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Abstract. This paper analyses the social capacities forclimatic conditions within a particular region, as well as lo-
drought risk management from the perspective of nationalkal characteristics such as soil properties, snow pack, alti-
and regional water users and policy- and decision-makers itude and basin size, influence the spatial occurrence, duration
Switzerland. The analysis follows five dimensions of social and severity of droughts. Additionally, water usage and water
capacities as prerequisites for drought risk management. Rexeeds differ among users, and external factors influence the
garding information and knowledge (1), basic data is avail-vulnerability of water user groups to drought events (Kallis,
able, however not assembled for an integrated drought infor2008). Droughts and low flow situations can result in a slow
mation system. As for technology and infrastructure (2), lim- onset hazard that develops over time. Its impacts are diffuse,
ited proactive capacities are available with the exception ofindirect and spread slowly, in contrast to other rapid onset
a few of the drought-prone regions; in emergency respons@atural hazards, such as floods, earthquakes and landslides.
to drought however, provisional capacities are put togetherDroughts affect certain areas in Europe almost every year,
Regarding organisation and management (3) most regionmostly in the Mediterranean (e.g. Spain, France, Italy) and
have enough personnel and effective cooperation in the caseentral and eastern Europe (e.g. Hungary, Bulgaria, Russia),
of acute and sporadic drought; long-term strategies thougience the impacts are highly place- and user-group specific
are largely missing. Economic resources (4) are sufficientKallis, 2008; Bradford, 2000).

if droughts remain rare. Finally, institutions and policies (5) In Switzerland, known as the water tower of Europe
are not sufficient for proactive drought risk management, bufEEA, 2009), droughts have been rare in the 20th century.
have been suitable in the drought of 2003. Starting pointsDroughts only occurred in the years 1947, 1949, 1976, and
for building social capacities are first, to draw on the ex- 2003, although more frequently in earlier centuries (Pfister
tensive experiences with the management of other naturadnd Rutishauser, 2000). Thus, unlike other European coun-
hazards, second to build an integrated drought informatiortries, e.g. Spain, France and lItaly, Switzerland has not es-
system, including social and economic impacts, and third tatablished a national approach of integrated drought risk ma-
improve the institutional framework through consistent reg- nagement including all phases from proactive mitigation,
ulations and coordination for proactive drought risk manage-preparedness and early recognition, to reactive impact as-
ment. sessment, response and recovery (Mogt and Somma, 2000).
Yet, Switzerland has some regions which have suffered
drought effects regularly for centuries and have established
) mitigation systems, e.g. the centuries-old irrigation systems
1 Introduction (Suones) in the Valais (Rodewald and Knoepfel, 2011) or the

L . effective fire prevention management system in the Ticino
Droughts are complex hydro-climatic, environmental and (Pezzatti et al., 2013)

socio-economic phenomena and mostly related to the de-
crease in the amount of precipitation over an extended pe

In Switzerland, similar to other affected countries in Eu-
od of i nflicting d . rope, the 2003 drought event stands out as a “climatic sur-
riod of time, Inflicting damage to an activity, group or en- prise” (Beniston and Stephenson, 2004). Extremely high

vironment (Mishra and Singh, 2010; Kallis, 2008; Tate andtiamperatures and low precipitation resulted in drought and
Gustard, 2000; Van Lanen and Peters, 2000). The genera
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heat waves that affected many regions in Switzerland that The paper is structured as follows: first we sketch a con-
had not experienced droughts for a long time (Benistonceptual framework for the investigation of social capacities
and Stephenson, 2004). The 2003 drought event had sder drought risk management (Sect. 2) which we apply to
vere impacts on both the environment (e.g. significantlythe analysis and presentation of the results. After describ-
lower discharge in many rivers; rapid mass losses of mouning the methods used for the study of drought risk mana-
tain glaciers; unusually high amounts of slope instability gement in Switzerland (Sect. 3) we present the results dif-
events) and on socio-economic systems (heat-related healfierentiating between social capacities for proactive and for
problems and mortality, economic losses for the agricul-reactive drought risk management (Sect. 4). In Sect. 5 we
tural and the energy sector) (BUWAL et al., 2004; ProClim, discuss the social capacities for drought risk management
2005; Fuhrer et al., 2006; Beniston, 2007). Public authori-in Switzerland, focussing on the implications for capacity
ties, politicians and the different water users, such as farmerdyuilding, the limitations and the transferability of results, and
shipping operators, hydropower companies, health servicedraw conclusions in Sect. 6.
and forest fire services, were surprised by the severity of the
drought event and by its impacts.

