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RESUMEN

La sequia afecta a todos los sectores de la sociedad y se espera que su frecuencia e
intensidad aumente debido al cambio climatico. Su gestidn plantea importantes retos
en el futuro. El enfoque de riesgo, que promueve una respuesta proactiva, se identifica
como un marco de gestién apropiado que se estd empezando a consolidar a nivel
internacional. Sin embargo, es necesario contar con estudios sobre las caracteristicas
de la gestidn de la sequia bajo este enfoque y sus implicaciones en la practica.

En esta tesis se evalian diversos elementos que son relevantes para la gestion de la
sequia, desde diferentes perspectivas, con especial énfasis en el componente social de
la sequia.

Para esta investigacion se han desarrollado cinco estudios: (1) un analisis de las leyes
de emergencia aprobadas durante la sequia 2005-2008 en Espafia; (2) un estudio sobre
la percepcion de la sequia de los agricultores a nivel local; (3) una evaluacién de las
caracteristicas y enfoque de gestidon en seis casos de estudio a nivel europeo; (4) un
analisis sistematico de los estudios de cuantificacién de la vulnerabilidad a la sequia a
nivel global; y (5) un analisis de los impactos de la sequia a partir en una base de datos
europea.

Los estudios muestran la importancia de la capacidad institucional como un factor que
promueve vy facilita la adopcion del enfoque de riesgo. Al mismo tiempo, la falta de
estudios de vulnerabilidad, el escaso conocimiento de los impactos y una escasa
cultura de la evaluacidn post-sequia destacan como importantes limitantes para
aprovechar el conocimiento que se genera en la gestién de un evento.

A través del estudio de las leyes de sequia se evidencia la existencia de incoherencias
entre como se define el problema de la sequia y las soluciones que se plantean, asi
como el uso de un discurso de securitizacidon para perseguir objetivos mas alld de la
gestion de la sequia.

El estudio de percepcidn permite identificar la existencia de diferentes problemas y
percepciones de la sequia y muestra cdmo los regantes utilizan principalmente los
impactos para identificar y caracterizar la severidad de un evento, lo cual difiere de las
definiciones predominantes a otros niveles de gestidon. Esto evidencia la importancia
de considerar la diversidad de definiciones y percepciones en la gestion, para realizar
una gestién mas ajustada a las necesidades de los diferentes sectores y colectivos.

El andlisis de la gestién de la sequia en seis casos de estudio a nivel europeo ha
permitido identificar diferentes niveles de adopcion del enfoque de riesgo en la
practica. El marco de analisis establecido, que se basa en seis dimensiones de analisis y
21 criterios, ha resultado ser una herramienta Util para diagnosticar los elementos que
funcionan y los que es necesario mejorar en relacion a la gestidn del riesgo a la sequia.

El analisis sistematico de los estudios de vulnerabilidad ha evidenciado Ila
heterogeneidad en los marcos conceptuales utilizados asi como debilidades en los
factores de vulnerabilidad que se suelen incluir, en muchos casos derivada de la falta
de datos.



El trabajo sistematico de recoleccion de informacion sobre impactos de la sequia ha
evidenciado la escasez de informacidn sobre el tema a nivel europeo y la importancia
de la gestion de la informacion. La base de datos de impactos desarrollada tiene un
gran potencial como herramienta exploratoria y orientativa del tipo de impactos que
produce la sequia en cada region, pero todavia presenta algunos retos respecto a su
contenido, proceso de gestion y utilidad practica.

Existen importantes limitaciones vinculadas con el acceso y la disponibilidad de
informacién y datos relevantes vinculados con la gestién de la sequia y todos sus
componentes. La participacion, los niveles de gestion, la perspectiva sectorial y las
relaciones entre los componentes de gestion del riesgo considerados constituyen
aspectos criticos que es necesario mejorar en el futuro.

Asi, los cinco articulos en su conjunto presentan ejemplos concretos que ayudan a
conocer mejor la gestidon de la sequia y que pueden resultar de utilidad para politicos,
gestores y usuarios.



SUMMARY

Drought affects all sectors and their frequency and intensity is expected to increase
due to climate change. Drought management poses significant challenges in the
future. Undertaking a drought risk management approach promotes a proactive
response, and it is starting to consolidate internationally. However, it is still necessary
to conduct studies on the characteristics of drought risk management and its practical
implications.

This thesis provides an evaluation of various relevant aspects of drought management
from different perspectives and with special emphasis on the social component of
droughts. For the purpose of this research a number of five studies have been carried
out: (1) analysis of the emergency laws adopted during the 2005-2008 drought in
Spain; (2) study of farmers perception of drought at a local level; (3) assessment of the
characteristics and drought management issues in six case studies across Europe; (4)
systematic analysis of drought vulnerability assessments; and (5) analysis of drought
impacts from an European impacts text-based database.

The results show the importance of institutional capacity as a factor that promotes and
facilitates the adoption of a risk approach. In contrast, the following issues are
identified as the main obstacles to take advantage of the lessons learnt: (1) lack of
vulnerability studies, (2) limited knowledge about the impact and (3) limited
availability of post-drought assessments

Drought emergency laws evidence the existence of inconsistencies between drought
problem definition and the measures proposed as solutions. Moreover, the
securitization of the discourse pursue goals beyond management drought.

The perception of drought by farmers helps to identify the existence of several
definitions of drought. It also highlights the importance of impacts in defining and
characterizing the severity of an event. However, this definition differs from the one
used at other institutional and management level. As a conclusion, this remarks the
importance of considering the diversity of definitions and perceptions to better tailor
drought management to the needs of different sectors and stakeholders.

The analysis of drought management in six case studies across Europe show different
levels of risk adoption approach in practice. The analytical framework proposed is
based on six dimensions and 21 criteria. This method has proven to be a useful tool in
diagnosing the elements that work and those that need to be improved in relation to
drought risk management.

The systematic analysis of vulnerability assessment studies demonstrates the
heterogeneity of the conceptual frameworks used. Driven by the lack of relevant data,
the studies point out significant weaknesses of the vulnerabilities factors that are
typically included

The heterogeneity of the impact data collected at European level to build the
European Drought Impact Reports Database (EDII) highlights the importance of
information management. The database has great potential as exploratory tool and
provides indicative useful information of the type of impacts that occurred in a



particular region. However, it still presents some challenges regarding their content,
the process of data collection and management and its usefulness.

There are significant limitations associated with the access and availability of relevant
information and data related to drought management and its components. The
following improvement areas on critical aspects have been identified for the near
future: participation, levels of drought management, sectorial perspective and in-
depth assessment of the relationships between the components of drought risk
management

The five articles presented in this dissertation provides concrete examples of drought
management evaluation that help to better understand drought management from a
risk-based perspective which can be useful for policy makers, managers and users.
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CAPITULO 1. INTRODUCCION Y OBJETIVOS

1.1. Introduccion

La sequia es un fendmeno natural que afecta a todas las regiones y climas del planeta.
Se considera uno de los riesgos climaticos mas importantes por los dafos que produce,
causando impactos socioecondmicos y ambientales que afectan a todos los sectores
de la sociedad. Por tanto, es especialmente importante gestionar las sequias de
manera adecuada y eficiente, de lo contrario, pueden convertirse en un desastre
natural. Ademas, se prevee que la frecuencia, magnitud y duracién de las sequias
podria agravarse en Europa debido al cambio climatico (IPCC, 2007; Bates et al., 2008;
Seneviratne et al., 2012).

La gestion de las sequia es compleja debido a las caracteristicas propias del fendmeno
y a que es uno de los riesgos climaticos que peor se conocen (Wilhite, 2002; Wilhelmi
& Wilhite, 2002; Bonaccorso et al., 2003; Mishra & Singh, 2010; Pulwarty & Sivakumar,
2014). Su desarrollo progresivo, su duracion prolongada y la dificultad para determinar
su inicio y final, hacen que sea dificil implementar medidas de gestion que sean
adecuadas.

Para hacer frente a esta complejidad, actualmente se promueve una gestion basada en
la reduccion del riesgo, con la planificacidon de acciones preventivas y de respuesta
para reducir y mitigar los impactos. Esto implica la necesidad de abordar la
problematica de la sequia de una forma mas integral, incorporando los principios de
gestion del riesgo a través de medidas que no sean solo de emergencia sino que
también incluyan acciones encaminadas a disminuir la vulnerabilidad a la sequia.

Diversas instituciones y organismos a nivel internacional promueven la adopcion de
dicho enfoque y han realizado importantes esfuerzos para entenderlo y promover su
desarrollo. Sin embargo, todavia no se cuenta con suficiente informacién y
metodologias concretas para evaluar el grado de adopcién de este enfoque en los
diferentes paises. Esto se suma a que tampoco existen muchas experiencias concretas
sobre cdmo evaluar una politica de sequia y su gestion.

Surge por tanto la necesidad de conocer las caracteristicas de la gestidn de la sequia en
cada contexto y de desarrollar metodologias especificas para su evaluacién. Esto
ayudaria a comprender mejor como estamos abordando el problema de la sequia. La
determinacién del grado de adopcion del enfoque de riesgo y de los factores que
facilitan u obstaculizan su puesta en marcha resultaria muy atil para mejorar la gestién
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de la sequia y realizar recomendaciones concretas sobre el disefio de politicas publicas
relacionadas.

Segun Knutson et al. (1998), el analisis del riesgo a la sequia implica considerar tres
componentes principales: (i) el fendmeno de la sequia, (ii) los impactos y la
vulnerabilidad, y (iii) la gestion y medidas de mitigacidon y respuesta. Estas grandes
categorias son propuestas por otros autores (e.g. Wilhite, 1999, 2001, 2002; Hayes et
al., 2004; UNISDR, 2009a) y comunes en la literatura del riesgo, aunque con matices y
variaciones en la terminologia y conceptos utilizados. Este marco de andlisis sienta las
bases para identificar los elementos clave que puede ser interesante considerar en los
diferentes niveles de gestion y escalas afectadas por la sequia. Pero primero, dada la
diversidad y heterogeneidad de términos y conceptos relacionados con la sequia
(Yevjevich, 1967; Wilhite & Glantz, 1985; Wilhite, 2002) y su gestidn, se hace necesario
aclarar qué entendemos por cada uno de ellos.

Tradicionalmente el estudio de la sequia se ha abordado con analisis climatoldgicos e
hidroldgicos que tratan de caracterizar o predecir un evento de sequia, y esto a veces
ha estado desligado de su componente social (Kallis, 2008; Lackstrom et al., 2013; Van
Loon 2015). Por otro lado, existe un grupo extenso de literatura que evalua las
medidas y sus impactos desde una perspectiva principalmente econdmica (Iglesias et
al., 2007; Martin-Ortega & Markandya, 2009; Gil et al.,, 2011). Sin embargo, pocos
estudios profundizan en el andlisis de la sequia desde una perspectiva social o que
tengan en cuenta los factores de vulnerabilidad. Ademdas, apenas se han podido
encontrar metodologias especificas que se dirijan a abordar el anadlisis de la politica de
la sequia en su conjunto (Garrido & Rey, 2014).

La evaluacion de la gestion de la sequia requiere buscar enfoques metodolégicos y
perspectivas de evaluacidon nuevas que permitan superar las tradicionales limitaciones
de datos, a la par que generen informacién y conocimientos que sean relevantes para
diferentes actores, sectores, gestores y politicos. Estos enfoques deben hacer frente
inequivocamente a la complejidad asociada a la sequia y su gestion, ya que ésta influye
sobre el planteamiento metodoldgico y conceptual de la evaluacion. La complejidad es
una caracteristica inherente de la sequia y su gestion, que se manifiesta desde la
propia definicién y caracterizacién del episodio en cuestién, pasando a sus efectos e
impactos, que derivan en distintos niveles de vulnerabilidad y sistemas de gestiéon que
engloban diferentes ambitos y tipos de medidas. La evaluacion de la gestidon de la
sequia, por tanto, debe incluir diferentes niveles de analisis y debe captar las
especificidades del contexto afectado por la sequia.

El objetivo principal de este trabajo es contribuir a entender mejor la gestion de la
sequia y proporcionar algunos marcos de andlisis que puedan servir para evaluar
aspectos relevantes de la misma.



Introduccion y Objetivos

1.2. Objetivos

El objetivo general de esta tesis doctoral es contribuir a aumentar el conocimiento
sobre la gestion de las sequias y su evaluacion desde diferentes perspectivas y
contextos.

Se han desarrollado una serie de herramientas de evaluacion y de analisis de la gestion
de la sequia para aportar ejemplos concretos y practicos que aumenten las referencias
de evaluacién de temas ambientales utilizando como caso de estudio la problematica
de la sequia.

En el marco del trabajo de esta tesis se ha identificado la necesidad de profundizar en
el conocimiento de ciertos aspectos de la sequia y su gestién, lo cual ha guiado la
formulacidn de los objetivos especificos:

e Evaluar la gestion a través de las leyes de emergencia en Espafia. La evaluacién
de las leyes de emergencia aprobadas como respuesta a la sequia persigue
profundizar en las implicaciones del uso de estas herramientas en la politica de
sequia y de agua.

e Analizar la percepcion de la sequia y respuesta de los agricultores en la
Demarcacion del Jucar. Este analisis se centra en el estudio de la sequia desde
una perspectiva local y sectorial. Se pretende profundizar en como se percibe el
fendmeno de la sequia, los factores de vulnerabilidad y las estrategias de
respuesta implementadas en el pasado por los agricultores de regadio.

e Fvaluar la gestion de la sequia en varios casos de estudio a nivel europeo. La
evaluacion se centra en analizar el enfoque y caracteristicas de la gestion de la
sequia desde una perspectiva politica y teniendo como marco de referencia la
gestion del riesgo. Su aplicacién a varios casos de estudio a nivel europeo
permite entender la influencia de las caracteristicas del contexto, niveles de
gestion y escala espacial en la gestidn de las sequias.

e Analizar las evaluaciones de vunerabilidad a la sequia. El analisis sistematico de
los estudios de vulnerabilidad a la sequia se dirige a entender mejor cdmo se
mide la vulnerabilidad en la practica y las tendencias actuales sobre este tipo
de estudios. Pretende servir como punto de partida para mejorar el disefio de
las metodologias concretas de evaluacion de la vulnerabilidad a la sequia al
identificar sus principales elementos y retos.

e Analizar los impactos de la sequia en Europa. La creacion de un inventario de
los impactos de las sequias se ha realizado en base a datos textuales recogidos
en diversas fuentes documentales. A partir de este tipo de informacion se
realiza un analisis sistematico de cuales han sido los principales impactos en el
pasado, sus categorias y caracteristicas.

Asimismo se han planteado una serie de objetivos transversales:

e Revisar las bases tedricas de los principales temas relacionados con la sequia y
su gestion. Esto incluye la definicion de sequia, los impactos, la vulnerabilidad,
las medidas y la gestidn, dada la necesidad de orientarse en la heterogeneidad
de marcos conceptuales y metodoldgicos presentes en la literatura. Entender
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las

causas de esta heterogeneidad ayuda a establecer un marco comun y

mejorar asi la comunicacion sobre los diferentes temas.

e Revisar los enfoques de evaluaciones de la gestion de la sequia. Se trata de
realizar una revision de los principales enfoques utilizados para analizar las
politicas de sequia y su gestion.

El trabajo de investigacion ha llevado al desarrollo de cinco herramientas de analisis,
cuyo diseno e implementacion ha dado lugar a los siguientes articulos cientificos:

1.

Urquijo, J., De Stefano, L., La Calle, A. (2015). Drought and exceptional laws
in Spain: The official water discourse. International Environmental
Agreements: Politics, Law and Economicsl5 (3), 273-292. (DOI:
10.1007/s10784-015-9275-8).

Urquijo, J., & De Stefano, L. Perception of drought and local responses by
farmers: a perspective from the Jucar River Basin, Spain. Water Resources
Management. (DOI: 10.1007/s11269- 015-1178-5)

Urquijo, J., Pereira Jerez, D., Dias, S., & De Stefano, L. A Methodology to
Assess Drought Management as Applied to Six European Case Studies.
Journal of Water Resources Development (Aceptado con revision)

Gonzalez Tanago, |., Urquijo, J., Blauhut, V., Villarroya, F., & De Stefano, L.
(2015). Learning from Experience: A Systematic Review of Assessments of
Vulnerability to Drought. Natural Hazards (DOI:10.1007/s11069-015-2006-
1)

Stahl, K., Kohn, 1., Blauhut, V., Urquijo, J., De Stefano, L., Acacio, V., Dias, S.,
Stagge, J.H., Tallaksen, L.M., Kampragou, E., Van Loon, A.F., Baker, L.J,,
Melsen, L.S., Bifulco, C.,, Musolino, D., de Carli, A., Massarutto, A,
Assimacopoulos, D., & Van Lanen, H.A.J. (2015) Impacts of European
drought events: insights from an international database of text-based
reports. Natural Hazards Earth System Science (NHESS) (Aceptado, en
revision) (DOI:10.5194/nhessd-3-5453-2015)

Esta tesis es el resultado de cuatro afios de trabajo desarrollados en el marco del
proyecto de investigacidon europeo “DROUGHT R&SPI: Fostering European Drought
Research and Science-Policy Interfacing”, 2011 - 2015 (http://www.eu-drought.org/).
Esta circunstancia ha influido en la definicion de las metodologias y también ha
posibilitado el alcance europeo de este trabajo, al establecer el marco de colaboracién
de las diferentes universidades involucradas en el proyecto y proveer la financiacién
necesaria para el desarrollo de esta tesis.



Introduccion y Objetivos

1.3. Estructura de la tesis

El documento se estructura en seis capitulos (Figura 1):

Capitulo 1. Introduccion y Objetivos. Este primer capitulo plantea la
justificacion de la investigacidn y presenta los objetivos de la tesis.

Capitulo 2. La gestion de las sequias y su evaluacién. Este capitulo comprende
los antecedentes y revisiéon de la literatura de esta tesis. Se presenta una
revision del marco conceptual de la gestion de las sequias donde se trata de
identificar y caracterizar el marco de la gestion del riesgo para mejorar su
comprension y poder abordar su andlisis. También se realiza una revision desde
la perspectiva de la evaluacidon, que servird para sentar las bases tanto
metodoldgicas como conceptuales sobre las que se sustenta el trabajo de esta
tesis.

Capitulo 3. Materiales y métodos. En este capitulo se resume el disefio de las
herramientas de evaluacion y analisis utilizadas en esta tesis. Se presenta el
planteamiento metodoldgico y se justifica la seleccion de la metodologia
utilizada en cada uno de los estudios.

Capitulo 4. Articulos. Se presentan los cinco articulos elaborados en el marco de
este trabajo de tesis.

Capitulo 5. Conclusiones. Este capitulo recoge las principales conclusiones y
flexiones tedricas y metodoldgicas que surgen del conjunto del trabajo
realizado y las lineas de investigacidn futuras identificadas.

Figura 1. Esquema general de la estructura de la tesis
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CAPITULO 2. LA GESTION DE LAS SEQUIAS Y SU EVALUACION

2.1. Enfoque de gestion de la sequia

En esta tesis la gestidon de la sequia se refiere al conjunto de “Acciones y respuestas
técnicas (ingenieriles) e institucionales (sociales, econémicas, legales y politicas) ante
situaciones de sequia” (WMO/UNESCO, 2012, p. 98). Esto incluye actuaciones muy
variadas que operan a diferentes niveles administrativos y de gestién, con distintos
marcos temporales y espaciales, que afectan a diferentes sectores o colectivos y que
puede adoptar diferentes formas, como una politica, plan o medidas concretas
individuales.

Tanto a nivel tedrico como practico se distinguen dos enfoques de gestidn claramente
diferenciados: (i) Gestion de crisis y (ii) Gestion de riesgo (Wilhite, 1999, 2001, 2002;
Wilhite et al., 2000; 2005; 2007, 2014; MEDROPLAN, 2007; Kampragou et al., 2011)
(Figura 2).

Figura 2. Ciclo de gestion de riesgo a desastres

Gestiondel riesgo |

Predicciony

Mitigacion Alerta Temprana

Preparacién Proteccién

Recuperacion

Evaluacion de

Reconstruccién impactos

Recuperacién Respuesta

Gestionde crisis

Fuente: Traducido de Wilhite (1999), ‘Risk and crisis management cycle’.

La gestion de crisis ha sido la forma tradicional de abordar la sequia en el pasado
(Wilhite, 2001; UNISDR, 2005), que ha demostrado ser ineficaz para reducir los
impactos de la sequia (Kossida et al., 2012). Esta forma de gestidn se caracteriza por su
caracter reactivo, centrado en la puesta en marcha de acciones durante la fase de
emergencia para hacer frente a los impactos detectados, es decir, actuar
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principalmente sobre los efectos una vez que estos ya han aparecido. La sequia se
considera como una situacion excepcional y los principales instrumentos politicos
utilizados son medidas de emergencia excepcionales y temporales, obras o
infraestructuras para aumentar la oferta de recursos y compensaciones econémicas
por los dafios y pérdidas. Esto refleja un énfasis en la respuesta de emergencia, a
menudo asociada a una escasa planificacidon previa de las acciones de reduccion y
mitigacion de los impactos. Esta falta de anticipacion o prevencién sustenta una de las
principales criticas a este enfoque, y, ademas, aumenta la vulnerabilidad a largo plazo
(Wilhite, 2001) e implica soluciones mas costosas (FAO & NDMC, 2008; UNISDR, 20093;
Logar & van den Bergh, 2013; Rossi & Cancellieri, 2013). Ademas, en ocasiones la
urgencia no permite un buen analisis de posibles medidas alternativas y limita la
participacidn de las partes interesadas.

El enfoque de gestion del riesgo a la sequia es proactivo y estd orientado a la
prevencion y mitigacidon de los impactos a través de la planificacion y con una visién de
largo plazo (Wilhite et al., 2000; UNISDR, 2007, 2009a, 2012; FAO & NDMC, 2008;
Kampragou et al.,, 2011; UNDP, 2011), que permite identificar a los sectores
vulnerables y analizar opciones de respuesta antes de que ocurra el evento (FAO &
NDMC, 2008). Tal y como se refleja en la Figura 2, el énfasis se pone, por tanto, en la
adaptacion a la sequia y no tanto en la respuesta de emergencia (Knutson et al., 1998).
Incluye medidas a corto, medio y largo plazo e implica actuar antes, durante y después
del episodio de sequia. Cabe sefialar que, aunque se adopte un enfoque de gestion del
riesgo, siempre habrd una parte de gestidn de crisis relacionada con la incertidumbre y
caracteristicas Unicas de cada evento de sequia que requieren una cierta actuacién de
emergencia y por tanto, ponen limites a la planificacién.

Algunas de las medidas mas representativas de este enfoque son los planes de gestion
de sequia (DMP) y los sistemas de monitoreo y alerta temprana (M&EWS). La
planificacion de la respuesta a la sequia se considera una forma mas eficaz de reducir
los impactos (FAO & NDMC, 2008; UNISDR, 2009a) respecto al enfoque de crisis,
aunqgue Logar & van den Bergh (2013) reconocen que existen pocos estudios sobre los
costes y beneficios de las medidas de prevencidn, mitigacidon o adaptacion a la sequia 'y
alertan sobre que los gobiernos son en general reacios a invertir en medidas de
mitigacion por la escasa informacion sobre estas (Ding et al., 2011).

Este enfoque también resalta la necesidad de fijarse en las cadenas causales entre la
sequia (causas) y las medidas (soluciéon), lo cual implica una mayor coordinacion
institucional y la participacién de los stakeholders (Kallis, 2008; Supramaniam et al.,
2011). Esto fomenta la colaboracién y la sostenibilidad (FAO & NDMC, 2008), y ayuda a
reducir la vulnerabilidad y a aumentar la resiliencia de una sociedad a la sequia
(Kampragou et al., 2011).

En la Figura 3 se presentan las diferencias entre el enfoque reactivo y proactivo. Si bien
no se pueden utilizar como sindnimos, el enfoque reactivo se asocia a la gestion de
crisis y el enfoque proactivo a la gestién de riesgo.
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Figura 3. Esquema de gestidon de la sequia bajo un enfoque reactivo (a) y proactivo (b)

(a) (b)

Condiciones Condiciones Condiciones Condiciones
“normales” “normales” “normales” “normales”

1. Analisis del riesgo
ala sequia

Monitoreo de
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de la sequia

| [1.pre-alerta
2. Alerta
3. Emergencia

Identificacion de
medidas de
emergencia

Implementacidn
de medidas de
emergencias

Ejecucién

Percepcion de
falta de agua

Fuente: Rossi et al. (2005), MEDROPLAN (2007)

Inicio de la sequia Fin de la sequia

2.1.1. Experiencias sobre la gestion del riesgo

Existen numerosas iniciativas y experiencias a nivel internacional y nacional sobre la
gestion del riesgo a desastres en general, y de la sequia en particular, entre las que
destacan: (i) las iniciativas a nivel internacional, lideradas por varias agencias de las
Naciones Unidas; (ii) Las iniciativas a nivel Europeo, a través de diversas iniciativas
comunitarias especificas enmarcadas fundamentalmente dentro de la politica de agua,
y (iii) otras referencias de cardcter nacional, como por ejemplo el caso de EEUU.

(i) Nivel internacional

Desde Naciones Unidas (NNUU) se han desarrollado varias lineas de trabajo
relacionadas con la gestién y reduccion de desastres naturales. Destaca la Estrategia
Internacional para la Reduccion de Desastres® (UNISDR, 2001). Se trata del marco
estratégico adoptado por los Estados miembro de NNUU en 2001 para guiar y
coordinar los esfuerzos dirigidos a la reduccidn de los impactos de los desastres desde
la gestion del riesgo. Su objetivo es crear comunidades resilientes como condicién
esencial para un desarrollo sostenible y supone una apuesta por la reduccién de los
desastres a través de la cultura de la prevencion.

La Estrategia y Plan de Accion de Yokohama adoptada en 1994, supone el primer
esfuerzo concreto que enfatiza el papel de la accion humana en la reduccion de la
vulnerabilidad ante desastres naturales. En el afio 2005, para continuar con dichos
esfuerzos, se puso en marcha a nivel internacional el “Marco de Accion de Hyogo para
el 2005-2015: Aumento de la Estrategia Internacional para la Resiliencia de las
Naciones y las Comunidades ante los Desastres, conocida como el Marco de Accién de
Hyogo? (UNISDR, 2007). Su objetivo es “reducir considerablemente las pérdidas que
ocasionan los desastres, tanto de vidas como de bienes sociales, economicos y
ambientales de las comunidades y los paises” (p.3). Pretende contribuir a la generacion
de capacidades y resiliencia ante desastres de los paises y comunidades para reducir su
vulnerabilidad ante estos eventos, entre los que se incluye la sequia. También
promueve que la reduccién de desastres sea una prioridad nacional y se considera un

! United Nations International Strategy for Disaster Reduction (UNISDR), www.unisdr.org
2 Hyogo Framework for Action (HFA) 2005-2015
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instrumento clave para implementar la reducciéon del riesgo a desastres a nivel
nacional. El Marco de Hyogo establece cinco areas prioritarias de accion, y establece
los principios y una guia practica para su implementacién en el contexto del desarrollo
sostenible (UNISDR, 2009a).

Recientemente, el 18 de marzo del 2015, los Estados Miembro de NNUU han adoptado
el “Marco de Sendai para la Reduccion del Riesgo de Desastres 2015-2030”, en Sendai
(Japdn). Este plantea la necesidad de “fortalecer las competencias y capacidad de
gestion y ejecucion de los distintos niveles de gobierno como condicion necesaria para
avanzar en la reduccion del riesgo a desastres y las pérdidas asociadas a estos eventos
a todos los niveles, global, regional y local”?. Se trata del nuevo marco de referencia
para los préximos 15 afios que da continuidad al Marco de Hyogo.

En 2013 tuvo lugar la Conferencia de Alto Nivel sobre Politica Nacional de Sequia® que
reunid a las agencias mds importantes que trabajan sobre el tema, (e.g. WMO, FAO,
UNCCD, UNESCO, UNISDR; UN-Water), marcando un hito a nivel internacional
(Sivakumar et al.,, 2014). En el marco de esta conferencia, la Organizacién
Meteoroldgica Mundial (WMO) y el Partenariado Mundial para el Agua (GWP) lanzaron
un “Programa Conjunto de Gestién Integral de la Sequia”® (Bokal et al., 2014). Su
objetivo central es apoyar a las partes interesadas a todos los niveles, proporcionando
orientaciéon normativa y de gestidon, y mediante el intercambio de informacién
cientifica, el conocimiento y las mejores practicas para la gestion integrada de la
sequia. Pretende apoyar asi la coherencia de los esfuerzos realizados por diferentes
agencias y organismos que luchan contra la sequia.

El Programa de Desarrollo de Capacidades de NNUU para el Agua (UNW — CPD) ha
lanzado también una “Iniciativa de desarrollo de capacidades para el desarrollo de
politicas nacionales para la gestion de la sequia”’®, en la que colaboran conjuntamente
WMO, UNCCD, FAO y UNW-DPC.

En el seno de otras agencias de NNUU, se han desarrollado guias y manuales de apoyo
para su adopcion, planificacion e implementacion de la gestion del riesgo a la sequia.
La Organizacion de las Naciones Unidas para la Agricultura y la Alimentacion (FAO), en
colaboracién con el Centro Nacional de Gestidén de la Sequia de Nebraska (NDMC),
EEUU, desarrollaron en 2008 un Manual para la planificacion de la Sequia en Oriente
Medio (FAO & NDMC, 2008). El Programa de Desarrollo de las Naciones Unidas
(UNDP), ha desarrollado una Guia para la Incorporacion de la Perspectiva de la Gestion
del Riesgo a la Sequia (‘Mainstreaming Drought Risk Management’) (UNDP, 2011) que
pretende dar soporte a los proyectos de sequia y cambio climatico.

La Organizacién para la Cooperacioén y el Desarrollo Econémico (OECD) ha preparado
un documento donde analiza las politicas de sequia e inundaciones en cinco paises a
nivel mundial (Espafia, Francia, Inglaterra, Canadd y Australia), ilustrando no solo el
conjunto de medidas disponibles en cada caso de estudo, si no las caracteristicas de
cada modelo de gestion y cdmo estan avanzando hacia la adopcion de un enfoque de

www.eird.org

High-Level Meeting on National Drought Policy (HMNDP), 11-15 Marzo 2013, Ginebra, Suiza

Integrated Drought Management Programme; ww.droughtmanagement.info; www.gwp.org

Capacity Development initiative on National Drought Management Policies (NDMP), www.ais.unwater.org

o v A~ W
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riesgo, proactivo y basado en la prevencidn, preparacion y mitigacion (Garrido & Rey,
2014).

Por tanto, se aprecia una creciente preocupacion por mejorar la gestién de las sequias
a nivel internacional a través de la promocién del enfoque de riesgo como marco de
referencia y el desarrollo de sus bases conceptuales, lo cual se refleja en el creciente
numero de iniciativas lanzadas a nivel internacional a lo largo de la ultima década.

(ii) Nivel europeo

En el contexto europeo, la gestidén de la sequia se aborda principalmente a través de
las politicas de agua, pero también desde las politicas agricolas y otras politicas
sectoriales (ej. energia, industria).

Las iniciativas europeas para la gestion de la sequia de referencia son la Comunicacion
sobre Sequia y Escasez (WS&D Com) (EC, 2007a), y la Directiva Marco de Agua (DMA)
(CEC, 2000) y su trasposicion a la legislacion de cada Estado Miembro.

La WS&D Com establece como prioridad el desarrollo de planes de gestidn de la sequia
bajo un enfoque de riesgo y de sistemas de monitoreo y alerta temprana. Establece
siete opciones politicas’ (‘policy options’) y directrices especificas para su
implementacion que se dirigen a minimizar los impactos socioeconémicos y sobre el
medioambiente en el marco de la DMA (EC, 2007a). Sus ideas clave son: (i) Avanzar
hacia la adopcion de enfoques de gestiéon del riesgo para construir sociedades
resilientes a la sequia y escasez; (ii) Aprovechar el amplio potencial de ahorro de agua
gue existe a nivel europeo, y (iii) Adoptar el principio de “jerarquia”, que establece que
las medidas de demanda deben tener prioridad mientras que las medidas de oferta
solo se deben considerar cuando se hayan agotados otras opciones (EC, 2007a).

La DMA establece el marco legislativo de la politica de agua introduciendo una nueva
perspectiva al establecer objetivos ambientales para todas las masas de agua. La DMA
se refiere a la sequia de dos maneras: (1) como excepcidon al cumplimiento de los
objetivos ambientales en el caso de tener lugar una sequia prolongada, y (2) a través
de su consideracién en diferentes instrumentos, medidas o indicadores. Entre estos
destacan el Articulo 13, que menciona la elaboracién voluntaria de Planes de Gestidn
de Sequia, y el Articulo 11, que considera la inclusion de medidas de sequia en el Plan
de Gestidn de la Demarcacién (Kampragou et al., 2011)

Existen otras iniciativas a nivel europeo sobre sequia mdas centradas en predecir,
monitorear y analizar los episodios de sequia. Algunas de estas son:

e Observatorio Europeo de la Sequia® del ‘Joint Research Centre’ de la Comisién
Europea. Se trata de un portal especifico sobre la sequia que contiene
informacidn sobre las caracteristicas fisicas de las sequias en formato de mapas
o indices.

’ (1) Putting the right price tag on water; (2) Allocating water and water-related funding more efficiently; (3)
Improving drought risk management; (4) Considering additional water supply infrastructures; (5) Fostering water
efficient technologies and practices; (6) Fostering the emergence of a water-saving culture in Europe; (7) Improve
knowledge and data collection

8 EDO - European Drought Observatory’; http://edo.jrc.ec.europa.eu

11



CAPITULO 2

e (Centro para la Gestion de la Sequia en el Sudeste Europeog. Su misién es
coordinar vy facilitar el desarrollo, evaluacién y aplicaciéon de instrumentos vy
politicas de gestion del riesgo de sequia en el sudeste de Europa, con el
objetivo de mejorar la preparacion para la sequia y la reduccion de los impactos
de la sequia. Su trabajo se centra en el monitoreo y determinacion de la sequia
asi como en el analisis de riesgo y vulnerabilidad.

