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Introduction

Water resources and their management are critical to human
security and are essential for achieving sustainable develop-
ment (UN-Water 2013). According to UNDP (1994), human
security is a people-centered concept and implies safety from
both chronic and sudden threats or disruptions. Human secu-
rity is composed of seven pillars: economic, food, health, en-
vironmental, personal, political, and community security
(UNDP 1994), but other dimensions have since been sug-
gested such as livelihood or energy security (O’Brian and
Leichenko 2007), and further developments of the human
security concept have been proposed (e.g., Barnett et al.
2010; O’Brian and Leichenko 2007; these two papers also
include references to groundwater resources, although these
are not a central discussion point). Most of the preceding
dimensions depend on having access to sufficient freshwater
of adequate quality. In many arid and semi-arid regions,
groundwater resources represent the main source or an essen-
tial supplement to other sources of available freshwater and
thus play an important role for everyday livelihoods and hu-
man security (e.g., Burke and Moench 2000; UNESCO 1999;
UNESCO-WWAP 2003). Groundwater can play an equally
important role in environmental disaster-related emergencies
(Vrba and Verhagen 2011).

This article belongs to a group of articles that consider groundwater
resources for risk reduction in emergencies
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However, groundwater resources are not always managed
optimally and are often overused or becoming increasingly
polluted (e.g., Van der Gun 2012; UNESCO-WWAP 2012;
Musolff 2009; Konikow and Kendy 2005). This poses a threat
to the health and livelihoods of many people on a daily basis
but is also a problem in the context of environmental and
anthropogenic disasters when the supply of freshwater is es-
sential during an emergency phase. Briefly discussed in the
following is the role of groundwater for human security and in
the context of emergency situations, and an introduction to
three companion articles which are published in this volume
of Hydrogeology Journal.

Groundwater for human security and emergency
situations

Environmental hazards become disasters when they impact
vulnerable people and infrastructure. The probability of their
occurrence and temporal and spatial distribution is related to
(1) meteorological conditions and geographical locations such
as for floods along rivers and droughts in arid lands, (2) geo-
logical setting of the regions in unstable zones along the con-
tact of tectonic plates (volcanism, earthquakes) and tsunamis,
along coastlines, or (3) to the joint effect of geological and
meteorological conditions (landslides). With improvements in
early warning systems (among other factors), the number of
reported disasters have declined globally since the beginning
of this century (compared to previous decades which had seen
rapid increases in reported disasters) and the number of casu-
alties, although highly variable from year to year, is much
lower than those recorded in the first half of the 1900s (EM-
DAT 2015). However, disasters continue to affect very large
number of people and generate increasing economic losses.
About 90 % of all natural hazards are water-related
(UNESCO-WWAP 2003; UNESCO-WWAP 2012). Floods
impact most populations and account for 15 % of total global
casualties. Droughts affected more than 2 billion people from
1990 until 2010 (UNISDR 2011). Drylands cover 41.3 % of
the global terrestrial areas and 34.7 % of the global population
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living in drylands is facing drinking-water scarcity, which has
direct implications for livelihoods and human security on a
daily basis (ICRISAT 2008). Finally, hazard events increas-
ingly impact infrastructures, including water supply facilities,
polluting drinking-water supplies and damaging drinking wa-
ter distribution systems.

Securing water supplies during and in the immediate after-
math of disasters is critical and there is a potential to use
groundwater resources in both rapid onset and prolonged haz-
ard events. However, groundwater depletion is projected to
become an important challenge in the future (UNISDR 2015).

In emergencies, substitution of affected drinking-water
facilities for the time necessary for renewal of their oper-
ation could be found in less vulnerable groundwater re-
sources in deeper, often confined aquifers with groundwa-
ter characterized by long residence time or in non-
renewable (fossil) groundwater resources. Both exhibit
low vulnerability to hazards events and can serve as a
safe source of freshwater in the aftermath of a disaster.
It is therefore important to identify, investigate and protect
these groundwater resources.

Methods of hydrogeological investigation of such re-
sources require thinking beyond conventional appraisal.
Investigation of deep-seated aquifers can include remote sens-
ing applications, geophysical measurements, isotope—hydrol-
ogy techniques, and groundwater monitoring. These data can
be analyzed to construct groundwater vulnerability and other
maps (e.g., inundation, recharge, risk maps) and develop di-
saster stress and vulnerability indicators. For example,
groundwater stress indicators can be based on the number of
affected people in disaster-prone areas and the available
groundwater resources resistant to environmental disasters.
These methods have been applied e.g. in arid lands in the
Republic of South Africa (Verhagen 2006, 2011), floodplain
areas in the Czech Republic (Silar 2011), and a storm-prone
coastal areas in India (Sukhija and Rao 2011).

