and Europe, we generate, trade in, transport and
sell energy with a focus on the electricity and gas
business as well as on energy and environmental
services. Our company is currently managing a
portfolio of 4.3 Gw of wind capacity (more than
280 wind farms Germany-wide comprising 3.5 Gw
onshore and 0.85 Gw offshore) and is among the top
10 direct marketers in Germany. In order to steadily
increase the share of renewable wind energy in the

whose statistical properties are similar to those in
the underlying observational references, allowing
the energy business to easily integrate bias-adjusted
seasonal predictions in its models (Torralba et al. 2017).
To provide further tailored information for decision-making, seasonal forecasts of the capacity factor
can be generated. The capacity factor is a widely used

energy mix, producers and managers must gain
in predictability and confidence in the forecasts.
To help solve this problem, innovative services to
improve wind variability management are currently
being explored.
Improving the forecast quality is essential to (i)
reduce the need to meet a balance between energy
supply and demand, (ii) reduce adverse fluctuation
in power generation, which modifies the so-called
power plant merit order stack1, and (iii) increase
business profitability. The use of reliable seasonal
climate information may influence wind farm decision-makers, for instance by affecting the maintenance plan or by minimizing the wind production
volume risk. Indeed, by gaining trust in seasonal
predictions, market participants will increase the
volume hedging activities and the liquidity in the
relevant power markets. Therefore, seasonal wind
forecasts present a valuable advantage for market
players, wind farm managers, hedgers, or reinsurers, enhancing the value-added chain in the
wind industry. Seasonal wind forecasts have the
potential to foster new practices, and EnBW AG is
considering the implementation of this information
for medium-term hedging strategies.”

Matthias Piot,
EnBW AG,
Germany

1

Procedure that ranks power stations in order of increasing variable costs and selects the cheapest stations to
meet demand

indicator that allows fair comparisons between wind
farms of different sizes. Over a period of time, it gives
the percentage of generated energy with respect to the
maximum achievable if the farm were operating at full
capacity all the time. In this sense, the capacity factor
of a wind farm measures how good the atmospheric
conditions have been for producing energy during a
specific time period. The capacity factor is computed
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Climate services initiative for wind

User Interface Platform
Means for users, climate researchers and climate
information providers to interact at all levels
Climate Service Information System
Mechanism to collect, store and process climate information to
generate products and services that inform decision-making
Research, Modelling and Prediction
Improvement of scientific quality of climate
information providing an evidence base

UIP
CSIS

Users

Capacity development

RMP

Figure 2. Structure of the Climate Services initiative based on the Global Framework for Climate Services

using manufacturer-provided power curves that relate
wind speed to power output for a specific turbine.

The ESS Climate Services initiative
The ESS Climate Services initiative for renewable
energy focuses on the provision of useful and userfriendly climate information for the wind energy sector
at sub-seasonal, seasonal and decadal time-scales.
The main aim of this initiative is to provide climate
services for the renewable energy sector that help
users to understand and manage climate-related risks
and opportunities. This initiative is led by BSC and has
been developed by climate and energy researchers
together with industrial partners, taking advantage
of the key lessons learned from previous climate
services projects (CLIM-RUN3, SPECS4, EUPORIAS5
and RESILIENCE6).
3

Climate Local Information in the Mediterranean region
Responding to User Needs (CLIM-RUN), http://www.
climrun.eu/

4

Seasonal-to-decadal climate Prediction for the improvement
of European Climate Services (SPECS), http://specs-fp7.eu/

5

European Provision of Regional Impacts Assessments
on Seasonal and Decadal Timescales (EUPORIAS), http://
www.euporias.eu/

6

Strengthening the European Energy Network using Climate
Services (RESILIENCE)

Providers of climate services must understand and
characterize the value chain of potential users and
the impacts that climate services can have on their
decisions in each section of the chain. To achieve this,
the ESS initiative encompasses most of the GFCS
components (Figure 2):
(i)