Destaca también el trabajo realizado por la Agencia Europea del Medioambiente (EEA),
gue desarrolla numerosos estudios e investigaciones sobre diversos aspectos de la
sequia, como la evaluacién de los recursos hidricos para hacer frente a la escasez y la
sequia (EEA, 2009) y el estudio de vulnerabilidad a la sequia y la escasez en Europa
(Kossida et al., 2012).

Por ultimo cabe destacar algunos proyectos de investigacidn europeos sobre
diferentes aspectos de la sequia y su gestién entre los que destacan XEROCHORE,
CLICO, CLIMWATADAP, DEWFORA, DMCSEE, ESPON CLIMATE, MOVE, RESPONSES,
DROUGHT R&SPI, entre otros.

Sin embargo, a pesar de todos estos esfuerzos, seglin la Red Europea de Expertos
sobre Sequia y Escasez (‘European Water Scarcity and Drought Expert Network’), los
episodios de sequia se abordan principalmente a través de un enfoque de gestion de
crisis mediante la implementacién de programas nacionales o regionales de
emergencia para paliar los impactos de la sequia (EC, 2007c). Existe una creciente
preocupacion por la falta de efectividad asociada a este tipo de gestion de crisis
(Wilhite et al., 2000; Wilhite et al., 2014; Bokal et al., 2014), que ha resultado en fallos
importantes en la mitigacion de los impactos de la sequia, fomentando también la
continuidad de practicas no sostenibles que aumentan la vulnerabilidad de los
sistemas de recursos hidricos (Kampragou et al., 2011).

A la luz de un incremento de los impactos de la sequia (Stahl et al., 2012) y de las
previsiones de aumento de frecuencia y severidad de los episodios de sequia debido al
cambio climatico (EEA, 2009; IPCC 2007, 2012), se hace todavia mas necesario adoptar
este enfoque de gestion del riesgo a la sequia. Por ello se trata de una prioridad
identificada a nivel europeo (EC, 2007c; EEA, 2009; Kampragou et al., 2011; EC, 2012) y
se estd comenzando a producir un cambio en el enfoque de gestion del problema. En
Espana, un claro ejemplo de las mejoras en la planificacidon y prevencién de las sequias,
es la ley 10/2001 del Plan Hidrolégico Nacional™ que plantea la obligatoriedad de
elaborar Planes Especiales de Sequia (PES) en todas las demarcaciones hidrograficas.

Esto supone un cambio de paradigma en la gestion de la sequia. Sin embargo, a pesar
de la existencia de cierta tendencia a adoptar este enfoque de gestidon, que también se
ha identificado en otros paises (Garrido & Rey, 2014), todavia falta mucho por hacer.

(iii) Otras iniciativas: Centro Nacional de Mitigacién de la Sequia

El Centro Nacional de Mitigacién de la Sequia (NDMC)*, localizado en la Universidad
de Lincoln, Nebraska, EEUU, es una de las principales referencias que existen a nivel

® DMCSEE - Drought Management Centre for Southeastern Europe; www.dmcsee.org
04 Ley 10/2001, de 5 de julio, del Plan Hidrolégico Nacional (Articulo 27)
" National Drought Mitigation Centre (NDMC), (http://drought.unl.edu/)
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internacional por su trabajo e investigacion sobre todos los aspectos y facetas de la
sequia y su gestion.

Entre sus actividades destaca el Monitor de Sequia (‘U.S Drought Monitor’)*? (Svoboda
et al., 2002; Wilhite et al., 2007), la base de datos de impactos de la sequia (‘Drought
Impact Reporter’)™, en funcionamiento desde 1995, y una base de datos sobre
medidas de gestion y respuesta (‘Drought Management Database’)'. Ademas
disponen de numerosos materiales divulgativos e informacion técnica asi como
publicaciones cientificas.

Sus investigaciones sobre la gestién de la sequia se consideran pioneras y de referencia
a nivel mundial, aportando las principales bases conceptuales y metodoldgicas que se
estan utilizando actualmente. Sus ultimos trabajos se centran en cdmo desarrollar las
politicas de sequia a nivel nacional, como se explica mas adelante en este documento.

2.1.2. Caracteristicas de la gestion del riesgo a la sequia

Implicaciones de la consideracion de la sequia como un riesgo

La sequia es un riesgo climatico y su consideracidon como tal tiene ciertas implicaciones
para su analisis. Partimos de la definicion del riesgo como “la combinacion de la
probabilidad de que se produzca un evento y sus consecuencias negativas” (UNISDR,
20093, p. 12). Esto significa entender la sequia como la amenaza de sufrir un evento y
la vulnerabilidad como las caracteristicas, condiciones y factores sociales, econdmicos,
politicos y ambientales que hacen que el sistema sea susceptible a sufrir determinados
impactos.

La consideracion de la sequia como un riesgo implica reconocer que existe
incertidumbre, es decir, que se va a dar inevitablemente en algin momento, pero sin
conocer el momento preciso y su duracidn, intensidad y extension (Knutson et al.,
1998). También implica que un cierto nivel de impactos debe ser aceptado por la
sociedad, ya que no es posible evitarlos completamente. Sin embargo, el nivel
“aceptable” de impactos, puede variar de una sociedad a otra y debe tenerse en
cuenta en los procesos de gestion y planificacion de la sequia.

Existen diferentes formas de entender el riesgo de acuerdo con Wisner et al., (2003).

Desde una perspectiva “realista”, el riesgo es un evento objetivo que puede ser
medido independientemente de los procesos sociales y culturales. Esta forma de
entender el riesgo se asocia con enfoques cientifico-técnicos que se apoyan
principalmente en métodos estadisticos.

Desde una perspectiva constructivista siempre median procesos sociales y culturales
en la forma de entender el riesgo a un evento (Oliver-Smith & Hoffman, 1999). Esto
implica que el riesgo es una concepcidn social, es decir, surge como resultado de
determinados procesos sociales que van cambiando a lo largo del tiempo y en el
espacio, y que en general responden a un determinado modelo de desarrollo resultado
de procesos de transformacion social y econdmica. Esto es importante porque implica

12 http://droughtmonitor.unl.edu/
B http://droughtreporter.unl.edu/
1 http://drought.unl.edu/droughtmanagement/Home.aspx
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el reconocimiento de las acciones del hombre como parte del origen del problema y
como factores que afectan a la percepcidn de riesgo, en contraste con la visidon
realista. En esta tesis se entiende el riesgo a la sequia desde la perspectiva
constructivista. De esta manera, el riesgo a la sequia estard compuesto por una
dimensién socioecondmica y su fundamento no es exclusivamente natural.

En el extremo de esta postura, que Wisner et al. (2003) denominan ‘hard —
constructivists’, se encuentran aquellos que defienden que “nada es un riesgo en si
mismo, pero es un producto contingente creado histdrica, social y politicamente de
diversas 'formas de ver” (Lupton, 1999, p.35). Por tanto, segln esta aproximacion
epistemoldgica, el riesgo estd sujeto a valoraciones objetivas, pero también subjetivas.
Esto significa que la gestion del riesgo no puede prescindir de la participacion de los
sujetos del riesgo en su caracterizacién y en las decisiones sobre su gestion.

El riesgo se expresa en los niveles microsociales y territoriales; sin embargo, sus causas
no pueden reducirse exclusivamente a estos niveles porque éste puede ser también el
resultado de procesos y actores sociales extralocales, regionales, nacionales y hasta
internacionales. Esto presenta retos metodolégicos respecto a la seleccion de la escala
de analisis y niveles de gestidn que es necesario tener en cuenta.

Principales componentes y elementos de la gestion del riesgo

Existen diversas propuestas sobre las dimensiones o componentes que debe incluir la
gestion del riesgo a la sequia. Aunque cada autor propone su propio marco y utiliza su
propia terminologia, existen dos partes bien diferenciadas pero comunes a todos
(Hayes et al., 2004) ya que estan presentes, de alguna manera, en todas las propuestas
analizadas (Tabla 1):

(i) Identificacion y caracterizacion del riesgo
(ii) Gestion del riesgo

Tabla 1. Comparacion de marcos de analisis de la gestion del riesgo a la sequia

Knutsonet  Wilhite, 1999 UNISDR
’ ' Cardona, 2003* H tal.,, 2004 WMO, 2005* !
al., 1998 2001,2002  -oreend dyeseta 2009a*
; - ® Preparacion e Analisis del
i
(i * Episodio de e Seguimientoy episodio de sequia o |dentificacion

o |dentificacion del o
alerta temprana riesgo (percepcion) e Analisis de
o Evaluacion de go P P

Identificacion y sequia
caracterizacion e Impactos
del riesgo e Vulnerabilidad

e |dentificaciony )
s A del riesgo y alerta

" analisis del riesgo

vulnerabilidad temprana

Impactos (incluye impactos)

o Reduccion del e Reduccién del e Politicay

(ii) e Mitigacion riesgo (prevencion- e Acciones de Riesgo gobernanza

Ll . Respuesta mitigacién mitigacion Preparacion Mitigacion

Gestién del e Medidas * hespuesta gacion) g . (Preparaciény e Mitigaciony

. ® Recuperaciony e Gestion de ® Responsabilidades Mitigacion) preparacion
riesgo reconstruccion desastres (respuesta e Plan de accién e Transferencia e Sensibilizacion

y recuperacion) del riesgo y educacién

Fuente: Elaboracion propia; (*) No exclusivo de la sequia.

La identificacidn y caracterizacion del riesgo, a su vez, comprende siempre una parte
de andlisis del fendbmeno de sequia y otra vinculada con la vulnerabilidad y los
impactos, donde algunos autores ponen el énfasis en el analisis de la vulnerabilidad
(Hayes et al.,, 2004), otros en los impactos (Wilhite, 1999) y otros en ambos,
reconociendo su estrecha relacién (Knutson et al., 1998).
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La gestion del riesgo recoge principalmente las medidas y actuaciones. Las propuestas
de los diferentes autores también varian bastante pero, en general, siempre
diferencian una parte de prevencion o preparacion, otra de actuacion durante el
evento, ya sea de mitigacién o respuesta de emergencia, y otra de acciones de
recuperacion post-evento. Entre ellas se considera clave disponer de sistemas de
monitoreo y alerta temprana, el desarrollo de planes de sequia y de contingencia, la
promocion de la participacidén y coordinacion entre agentes, el desarrollo de campafias
de sensibilizacién y educacidn y la mejora de los aspectos institucionales y capacidades
(Wilhite et al., 2005; Kossida et al., 2012; Wilhite et al., 2014).

Los esfuerzos dirigidos a mejorar la incorporacion del enfoque de riesgo a la gestion de
la sequia han estado centrados en los procesos de planificacién, a través de la
elaboracién de planes de sequia. Diversas guias y recomendaciones que ayudan a la
elaboracién de dichos planes (e.g. EC, 2007c; FAO & NDMC, 2008; UNDP, 2013) se
encuentran disponibles, pero todavia hay pocas referencias sobre si funcionan
adecuadamente (Benitez Sanz & Schmidt, 2012; Gémez Gdmez & Pérez Blanco, 2012;
Fu et al., 2013a; Fontaine et al., 2014). Como se observa, todas estas referencias son
muy recientes y se espera que aumenten en los préximos afios con el fin de ampliar la
informacién disponible y poder evaluar el funcionamiento de los planes de sequia
como instrumentos de reduccion del riesgo.

En los ultimos afios estan aumentando las referencias sobre la necesidad de ir un paso
mas hacia adelante y desarrollar politicas nacionales de sequia. Kampragou et al.
(2011) presentan una hoja de ruta para el desarrollo y la implementacion de una
politica de sequia para los paises europeos, indicando los principales componentes de
cada fase de desarrollo de la politica:

(1) Definicién de los objetivos,
(2) Formulacion y planificacion de dicha politica y de los posibles instrumentos,
(3) Consulta a los stakeholders, adopcién e implementacion de las acciones,
(4) Evaluacién y revision de la politica
Mas recientemente, Wilhite et al. (2014) han presentado una serie de principios y

objetivos sobre los que se debe apoyar la planificacion de una Politica Nacional de
Sequia con enfoque de riesgo y que cuenta con 10 pasos® (Tabla 2).

Tabla 2. Proceso de planificacion de la politica de sequia

PASOS DESCRIPCION*

PASO 1 Designar una comisién para la politica nacional de gestién de la sequia

Exponer o definir las metas y los objetivos de la politica nacional de gestidn de la

PASO 2 , .
sequia basada en los riesgos

Fomentar la participacidn de los interesados; definir y solucionar conflictos entre
PASO 3 los principales sectores de usuarios de recursos hidricos, teniendo en cuenta las
consecuencias transfronterizas

Hacer un inventario de los datos y los recursos financieros disponibles y

PASO 4 . .
determinar los grupos de riesgo

Identificar los postulados clave de una politica nacional para la gestidn de la sequia

PASO 5 . . L
y los planes de prevencién conexos, que incluyan los siguientes elementos: la

 Estos pasos fueron presentados inicialmente en la década de los 90 y han sido revisados ligeramente
posteriormente en varias ocasiones (Wilhite 1999; Wilhite et al. 2000; Wilhite et al. 2005)
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PASOS DESCRIPCION*

vigilancia; la alerta temprana y la prediccién; la evaluacion de riesgos y
repercusiones; y la mitigacion y respuesta

Determinar las necesidades de investigacion y subsanar las deficiencias

PASO 6 o
institucionales

PASO 7 Integrar la ciencia con los aspectos normativos de la gestién de la sequia

Difundir la politica nacional para la gestion de la sequia y los planes de prevencion

PASO 8 G L
conexos y fomentar la sensibilizacion y el consenso de la poblacién

PASO 9 Desarrollar programas de educacién para todas las edades y todos los grupos de
interesados

PASO 10 Evaluar y revisar la politica nacional de gestién de la sequia y los planes de

prevencion conexos

Fuente: Adaptado de Wilhite et al. (2014). *Traduccidn basada en WMO & GWP (2014)

Retomando todos estos aspectos, se considera que la gestion del riesgo a la sequia
debe incluir no solo el analisis (biofisico o climatoldgico) de la sequia si no también
de los impactos y aspectos de vulnerabilidad asi como de las medidas de gestién en
su conjunto.

Con el fin de profundizar en cada uno de estos elementos clave, se ha tomado como
referencia el planteamiento de Knutson et al. (1998) por su caracter practico y se han
establecido cuatro componentes o dimensiones principales de analisis (Figura 4), que
guian la estructura de esta tesis y que se presentan a continuacién.

1. Sequia

2. Impactos

3. Vulnerabilidad

4. Medidas de sequia

Figura 4. Planteamiento del analisis de la gestion de riesgo a la sequia
f Andlisis de los impactos

IMPACTOS \

!

Sectores
afectados

Andlisis de la Vulnerabilidh

-Exposicion

-Sensibilidad

SEQUIA - Capacidades

-Medidas estratégicas

-Medidas operativas

1
1
I
:
-Medidas de recuperacion :
1
1
1
1

Politica de sequia

Elaboracidn propia.
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2.2. La sequia

La sequia es un fendmeno natural ciclico, de caracter hidro-climatolédgico, que se
origina por una reduccidn de las precipitaciones. En términos generales, la sequia se
refiere a una disminucion de las precipitaciones suficientemente intensa y prolongada
como para causar impactos (Pita Lopez, 2007).

Se trata de una caracteristica normal de nuestro clima (UNCDD, 1994; Wilhite et al.,
2000; Wilhite, 2001; Wilhite, 2002; FAO & NDMC, 2008; UNDP, 2011) que afecta a
todas las regiones y climas del planeta de forma recurrente, aunque sus efectos se
manifiestan de forma diferente de una regién a otra, y es dificil de predecir. Se
caracteriza por su aparicion progresiva (‘creeping phenomenon’, Wilhite & Glantz 1985,
p.111), por su duracién prolongada y por la dificultad para determinar su inicio y final
(Wilhite & Glantz, 1985; Med EUWI, 2008; Mishra & Singh, 2010). Esto constituye una
de sus caracteristicas diferenciadoras respecto a otros fenémenos naturales adversos,
como las inundaciones y terremotos, que suelen presentarse de forma rapida y
repentina.

La sequia puede producir un desastre natural si no es gestionada adecuadamente
(Wilhite, 2001; Wilhite et al., 2007; MMA/CHJ, 2007). De hecho, se considera uno de
los riesgos climaticos mas importantes por los danos que produce, provocando
importantes impactos socioecondmicos y ambientales que afectan a diversos sectores.
Se calcula que en los ultimos 30 afios las sequias han producido danos por valor de 100
billiones de euros a nivel europeo (EC, 2007a; EC, 2007c).

Las proyecciones de cambio climatico para Europa indican que es probable que este
fendmeno sea cada vez mas frecuente y severo debido a una mayor probabilidad de
inviernos mas calidos en el norte y veranos mas calurosos en el Mediterraneo, junto
con una disminucién de la precipitacion y un aumento de la evapotranspiracion
potencial (IPCC, 2007; Bates et al., 2008; Seneviratne et al., 2012).

2.2.1. Definiciones de sequia

Tal como apuntan diversos autores, no existe una definicidn universal de sequia
(Wilhite & Glantz, 1985; Wilhite, 2001; Wilhite et al., 2007; Lloyd-Hughes, 2014). Se
han identificado hasta 150 definiciones distintas (Wilhite & Glantz, 1985), reflejando
una gran diversidad y su tratamiento desde diferentes disciplinas y enfoques asi como
respecto a diferentes estados o sistemas afectados.

Sin embargo, existe cierto acuerdo sobre que la sequia se refiere a una disminucién de
las precipitaciones respecto a una cantidad y a un periodo que se considera ‘normal’.
Por ejemplo, en esta linea, la RAE'® (1984) define la sequia como “un tiempo seco de
larga duracion”; la WMO también se refiere a la “ausencia prolongada o deficiencia
marcada de la precipitacion” o a un “periodo anormal de tiempo seco, suficientemente
prolongado, en el que la falta de precipitacion causa un grave desequilibrio
hidrolégico” (WMO/UNESCO, 2012, p.98). Otras definiciones se refieren a la sequia
como un fendmeno de caracter temporal (UNDP, 2011) que produce importantes
desequilibrios hidrolégicos (UNCDD, 1994) produciendo importantes dafios y pérdidas

16 . ~
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de rendimiento en los cultivos (FAO, 1983) o que afecta a la actividad de diferentes
grupos, sectores y el medio ambiente (Wilhite, 2002).

La sequia se puede definir en términos conceptuales u operativos (Wilhite & Glantz,
1985; AMS, 2004; Med EUWI, 2008; Mishra & Singh, 2010; UNDP, 2011;
WMO/UNESCO, 2012). Mientras que una definicion conceptual trata de definir los
limites generales del concepto de sequia y se centra en apuntar a la reduccién de las
precipitaciones como el origen del problema, las definiciones operativas tratan de
identificar el inicio, terminacion, la frecuencia y la magnitud de dichos episodios y de
ser mas concretas y practicas. A este nivel, existe cierto consenso en clasificar la sequia
en cuatro tipos'’: meteoroldgica, agricola, hidrolégica y socioecondmica:

* Sequia meteorolodgica. Se refiere a la disminucion de la precipitacion respecto al
valor medio para una regién en un plazo de tiempo determinado (MMA/CHJ,
2007; Mishra & Singh, 2010). Segun el Ministerios de Medioa Ambiente (MMA)
“Se da cuando se produce una escasez continuada de las precipitaciones y es la
sequia que da origen a los restantes tipos de sequia y normalmente suele afectar
a zonas de gran extension”, que ademads apunta que “El origen de la escasez de
precipitaciones estd relacionado con el comportamiento global del sistema
océano-atmosfera”. Puesto que depende de la precipitacidon, es especifica de
cada contexto local y los umbrales para diferenciar periodos secos de himedos
deben fijarse en funcién de estas caracteristicas locales (Wilhite & Glantz, 1985).

e Sequia agricola. Se refiere al “Déficit de humedad en el suelo para satisfacer las
necesidades de crecimiento de un cultivo determinado en cualquiera de sus fases
de crecimiento” (MMA/CHJ, 2007, p. 8). Hay que tener en cuenta que la
demanda de agua de una planta varia para los diferentes tipos y especies pero
también en relacién a las condiciones meteoroldgicas precedentes, el estado de
crecimiento de la propia planta o las caracteristicas y condiciones del suelo
(Wilhite & Glantz, 1985). También se denomina hidroedafica o déficit de la
humedad del suelo (‘Soil Moisture drought’).

e Sequia hidroldgica: Se refiere a la “Disminucion en las disponibilidades de aguas
superficiales y subterrdneas en un sistema de gestion durante un plazo temporal
dado respecto a los valores medios, que puede impedir cubrir las demandas de
agua al cien por cien” (MMA/CHJ, 2007, p. 8). “La capacidad de gestionar los
recursos hidricos hace que la sequia hidroldgica no dependa exclusivamente de
los caudales fluyentes en rios y manantiales, sino también del volumen de agua
almacenado en los embalses y acuiferos, es decir, de la manera en que se
gestionen estas reservas. De ahi su definicion vinculada al sistema de gestion”
(MMA/CHJ, 2007, p 8).

¢ Sequia socioecondmica. Se define como la “afeccidon de la escasez de agua a las
personas y a la actividad econémica como consecuencia de la sequia” (MMA/CHJ,
2007, p. 9) y se asocia con la existencia de impactos, generalmente relacionados
con la insuficiencia del sistema para atender todas las demandas.

'7 Revisiones mas detalladas sobre las definiciones de sequia se pueden encontrar en Wilhite & Glantz 1985;
American Meteorological Society 2004; Med EUWI 2008; Mishra & Singh 2010; Sheffield & Wood 2011; Van Loon
2015.
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Recientemente algunos autores proponen otras categorias adicionales como Sequia
Subterranea (‘Groundwater Drought’) (Van Lanen & Peters, 2000; Peters et al., 2005;
Peters et al., 2006; Mishra & Singh, 2010), pero todavia su uso es limitado y existen
ciertas dudas sobre si realmente se pueden considerar como un nuevo tipo de sequia.

Cada tipo de sequia tiene efectos a diferentes niveles y sobre distintos sectores, y por
tanto la claridad sobre qué tipo de sequia se estd considerando es necesaria para
poder planificar y estructurar una respuesta adecuada y eficiente.

En términos generales se puede considerar que existe una secuencia temporal en el
desarrollo de los diferentes tipos de sequia (Figura 5), aunque esto puede variar y va a
depender de las caracteristicas del contexto y la vulnerabilidad de los diferentes
sectores afectados. Asimismo, la sequia socioecondmica, puesto que estd vinculada
con la aparicion de impactos, puede tener lugar en cualquier momento y estar
vinculada a cualquiera de las tipologias anteriores (Van Loon, 2015).

Figura 5. Secuencia y progreso de los tipos de sequia
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Fuente: NDMC, traduccién propia

Si bien los tres primeros tipos de sequia (meteoroldgica, agricola e hidroldgica) se
definen en relacién con los aspectos fisicos de los efectos de la propagacién de la
sequia en el medio, la sequia socioecondmica se refiere a los impactos econémicos,
sociales y ambientales (Wilhite & Glantz, 1985). En este sentido, es necesario
reconocer que la sequia es el resultado de la combinacién de factores naturales y la
influencia de factores antropicos (Wilhite et al., 2007), si bien el desencadenante es
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siempre una reduccién de las precipitaciones. La sequia meteoroldgica es por tanto la
Unica que tiene exclusivamente causas atmosféricas mientras que en el resto también
influyen factores ambientales y socioeconédmicos.

La reduccién de los recursos disponibles y sus potenciales impactos sociales vy
ambientales dependen de la intensidad de la reduccién de la oferta, los niveles de
demanda y uso, y se suelen manifestar de manera diferente a lo largo del tiempo,
segun va evolucionando el evento y afectando a los diferentes sectores (Tabla 3).

Por ejemplo, los cultivos de secano, puesto que dependen de la humedad natural del
suelo, se ven afectados por la sequia meteorolégica y agricola, y sufren impactos con
un pequefio desfase temporal desde que se detecta la reduccion de las
precipitaciones. La agricultura de regadio estd mas relacionada con la sequia
hidroldgica, ya que depende de la capacidad del sistema de proveer el agua de riego
que necesita. Sus efectos suelen tardar mas en aparecer ya que el regadio proporciona
cierta capacidad de adaptacidon a la variabilidad climatica. El sector de la energia
hidroeléctrica también se ve afectado una vez alcanzada la sequia hidrolégica, cuando
los rios presentan niveles bajos de caudales y su capacidad de produccién
hidroeléctrica se ve disminuida.

Tabla 3. Relacidn entre sectores y tipos de sequia

Sectores Sequia' . Seqfn'a' 'Seqtfia' . Sequi? '
Meteoroldgica Agrondémica Hidrolégica  Socioecondémica
Abastecimiento poblacion X X
Agricultura secano X X X X
Agricultura regadio X X
Ganaderia X X X X
Industria X X
Energia hidroeléctrica X X
Turismo y ocio X X X X
Navegacién X X
Medio Ambiente/ Ecosistemas X X X X

Fuente: Elaboracion propia.

Todas estas formas de definir la sequia reflejan la existencia de diferentes
percepciones de la sequia que, en ultima instancia, determinan la forma en que cada
sector de la sociedad y los gobiernos responden a este tipo de eventos (Wilhite &
Glantz, 1985; Supramaniam et al., 2011).

Diferencias entre sequia, aridez y escasez

Es necesario distinguir la sequia de otros conceptos similares y relacionados sobre los
que existe cierta confusion (Schmidt et al., 2012). Esto ocurre fundamentalmente con
los términos de Escasez, Aridez, Desertificacién y Olas de calor.

Una manera de diferenciarlos es atendiendo a su escala temporal y origen, destacando
el origen natural y caracter temporal y extremo de la sequia, pero también atendiendo
a otros criterios como se muestra en la Tabla 4.
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Tabla 4. Comparacion términos relacionados con la sequia

SEQUIA ESCASEZ ARIDEZ
Temporal Permanente Permanente
Caracter Disminucion  temporal Situacion permanente de Caracteristica permanente
temporal de precipitacion o déficit en relacidon con la de zonas con
caudal natural demandas precipitaciones bajas
Duracion Meses / afios Continuo / Permanente Continuo/ Permanente
Origen Natural Antropico Natural
Caracteristica del
Normal - Normal

clima

Causa

Disminucidn temporal
de la precipitacion

Desequilibrio entre la
demanday la oferta

Bajo nivel de
precipitaciones
caracteristico de esa zona
climatica

Interdependencia

Incrementa los efectos
negativos de la escasez y
de la aridez

Incrementa los efectos
negativos de la sequia y
las condiciones de aridez

Factor que facilita el
desarrollo de situaciones
de escasez

Medidas

Medidas preventivas, de
emergencia y de
recuperacion

Medidas estructurales,
cambio de modelo de uso
y consumo de los recursos
hidricos

Estrategias a medio y largo
plazo que promuevan un
uso sostenible de los
limitados recursos y para

combatir la desertificacidon

Fuente: Elaboracion propia, basado en Med EUWI (2008), Mishra & Singh (2010), Schmidt et al. (2012).

La aridez comparte su origen natural con la sequia, y se considera una situacién
estructural natural de una regién, que normalmente se refiere a bajos niveles de
disponibilidad de agua debidos a una baja precipitacién o altas tasas de
evapotranspiracién, siendo un rasgo que caracteriza ciertos climas.

La desertificacion se refiere principalmente a fendmenos de degradacién de la tierra 'y
el suelo que tienen lugar en regiones aridas, semi-aridas o sub-himedas y que son
provocados por varios factores entre los que se incluyen variaciones climaticas y la
actividad humana (UNCDD, 1994; Kassas, 1995). Periodos de sequia pueden agravar
problemas de desertificacion (Van Loon, 2015).

La escasez es el término mas problematico ya que opera en la misma escala temporal
gue la sequia y es el mas similar a ella. De hecho, los términos sequia y escasez en
ocasiones son utilizados indistintamente como si fueran sindnimos (Schmidt et al.,
2012). La escasez de agua se refiere basicamente a situaciones de déficit permanentes
donde existe un desequilibrio entre la oferta y la demanda es decir, los aportes no son
suficientes para hacer frente a las demandas de la sociedad. Esta situacion se agrava
en gran medida durante los periodos de sequia y, por tanto, sequia y escasez se
manifiestan de manera parecida en la practica (Van Loon, 2015). Es especialmente
importante distinguir entre estos dos conceptos ya que al ser sus causas diferentes,
requieren de medidas distintas.

Las olas de calor se refieren a un periodo de tiempo prolongado con temperaturas
superiores a la media en una determinada region. Sin embargo, tampoco existe
consenso sobre su definicion (Meehl & Tebaldi, 2004). Su principal diferencia con la
sequia es que estas tienen una menor duracién. Mientras que la sequia puede durar
meses o anos, la duracion de las olas de calor es del orden de semanas (Mishra &
Singh, 2010).
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2.2.2. Medicién de la sequia

Dada la diversidad de definiciones sobre la sequia, tal y como argumenta Lloyd-Hughes
(2014), resulta impracticable definir la sequia con un unico indicador o férmula
matematica. Sin embargo, muchos autores subrayan la necesidad de cuantificar la
sequia para poder gestionarla (Van Loon, 2015) o de contar con ciertos estandares
numéricos para poder comparar entre regiones o con episodios del pasado (Heim,
2002).

A lo largo de las ultimas décadas se han ido desarrollado una serie de indicadores e
indices para intentar medir diferentes caracteristicas o tipos de sequia. En general los
esfuerzos se han dirigido a determinar su duracién, incluyendo la determinacién de su
inicio y final, frecuencia, magnitud o severidad, intensidad y extensidn espacial:

e Magnitud o severidad: se refiere al nivel de déficit acumulado por debajo del
nivel critico.

e Intensidad: es la media del valor del parametro de sequia por debajo del nivel
critico.

e Duracion: se define mediante la determinacion del principio y fin del evento,
esta puede ser corta, media o prolongada.

e Extension espacial: se refiere a la amplitud de la zona afectada por la sequia.
Esta varia desde lo local a regional y nacional.

Sin pretender que sea un listado exahustivo, en la Tabla 5 se presentan los principales
indices existentes, con sus caracteristicas y principales aplicaciones. Este resumen
pretende dar una visién general de los indices mas importantes pero para mayor
detalle sobre su construccion, funcionamiento, fortalezas y debilidades, se pueden
consultar otros estudios especificos sobre indices y cuantificacion de la sequia (Wilhite
& Glantz, 1985; Heim, 2002; Keyantash & Dracup, 2002; MEDROPLAN, 2007; Kallis,
2008; Niemeyer, 2008; FAO & NDMC, 2008; Mishra & Singh, 2010; Hayes et al., 2011).

El indice de Precipitacién Estandarizado®® (SP1) es el indice mas comdnmente utilizado
para definir la sequia meteoroldgica (Heim, 2002; Hayes et al., 2011) y ha sido el
adoptado por la WMO para su mediciéon (WMO, 2009). Sin embargo, para el resto de
sequias todavia no existe consenso sobre cual es el indice mas apropiado. La utilidad
de cada uno de estos indices debe ser analizada en cada caso particular y para cada
contexto de aplicacién. Seneviratne et al. (2012), recomiendan una cuidadosa
seleccion de los indicadores teniendo en cuenta las caracteristicas de la sequia que se
guieren considerar. La disponibilidad de datos es una de las principales limitaciones
para el uso de la mayoria de los indices presentados. El calculo de los umbrales de
sequia y la necesidad de largas series de datos son otros limitantes y retos que todavia
hay que superar (Mishra & Singh, 2010).

Los indicadores que tratan de medir el componente socioecondmico se refieren mas
bien a la vulnerabilidad a la sequia (Iglesias et al., 2009) o a la medicidon o estimacién
de los impactos per se, pero no en relacién a tratar de medir este cuarto tipo de
sequia. De hecho, ninguno de los indices de la Tabla 5 incluye la dimension

'8 Standard Precipitation Index (SPI)
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socioeconémica de la sequia, lo que muestra la falta de indices de sequia que incluyan
los impactos en su medicién (Mishra & Singh, 2010; Todisco et al., 2013).

La tendencia actual se centra en el uso de un grupo de indices que intentan, en su
conjunto, reflejar la realidad de la sequia en todas sus dimensiones (Lloyd-Hughes,
2014). Un ejemplo de esto es el Monitor de la Sequia de EEUU (Svoboda et al.; 2002).