As a consequence, since 2003 drought risks have beep Conceptual framework: investigating social
on the agenda of both national and regional policy- capacities for drought risk management
and decision-makers as well as private water users in
Switzerland. On the national level for example, drought hasAccording to the United Nations Office for Disaster Risk
been issued as one of the biggest challenges for climat®eduction (UN-ISDR), drought risk management is the con-
adaptation in the national adaptation strategy (BAFU, 2012akept and practice to avoid, lessen or transfer the adverse ef-
and a parliamentarian initiative was launched in 2010 tofects of drought hazards and the potential impacts of disasters
strengthen drought risk management (BAFU, 2012b). Alsothrough activities and measures for mitigation, preparedness,
many public and private actors and water users (e.g. farmresponse and recovery (UN-ISDR, 2009). Scholars conceive
ers, municipalities, water and energy supplier) have becomelrought risk management as a continuous process follow-
concerned about drought risks and they are currently prepaiing the disaster management cycle with proactive strategic
ing strategies on how to deal with future drought events,measures in preparation for future drought events and with
for example the federal office for agriculture in its climate reactive emergency measures in the onset of a drought (cf.
strategy (BLW, 2011) and the Canton of Fribourg, which Fig. 1; Rossi, 2000; Wilhite et al., 2000; Kampragou et al.,
commissioned a study on seasonal water scarcity and irriga2011). Following the disaster management cycle, proactive
tion needs in the agriculture sector (Collet and von Nieder-drought risk management includes implementing mitigation
hausern, 2008; also cf. Karrer, 2012). However, establishingactivities, increasing preparedness for future drought events,
effective drought risk management, understood as a procesand establishing and improving an early recognition system
to avoid, lessen or transfer the adverse effects of drought haZer drought events. Reactive drought risk management in-
ards in Switzerland, is a long-term process that involves avolves conducting an impact assessment during and after a
set of social capacities, i.e. the abilities, skills and internaldrought event, realising response measures in the affected
resources to successfully anticipate and respond to hazamreas, and accomplish recovery from drought damages. The
events and their impacts (Kuhlicke et al., 2011). phases of the drought risk management cycle do not nec-

The aim of the paper is to provide a structured analy-essarily occur in the linear way the cycle suggests. For ex-
sis of the social capacities for drought risk management inample, early recognition of a drought event and impact as-
Switzerland from the perspective of water users and policy-sessment may merge if an integrated drought information
and decision-makers on the national and cantonal level. Withtand warning system exists; the implementation of measures
this analysis we aim at identifying starting points for building for recovery from drought events (e.g. artificial ground wa-
social capacities for drought risk management. The researcter recharge; reforestation of an area affected by forest fire)
question guiding the investigation presented here is: Whamay need years, during which mitigation and preparedness
social capacities exist so far for drought risk management in(e.g. investment in water infrastructure; establishing forest
Switzerland from the perspective of water users and policy-fire emergency services) is strengthened simultaneously.
and decision-makers? The presence of social capacities is a necessary precondi-

The analysis is based on data from two research projectgion for social actors to realise proactive and reactive drought
“Early recognition of critical drought and low-flow con- risk management measures. At the same time, drought risk
ditions in Switzerland” (Funding: Swiss National Science management measures that have been put into practice en-
Foundation) and “Fostering European Drought Research antlance the social capacities of the social system under investi-
Science-Policy Interfacing” (Funding: EU FP7). Data was gation, e.g. drought risk management in Switzerland. In natu-
collected in standardised surveys, in expert interviews andal hazard management, social capacities refer to the abilities,
in stakeholder workshops with policy- and decision-makersskills and internal resources of an individual, group or or-
and water users. ganisation to successfully anticipate and respond to external
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stressors, i.e. the natural hazard events and their impact
(Kuhlicke et al., 2011; Hoppner et al., 2012). Being a rather
novel concept in natural hazard management, this under-
standing of social capacities has been further elaborated, bu
applied in only a very few conceptual and empirical stud-
ies (Hoppner et al., 2012). Therefore, for our study on so-
cial capacities of drought risk management in Switzerland,
we draw on different strands of literature from vulnerability
studies, climate adaptation sciences and social-ecological re
silience research, where capacities have been conceptualise
for more than a decade. Many scholars build upon a system-
atisation, which was labelled "adaptive capacities determi-
nants of climate change" in the third assessment report by the

Intergovernmental Panel on Climate Change (IPCC) (SmitFig. 1. General social capacities for drought risk management.

and Pilifosova, 2001) and later elaborated in a broad range

of thematically related studies (Yohe and Tol, 2002; Brooks

etal., 2005; Smit and Wandel, 2006; Armitage and Plummerjmplementing procedures such as emergency plans. The di-
2010; Engle and Lemos, 2010; Glaas et al., 2010; Gupta emensioneconomic resourcamplies that there are economic
al., 2010; Engle, 2011; Keskitalo et al., 2011; Hill, 2013). or financial capacities to maintain or bring forward drought
Adaptive capacity is often understood as the ability or poten-risk management (e.g. recovery funds or insurances). The di-
tial of a system to respond successfully to climate variabil-mensionpolicies and institutiongnvolves institutional sup-

