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Abstract
Science-driven approaches to disaster risk reduction and management can help commu-
nities and governments become more resilient and reduce the human and economic impacts
of disasters. The International Union of Geodesy and Geophysics (IUGG) promotes
international scientific research and cooperation in natural hazards and disaster risks, and
contributes to development of sound scientific knowledge on hazards, based on monitoring
of physical phenomena and integrated observations, analysis, and modeling. IUGG makes
scientific information available to people, and bridges advanced science with policymaking
via international and intergovernmental programs. This report describes the union’s major
activities in the area of hazard and risk research and considers potential contribution of
IUGG to the Sendai Partnerships. The contribution could include assessments of landslide
hazards and risks; development of a scientific background to high-precision early warning
systems for landslides; geophysical and geodetic monitoring of landslides; analysis and
modeling of landslides and other rapid land movements; and relevant science education and
capacity building.
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Introduction

Disasters triggered by geophysical events (e.g. landslides,
earthquakes, volcanoes, tsunamis) continue to grow in
number and impact. In many regions, geohazards are
becoming direct threats to national security because their
impacts are amplified by rapid growth of population, and
unsustainable development practices, both of which increase
exposure and vulnerabilities of communities, capital, and
environmental assets. Reducing disaster risk using scientific

knowledge is a foundation for sustainable development
(Cutter et al. 2015). For example, risk caused by landslides is
evolving and growing despite considerable progress in
understanding of mechanisms triggering landslides (e.g.
Sassa and Canuti 2009; Reichenbach and Günther 2014).
Our knowledge of geohazards and their interaction with
human systems is lacking in some important areas and is
being challenged by the unforeseen or unknown repercus-
sions of a rapidly changing and increasingly interdependent
world – one transformed by technological change, global-
ization of economic systems, and political and economic
instability. In such a tightly coupled world, a disaster not
only affects the immediate area where it occurs, but also has
cascading impacts that can affect other nations near and far.
Co-designed and co-productive integrated research on dis-
aster risk and science-based disaster risk assessments cou-
pled with political decisions could significantly reduce
disasters (Ismail-Zadeh 2017).
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Since 2005, the International Consortium on Landslides
(ICL) has promoted a holistic approach to research and
learning on integrated Earth system risk analysis and sus-
tainable disaster management via its International Pro-
gramme on Landslides (IPL). At the Third World
Conference on Disaster Risk Reduction (WCDRR) held in
Sendai, Japan, in 2015, the ICL and its IPL contributed
further to disaster reduction activities proposing the Sendai
Partnerships 2015–2025 for Global Promotion of Under-
standing and Reducing Landslide Disaster Risk. Several
international and intergovernmental organizations, which
signed the Sendai Partnerships, agreed to mobilize their
efforts “to pursue prevention, to provide practical solutions,
education, communication, and public outreach to reduce
landslide disaster risk” (Sassa 2015).

One of the signatory Partners of the Sendai Partnerships
is the International Union of Geodesy and Geophysics
(IUGG). The primary motivation for signing the document
was that the partnerships may allow, via international sci-
entific cooperation and inter-governmental decision-making,
the best scientific knowledge about landslide hazards and
risks to be integrated and implemented into the practice to
reduce the risks and possible losses.

This paper outlines IUGG’s activities related to promo-
tion of studies in natural hazards, extreme events, and risks.
It also discusses potential contributions of geophysical sci-
ences and geodesy in support of the Sendai Partnerships.

Promoting Natural Hazard Research

IUGG (http://www.iugg.org) is a non-profit,
non-governmental, scientific organization established in
1919. The IUGG mission is to initiate, promote and coor-
dinate, through international cooperation, studies of the
Earth and its environment in space for the benefit of
humanity. Those physical, chemical, and mathematical
studies related to natural hazards include geodynamics,
tectonics, seismology, the generation of magmas, volcanism
and lava flows, the hydrology, oceanic waves, hazards
associated with atmosphere, cryosphere, ionosphere, and
magnetosphere; and climatic and environmental changes
influencing the frequency and severity of extreme events.
IUGG is a vibrant modern scientific union of nations and
individual scientists from all over the world promoting
research, science education, and capacity building, and
linking scientific knowledge to societal needs (Ismail-Zadeh
and Beer 2009).