El analisis de la percepcion de los desastres es otra forma de acercarse a como se
entienden los diferentes individuos o colectivos este fendmeno. En el caso de la
sequia, existen varios estudios que tratan de indagar en la forma en la que la sequia es
percibida por distintos stakeholders, aunque generalmente se centran en los usuarios
y agricultores (e.g. Taylor et al., 1988; Dagel, 1997; Noemdoe et al., 2006; Giordano &
Vurro, 2010; Habiba et al., 2012). Este tipo de estudios permiten contrastar las
definiciones realizadas a nivel cientifico y su utilidad en un contexto especifico y a nivel
local, presentando un interesante potencial para hacer la definicion de los umbrales de
severidad de la sequia mas socialmente transparentes (Smakhtin & Shipper, 2008).
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Tabla 5. Principales indices de sequia, caracteristicas y aplicaciones

s S
W 8| 8| _E
29| SE| 8| LS
Indicador Descripcion Usos Datos que necesita &S| 22| 23| 28| Referencia
Ag|RL| 85|48
@ & T G
2 2
indicador de | Mide el estado de humedad del suelo de una regién;
n |ca‘;rd eda Se encuentra calibrado para regiones relativamente homogéneas, Ampliamente utilizado * Variables meteoroldgicas
:nter;5| a’ de Hace un seguimiento meteoroldgico de los periodos himedos y secos a largo plazo; para el seguimiento de la (temperatura, precipitacion,
a | eqmas € | +Informacion regional y perspectiva historica sequia en grandes contenido de agua del suelo) X X Palmer,
Palmer (PDSI) + Representacién espacio-temporal regiones; ¢ Rango de valores: -6/+6* 1965
- Retraso en pronosticar la sequia Boletin Semanal del Clima ¢ Mensual (También
- No adecuado para zonas montafiosas o con cambios de clima extremos y los Cultivos en EEUU. semanalmente)
- Algunas reglas para su calculo son arbitrarias
i La distribucion de la ocurrencia de las largas series temporales de precipitacionesse divide
Deciles en deciles para determinar la existencia y severidad de una sequia seglin unos
umbrales establecidos.
+ Es una manera sencilla y uniforme de determinar periodos secos de acuerdo a datos - . ¢ Variables meteorolégicas .
. K v P Utilizado por el Australian L & Gibbs &
histéricos de referencia (precipitacion)
o R Drought Watch System . X Maher,
+ Calculo estadistico preciso * Rango de valores: Deciles
. . . (NDMC) 1967
+ Permite compracidén entre regiones de 1-10
- Necesita registros climatoldgicos histdricos para que la determinacion de los deciles sea
precisa.
- Necesita calcular PET
dicador de | Enfocado al seguimiento de las condiciones de humedad que afectan a un cultivo en
In 'cad":j ed a: desarrollo a corto plazo. ¢ Variables meteoroldgicas
zulnfe aCMI e+ Responde con rapidez a los cambios de condiciones Seguimiento condiciones (temperatura, precipitacion) X Palmer,
ultivo ( ) - No bueno para hacer seguimiento a largo plazo de cultivos en EEUU ¢ Semanal (durante periodo 1968
- Asociados a ciclos vegetativos anualmente, por lo que no es util para periodos fuera de crecimiento vegetativo)
esta época o sequias prolongadas
dicad del Indicador de las condiciones del agua superficial, observa las anomalias, complementario * Variables meteoroldgicas
Isn u:.a.or de al PDSI y especifico para cada cuenca o regidn; Se calcula especificamente para cada (precipitacion)
uministro  de cuenca o region; ¢ Variables hidrolégicas
Aguas L. + Sencillo de calcular Puesta en marcha la (volumen de nieve, caudal de
Superficiales . . .- S L , Shafer &
+ Medida representativa de los recursos de aguas superficiales activacién y desactivacion los rios, agua almacenada en
(swsi) R ) s . . , . X Dezman,
- Si hay cambios en la caracteristica de la cuenca (ej. Nuevo embalse) o si fendmeno | del Plan de Sequias en los embalses) 1982
extremo fuera de la serie de datos histdrica, hay que recalcularlo. Colorado ¢ Rango de valores: -4,2/+4,2
- No representa bien los eventos extremos ¢ Mensuales (diferencias
entre periodo invernal y
estival)
indi d Indicador para medir el inicio, la intensidad, duracién e impacto sobre la vegetacion de la
Indice e sequia basado en informacién satelital. .
Condiciones de L. . . . . . [ . ¢ Variables: % de cobertura,
+ Informacién continua en el tiempo y en el espacio que permite monitorea dreas | Usado para determinar el P . .
la Vegetacién ) o . el indice de area foliar y el Kogan &
extensas a tiempo real inicio y monitorear la . " )
(vel) + Util durante la época de cultivo ara areas donde la cobertura de estaciones | evolucién de la sequia. Ej vigor clorofilico. X sullivan,
p yp quia. £ ¢ Rango de valores: 0— 100 1993

meteoroldgicas e hidrolégicas es escasa
+ Buen indicador de alerta temprana
- Limitada utilidad en la estacion fria cuando la vegetacion estd en estado latente

Junta de Andalucia, Espafia

(Sequia < 50)
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© S
2 © © ‘€
sd|e E s w| e 'S
Indicador Descripcion Usos Datos que necesita 2|22z 3| 3 §| Referencia
Ag|AL| 85|48
2 & T G
2
Indicador Cuantificacion de los déficits de precipitaciones durante diferentes periodos de tiempo.
Normalizado de | Basado en registros de precipitacion para largos periodos de tiempo, se ajusta la . .
Lo g & p P P . g. . P P I Ampliamente extendido su
Precipitaciones distribucion de probabilidad para su normalizacion. .
s - . uso para caracterizar la . -
(SPI) Determinacién de periodos himedos y secos. . . ¢ Variables meteoroldgicas
) . e sequia y determinar su S
+ Tiene en cuenta la escala temporal a la que se manifiestan los efectos del déficit de | . " . (Precipitation)
o inicio y final - McKee et
precipitacién desde el corto plazo al largo plazo. K . ¢ Rango de valores: -2/+2 X X X
L ) . . . (e.j. US Monitor; WMO) y al., 1993
+ Determina inicio, final e intensidad para cada mes y magnitud en base a datos - X * Mensual (parade 3,6, 12,
. también en sistemas de
acumulados para el periodo dado. . 24 y 48 meses)
h . ) S monitoreo y alerta
+ Sirve como alerta temprana porque monitorea la disponibilidad de agua a corto plazo.
. : : T . temprana.
- La longitud de la serie temporal influye en la distribucién de probabilidad y esta da
problemas en climas donde las precipitaciones tienen un marcado caracter estacional
Reconnaissance | Mide el déficit acumulado entre la precipitacién y la demanda evapotranspirativa de la
Drought Index atmosfera. Indice estandarizado cuyo funcionamiento e interpretacion es similar al SPI, ¢ Variables meteoroldgicas
RDI basado en probabilidades pero utilizando una distribucion lognormal. . . recipitacion;evapotranspira Tsakiris et
(RDI) P X P . . g En estudios aplicados (F.’, P . P P X X
+ Se puede calcular para diferentes periodos de tiempo. cion potencial) al., 2006
+ Permite comparaciones en areas geograficas extensas e.j. Mediterraneo. ¢ Rango valores: -4/+4***
- Uso limitado en monitoreo y alerta temprana
indi d Este indice considera la anomalias acumuladas en el balance hidrico climatico;
n |c‘e‘ » € | Es similar al SPI en tanto utiliza la distribucién de probabilidad y la ajusta a una funcién
Preupltauon. normal. Monitor elobal de la ¢ Variables meteoroldgicas Vicente
Evapotranspira + Relativo al contexto ya que utiliza el balance hidrico y tiene en cuenta la variabilidad de . g. (temperatura, precipitacion,
cion sequia a tiempo real del o . X X X Serrano et
darizad la temperatura. CSIC. Espafia evapotranspiracion potencial) al. 2009
Esstan arizada + Se puede calcular para diferentes periodos y regiones » 5P v
(SPEI) + Considera el efecto de PET sobre la severidad
- Calculo de PET complejo

Fuente: Elaboracidén propia, basado en Wilhite & Glantz, 1985; Keyantash & Dracup, 2002; Tsakiris et al., 2006; MMA web; FAO & NDMC, 2008; Kallis, 2008; Niemeyer, 2008;
Mishra & Singh, 2010; Van Loon, 2015.

(*) PDSI

(**) SPI

(3) RDI

4,00 6 mas: humedad extrema

2,0 o superior: humedad extrema

De0a-1,5normalasuave0al,5

-1,5a-4,0 moderadade 1,5a4,0
<-4 extrema > 4,0

1,5a1,99: muy himedo

1,0 a 1,49: humedad moderada
-0,99 a 0,99: casi normal

-1,0 a—1,49: moderadamente seco
-1,5a-1,99: muy seco

-2,0 o por debajo: sequedad extrema

3a3,99: muy himedo

2 a2,99: humedad moderada
1a1,99: ligeramente humedo
0,5 a 0,99: humedad incipiente
0,49 a - 0,49: casi normal

-0,50 a —0,99: sequia incipiente
-1a-1,99: sequia ligera

-2 .a-2,99: sequia moderada

-3 a-3,99: sequia intensa

-4 6 menos: sequia extrema
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2.2.3. Consideraciones para su analisis

e Es un fendmeno de duracién extensa y de comienzo y final difusos, que se
implanta de manera lenta y paulatina, siendo dificil determinar su inicio y final.

e Las sequias son recurrentes pero altamente impredecibles y se pueden dar en
todos los climas y areas geograficas, pudiendo afectar a un ambito geografico
relativamente extenso.

e (Cada sequia es Unica en cuanto a sus caracteristicas fisicas y a su extension
geografica y localizacion. Por tanto, se trata de un fendmeno especifico de un
cada contexto.

e Produce una gran diversidad de impactos, tanto en términos socioecondmicos
como ambientales, que trascienden a todos los sectores de la sociedad.

e Es importante distinguir la sequia de otros fendmenos similares, especialmente
de la escasez, para poder abordar mejor el problema.

e Se deben adoptar definiciones operativas para mejorar su comprension vy
medicion.
e Es necesario contar con indices de sequia socioecondmica o incluir datos de

impactos en los ya existentes.

e Es preciso elegir varios indices para intentar reflejar todas las facetas de la sequia
y matizar en cada caso qué tipo de sequia estamos intentando medir y se deben
adaptar a su contexto de utilizacion.

e El cilculo de los umbrales y la disponibilidad de datos suelen ser el principal
limitante y reto para la utilizacion de un indice determinado.

e El andlisis de percepcion puede ayudar a contrastar las definiciones cientificas
con la realidad del contexto local.
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2.3. Los impactos de la sequia

Las sequias se encuentran entre los desastres naturales de mayor alcance e impacto.
Se estima que, sobre la base de las sequias reportadas internacionalmente desde 1900,
mas de 11 millones de personas han muerto y mas de 2.000 millones se han visto
afectadas, mas que por cualquier otra amenaza fisica (Guha-Sapir, Below, Hoyois - EM-
DAT, 2010; UNISDR, 2011). Esta situacion se ve agravada en los paises en desarrollo
donde la sequia se asocia comuUnmente a situaciones extremas de escasez de
alimentos y al 60% de las emergencias alimentarias (FAO, 2003).

Kossida et al. (2012) apuntan que Europa ha experimentado varios episodios de sequia
de diversas intensidades, duracion y extensidén, que han tenido diversos impactos
ambientales y socioeconémicos. En los uUltimos 30 afios los impactos de la sequia se
estiman en 100 billones de euros (EC, 2007a; EC, 2007c; EEA, 2009) y que su coste
anual se ha cuadriplicado durante este mismo periodo (EC, 2007a). A pesar de la
importancia que sefialan estas cifras, existen pocos estudios que aborden la
complejidad de los impactos desde el nivel local al global y el desarrollo de bases de
datos que documenten los impactos a nivel regional y sectorial es casi inexistente
(Wilhite et al., 2007).

Conocer y poder anticipar los impactos es clave para poder responder y planificar las
acciones de mitigacién de una forma adecuada (Wilhite et al., 2007; Hayes et al., 2011;
Karavitis et al., 2014). Estos constituyen el punto de partida para profundizar en los
factores de vulnerabilidad (Knutson et al., 1998, Wilhite et al., 2007; Hayes et al., 2011;
UNDP, 2013). Asimismo, se considera informacién clave para incorporar en los
sistemas de monitoreo, aunque las experiencias al respecto son todavia muy limitadas
e incipientes (Hayes et al.,, 2011; Lackstrom et al., 2013). Segun Hayes et al., (2011)
existe falta de comprensién sobre la importancia de monitorear los impactos, la
utilidad de esta informacion y el tipo de datos que hace falta recolectar. También son
ampliamente reconocidas las dificultades para la recoleccién sistematica de este tipo
de datos, especialmente a nivel global (Wilhite et al., 2007; UNISDR, 2011).

2.3.1. Definicion y caracteristicas de los impactos

No existe una definicién estandarizada sobre los impactos de un desastre natural
(Okuyama & Sahin, 2009) y los términos ‘dafios, ‘pérdidas’ o ‘impactos’ se utilizan
como sindénimos e intercambiables, lo cual afiade confusidon a su andlisis. En el caso
concreto de los impactos de la sequia, se encuentra una situacidn similar.

Se entiende por impacto de la sequia aquellos efectos (principalmente) negativos,
tanto esperados como no esperados, que tienen lugar como consecuencia de un
evento de sequia. Su origen depende tanto de factores climatoldgicos e hidroldgicos
como sociales y del contexto (Wilhite et al., 2007). Knutson et al., (1998) entiende que
estos efectos son sintomas de vulnerabilidad y explica que existen impactos directos e
indirectos y de diversa naturaleza, que clasifica en sociales, econdmicos, ambientales
de una manera practica.

Los impactos de la sequia son multiples: pérdidas de vida, reducciéon del bienestar,
aumento de la pobreza y la inseguridad alimentaria por la pérdida de cosechas,
problemas en el abstecimiento de agua potable y reduccion de la produccién
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energética, entre otros. Ademas la sequia puede causar migraciones forzosas y generar
conflictos sociales, asi como deteriorar el medioambiente y los ecosistemas acuaticos y
terrestres (UNISDR, 2011).

Los impactos afectan a todos los sectores de una sociedad (Wilhite & Glantz 1985;
Knutson et al., 1998; Wilhite, 2002; Wilhite et al., 2007; FAO & NDMC, 2008; Med
EUWI, 2008; UNISDR, 2009a; Ding et al., 2011). Su manifestacidon temporal puede no
coincidir plenamente con el periodo de sequia que lo produce, y durar incluso varios
afios mas (Wilhite & Glantz, 1985; Kallis, 2008).

Los impactos son dinamicos (Wilhite & Glantz, 1985) por su evolucion en el tiempo y
en el espacio, y las relaciones de causalidad no son siempre bien conocidas (Kallis,
2008; Logar and van den Bergh, 2013; Lackstrom et al.,, 2013) o faciles de medir.
Existen efectos indirectos (secundarios, terciarios) que son dificiles de definir y que en
ocasiones exceden el dmbito territorial del propio evento de sequia.

Los impactos dependen de una combinacién de factores socioecondmicos, culturales,
politicos o ambientales, dado que estan influidos por la vulnerabilidad local en cada
momento (Wilhite & Glantz, 1985; Wilhite et al., 2007). La severidad de la sequia a
veces se expresa en funcion del nivel de impactos (Wilhite & Glantz, 1985), pero un
elevado nivel de impactos detectado no tiene por qué corresponder con un episodio
mas intenso o severo de sequia (Kundzewicz et al.,, 2007) ya que también hay que
tener en cuenta la capacidad de adaptacion (FAO & NDMC, 2008).

La escala de andlisis de los impactos adoptada es importante ya que en funcion de
esta, los impactos pueden variar. A una escala mayor de analisis, a nivel regional o
continental, la sequia puede tener impactos positivos en una zona mientras que en
otra se detectan consecuencias negativas. Es decir, puede enmascarar diferencias
regionales (Kallis, 2008). Por ejemplo, la pérdida de cereales en Rusia en el afo 2011
provoco cuantiosas pérdidas a los agricultores rusos mientras que los del centro y sur
de Europa se vieron beneficiados porque acapararon mayor cuota de mercado. Esto es
un ejemplo de la importancia de delimitar de manera apropiada y clara el dmbito
espacial de analisis de los impactos de la sequia (Ding et al., 2011) y la identificacion de
posibles “ganadores” fuera de los limites geograficos afectados por la sequia
considerados (Wilhite et al., 2007; Ding et al., 2011) o en otros grupos de la cadena de
produccién y comercializacién agraria (Musolino et al., 2015). De la misma manera, un
andlisis a nivel nacional puede esconder diferencias regionales y locales (Ding et al.,
2011). Por tanto, conjugar las especifidades del contexto local que caracterizan a los
impactos con la necesidad de contar con una imagen mas global a nivel nacional
dirigido a la toma de decisiones (Lackstrom et al., 2013) es un importante reto que
todavia es necesario superar.

Otro aspecto importante es la dificultad que existe para atribuir un determinado
episodio de sequia como causa de un impacto particular (Lackstrom et al., 2013) o para
asociarlo a los diferentes tipos de sequia definidos, ya que en general los impactos son
consecuencia de multiples factores de estrés (Laskstrom et al., 2013). Segun Van Loon
(2015) “las investigaciones sobre los aspectos fisicos de la sequia hidroldgica y sus
impactos se encuentran en sus inicios” (p. 378). Esto se puede hacer extensivo al resto
de los tipos de sequia.
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Distinguir entre los impactos de la sequia y de las medidas de gestion es importante
pero dificil de realizar. El andlisis de los impactos globales de una sequia, lleva implicito
el resultado de las medidas ejecutadas, mientras que el analisis del funcionamiento y
los resultados alcanzados (o efectos) de una determinada medida no nos dice nada
sobre el nivel general de impactos de una sequia. Conocer los resultados de las
medidas ejecutadas es importante para analizar su relacion con los impactos, pero
estas relaciones son poco conocidas ya que casi no existen estudios al respecto (Logar
& van den Bergh, 2013).

Ding et al. (2011) resaltan el interés de calcular el coste de los desastres porque el
beneficio de los programas de mitigacién puede ser cuantificado usando el coste
estimado del desastre que se hubiera evitado con dichos programas de mitigacion.

2.3.2. Clasificacion y medicion de los impactos

Existen varias formas de clasificar los impactos de la sequia. En primer lugar, los
impactos se pueden clasificar en funcion de su naturaleza siendo econémicos,
ambientales y sociales (Wilhite & Glantz, 1985; Knutson et al., 1998; Wilhite et al.,
2007; Med EUWI, 2008; UNISDR, 2009a). En segundo lugar se pueden diferenciar en
funcién de su relacion con el evento, pudiendo ser directos, indirectos e intangibles
(Martin-Ortega & Markandya, 2009; Ding et al., 2011; Logar & van den Bergh, 2013;
Jenkins, 2013). Por ultimo, se pueden catalogar en funcién de los sectores afectados
(Stahl et al., 2012).

Segun el NDMC, los impactos economicos son aquellos que producen algun coste a las
personas afectadas o que afectan al desarrollo de su actividad econdémica. Los
impactos ambientales son aquellos que afectan al medioambiente, ya sean los
animales, plantas o ecosistemas en general. Los impactos sociales son los que afectan
de alguna manera la salud, el bienestar y la seguridad de las personas, incluyendo los
conflictos por los recursos hidricos. En la Tabla 6 se presentan algunos ejemplos de
impactos para cada una de estas categorias.

Tabla 6. Principales impactos de la sequia

Tipo de impactos Ejemplos

Impactos econémicos Pérdidas de produccion en agricultura y ganaderia; Aumento de costes de
produccion ej. compra de alimento adicional para el ganado; Aumento del
coste del agua para los usuarios o de suministro para las empresas
abastecedoras; Coste de interrupcion de proceso de produccidén ej. en
industrias o hidroeléctricas; Pérdidas econdmicas relacionadas con la
interrupcion de la navegacion y transporte de mercancias.

Impactos ambientales Aumento de la erosién del suelo; Degradacion de habitats naturales;
Insuficiente agua y alimentos para la fauna salvaje; Aumento de la
mortalidad de peces en los rios; Empeoramiento de la calidad de las aguas;
Migracidn de la fauna salvaje; Aumento de incendios forestales; Pérdida de
humedales.

Impactos sociales Problemas de salud relacionados con la contaminacién de las fuentes de
agua o ecosistemas; Problemas de salud relacionados con las altas
temperaturas y sequedad del ambiente; Pérdidas de empleo en la
agricultura; Disminucién de actividades de ocio al aire libre.

Fuente: Elaboracion propia adaptado de NDMC.
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Es importante conocer en qué orden o secuencia se producen los impactos para poder
identificarlos mejor y entender por qué se producen. Por ejemplo, la reduccion de la
produccién de un determinado cultivo causa una disminucion de los ingresos del
agricultor y eso puede llevar a un aumento de los precios de dicho producto y del
desempleo. Asi, el primero se puede considerar como impacto directo y los dos
siguientes como indirectos. En general también se puede estimar que los impactos
directos tienen lugar a corto y medio plazo mientras que los indirectos se manifiestan
en el largo plazo (Jenkins, 2013), aunque tampoco existe consenso en la literatura
sobre este asunto. Karavatis et al. (2014) se refiere al “orden de interacciones” para
identificar esta secuencia de impactos y alude a tres niveles de interacciones, que van
desde las mas directas (de primer orden), a las mds indirectas (de tercer orden). Los
impactos de primer orden son aquellos relacionados con cambios en el sistema
hidrolégico, los de segundo orden con las actividades humanas tales como la
agricultura o la industria, entre otras, y los de tercer orden corresponden a
adaptaciones a los impactos anteriores.

Sectores afectados por la sequia son: abastecimiento, agricultura y ganaderia,
industria, energia, turismo, transporte y navegacién, medioambiente y salud publica.
Los impactos de la sequia son mejor conocidos y estudiados en relacion al
abastecimiento y la agricultura (Kallis, 2008; Logar & van den Bergh, 2013; Lackstrom
et al.,, 2013). Los dafios sociales y ambientales se han estudiado con menos
profundidad que los impactos econémicos (Shahbazbegian & Bagheri, 2010), en parte
por la dificultad para ser identificados y medidos.

A pesar de todos los esfuerzos realizados por analizar de manera sistematica los
impactos de la sequia, todavia faltan estudios de caracter global que aborden el
analisis de los impactos a la sequia de manera completa y por evento (Wilhite et al.,
2007; UNISDR, 2011; Ding et al., 2011; Lackstrom et al., 2013; Logar & van den Bergh,
2013; Karavatis et al., 2014) y apenas existen estudios de los impactos de la sequia a
nivel nacional (Ding et al., 2011).

Los estudios de los impactos de la sequia se pueden agrupar en tres tipos:
A. Bases de datos globales sobre desastres naturales
B. Estimaciones y calculos econdmicos de los impactos de la sequia

C. Bases de datos especificas con registros de impactos de la sequia

A. Bases de datos e iniciativas sobre desastres a nivel global

La informacidn disponible a nivel mundial sobre los impactos se enmarca dentro de los
estudios sobre Reduccion de Desastres Naturales y Gestion del Riesgo (UNISDR, 20093,
2011, 2013). Dichos estudios recogen los impactos de diversos desastres naturales en
términos de (i) nUmero de personas muertas, (i) nimero de personas heridas y/o
afectadas, (iii) pérdidas materiales o costes econdmicos.

La EM-DAT — ‘Emergency Events Database’” desarrollada por el Centro de
Investigacion sobre la Epidemiologia de los Desastres desde 1988 en Louvain, Bélgica,
es la mas utilizada y una referencia a nivel mundial. En esta base de datos, un evento

19 www.emdat.be/

30



Antecedentes

se considera un “desastre” si cumple uno de los siguientes criterios: (a) 10 o mas
personas muertas; (b) 100 personas reportadas como afectadas; (c) declaracién de
estado de emergencia; (d) llamamiento de ayuda internacional (Ferris & Petz, 2012).

La compafiia aseguradora MunichRe?® brinda datos en sus informes anuales, y posee la
mayor base de datos sobre catastrofes naturales del mundo desde 1980 con mas de
28.000 entradas (Ferris & Petz 2012). Presenta los datos agrupados por (i) dafios
asegurados, (ii) pérdidas totales, (iii) lesiones corporales y (iv) infraestructuras e
industrias afectadas. La informacion se encuentra disponible de manera grafica pero
no desglosada por evento. Segun Ferris & Petz (2012), la base de datos de MunichRe
presenta un mayor nimero que EM-DAT porque incluye impactos de desastres menos
importantes. Existen otras diferencias significativas como que EM-DAT utiliza el
término “impacto estimado” mientras que MunichRe se refiere a “pérdidas totales”, lo
cual tiene implicaciones en cdmo se mide cada una de ellas.

Otra fuente de informacién interesante es la del Servicio de Seguimiento Financiero
(‘Financial Tracking Service’) de la Oficina de Coordinacién de la Ayuda Humanitaria de
la Union Europea“, que aporta datos sobre la financiacion de la respuesta humanitaria
ante desastres en el mundo.

La Estrategia Internacional para la Reduccion de los Desastres (UNISDR) apoya a los
paises en el desarrollo de bases de datos que recojan informacion sobre las pérdidas
debidas a los desastres. Ademas, publica bianualmente el “Informe de evaluacién
global sobre la Reduccién del Riesgo de Desastres”?? donde sistematiza y presenta una
gran cantidad de informacién.

Existen otras iniciativas de referencia mas especificas, algunas de caracter nacional o
regional, entre las que destaca:

e ‘Global Risk Data Platform: The PREVIEW Global Risk Data Platform’%. Se trata
de un esfuerzo de multiples agencias para compartir informaciéon de datos
espaciales de riesgo global de los principales riesgos naturales.

e Preventionweb®. Es una plataforma web participativa de referencia para la
comunidad de reduccidn de riesgo a desastres.

e DESINVENTAR®: Es un sistema de manejo de informacién sobre desastres.
Enfocada a desarrollar inventarios nacionales sobre desastres y construccion de
bases de datos sobre dafios e impactos. Se encuentra informacién en espafiol y
para America Latina.

e ‘Global Facility for Disaster Reduction and Recovery’*®. Es una asociacién global
formada por mas de cinco donantes y gestionada por el Banco Mundial que
ayuda a reducir el riesgo e implementar el Plan de Accién de Hyogo en los
paises que lo necesitan.

20 .
www.munichre.com

*! http://fts.unocha.org/pageloader.aspx?page=home

?2 Global Assessment Report on Disaster Risk Reduction; www.unisdr.org/we/inform/gar
> http://preview.grid.unep.ch/index.php?preview=home&lang=eng

24 www.preventionweb.net/english/hazards/drought/

> www.desinventar.org/es/

® www.gfdrr.org/

2!
2|
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e ‘DalA’s — Damage and Loss Assessment’?’. Es una metodologia de evaluacion
inicialmente desarrollada por la Comisiéon Econdmica para América Latina y el
Caribe de las Naciones Unidas en 1972. Desde entonces ha sido mejorada poco
a poco y actualmente se enfoca en calcular el impacto global de un desastre
sobre la economia global de un pais y es utilizada por el Banco Mundial.

e UN-SPIDER?®: Iniciativa para compartir informacion espacial generada por
satélite y poderla utilizar para la gestion de riesgos naturales.

B. La evaluacidn econdmica de los impactos

La evaluacion econdmica de los impactos es una forma bastante extendida en la
literatura de analizar los impactos de la sequia. La cuantificacion econdmica de los
impactos produce informacién que es necesario conocer para el desarrollo y la
planificacion de politicas dirigidas a reducir los impactos de los desastres naturales en
general y de la sequia en particular (Logar & van den Bergh, 2013).

En términos generales, Perris & Petz (2012) mencionan tres grandes problemas
relacionados con la cuantificacion econdmica de los impactos de desastres naturales:
primero, la falta de consistencia y transparencia en la medicion y cdlculo de los
mismos; en segundo lugar, puesto que en muchos casos se basan en reportes e
informacién gubernamental, estos utilizan diferentes enfoques e instrumentos y
presentan diferentes métodos, por lo que las comparaciones son complicadas y deben
realizarse con suma cautela; y por ultimo, porque el cdlculo de algunos impactos, por
ejemplo, los danos en las infraestructuras, son claros y directos mientras que la cadena
causal de otros impactos son complejos de identificar y calcular.

No existe consenso en la literatura sobre la categorizacion o terminologia sobre costes
de la sequia (Logar & van den Bergh, 2013) pero si es comun distinguir entre costes
directos, indirectos e intangibles (Martin-Ortega & Markandya, 2009; Ding et al., 2011;
Logar & van den Bergh, 2013). Ademas existen varios modelos y métodos que se
pueden utilizar para estimar los costes de la sequia (ver Kallis, 2008 y Logar & van den
Bergh, 2013).

Logar & van den Bergh (2013) argumentan que es necesario diferenciar entre los
costes de los impactos de la sequia y los costes de las medidas de gestidon. Segln esto
autores, en general hay estudios que se basan en el analisis de los costes de la sequia
para un determinado sector o tipo de coste — e.g. econdmico, social o ambiental, pero
apenas nos encontramos con estudios que midan los dafios de una determinada
sequia (ver por ejemplo Martin-Orgeta & Markandya, 2009; Hernandez-Mora et al.,
2013) o a nivel nacional (Shahbazbegian & Bagheri, 2010).

C. Registros sobre impactos de sequia

Aunque a nivel global no existe ninguna base de datos especifica para los impactos de
la sequia, existen algunas experiencias interesantes a nivel continental o nacional que
han surgido para rellenar este vacio de informacion.

%" World Bank post-disaster damage and loss assessments; https://www.gfdrr.org/Track-11-TA-Tools
28 http://www.un-spider.org/
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En primer lugar cabe sefialar el Monitor de Sequia. Se trata de una base de datos de
impactos para EEUU que se encuentra principalmente enfocado al sector agrario y que
distingue 10 categorias de impactos: (i) Agricultura (ii) Industria y negocios, (iii)
Energia, (iv) Incendios, (v) Concienciacién general, (vi) Vegetacién y vida salvaje, (vii)
Ayudas, respuesta y restricciones, (viii) Sociedad y salud publica, (ix) Turismo vy
recreacion, (x) Abastecimiento de agua y calidad. Se trata de una iniciativa Unica a nivel
mundial lanzada en 1999 (Svoboda et al., 2002; Wilhite et al., 2007). Se nutre de
informacién aportada por los propios afectados y se encuentra en constante evolucién
y actualizacién.

A nivel europeo destaca el lanzamiento de dos iniciativas recientemente: la Base de
datos de Referencias de la Sequia en Europa®, y el Inventario Europeo de Impactos
Reportados® (Stahl et al., 2012). Ambas iniciativas han sido desarrolladas en el marco
del proyecto DROUGHT R&SPI. La EDIl comenzd a funcionar en 2012 y cuenta ya con
mas de 6.000 impactos individuales, de mas de 4.700 entradas de registro para Europa
(Stahl et al., 2015), que clasifica en funcidn de 15 categorias de impactos subdivididas a
su vez en numerosos sub-tipos de impactos. A partir de esta informacidn, se han
desarrollado varios estudios que exploran su utilidad para predecir impactos o su
relacion con algunos indices de sequia (Bachmair et al.,, 2014; Stagge et al., 2015;
Blauhut et al., 2015).

2.3.3. Consideraciones para su analisis
De la revision de la literatura presentada, se puede concluir que es importante:

e Profundizar en las caracteristicas de los impactos teniendo en cuenta su naturaleza
(econdémica, social y ambiental) pero también si son directos, indirectos o
intangibles. También es esencial conocer cémo afectan a cada sector.

e Mejorar el conocimiento sobre la cadena causal de impactos para todos los
sectores, especialmente para aquellos a los que tradicionalmente se les ha prestado
menos atencion.

e I|dentificar su escala temporal y geografica de la manera mas precisa que sea
posible.

e Distinguir entre impactos de las medidas de gestidn e impactos de la sequia.

e Mejorar la transparencia y comparabilidad de las metodologias de evaluacién de
los impactos de la sequia.

e Mejorar y aumentar el registro sistematico de los impactos de la sequia para
promover el uso de este tipo de informacidon y permitir comparaciones mas
rigurosas entre casos de estudio o regiones.

En esta tesis se aborda el analisis de los impactos de la sequia profundizando en el
proceso de registro de los impactos de la sequia para alimentar la EDII existente a nivel
europeo.

2 EDR - European Drought Reference, www.geo.uio.no/edc/droughtdb/
EDII - European Drought Impact Report Inventory
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2.4. La vulnerabilidad

La vulnerabilidad ha sido una cuestion de interés y estudio de diferentes disciplinas o
campos de investigacion (Janssen & Ostrom, 2006; Fissel, 2007), por ejemplo, el
cambio climatico, el riesgo a desastres, la ecologia, la sostenibilidad o las ciencias
sociales, por lo que cada una de ellas ha descrito y adaptado su significado de
diferentes maneras, y esto ha hecho que se haya desarrollado, a veces en paralelo
(Fussel, 2007).

De acuerdo con Birkmann (2006), se pueden encontrar mas de 25 definiciones
diferentes en la literatura. Esta diversidad da cuenta de su complejidad y es una fuente
de confusidn para su estudio (lonescu et al., 2009; Wolf, 2012, Costa & Kropp, 2013).
Algunos autores (Flssel, 2007; Wolf, 2012) incluso lo consideran un término casi inutil
si no viene acompanado de especificaciones adicionales que traten de delimitar el
concepto de vulnerabilidad: de qué (sistema), a qué estimulo (evento), y cudl es la
relacion entre ambos (lonescu et al., 2009). Recientemente han aparecido varios
estudios que tratan de entender las diferentes perspectivas planteadas desde el
cambio climatico y la reducciéon de riesgo a desastres y converger hacia una
conceptualizacién comun para ambas disciplinas (Wolf, 2012; IPCC, 2012; Costa &
Kropp, 2013; Birkmann et al., 2013).

En términos generales, existe cierto consenso en que la vulnerabilidad muestra el
grado de susceptibilidad de una sociedad a un peligro determinado y su capacidad
para afrontar el impacto que produce (Janssen & Ostrom, 2006), es decir, que puede
variar tanto como resultado de la exposicidn al evento como por las capacidades para
afrontarlo (Wilhelmi & Wilhite, 2002; Kundzewicz et al., 2007)

2.4.1. Caracteristicas y componentes de la vulnerabilidad

La vulnerabilidad es un concepto de construccion social (Birkmann et al.,, 2013), es
decir, es una idea o artefacto que se crea para ayudar a darle significado a la realidad
para entenderla, pero que no se relaciona con algo tangible o material. Segin Cardona
(2003), se trata de la manifestacién mas palpable de la construccidn social del riesgo.

Se caracteriza por su naturaleza transversal y multidimensional — social, natural,
econdmica, fisica, institucional, etc, ya que afecta a diferentes sectores de la sociedad,
de diferente manera y en diferentes momentos. Algunos autores incluyen ademas una
dimension psicoldgica (Alcamo et al., 2008; Zarafshani et al., 2012).

Es una condicidn especifica de un determinado contexto (Cutter, 1996; Brooks et al.,
2005) mads que una condicidn genérica, ya que viene determinada por la combinacion
de factores subyacentes que se manifiestan a nivel local y varian dependiendo de los
grupos sociales a los que afecta (IPCC, 2001, 2007; Birkmann, 2006; Soares et al.,
2012).