On the policy front, despite its importance, groundwater is
not explicitly mentioned in two important agreements that
were reached in 2015, namely the Sustainable Development
Goals (SDG; UN 2015a), and the Sendai Framework for
Disaster Risk Reduction (SFDRR; UN 2015b). In the
SFDRR, water as a resource is only noted under Priority 4
entitled “Enhancing disaster preparedness for effective re-
sponse and to ‘Build Back Better’ in recovery, rehabilitation
and reconstruction”, which emphasizes the promotion of the
resilience of critical infrastructure which includes water sup-
ply systems. However, the SFDRR mentions the importance
of updating preparedness policies and plans for all sectors,
including the water sector.

Although water has a dedicated goal in the SDG enti-
tled “Ensure availability and sustainable management of
water and sanitation for all”, groundwater is not referred
to in the targets under this goal, despite the fact that
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groundwater will be instrumental in achieving develop-
ment goals. Groundwater will also be essential for many
of the dimensions of human security addressed in the
SDG such as improved health or food production, and
climate change adaptation (e.g., UN-Water 2010).

Groundwater emergency projects

Recognizing the critical role of groundwater in emergencies and
human security, two projects were implemented in the period
2002-2013.

Groundwater for emergency situations

The UNESCO project “Identification and management of strate-
gic groundwater bodies to be used in emergency situations as a
result of extreme events” known as “Groundwater for Emergency
Situations” (GWES), was implemented during the sixth (2002—
2007) and seventh (2008-2013) phases of UNESCO’s
International Hydrologic Programme (IHP). This project focused
on: (1) identification of potential safe, low-vulnerability ground-
water resources that can replace damaged or polluted water sup-
plies during emergencies; (2) evaluation of risks to groundwater
resources and water supplies in disaster-prone areas in emergen-
cies, (3) addressing emergency groundwater governance; and (4)
incorporation of emergency water plans into country water-master
plans and land-use planning policies.

Activities under the GWES project included: (1) develop-
ment of methodological guidelines for the identification, de-
velopment and management of emergency groundwater re-
sources; (2) development of a global groundwater vulnerabil-
ity map; (3) organization of international workshops; and (4)
presentation of case studies addressing the role of groundwa-
ter in emergency situations (Vrba and Verhagen 2011).

The global groundwater vulnerability map (Vrba and
Richts 2015) covers droughts and floods, which are the most
frequent hydro-climatic hazards, and is based on weighting
and rating systems applied to globally available groundwater
vulnerability parameters (e.g., type of aquifers and mean an-
nual groundwater recharge). The map highlights areas of
highest groundwater vulnerability worldwide as well as areas
with groundwater resources of low vulnerability which are
resistant to flood and drought impacts.

Ten case studies developed in the GWES Methodological
Guide address types of disasters and their potential impact on
drinking-water supplies. The studies demonstrate the ability of
governmental authorities to cope with disaster impact. In India,
the destruction of water supplies, mostly shallow wells, by
Orissa super cyclone (in 1999) led to rapidly implemented relief
measures: damaged water-supply services were restored within
4 months by drilling deep wells supplying 100 L/person/day of
drinking water to one million people (Sukhija and Rao 2011).
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By way of example, this volume of Hydrogeology Journal
contains an article that examines emergency water management
arising from major earthquakes in Japan (Tanaka 2015). Water
supply for hospitals was secured by drilling hundreds of deep
wells located in hospital areas equipped with treatment and fil-
tration plants that allow producing water of high quality. In ad-
dition, domestic shallow wells were equipped with hand or
diesel/petrol-driven pumps, and citizen-owned and company-
owned wells were registered and handled as a cooperative.
Groundwater quality and quantity are regularly monitored.
Stored rainwater on the roof of households provides additional
water in an earthquake emergency. Such simple, financially low-
demanding techniques can be applicable in developing countries.