ity and change (Smit and Pilifosova, 2001). Thus, adaptiveport for drought risk management, e.g. in the form of laws,
capacities follow a system-related approach where social adegally binding instruments or regulations. For our study we
tors are embedded in a social, economic and ecological conconsider these five determinants as dimensions of adaptive
text that forms their abilities to respond to change. Differentcapacity that enable an integrated analysis of adaptive capac-
scholars have described various sets of determinants or dities within the disaster management cycle, considering not
mensions of adaptive capacity. Smit and Pilifosova (2001) foronly the abilities of social actors but also taking into account
example identify six dimensions (economic resources, techthe resources provided through the regulatory or governance
nology, information and skills, infrastructure, institutions, system of a country, the economy, the cultural setting and
equity), Yohe and Tol (2002) eight (technology, resources, in-ecological preconditions. An integrated drought risk mana-
stitutions, human capital, social capital, risk management, ingement should ideally combine all five dimensions of social
formation management, attributing signals of change to theircapacities. Accordingly, we use the heuristic framework de-
sources), Brooks et al. (2005) also eight (economic well-picted in Fig. 1 for leading the study and presenting the re-
being and inequality, health and nutritional status, educationsults. We consider the dimensions interrelated and assume
physical infrastructure, governance, geographic and demothat they can be modified within the disaster management
graphic factors, agriculture, ecosystems and technologicatycle (Smit and Wandel, 2006). Also, we label them “dimen-
capacity) to name only a few. In the last years a set of fivesions” to highlight the variance in possible characteristics,
determinants has been established for characterising adapnd we label them “social” referring to the concept of social
tive capacity in the European context which synthesises mostonstruction of reality (Berger and Luckmann, 1967). To us,
of the earlier determinants (Keskitalo et al., 2011; Juholalinking the concept of social capacities with the dimensions
and Kruse, 2013). We will apply it in the study presented of adaptive capacities specifies the concept of social capaci-
here. The set includes knowledge and information, technolties as it widens the focus on the individual, social group or
ogy and infrastructure, economic resources, organisation andrganisation by including the social system they act in. With
management, policies and institutioKksiowledge and infor-  this we contribute to the ongoing debate about social capaci-
mation embraces skills and abilities that are linked to the ties in natural hazard management (Kuhlicke et al., 2011).
knowledge and information available for individuals, organ- The concept of adaptive capacity resembles the under-
isations and social groups that can be enhanced by trainingstanding of social capacities in natural hazard management,
research or ready to use guidelin@schnology and infras- the former having been applied and specified in a large num-
tructureimply abilities or resources that enable organisationsber of studies. Preston et al. (2011) emphasise that adaptive
of social groups to use or implement technical or infrastruc-capacities need to be specified according to the specific con-
tural means to support drought risk management (e.g. montext of the analysis, in our case to drought risk management.
itoring and information systems, pipelines for fire fighting). Therefore we assume that drought risk management involves
Organisation and managemergfers to skills and abilities a set of specific capacities that can be grouped along these
related to economic activities as well as public administra-five dimensions. So far, there has been some empirical re-
tion, including e.g. diversification, sharing responsibilities or search on capacities for drought risk management, mostly in

Pro-active drought risk management

Social capacities

= Information and knowledge, e.g.
guidelines, training

= Technology and infrastructure, e.g.
information systems, pipelines

= Organisation and management, e.g.
responsabilities, procedures ,

= Economic resources, e.g. funds, positions//

. " Policies and institutions, e.g.
*\_ regulations, contracts

Drought
event

Re-active drought risk management
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Table 1. General social capacities for drought risk management.

Social capacity dimensions Examples for social capacities for drought risk management

1. Information and knowledge Drought information tools and capacities for early recognition (Vicente-Serrano et al., 2012);
education and training of farmers; problem awareness (Murendo et al., 2011).

2. Technology and infrastructure ~ Water supply infrastructure; irrigation systems; fire fighting equipment (Wittrock et al., 2011).

3. Organisation and management  Adapting soil and water conservation practices (Murendo et al., 2011),
diversification of economic activities.

4. Economic resources Diversified income, insurances (Wittrock et al., 2011), funds, positions.

5. Policies and institutions National/regional drought policies, regulations for water distribution; concessions
for water withdrawal; catchment management authority (Nelson et al., 2008; Iglesias et al., 2011).