A user interface platform, with the ESS webpage
serving as an online space where stakeholders can
define their needs and provide feedback to ensure
that final products satisfy their requirements;

(ii)

A climate service information system hosted on
the ESS webpage (www.bsc.es/ess/wind-energy),
which functions as an online platform for producing and distributing climate products for
renewable energy and targeted communication
materials to assist decision-making;

(iii) Research, modelling and prediction, as the initiative is underpinned by cutting-edge research on
climate science and climate prediction at different
spatial and temporal scales, allowing BSC to push
the climate services and the renewable energy
applications forward; and
(iv) Capacity development that covers all five GFCS
components and is fostered by the ESS multidisciplinary team of climate scientists, renewable
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energy experts, social scientists and communicators, and draws on the big data infrastructure
and supercomputing facilities provided by BSC
to enable this initiative to develop effective and
timely climate services.
The ESS webpage invites user feedback to ensure that
results are tailored to their needs. Below are examples
of the targeted materials featured therein:
Factsheets that explain climate concepts that may
be difficult for non-specialists to understand, such
as the concept of probabilistic prediction, the
temporal scales associated with climate science,
the quality assessment (skill and accuracy) and
the reliability of climate predictions;
Seasonal climate prediction bulletins from previous winter seasons that compare predictions
with observations in order to engage stakeholders
in the use of seasonal climate forecasts as an
additional tool to guide their decision-making;
Case studies of specific past events relevant
to industrial partners for which a comparison
between climate predictions and what actually
happened is shown in order to assess the added
value of using seasonal predictions against current prediction approaches based on historical
observations; and
research material targeted at specialized audiences such as technical notes, scientific publications and a repository of figures.
The best-known product delivered by the ESS Climate
Services initiative is the RESILIENCE prototype for
wind. This is an interactive climate-service interface
that the wind industry can use to explore probabilistic wind-speed predictions for the coming season
(Figure 3). It was designed and developed under the
EUPORIAS and CLIM4ENERGY7 projects to support
wind-farm owners, operators and energy traders
who need to understand how wind will vary over the
coming months in order to anticipate revenues, plan
maintenance operations or foresee energy prices.

The web application at http://www.bsc.es/ess/resilience makes it possible to spot global patterns of
anomalies in future wind conditions and to drill into
detailed predictions at the regional level. The user
interface presents a thematic map with wind-prediction data visualized in line symbols for around
100 000 grid points covering the globe. It encodes
predicted wind-speed values and prediction-quality
(skill) estimates together. When a grid point is clicked
on, a panel displays site-specific information on past
observations, individual predictions and probabilities
for above-normal, normal or below-normal wind
conditions. The current version of the RESILIENCE
prototype only includes seasonal predictions of wind
speed, but capacity-factor seasonal predictions will
be also available in the near future.
The Weather Roulette application8 has been developed
to illustrate the added value of using these probabilistic
predictions. It translates the performance of seasonal
predictions for wind speed into commonplace concepts
such as interest ratio and return on investment, which
are more informative for the wind industry.

Towards a sustainable, low-carbon future
Advancing the implementation of climate services
will contribute to having a much larger share of clean
energy sources in the energy sector. The ESS Climate
Services initiative can provide a suitable framework
for supporting this transformation. It will achieve this
by identifying key elements that match the needs of
the energy industry and by using a common language
and classification scheme that reflects the various ways
the industry applies climate information.This will bring
the research community and the private sector closer
together and ensure collaboration on the development
of climate services that support energy stakeholders.
ESS should allow energy-sector stakeholders to acquire
wider access to relevant climate expertise, information, tools and energy policies, thus enabling them to
improve planning, policy and operational activities.
The next steps for the ESS Climate Services initiative will be to foster the transition from a global
8