IUGG is composed of eight international,
semi-autonomous, scientific associations promoting specific
discipline(s) of geoscience: the International Association of
Geodesy (IAG, maintaining observational services to

monitor hazards and assist in disaster management), the
International Association of Cryospheric Sciences (IACS,
promoting research in snow avalanches and other types of
cryospheric hazards and risks), the International Association
of Geomagnetism and Aeronomy (IAGA, in extreme space
weather), the International Association of Hydrological
Sciences (IAHS, in flooding, severe precipitation, droughts
and other hydrological hazards and risks), the International
Association of Meteorology and Atmospheric Sciences
(IAMAS, in hurricanes, storms, tornadoes, and other mete-
orological hazards and risks), the International Association
for the Physical Sciences of the Oceans (IAPSO, in tsuna-
mis) together with the International Association of Seis-
mology and Physics of the Earth Interior (IASPEI, in surface
ruptures, soil properties, earthquakes, and seismic hazard
and risk assessment) and with the International Association
of Volcanology and Chemistry of the Earth’s Interior
(IAVCEI, in volcano eruptions, lava, debris, lahar flows,
landslides, and associated hazard and risk assessment).
IUGG and its Associations operate through more than 110
scientific divisions, commissions, committees, working
groups, and services. IUGG holds general and scientific
assemblies, during which policies governing the union are
discussed and adopted, and research programs requiring
international participation are formulated, coordinated, and
planned. At the assemblies, national delegates of IUGG
Member countries pass resolutions on important scientific
and science policy issues, particularly related to natural
hazards and reduction of risks (Ismail-Zadeh 2016).

IUGG Associations work to set global standards for
research, such as the International Terrestrial Reference
Frame (ITRF 2014), the Manual of Seismological Obser-
vatory Practice (Bormann 2012), and the Guidelines for
Professional Interaction during Volcanic Crises (IAVCEI
Subcommittee for Crisis Protocols 1999). In particular, the
International Terrestrial Reference Frame provides a real-
ization (i.e., a set of coordinates of some points located on
the Earth’s surface) to the International Terrestrial Reference
System, a world spatial reference system co-rotating with the
Earth in its diurnal motion in space. World navigation sys-
tems are referenced either to a specific ITRF realization or to
their own coordinate systems, which are then referenced to
an ITRF realization. Precise navigation assists in monitoring
natural hazards, particularly movements of landslides, lavas,
lahar, and debris flows. IUGG Associations oversee eighteen
geodetic and geophysical services, particularly those related
to monitoring natural hazards. For example, IAG established
an observing system – the Global Geodetic Observing
System—which works with IAG’s international services to
provide the geodetic infrastructure necessary for monitoring
the Earth system including hazards and disasters and for
global change research (Plag and Pearlman 2009).
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Strengthening International Cooperation

IUGG makes research visible to the international scientific
community, to government agencies, to industry, and to the
public in general through its education and outreach activities.
Furthermore, science policy is an essential component of
IUGG activities related to dissemination of scientific knowl-
edge among the countries and the public (Ismail-Zadeh 2016).

IUGG has initiated and/or supported collaborative efforts
that have led to highly productive worldwide interdisci-
plinary research and outreach programs related to natural
hazards, disaster risks and sustainability. The International
Hydrological Decade (1965–74), the Global Atmospheric
Research Programme (1967–80), and the International
Lithosphere Program (1980–present) have been promoting
research in floods, hurricanes, earthquakes, volcanoes, and
land movements and their hazard/risk assessments.

After the 2004 Indian Ocean earthquake and tsunami,
IUGG scientists put forward an initiative about integrated
studies on disaster risks, and convinced the International
Council for Science (ICSU) to develop a major program on
this topic to understand complicated natural and social
processes and to contribute to disaster risk reduction. Since
2008, when the scientific program “Integrated Research on
Disaster Risk” (IRDR) was established by ICSU and
co-sponsored by the International Social Sciences Council
(ISSC) and the U.N. Office for Disaster Risk Reduction,
IUGG has been working closely with the IRDR Scientific
Committee on the problems related to natural hazards and
disaster risks (e.g. Ismail-Zadeh et al. 2014; Cutter et al.
2015).