areas highly affected by drought risks, i.e. in Africa, Aus- research we base our results on the opinions and experiences
tralia, the United States and the Mediterranean region. Thesef water users and decision-makers.
studies exemplify possible social capacities for drought risk In the first study we investigated social capacities from the
management (cf. Table 1). For instance, a study on droughperspective of water users with a focus on drought risk mit-
risk management in Africa emphasises the need for droughigation and response measures, and proceeded in two steps.
information tools for effective proactive drought risk ma- In a first step we administered a survey questionnaire to fif-
nagement (Vicente-Serrano et al., 2012). A case study ineen representatives of water user groups. We asked which
Ethiopia came to the conclusion that professional training ofmeasures they implemented to mitigate or reduce drought-
farmers and changes in agricultural practices, e.g. soil anéhduced damage and which information they need for realis-
water conservation practices, are key capacities to adapt tmg those measures. The survey questionnaire was designed
and cope with droughts (Murendo et al., 2011). In a comparato prepare an expert workshop with thirteen representatives
tive study of three rural communities in the Canadian prairie,of the different water user groups where we discussed and
Wittrock et al. (2011) identified water supply infrastructure specified the results. In a second step we investigated the ef-
and a diversified income base as the most important capacfectiveness of different proactive and reactive measures for
ties for decreasing the vulnerability to droughts. In their in- the reduction of drought risks by conducting nine qualita-
vestigation of drought risk management in Australia, Nel- tive interviews with representatives from three economic sec-
son et al. (2008) stress the need for drought policies capabltors affected by droughts: agriculture (focusing on irrigation
of integrating local knowledge and institutions that enablein fruit growing), forestry (focusing on prevention of forest
the management of water as a common property resourcére), and the energy sector (focusing on hydro power pro-
(e.g. catchment management authorities). Also Iglesias et atluction). Here, we were interested in the interviewees’ eval-
(2011) stress the need for socially and economically sensitivaiation of applied or potential drought risk measures.
policies in order to prevent inequalities in the view of climate  In the second study we investigated the social capac-
change in the Mediterranean region. ities for drought risk management with a focus on the
institutional- and policy context supporting drought risk ma-
nagement. We conducted nine expert interviews and adminis-
3  Methods tered a questionnaire survey to 32 representatives of cantonal
authorities for the environment, national agencies and asso-
Based on the conceptual framework developed in Sect. 2¢iations as well as research institutes from applied sciences.
we assume in our empirical study that capacities, i.e. theThe drought event of 2003 served as a reference event and a
abilities, skills and internal resources to successfully antici-set of questions focussed on the participants’ perception and
pate and respond to external stressors, are a prerequisite &valuation of the changes in drought risk management and
carry out drought risk measures. Further, we assume thdessons learned after the experiences of 2003.
measures to manage drought risks (e.g. drought information For both studies we chose an exploratory and qualitative
tools, training of farmers, adapted agricultural practices, di-research design for two reasons: first, drought risk manage-
versified income or socially and economically sensitive po-ment is a rather new approach in Switzerland; and second,
lices) can be associated to the five dimensions of social cathere is not a large population of water users and relevant
pacities. Based on these assumptions we investigate the spolicy- and decision-makers of national and cantonal level.
cial capacities by inquiring and evaluating drought risk mea-Thus for the first study, we conducted interviews and sur-
sures that have been implemented. The results presented ireys with representatives of water user groups from different
this paper are based on two studies conducted between 20&onomic sectors potentially sensitive to droughts: agricul-
and 2012 (for details refer to Table 2). With our empirical ture (considering farming, vegetable growing, fruit growing),
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Table 2. Overview over the methods used, including main questions asked in interviews, workshop and surveys.

Methods used Main questions asked Participants
survey Please define drought from the perspective of the water N = 15 (return rate: 66 %):
questionnaire  user group you are representing. representatives from the water
When is a drought critical and what are the consequences? user groups: agriculture,
What measures do you take to mitigate damages when forestry, water supply,
you recognise a drought early? shipping industry,

Which information systems do you use to recognise droughts early? fishery and tourism

& expert Please define drought from your perspective. N = 14: representatives from
*(,9, workshop How relevant have droughts been in the past for the water the water user groups:
17 user group you are representing? agriculture, forestry,
ir What information is available and what do you need for water supply, hydro power,
early recognition of a drought? shipping industry, fishery,
When is early recognition successful? ecology
expert What impacts do droughts have in your field of N =9, practitioners and
interview practice? What damages occur? decision-makers from
Which strategies and measures are implemented in your economic three economic sectors:
sector to mitigate or reduce damage? agriculture (fruit growing),
Which economic benefits does early recognition of energy production (hydropower),
droughts have in your economic sector? and forestry (forest fire prevention)
expert In your opinion, is the existing regulatory framework adequate N = 9: representatives of cantonal
interviews and sufficient to ensure an effective response to drought? authorities for environment,
To what extent are other related sector policies integrated into national agencies and associations,
the existing drought policy? applied sciences
Do you think the financial and personnel resources allocated for
drought management in the 2003 drought event were sufficient?
Was there enough personnel assigned to drought management in your
_g\ sector and were they sufficiently trained?
2 Do you think that the level of stakeholder participation in the
(7] L. .
° decision-making processes related to the 2003 drought was adequate?
(]
é questionnaire  In your opinion, which measures worked best and N = 32 (return rate: 44 %):
worst during the 2003 drought? representatives of cantonal
Were there any recovery measures after the 2003 drought? If yes, authorities for environment,
how adequate were they? national agencies and
Are there any other measures that could have been implemented to associations, applied sciences

reduce impacts of the 2003 drought?