Es multi-escalar y dependiente de la escala (Turner et al., 2003; Adger, 2006;
Birkmann, 2006; Fekete et al., 2010). Las conexiones entre las diferentes dimensiones
y elementos operan a diferentes escalas espacio-temporales y generalmente incluyen
relaciones y procesos aleatorios o no lineares (Turner et al., 2003).

Es un concepto de naturaleza dindmica, tanto temporal como espacialmente (Cutter,
1996; Downing & Bakker, 2000; Wilhelmi & Wilhite, 2002; Birkmann, 2006; Wilhite et

34



Antecedentes

al., 2007; Cutter et al.,, 2008; Birkmann et al., 2013), marcada por la ocurrencia y
evolucidn de los eventos de sequia, y por las caracteristicas del contexto socio cultural,
econdmico, institucional y ambiental, que también se van modificando a lo largo del
tiempo.

La vulnerabilidad siempre va unida a un evento, estimulo, perturbacién o factor de
estrés (Fussel, 2007; Wolf, 2012) y tiene cierto caracter predictivo al referirse a los
impactos potenciales o futuros de dicho evento, independientemente de que estos
vayan a ocurrir o no después (Adger, 2006; Hinkel, 2011; Wolf, 2012).

Para profundizar en la comprension y conocimiento de la vulnerabilidad es necesario
indagar en cudles son sus causas y las relaciones causa-efectos que aparecen con los
impactos. Knutson et al., (1998) plantean partir de los impactos registrados para
analizar sus causas, entendidas como factores de vulnerabilidad.

Para facilitar su analisis, en general la vulnerabilidad se estudia en base a los
componentes que la conforman. Algunos autores distinguen entre vulnerabilidad
biofisica o natural y vulnerabilidad social o socioeconémica (Birkmann, 2006; Fissel,
2007; Cutter et al., 2008; Kuhlicke et al., 2011).

Birkman (2007) apunta a dos formas dominantes de describir la vulnerabilidad. La
primera y mas intuitiva se basa en identificar sus elementos principales y clasificarlos
en funcién de su naturaleza, refiriéndose a factores naturales o ambientales, sociales,
econdmicos, politico-institucionales o técnicos. Una segunda opcidon es describir la
vulnerabilidad en relacién a tres componentes principales: Exposicion, Sensibilidad y
Capacidad de Adaptacion (IPCC, 2001, 2007, 2012; Adger, 2006; Cutter et al., 2008;
lonescu et al., 2009; Fontaine & Steinemann, 2009; Costa & Kropp, 2013). Esta es una
forma bastante extendida en la literatura. Al igual que para la definicién y concepto de
vulnerabilidad, también existen diferentes formas para definir estos conceptos, y
cierta dificultad para delimitar las fronteras de cada concepto. Por tanto, es necesario
entenderlas desde las dos perspectivas dominantes para evitar incosistencias
conceptuales y un uso inapropiado (Tabla 7).

Tabla 7. Diferencias desde la perspectiva del riesgo y del cambio climatico

Perspectiva de

Perspectiva de

Concepto Reduccién del Riesgo a Desastres Cambio Climatico
Cuando un sistema susceptible es incapaz de
- . . hacer frente a los efectos adversos del cambio
Las caracteristicas y circunstancias de una e . o
. . . climatico, incluyendo la variabilidad y los
vul bilidad comunidad, sistema o bien que lo hacen extremos climaticos. Es una funcién del caracter
ulnerabilldad ¢ \scantibles a los efectos dafiinos de una . L ’
amenaza magnitud y tasa de variacidn climatica a la que
’ estd expuesto un sistema, su sensibilidad y su
capacidad de adaptacién
Principalmente percibido como un factor , -
Amenaza P P o Incluido dentro de la vulnerabilidad,
externo a la vulnerabilidad y por tanto no .
(‘Hazard’) ) , ., normalmente dentro de Exposicion
incluido en su medicidn
Activos expuestos; elementos en riesgo La presencia de la gente, medios de vida,
(personas, infraestructura, bienes, servicios y recursos ambientales, infraestructura,
o actividades econdmicas, etc.) presentes en o activos econdmicos, sociales o culturales en
Exposicion

la zona de riesgo, que por tanto estan
sujetos a pérdidas potenciales. Se podria
considerar como la vulnerabilidad externa

lugares que podrian ser afectados adversamente.
También relacionada con la magnitud vy la
frecuencia de riesgo potencial.
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Concepto

Perspectiva de
Reduccidn del Riesgo a Desastres

Perspectiva de
Cambio Climatico

Sensibilidad

Condiciones o estado del sistema que
condiciona el grado y tipo de impactos del
evento. Algunos modelos la entienden
como la propia vulnerabilidad. Se utilizan
otros términos como sindnimos: fragilidad
o susceptibilidad

Grado de modificacion o perturbacion del
sistema causado por el evento debido a la falta
de la resistencia y la predisposicion de la
sociedad y los ecosistemas sufran dafios.

Capacidad de
Adaptacion

Se refiere al aumento de capacidades,
entendidas como la combinacién de todas
las fortalezas, los atributos y los recursos
disponibles dentro de una comunidad,
sociedad u organizacion que pueden ser
utilizados para lograr los objetivos
acordados. Utiliza el concpeto de ‘coping
capacity’ para referirse a la capacidad de
afontar, gestionar condiciones adversas,
emergencias o desastres naturales.

Se refiere a la capacidad de un sistema o
individuo a adaptarse al cambio climatico.

Es la habilidad del sistema para evolucionar y
ajustarse al cambio producido por un evento
natural o cambios politicos, moderar sus efectos
y hacer frente a esa perturbacion

Fuente: Elaboracion propia basada en IPCC (2001, 2007, 2012) y UNISDR (2007, 2009b)

2.4.2. Marcos de analisis de la vulnerabilidad

El estudio de la vulnerabilidad ha dado lugar al desarrollo de diversos modelos
conceptuales para identificar y analizar sus componentes o elementos principales y
describir cdmo vy se relacionan entre ellos. Estos se han desarrollado desde diferentes
enfoques epistemoldgicos tanto de las ciencias naturales como de las ciencias sociales.

Existen algunos trabajos enfocados a realizar una revisidon sistematica de las
conceptualizaciones y modelos de vulnerabilidad, entre las que cabe destacar
Birkmann (2006), Adger (2006), Eakin & Leurs (2006), Gallopin (2006); Fissel (2007),
Hufschmidt (2011), Soares et al. (2012); Costa & Kropp (2013). Estos esfuerzos de
sintesis ponen de manifiesto las dificultades encontradas para su clasificacion (Tabla

desde un enfoque
holitico

8).
Tabla 8. Enfoques y modelos conceptuales para el analisis de la vulnerabilidad
PERSPECTIVA PARADIGMA ENFOQUE EJEMPLO MODELOS
Comunidad de Purame'm:‘e (1) ‘Vulnerability within the context of hazard and risk’ (Davidson,
s ., deterministas;
Biofisica gestion del Perspectiva 1997)
riesgo P .. (2) ‘UNISDR framework for disaster risk reduction’ (UNISDR, 2004)
tecnocrdtica
X Politica econémica (3) ‘PAR Model’ (Blaikie et al., 1994; Wisner et al., 2003;)
Paradigma
estructuralista Desarrollo y (4) ‘The Sustainable Livelihood Framework’ (DFID, 1999)
Social sostenibidad (5) ‘Double structure of vulnerability’ (Bohle, 2001)
Escuela de Ecologia humana o (6) ‘Vulnerability in the context of global environmental change
Ecologia enfoque community’ (Turner et al., 2003)
Humana socioecoldgico (7) ‘The DROP Model /'Hazard of place' Model’ (Cutter, 2003)
x:inirzbz;gi:ifes (8) ‘The ‘onion framework’ (Bogardi & Birkmann, 2004)
Integral Enfoque integral g (9) ‘The ‘BBC conceptual’ framework’ (Birkmannn, 2006)

(10) ‘MOVE Framework’ (Brikman et al., 2013)

Fuente: Elaboraciéon propia, basada en Birkmann (2006), Hufschmidt (2011), Soares et al. (2012); Costa
& Kropp (2013).
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Los modelos conceptuales suelen ofrecer pocas indicaciones sobre los métodos a
emplear para su aplicacién y qué modelo es mejor utilizar en cada situacion (Hinkel,
2011), ya que en ocasiones resultan vagos y poco intuitivos.

Birkmann (2006) encuentra paraddjicos los intentos de medir la vulnerabilidad desde
una perspectiva cientifica, si apenas somos capaces de definirla y conceptualizarla.
Esto en parte es porque se trata de un concepto tedrico y no un fenédmeno observable
(Hinkel, 2011). Luers et al. (2005) afirman que la definicion de criterios para la
cuantificacién de la vulnerabilidad es dificil, ya que la vulnerabilidad no es un
fenédmeno directamente observable.

Segun Kossida et al. (2012), existen principalmente tres enfoques metodoldgicos para
desarrollar un andlisis de vulnerabilidad:

(a) Perfiles de vulnerabilidad
(b) Indice de vulnerabilidad
(c) Modelos de simulacién multi-criterio

El desarrollo de Perfiles de vulnerabilidad es una herramienta muy atil para entender
el riesgo y guiar la planificacion de la prevencién y planificacién de la sequia (UNISDR,
2005). Consiste en desarrollar un marco formal que asegure la representacion de la
vulnerabilidad de manera sistematica considerando de manera concreta (a) la entidad
o sistema vulnerable, (b) el estimulo al que se es vulnerable y (c) las relaciones entre la
entidad y estimulo (Kossida et al., 2012). Este ha sido el enfoque utilizado en el
proyecto europeo NeWater para el desarrollo de un Protocolo Rapido de Evaluacién de
la Vulnerabilidad®" (Downing & Bharwani, 2006). También se relaciona con
diagndsticos mas participativas que utilizan métodos principalmente cualitativos y que
se dirigen a describir la vulnerabilidad mas que cuantificarla (e.g. Fontaine &
Steinemann, 2009).

Los indices de vulnerabilidad se construyen a partir de un conjunto de indicadores de
vulnerabilidad. Segun Hinkel (2011) estos puede ser de tres tipos principalmente:
deductivos (basados en la teoria), inductivos (basados en datos disponibles u
observaciones) y normativos (basados en juicios de valor). Los indicadores de
vulnerabilidad utilizados son variados y se suelen basar en los datos cuantitativos
disponibles de fuentes secundarias (estadisticas oficiales gubernamentales o de
instituciones), sobre todo en estudios a escala global o regional (Naumann et al., 2013;
De Stefano et al., 2015). Este enfoque, si bien es comun en la literatura, es criticado
por las limitaciones de datos que encuentra y la simplificacidon excesiva, en algunos
casos, de la realidad que pretende medir.

Los Modelos de simulacion multicriterio consideran un conjunto de variables entre las
que de incluyen variables tanto biofisicas como socioecondmicas, para las que aplican
diferentes ponderaciones. Este enfoque ha sido utilizado por el DMCSEE, dirigido a
calcular la vulnerabilidad a la sequia a nivel nacional en varios paises del sureste de
Europa, por ejemplo Hungria (Popova et al., 2012).

En la practica, la explicacion de la metodologia utilizada para evaluar la vulnerabilidad

1 BRAVA - Baseline Rapid Vulnerability Assessment, www.newater.uni-osnabrueck.de
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a menudo es escasa 0 poco transparente. Para aumentar el potencial de comparacion
entre casos seria necesario que se especifiquen las decisiones tomadas acerca de la
metodologia y del proceso de investigacion (Hinkel, 2011).

La mayoria de los estudios de vulnerabilidad son de caracter local (e.g. Wilhelmi &
Wilhite, 2002; Fontaine & Steinemann, 2009; Gbetibouo & Ringler, 2009), ya sea a
nivel de comunidad o escala regional. A nivel nacional también existen algunos
estudios importantes (e.g. Erian et al.,, 2011; UNEP, 2013) mientras que a nivel
continental o global hay pocas experiencias (e.g. Eriyagama et al., 2009; Iglesias &
Garrote, 2012; Naumann et al., 2013).

2.4.3. Consideraciones para su analisis

Hay algunos aspectos sobre los que es necesario reflexionar a la hora de plantear el
analisis de la vulnerabilidad:

e Al igual que para la sequia, la vulnerabilidad no es un concepto universal ni
estatico y su definicidon es compleja.

e Existe un mayor desarrollo y consenso a nivel conceptual que a nivel operativo o
metodoldgico sobre cdmo medirla.

e Es preciso definir de forma clara el sistema que estamos considerando como
vulnerable y las caracteristicas del evento al que somos vulnerables.

e Es necesario tener en cuenta cierto nivel de incertidumbre sobre la vulnerabilidad,
ya que la vulnerabilidad siempre indica una potencialidad a futuro que esta sujeta
a las caracteristicas concretas de cada evento de sequia.

e los factores de vulnerabilidad o componentes en los que se descomponga la
misma deben ser concretos y especificar la manera en la que contribuyen a
aumentar o disminuir la vulnerabilidad. Esto es porque el efecto que tienen sobre
la vulnerabilidad no es siempre claro y univoco, ya que un mismo factor tiene un
efecto distinto sobre la vulnerabilidad dependiendo de las circunstancias y los
sectores considerados.

e Se necesitan datos de numerosas variables y a diferentes escalas espacio-
temporales que no siempre se encuentran disponibles o accesibles.

A partir de esta revision bibliografica sobre vulnerabilidad a la sequia se plantea la
necesidad de indagar sobre las caracteristicas y tendencias de las evaluaciones
dirigidas a medir de forma cuantitativa la vulnerabilidad a la sequia, cuyos resultados
forman parte de uno de los cinco articulos que componen esta tesis.
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2.5. La implementacidn y gestidn de la sequia: instrumentos y medidas

Las politicas de gestidon de la sequia se implementan a través de un conjunto muy
amplio de medidas. Esto es comun a la formulacién de cualquier politica, pero es
especialmente evidente en el caso de las politicas ambientales y, en concreto, en la
gestion de la sequia. Asi muchas de las formas de intervencidn pueden pertenecer a
una politica determinada o provenir de politicas afines, relacionadas o
complementarias. Esto conlleva la ausencia de una delimitacion precisa de los limites
de la propia politica de sequia.

Esta caracteristica, muy frecuente en el campo ambiental, incrementa sustancialmente
las posibilidades de actuacion, al tiempo que dificulta las posibilidades de una
clasificacién concreta y operativa de las medidas de gestiéon. Al mismo tiempo y dado
gue una medida determinada puede no haberse disefiado especificamente para la
gestion de la sequia, el abanico de potenciales medidas se incrementa también de
forma relevante.

2.5.1. Tipos de medidas de gestion de la sequia

El analisis de la gestion de las sequias, especialmente si se desea evaluar el enfoque
adoptado, requiere una clasificaciéon de las medidas de acuerdo a sus caracteristicas
fundamentales. En este sentido, procede dividir las clasificaciones propuestas por la
literatura en dos grandes grupos: (a) Genéricas y (b) Especificas. En el presente trabajo
nos centraremos en este segundo grupo, pero a continuacién se describen, de forma
breve y sin dnimo de ser exhaustivos, algunas de las principales medidas de cada
grupo.

A. Genéricas

Este primer conjunto procede de los campos de la planificacidn y la teoria politica, que
establecen categorias genéricas, y por lo tanto aplicables a cualquier politica.

Una de las formas mas extendida de clasificacién genérica procede del campo de la
planificacion y formulacidn de politicas. Sigue un ciclo de formulacion tedrico (‘policy
cycle framework’, Jann & Wegrich, 2006), a lo largo del cual, los objetivos de la politica
se van volviendo explicitos y las intervenciones se van concretando presupuestaria,
espacial y temporalmente. Los instrumentos que desarrollan las politicas siguen una
secuencia jerdrquica que los clasifica en normas, estrategias, planes, programas y
medidas concretas.

Otras clasificaciones se basan en el mecanismo de intervencion. Un ejemplo es la
clasificacién propuesta por Vedung (1997), que clasifica las medidas de gestion como
regulatorias (normas, prohibiciones, permisos, etc.), econdmicas (inversion directa,
ayudas y subvenciones, impuestos, tasas, mecanismos financieros, etc), informativas
(campanfias de sensibilizacion, educacién) y organizacionales (creacién de instituciones,
grupos de trabajo, instituciones).

B. Especificas

Este segundo grupo es especifico del contexto de la sequia, por lo que es mas
relevante en el presente trabajo.
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Este tipo de clasificaciones son muy variadas porque en la mayoria de los casos se
realizan ad hoc para ajustarse al contexto de desarrollo de la politica.

En base a la revision de la literatura especifica de la gestién de las sequias y su
planificacion, se han identificado ocho formas principales de clasificar las medidas en
funcion del uso de diferentes criterios.

(i) Segun las fases de actuacion y enfoque (e.g. FAO & NDMC, 2008; UNISDR, 2009b)

*

Preparacion: Se trata de medidas adoptadas antes de la sequia para mejorar las
capacidades institucionales, y establecer herramientas para predecir y
monitorear el evento y sus impactos, y garantizar una respuesta coordinada y
efectiva.

Mitigacion. Incluye las medidas orientadas a evitar o limitar los efectos
adversos de la sequia, incluyendo medidas estructurales y no estructurales.

Respuesta. Se trata de los esfuerzos de gestion que tienen lugar durante o
inmediatamente después de una sequia para paliar sus consecuencias.

Recuperacion. Son las decisiones y acciones tomadas después de una sequia,
con miras a restablecer o mejorar las condiciones de vida de la comunidad
afectada anteriores a la sequia.

(ii) Segun el_nivel de formulacion (e.g. Dziegielewski et al., 1997; MMA/CHJ, 2007;
Ferrer Polo & Mondéjar, 2015)

Las medidas estratégicas son actuaciones a largo plazo que forman parte de la
planificacion hidrolégica (e.g. estructuras de almacenamiento y regulacion,
normativa y ordenacion de usos). A menudo tienen plazos de implementacion
largos y altos presupuestos. Ademads, suelen necesitar negociacién politica,
aceptacion social y modificaciones legislativas.

Las medidas tdcticas son actuaciones a corto plazo planificadas y validadas con
anticipacion, normalmente en el marco de un plan de gestién de la sequia. Este
tipo de medidas han sido estudiadas sobre situaciones histdricas y se adoptan
una vez constatada la situacion de sequia mediante el sistema de indicadores.

Las medidas de emergencia se adoptan bien avanzada la sequia y varian en
funcion de la gravedad de la misma y su extensién o grado de afeccion a la
cuenca. Se caracterizan por su inmediatez y urgencia.

(iii) Segun los objetivos o estrategia en relacidon con la planificacidon y gestion del agua
(e.g. MEDROPLAN, 2007; Rossi & Cancilliere, 2013; Karavatis et al., 2014).

Reduccion de la demanda. Aquellas medidas dirigidas a reducir el uso de los
recursos, ya sea fomentando el ahorro, evitando pérdidas o promoviendo un
uso mas eficiente (e.g. incentivos econémicos para el ahorro, técnicas de riego
mas eficientes).

Aumento de la oferta. Aquellas acciones encaminadas a aumentar los recursos
hidricos disponibles a través de la construcciéon de infrastructuras de
almacenamiento o incorporacién de nuevos recursos (e.g. aumento de la
reutilizacion, desalacidn, trasvases).
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Reduccion de los impactos. Acciones dirigidas a minimizar los impactos, por
ejemplo a través de actividades educativas y de sensibilizacién, programas de
seguros y ayudas publicas. Se refiere tanto a las medidas que van dirigidas a
prevenir los efectos negativos de la sequia como las que se destinan a
reducirlos una vez ya han ocurrido.

(iv) Segun la naturaleza de las medidas (e.g. Rossi et al., 2007; UNISDR, 2009b)

Estructurales. La construcciéon de infraestructuras para reducir o evitar los
posibles impactos de las amenazas, o la aplicacion de técnicas de ingenieria
para lograr incrementar la resiliencia de las estructuras o de los sistemas frente
a las amenazas.

No estructurales. Cualquier medida que no suponga la construccion de
infraestructuras y que utiliza el conocimiento, las practicas o los acuerdos
existentes para reducir el riesgo y sus impactos, especialmente a través de
politicas y leyes, una mayor concientizacién publica, la capacitacién y la
educacion.

(v) Segun su temporalidad o duracién (e.g. MEDROPLAN, 2007; Rossi & Cancilliere,

2013)

Las medidas a largo plazo son aquellas que se implementan antes del evento y
que se dirigen a prevenir sus impactos. Generalmente se orientan a mejorar los
sistemas de abastecimiento de agua para satisfacer las demandas futuras en
condiciones de sequia.

Las medidas a corto plazo se dirigen a mitigar los impactos de una sequia en
particular con el marco de gestion e infraestructuras existente en ese momento
y en base a una planificacién previa.

(vi) Segun el sistema o sector al que van dirigidas (e.g. MEDROPLAN, 2007, Strosser et
al., 2012)

Estos sistemas incluyen, por ejemplo: abastecimiento, agricultura, energia,
industria, medioambiente, navegacion y turismo.

(vii) Segun el tipo de organismo gestor (e.g. MEDROPLAN, 2007)

Las medidas se consideran publicas cuando son iniciadas e implementadas por
el gobierno o la administracidon a cualquier nivel. Estas son el resultado de una
decisién politica dirigida a atender las necesidades de la poblacién.

Las medidas son privadas cuando son iniciadas e implementadas por
individuos, organizaciones o empresas.

Las medidas mixtas son aquellas en las que participan tanto las
administraciones publicas como los agentes privados, por ejemplo, a través de
la implementacion de programas educativos financiados con fundos publicos
pero ejecutados por entidades privadas.

(viii) Segun su nivel de importancia (Benitez Sanz & Schmidt, 2012; CLIMAWATADAPT;
EC, 2012)
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e Medidas (‘measures’). Se refieren a las medidas técnicas, de infrastructuras
verdes y de manejo del uso del suelo que se dirigen al ahorro de agua y de los
impactos de las sequias.

e Medidas complementarias o de apoyo (‘support actions’). Se refieren a las
medidas de control administrativo, instrumentos financieros, regulaciones,
planes de manejo, iniciativas voluntarias y actividades educativas como la
investigacion y la sensibilizacién, que apoyan la implementacién de las
‘medidas’.

En esta tesis se ha definido una clasificacion que combina las clasificaciones (i), (ii) y
(iii), ya que ninguna de las opciones individuales satisfacia del todo las necesidades de
una definiciéon amplia pero operativa. Las clases de esta nueva clasificacion quedan
definidas de la siguiente forma:

e Preventivas/Estratégicas

e Operativas/Respuesta/Tacticas
e De recuperacion

e Organizativas o de gestidn

En cada categoria se ha tratado de agrupar bajo un mismo epigrafe aquellos términos
gue se consideran conceptos muy similares. Es comun relacionar las actuaciones
estratégicas con medidas de tipo preventivo, y las tacticas u operativas con mediadas
de respuesta. Las medidas de respuesta se separan de las tacticas u operativas e,
igualmente, las medidas organizativas de las de caracter estratégico para convertirse
en una categoria diferente porque se pretende resaltar su importancia y su propdsito
especifico, dado que se considera que las medidas organizativas se dirigen a apoyar la
implementacién del resto de medidas mas que a reducir los impactos de la sequia.

Es importante sefialar que, el sistema combinado planteado coincide en gran medida y
es compatible con el andlisis de los planes de sequia espanoles, que utilizan el sistema
de clasificacion (ii).

Algunos autores también utilizan combinaciones es estas clasificaciones puesto que
esto permite obtener mayor informacién sobre las caracteristicas de las propias
medidas y del enfoque de gestion implementado. Por ejemplo, MEDROPLAN (2007),
primero divide las medidas segin su temporalidad/duracion (v) y luego segun su
objetivo (iii), dentro del cual distingue entre los sistemas afectados (vi).

Ademas de la revisidn de la literatura mencionada, se han identificado y clasificado, las
medidas contenidas en todos lo estudios de caso considerados en esta tesis, dando
lugar al listado de medidas de la Tabla 9. Este listado no pretende ser exhaustivo pero
si reflejar el conjunto de potenciales medidas de sequia.
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Tabla 9. Tipologia de medidas de sequia

MEDIDAS ESTRATEGICAS (o de planificacion o preventivas)

Desarrollo de PES/PE/PC y otros planes

Elaboracién de estudios, investigaciones y proyectos piloto (inventario y seguimiento de estado de
los recursos y ecosistemas)

Desarrollo de sistemas de informacion sobre la sequia ( SAT(EWS&M, observatorios, etc)

Definicion de prioridades de uso del agua

Seguimiento y monitoreo de las medidas/resultados/planes...

MEDIDAS TACTICAS (u operativas)

Gestion de la demanda

Mejorar la eficiencia del uso del agua

Gestion de derechos, bancos y mercados de agua

Reducir las pérdidas de distribucion y fugas

Promover el ahorro en diferentes sectores

Regulaciones de uso (prioridades, limitaciones, restricciones)

Gestion de la oferta

Conservacién de los recursos

Mejora de la recarga y almacenamiento natural
Mejora de la eficiencia de las instraestructuras
Manejo de las extracciones de los acuiferos
Promocidn de la recoleccion de agua de lluvia
Aumento de la reutilizacién de aguas recicladas
Establecimiento de plantas desalinizadoras
Recarga artificial de acuiferos

Transvases de recursos (internos, externos)

Educacidn y Sensibilizacion

Campafias de concienciacion
Educacidn, sensibilizacidn y capacitacion para el ahorro

Ambientales

Proteccion y restauracidn de ecosistemas

MEDIDAS DE RECUPERACION

Esquemas de compensacién (seguros, subsidios, credits)
Restauracion de ecosistemas

MEDIDAS ORGANIZATIVAS (o de gestion)

Medidas Econémicas

Desarrollo de incentivos econdmicos y fiscales
Precio del agua

Medidas Administrativas

Medidas de gestién administrativa
Medidas legales
Control y penalizacién

Promocion de la participacion

Promover la participacion publica en los procesos de planificacién
Resolucién de conflictos de uso del agua

Medidas complementarias

Promover medidas agro-ambientales

Promover la planificacidn territorial y uso sostenible del suelo

Limites al desarrollo urbano

Investigacion y transferencia tecnoldgica,

Distribuir informacion meteorologica a tiempo real

Mejorar la proteccion ambiental

Promover y asegurar la seguridad de determinados usos (navegacion, transporte)
Prevenir efectos sobre la salud

Fuente: Elaboracion propia.
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La adecuacion de cada medida para reducir los impactos de la sequia depende de las
condiciones del contexto local y de los objetivos perseguidos en cada caso. Sin
embargo, es necesario tener en cuenta que las medidas de mitigacidn y adaptacion se
consideran complementarias y que por tanto, lo importante es contar con un conjunto
de medidas que aseguren una efectiva distribucién del riesgo y sinergias entre ellas
(Logar & van den Bergh, 2013).

La informacion sobre las medidas individuales puestas en marcha para la gestiéon de
una sequia suele estar dispersa, ser incompleta y no estar disponible, lo cual plantea
importantes limitaciones para su estudio. En general no se conocen bien ni sus
caracteristicas, ni su grado de contribucion a la reduccién de los impactos de la sequia.
Strosser et al. (2012) identifican esta situacion como una “laguna de informacion y
evaluacién” (p. 50), con repercusiones para la gestion de la sequia en Europa. Estos
mismos autores, ademas, apuntan a que esto se debe a que se necesita para su analisis
una importante cantidad de informacién, no solo sobre las medidas, si no también
sobre las caracteristicas de la sequia y sus causas.

Los estudios que analizan algunas de las medidas contempladas en la Tabla 9 no suelen
abordar de manera especifica como éstas contribuyen a reducir los impactos de la
sequia, como ocurre en diversos casos como en los estudios de modernizacion de
regadios (e.g. Soto-Garcia et al., 2013; Gémez Gémez & Pérez Blanco, 2014),
reutilizacion (e.g. Lazarova et al., 2001; Bixio et al., 2006), trasvases (e.g. Lépez Ortiz &
Melgarejo Moreno, 2010; Hernandez-Mora et al., 2013), y mercados de agua (e.g.
Hernandez-Mora & Del Moral, 2015).

Sin embargo se han realizado esfuerzos para entender el papel de una determinada
medida respecto a la gestion de la sequia, como por ejemplo el estudio sobre el uso
conjunto de los recursos hidricos desarrollado por Daneshmand et al. (2014) y el
analisis critico sobre el uso de la desalacidon en Espana publicado recientemente por
March et al. (2014).

Los planes de sequia han sido promovidos como un instrumento estratégico para
adoptar el enfoque de riesgo en la gestion de la sequia. Estos pueden tener diferentes
caracteristicas y ser globales o sectoriales (Fu et al., 2013b). En Espana, los planes de
sequia relacionan los niveles de sequia con acciones concretas, en base al monitoreo
de la situacion y al establecimiento de umbrales para identificar estados de
normalidad, pre alerta, alerta, emergencia (EC, 2007c; Estrela & Vargas, 2012).
Normalmente se circunscriben a una cuenca o demarcacion hidrografica (e.g. los
Planes Especiales de Sequia en Espafia), pero también se pueden encontrar a nivel
municipal o de ciudad (e.g. Planes de Emergencia para el abastecimiento en Espaiia).

Las primeras experiencias de evaluacidon de los planes de sequia se han desarrollado en
EEUU recientemente (Fu et al., 2013a; Fu et al., 2013b; Fontaine et al., 2014), por lo
que todavia es necesario contar con mas evidencias sobre su funcionamiento y
potencial para evitar y reducir los impactos de la sequia de una manera eficiente y
sostenible.

A través de estos ejemplos se pone en evidencia que falta mucho por hacer para
avanzar en el analisis y evaluacidn de las medidas de sequia. Es necesario contar con
metodologias claras y transparentes que permitan analizar el impacto de dichas
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medidas para entender mejor su funcionamiento y eficacia real (Hernandez-Mora et
al., 2013; Garrido & Rey, 2014).

2.5.2. Implicaciones para su analisis

Las medidas de sequia presentan una serie de particularidades que es importante
tener en cuenta y destacar a la hora de analizarlas:

e Se trata de acciones que son relativas a un contexto de aplicacion determinado.
Esto significa que de por si no son medidas de sequia, si no que se convierten en
tales dependiendo de cuando y cdmo se ejecuten. Otras son medidas de sequia en
si mismas (como por ejemplo los planes de sequia). Por tanto, es esencial
identificarlas y analizar su rol durante una sequia.

e lLas medidas afectan de manera distinta a los diferentes sectores y, por tanto, se
deben analizar desde una perspectiva sectorial.

e Es importante describir las medidas en funcién de su enfoque, objetivos, tipologia,
naturaleza, alcance temporal y geografico, duracion, momento de ejecucion,
publico u objetivo al que van destinadas y resultados que esperan alcanzar.

e El alcance temporal y geografico de las medidas no siempre coincide con el alcance
espacio-temporal de la sequia.

e lLas medidas de gestion de la sequia operan a diferentes niveles administrativos y
operativos, tanto en la toma de decisiones como en la ejecucion y en la
manifestacion de sus efectos. Por tanto, es importante prestar atencién a los
diferentes niveles de gestion, desde lo local a lo nacional.

Todas estas consideraciones realzan la importancia de identificar de forma clara y
concisa cuales son las medidas de sequia disponibles, cdmo funcionan y cémo
contribuyen a la mitigacion y reduccion de los impactos de la sequia.

Se han planteado tres estudios concretos que contribuyen a avanzar en el estudio de
las medidas de gestién de la sequia desde diferentes perspectivas. Primero, se analizan
las leyes de emergencia a la sequia en Espafa. En segundo lugar, se analiza la
respuesta a la sequia desde la perspectiva de los agricultores de regadio de la
Demarcacion del Jucar. Por ultimo, se estudia la gestion de la sequia en distintos casos
de estudio a nivel europeo.
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2.6. La evaluacion de la gestion de la sequia

Es importante reflexionar sobre la practica de la evaluacién aplicada a las politicas
ambientales antes de revisar las experiencias existentes de evaluacion de la gestion de
la sequia. Esta revision de la literatura responde a la necesidad de entender los
enfoques, metodologias y técnicas propias de la evaluacidén de politicas y programas y
su relacion con la gestidon de sequia en cualquiera de sus formas y etapas.

Primero se presentan algunos aspectos conceptuales de la evaluacidén de las politicas
publicas y se describen brevemente y las principales experiencias de evaluacion de la
gestion de la sequia encontradas. En segundo lugar se presenta un resumen de las
principales opciones metodoldgicas - en cuanto al enfoque, disefio y elementos clave -
para la evaluacion de la gestion de la sequia.

2.6.1. Aspectos conceptuales de la evaluacidon de politicas

La evaluacion, en general, se refiere al proceso de determinar el mérito o valor de
algo, segun Scriven (1991). Se trata de un proceso analitico clave en todas las
disciplinas intelectuales y practicas (Vedung, 1997) y, por tanto, trasciende a cualquier
dominio o campo de conocimiento.

Desde la perspectiva del ciclo de la politica (‘policy cycle framework’), la evaluacién se
concibe como una etapa del disefio e implementacion. De acuerdo Jann & Wegrich
(2006) el proceso de evaluacién es una de las cuatro fases constitutivas de una politica:
(i) Establecimiento de la agenda: reconocimiento del problema y seleccién de temas
importantes; (ii) Formulacion de la politica y toma de decisiones; (iii) Implementacion;
(iv) Evaluacién y terminacion (Figura 6).

Figura 6. La evaluacion y el ciclo de la politica

(1) IDENTIFICACION
—>
I DEL PROBLEMA

3 ESTABLECIMIENTO
DE LA AGENDA I
L (2) FORMULACION  _  Ciclo de planificacién

DE LA POLITICA

TOMA DE DECISIONES — I / I

(3) IIVIPLEMENTACION — Ciclo de gestiony
DE LA POLITICA ejecucion

I 7~ 1

(4) EVALUACION DE
LA POLITICA

A

Fuente: Elaboracion propia, adaptado de Vedung (1997) y Jann & Wegrich (2006).

feedback

— Resultados

En este contexto y, como sucede en otros campos, el término evaluacion es utilizado
con distintos significados y matices, reflejando diferentes enfoques y concepciones
gue afectan desde el plano mas conceptual, a aspectos practicos o tacticos de como
aborar el proceso. Sin embargo, existe cierto consenso acerca de que el proceso de
evaluacion implica determinar el valor, en este caso de la politica o de cualquiera de
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sus componentes (proyectos, planes, programas...), de acuerdo a unos criterios
explicitos o implicitos.