7

CLIM4ENERGY, http://clim4energy.climate.copernicus.eu/

Weather Roulette, https://play.google.com/store/apps/
details?id=es.predictia.weatherroulette&hl=es
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Figure 3. RESILIENCE prototype data visualization tool and results for the predicted season (March to
May 2017). 1-selected geographical region; 2-predicted change in wind speed; 3-seasonal average wind
speed in the selected geographical region over the last 36 years based on the ERA-Interim reanalysis;
4-median wind speed over the last 36 years based on ERA-Interim; 5-wind prediction for the next season
(the percentage of simulations in each of the terciles gives the probability to lower, equal or higher than
normal wind speed conditions); 6-skill or measure of how well the prediction system has performed over
the last 36 years in the selected region; 7-currently installed wind power in the selected region.

pre-operational prediction system (the current RESILIENCE prototype) to a fully operational one. This will
be developed under the framework of the European
project S2S4E9.The predictions of wind speed provided
by the operational system will be updated every
month, integrating a combination of sub-seasonal
and seasonal probabilistic predictions. This constitutes a challenge not only for research but also for
communication and visualization, since complexity
of interpretation increases at the expense of having
a more complete picture of wind-speed variation. In
addition, an assessment of the quality of the prediction
will lead to regular improvements in the tools that
support decision-making for the wind industry.
S2S4E will also develop similar climate services for
other renewable energy sectors, such as solar energy
and hydropower. The integration of additional renewable sources has the potential to further increase the
share of clean energy in the total energy mix, thereby
9

Sub-seasonal to seasonal climate forecasting for energy

advancing the worldwide transition to a low-carbon
future and the implementation of the Sustainable
Development Goals. Having reliable climate services
for various renewable energy sectors will improve
efficiency and reduce the risk associated with climate
hazards that affect and will continue to affect the
energy sector under future climate change.
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Climate Services to Reduce
Vulnerability in Haiti
by Lina Sjaavik1
Haiti, the poorest country in the Western Hemisphere,
is extremely vulnerable to natural disasters. Situated
on the western third of the island of Hispaniola, the
country regularly experiences major earthquakes, hurricanes, tropical storms, droughts and flooding events.
The impact of these has been further aggravated by
deforestation that has left the urban and rural areas
where the poorest segment of the population live
exposed to landslides following heavy rainfall. Each
successive disaster takes a toll on the Haitian economy
and further hinders its sustainable development. The
development of impact-based multi-hazard early
warning systems is a priority for Haiti to achieve
Sustainable Development Goal One (SDG-1) “Reducing
poverty in all its forms everywhere.”1

(MeteoFrance from its office in Martinique), Japan,
the United Kingdom and the United States of America.

In 2010, Haiti was struck by a catastrophic magnitude
7.0 Mw earthquake. The epicentre was 25 kilometres
from the capital, Port-au-Prince. The earthquake and
its aftershocks caused well over 230 000 deaths and
displaced 1.5 million people. Much of the island’s
infrastructure was severely damage, including that of
the Haitian National Meteorological Centre (CNM). In a
country so vulnerable to extreme weather and climate
events, there was an urgent need to restore forecasting
capabilities in order to reduce the vulnerability of the
Haitian population.

WMO established a project office in Haiti in 2012 to
support implementation of the project and to coordinate with Ministry of Agriculture, Natural Resources
and Rural Development, CNM, the National Service
for Water Resources (SNRE), the National Office for
Civil Aviation as well as the World Bank project and
other project partners. The United Nations Office for
Project Services (UNOPS) was contracted to oversee
the building of the new headquarters building.