How would you score the following aspects (i.e. coordination,
participation, information and communication, planning and
preparedness, etc.) of drought management during the 2003 drought?
(Scores: very adequate, adequate, not so adequate,

inadequate, | don’t know/not applicable)

In your opinion, was there something learnt by

the drought period in 2003 for future drought management?

forestry, water supply, shipping industry, fishery and tourismall three sectors have been impacted by droughts in the past
on the one hand. On the other hand, we conducted an in depttind are of economic and social relevance for many regions
study in three economic sectors (agriculture, forestry and enin Switzerland. At the same time the sectors show different

ergy), as scholars have previously outlined that drought im-characteristics concerning the actors managing drought and
pacts differ between different groups and thus group-specifiscale of action. While drought risk in the agricultural sector

methodology is recommended (cf. Kallis, 2008). We choseis managed on a small scale level by private actors, in the
agriculture, forestry and energy as the survey showed tha¢nergy sector large private companies are more interrelated
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with the European market. In the forestry sector drought ma-not accessible in an integrated drought information system
nagement is mostly conducted by public actors, i.e. cantonafor the water users. The survey and workshop of the first
authorities. They implement drought mitigation measures notstudy showed that this drought information system would
only to prevent economic losses in timber production, butneed to include a large set of drought variables if it is to sat-
more often to mitigate secondary damages in the protectivésfy the information requirements of the different water user
function of forests in Switzerland against natural hazards. groups (Kruse et al., 2010; Seneviratne et al., 2013). Further-

For the second study the sample of interviewees and sumore, the study showed that the different water user groups
vey participants (overall 41 persons) included experts fromrequire not only specific drought variables, they also have
national or regional associations, private companies, pubdifferent needs concerning the spatial resolution of drought
lic administration, civil society and applied sciences as wellinformation, the prediction period and the accuracy of pre-
as from all regions in Switzerland (northwest-, east- anddictions (cf. Table 5). Also, the monitoring of water avail-
central-Switzerland, French-speaking Switzerland and Ti-ability, water usage and water distribution is not established
cino). Both the workshop and the interviews were recordedas a standard procedure in the municipalities and cantons.
in writing and partly audio-recorded and transcribed. TheAnother challenge for proactive drought management is the
data of the survey questionnaire included open questions thatansfer of drought information into drought mitigation activ-
were analysed according to methods of qualitative contentties. Some interviewees stress that there is still a low prob-
analysis, i.e. inductive formulation of categories, coding of lem awareness concerning drought impacts in Switzerland.
the text along categories, qualitative analysis and interpretantil droughts occur more often, seemingly many water
tion of results (Mayring, 2010). For answering the researchusers will react as follows:

guestions all data was considered. RESPONDENT One cannot do much about it. If it is dry, it
is just dryl
Establishing infrastructure for drought risk management
4 Results (e.g. irrigation systems, water storage capacity, water infras-

tructure for fire fighting), the second dimension of social ca-
The survey and interview studies with different water userpacities, again can be seen as an important prerequisite for
groups in three economic sectors showed that water usergroactive drought management. It demands long-term plan-
have a range of existing mitigation and response measureding which needs to be embedded in strategic management
at hand which they carry out in the case of droughts and lowdecisions. The interviewees stress that for investments on in-
flow conditions. These measures are specific for each watdrastructure they need robust information about future devel-
user group and can be structured along the dimensions of s@pment of drought risks. This is in many aspects still a chal-
cial capacities (cf. Table 3). In summary, the results showlenge for the climate sciences, though many studies predict
that the survey participants and interviewees consider the caan increase of droughts in some parts of Switzerland (Re-
pacities for reactive crisis management overall as rather sufbetez, 1999; Beniston and Stephenson, 2004; Reinhard et al.,
ficient, but see some deficits in proactive strategic drough2005). Additionally, some interview statements hint at the
management. In what follows, we present the results with refact that some water users have a disbelief in these studies as
gard to the framework introduced in Sect. 2, along the fivelong as droughts do not occur more often.
dimensions of social capacities for proactive drought mana- The investigation showed that organisation and manage-
gement (cf. Sect. 4.1) and reactive drought risk managemerinent, the third dimension of social capacities, are impor-

(cf. Sect. 4.2). tant for proactive drought risk management. This concerns
for instance the diversification of economic activities (prod-

4.1 Social capacities for proactive drought risk ucts, branches and sites), e.g. in agriculture and hydropower
management in Switzerland production. In general, the more diverse a production, the

less vulnerable the business is to drought situations. The in-
The results on the existing social capacities for proactiveterviews revealed that for now, diversification relevant for
drought risk management in Switzerland from the perspecyproactive drought management exists, but has not been im-
tive of water users and policy makers are summarised irplemented primarily due to drought risks, but due to general
Table 4. Concerning the first dimension, information and management risks of the business. Hence, measures in the
knowledge, the surveys and interviews show that droughfield of organisation and management have synergies with
information is considered an important basis for proactiveother goals of a farm or company. Thus, drought risk ma-
drought risk management. The interviewees and respondentsagement is ideally embedded in the overall management
state that monitoring and information systems for different strategies.
meteorological and hydrological variables (for example pre-
cipitation, air temperature, ground water level, surface wa-
ter level, run-off, snow water equivalent) are available in  linterview with a representative of a Swiss water association,
Switzerland, although until recently (June 2013) they werell June 2012
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Table 3. Overview on proactive and reactive drought risk measures in three selected water user groups in Switpeokactilé measures;
breactive mitigation measures).