Los objetivos de la evaluacién de una politica van desde el interés por la mejora de los
resultados concretos de la politica o proceso politico hasta la rendiciéon de cuentas
ante la sociedad o los drganos de supervision. También puede ser un fin el querer
establecer la evaluacion como una parte central de la politica, a través de decisiones
basadas en la evidencia racional (Jann & Wegrich, 2006). La evaluacidon esta
relacionada con procesos de aprendizaje que pretende tener implicaciones para los
siguientes pasos del proceso politico en cuestion. También se puede utilizar para
reforzar o dar por terminada la politica aunque, en este Ultimo caso, pueden mediar
otros factores externos que van mas alld de los propios resultados de la evaluacién
(Jann & Wegrich, 2006).

Los disefios y enfoques de evaluacidn varian de forma notable, dependiendo de la
aproximacion conceptual y metodolégica, las caracteristicas del proceso y el tipo de
politica objeto de estudio. Sin embargo, y tal y como reconocen varios autores, “a
pesar de la inclinacion hacia el uso de herramientas cuantitativas y disefios
experimentales o quasi-experimentales, el problema general de aislar la influencia y los
impactos de una determinada medida implementada como resultado de una
determinada politica, todavia no ha sido resuelto, dadas las numerosas variables que

afectan a los resultados de dicha politica” (Jann & Wegrich 2006, p. 54).

Vedung (1997) presenta algunas caracteristicas del proceso de evaluacion de una
politica que deben ser tenidas en cuenta desde un punto de vista metodoldgico:

e Perspectiva sistémica: la politica, la administracion publica y el resto de agentes
relacionados conforman un sistema cuyos componentes estan
interrelacionados y dependen unos de otros. Asi, la logica general de su
funcionamiento (en su formato mas simplificado) se concibe como la utilizacion
de unos recursos que la administracion convierte o transforma en unos
productos (outputs) y resultados (outcomes) inmediatos, intermedios o ultimos
(también llamados impactos).

e Sistema dinamico: el alcance, objetivos, medidas y recursos de la politica
cambian a lo largo del tiempo (Hanberger, 2001). En un momento dado, las
acciones objeto de evaluacién pueden encontrarse en proceso de diseno, de
ejecucion o terminadas (Vedung, 1997).

* El analisis del problema es un elemento central que proporciona la estructuray
direccién de la evaluacidn de la politica (Hanberger, 2001).

¢ La evaluacidn de politicas va mas alla de la evaluacién del impacto, ya que en
ocasiones no es posible su medicion, dado el caracter complejo y sistémico de
la sociedad. Otros aspectos como el analisis de la eficacia de las intervenciones,
el nivel de consecucion de los objetivos o el nivel de eficiencia en el uso de los
recursos movilizados son igualmente relevantes.

* Los objetivos de la intervencidn no son los Unicos criterios de valor adecuados y
el andlisis de dichos criterios requiere de unos niveles minimos de calidad que
vienen determinados por la recoleccidén sistematica de la informacién y su
analisis.
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e Tiene que ser util, ya que la evaluacién se presupone una actividad con
implicaciones practicas (Patton, 1986). Sin embargo, Huitema et al. (2011)
alertan que demostrar que una evaluacién dada tiene (o no tiene) un impacto
directo sobre la politica es una tarea muy dificil.

* Tiene cardacter retrospectivo cuando se centra en el analisis de como se ha
actuado y cémo se han implementado las acciones o medidas. Esto afecta tanto
a las actuaciones planificadas inicialmente, sus modificaciones y a aquellas no
previstas que han aparecido con posterioridad. En definitiva es necesario tener
en cuenta el caracter dinamico de las politicas asi como ser consciente de que
el proceso de decisién — implementacién — evaluacidon no es secuencial ni
continuo, si no que tiene lugar simultdaneamente y a diferentes niveles de
gobierno y administracion.

La evaluacion de politicas difiere de la evaluacion de programas. La evaluacién de
politicas se puede caracterizar por ser mas compleja y tener un alcance mas amplio, ya
que puede abarcar la evaluacién de varios programas a la vez. Los programas suelen
ser mas faciles de abordar ya que se trata de objetos de evaluacion cuyos limites
suelen ser mejor conocidos. También suelen estar mas estructurados o ser mas
explicitos si los comparamos con una politica. Sin embargo, en la literatura se utilizan
frecuentemente como sindnimos ya que a veces la evaluacion de una politica puede
reducirse a la suma de la evaluacion independiente de varios programas o
simplemente se simplifica su complejidad y se aborda como si fuera un programa. La
evaluacion de politicas tiene una importancia considerable a pesar de la menor
atencidén que recibe este tema en la literatura sobre evaluacién (Mark et al., 2009).
Esta situacion contrasta con la amplia atencion que recibe la evaluacion de programas,
no solo a nivel tedrico sino también en la practica profesional.

2.6.2. Experiencias de evaluacion de la gestion de las sequias

La evaluacion de las politicas ambientales se mueve en un ambito de elevada
incertidumbre y de limitaciones en el conocimiento de los problemas (Huitema et al.,
2011). Las politicas de gestidon de las sequias no son una excepcion al respecto.

Para hacer frente a esta realidad cada vez mas compleja se necesitan politicas
ambientales con dos caracteristicas importantes: en primer lugar con cardcter
adaptativo, de tal forma que sean flexibles como para revisarse y recoger la
informacién y conocimiento que se va generando; y en segundo lugar, con cardcter
prospectivo, de tal forma que sean capaces de preveer y mitigar los impactos en
diferentes escenarios futuros.

La evaluacidn adquiere un papel aun mas importante, puesto que es responsable de
retroalimentar la implementacién de dichas politicas, mejorar el conocimiento acerca
de su funcionamiento y evaluar sus resultados en términos de eficacia, eficiencia y
reduccién de impactos. Bellamy et al. (2001) consideran la “evaluacion como
fundamental para identificar cambios y apoyar enfoques adaptativos que sean
suficientemente flexibles y que contribuyan al aprendizaje a nivel individual,
comunitario, institucional y politico” (p. 408).

A pesar de su creciente importancia y necesidad, la evaluacién de politicas vy
programas ambientales contintda teniendo un desarrollo lento (Mickwitz, 2003) y la
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literatura al respecto sigue siendo escasa si se compara con la desarrollada para otros
campos como puede ser el educativo o el de las intervenciones sociales (Huitema et
al., 2011; Knaap & Kim, 1998; Mickwitz & Birnbaum, 2009; Mark et al., 2009).

Asi, aunque este tipo de evaluaciones presentan actualmente una creciente atencién
(Mickwitz, 2003; Gysen et al., 2006; Huitema et al., 2011), todavia existen limitadas
experiencias de su aplicacidn concreta (Mickwitz, 2003).

El creciente interés por el desarrollo de la evaluacion en este contexto se refleja en el
desarrollo de algunas guias y manuales de evaluacion®® o en la obligatoriedad de
realizar evaluaciones en determinadas politicas o programas, como por ejemplo, los
Fondos Estructurales y Politica de Cohesién de la Unién Europea. En Europa destacan
las experiencias sobre evaluacién de caracter ex post sobre fondos estructurales (e.g.
Ekins & Medhurst, 2006), medidas agroambientales (e.g. Zalidis et al., 2004) o la
reciente experiencia de evaluacién de la politica de aguas conocida como “Blueprint to
Safeguard Europe's Water” (EC, 2012).

En el marco de estudio del ‘Blueprint’ se ha analizado cdmo se incluye la sequia en la
DMA. Se ha realizado un analisis de las deficiencias (‘gap analysis’) de la politica de
sequia y escasez (Strosser et al., 2012) que se centra en el analisis de las medidas y su
relacion con los siete opciones politicas contempladas en la Comunicacién sobre
Sequia y Escasez de la EU (EC, 2007a), y ademas de los informes de seguimiento de la
WS&D Com (EC, 2007b), también se han analizado de forma general los planes de
sequia (Benitez Sanz & Schmidt, 2012) y las medidas de sequia contempladas dentro
de los planes de demarcacion (Schmidt & Benitez Sanz, 2012). Se trata de la primera
evaluacion de la politica de sequia a este nivel y refleja un gran esfuerzo de
recopilacion de informacidn que sirve de punto de partida para futuros analisis.

En Espaiia, las principales referencias encontradas estan relacionadas con el trabajo de
la Agencia Estatal de Evaluacion de las Politicas Publicas y la Calidad de los Servicios —
AEVAL*®. La AEVAL es un organismo publico que tiene como misién la promocién y
realizacion de evaluaciones y analisis de impacto de las politicas y programas publicos,
asi como el impulso de la gestién de la calidad de los servicios, favoreciendo el uso
racional de los recursos y la rendicion de cuentas a la ciudadania. Desde su
constitucién en 2007, AEVAL ha desarrollado alrededor de 37 evaluaciones de
programas y politicas publicas, previa aprobacion por el Consejo de Ministros con base
anual. Entre ellas, destacan cinco que abordan diferentes aspectos relacionados con el
medio ambiente. Estas constituyen los principales ejemplos de evaluacién de politicas
publicas medioambientales en Espafia y son:

e Evaluacion de la Gestion y Funcionamiento de las Confederaciones
Hidrograficas (2009)

e Evaluacién de la Gestion y Funcionamiento de las Demarcaciones de Costas
para la Proteccion del Dominio Publico Maritimo-Terrestre (2010)

e Evaluacién del Plan Espafiol de Energias Renovables 2005-2010 (2010)

%2 Evalsed. Evaluation of socioeconomic development. The Sourcebook. Comisidon Europea (2009). el
Manual de evaluacién de Europaid, entre otras.
» www.aeval.es
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e Evaluacion de las acciones financiadas con cargo a los presupuestos generales
del Estado en las areas de influencia socioecondmica de la Red de Parques
Nacionales (2008)

e Evaluacién del Programa Nacional de Reformas de Espafia (2007)

De estos trabajos, la “Evaluacion de la Gestion y Funcionamiento de las
Confederaciones Hidrogrdficas” se centra en las Demarcaciones del Segura y del
Guadiana. Si bien arroja interesantes conclusiones sobre el funcionamiento y la
eficacia en el cumplimiento e implementacion de la DMA, no aborda los aspectos
relativos a la sequia, ya que estos no se consideran prioritarios a la hora de disefiar la
evaluacion. A pesar de esto, la recoleccion de datos realizada para la evaluacién y sus
resultados han inspirado algunos aspectos metodoldgicos de esta tesis.

Para el caso concreto de las politicas de gestiéon de las sequias, apenas se han
encontrado referencias de evaluacidon desde una perspectiva de analisis politico. La
mayoria de los estudios encontrados se centran en evaluar o analizar aspectos
biofisicos o climatolégicos relacionados con el fendmeno de la sequia, mientras que los
estudios del componente socioecondmico y cultural de la sequia son muy escasos.
Aunque existen pocos marcos de evaluacion de la politica de sequia, si existen
experiencias de evaluacion relacionadas.

El analisis econdmico del riesgo a la sequia en Espaia (Gil et al., 2011) aplicado a zonas
de regadio ha resultado ser Gtil como herramienta de analisis ex ante de los impactos
enfocado a la toma de decisiones. El desarrollo de un “indice Econédmico de Gestién de
la Sequia” (‘Economic Drought Management Index’) (Iglesias et al., 2007), permite
analizar el desempefio de las instituciones del agua en situacién de incertidumbre.
Otros estudios encontrados se centran en el analisis de los costes econdmicos de los
impactos en un regidn concreta (Pérez & Hurlé, 2009; Hernandez-Mora et al., 2013) o
en medidas concretas como las campafias de sensibilizacion en el area metropolitana
de Barcelona (March et al., 2013). Recientemente han surgido una serie de estudios en
EEUU que tratan de evaluar la calidad de los planes de sequia a través de analisis del
contenido y basadas en criterios pre-establecidos (Fu et al., 2013a; Fu et al., 2013b; Fu
& Tang, 2013; Fontaine et al., 2014).

En resumen, hay cierta falta de referencias metodoldgicas para la evaluacién de la
gestion de la sequia. Asimismo, también faltan analisis concretos de la gestién de la
sequia desde diferentes niveles administrativos o de gestion (nacional, regional, local)
y que incluyan la vision de los diferentes stakeholders involucrados (perspectiva oficial,
sectorial, usuarios).

En el siguiente apartado se presenta una revision de los principales enfoques de
evaluacion de politicas. El objetivo de esta revision es identificar las decisiones
metodoldgicas que es necesario tomar para disefiar una evaluacion de la gestion de la
sequia.

2.6.3. Elementos clave para la evaluacion de la gestion de la sequia

Perspectiva de la evaluacion

A la hora de evaluar, es indispensable situarnos bajo el paraguas de un determinado
paradigma de evaluacién. Por paradigma se entiende el conjunto de creencias,
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supuestos y principios sobre como entendemos la realidad. Es decir, nos posiciona
ideolégicamente y esto nos marca metodolégicamente. Esto se aplica al disefio,
desarrollo y e interpretacidon de los resultados de la evaluacion.

Los dos paradigmas principales que han guiado el desarrollo y evolucién de la
evaluacién desde sus comienzos son el Positivista y el Constructivista.

El paradigma positivista fue predominante en el estudio de las ciencias sociales
durante los afios 50 y 60. Se basa en un modelo cientifico-técnico basado en la
racionalidad de la consecucién de objetivos de los programas y politicas. Utiliza
fundamentalmente métodos estadisticos y, a través de estrategias deductivas, trata de
formular leyes causa-efecto que sean generalizables (Vélez Méndez, 2007). Los disefios
experimentales, la medicion objetiva y el uso de métodos cuantitativos son la Unica
forma de obtener evidencias sobre los logros del programa para muchos de sus
defensores, entre los que cabe mencionar a Schuman o Campbell.

El paradigma constructivista surge en respuesta a las limitaciones y desconfianzas que
fueron suscitando los enfoques positivistas, tratando de incorporar la participacién de
los stakeholders y de considerar los procesos y el contexto. Unos de los autores de
referencia son Guba & Lincoln (1989), quienes acufian el término de evaluacion de
cuarta generacion, también conocida como evaluacién sensible o constructivista. Se
toman como punto de partida para la evaluacion las percepciones, opiniones o saberes
de los diferentes actores afectados o relacionados con el programa, reconociendo la
pluralidad de valores e intereses y su importancia para sustentar los juicios de valor de
la evaluacién. Esto supone reconocer la “existencia de multiples realidades no
gobernadas por leyes causales predeterminadas, con lo que para aprehenderla es
necesario conocer las diferentes visiones que de ella se tiene” (Vélez Méndez, 2007,
p.155).

Varios autores han reflexionado sobre las caracteristicas e implicaciones de ambas
perspectivas (Tabla 10).

Tabla 10. Caracteristicas de las perspectivas positivista y constructivista

Visidn positivista

Vision constructivista

Caracteristica de la
politica

La politica es un medio para alcanzar
ciertos objetivos preestablecidos

Caracter autonomo de la politica y
tendencia a seguir su propio desarrollo

Responsable,
ejecutor

El Estado como principal responsable
de la implementacion de las politicas

Analisis de los discursos y marcos de los
diferentes actores, incluyendo la
naturaleza del problema

Uso, propdsito

Uso instrumental de la evaluacién,
para determinar si se han alcanzado las
metas o ho

La evaluacién debe ir mas alld de la
medicién y debe considerar las demandas,
preocupaciones y problemas de los actores
y no centrarse solo en los objetivos de la
politica; asociada con el aprendizaje

Principales
elementos o
acciones

Necesidad de recoger hechos objetivos
y describir el funcionamiento del
programa

Implica un proceso iterativo de descripciéon
y enjuiciamiento que culmine en proceso
de negociacién

Principales Criticas

Uso limitado en situaciones complejas;
poco critico con los objetivos pre-
establecidos; escasa consideracién de
efectos secundarios y negativos;
limitada participacién de los
stakeholders

Los procesos deliberativos pueden llegar a
ser un bloqueo y prolongarse
excesivamente en el tiempo; alcanzar una
participacion efectiva exige mucho tiempo
y recursos; conocimiento subjetivo, no
cientifico

Fuente. Elaboracion propia basado en Ballart (1992), Vélez Méndez (2007), Huitema et al. (2011).
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Los propdsitos de la evaluacion suelen responder a multitud de intereses pero, en
general, se puede distinguir entre el aprendizaje y la rendicidon de cuentas, aunque en
muchos casos ambos propdsitos estdn presentes simultaneamente.

La mejora del conocimiento y aprendizaje persigue aumentar el conocimiento que se
tiene sobre el funcionamiento del programa y sus resultados. Puede estar centrado en
los resultados e impactos del programa, pero también en los procesos de
implementacion. En muchos casos va orientado a la toma de decisiones sobre cdmo
mejorar el siguiente ciclo de planificacion.

La rendicion de cuentas estd muchas veces vinculada con la implementaciéon de
inversiones publicas y la necesidad de determinar su coste y beneficio para la
sociedad. Ademas es clave para aumentar la transparencia y también esta ligada al
proceso de decision sobre la continuidad (o no) de un programa.

En el caso de la sequia, parece que el paradigma constructivista facilita la inclusién de
las visiones de todos los actores afectados por la sequia. Respecto a su propdsito, la
necesidad de aprendizaje y mejora prima sobre la rendicién de cuentas.

Segun el contenido o fase del programa, la evaluacién se puede clasificar segln
diversos tipos atendiendo a donde se pone el énfasis (Figura 7).

Figura 7. Esquema tipos de evaluacion segun la fase del programa

sralizi ) Analiza y valora el disefio
Ciclo de planificacién 4= Disefio 0 y valora € ¥
conceptualizacion del programa

conceptualizacion

Ciclo de gestiény Evaluacion de Analizay valora el proceso de puestaen
ejecucion Procesos o - practicadel programa, es decir, como se
Implementacién ejecuta, pone en practica y funciona

Analizay valora la calidad de lo

que “produce” un programa

(actuaciones, actividades,

materiales, etc.) sobre el grupo
| objetivo

De productos |

o ‘outputs’
Evaluacion de

Resultados =) Resultados,
Efectos o Impactos

Analizay valora los efectos que
son producidos por los outputs.
De efectoso P p' : P
; , 7 Estospueden serinmediatos,
‘'outcomes i g o i
L intermediosy ultimos, también
denominados como impactos.

Fuente. Elaboracion propia

Las evaluaciones de disefio suelen estar destinadas a analizar las caracteristicas del
programa o politica en relacién al problema que pretenden abordar y se suele realizar
en base a criterios de adecuacion, coherencia y relevancia. Se trata de analizar si lo que
se propone se ajusta a las necesidades derivadas del problema al que se pretende dar
solucion. Este tipo de evaluaciones presenta un interesante potencial en el marco de la
gestion de la sequia, porque, como la definicion de la sequia no es Unica, es necesario
tener claro cémo se percibe y define el problema.

La evaluacion de procesos o implementacion se centra en analizar los procesos vy
mecanismos que se ponen en marcha para la consecucién de los resultados. Esto
implica analizar cdmo se gestiona o administra el programa en el tiempo y en el
espacio. Este tipo de evaluaciones ayuda a entender el porqué de una baja
consecucion de los resultados o impacto cuando los objetivos son adecuados y se
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encuentran bien formulados en base al problema a tratar porque indica que las
limitaciones se encuentran en la ejecucion. Para el caso de la sequia, este tipo de
analisis presenta limitaciones sobre todo si se realiza de manera expost por la falta de
informacién sobre algunos aspectos.

La evaluacion de resultados o de impacto es la que se centra en analizar el grado de
consecucion de los resultados respecto a los objetivos planteados y en determinar en
qué medida los cambios en los ‘outcomes’ pueden ser atribuidos a la intervencién (y
no a otros factores externos). Aislar los efectos de una politica en relacién a las
medidas implementadas es una tarea dificil, especialmente para las politicas
medioambientales (Mickwitz, 2003). Para el caso de la sequia, se reconoce que este
tipo de analisis es casi imposible de realizar en la practica, dada la escasa informacién
gue existe sobre los impactos y el funcionamiento de las propias medidas.

Enfoques y modelos

El modelo o enfoque de evaluacion viene determinado en gran medida por las
caracteristicas del programa a evaluar y las posibilidades de aplicar un determinado
disefio metodoldgico. Si bien en algunas disciplinas concretas se encuentran ciertos
modelos mas extendidos que otros, en el caso de las politicas ambientales en general y
de sequia en particular, no existe una clara apuesta por un modelo de evaluacién
determinado.

En términos generales, los disefios de evaluacién se pueden agrupar en
Experimentales, Cuasi-experimentales, No-experimentales y Cualitativos.

Los disefios experimentales nos permiten efectuar una comparacion entre la situacion
antes y después de la intervencion que estamos evaluando. En ocasiones se puede
utilizar un grupo de control, que es un grupo equivalente o similar al grupo objetivo de
la intervencion. Esto nos permite analizar si los efectos medidos se deben al proyecto o
intervencion o a otros factores del contexto.

Los disefios cuasi-experimentales son similares a los disefios experimentales pero en
vez de utilizar un grupo de control, plantean grupos de comparacién, asumiento que
estos no son equivalentes y por tanto, pierden cierto poder explicativo en relacion a
los disefios experimentales. En este caso también se utilizan comparaciones del propio
grupo de tratamiento consigo mismo a lo largo del tiempo.

Los disefios no-experimentales son aquellos donde solo es posible medir los efectos
una vez finalizada la intervencion o proyecto, pudiéndose utilizar un grupo de
comparacion sélo en algunos casos.

La seleccion de los grupos de control y comparacién se puede realizar respectivamente
al azar o atendiendo a caracteristicas especificas previamente identificadas como
posibles intervinientes. Estas técnicas suelen ser costosas y dificiles de implementar en
contextos complejos.

Por ultimo, los disefios cualitativos se caracterizan por ser mas deliberativos y se
suelen basar en la selecciéon de pequefias muestras de individuos, expresamente
seleccionados, o individuos clave. Es muy raro que incluyan grupos de control en sus
disefios. Estos disefios son muy utilizados para analizar determinados aspectos con un
mayor nivel de detalle y se apoyan en muchos casos en la formulacién o seleccién de
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casos de estudio. Generalmente se centran en el analisis de los conocimientos,
percepciones, actitudes y comportamientos en relacion a la intervencién (Margoluis et
al., 2009).

Bellamy et al. (2001) identifican una brecha entre la tedrica y la practica de la
evaluacidn en torno a las politicas de gestidon de los recursos naturales que se puede
hacer extensible al caso de la sequia. Estos autores también apuntan que los modelos
de evaluacidn se encuentran dispersos y fragmentados, y raramente son sensibles al
contexto socioecondmico y ambiental en el que se desarrollan (Bellamy et al., 2001).

Huitema et al. (2011) ademads alertan sobre que las decisiones que originalmente
informan la prdctica de este tipo de evaluaciones, todavia no son bien explicadas. En
este sentido, Preskill (2009) “encuentra curiosa e incluso sorprendente la escasa
discusion sobre el rol de como centrar la evaluacion” (p. 98), dada la influencia que ésta
tiene en la definicién del disefio y métodos.

Mickwitz & Birnbaum (2009) identifican algunos aspectos clave que afectan el disefio
de la evaluacién en el campo del medioambiente, que se hace extensible al caso de la
sequia:

(i) El desfase de los marcos temporales

La sequia ocurre a diferentes niveles y escalas y afecta a diferentes grupos o sectores
de la poblacién de diferentes maneras. Esto requiere politicas que abarquen diferentes
niveles de gestion y actuacion (‘multi-level governance’), asi como la participacion de
todos los actores afectados o interesados (Newing & Fritsch, 2009; Moss & Newing,
2010; Preskill, 2009). Ademas, las escalas temporales y espaciales a las que se
manifiestan los problemas ambientales y las medidas, no suelen coincidir ni en el
tiempo ni en el espacio. Es decir, que los marcos temporales del fendmeno de la sequia
puede exceder los ciclos de programacién y de gestion de la politica. Suele ser dificil
determinar el inicio y el fin de la sequia, ya que ésta evoluciona de forma lenta y
progresiva afectando a amplias aéreas y diversos sectores econdmicos de manera
diferente. Esto complica la eleccién del alcance temporal de la propia evaluacién.

En general no existe coincidencia entre (i) los tiempos de los procesos naturales —
suelen ser extensos, evolucionar lentamente y presentar una perspectiva de largo
plazo, (ii) la duracidon de los programas o politicas ambientales — suelen ir con un cierto
retraso respecto a la aparicién del problema ambiental y tener una duracién mas corta
comparativamente y una vision ‘cortoplacista’ (Hildén, 2009), (iii) la manifestacion de
los resultados, efectos, impactos del programa o politica, en muchos casos aparecen a
medio o largo plazo (Mickwitz, 2003) por lo que son dificilmente observables durante
el periodo de desarrollo de la politica, y (iv) la duracién, alcance, momento de la
evaluacion — en el caso de ser una evaluacion ex post algunos efectos pueden haber
desaparecido o terminado, mientras que otras manifestaciones puede que todavia no
hayan tenido lugar.

En resumen, es importante conocer todas estas consideraciones acerca de los marcos
temporales de la politica y de la evaluacion a la hora de definir el momento de su
realizacion, de seleccionar el periodo de analisis que abarca y el rango temporal de los
datos a utilizar, ya que todo esto va a influir de manera significativa en los resultados
de la evaluacion.
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(ii) Multiples escalas

Para el caso de la sequia y su gestion, la escala ambiental y la escala social no suelen
coincidir. La sequia, como fendmeno climdtico extremo se manifiesta en un amplio
territorio abarcando diferentes ecosistemas y territorios administrativos.

La terminologia utilizada para referirse a la escala es confusa (Fekete et al., 2010) y en
ocasiones se refiere a diferentes ideas. En términos generales se entiende por escala e/
sistema de medida de algo. Se entiende por escala ambiental aquella a la que tienen
lugar los fendmenos naturales (e.g. ecosistema, comunidades, especies, individuos),
mientras que la escala social responde a una construccidén social sobre los limites y
fronteras de las actividades humanas (e.g. global, continental, regional, subnacional,
local, unidad familiar, individual).

Ademas es importante distinguir entre (i) la escala del problema ambiental, (ii) la
escala de la politica o programa, (iii) la escala de las medidas, (iv) la escala de la
evaluacion y (v) la escala de la unidad de andlisis. Todas ellas pueden coincidir o no
pero es importante tenerlo claro para no incurrir en errores durante la recoleccion de
los datos e interpretacidn de los resultados.

Como punto de partida para poder definir el ambito espacial que abarca una
evaluacion hay que identificar qué procesos ambientales tienen lugar, a qué escala y
doénde estd el problema. Ademas es necesario conocer cudles son las soluciones o
medidas propuestas, cudles son los diferentes niveles de gobernanza y a qué escala
operan. Todo esto tiene implicaciones significativas en todas las fases y elementos de
la evaluacion, afectando desde el establecimiento de los objetivos, el disefio de las
herramientas y recursos destinados a la recoleccion de informacién, la interpretaciéon
de los datos y formulacion de conclusiones.

Por ultimo es importante justificar bien la escala de trabajo y analisis de la evaluacion.
Pullin & Knight (2009) plantean que la escala temporal y espacial a la que se deben
medir los resultados de una intervencion puede afectar directamente a la credibilidad
de los datos y por tanto a la interpretacion de los resultados de la evaluacion.

(iii) Los problemas de atribucion

A veces somos capaces de atribuir determinados resultados o impactos a nuestra
intervencion pero aun asi no somos capaces de explicar porqué, es decir, las causas.
Esto es lo que se denomina el problema de la “caja negra” (‘black box’) (Astbury &
Leeuw, 2010). A esto no ayuda el hecho de que multiples intervenciones tengan lugar
simultaneamente (Mickwitz & Birnbaum, 2009). Resulta dificil aislar los resultados de
su contexto de ocurrencia y de los efectos e influencia de otras politicas (Rauschmayer
et al., 2009), como ocurre en relacién a las politicas ambientales, y en particular con la
sequia. En el caso de la evaluacién de la gestion de la sequia, parece muy dificil
establecer relaciones de atribucidn por estas razones. Sin embargo, es posible estimar
como las diferentes medidas implementadas contribuyen a reducir los impactos de la
sequia.

La gestidn de la sequia bajo un enfoque proactivo y de gestion del riego comparte los
mismos retos metodoldgicos de la evaluacion de las politicas de adaptacidn al cambio
climatico que plantean Bours et al. (2014). Estos autores identifican varias razones por
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CAPITULO 2

las que su monitoreo y evaluacidén supone un reto actual, que, adaptadas a la sequia,
se entiende de la siguiente forma y se presentan a modo se resumen de esta seccion:

La gestidon de la sequia no es un objetivo o un punto final en si mismo

La gestidon de la sequia abarca diversas escalas y sectores

Los marcos temporales de planificacion de la sequia son de largo plazo y se
extienden mas alld de los ciclos de gestidn o programacioén

La incertidumbre es un rasgo inherente en la implementacion de
intervenciones de gestidn del riesgo a la sequia

Respuestas de sequia inadecuadas pueden dar lugar a mayores impactos, a la
maladaptacién

La medicion de los impactos evitados es un concepto clave

Plantea el seguimiento de objetivos moviles y de situaciones dinamicas

No hay un Unico conjunto de indicadores o enfoques para su monitoreo y
evaluacién

Evaluacién de la contribucion frente a la atribucion
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CAPITULO 3. MATERIALES Y METODOS

3.1. Planteamiento general y diseio de las herramientas

Este capitulo resume el planteamiento metodoldgico de los cinco estudios que
constituyen esta tesis. Su disefio se apoya en la revision de la bibliografia presentada
en el Capitulo 2 de esta memoria y se describe con mas detalle en cada uno de los
articulos elaborados (Capitulo 4).

El enfoque de evaluacidon viene determinado en gran medida por las caracteristicas de
la politica a evaluar y por el propdsito de esta. En esta tesis se ha buscado un enfoque
que resalte el componente social y enfatice la recoleccidn de datos mas descriptivos o
inductivos, como una forma de superar el uso predominante de analisis basados en
datos cuantitativos disponibles. Asi, se ha adoptado un enfoque constructivista, que
toma como punto de partida de la evaluacion las percepciones, opiniones o saberes de
los diferentes actores afectados por la sequia, reconociendo la pluralidad de valores e
intereses y su importancia para sustentar los juicios de valor de la evaluacién. Esto
supone una alternativa metodoldgica a los disefios experimentales o quasi-
experimentales tipicos de la evaluacion de impacto ya que en el caso de la evaluacién
de la gestidn de la sequia son imposibles de realizar.

Para la evaluacién de la gestion de la sequia se ha explorado el uso de cinco técnicas
de analisis: (i) analisis de marcos politicos; (ii) analisis de discurso y contenido, (iii)
analisis de la percepcion, y (iv) evaluacién orientada por la teoria; (v) analisis
sistematico.

Por ultimo cabe recordar que algunas de las decisiones metodoldgicas han estado
condicionadas o dirigidas por los requerimientos relacionados con la implementacién
del proyecto de investigacion en el marco del cual se ha desarrollado esta tesis
doctoral. Esto ha afectado principalmente a la seleccion de los casos de estudio a nivel
europeo.

A continuacién se presenta un resumen del planteamiento de cada una de las
herramientas y de las caracteristicas de su contexto de aplicacion.
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CAPITULO 3

3.1.1. Evaluacion de leyes de emergencia a la sequia en Espana

Articulo 1. Urquijo, J., De Stefano, L., & La Calle, A. (2015). Drought and exceptional laws in
Spain: The official water discourse. International Environmental Agreements: Politics, Law and
Economics, 15 (3), 273-292. (DOI 10.1007/s10784-015-9275-8)

Este estudio se centra en el andlisis de la sequia a nivel nacional a través del analisis
del discurso de las leyes de emergencia de sequia aprobadas por el Gobierno espanol
durante la sequia 2005-2008 y profundiza en el uso de las leyes de emergencia como
herramienta de gestion.

El articulo se apoya en el andlisis de marcos politicos, para desarrollar el analisis de
discurso oficial que se desprende de nueve textos normativos (reales decretos y reales
decreto-ley).

Puesto que un marco es el esquema de interpretacion que estructura el sentido que le
damos a la realidad (Goffman, 1974), el andlisis de marcos ayuda a estructurar el
discurso en torno al problema y solucién (Verloo, 2005). Por tanto, la estructura del
analisis de marcos es facilmente ajustable a la estructura y contenido de las leyes
(Figura 8). Asimismo, este esquema permite analizar, también, los medios vy
mecanismos de securitizacién utilizados y la coherencia entre problema y solucidn las
implicaciones para la respuesta.

Figura 8. Marco analitico para el estudio de las leyes de emergencia

nstrumento legal Dimensiones Categoriasanaliticas

*Drefinicion de la sequia
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instrumentos regulatorios
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Articulos Soluciones propuestas {Localizacion, Duracion,
y Anexos
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*Rol de los actores y
participacion

Actores

Coherenciasy
Ausencias

El analisis del discurso considera el lenguaje como el medio de comunicacién e
interaccion inmerso en su contexto cognitivo, cultural, social e histético. Las
caracteristicas de la sequia hacen que la sequia sea un tema particularmente abierto a
definiciones competentes sobre cudl es el problema y la solucién (Sonnet et al., 2006),
de ahi la importancia de profundizar en qué se dice y cdmo se dice a través de las
leyes.

El principal aspecto innovador de este articulo es la aplicacion del analisis de discurso a
la sequia bajo una perspectiva de securitizacidn y el analisis de las leyes de emergencia
en Espana.
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Materiales y Métodos

3.1.2. Analisis de la percepcidn de los regantes en la Demarcacion del Jicar

Articulo 2. Urquijo, J., & De Stefano, L. Perception of drought and local responses by farmers:
a perspective from the Jicar river basin, Spain. Water Resources Management. (DOI:
10.1007/s11269- 015-1178-5).