IUGG has developed productive partnerships related to
natural and human-induced hazards and disaster risk
reduction with several intergovernmental organizations
including the Group on Earth Observations, the International
Civil Aviation Organization (ICAO), the Preparatory Com-
mission for the Comprehensive Nuclear-Test-Ban Organi-
zation, U.N. Committee of Experts on Global Geospatial
Information Management, U.N. Environment Programme,
U.N. Education, Scientific and Cultural Organization
(UNESCO), and the World Meteorological Organization
(WMO). Particularly, IUGG has been cooperating for dec-
ades with the UNESCO International Hydrological Pro-
gramme on topics related to hydrological hazards and risks,
and with the Intergovernmental Oceanographic Commission
on topics related to tsunami research and early warning
systems. Since 1955, IUGG has been cooperating with
WMO in meteorology, climate research, hydrology, cryo-
sphere, space weather, volcanology, and related aspects of
hazards and disaster risk analysis. For example, after the
2010 Eyjafjallajökull volcano eruption, and at a request of

ICAO, WMO and IUGG established the joint Volcanic Ash
Scientific Advisory Group, which provides scientific advice
on volcanic ash to civil aviation.

Contributing to Disaster Risk Reduction

IUGG promotes scientific knowledge related to disaster risk
reduction. The most recent activities of the Union have been
related to understanding extreme events, their societal
implications, and scientific assessment of disaster risks (e.g.
Ismail-Zadeh and Takeuchi 2007; Ismail-Zadeh et al. 2014;
Ismail-Zadeh and Cutter 2015).

In 2009, IUGG initiated a major project “Extreme Natural
Hazards and Societal Implications—ENHANS” supported
by ICSU, international scientific unions, and several inter-
national and intergovernmental bodies (http://www.icsu-
geounions.org/enhans). The principal goals of the project
were: to improve understanding of critical phenomena
associated with extreme natural events; to analyze impacts of
the natural hazards on sustainable development of society; to
promote studies on the prediction of extreme events and on
natural hazards mitigation; to disseminate scientific knowl-
edge and data on natural hazards and disaster risks for the
advancement of research and education in general and
especially in developing countries; and to establish links and
networks with the organizations involved in research on
extreme natural hazards and their societal implications. The
goals of the ENHANS project were achieved via scientific
meetings and open forums that brought together research
experts, decision makers, disaster managers, insurance
agency practitioners, and mass-media representatives. The
project placed special emphasis on the importance of
research on extreme natural hazards and disaster risk miti-
gation in the most vulnerable regions of the world, particu-
larly in Latin America and the Caribbean, Africa, Middle
East, Asia and the Pacific. The project contributed to, and
promoted, research activities in natural hazard and disaster
risk reduction, in particular via implementation of the IRDR
Programme.

The ENHANS Declaration called for the following
actions: (i) to promote comprehensive holistic inter- and
trans-disciplinary approaches to natural hazard and disaster
risk research, which have to integrate knowledge from nat-
ural and social sciences, mathematics, engineering, disaster
management, insurance sectors and other stakeholders deal-
ing with disaster risk; (ii) to help in networking existing
regional scientific and educational centers with the aim to
establish a regional center of excellence in disaster risk
research (e.g. in sub-Sahara Africa); and (iii) To negotiate on
setting up a process of assessing and synthesizing the
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policy-relevant results of peer-reviewed published research
on the understanding of the natural phenomena and the social
vulnerability associated with disasters; on the capability of
predictive systems to disseminate timely and accurate infor-
mation needed for policy and decision making; on method-
ologies and approaches for reducing vulnerability and
increasing resilience of societies; and on the overall ability of
societies to reduce risk (prevent, mitigate and prepare for the
increasing impact of natural events). The proposed assess-
ments could contribute to enhancement of the knowledge on
disaster risk at global, regional, and local levels, and to the
awareness of the people living with risk. The scientific
assessments would help policymakers to develop a policy for
significant reduction of disasters (Ismail-Zadeh et al. 2014).

Following an IUGG intervention on the topic of disaster
risk assessments at the 2011 ICSU General Assembly in
Rome, Italy, an ad hoc group of scientific experts on disaster
risk reduction was set up by ICSU, with an ISSC partici-
pation, to analyze the state of the art in disaster risk science
and risk assessment and to prepare a synthesis report on the
topic. The 2014 ICSU General Assembly in Auckland, New
Zealand, urged its Members to work closely with interna-
tional and intergovernmental bodies in order to integrate
scientific knowledge on disaster risks and risk assessments
into decision-making and actions, and invited ICSU National
Members to actively encourage their governments to support
the proposed intergovernmental disaster risk assessment
process. The report called for a multidisciplinary unified risk
assessment, and its summary for policymakers was dis-
tributed to representatives of national governments attending
the WCDRR in Sendai in 2015 (Ismail-Zadeh and Cutter
2015).