Social capacity Drought risk measures per water user group
dimensions
Agriculture (fruit growing) Energy production (hydropower) Forestry (forest fire prevention)
Information and Monitoring of precipitation Forecasting of run-off Daily drought maps in some Cantons,
knowledge and soil moisture on the site; and precipit&tion processing weather forecast and
public weather servics local knowledg®
Technology and
infrastructure Irrigation systerfis Increase of pump storage capa@ity Water infrastructure for fire-fightirfy
Organisation and Soil treatmént Management of turbine operatf‘bn Stand-by for emergency response
management duties (heIicopteF)
Diversification of crop3 Regional/operational diversificatidn Management of burnt materfal
Long-term risk evaluatich
Economic resources  Hedging of rigks Hedging of risk8 No fire insurances in place,
instead regional funds for firefightifig
Policies and Subsidies for irrigatiBn Contracting of concessions on Fire bans (permanent/tempBrary)
institutions the amount of water to be used for federal regulation for watning
hydropower productich

Table 4. State of social capacities for proactive drought risk management in Switzerland.

Social capacity dimensions State of proactive drought risk management in Switzerland

Information and knowledge Broad set of drought-relevant information available, integrated in a drought information system in June 20.
Low drought risk awareness.

Technology and infrastructure  Long-term strategies needed for investments in technology and infrastructure
for increasing mitigation and preparedness.
Organisation and management Long-term strategies needed for organisational and management options.

Economic resources Sufficient resources available (under the premise of rare intervals of drought events).

Policies and institutions Institutional framework for mitigation and preparedness is fragmented,;
some potential is seen in the integration of droughts in existing natural hazard and
water management policies and institutions.

According to the interviewees, the economic resourcesrather than a coherent institutional framewborkany inter-
the fourth dimension of capacities for proactive drought ma-viewees see the main barriers for developing an institutional
nagement, seem to be sufficiently established. Neverthelesfiamework for drought risk management in the federal and
this has to be seen in the context that, until this point, proacsubsidiary system of water relevant regulations. For this, it
tive drought risk management has not been a priority to wateis important to know that the withdrawal of water is gov-
user groups in Switzerland and only a few high-cost invest-erned by the canton or by the communities in the case of
ments have been made so far; for example setting up a foresemporary water withdrawal facilities. Up to now, there are
fire monitoring system is still in the pilot phase in some re- no nation-wide comprehensive guidelines for the approval
gions. of water withdrawal, for prioritising certain water users or

Regarding the fifth dimension, policies and institutions, for monitoring the amount of water withdrawal. During past
many interviewees criticise that up to now a coherent, in-droughts, this has led to conflicts between different water
tegrated drought risk management and strategy for dealingiser groups and across municipal and cantonal boundaries
with water scarcity has been missing. The regulations gov-within a watershed (Schneider and Homewood, 2013). At the
erning the usage and withdrawal of water in times of watersame time, policy and institutional capacities in Switzerland
scarcity resemble — following an interviewee — a “rag rug”

2Interviewee from a network of Swiss water supply and distri-
bution companies.
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Table 5. Variables for the early recognition of droughts from the perspective of user groups and availability of information (Kruse et al., 2010; Seneviratne et al., 2013).

Variables from
perspective of
water user

Relevant for the following
user groups/stakeholders

Indicator/indices/thresholds
used in monitoring
and prediction

Spatial scale
available

Prediction period
scientifically feasible

Accuracy of prediction available

Precipitation

Agriculture, forestry, shipping,

fishery, hydropower,
water management

Precipitation amount in last/
next x days [mm]/deviation

Local-regiorall 0 days

of precipitation amount in the last x days

from long-term average [%]

High accuracy fot 5 days;
low for long-term prediction

Evaporation

Agriculture

Deviation of last/next x days from
long-term seasonal average [mm]

Local-nationat 10 days

Low due to few measurements and
dependency on many parameters

Soil moisture

Nature conservation,
agriculture, forestry,

Deviation of last/next x days from
long-term seasonal average [mm]

Local-natiorall — 3 months

High< 2 weeks; medium< 2 months
(depending on the soil moisture situation)

BAFU
Litter moisture  Forestry 3-5 qualitative categories Local-national 10 days n.a.
(very dry, dry, slightly wet, wet)
Wind speed Forestry n.a. < 40km < 5days High accuracy fot 5days;
low for long-term predictions
Water Nature conservation, fishery, Max. temperature Regional < 10days n.a.
temperature energy sector
Ground water  Agriculture (irrigation), Deviation from long-term Regional < 2—3months High accuracy
level water management seasonal average [m or %]
Water level Shipping, Deviation from long-term Regional < 15days High accuracy

surface water

agriculture (irrigation)

seasonal average [m or %]