Este estudio se centra en el analisis de la sequia y las medidas de respuesta desde una
perspectiva local y sectorial. Estudia la percepcion de la sequia, niveles de
vulnerabilidad y estrategias locales de respuesta por parte de los regantes en siete
comunidades de regantes de la Demarcacién del Jucar.

Basado en un enfoque constructivista, el uso de entrevistas en profundidad semi-
estructuradas permite capturar la diversidad de percepciones e interpretaciones sobre
la realidad y, en concreto, sobre el fenédmeno de la sequia y sus implicaciones para la
gestidn de los recursos a nivel local. Esto permite analizar no solo la percepcion si no
también los factores subyacentes vinculados con la vulnerabilidad percibida y resaltar
las principales preocupaciones y conflictos relacionados con la gestion de los recursos
hidricos en la cuenca (Figura 9).

Figura 9. Marco analitico de la percepcion a la sequia
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Las entrevistas en profundidad son una técnica de investigacién cualitativa que
permite recolectar informacién detallada acerca de la opinidon de una persona y la
experiencia en relacién con un tema especifico. Se considera una herramienta flexible,
interactiva y generativa (Legard et al., 2003) que promueve la aparicién de temas de
una manera informal y flexible que puede contribuir a una mejor comprensién e
ilustrar un nuevo tema, en este caso particular, la diferentes percepciones acerca de la
sequia, la vulnerabilidad y las respuestas a la sequia. El tamafio de la muestra vino
definido por la saturacién del discurso, es decir, cuando la recopilacién de nuevos
datos no arrojaban mas luz sobre el tema objeto de la investigacion (Mason, 2010).

El trabajo de campo se llevé a cabo en el verano de 2013, y en la seleccidén de los
entrevistados se seleccionaron agricultores que utilizaban distintas fuentes de agua
(superficial, subterrdneay reciclada), realizandose un total de 24 entrevistas.

El andlisis de la percepcidén a la sequia es escaso en la literatura sobre sequia y
novedoso en Espafia. Ademas, el analisis de la influencia del origen del recurso como
factor determinante para la percepcidn y respuesta no se encuentra casi presente en la
literatura sobre percepcion a la sequia.
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CAPITULO 3

3.1.3. Evaluacion de la gestion de la sequia en seis casos de estudio europeos

Articulo 3. Urquijo, J., Pereira, D., Dias, S., & De Stefano, L. A methodology to assess drought
management as applied to six case Europen case studies. Journal of Water Resources
Development (Aceptado con revision)

Este estudio se centra en el analisis de la gestion de la sequia en seis casos de estudio
europeos que representan diversas escalas: Nacional (Holanda, Portugal y Suiza),
Demarcacion Hidrogréfica (Jucar en Espafia y Po en ltalia); y local (Isla de Syros,
Grecia). Su desarrollo se basa principalmente en las actividades realizadas en el marco
del proyecto DROUGHT R&SPI durante el periodo 2011 -2012 (De Stefano et al., 2012).

En este estudio se ha utilizado el enfoque de evaluacidén orientado por la teoria®, que
bajo un enfoque constructivista, se basa en el desarrollo de un modelo conceptual que
guia el disefo, proceso y la interpretacion de los resultados de una evaluacién (Rogers,
2000). Este enfoque contribuye a entender los factores y mecanismos que posibilitan
la implementacion de la respuesta y las caracteristicas de la gestién de la sequia en
este caso particular. Se presenta como una alternativa a la falta de informacion sobre
los impactos y de las relaciones causales entre la intervencién y sus efectos, como
ocurre claramente con las medidas de sequia. A pesar de que se trata de un enfoque
de creciente uso en diferentes disciplinas (Coryn et al., 2011), apenas ha sido utilizado
en el campo de las politicas ambientales (Mickwitz, 2003), y de aqui su surge el interés
de probar su utilidad para el caso de la sequia.

En este analisis se han identificado seis dimensiones que son relevantes desde una
perspectiva politica (Figura 10). Se realizd un extenso trabajo de campo de revisién
documental, entrevistas (40), cuestionarios (65) y grupos de discusion (5) para la
recogida de datos durante el periodo marzo — octubre 2012. Se buscé la participacidon
de los stakeholders mas representativos en cada caso de estudio y de aquellos que
estuvieron vinculados con la gestion de la sequia.

Figura 10. Marco analitico de la gestion de la sequia aplicado a los casos de estudio
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Como aspecto innovador, destacan el uso de un marco de evaluacién que incluye el
analisis no solo de las medidas si no también de factores contextuales e institucionales
bajo el enfoque de la gestion del riesgo, pero también el uso del enfoque de
evaluacién basada en la teoria aplicado al analisis de la sequia.

34 ./ . , ’ .
También denomidana teoria del programo o teoria del cambio
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Materiales y Métodos

3.1.4. Analisis sistematico de las evaluaciones de vulnerabilidad a la sequia

Articulo 4. Gonzalez Tanago, |., Urquijo, J., Blauhut, V., Villaroya, F., & De Stefano, L. (2015).
Learning from experience: A systematic review of assessments of vulnerability to drought.
Natural Hazards (DOl 10.1007/s11069-015-2006-1).

Este trabajo realiza una revision sistematica de los estudios que miden de forma
cuantitativa la vulnerabilidad a la sequia. El analisis sistemdtico permite resumir y
evaluar el estado del conocimiento sobre un tema en particular (Ford & Pearce, 2010),
lo cual permite reducir potenciales sesgos del autor o inconsistencias, manejar grandes
cantidades de informacién, y detectar lagunas de informacién (Peticrew & Roberts,
2006).

El andlisis sistematico se inicia con una busqueda sistematica en internet, a través de
diferentes buscadores y usando palabras clave, tanto en la literatura cientifica como en
documentos generales. Posteriormente se aplicaron una serie de criterios de inclusiéon
(ej. estudios cuantitativos, centrados en el sistema socio-ambiental) y de exclusion (e;j.
estudios descriptivos o centrados en la vulnerabilidad de un tema especifico),
seleccionando finalmente 46 estudios publicados a partir del aino 2000 y con diferente
cobertura espacial y geografica (Figura 11).

El andlisis del contenido de los estudio se realizd teniendo en cuenta las siguientes
variables: (1) dmbito territorial y escala del analisis, (2) localizacién geografica, (3) afio
de publicacion, (4) modelo tedrico de vulnerabilidad adoptado, (5) principales
componentes y factores utilizados, (6) transparencia del disefio y proceso de
validacién, y (7) usuarios y usos de los estudios.

Figura 11. Marco de analisis de los estudios de vulnerabilidad a la sequia
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El principal aspecto innovador de este estudio es que analiza de manera sistematica los
trabajos aplicados que tratan de cuantificar la vulnerabilidad a la sequia presentando
una imagen completa de las caracteristicas y tendencias de la practica de este tipo de
analisis a nivel global.
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CAPITULO 3

3.1.5. Estudio de los impactos de la sequia a nivel europeo

Articulo .5 Stahl, K., Kohn, I., Blauhut, V., Urquijo, J., De Stefano, L., Acacio, V., Dias, S., Stagge,
J.H., Tallaksen, L.M., Kampragou, E., Van Loon, A.F., Baker, LJ., Melsen, L.S., Bifulco, C.,
Musolino, D., de Carli, A., Massarutto, A., Assimacopoulos, D., & Van Lanen, H.A.J. Impacts of
European drought events: insights from an international database of text-based reports.
Natural Hazards Earth System Science (DOI:10.5194/nhessd-3-5453-2015) (Aceptado, en
discusion)

Este estudio esta relacionado con la construccion de la base de datos internacional de
impactos reportados de la sequia y que son recogidos en el denominado ‘Inventario de
Impactos Reportados de la Sequia en Europa’ (EDIl — European Drought Impacts
Inventory) (Stahl et al. 2012). En concreto se presentan las principales caracteristicas y
resultados preliminares alcanzados hasta este momento (Figura 12).

La EDIl permite recolectar informacidon sobre variables importantes para analizar
diferentes aspectos de los impactos de la sequia: (i) Categorias de impactos (15); (ii)
Subcategorias de impactos (106); (iii) Episodios de sequia; (iv) Localizacién geografica
(Nacional, regional o local); (v) Tipo de fuente de informacién (16); (vi) Otros datos
secundarios asociados (Impactos indirectos, medidas).

Actualmente, la EDII cuenta con mds de 5.000 reportes de impactos de 33 paises
europeos diferentes. El trabajo de recoleccién de datos para Espafia ha tenido lugar en
4 momentos: (i) agosto-septiembre 2012; (ii) marzo - abril 2013; (iii) diciembre 2013 y
(iv) septiembre — octubre 2014. Acualmente se cuenta con 177 registros de impactos,
mas de 370 registros de subtipos de impactos provenientes de mds de 73 referencias
bibliograficas y 10 tipos de fuentes de informacién.

Figura 12. Esquema de recoleccion y analisis de los impactos de la sequia
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Se trata de un estudio innovador puesto que refleja un esfuerzo colectivo de
consensuar los tipos de impactos segln una clasificacion comun para todos los
sectores, episodios y ambito europeo, y ademas realiza un importante trabajo de
recoleccidn de informacién documental.
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Materiales y Métodos

3.2. Resumen del planteamiento de los estudios

En la Tabla 11 se presentan las principales caracteristicas del planteamiento de cada de
los articulos desarrollados a partir de ellas.
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Tabla 11. Resumen del diseiio metodoldgico de cada herramienta de evaluacion

ESTUDIO 1

ESTUDIO 2

ESTUDIO 3

ESTUDIO 4

ESTUDIO 5

Tema central

Evaluacién de la respuesta a
través de las leyes de
emergencia en Espafa

Andlisis la percepcion de la
sequia y respuesta de los
agricultores en el Jucar

Evaluacidn de la gestion de la
sequia en varios casos de
estudio a nivel europeo

Analisis de las
evaluaciones de
vunerabilidad a la sequia

Analisis de los impactos de
la sequia en Europa

Analizar la respuesta a la
sequia a nivel
nacional/regulatorio; Analizar

Analizar la respuesta a la
sequia a nivel sectorial y de
usuario final; Analizar la
percepcion a la sequia 'y

Analizar la respuesta a la
sequia a nivel de gestion;
Analizar el grado de adopcién

Analizar las principales

tendencias y aspectos a
mejorar de los estudios
de evaluacién de la

Analizar los impactos de la
sequia desde el punto de

Objetivos las caracteristicas de la como influye en las de la perspectiva de riesgo en vulnerabilidad aue vista de los impactos
respuesta de crisis; estrategias de respuesta a la respuesta a la sequia; resentan una q observados a nivel
Analizar el papel de las leyes en nivel local; Analizar la Analizar los elementos clave P e europeo.
., . . . . . - cuantificacidn de la
la gestién de la sequia influencia del origen de los y su interrelacién misma
recursos '
Falta de analisis sobre las leyes Falta de conocimiento sobre -
. . . . . Falta de conocimiento y
de emergencia como la percepcién de los e Necesidad de evidencias . . s
. ., . , Falta de conocimiento sobre - registro sistematico de los
instrumento de gestién de la agricultores a la sequia, sus } . sobre las caracteristicas . ,
Gap al que . . como se gestionan las s impactos de la sequia
sequia. Necesidad de conocer  respuestas locales y su , de los andlisis de .
pretende . . sequias y sobre su grado de . . sobre los diferentes
el uso de procesos de vulnerabilidad. Necesidad de . vulnerabilidad a la sequia
responder adopcion de un enfoque de sectores afectados y sobre

securitizacion en contextos de

sequia y sus implicaciones en el
tipo de respuesta.

conocer si el tipo de recurso
utilizado es un factor
determinante

riesgo

y su aplicacion en la
practica.

la cultura de evaluacién
asociada.

Pregunta de
investigacion

¢En que medidas son
adecuadas las leyes de
emergencia?; ¢En qué medida
se encuentra securitizado el
discurso de la sequia?; ¢Qué
medios, coémo y cuales son las
implicaciones para la
respuesta?

é¢Coémo perciben los
agricultores la sequia?;
éCudles son los factores del
contexto que influyen en la
vulnerabilidad?; ¢ Cudles son
las estrategias
implementadas para hacer
frente a la sequia?

é¢COmo se gestionan las
sequias en cada caso de
estudio?; ¢En qué medida las
politicas de sequia siguen un
enfoque de gestién del riesgo
en cada caso de estudio?;
¢Qué hemos aprendido del
pasado?

éCuales son las
principales tendencias en
el analisis aplicado de la
vulnerabilidad a la
sequia?; ¢Cudles son las
principales limitaciones?

¢éCuales son los principales
impactos de la sequia en
Europa?; ¢Cuales han sido
los episodios mas
dafiinos?; ¢Quién reporta
los impactos?; éCudles son
los principales limitaciones
de informacion?
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ESTUDIO 1

ESTUDIO 2

ESTUDIO 3

ESTUDIO 4

ESTUDIO 5

Componente del

riesgo Gestion/medidas Gestion/medidas Gestion/medidas Vulnerabilidad Impactos
Centrado en Disefio Procesos y resultados Disefio y procesos - Resultados
Nivel de gestién Nacional Local Gestion Muiltiple Multiple
Contexto o Demarcacién Hidrografica .
., Espafia . I drograt 6 Casos de Estudio en Europa Global Europa
aplicacion del Jucar
Estudios de

Marco temporal

Sequia 2005-2008

Episodios de sequia 80s, 90s,
2000s

Principales episodios de
sequia desde el afio 2000

vulnerabilidad aplicada
desde el afio 2000

Episodios de sequia desde
los afios 70s

24 entrevistas en

40 entrevistas, 65
cuestionarios y 5 grupos de

46 Estudios de evaluacion

Mas de 5.000 reportes de

Materiales 9 RD y RD-Ley sobre sequia profundidad y observacion discusion con stakeholders; de la vulnerabilidad a la ,
. - , 33 paises europeos.
directa Informes oficiales sobre sequia
sequia o la gestion del agua.
. Andlisis de la percepcién de s, .
, Analisis de marcos basado en . ., . e . Revision y andlisis
Metodologia, e . los agricultores basado en el  Evaluaciéon orientada por la Analisis sistematicos de . o
. el andlisis de discurso y e . , e . L, sistematicos de fuentes
disefo . analisis cualitativo de su teoria; Analisis ex post estudios de evaluacion.
contenido de las leyes . documentales
discurso
Entrevistas semi- . s Blsqueda sistematica de  Andlisis documental para la
. s - Multi-método (analisis . (s . e g
Método/ Analisis documental, A. critico  estructuradas en . . estudios; Analisis identificacion de los
. . . . e documental, cuestionarios, e . e
Herramientas del discurso, A. contenido profundidad y analisis documental y anélisis registros y analisis

documental.

entrevistas semi- estructuras)

estadistico bésico

estadistico bésico

Fuente: Elaboracion propia
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CAPITULO 4. ARTICULOS

4.1. Las leyes de emergencia a la sequia en Espafia
Urquijo J, De Stefano L., La Calle A (2015). Drought and exceptional laws in Spain: The

official water discourse. International Environmental Agreements: Politics, Law and
Economics 15(3), 273-292. (DOI: 10.1007/s10784-015-9275-8)
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Abstract Only recently securitization research is exploring which mechanisms are used to
securitize the water discourse and how securitization affects decision-making processes. In
this context, legal texts convey messages and shape public actions, but have been rarely
considered in the analysis of water securitization. Moreover, security is usually meant as the
absence of violent conflict, while discourse securitization can exist also where there are only
vaguely defined threats to the society. This may be the case of water scarcity asso- ciated
with drought. This paper undertakes a policy frame analysis of nine exceptional laws passed in
Spain during the 2005-2008 drought, to address the following questions: To what extent and
how can the water discourse in legal texts be securitized? and What are the consequences
of that securitization? The analysis shows that securitization is achieved using both
linguistic and institutional mechanisms. Dry spells are presented as exceptional situations
and using alarmist terms, even if drought is inherent to Spain’s Mediterranean climate. The
sense of urgency is used to fast-track the approval of measures that could be part of
ordinary water planning. The securitization of the water discourse contributes to
consolidate an existing water paradigm, which, in the case of Spain, is based on State-
subsidized, technical and legal measures addressing water scarcity (real or exaggerated). It is
an example of a “creeping” securitization of the water discourse, meant as the
dramatization of otherwise natural circumstances to spur projects and investments con-
ceived for other purposes.
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CAPITULO 4

Keywords Drought - Discourse analysis - Exceptional law - Securitization - Water paradigm -
Frame analysis

Abbreviations

DEP Drought Emergency Plan for cities of over 20,000 inhabitants DMP
Drought Management Plan

EU European Union

WEFD Water Framework Directive NIP
National Irrigation Plan

NGO Non-governmental Organization NHP
National Hydrological Plan NWC New

Water Culture

RBD River Basin District

RBMP River Basin Management Plan RBOs River

Basin Organizations

RD Royal Decree

RD-Law Royal Decree-Law

UGSP Upper Guadiana Special Plan

1. Introduction

Environmental security is a subject of current debate. It is framed around the idea of
environmental threats that need to be urgently addressed and that pose a risk to human
safety and human well-being (Graeger 1996; Fischhendler and Katz 2012). Securitization
approaches were originally developed by the ‘Copenhagen School’ (Buzan et al. 1998), which
emphasizes the importance of the processes and the reasons why a certain issue is treated as
a matter of security (Stetter et al. 2011). According to Buzan et al. (1998), securitization is
about breaking the rules of the normal political decision making, placing issues beyond normal
politics or beyond public debate (Schmitt 1985; Williams 2003). From a legal perspective, this
can imply a misuse of powers, as the Authority can use its powers for purposes that go beyond
its legal mandate.

Water securitization processes have received particular attention from different research fields
such as climate change (e.g. Ludwig et al. 2011; Feitelson et al. 2012), water conflicts (e.g.
Stetter et al. 2011; Katz 2011; Fischhendler et al. 2011), and hydro-politics (e.g. Warner and
Zeitoun 2008). Water securitization research normally links water with national security or the
occurrence of violent conflicts (Fischhendler, this volume), while it rarely considers situations
where there are only vaguely-defined threats to the society. This paper aims at filling this gap
by exploring an additional spatial and mental context of securitization, creeping securitization,
which consists in showing water management issues through the lens of emergency, often to
serve specific economic and political interests. Thus, here we define water securitization as a
situation when the scarcity or lack of access or availability of water (real or exaggerated) is
used to justify a specific intervention so as to avoid potential negative consequences on the
society.

Few scholarly studies explore the mechanisms operating to achieve securitization and the
short- and long-term implications of discourse securitization on the decision-making process
(Fishhendler, this volume). Since drought can create situations of water scarcity, it provides a
suitable context for the analysis of both the securitization of water discourse and its practical
consequences (Fischhendler in this volume). This paper analyses exceptional laws passed in
Spain during the 2005-2008 drought to explore the following questions: To what extent and
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how can the water discourse in legal texts be securitized? and What are the consequences of
that securitization?

These questions are addressed through a policy frame analysis, which “is an organizing
principle that transforms fragmentary information into a structured and meaningful problem,
in which a solution is implicitly or explicitly included” (Verloo 2005, p. 20). This is achieved
using analytical categories that assess the coherence between the problem and the proposed
solutions and indicate possible securitization elements in the policy discourse.

A frame analysis of Spanish drought-related exceptional laws yields a description of how
securitization is achieved through different mechanisms and, most importantly, shows that the
securitization of the discourse can play a role in either weakening or reinforcing a particular
water paradigm. At an international level, discourse analyses attempt to compare different
elements of the discourse on globally relevant issues like biodiversity, deforestation (e.g. Adger
et al. 2001) or climate change (e.g. Risbey 2008; Sonnet 2010). Most of that literature,
however, focuses on the analysis of the discourse in the mass media, while little work has been
done so far on regulatory texts or policy documents. The policy frame analysis presented here
could be applied to international policy or regulatory documents where specific actions are
prescribed based on the exposition of a specific problem. That analysis would contribute to
identify possible securitization processes in the international policy agenda and understand
their implications in shaping the international or supranational response to a given water
challenge.

Two issues should be stressed here. First, this paper focuses on the official discourse adopted
by the Spanish State in exceptional drought laws. The analysis of the discourses of other actors
(e.g. regional governments, agricultural or environmental lobbying groups) or even of the
State’s unofficial discourse (emerging e.g. from the analysis of media) is beyond the scope of
this study. Second, we focus on nine exceptional laws that deal mainly - but not exclusively -
with drought in river basin districts managed by the Spanish central government. Thus, our
analysis does not necessarily reflect the discourse of drought in basins managed by regional
agencies.

Section 2 presents Spain’s water and drought policy, Section 3 outlines the methodological
framework, Section 4 presents an overview of the content of the exceptional laws, and Section
5 describes the main mechanisms used to securitize the drought discourse and the
implications of that securitization. Before the concluding remarks (Sect. 7), Section 6 explores
how the securitization of drought discourse fits into the current water policy context and its
contribution to the existing water paradigms.

2. Drought in the Spanish water context

Drought is a characteristic feature of the Mediterranean region and can be defined as a slow-
onset natural hazard that results from a deviation from expected or normal rainfall levels
during a given time period (Wilhite and Glantz 1985). This deviation can translate into amounts
of water insufficient to meet the demands of both human activities and the environment
(Estrela and Vargas 2012). In Spain, dry spells can last several years, having impact on
socioeconomic and environmental systems. With a population of 46.7 million inhabitants (INE
2013), Spain covers 500,000 km? and experiences a variety of rainfall regimes. With an average
annual rainfall of 665 mm, large differences are found between the wet north (average annual
rainfall 2,200 mm) and the dry southeast (<300 mm). This is also reflected in how dry spells hit
the country, as droughts present significant spatial differences in terms of severity, duration,
and time of occurrence (Vicente-Serrano and Cuadrat 2007).

Since the beginning of systematic rainfall monitoring in 1941, four main drought episodes have
occurred: 1941-1945; 1979-1983; 1990-1995; and 2005-2008 (MMA 2008). The 1990s drought
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impacted the domestic supply to over 8 million people in different parts of Spain (Llamas 1997)
and economic losses were reported due to water supply restrictions or shortages. During the
2005-2008 drought domestic water supply was guaranteed, while water rates for irrigation
had to be reduced in several areas (MMA 2008). This study focuses on the 2005-2008 drought,
which was the last prolonged drought affecting most of the Spanish territory.

2.1. Water policy context

The exceptional laws analysed here must be framed in the landscape of Spain’s water policy,
which, in the last two decades, has been very dynamic, and characterized by the interaction
(and clash) of different, coexisting water paradigms.

Spain is a quasi-federal country, where autonomous regions with their own governments have
broad competence on many policy areas. The 1978 Constitution requires that water is
managed at central level for inter-regional basins (those shared by two or more regions),
whereas for intra-regional basins (i.e. those located within a single region) water is managed
through the creation of regional water agencies (Figure 1). As a result, currently there are nine
River Basin Organizations (RBOs) that depend on the central government, covering 85% of
Spain’s territory, and 12 regional water agencies. Since 1978, however, the Spanish political
landscape has significantly changed, and regions are now pressing to increase their control
also over inter-regional water resources flowing within their boundaries (see Lépez-Gunn and
De Stefano 2014).

Fig. 1 Inter- and intra-regional basins
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During the past 15 years, legal activity around water has been intense (Figure 2). In 1998, River
Basin Management Plans (RBMPs) were approved in all the basins, while the National
Hydrological Plan (NHP) (addressing issues affecting several river basins) was passed in 2001.
The NHP included a long list of water works and its cornerstone was a 914 km-long transfer of
1,050 hm?®/year from the lower Ebro river in the northeast of Spain to several provinces along
the Mediterranean coast. This was a highly disputed project which polarized the water debate
(see e.g. Albiac et al. 2006; Garrido and Llamas 2009). In 1999 and 2003, the 1985 Water Act
was amended. The 1999 reform introduced the option of trading water (Garrido et al. 2012),
while in 2003 legislators transposed the requirements of the 2000 European Union Water
Framework Directive (EU WFD) into the Water Act, which set new, environment-oriented
objectives for water policy in all the EU countries (De Stefano and Herndndez-Mora 2012). In
2004 a newly elected central government abrogated the Ebro transfer project, marking a
milestone in Spanish water policy for several reasons. First, it meant a rupture with the long-
standing discourse of hydrosolidarity among water-abundant and water-scarce regions.
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Second it showed that water issues could be used as a political weapon to gain or lose votes™®.
Third, it confirmed the strength of regionalist claims over water. And fourth, it implied a shift
of emphasis from reservoirs and transfer schemes to desalination plants as a means of
augmenting water supply*® (Downward and Taylor 2007).

Despite the focus on water infrastructure, the 2001 NHP also paved the way for ‘softer’, non-
engineering solutions. For instance, it required the elaboration of normative Drought
Management Plans (DMPs) at the river basin level and Drought Emergency Plans for cities of
over 20,000 inhabitants (DEPs). The NHP also mandated the development of a special
management plan for the Upper Guadiana basin, a region where a 40-year-long intensive (and
often uncontrolled) groundwater development has contributed to the degradation of
protected groundwater-dependent wetland ecosystems. The Upper Guadiana Special Plan
(UGSP) was approved in 2008, representing a first attempt to tackle the problem of
uncontrolled groundwater use not only through water infrastructure but also through a
battery of administrative, legal and economic tools (Martinez-Santos et al. 2008).

Fig. 2 Main milestones in Spanish water policy between 1990 and 2008.
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These developments set the scene for three main water paradigms coexisting in the Spanish
context (Lépez-Gunn 2009; Lépez-Gunn and De Stefano 2014). The ‘(old) hydraulic paradigm’
(Sauri and Moral 2001), has dominated Spain’s water landscape for decades (Swyngedouw
1999; 2007) and focuses on water supply enhancement through water infrastructures
promoted by the central State. Since the end of the 1990s, however, the water scene has seen
the rise of two other paradigms. First, the ‘regionalist hydraulic paradigm’ reflects the
utilization of water by the regional governments as a means for achieving political gains. And
second, the ‘new water culture paradigm’ (NWC), which advocates a demand management
approach and the inclusion of social and environmental concerns, and is embraced by

% The donor and recipient areas of the transfer were of opposite political colour and the abrogation or continuation of the
transfer was a political flag during the 2004 national elections campaign. The abrogation of the project was the second major act
by the newly elected Government, after the withdrawal of Spanish troops from Iraq.

% The AGUA Program, approved in 2005, emphasized the construction of desalination plants along the Mediterranean coast to
substitute the water that the Ebro transfer would have contributed. The planned desalination capacity amounted to over 700
hm?®/year. Today many of the planned plants are operational, and desalinated water is heavily subsidized to make it affordable to
farmers. However, plants are dramatically underused (only operational at 20% capacity for the most part), and farmers still rely on
groundwater resources, aggravating the situation of many intensively used aquifers along the coast.
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environmental NGOs, local grassroots movements and several water-related EU guidelines
(Lépez-Gunn 2009). The heated debate around the NHP reflects the rise of these two ‘new’
paradigms, and the derogation of the Ebro transfer in 2004 sanctions the recognition of their
strength (for more on the rise of the NWC see Tabara and llhan 2008).

From a political standpoint, the 2005-2008 drought overlaps in time with a national election
(2008) and two rounds of regional elections (2006 and 2008), where water-related decisions
were means to gain or lose votes. This is the realm of water policy where the 2005-2008
drought occurred and where the exceptional laws were conceived.

2.2. Drought management tools

In 2005-2008 the 1985 Water Act (and subsequent amendments), the 2001 NHP and the 1998
RBMPs constituted the main legal sources for water and drought management. The Water Act
allows these legal instruments to be complemented by exceptional laws to face drought
situations.

Spain has different national legal instruments that are passed by the central government or
the parliament: Laws, Royal Decree-Laws, and Regulations. Two of them were used to regulate
drought responses during 2005-2008:

a) The Royal Decree-Law (RD-Law) is a decree with a rank of law, which is used for
promulgating exceptional and urgent measures ‘in the case of extraordinary and
urgent necessity’. It is approved by the executive power and has to be validated or
repealed by the Parliament within 30 days. RD-Laws need to meet two requirements:
they have to justify with facts the exceptionality and urgency of the situation that they
address; and they have to show that the measures they approve are aimed at dealing
with that situation (Brufao 2012).

b) The Royal Decree (RD) has a lower legal rank and is used by the Government to rule
specific, often technical, issues that do not need to be regulated by a law.

Among the nine exceptional laws approved for the management of the 2005-2008 drought, six
were RD-Laws and three RDs. While three of them have a country-wide scale (RD-Law
10/2005, RD-Law 15/2005 and RD 287/2006), the rest refer to a particular group of inter-
regional river basins.

Since this paper focuses on the official discourse of the central government, regional and local
regulations dealing with drought have not been included. The 2007 DMPs were approved at
the end of the 2005-2008 drought and therefore had a limited application to that episode.
They currently constitute the primary drought tools together with the Spanish System of
Drought Indicators and the Drought Emergency Plans for cities of over 20,000 inhabitants.

3. Methodological approach

Discourses constitute systems of knowledge and belief shared by a group of actors and
“shaped by political, economic, infrastructural, cultural, and physical factors” (Sonnet et al.
2006; p. 95). Under a constructivist research approach (e.g. Guba and Lincoln 1994), discourse
analysis focuses on the systematic analysis of a written or oral discourse, considering the use
of language as a means of communication and interaction embedded in its cognitive, social,
historic and cultural contexts. According to Sonnet et al. (2006, p. 95), “understanding
discursive context is especially important for ‘slow-onset hazards’ such as drought [...] because
such hazards are diffuse in time and space, and are therefore particularly open to competing
definitions of problems and solutions”.

According to discourse theory, reality is shaped by language (Fischhendler and Kratz 2012),
thus the analysis of the texts produced by a specific actor allows understanding how that actor

72



Articulos

perceives the reality and will intervene on it. We use policy frame analysis to guide and
structure the discourse analysis process. According to Goffman (1974), a frame is generally
described as an interpretation scheme that structures the meaning of reality. Policy frames
organize scattered information into a “structured and meaningful problem” that includes also
a solution, in an implicit or explicit way (Verloo 2005). The main advantage of a policy frame
approach is that it helps to analyse a policy act in terms of Diagnosis (problem definition),
Rationale (justification of the need to act), Prognosis (solutions proposed), and Voices (roles
and actors involved). These four dimensions of analysis, adapted from Verloo (2005), enable
the assessment of the internal Coherence and Gaps of a given text, and to explore the reasons
behind them. Those reasons can be seen through securitization lenses and will point to what
instruments are used to securitize the discourse and the consequences of securitization.

The content of each legal text can be divided into: (i) the corpus, where the problem is
presented, including its background and justification of the need for action, (ii) the objectives,
as the formal aim of the norm, and (iii) the solution, which includes all the actions established
to address the problem (Figure 3). The characterization of the discourse was undertaken using
the software Atlas-ti version 6.2 for the systematic analysis of textual data.

Fig. 3 Theoretical Framework of the analysis
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4. Overview of the content of the drought laws

In the legal texts, two main problems are attributed to drought. The first one relates to the
difficulty to meet the existing water demands, particularly from the irrigation and domestic
water supply sectors, while other sectors (e.g. rain-fed agriculture, livestock farming,
ecosystems) are barely mentioned. The second most frequently mentioned problem is related
to the economic impact of drought, which stresses the consequences of drought on the
agricultural sector, particularly irrigated agriculture. The legal texts always refer to potential
economic impacts and not to reported ones.

The solutions provided in the laws can be classified into five categories: (i) Water management
measures (e.g. granting special powers to the River Basin Authorities), (ii) Measures to increase
water supply (e.g. emergency wells or works to increase irrigation efficiency), (iii) Financial-
economic measures (special conditions for public loans to farmers or exemptions from water
tariffs for irrigation), (iv) Administrative and control measures (e.g. declaration of
expropriation and urgent land occupation to undertake the approved works), and (v)
Environmental measures.
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Additionally, each legal text includes an annex listing specific water infrastructure, a total of
441. These represent a very large share of the budget for the execution of the norms. They are
mainly focused on increasing water supply to agriculture through the modernization of
irrigation systems (64%) and the improvement of domestic water supply (16%), followed by
the construction or upgrade of reservoirs and irrigation ponds (5%), treated-water reuse (4%),
desalination (4%), wastewater treatment (3%), environmental protection (1%), groundwater
wells (1%) and other works (2%).

5. How is securitization achieved?

The application of the theoretical framework allows identifying the mechanisms employed to
securitize the discourse on drought in Spain. Fischhendler (this volume) identifies structural,
institutional, and linguistic mechanisms for securitizing water issues. This section shows that in
the case of exceptional laws, institutional and linguistic tools were used to securitize the
discourse. Table 1 shows the relationship among the analytical categories, the securitization
mechanisms, and the reasons for securitization, as well as the sub-sections of the paper where
those results are presented.

Table 1 Overview of water securitization means by analytical category

Analytical . Reasons behind Section of
. Securitization means . .
categories securitization this paper
Drought Although their causes and intensity  Stressing the natural origin of the
definition are different, meteorological drought event, to justify the contention
and social drought are presented that the cause of the threat is out Section 5.2
%) . . .
= without clear boundaries between of human control and therefore
é’ them requires the approval of
o exceptional measures
(8]
]
S Terminology used  Alarmist terms, exceptionality of the
o .
= fjrought., ’ contrast . between Creatm.g sgnse of danger and Section 5.2
= normality’ (average rainfall) and exceptionality
20 ‘anomaly’ (drought)
£
Type of Threats to domestic water supply; Justifying the need to act
arguments water use restrictions; damage to immediately, in order to avoid Section 5.2
economic activities damages to the society
Regulatory tools Use of RD-Laws; Attribution of Skibping reeular orocedures in ]
g adequacy exceptional  powers to  the pping ree P Section 5.1
S " . the approval of legal changes and
2 competent Authorities; declaration Section 6.3
c ) water works
o of general interest and urgency
[S]
% Adequacy of Legal texts present measures that are
= measures not designed for giving relief from )
c th . Section 6.1
S e on-going drought as emergency Meetin oals not related to ;
5 actions: e.g. water works that will be € € Section 6.2
B2 e drought management
] completed within several vyears; Section 6.4
[

located in areas not affected by
drought; or unrelated to drought.