Supporting Landslide Disaster Risk Reduction

A landslide is one of the major geological hazards, which
may lead to a disaster in vulnerable areas. The areas of high
landslide risk are inhabited by 66 million people occupying a
land surface of about 820,000 km2 (Dilley et al. 2005). The
social impact of landslide disasters is significant, and it may
continue to increase in the future due to the expansion of
human settlements in mountainous areas, urbanization pro-
cesses, and landscape modifications (Alcántara-Ayala 2014).

Understanding physical processes associated with land-
slides, predicting their extreme behavior, forecasting mag-
nitude, time and place of landslide events as well as
assessing vulnerability and risk are challenging problems.
Landslides can be triggered by earthquakes, soil liquefac-
tion, rainfalls, and volcanic eruption; submarine landslides in
the ocean floor can trigger tsunami waves. These concate-
nated events may impact vulnerable communities and lead to
disasters. Moreover, climate change may intensify the risk of

landslides through an increase in the frequency and magni-
tude of rainfall (IPCC 2012).

IUGG promotes scientific studies of rainfalls, earth-
quakes, volcanic eruptions, and tsunamis which are linked to
landslide hazards (e.g. Babayev et al. 2010; Gudmundsson
2012; Kremer et al. 2012; Yin et al. 2015; Emberson et al.
2016). Also the union encourages analysis, modeling, and
risk assessments related to natural hazards including land-
slides, lahars, lava, and debris flows, avalanches and rock
falls (e.g. Crutchley et al. 2013; Edwards et al. 2014; Kor-
otkii et al. 2016).

For example, Crutchley et al. (2013) developed a marine
seismic dataset collected over volcanic landslide deposits,
acquired offshore of the Soufrière Hills volcano on the island
of Montserrat in the Lesser Antilles. These data allow for
detailed quantitative analysis of mass movements and of
their manifestations, such as surface deformation and the
distribution of transported blocks. Three-dimensional
time-dependent numerical models of mass movements
(Fig. 1) can assist in realistic simulations of the natural
processes (e.g. Ismail-Zadeh et al. 2001; Tsepelev et al.
2016).

Global Positioning System (GPS), Global Navigation
Satellite System (GNSS), and radar interferometry (InSAR)
became useful tools in monitoring surface dynamics, and in
detecting change in the motion through measurement of
surface displacement (e.g. Scaioni 2015). The IAG’s GGOS
(Fig. 2) and its geodetic services provide the highest quality
GPS/GNSS and InSAR data in support of scientific research
on landslides, monitoring of land instability, early warnings,
rescue, and damage assessment (Dow et al. 2009).

IUGG’s associations such as IAG, IAHS, IASPEI, and
IAVCEI as well as the IUGG Tsunami and GeoRisk Com-
missions can contribute to the Sendai Partnerships. IUGG
Associations work with relevant engineering communities
(e.g. the U.S. Army Corps of Engineers, the European
Association of Earthquake Engineering) to reduce physical
vulnerability through proper land use and urban planning,
building codes, risk assessments, and early warning systems,
and with insurance companies to mitigate disasters associ-
ated with natural hazards. Also the union promotes
trans-disciplinary education in disaster risks (Declaration
2015), and hence could contribute to relevant capacity
building activities.

Concluding Remarks

Sound scientific knowledge based on integrated observa-
tions, analysis and modeling, and scientific information
available to policymakers along with interpretations of the
knowledge in ways that accommodate diverse and unique
local needs and expectations are important components in
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managing future risks. IUGG bridges advanced science with
policymaking via international and intergovernmental pro-
grams. Timely interventions and sustained efforts to support
disaster risk management including scientific research,

management and resilience building can enhance sustainable
development efforts.

A contribution of the IUGG to the Sendai Partnerships
can include (but is not limited to) the following:

• scientific research related to understanding of landslide
hazard and disaster risk;

• development of a scientific foundation for reliable pre-
diction of landslides and for landslide early warning
system of increased precision;

• landslide hazard and vulnerability assessments, and
multi-hazard risk identification;

• improved technologies for monitoring, testing, and
analysis of landslides and their analogue and computer
simulations;

• teaching courses and tools on natural hazards.
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Fig. 1 Observed volcano landslide and modeled fluid flow. (a) An
aerial view of the Soufriere Hills volcano on the island of Montserrat in
the Lesser Antilles, which presents a volcanic dome collapse into the
sea (Credit the National Oceanography Centre, Southampton, UK).
(b) Snapshot of a modeled flow on a topographic surface and (c) the
flow rates

Fig. 2 Geodetic observations play a crucial role in assessment of
natural hazards and disaster prevention/mitigation (image by
IAG/GGOS)
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