Run-off Nature conservation, fishery, Q347, deviation of last x days from Local-natioral 5 days High accuracy

water management, hydropower, long-term seasonal average

BAFU [mm or n®s™]
Snow water Shipping, Max. value at the end of Local-national  During accumulatidhdays; Depends on the time of year
equivalent agriculture (irrigation) the accumulation period [mm], during ablati@® days

deviation of long-term
seasonal average [%]
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can build upon a long tradition and experience of naturalsonnel to organise and manage emergency and drought de-
hazard management (e.g. flood management) as well as wéence measures (e.g. irrigation of crops, distribution of drink-
ter management (e.g. integrated watershed management) thaty water, emergency service for forest fire). In some parts
established for example efficient inter-cantonal cooperationof Switzerland the army and community services supported
Moreover, this cooperation is constantly strengthened by newarmers with irrigating the crops. Yet, the respondents stated
initiatives, e.g. the inter-cantonal early warning and crisisthat other than on the national and cantonal level, on the lo-
information system (IFKIS) and the resolution for optimi- cal level there was not enough personnel for nominating a
sation of warning and alerting (OWARNA) (Willi, 2007). drought delegate in most of the affected communities. Con-
Some interviewees believe that as soon as droughts occiwgequently, local officers had to work overtime to coordinate
more often and public attention rises, policies and regula-drought defence measures, but as one interviewee puts it:
tions for drought risk management will be established and RESPONDENT [...] people have a high motivation, es-
integrated in the existing institutional framework of natural pecially in this kind of situation. Therefore, it always has
hazard management. The initiative of a parliamentarian tovorked so faP

develop a strategy for the management of local water scarcity The cooperation between the cantons, the involvement of
in Switzerland, prompted by the drought event of 2003, andnational and regional associations (e.g. farmers associations)
the resulting report on this initiative supports this estimationand solidarity among farmers and the population was evalu-

(BAFU, 2012b). ated positively.
According to the interviews of the second study, the fourth
4.2 Social capacities for reactive drought risk dimension, the economic capacities and financial means
management in Switzerland available for crisis management in reaction to drought events

are considered sufficient;
The results on the existing and missing social capacities for RESPONDENT If there is a drought event, one changes his
reactive drought risk management in Switzerland from thepriorities [. . .] and authorises the resourées.
perspective of the water users and policy makers are sum- Yet, this may be the case only as long as droughts remain
marised in Table 6. Concerning the first dimension, infor- a rare phenomenon.
mation and knowledge, the survey and workshop of the first Also regarding the dimension of institutions and poli-
study showed that an integrated drought information systenties, the survey participants and interviewees of the second
including both hydro-meteorological drought variables andstudy evaluate the capacities as sufficient. They state that
social and economic impact variables is currently missing inthe emergency measures were also implemented in a flex-
Switzerland, but would be one of the most important prereq-ible way across administrative borders during the drought
uisites for effective drought impact assessment (a pilot infor-2003. Again, the high state of regulations for emergency re-
mation platform assembling hydro-meteorological droughtsponse in natural hazard management in general might have
variables has been set up in June 204/@;w.drought.ch. supported this reaction.
Yet, the survey among cantonal and national policy- and
decision-makers revealed that the monitoring of economic ) S o -
and social impacts of droughts is still an exception. When it> Discussion: implications for building capacities for
comes to knowledge, the answers to the interview questions droughtrisk management in Switzerland

evaluating the drought mitigation measures show thatimpor-_l_he results show that from the perspective of water Users
tance lies not only with information, but also the local knowl- Persp

edge about impacts, held by experts familiar with the respecf’md de.c'|5|on-makers, thg situation of social cap.acmes IS as
. . o follows: in order to proactively manage drought risks mana-
tive sites and local conditions (e.g. farmers, hydropower op-

. . gement, capacities such as information and knowledge and

erators or foresters), in order to evaluate the drought impact . ) ) o
: conomic resources generally are available; yet, capacities
and arrange corresponding response measures (cf. Table 3)guch as technology, infrastructure as well as organisation and
The technological and infrastructural capacities for reac—mana ement areg?/r;suﬁicient for proactive droS ht manage-
tive drought response in Switzerland, the second dimensionment g']I'he institutional framework?‘or roactive n?ana eme?nt
have been rather limited so far according to the interviewees ’ p 9

and respondents. During the drought event in 2003, mobilg> fragmented, and an integration of drought risk manage-

N . ment in existing hazard management policies and institutions
irrigation was supported by water tankers provided by the. ) -

army and local fire brigades. In a region of the Valais that'S percewec_i as promising. . .

was not sufficiently equipped to extinguish forest fires, a fire F.o.r reactive drought risk manageme.nF the picture is more
expanded and caused massive damages and recovery Cog[ossmve as the water users and decision-makers perceive

(Moretti and Conedera, 2003). SInterview with a representative of a Swiss water association,
Concerning organisation and management, the third di-12 june 2012.

mension, in the respondents’ opinion the extreme drought 4According to one interview from an authority for agriculture,
event in 2003 demonstrated that there were enough per21 June 2012.
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Table 6. State of social capacities for reactive drought risk management in Switzerland.