Role of actors

Nature as the main responsible for
low water reserves. The State
government is the main actor in
decision making, budget allocation
and execution of the measures. It
shares some power with regional
governments and agricultural users

Drought is a problem of the
society as a whole and therefore
the State has to mitigate its
impact

Not presented
in this paper
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5.1. Using institutional mechanisms to securitize

Fischhendler (this volume) states that the exclusion of civil society and NGOs from governance
using arguments of urgency and security is an ‘institutional mechanism’ of securitization. The
use of exceptional legal instruments to deal with drought represents an example of this
mechanism, even if a mild one (relative to other cases presented in this volume). Indeed,
exceptional laws take drought management out of the track of regular policy making, in
practice bypassing parliamentary debate and reducing the input from third parties having a
stake in the decisions made.

RD and RD-Law have different purposes and different approval procedures. RDs normally deal
with technical matters and regulate issues that can be addressed directly by the government;
while RD-Laws are approved using exceptional procedures and have the ability to change other
laws. The use of RD-Laws implies ‘breaking the rules of normal politics’ (Buzan et al. 1998)
because they enable legal changes beyond the regular approval procedures. Here
parliamentary debate is limited to acknowledging or rejecting the exceptional nature of the
situation justifying the use of such a legal instrument, while no real debate is about the RD-Law
measures is possible. RDs follow the normal path to regulate a specific issue, but the RDs
analysed repeatedly use the ‘urgent need to act’ to justify the ‘public interest declaration’ of a
large number of water infrastructures, thus decreasing accountability in public spending and
leaving the people affected defenceless before the actions of the Authorities.

The government needs to prove that the situation addressed by the RD-Laws and RDs is
‘extraordinary’ and requires ‘urgent measures’ to face it. This characterization is at odds with
the fact that prolonged droughts are a normal feature of Spain’s climate. Indeed, deviations
from that average are to be expected, even if it is not possible to predict when exactly they will
occur. Brufao (2012) explains that, since 1947, dry spells of over two consecutive years have
occurred every decade in most of Spain’s large basins. Thus, drought seems to be the rule
more than the exception that requires acting urgently and using extraordinary mechanisms.
Moreover, the justification of urgency and exceptionality both for RD and RD-Law is based on
the idea that low reserves and inability to meet water demands are exceptional situations. This
seems to ignore that regions such as the Guadalquivir and Segura — two important targets of
the exceptional laws — have more water demand than available resources even during times of
average precipitation.

Thus, the use of exceptional laws for regulating a non-emergency situation can be seen as a
securitization mechanism itself within the broad category of institutional tools. Additionally,
the need to justify the use of exceptional laws has implications on the language and the
arguments used in the characterization of drought and of the problems that the legal texts
address.

5.2. Using linguistic mechanisms to securitize

Wilhite and Glantz (1985) recommend a distinction between conceptual and operational
definitions of drought. Droughts are generally classified into meteorological, agricultural,
hydrological and social droughts®” (Mishra and Singh 2010). While meteorological drought is a
natural phenomenon, social droughts are the result of the interaction between nature and
water-related management decisions.

In the texts analysed, the description of drought moves back and forth between
meteorological drought and the level of reserves (social drought) as if both had the same

%7 Meteorological drought is defined as lack of precipitation for a period of time; hydrological drought is a period with inadequate
water resources for established uses; agricultural drought refers to a period with declining soil moisture and consequent crop
failure; socio-economic drought is associated with failure of water systems to meet water demands (Mishra and Singh, 2010).
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origin and intensity. In the texts, low reserves are always attributed to insufficient rainfall (‘as
it is logical’, ‘as a logical consequence’, RD-Law 14/2009) and never to the high levels of
demands or to management rules that are not able to increase or maintain the water reserve
levels.*® Most legal texts refer to the very low rainfall in 2004-05, when precipitation was the
lowest registered since 1947, and indirectly attribute low reserves in the following four years
to the impossibility to fully recover from that event, even if at the beginning of 2004-05 the
reserves were 31% higher than average (RD-Law 8/2008).

The analysis of the discourse around drought helps to identify also a “psychological drought”
(Brufao 2012), i.e. a feeling of public danger due to the fact that messages about droughts are
often imprecise and alarmist,* The legal texts in all but two cases refer only to the level of
reserves of surface water, ignoring that groundwater plays a key role in many regions of Spain
both during wet and dry spells, due to its intrinsic resilience to drought (Brufao 2012). The
legal texts use alarmist terms to stress the existence of an exceptional situation that justifies
an urgent intervention by the State. Interestingly, RDs use less alarmist terms than the RD-
Laws even if they are referring to the same situation (Table 2). A possible reason for this
difference is that RDs do not need to pass any parliamentary validation as the RD-Laws.

Table 2 Terms describing the drought situation in the corpus of the laws.

rFunom v v v vl vl IX

“Important climatic adversity” v v v v v
“Extreme climatic conditions” v v v v v
“Markedly  atypical and deficient

evolution” v v
“Extraordinary drought” v v v
“Persistence of the drought” v

“Pluriannual drought” v

“Intense drought” v v v
“Extraordinary effect of this drought” v

“Unusual impact” v

"Seriousness/worsening of the situation" v v v v v v V¥ v
“Dramatic situation” v

“Natural disaster” v

Note: Column numbering corresponds to the laws numeration in the References. Note: Shaded columns
indicate RD. Translated from Spanish by the authors.

6. Evidence and consequences of securitization

The main consequences of the securitization of drought are the approval of permanent
changes in a contingent situation; approval of water-related works not linked to drought;
abuse of the declaration of general interest; creation of economic advantages for some
sectors; and lack of accountability of the Authorities for poor management of public funds.

% |n Spain surface water reserves are used as the main indicator for social drought. However, reservoir reserves are largely a result
of the Water Authorities’ management decisions. For instance, if they (imprudently) decide to release a large volume of water for
a given use despite the fact that the dry spell is forecast to continue, their decision could provoke a worsening of the drought.

3% Referring to the idea of “psychological drought”, Castro and Guijarro (2004) argue that most of the news about water in Spain
are negative and alarming, for instance when media report that surface water reserves decrease during summer time. As the
authors remark, “this is no news in itself, as in summer, with no rain and a sustained demand, the stored water volume has
necessarily to decrease. The contrary would be a miracle and that would be a real news” (Castro and Guijarro 2004, translation
from Spanish by the authors).
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6.1. Approval of permanent changes in a contingent situation

The implementation time frame (short, medium or long period) and the permanence in time
(temporary or permanent) of the approved measures were analysed. For most of the
measures the time of validity is explicitly defined, which is in agreement with the transient
nature of drought. This is the case for all the financial exemptions, granting special powers to
River Basins Authorities, the establishment of special loans or allowing inter-basin water trade.
Other measures, however, (a) will persist over time; and/or (b) will have an impact on water
use only after the end of the emergency situation. These two characteristics raise questions
about whether they should be approved under the umbrella of an emergency and reveal the
use of a declared emergency to bypass regular approval procedures. We cite here three cases
of permanent and long-term initiatives approved in exceptional laws.

Only one year after the start of the drought, RD-Law 9/2006 used the ‘pluriannual drought’ to
justify a set of permanent legal changes in the Upper Guadiana aquifer in central Spain. In this
aquifer, since the 1970s, intensive (and often uncontrolled) groundwater development for
irrigation has contributed to the degradation of groundwater-dependent wetland ecosystems.
Since the 1980s, Water Authorities have attempted to address overexploitation and its
negative consequences using a wide array of measures (Martinez-Santos et al. 2008). The RD-
Law states that the legal changes will ‘reduce socio-economic tensions’, ‘ensure short term
supply to towns and villages’, and represent ‘agile reply to the current problematic imposed by
the drought’. These arguments are problematic as first, ‘socio-economic tensions’ have existed
for decades before the 2005-2008 drought; second, aquifers are intrinsically resilient to
drought and therefore the ‘current problems’ addressed by the RD-Law are not ‘imposed by
the drought’; third, RD-Law 9/2006 approves a socially sensitive transformation of private
groundwater rights into public ones and the regulation of a much disputed public water bank.
These measures do not suppose an immediate relief to the stress on the aquifer nor contribute
to ensuring domestic supply, which are the stated objectives of the RD-Law.

A second example of permanent changes is in RD-Law 15/2005, which authorizes the
registration of water rights of large irrigation districts promoted by the State in the 1960s and
which never received the corresponding administrative concession for water use. A reason
behind this authorization is that the legislator wanted those irrigation districts to be able to
participate in exceptional inter-basin water trade from the upper Tagus to the Mediterranean
coast. These irrigated areas use almost 80% of Spain’s total regulated surface waters and
therefore their registration, even if desirable, has a lasting effect and should not have been
done through hasty approval procedures but rather should be addressed in regular water
management processes.

Finally, the execution of most of the water works included in the annexes of the analysed legal
texts cannot be completed within a short time frame and is likely to span several dry-wet
cycles. Thus, they should be approved within the normal planning process and not using a fast-
track approval procedure or the declaration of urgency and the subsequent expropriation of
private land. These works include the modernization of irrigation systems and the construction
of desalination plants or new dams. This practice is not new. During Spain’s 1991-1995
drought, the government approved by RD-Law some very controversial water works, including
the construction of three disputed dams of ltoiz, Biscarrués (both in the Pyrenees) and
Melonares (Andalusia), the regulation of the Sorbes river near Madrid, and the improvement
of the water supply system to the city of Santander on the Atlantic coast (Brufao 2012). The
execution of some of those works has been plagued by technical, social and economic
problems and is not fully completed as of 2014, almost 20 years after their approval under
exceptional and urgent procedures.
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6.2. Approval of water-related works not linked to drought

Some water works are unrelated to drought either for their location or for their scope or both.
The analysis of the geographical location of the approved measures shows evidence of the use
of drought as a means to approve water infrastructures and implement them using urgency
procedures. Approximately 46% (204 out of 441) of the infrastructures are located in
Andalusia, Murcia and Valencia, where a situation of emergency due to drought was declared
at least once during the period 2005-2008. Nonetheless, others are located in areas barely hit
by drought according to the official drought indicators system (Figure 4), which foresees three
possible levels of alert: ‘Prealert’, when there is no water shortage, but monitoring measures
are increased; ‘Alert’, when limitations in water uses could be established; and ‘Emergency’,
when the deterioration of water bodies should be minimized and water consumption
restrictions are applied (Brufao 2012).

Fig. 4 Levels of drought severity by exploitation system and location of the approved water works
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Note: The level of alert in a given polygon is the mode of the series of monthly alert levels. When the
series had more than two modes, the most negative one was selected; based on the data of the official
drought monitoring system,; no data were available for 2005.

RD-Law 9/2007 declares the urgent occupation of land to allow the cleaning up of toxic
sediments in the Flix reservoir (Ebro basin, North East of Spain). This reservoir contains high
levels of trace metals and organochlorine pollutants due to the accumulation through decades
of wastes from a chlor-alkali plant (Soto et al. 2011). Thus, it is difficult to justify its inclusion in
a drought exceptional law and its approval using fast-track procedures instead of addressing it
within regular water planning processes.’”> Some water works are for flood management (RD-
Law 15/2005 and RD-Law 9/2007) and therefore are unrelated to the explicit objective of the
legal texts where they are included (to regulate water trade transactions and to mitigate the
effects of drought, respectively). Other water works include the expansion of irrigated land in
already highly water-stressed areas. This is the case of new lands irrigated with recycled water

“\Works for the cleaning up of the sediments started in 2013, six years after the approval of RD-Law 9/2007.
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from the urban wastewater treatment plant in the town of Palma, in the Balearic islands (RD-
Law 10/2005), or the increase of irrigated land in Murcia, on the Mediterranean coast (RD-Law
10/2005). In other cases (e.g. RD-Law 9/2007; RD-Law 10/2005), the annexes include a very
generic description of the water works — ‘modernization of irrigation system’ or ‘upgrade and
modernization of irrigation system’, ‘desalination in Costa del Sol’ (Mediterranean coast) -
which makes it impossible to evaluate the consistency of the measure with the objectives of
the Law.

6.3. Abuse of the declaration of general interest

The declaration of general interest of a large number of water works has consequences on the
contracting procedures (urgency), on the administrative competences for their execution, and
on the funding (Brufao 2012), as well as on the expropriation process associated to some
water works. In such cases, the public Administration is entitled to expropriate a private
property before defining the compensation value and reaching an agreement with the affected
owner. RD 1265/2005 and RD 1419/2005 attribute temporary special powers to the presidents
of River Basin Districts (RBDs) hit by drought allowing them to ‘impose’ the execution of
emergency water works, and establish shorter than usual deadlines for public consultation and
hearing of third parties affected by the works. These special powers and the above-mentioned
declaration of general interest contribute to shortcutting the debate about adequacy of the
measures, and the budget executed is subject to little, if any, public scrutiny.

Even if it is not accompanied by a declaration of general interest, it is worth mentioning that
RD-Law 15/2005 and its subsequent extensions (RD-Law 9/2006, RD-Law 9/2007, RD-Law
8/2008 and RD-Law 14/2009) use drought as an argument to allow water export from two
basins — Tagus and Guadalquivir — to other regions, thus overriding the water exploitation rules
established by Law in the water management plans of both basins. Interestingly, since inter-
basin water trade started, there have been intense negotiations between users and the State
to make that exception a rule.

6.4. Creation of economic advantages for some sectors and unaccountability for
management shortcomings

RD-Laws create economic advantages for users affected by water restrictions, who are exempt
from payments for water use even if water rights do not create an obligation for the Water
Authority to ensure the availability of water. Especially striking is the case of the exemption
from payment of water-transfer fees applied to the users of the Tagus-Segura transfer
(Hernandez-Mora et al. 2014). RD-Law 15/2005 authorizes the exceptional use of the Tagus-
Segura aqueduct for water trade between users of both basins and establishes that the
applicable economic conditions are those defined by law. Nonetheless, since 2006, the
extensions of RD-Law 15/2005 state that those conditions have provoked ‘unexpected and
important imbalance’ in the ‘commercial operations’ of the recipients of the traded water and
that the State has to compensate for those impacts. Two aspects should be stressed here. On
one hand, the RD-Law extensions in 2007, 2008 and 2009 state that ‘important imbalance’ are
‘unexpected’: but how can the imbalance be unexpected if it has occurred every year since the
trade approval? On the other hand, each law extension, after acknowledging the ‘imbalance’,
extends the authorization for inter-basin water trade for one more year, thus maintaining the
economic burden of the trading transactions on the tax-payer.

RD-Law 10/2005 and RD-Law 9/2007 establish the exemption from paying water transfer fees
for an emergency water transfer from Tagus to the Daimiel wetlands (Upper Guadiana) arguing
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that the effectiveness of the transfer had been poor.** The RD-Laws do not explain the reasons
for this poor effectiveness but establish that the State should pay for it. Possible causes could
be that water infiltrated into the aquifer before reaching the wetland (the transfer was made
through a river) or was captured by water users on its way to the wetland, suggesting
inadequate management decisions or their poor implementation.

7. Securitization and Spain’s water paradigms

Section 2 described three main water paradigms present in Spain’s water policy context. How
do the exceptional laws fit into that context? What paradigm do they reflect and how do they
reinforce it?

From the analysis of the exceptional laws a water paradigm emerges that considers water as a
scarce and cheap resource, key to ensuring Spain’s economic development. Economic
development is jeopardized by water scarcity and therefore increasing water availability (or at
least ensuring no shortage of it) becomes an issue of public interest. The securitization of the
discourse — i.e. creating a sense of urgency and using fast-track approval procedures to
approve water-related measures — contributes to strengthening that paradigm, as most of the
approved interventions focus on ensuring sufficient and cheap (for the users) water resources
for economic uses. The measures benefit the agricultural and domestic supply sectors,
especially on the Mediterranean coast. This is an area that historically has claimed (and often
obtained) that its natural water resources should be increased in order to fully exploit the
advantages of its mild climate. The 2005-2008 drought comes at a time when the Ebro transfer
has been ruled out and water actors are debating about the future of water management in
Spain.

From this perspective, drought becomes an opportunity, rather than a trigger, to spur the
implementation of solutions already present in Spain’s water debate before the drought. This
is evident in the case of water markets. These were introduced in the 1999 reform of the
Water Act but had been barely implemented. Something similar happens with the
modernization of irrigation systems, which was on the policy agenda since 1993 draft NHP and
the 2002 National Irrigation Plan (NIP), and whose implementation is jumpstarted using
drought as a justification.

The paradigm spurred by exceptional drought laws borrows water management objectives
from the traditional and regionalist paradigms, as they both present water as a limiting factor
for socioeconomic development and advocate making cheap water available for water users.
The measures to achieve this objective are carefully selected, so that they do not clash with
regional interests: they do not take water from one region to another and, when they do
(Tagus-Segura transfer), the users directly affected are largely compensated for their water. At
the same time, they include solutions supported by the NWC movement when arguing against
the Ebro transfer (Arrojo 2003), thus making it somehow more difficult for environmentalists
to oppose them. The NWC paradigm, however, supports cost-effective analysis of
management measures, full recovery of the cost of water services provided to water users,
and considers transparency and accountability as key elements of good water governance. This
is barely present in the water paradigm emerging after the derogation of the Ebro transfer.
The securitization of drought helps eluding cost recovery and accountability, as it allows for
the approval of new large public spending and legal changes, with little debate and no public
scrutiny of their outcome. The resulting paradigm promotes new, State-subsidized
technological and market solutions to old water claims, thus leaving the substance of water
policy unchanged. This is in line with the considerations by Tabra and Ilhan (2008, p. 70), who

' The transfer of surface water was used to bring temporary relief to those wetlands suffering from intense groundwater
exploitation in their recharge area.
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observe that the NWC was “able to readdress some of the worst outcomes of the business-as-
usual water policies” but was “not able to develop the necessary encompassing changes in the
power structures”.

8. Conclusions

The analysis of the discourse in the exceptional laws approved during the 2005-2008 drought
in Spain shows a securitization of the water discourse through linguistic and institutional
mechanisms. This is an example of creeping securitization - rarely considered in the literature.
Creeping securitization is distinctive as a) it frames water issues in a context of overstated
urgency to act, in order to achieve a preset policy agenda; and b) it is not associated with a
threat of violence or war, but rather with gloomy forecasts of unquantified consequences in
case of inaction.

The characterization of drought as an extraordinary event with exceptional impacts, despite
being an inherent feature of Spain’s climate, and without providing data about the magnitude
of those impacts, is evidence of the use of language for securitization purposes. Moreover, the
characterization of drought emphasizes the climatic component of drought, minimizing the
importance of water management decisions in creating or exacerbating scarcity problems.

Institutional mechanisms are related to the use of RD-Laws. The use of exceptional
instruments is not justified, because drought is not an extraordinary event and because many
of the water works included in the approved laws (e.g. upgrade of irrigation systems,
desalination plants) cannot give immediate relief nor address the urgency situation described,
as their implementation timeframe exceeds the duration of the drought episode. These
measures should be included in regular water resources planning. Thus, the exceptional laws
are used to bypass the normal procedures in decision-making process,

The discourse in these exceptional laws is anchored in the hydraulic and regionalist water
paradigms, which aim at maintaining economic development at the lowest cost for the user
pursued through technological measures and water trade. The policy frame analysis also
shows that securitizing drought enables the approval of legal changes and additional public
spending and eludes accountability and cost recovery by the users. When the securitization
mechanisms are framed in the context of the existing water paradigms, the analysis
contributes to identify the implications of securitization and the vested interests supported by
such securitization.
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Abstract

Farmers play a key role in water management at all levels and their role becomes even more
relevant during droughts, when water systems are under increased pressure. This paper presents a
study based on interviews to farmers in eastern Spain using different types of water sources, to
explore how that factor determines perceptions and actions during droughts. Results show that
farmers often perceive droughts through non-climatic factors, e.g. the volume of water stored in
the reservoirs or water restrictions, rather than through meteorological parameters. The type of
water source highly influences farmers’ perception of drought and the type of strategies
implemented to face it, confirming the key role of groundwater in buffering drought. In areas using
surface water, practices to mitigate impacts include temporary changes in cropping practices,
temporary modification of water distribution shifts or the use of emergency wells. In areas irrigated
with different water sources — groundwater, reclaimed water — farmers’ actions address mainly
permanent water scarcity problems and their concerns are focused on the long term viability of
their activity — in terms of cost of water or water quality — rather than on variability of rainfall. Both
in surface and groundwater-based irrigation areas, local responses often require close cooperation
among users, as they may involve redistributing the available resources, sharing extra costs, or
combining water from different sources to achieve the desired water quality.

Key words: drought, perception, farmers, responses, irrigation community, vulnerability
Introduction

“Perception refers to a range of judgments, beliefs and attitudes” (Taylor et al 1988, p. 152) and, in
the case of drought, it is influenced by the characteristics of the dry spell as well as by the context
of whom experiences it (Patt and Schroter 2008; Dessai and Sims 2010; Higginbotham et al. 2014).
Thus “drought means different things to different people, and there are probably as many
definitions as there are users for water” (Heathcote 1969, p. 176).

The diversity of drought definitions makes it important to understand stakeholders’ perception of
it, as that will influence their actions and their acceptance of mitigation actions (Giordano and
Vurro 2010; Stoutenborough and Vedlitz 2014). Moreover, understanding people’s perception can
help identifying barriers to behavioural changes that are needed to achieve sustainable water
management (Dessai and Sims 2010) and it is a necessary condition for the effective formulation
and implementation of policies (Patt and Schroter 2008; Sherval and Askew 2012).
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The first studies of drought perception were developed by Saarinen (1966) in Australia, and by
Heathcote (1969) and Taylor et al (1988) in the USA. Since then, a number of studies have been
undertaken in those two countries (Raphael et al. 2009; Sherval and Askew 2012; Higginbotham et
al. 2014; Diggs 1991; Dagel 1997; Keenan and Krannich 1997; Woudenberg et al. 2008; Knutson et
al. 2011), in Africa (e.g. Slegers 2008; Patt and Schroter 2008; Noemdoe et al. 2006), Asia (e.g.
Habiba et al. 2012; Mehta 2001), and Europe (e.g. Dessai and Sims 2010; Giordano and Vurro 2010).
In Spain, Morales Gil et al. (2000) analysed the perception of drought by the Spanish society, while
Ortega-Reig et al. (2014) studied farmers’ perception of drought as part of a research on
conjunctive water use and drought management. March et al (2013) focussed on the perception of
drought in the city Barcelona, while other Spanish authors (e.g. Ruiz Sinoga and Ledn Gross 2013)
study drought perception through the analysis of mass media.

Most of these studies focus on the analysis of differences in drought perception within a given
group of water users, mainly among different types of farmers (e.g. rangers, Dagel 1997; irrigated
vs non-irrigated farmers, Habiba et al. 2012), different geographic locations (rural — coastal areas,
Higginbotham et al. 2014) or different farming methods (Knutson et al. 2011). However, few
previous works have been found that explore how the type of water source influences drought
perception and response practices and even less have used in-depth interviews as a means to let
water users guide the researcher to those themes and concerns that are relevant to them.

This paper aims at filling this gap by using in-depth interviews to explore drought perception among
farmers that use different water sources in the Jucar River Basin District (JBRD, eastern Spain). The
study also provides insights into individual and collective response to drought, thus complementing
existing studies that focus mainly on governmental response to drought. Moreover, it also offers
empirical evidence about what factors influence farmers’ vulnerability to drought, which is critical
information when designing vulnerability assessments (Gonzalez Tanago et al. 2015).

The Study Area

The JRBD (42,989 km?) has a permanent population of 5.1 million people and stretches over four
regions (Valencia, Castilla-La Mancha, Aragdn and Catalonia). The Jucar River Basin Organization
(JRBO) is the main governmental agency responsible for water management and is in charge of
developing and implementing the River Basin Management Plan and the associated Drought
Management Plan (DMP).

According to the JRBO (CHJ 2014), the average annual precipitation is 485 mm and the total
renewable water resources are 3,842 Mm3/yr. Reused water amounts to approximately 146
Mms/yr, while desalinated water is about 3.5 Mms/yr. The JRBD also receives 50 Mm3/yr from
other basins, to supply several urban areas on the Mediterranean coast.

The main economic activities in the area are related to tourism and agriculture, with over 380,000
hectares under irrigation dedicated mainly to citrus (42% of the total irrigated area), vegetables
(11%), grain cereals (10%) and vineyard (9%). Agriculture employs 81,000 people and generates
approximately 3% of the total Gross Value Added of the JRBD.

Total gross demand for agriculture is 2,512 Mm?/yr (or 79% of the total demand). Over 53% of
water resources for agriculture are surface water, while 43% is withdrawn from aquifers and only
2.6% are treated wastewater. About 36% of the irrigated area uses flood irrigation, while drip
irrigation accounts for 38% and sprinkle irrigation accounts for near 25% of the total irrigated area
(CHJ 2014).
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This study focuses on two main irrigation areas: (i) an area of surface water irrigation that receives
water from the Jucar and Turia rivers; (ii) an area of groundwater irrigation in the watershed of the
Vinalopd river (Figure 1). Within these two areas, we studied seven Irrigation Communities (ICs),
whose main characteristics are summarised in Table 1.
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Figure 1. Location of the Irrigation Communities: (1) Acequia Real del Jucar, (2) Canal Jucar — Turia, (3)

Table 1. Main characteristics of the Unit of Agricultural Demand (UAD) where the ICs are located (CHJ

2014).
. Water Irrigation . o
Irrigation U.mt of Irrigated | Main water | Allocation sources in methods Average ne§ Main crop types M'.
. Agricultural 3 . demand (m average net demand in
Community Demand area (ha) use (Mm?/yr) 2009 in 2009 hayr?) m’ hayr)
(Mm’*/yr) (%) Y Y
Regadios
B Tradicionales del . .
Acequia Jicar - Acequia SW= 223.95 Flood: 94 Citrus (67%- 4.050), rice
Real del Real del Jdcgr v 20,329 Agriculture 224.3 GW = 0.05 Drip'é 5,282 (22% - 9.400), vegetables
. - . -
Jucar (ARJ) AC particular de Other=0.3 (11%- 4.600)
Antella
. . . Flood: . .
Canal Jucar | Regadios del Agriculture SW= 8015 | 46,35 Citrus (55%- 4.050), Fruit
Turia  M.D | Canal Jucar Turia | 10,888 and Urban 94.29 GW_- 14 1;‘ Dri, ; 3,972 trees (39% - 4.050),
(cIm) M.D. Supply T o3 25 vegetables (6%- 2.744)
Regadios del SW= 40 Flood: 29 Citrus (70,3% - 3.568);
Casinos Canal del Campo 18,470 | Agriculture 89.50 GW_- 495 Sprinkle: 1 3,324 Fruit trees (11,7% -2.016);
del Turia o Drip:70 Other crops (18%-3.219)
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. Water Irrigation . o
l{n|t of Irrigated | Main water | Allocation sources in methods Average ne§ Main crop types M'.
R Agricultural 3 . demand (m average net demand in
Community Demand area (ha) use (Mm>/yr) 2009 in 2009 hayr?) m’ hayr)
(Mm*/yr) (%) Y Y
Olive trees (35,7%- 686),
: - o
swe 19 L3ty corels (1%
. . _ . . , 470 -
Benejama S:gjio Vir:\g:);toc’? 917 Agriculture 3.32 gewu;ed—ojg Elgofjée 4 1,963 2.650), vegetables
P oes P (11,5%- 5.450); Fruit trees
’ (11,1% - 1.350); Other
crops (9,3% - 3.030);
SW= 03 Flood: Olive trees (33,1 %- 686,
Riegos GW_- 27 (;8 23.7 Vineyard (wine) (27,7%-
Villena (VIL) | Subterraneos del 13,198 | Agriculture 27.67 Reu;ed- ’ Sprinkle: 2,328 1.650), vegetables
Alto Vinalopo 0.29 - 25.6 (16,3%- 6.812); Other
’ Drip: 50.7 crops (22,9% - 2.331);
L7
SW= 05 Sprinkle: -?Ealt)(;((e)) gr\Ejirrj'neeya(rzc‘jg’(gwin/;)
s:ii‘l’; oMo di:e' 10,890 | Agriculture 29.63 gewu:e d_26’31 10 2,658 | (21,3% 1.650), Fruit trees
P e Drip: 90 (11,9%- 1,715); Other
’ crops(17% - 3.292);
Table grape (254 %-
SW= 0.07 3.098), Fruit trees
Riegos del ) GW=  6.03 | Flood: 55 (21,9%- 2.162); Olive
Alicanti 2,963 Agriculture 13,12 Reused= Drip: 45 3,093 trees (13,4 - 1.410), Citrus
7.03 (10,9%-4.186), Other
crops (28,4% - 4.176);

Surface water irrigation farmers (SW) grow mainly fruit trees. The JRBO supplies surface water to
the different irrigation areas by operating several reservoirs and distribution channels. During
drought, the JRBO can apply water restrictions if needed to better meet water needs of all the
users in the river basin. In these areas, farmland abandonment is a reason for concern and is
attributed to the progressive decrease in plot size (due to the traditional land-heritage scheme) and
the reduced benefits of traditional crops (Garcia-Molla et al. 2013).

In the Vinalopdé basin, farmers using mostly groundwater (GW) cultivate mainly vegetables,
vineyard and olive trees and rely on a complex network of groundwater pumping stations and
irrigation ponds to drip-irrigate their crops. Within the basin there is also a system of pipelines that
transfer groundwater abstracted from wells in Upper Vinalopd to the middle Vinalopd. Intensive
aquifer exploitation has caused the progressive decrease of water table levels and degradation of
water quality, and is a major reason for concern among users and water managers (Rico Amords
2002; Lopez Ortiz and Melgarejo Moreno 2010).

Methodological approach

The analytical framework of this study is based on the elements that shape perception according to
Taylor et al. (1988): Experience, Memory, Definition, and Expectation (Figure 2). We aim to
understand not only farmers’ perception of drought, but also their behaviour during drought as
reflected in the measures they implemented. Due to space constraints and while acknowledging
the important role of governmental actions in managing drought, this paper focusses only on
farmers’ individual and collective actions during dry spells.
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/ Perception of drought \
I I I Individual
. N . Collective
Local context characteristics & farming practices

Actions to address drought
\ VULNERABILITY FACTORS ‘_I /

Figure 2. Conceptual framework (adapted from Taylor et al 1988)

Governmental

Experience refers to the episodes of drought that have hit a given region. Memory refers to “those
drought events that were part of the farmers direct experiences and could be recalled” (Taylor el
at. 1988; p.154). As Heathcore (1969) explains, “not all water shortages are droughts, and, unless
some economic setback results from the shortage, drought may not be recognized” (p. 176). This
implies that farmers may not recall a drought episode, simply because it did not affect them.
Definition refers to the way a drought episode is characterized by farmers using “a set of criteria (...)
for classifying a time period as a drought” (Taylor el at. 1988; p.155). The analysis of drought
definition contributes to understand why some events are remembered and others are not.
Behaviour is captured through the type of measures implemented to address water shortages.
Additionally we explore the vulnerability factors that influence such perception and farmers’
concerns about the future. These elements were studied in both SW and GW ICs to detect whether
and how the type of water source influences perception and behaviour during droughts.

The conceptual framework was applied through semi-structured in-depth interviews. This is a
qualitative research technique considered to be a flexible, interactive and generative tool (Legard
et al. 2003) that promotes the emergence of relevant themes during the fieldwork and allows
researchers to explore a given issue through the personal experiences and opinions of the
interviewees. The sample of interviewees was not chosen to seek a statistically representative
sample of the studied population. As remarked by Mason (2010), the “sample size in the majority of
qualitative studies should generally follow the concept of saturation (...), when the collection of
new data does not shed any further light on the issue under investigation” (p.10). We met
saturation after 24 in-depth interviews, which is also in line with the indicative number of
interviews suggested by different authors for qualitative studies (Creswell 1998; Guest et al. 2006;
Charmaz 2006). Generating quantitative data for statistical analysis — e.g. through a survey — and to
complement the information obtained in the interviews proved to be unfeasible since no list of the
irrigation communities was available for a random sampling of the participants.

Interviewees were selected in consultation with key informants in the study area, and included
farmers (n=20) and irrigation technicians (n=4). Seventy-five percent of the interviewees worked in
SW irrigation areas and 25% in areas where groundwater was the main water source. All the
interviewees but two were male and their age ranged between less than 45 and over 75 years (<45,
21% of the interviewees; 46-55, 37.5%; 56-65, 16.5%; 66-75, 21%; >75, 4%). The interviews were
carried out between June and July 2013 in the premises of the farmer associations or on the
farmer’s plot. They lasted between 1 and 2 hours and included ten open-ended questions (see
Supplementary Material) to capture information on the analytical categories defined in Figure 2.
Interviews ended when speech saturation was reached (Glaser & Strauss, 1967).

90



Articulos

Interviews were tape-recorded, transcribed and coded for analysis and interpretation. Following
Dagel (1997), we analysed the discourse of the interviewees using content and cluster analysis.
Content analysis permits replicative extraction of perception data from qualitative communication,
while cluster analysis allows the formulation of conclusions from those data.

Results and Discussion
Experience and Memory of Droughts

According to the DMP in the past thirty years the JRBD experienced four drought episodes: 1983/84
- 1985/86 (extreme), 1992/93 -1995/96 (extreme), 1997/98-2000/01 (mild) and 2004/05-2007/08
(extreme)* (CHJ 2007). This can be understood as the experience of drought in the area and can be

compared with farmers’ memory of drought events.
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Figure 3. Precipitation, runoff and surface water reserves in the JRBD.