A first step was the launch, in June 2010 – six months
after the earthquake and just in time for the hurricane
season (June to December) – of a website (www.meteohaiti.gouv.ht) to disseminate information and warnings to United Nations agencies, non-governmental
organizations (NGOs), disaster affected communities
and the media.The re-establishment of meteorological
services in Haiti in such a short time occurred thanks
to collaboration between WMO Members including Canada, Cuba, the Dominican Republic, France
1

WMO Secretariat

Further to that effort, WMO partnered with Environment
and Climate Change Canada (ECCC) to develop the
project “Climate Services to Reduce Vulnerability in
Haiti.” Its implementation started in 2012 and the final
pieces are now falling into place with the inauguration
of the new CNM headquarters, training programmes
for CNM forecasters, and the installation of technical
equipment such as forecaster workstations, Internet,
communications and related technology. This project
is implemented in close coordination with a World
Bank project, which aims to further strengthen the
hydrometeorological services of Haiti.

Structural and infrastructure changes
Following the earthquake CNM was re-located to
temporary housing in shipping containers. Then, as
the 2014 hurricane season was approaching, WMO
and ECCC delivered prefabricated offices to replace
the ageing containers and allow staff to operate more
effectively. In November 2015, the first stone was laid
in the new CNM headquarters,
At about the same time, Haiti also undertook structural
reforms to unify its meteorological and hydrological
services, which would share the new building. CNM
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and SNRE would join forces as the new HydroMeteorological Unit (UHM) under the Ministry of Agriculture,
Natural Resources and Rural Development.

Operationalizing services
The Haitian Minister of Agriculture Carmel André
Belliard, WMO Secretary-General Petteri Taalas and
Canadian Ambassador Paula Caldwell inaugurated
the new UHM building in a ribbon-cutting ceremony
on 26 May 2017. “Canada is proud to see the results
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of the $ 6.5 million [CAD] contribution to the World
Meteorological Organization (WMO) to rebuild Haiti’s
Meteorological and Hydrological Centre and develop
a modern weather and climate warning system for
Haiti,” stated Ambassador Caldwell. The building can
withstand earthquakes and hurricanes, and the solar
panels and generator will be able to provide electricity
for continued operations for up to three days if there
is a power outage.
A network of automatic stations installed in 2016, with
the collaboration of INSMET (Cuba), allows UHM to

Left: Inauguration of the new UHM building
(pictured below) on 26 May 2017

Above: Installation of an
automatic station

Left: UHM staff have undergone
extensive training
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consult different meteorological parameters in realtime. Equipment to generate and communicate weather
forecasts and alerts will be installed before the end of
the year. UHM training, including a refresher course on
aeronautical assistance required by the International
Civil Aviation Organization, will be carried out with
the support of Meteo-France.
As part of the project, UHM staff have undergone
extensive training – on the flash-flood guidance system, marine meteorology, hydrology, climatology
aeronautical assistance, calibration and maintenance
and language. The training component of the project
has been strongly supported by Meteo-France, the
Caribbean Institute for Hydrology and Meteorology,
the Cuban National Institute for Meteorology (INSMET)
and the Regional Specialized Meteorological Centre
in Miami.
Another important step towards operational services
was taken in Geneva on 29 September, when the
agreement for a Technical Assistance Package (TAP)
for the UHM was signed between WMO and Météo
France International (MFI) as a result of an international
tender process. This assistance package will provide a
turn-key system to UHM with much needed technical
equipment, including forecasting workstations and a
pilot briefing system, and related training to increase
forecasting capabilities, improve disaster risk reduction
efforts, support aviation meteorology and improve
the observations network.
Down the line, implementation of the Global Framework for Climate Services in Haiti will strengthen the
provision and use of climate information to boost
food security, strengthen water management, reduce
disaster risk, increase energy production and improve
health security. With a fully operational hydro-meteorological service with capacity on disaster risk reduction
and early warning systems, UHM will contribute, in
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collaboration with the National Disaster Management
Agency, to reducing the number of deaths, missing
persons and persons affected by extreme events,
and contribute to sustainable economic development
in Haiti.