This volume of Hydrogeology Journal also includes a pa-
per (Vrba 2015) that addresses the role of emergency ground-
water governance in specific phases of disaster and activities
and actions applied in particular disaster sequences associated
with identification, development and management of emer-
gency groundwater resources. The role of institutional and
technical capacities to build (1) effective groundwater gover-
nance policy, (2) drinking-water risk and demand manage-
ment in emergencies, (3) disaster-risk-mitigation plans, and
(4) relief measures and post-disaster rehabilitation of
drinking-water facilities for gradual renewal of regular
drinking-water services, is discussed in detail.

Groundwater for human security

The Groundwater for Human Security - Case Studies project
(GWAHS-CS), was coordinated by the United Nations
University in partnership with UNESCO-IHP and the UN
Water Decade Programme on Capacity Development from
2008 to 2010. The project addressed the threats to human
security and well-being posed by groundwater scarcity and
groundwater quality degradation in developing countries and
the role of groundwater management and protection in allevi-
ating such threats (Renaud et al. 2010). Human security in this
project closely followed the dimensions of the Human
Development Report (UNDP 1994). The project adapted
existing approaches to determine the vulnerability of commu-
nities that face freshwater supply problems, with an emphasis
on groundwater. GWAHS-CS also recognized that groundwa-
ter is critical to livelihoods of communities in water-scarce
areas or in areas where other freshwater systems are polluted
and that groundwater can become a threat to health and live-
lihoods when it is polluted (through natural and anthropogenic
factors). Social and ecological indicators characterizing the
hazards (in this context groundwater quantity and quality)
and the vulnerability of social-ecological systems with respect
to groundwater were developed (vulnerability indicators
encompassed exposure, sensitivity and resilience dimen-
sions). To characterize the vulnerability of selected communi-
ties facing groundwater degradation processes or the opposite,

four case-study areas were selected for research: one in Egypt
(Wadi El Natroun), one in Iran (Gareh Bygone Plain, in the
same location as the one reported by Mesbah et al. (2015) in
this issue of Hydrogeology Journal), and two in Vietnam (Tra
Vinh Province in the Mekong Delta and Binh Thuan Province;
Dun et al. 2010). Results were used to investigate the impacts of
groundwater degradation on local communities (e.g. King and
Salem 2012) and showed the critical role of groundwater in
sustaining livelihoods.

Mesbah et al. (2015) provide a good case study of how
human security can be improved through well-designed artifi-
cial recharge of groundwater. The study, in the Gareh Bygone
Plain in Iran, shows that floodwater spreading and artificial
recharge in dry environments do not only allow sustaining
groundwater levels and quality for the long run (when com-
bined with sustainable withdrawal), but also allow for irrigated
area expansion, increased forage production, and reduced flood
impacts, all contributing to improving livelihoods of local com-
munities. One major outcome has been the reversal of migra-
tion trends with people returning to rural areas they had previ-
ously left partly because of the insecurity of water supplies.

Conclusions

Raising awareness of governmental authorities on the need to
support the development and the management of emergency
groundwater resources resistant to the impact of disasters is an
urgent task, particularly in areas affected by recurrent floods,
droughts, earthquakes and other disaster events.

Implementation of disaster risk preparedness and warning
provisions based on the principle “prevention is better than
cure”, together with building effective emergency groundwater
governance, are important measures of disaster-risk-reduction
policies. Enhancement of knowledge of hydrogeological con-
ditions in disaster-prone regions, establishment and operation of
groundwater monitoring networks and early warning systems,
construction of groundwater vulnerability and disaster risk
maps and analysis of historical data of past extreme events are
the key activities. Strengthening of such groundwater gover-
nance policy (1) makes populations living in disaster-prone
areas less vulnerable and more resilient against drinking-water
scarcity in emergencies, (2) reduces human exposure and raises
adaptation capacity to future disasters, and (3) creates better
conditions for rehabilitation of affected water infrastructure
and renewal of drinking-water services in emergencies.

Special attention should be given to low-income develop-
ing countries, which need international cooperation and sup-
port in (1) development of emergency groundwater gover-
nance structures to combat extreme events, (2) education
and training of experts in emergency drinking-water services
and (3) financial backing for identification, investigation and
development of deep, low-vulnerability groundwater re-
sources which can be used in emergencies.
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Ethical considerations and equity and solidarity between all
participants of groundwater governance in emergencies
should have emphasis in both developed and developing
countries. The role of groundwater in water security need to
be given further attention in both academic and policy fora.
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