Social capacity dimensions State of reactive drought risk management in Switzerland

Information and knowledge — Integrated drought information system needed

— Monitoring of social and economic impacts an exception

— Local knowledge important for the risk assessment — partly missing
Technology and infrastructure  — Technology and infrastructure for crisis management available but rather limited
Organisation and management — Enough personnel available

— Effective coordination and cooperation
Economic resources — Sufficient financial means available for crisis management

(under the premise of rare intervals of drought events)

Policies and institutions — Policies and institutions for emergency measures sufficient
(under the premise of rare intervals of drought events)

that technology, infrastructure, personnel and economic re- Regarding the implications for building social capacities
sources are sufficiently available to cope with emergency andve conclude that urgency due to looming drought events is an
crisis situations. Only concerning information and knowl- important ingredient. The results suggest that the process of
edge, an integrated drought information system is considere8uilding social capacities may be accelerated through draw-
as necessary in order to enable monitoring not only of theing on capacities that already exist in related fields (i.e. na-
drought situation but also of social and economic impacts. tural hazard risk management), upon experience from single
Thus overall, the results depict a moderate state of sociatantons (e.g. fire risk management in Ticino), through tak-
capacities regarding drought risk management resulting in aimg notice of research — ideally of scientists from one’s own
early stage in proactive and reactive drought management icountry — and through raising awareness of historical events
Switzerland, although the latter is more advanced than thend management strategies such as the Suones (traditional
former. The various sources we used are consistent regardingater channels for irrigation) or the common property mana-
this conclusion. gement of water resources which is still alive in the neigh-
This conclusion is not surprising for two reasons: first, bouring Vinschgau (Italy). Most important is a national co-
drought is not (yet) a pressing problem but rather a rare natuerdination and framework that spurs cantons and municipal-
ral hazard in Switzerland. This also explains why the surveyities to carry out their duties, avoids duplication and places
participants and interviewees consider today’s infrastructureimportance on drought risk.
economic resources and organisational and management ca-In our research we analysed the perception, i.e. the
pacities as sufficient. Yet, in terms of capacity building theseopinions and experiences, of drought risk management in
capacities would need to be extended in the case of mor&witzerland by water users and policy- and decision-makers.
frequent droughts. Second, Switzerland has a long-standings we conclude from the drought risk measures to the ca-
tradition in integrated risk management of natural hazardgacities (cf. Sect. 3), the evaluation of the capacities is on the
(especially floods, mudflows, avalanches, rockslides, etc.pne hand our interpretation and on the other hand needs to be
which the evolving drought risk management draws upon.seen within the context the respondents draw upon. This con-
Hence, in crisis situations some reactive drought risk meatext may be the drought risk situation and management which
sures can easily and quickly be established, as was the cas@aries among the regions and cantons — and the level of na-
in the drought event in 2003. At the same time, the watertionwide natural hazard risk management — which is quite
users and policy- and decision-makers express some alerhigh in general. For example in the fire-prone canton of Ti-
ness regarding the need to develop specific strategies farino social capacities regarding forest fires are highly devel-
managing drought risks. Especially, public agencies on theoped. Since the 1990s and as a result of legislative, technical
national level recognised the need and have recently develand organisational measures, damages from forest fires and
oped a rough strategy for how to deal with water scarcity inthe amount of burnt area have decreased, even during 2003
Switzerland (including measures for exceptional situations(Pezzatti et al., 2013). In other regions where forest fires are
and for long-term provision, BAFU, 2012b). This strategy is rather uncommon, both policies and regulations as well as
planned to be followed by various activities such as the identechnical and organisational measures are poorly developed.
tification of drought risk areas, management plans for water Regarding the methods chosen in the studies presented
resources in drought risk areas and the development of a codeere the following remarks need to be made: given the fact
of practice with examples on how to settle conflicts on waterthat stakeholders might have only very few experiences with
issues (BAFU, 2012b). drought events, an assessment focusing on stakeholders per-
spectives only might be limited, as their perspective might be
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blurred, limited or subjective. Nevertheless, as drought riskto invest in monitoring the missing data, including social and
management is a rather new topic for Switzerland, we be-economic impacts, to give importance to regional and local
lieve that only an explorative research design is possible tcknowledge and experience and finally, to overcome an insti-
evaluate the status of social capacities for drought risk matutional rag rug through consistent regulations and coordina-
nagement, and detecting the first starting points for build-tion.

ing those capacities. Therefore, we selected representatives

of water user groups and decision-makers mainly from as-

sociations and authorities as interviewees and survey particAcknowledgementsie thank all interviewees, Claudia Keller for
ipants because their views are most likely to stand for thoseconducting a part of the interviews and one of the surveys, col-
of the stakeholder group they are representing. Also, wheréeagues from Drought-CH and Drought R&SPI, Annett Steinftihrer
possible we chose representatives that have been involved f@nd the two anonymous referees.

a longer period of time so that they can judge the situation
against the background of experiences. Thus, we believe th%
the methods we used allow both an overview and a substan-
tial insight into the topic. With their limitation though they
do not deliver an in-depth evaluation of the capacities andReferences
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