Vastly improved early warning
systems needed
Climate change and rising sea level will increase
Haiti’s vulnerability to natural phenomena. The country escaped the worst of the 2017 hurricane season,
however, it is still recovering from Hurricane Matthew,
a category 5 tropical cyclone that made landfall on 4
October 2016. Matthew killed more than 500 people
and cost Haiti around one-third of its Gross Domestic
Product (GDP). In a country where 60% of the population
lives below the poverty line, the impact was devastating.
During his visit to Haiti for the inauguration, Secretary General Taalas underlined the importance of the
meteorological services and early warning systems
during such extreme event: “Forecasters accurately
predicted the approach of the hurricane and so helped
prevent the death toll reaching the thousands. But the
tragedy underscores the need to vastly improve early
warning systems.”
Through improving the forecasting capabilities of
UHM, the project partners are working to reduce
the socio-economic losses resulting from extreme
hydrometeorological events and thus contributing
to SDG 1. WMO will remain committed to the Haitian
hydro-meteorological services in the future, providing
support to the UHM beyond the scope of the project.
An investment in early warning services will decrease
the human and economic losses of natural hazards and
prepare the Haitian population for future hurricanes
and tropical storms.
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Participation of the Director of the
Chilean Meteorological Service at COP 22,
Marrakesh, Morocco
Excerpt from the letter of Guillermo Navarro, PR of Chile to WMO

As Director of the Chilean Meteorological Service
(Dirección Meteorológica de Chile) and as a Permanent
Representative with WMO, I took proper actions to
participate in COP 22 following Secretary-General’s
recommendations. In the lines that follow, I describe
the most relevant aspects of my attendance in COP 22.
Before my participation in COP 22, I attended to a meeting organized by the Chilean authorities responsible for
Climate Change where they exposed the government's
views and the political positions related to COP 22.
This was a very interesting opportunity to interact
with representatives from different State Departments.
In particular, it offered a good framework to explain
the important role of WMO and the Meteorological
Service in relation to climate change matters. The
outcome was recognition that the participation of the
Meteorological Service in COPs is needed and that it
should be part of COP-related activities henceforth.
During COP 22, I had the chance to participate in
various meetings and activities. Below are some
highlights.
•

A coordination meeting organized by the head of
the Chilean delegation, Ambassador Waldemar
Coutts, gave the delegation final orientations to
ensure the interests of the Chilean government. I
used that occasion to explain my role as Permanent
Representative with WMO. My responsibility was
to support WMO activities.

•

I had a meeting with WMO Deputy Secretary-General Elena Manaenkova where I explained my
responsibility within the Chilean delegation and I
expressed my intention to support WMO in order
to reach its COP 22 objectives. Ms. Manaenkova
explained WMO COP 22 priorities and gave me a
concrete guide on how I could help. Following that,
I had the opportunity to meet up WMO team and we
discussed details related to my assistance and the
COP 22 agenda. These two meetings gave me the
perspective I needed to make a successful use of
my time and support both the Chilean government
and WMO objectives as per the guidelines received.

•

My participation in the conferences and side-events
at COP 22h gave me a better understanding of
different aspects related to climate change and
its impacts. I saw ways to improve the work we
do in the Meteorological Service and to support
actively both Chilean government policies and
WMO initiatives with a worldwide impact.

Finally, as Directors of NMHSs we must remember
that we are responsible to implement WMO guidelines
on climate change. I encourage you to make efforts
to organize regional and local climate activities and
to take action to participate in COP 23, which will be
held in Bonn, Germany, from 6 to 17 November 2017.
Let's work together to give the next generation a
sustainable world to live in!

Guillermo Navarro's full letter is available in the online version

WMO at UNFCCC COP:
public.wmo.int/en/our-mandate/climate/wmo-unfccc-cop

World Meteorological Organization
7 bis, avenue de la Paix - Case postale 2300 - CH-1211 Geneva 2 - Switzerland
Tel.: +41 (0) 22 730 81 11 - Fax: +41 (0) 22 730 81 81
Email: wmo@wmo.int - Website: www.public.wmo.int

ISSN 0042-9767