The memory of drought differs among farmers depending on their main water source . Only one of
the interviewed GW farmers recalled suffering a drought. All the SW farmers stated having
experienced at least one drought, 66% two, and only 20% of them recalled three episodes. Sixty
percent of the interviewed farmers mentioned the 1992/96 drought, 55% the 2005-2008 drought
and 20% the one in the 1980s. Thus, the most frequently-mentioned drought was the 1992-96
event and not the most recent one. This could be due to the fact that, according to several farmers,
drought impacts were more severe in the 90s than in 2005-2008. This is in line with the fact that
water reserves decreased more in the 90s than during the 2005-2008 drought, even if rainfall levels
were similar in both events (Figure 3). The 1997/98-2000/2001 drought, classified by the JRBO as
“mild”, was not recalled by any of the interviewees, corroborating the idea that “intermediate
years and droughts are lost from memory” (Saarinen 1966). The low number of farmers that recall

“

*> The Jucar DMP defines drought as an “unpredictable extreme hydrological phenomenon that: entails a
significant decrease in water resources during a sufficiently prolonged time period; affects a large area; and
can impede fully meeting water demands and has adverse economic consequences”. Drought severity is:
Extreme (SPI< -1.65), Severe (SPI<-1.28), Moderate (SPI<-1.84).
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the drought in the 1980s confirms that "the farther the year in the past, the fewer identified it as a
drought year” (Taylor et al. 1988; p. 160). Most of the interviewees had difficulties in determining
the exact onset and end, or the duration of the drought episodes, which is consistent with the fact
that drought is a creeping phenomenon (Wilhite and Glantz 1985).

Farmers’ definition of drought

Farmers defined drought mainly as a time when they suffer negative impacts, meant as losses in
agricultural production (55% of the interviewed farmers) or changes in their cropping practices due
to water restrictions (65%). Among traditional SW farmers, changes in irrigation shifts are seen as a
clear symptom of drought: they usually irrigate their plot every 20 or 25 days, while, during
drought, irrigation shifts take place every 32 or even 40 days. Cropland fallowing and the risk of
tree death were the most frequently mentioned impacts, followed by the reduction in quality and
volume of agricultural production.

Dagel (1997) found that rangers often described drought as “when ranch operation is affected”
(p.197), while other studies mention crop rotation or selection of crops, changes in crop and land
management practices, diversification of farming activities and income sources (Slegers 2008;
Habiba et al. 2012; Knutson et al. 2011). In our study, the role of impacts in the perception of
drought is particularly evident in the case of GW farmers, who stated that they did not experience
any drought as they never suffered temporary water shortage or impacts for lack of water: “So far
we have watered our fields every year” (GW2); "So far we have had any problems related to
whether it rains more or less because we pump groundwater" (GW1).

The second most common way of referring to drought (50% interviewed farmers) is as a time when
the level of water reserves in the reservoirs or the flow in the river (or in the irrigation channel) are
low. Thus, these farmers perceived a hydrological drought, meant as “the effects of dry spells on
surface or subsurface hydrology” (Wilhite and Glantz 1985, p. 115). This definition suggests that the
visibility of the resource is a factor that influences drought perception and the attitude of farmers.
On one hand, if the irrigation channels or reservoirs have low water levels, farmers will be aware of
the problem and act accordingly. On the other hand, high water levels in the distribution channels
or the riverbed due to releases from reservoirs may induce the wrong perception that reserves are
abundant.

The third way of defining drought is as a time of low precipitation (25% of the interviewed farmers).
Several farmers mentioned that the real problem is when there is a lack of rain during a couple of
years, either locally or in the headwaters of the river. Some farmers seemed to confuse drought
with intra-annual variability: “Here we have drought every year from March to October because it
never rains” (SW5 and SW6). Other perception studies found that drought definition is more closely
related to rainfall than to impacts. For example, Slegers (2008) found that 65% of the descriptions
of drought referred to precipitation reduction.

These different ways of describing the same dry period confirm that drought is a relative concept,
influenced by context and values at stake, and that drought perception has an impact on farmers’
behaviour. The definitions used by farmers roughly correspond to socioeconomic drought,
hydrological drought and meteorological drought (Wilhite and Glantz 1985), respectively. In
particular, this study shows that impacts play a prominent role in shaping drought perception, and
thus confirms the relevance of initiatives that record impact data (e.g. Drought Impact Reporter,
Wilhite et al. 2007) and of studies looking for correlations between hydro-meteorological indicators
and impact records (e.g. Bachmair et al. 2014; Blauhut et al. 2015). Indeed, linking drought severity
thresholds and drought perceptions “could lead to more socially transparent definitions of drought
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severity thresholds and have a direct impact on drought-related policies and programs” (Smakhtin
and Schipper 2008, p. 141).

Contextual factors influencing vulnerability

During the interviews, farmers mentioned several issues that determine or at least influence the
vulnerability level that they experience during drought (Table 2).

Table 2. Factors influencing farmers’ vulnerability to drought. % indicates the proportion of farmers that
mentioned that topic during the interviews.

Vulnerability - % SW % GW
Description
Factors farmers farmers
. Major reductions in water supply increase 93% 80%
Water quantity ) s PRY ’ °
vulnerability to drought
Water quality Higher water quality reduces vulnerability 40% 80%
Diversification When alternative water sources exist 33% 80
of water source  vulnerability to drought decreases
High price of ener for groundwater 40% 60%
Cost of water & p' . gy 8 I ’ °
. abstraction  increases  vulnerability to
abstraction .
economic losses
Type of Drip irrigation permits a more efficient use of 53% 80%
irrigation water resources (relative to flood irrigation)
system and avoids spaced irrigation shifts
Tvpe of crobs Vegetables are more vulnerable than fruit 40% --
P P trees during short droughts;
Fruit trees risk to dry during prolonged
droughts, this may cause an irreversible
damage;
Rice is less vulnerable than other crops as in
the area it is culturally and environmentally
important
A correct maintenance and cleaning of plots 53% --
Plots o .
and distribution network increase water use
management -
efficiency
Soil types (e.g. clay and sandy) have different
water infiltration and retention
characteristics
Proximity to the main distribution channel 20% --

and to protected wetlands increases water
guarantee

Plots location

The amount of water available for irrigation is at the heart of the concerns of SW farmers. During
dry spells, the RBO can impose restrictions on surface water use that are determined taking into
account the existing water rights and the water availability in each exploitation system. As in the
study area SW rights are often higher than the actual water needs, these restrictions does not
always cause important impacts on SW farmers. GW farmers do not face water restrictions during
droughts because aquifers buffer rainfall variability and because groundwater pumping is difficult
to control. Their major concern, though, is water availability on the long term, due to the high level
of aquifer overexploitation in the area.

Water quality is a major concern for GW farmers, as stated by one farmer of the Middle Vinalopé:
“Here we have water, if you dig a well you find water, but its quality is poor”, GW2). This induces
some ICs to build their own treatment plant to enhance groundwater quality. Moreover, some GW
farmers use treated wastewater, which has a rather poor quality. In contrast, in the study area SW
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farmers are reluctant to use other water sources because of their lower quality relative to surface
water.

As remarked also by Wilhelmi and Wilhite (2002) and Knutson et al. (2011), the diversification of
water sources is a key aspect in managing vulnerability to drought, as different sources are affected
differently by rainfall variability. In the study area, SW farmers have little diversification of their
water sources during average or wet periods. During drought, however, some of them get access to
groundwater through common wells or get extra treated wastewater to complement the available
surface water. On the contrary, GW farmers have developed a stable portfolio of water sources,
including transferred groundwater and treated wastewater. For instance, the Agost IC, in the
Middle Vinalopd, holds a water right to use 1.75 Mm? of treated wastewater from the coastal area,
even if water has to be pumped 400 metres up to reach the plots of the IC. This entails an
additional cost for farmers that increases the final price of water to about 0.5 €/m’.

The use of each type of water has a different cost. For farmers using groundwater (GW farmers but
also SW farmers during drought), the high cost of energy for operating the wells constantly acts as
an incentive to optimize water use, as the energy bill can jeopardize the economic profitability of
their crops: “Here, since water is expensive, we do not start the pumps if it is not necessary...If
others paid the electricity bill, maybe we would pump more but, since that is not the case, we do
not” (GW1) SW farmers, and especially those still using flood irrigation, are reluctant to use any
alternative water source as “Every alternative to the traditional channel system is more costly, thus
we ask for treated water only when there is a drought” (SW2).

Another recurring theme in the interviews is the type of irrigation system and, in particular, how
the shift from flood to drip irrigation influences the level of vulnerability to drought. SW farmers
that have already moved to drip irrigation assert that they need much less water than before and,
most importantly, that they do not have to follow strict irrigation shifts, as their rate of water is
available on demand.

The type of crop is another element that influences vulnerability to drought since different crops
have different water needs (Knutson et al. 2011; Slegers 2008). In SW districts, vegetables are very
vulnerable to drought, and they are not planted when there is no guarantee that water be available
during the whole irrigation campaign. Several interviewees stated that they had decided to shift
from vegetables to fruit trees after the 1995 drought because they had lost their entire vegetable
harvest. The loss of trees, however, is seen as the major risk during prolonged droughts. Reduced
fruit production due to water stress is another major reason for concern. Among fruit trees present
in the area, kaki and citrus are more resilient to drought than peach trees, which are extremely
sensitive to water shortage during the flowering and fruit setting seasons. Interestingly, rice was
not seen as a very vulnerable crop despite its high water requirements. Indeed, supplying water for
rice farming is always guaranteed because of the environmental role of rice ponds close to the
Albufera wetland® and because rice is a traditional crop associated with high cultural values in the
area.

Plots management practices (e.g. weeding) and the maintenance of the irrigation channels are two
recurrent issues mentioned by SW farmers. Several authors remark that the characteristics of the
soil has direct impact on its water holding capacity (Wilhelmi and Wilhite 2002; Slegers 2008;
Knutson et al. 2011), and therefore influences the adaptation capacity of farmers. However, in our
study only three farmers mentioned soil characteristics as a factor of vulnerability.

® The Albufera wetland is a freshwater lagoon with high biodiversity value, declared Natural Reserve and
Ramsar site.
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A recent systematic review of 46 drought vulnerability assessments (Gonzalez Tdnago et al. 2015)
showed that most of the DVAs do not include the characteristics of water resources and of water
uses among their vulnerability factors. This is in contrast with the picture resulting from our
interviews to water users on the ground, which revealed that these are key determinants of

vulnerability.

Local responses and adaptation to drought

The interviews led to the identification of 21 different types of practices implemented by farmers to
mitigate or pre-empt problems associated with drought (Table 3). Measures can be grouped into
three broad categories (demand management, supply management, user self-organization) and can
be individual or collective. In the case of GW farmers, practices mentioned by the interviewees
were presented as actions to face water scarcity rather than temporary water shortages.

Table 3. List of local strategies identified in the case study area

Measures
Type of farmers Focus Typfe of Timeframe
(#) action
Category Sub-category
§ Postponement of the start of the irrigation season SW (3) D C T
©
g ,_’—; Establishment of strict irrigation shifts and decrease T
£ o of their frequency Sw(10) D c
[} € »
T © Q
k] = Cleaning of plots from weeds and irrigation of T
5 S8 |t df SW(7) D [
o s e alternated furrows
kS c°
3 “» Emergency irrigation to ensure the survival of trees
° 4 T
« 0 and field fallowing sSw(9) D |
2
o
Connection of springs to the irrigation channel SW(2) D I/C T
5 58
% c O [Activation of existing drought wells and drilling of T
25 3 |newones Sw(13) D I/C
289
S S = .
ugo CR Maintenance of drought wells SW(6) /GW(1) D I/C [
9 § 2 . o
88 g Re-deepening of existing wells GW(3) D/ WS | P
5 S 2
=28 | in th f recycled wat T/P
2 ncrease in the use of recycled water SW(2) /GW(2) D/WS C
>
_& E .,02_’ Purchase of water from other irrigation communities GW(2) D/WS C P
> T 2
7] c
z = £ |Internal and external water transfers GW(3) ws C P
o >
£ E Improvements of distribution networks SW(4) /GW(1) D/WS C P
%]
§ Shift to drip irrigation system SW(4) /GW(2) D/ WS 1/C P
>
o Development of irrigation ponds system for water P
g regulation GW(3) D/ws ¢
Improvement of wastewater treatment to increase P
§ Z  |reuse GW(1) D/WS 1/C
s ®
f’—: 3  |Combination of different water qualities from T
different sources to improve water quality standards GW(2) D/Ws 1/C
o o .g El & _§° Distribution of electricity costs among farmers SW(1)/GW(2) D C T/P
€ S 80 =] o ©
6 ® © g Joint purchases of electricity to obtain lower prices SW(1) /GW(1) D/ WS C P
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c Strict enforcement of internal rules SW(4) /GW(1) D C T/P

o

E Strategic planning of the use of wells and irrigation P

E ponds GW(2) D/WS C

o0

2 Interfacing with the River Basin Authority to negotiate P

3 water restrictions (through the Permanent Drought SW(2) /GW(1) D C
Commission)

A first group of measures consist in actions to reduce water demand. The most common practice is
the temporary decrease of the frequency of irrigation shifts. This strategy is implemented by SW
irrigators based on collective decisions on how to manage water restrictions imposed by the JRBO.
Other measures include postponing the start of the irrigation season, ridge maintenance and
irrigation of alternated furrows (see also Ortega-Reig et al. 2014).

In the SW ICs, the progressive shifting from flood to drip irrigation systems has been promoted
through the National Irrigation Program™® issued in 2002 and the subsequent Plan for Irrigation
Modernization®, passed in 2006 to increase resilience to drought (among other stated objectives).
The progress of modernization is slow and its outcomes have not yet been assessed. However,
some studies evaluating the effects of modernization projects in other areas (e.g.; Gédmez and Perez
Blanco 2014; Soto- Garcia et al. 2013; WWF/ADENA 2015) have found evidences of a rebound
effect in water consumption.

A second group of actions is oriented to increasing water supply. During drought, SW farmers seek
augment water availability by drilling and pumping drought wells with the support of the regional
Government or the JRBO, or, to less extent, by using treated wastewater. Water supply measures
are at the core of the strategies of groundwater users to face permanent water scarcity. They
consist in optimizing the use of available resources through networks of water ponds, using highly
efficient irrigation systems, re-deepening existing wells. When the IC's capacity to increase
groundwater resources reaches the boundaries of economic viability, farmers seek other water
sources, such as treated wastewater and surface water transfers. Combining different sources helps
also addressing water quality problems. Thus, these measures represent a local adaptation strategy
to allow cultivating vegetables and grapes every year, rather than only during dry spells.

A third group of measures implemented by both types of farmers is related to sharing electricity
costs of groundwater abstraction. In the CIT IC (SW), when farmers pump groundwater into the
distribution network during droughts they equally split the associated costs. In the Vinalopd area
(GW) farmers also make a careful planning of their wells operations to optimize energy costs.

Most of the measures listed above require cooperation among farmers, both in GW and SW
irrigation areas. This confirms that it is crucial for farmers to work jointly to effectively manage
limited water resources. Cooperation, however, is not exempt from tensions and problems,
especially in relation to surface water restrictions, when farmers, worried of losing their harvest or
even their trees, vigorously complain to the watermaster about irrigation shifts and even withdraw
water without authorization.

According to the interviews, connections between the measures implemented by the farmers and
other actions promoted at RBD or national level are limited. Farmers barely mentioned the JRBD

o Royal Decree 329/2002, of 5th April, for the approval of the National Irrigation Plan

4 Royal Decree 287/2006, Royal Decree 287/2006, of March 10th, through which urgent works of
improvement and consolidation of irrigation are regulated, in order to obtain an adequate water saving that
palliates the damages provoked by drought.
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Drought Management Plan or the exceptional laws approved at national level to address drought
(Urquijo et al. 2015). Their main concern regarding other management levels was their
representation in the Drought Permanent Commission of the RBO. SW farmers were especially
concerned about negotiations on water releases from the reservoir and how they would affect their
production. GW farmers were concerned by the negotiation of measures to solve their problem of
overexploitation. Interestingly, none of the interviewees mentioned the agricultural policy of the
Valencian regional government, which has full competences on agriculture, as a factor influencing
their farming activity.

Conclusion

Traditionally, drought research has focused mainly on physical aspects of the phenomenon and has
rarely considered how it is actually perceived by water users on the ground. Our analysis showed
that drought is far from being perceived in a homogeneous way among water users, even within
the same river basin. Moreover, it revealed that, in parallel to the development of a response to
drought by the water authorities, there are a number of local behaviours and decisions that
influence the actual management of drought on the ground. It also confirmed that cooperation
among users is key to mitigate and adapt to water variability.

This study has shown that vulnerability to drought is dynamic, and that technological and
institutional solutions to increase flexibility in water availability are the main drivers of the
evolution of vulnerability over time. Moreover, it has confirmed that the type of water source used
for irrigation clearly affects vulnerability to drought and the response that farmers implement to
face water shortages.

In-depth semi-structured interviews have allowed the study of drought starting from farmers’
personal experience, since relevant topics were brought up by farmers during the interviews rather
than being predefined by the researcher. This has produced a qualitative dataset that, where a
random sampling of farmers is possible, could be complemented by a survey to combine qualitative
and statistical analyses.

This paper aimed at shedding light onto the granularity of drought and drought response in a
specific context, as an example of the value of undertaking also local studies in order to grasp the
full picture of response to drought. We believe that showing these aspects can be useful for water
management in at least four ways: a) it points to the value for water managers to combine the
traditional hydro-climatological perspective of drought with the analysis of its social aspects, as a
way of better understanding what happens on the ground and which intangible factors can
influence the behaviour of water users; b) it leads to the identification of vulnerability factors that
are relevant to water users but that often are not considered in drought vulnerability assessment
(e.g. type of water source, sources diversification, water quality). This information can help better
tailor strategies and policy options to the actual needs of water users on the ground; c) it highlights
which impacts play a significant role in defining drought, thus underscoring the value of current
incipient efforts in creating inventories of drought impacts; and d) it strengthens the idea that
governmental actors need to reach out to users and effectively communicate with them in order to
enhance coordination and coherence of drought response.
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Abstract:

The enhancement of future responses to drought requires evaluating past management practices.
This paper presents a methodology to assess drought management through the analysis of six key
policy dimensions. It uses a qualitative approach that combines different sources of information to
include both factual data and stakeholders’ perception. The assessment is undertaken in six case
studies in Europe having different spatial scales and characteristics, to capture the context-specific
nature of response to drought. The results of the assessment contribute to analyze drought
management from a risk-management perspective and help to identify key policy gaps and

recommendations.
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Introduction

Droughts are recurrent natural phenomena whose socioeconomic costs, only in Europe, have been
estimated in 100 billion € over the last 30 years (EC, 2007a; EC, 2011). Droughts affect “virtually all
climate regions” (Kossida, Kakava, Tekidou, Iglesias & Mimikou, 2012) and their frequency, duration
and intensity is expected to increase in the future as a consequence of climate change (Kallis, 2008;
IPCC, 2012). Thus, it is not surprising that drought management has become a policy priority of the
European Union (EU), as reflected by the publication of several European Commission (EC)
Communications and Follow-up Reports on Water Scarcity and Drought in Europe and the Blueprint
to Safeguard Europe's water resources (e.g. EC2007a, 2007b, 2009; EEA 2009; Strosser et al., 2012).
Moreover, the importance of minimizing the socio-economic and environmental impact of drought
is emphasized in the EU Water Framework Directive (WFD), which represents the legal umbrella for
water management in the EU (Estrela & Vargas, 2012).

At the same time, growing international efforts have been made to move from crisis management
to a risk-based management approach in the field of Disaster Risk Reduction and other related
disciplines. For example, the ‘Hyogo Framework for Action — HFA 2005-2015: Building the Resilience
of Nations and Communities to Disaster’ is a key instrument developed to promote the adoption of
a risk-management approach to natural disasters (UNISDR, 2007). In spite of these initiatives,
drought episodes in Europe are still faced mainly through a crisis-management approach, e.g. by
issuing national or regional emergency programs when droughts set in (EC, 2007c). This has
resulted in significant failures in the mitigation of drought impact (Wilhite, 2001) and has fostered
the perpetuation of unsustainable practices that increase the vulnerability of water resource
systems (Kampragou, Apostolakis, Manoli, Froebrich & Assimacopoulos, 2011). On the contrary, the
adoption of a risk-management approach to drought is considered to improve the society’s
resilience to water scarcity and drought (Wilhite, 2001; EC, 2007a; Kampragou et al., 2011; Kossida
et al., 2012; Rossi & Cancelliere, 2013). This approach requires proactive management, based on
drought preparedness and long-term risk reduction (Kampragou et al., 2011).

Major improvements in drought management have focused on monitoring and forecasting climatic
conditions (Dryden-Cripton, Smithers, Loé & Kreutzwiser, 2007), analysis of drought risk (e.g.
Wilhite, Hayes, Knutson & Smith, 2000; Hayes, Wilhelmi & Knutson, 2004), drought impacts (e.g.
Wilhite, Svoboda & Hayes, 2007) and drought policy development, especially in the USA (Wilhite,
Sivakumar, & Pulwarty, 2014) and Australia (e.g. Botterill, 2003), but also in the EU (e.g. Rossi,
2009; Iglesias, Garrote, Diz, Schlickenrieder & Martin-Carrasco, 2011; Quevauviller, 2011). A well-
designed and well-implemented response to drought is likely to reduce the negative impact on
environmental and socio-economic systems and should be constantly adapted to new
circumstances through systematic analysis of performance of practices implemented during past
droughts. Despite this need, there are limited examples of comprehensive frameworks for the
evaluation of responses to drought (e.g. Rossi, 2000; Rossi, Cancelliere & Giuliano, 2005;
MEDROPLAN, 2007; Rossi & Cancelliere, 2013), even when ex-post assessment of drought
measures is recommended in drought management plans or national drought policies (e.g. EC,
2007c; Strosser et al., 2012; Wilhite et al., 2014). This may be linked to the quite young tradition -
relative to other fields such as e.g. education (Knaap & Kim, 1998; Mickwitz, 2003; Mickwitz &
Birnbaum, 2009) - of the evaluation of environmental policies.

This paper presents a methodology to assess key aspects of drought management during past
drought events, in order to identify strengths and weaknesses of response, and formulate
recommendations for actions that can contribute to move toward a risk-management approach.
The methodology was applied to six case studies (CSs) across Europe (Figure 1): the Netherlands
(NL), Switzerland (CH), Portugal (PT), Jucar River Basin in Spain (JU), Po River Basin in Italy (PO) and
Syros Island in Greece (SY).
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Figurel. Localization of the six case studies
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When working with case studies two main approaches can be followed: selecting similar case
studies, to draw conclusions about one specific type of contexts; or observing the same
phenomenon in cases that are diverse, to explore how diversity reflects on the results of the
analysis. In this paper we followed the latter approach, considering drought management in six
case studies across a range of climates, scales, socio-economic environments and types of drought
impacts. Six research teams participating in a EU-funded research project provided the local
support for undertaking this study.

The next section describes the framework used for the assessment and its operationalization. Then,
the paper presents and discusses the results of the application of our methodology to the selected
CSs, and summarizes the main conclusions of the study.

Methodological Framework

The methodological framework follows a Theory-based Evaluation approach (TBE; Chen, 1990;
Weiss, 1997, 2000; Rogers, 2000; 2008), which establishes that the design of any evaluation should
be preceded and guided by the development of a conceptual model (Rogers, 2000). TBE approach is
particularly suitable when few data are available to establish causal conditions between
intervention and its effects, as it is the case for drought, a natural phenomenon that requires
complex and context-specific solutions. Moreover, TBE has the advantage of overcoming what
evaluators call ‘the black box problem’, meant as “the practice of viewing social programs primarily
in terms of effects, with little attention paid to how those effects are produced” (Astbury & Leeuw,
2010; p. 364). TBE attempts to unpack that black box, in order to understand the mechanisms
enabling the implementation of a given policy and the delivery of results. The TBE approach has
been adopted in different settings and disciplines, like public health (Donaldson & Gooler, 2003;
Conner, Mishra & Lewis, 2004; Cho & Witte, 2005), education (Cook et al., 1999; Crew & Anderson,
2003, Nesman, Batsche, & Hernandez, 2007; Hense, Kriz, & Wolfe, 2009), community change
initiatives (Stame, 2004; Carvalho & White, 2004; Mulroy & Lauber, 2004), or child nutrition
programs (White & Masset, 2007) but it was been rarely applied to the assessment of
environmental policies (e.g. Finnish Wastewater Permits in Mickwitz, 2003).

104



Articulos

The process followed to design the assessment process included three phases (Figure 2): defining
the scope and scale of the assessment; developing the conceptual model of the analysis; and
defining the data collection process. Each phase will be described in the next subsections.

Figure 2. Schematic view of the evaluation process: phases, steps, main outputs of each phase,
and main tools and methods used.
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Delimiting the scope of the assessment

In this study, the object of the evaluation is the management and response to drought, understood
as the set of management practices, risk-reduction options and drought-relief actions implemented
before, during and after drought. Thus, this evaluation considers not only actions taken as a
reaction for emergency relief under a crisis-management approach (Wilhite et al., 2000; Wilhite,
2001), but also instruments such as legal regulations, strategies and plans that configure the
overall drought policy at different levels and for different policy domains (e.g. water, agriculture,
public health), as well as political, social and economic factors that influence the implementation of
drought measures and illustrate the context of intervention. In the rest of the paper we will refer to

n u

the object of the evaluation as “management”, “response” or “management and response”.

Approaching the assessment of drought management entails several methodological challenges. As
acknowledged in the literature of policy evaluation (Vedung, 1999), and in particular in the field of
environmental policies (Mickwitz, 2003), direct causal links between a given policy response to
drought and the level of mitigation of drought impact are extremely difficult to establish and
measure. Moreover, droughts act at different spatial and temporal scales (Kossida et al., 2012),
their delimitation being not always univocal. Regarding the spatial scale, mismatch usually occurs
between social and natural boundaries (Fekete, Damm & Birkmann, 2010; Bruyninckx, 2009), which
means that responses can stem from a territorial level that does not fit the natural one and that
drought impacts could be felt outside the drought-stricken area. As for time scales, onset and end
of the drought event are difficult to determine with precision (Wilhite & Glantz, 1985), drought
effects can last longer than the drought itself, and delays in actions to face drought problems are
common (Wilhite, 2001). Moreover, measures addressing drought can be implemented before,
during and after the drought episode itself and it is necessary to draw boundaries to define
whether they are all part of the drought response. For this paper we used the physical boundaries
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Case
Study

of each case study (country, river basin, island) to delimit the spatial scale of the analysis, and
considered actions and policy originating at other levels only when they had a clear relevance for
the case study. As for the time scale, for each case study we selected a specific past drought event
as the focus of the evaluation (Table 1), but considered also measures linked to that event.

Table 1. Case studies and of past drought event under study

Annual average
precipitation
(mm)

Area
(Km?)

Main sectors
affected

Characteristics of the assessed
drought

Assessed

Scale Drought

SY

of
SY.

Nation-wide drought event
moderate severity in
Accompanied by a heat wave.

Local 84 400 2007 Agriculture

JU

Severe drought episode according
to the River Basin Authority. With
strong decrease in available water
resources in streams, aquifers and
reservoirs.

Agriculture,
environment,
energy production

2005-
2008

River

42,989
Basin !

500

PO

Drought was a combination of low
rain and snow precipitations and
delayed snow melting in the
mountains, which led to low levels
of in-stream flows, sea water
intrusion in the Po Delta, and
problems for some domestic water
supply systems.

Energy production,
agriculture, urban

supply

2006-
2007

River

74,700
Basin !

1,200

PT

National

89,290

960

2004-
2006

Severe drought that affected most
of the Portuguese mainland. The
high decrease in water reserves
derived in restrictions for domestic
supply and other uses

Agriculture, urban
supply, energy
production,
industry,
environment

CH

Health,
hydropower,
water domestic
supply, agriculture,
forestry, tourism

The driest summer in the past 500
years. Drought was accompanied
by a heat wave and lack of in-
stream flow in some rivers.

National 41,300 1,460 2003

NL

Agriculture,
navigation, energy
production;
environment,
tourism/recreation

The driest and hottest summer in
the decade. It led to a long period
of low river flow (Rhine) and high
water temperature.

National 41,528 792 2003

Source: own elaboration based on EU project CS description

The conceptual model

According to the TBE approach, the elaboration of a conceptual model of the object to be evaluated
sets the basis for the entire evaluation process and subsequent analysis (Rogers, 2000). The aim of
this step is to make the conceptual background explicit and therefore support the design of the
assessment, as it facilitates understanding complex intervention schemes through the construction
of a simplified model of the reality. The resulting model allows the identification of key factors and
conditions that facilitate or hamper its implementation in a given context.

In this study, we used a logic model (W.K. Kellogg Foundation, 2004) to organize the elements of
drought response and management into Resource/inputs, Process (measures), Outputs, Outcomes,
and Impacts (Figure 2 and Supplementary material, Sect. A). The development of this model led to
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the formulation of the evaluation questions that identify the most relevant aspects of drought
management to be taken into account. These, in turn, led to the definition of a conceptual model
including policy-relevant dimensions of analysis.

The formulation of evaluation questions and the resulting conceptual model was based on
consultations with water experts and stakeholders in the case studies and the analysis of the extant
literature on policy analysis, and water and drought management. Our conceptual model includes
six dimensions of analysis, which largely correspond to policy cycle dimensions (Jann & Wegrich,
2006): (i) institutional context, (ii) drought definition, (iii) drought measures, (iv) resources, (v)
coordination and participation, and (vi) evaluation and learning (Table 2). The design of the
conceptual model was highly influenced by the characteristics of each case study. Since CSs were
diverse, the model had to include dimensions and categories broad enough to fit the peculiarities of
each case study. For instance, in order to study the “Drought Measures” dimension, instead of
selecting specific measures and check whether they were present in each case study, it was chosen
to identify measures categories and then ask the CS teams to identify the specific measures that

could fit in those categories.

Table 2. Description of the six dimensions of analysis

Dimension

Description

1. Institutional
Context

The institutional framework sets the context for policy implementation. Policy is understood as
“a purposive course of action followed by government in dealing with some problem or matter of
concern” (Anderson, 1997). Drought policies are defined in several types of documents: strategic
plans, programmes, projects, regular or exceptional laws, and regional or local regulations as well
as unofficial or unwritten norms. Drought Management Plans are seen as the main
representative tool to deal with drought management under a proactive, risk-based approach
(Wilhite et al., 2000). In this context, the analysis of vulnerability to drought guides the
establishment of measures in an effective and proactive way (Knutson et al., 1998).

2. Drought
definition

The analysis of the problem is the first step of the policy cycle (Jann & Wegrich, 2006). How
drought is defined in official documents influences the response. It is key that definitions be
made explicit and that they allow a phased implementation of planned measures. Thus, it is
important to acknowledge and address the diversity of definitions (Mishra & Singh, 2010), the
confusion with other related concepts (e.g., water scarcity) and the different perceptions of the
phenomenon (Heathcote, 1969).

3. Drought
measures

Drought measures should be planned in advanced in order to be able to anticipate drought
impacts. They are concrete actions implemented to address drought issues; a proactive approach
includes strategic, operative and recovery measures (EC, 2007c; FAO & NDMC, 2008; UNDP,
2011). Drought measures are context specific and should be implemented before, during and
after the drought episode to address the different needs of the sectors and the stakeholders
affected.

4. Resources

The availability of adequate human and financial resources influences the ability to undertake
adaptation at the local level (Smit & Wandel, 2006) and the effectiveness of institutions (Gupta et
al., 2010). Insufficient or inadequate human capacities and financial resources are recognized to
cause failure in the implementation and enforcement of interventions (EC, 2012).

5. Coordination
& Participation

Supramaiam, Masso & Garcia-Sastres (2011) remark that “alternative risk management should
set the emphasis on the initial steps of the causality chain, which entails better institutional
coordination and the involvement of stakeholders” (p.74). Participation entails the commitment
of the authorities to create venues for involving stakeholders and civil society in decision-making
processes as well as their willingness to take into account the results of that involvement (De
Stefano, Hérnandez-Mora, Lopez-Gunn, Willarts & Zorrilla-Miras, 2013).

6. Evaluation &
Learning

Evaluation is an important phase of policy cycle implementation (Vedung, 1999; Jann & Wegrich,
2006) as it supports learning capacity. Monitoring and evaluation practices allow the
identification of gaps and pitfalls that need to be addressed in order to improve drought
management (Kampragou et al., 2011). Post—drought evaluations give insights into how much
drought policy and planning contributed to impact mitigation (Wilhite et al., 2005; 2014), thus
informing initiatives to enhance institutional capacity.

107



CAPITULO 4

Operationalization of the Assessment

The six dimensions were further characterized through twenty-one criteria, to be measured
through relevant indicators (Table 3). While the literature does not provide a detailed description of
what a risk-management approach means in the case of drought, there are some key elements that
are commonly associated with such an approach that were taken into account when defining
criteria and indicators: monitoring systems for early warning (Wilhite et al., 2014); existence of
vulnerability assessment (Knutson, Hayes & Phillips, 1998; Hayes et al., 2004); elaboration of
drought management plans (Wilhite et al., 2000; Fu, Svoboda, Tang, Dai & Wu, 2013; Wilhite et al.,
2014), use of detailed drought definitions (Wilhite & Glantz, 1985; Mishra & Singh, 2010); existence
of a wide array of measures covering all aspects and phases of drought (EC, 2007c; FAO & NDMC,
2008). Other criteria and indicators were supported by broadly accepted recommendations for
effective drought and water management: clear distinction between drought and water scarcity
(EC; 20074a; Schmidt, Benitez & Benitez, 2012), public participation (Roger & Hall 2003; Perry 2013);
importance of ex-post evaluations of drought management (Kampragou et al., 2011; Wilhite et al.,
2014).

Data to populate indicators were collected using four types of tools: (i) data collection form,
designed to systematically analyze official drought-relevant documents in each case study; (ii) semi-
structured interviews, designed to capture the opinion of key stakeholders directly involved in
drought response management; (iii) a questionnaire, to gather the perception of a wider set of
stakeholders involved in drought management; and (iv) a SWOT matrix (Strengths, Weaknesses,
Opportunities and Threats) to analyze drought management in focus groups with stakeholders.

The set of tools included the collection of both quantitative and qualitative data, and was designed
to be flexible enough to adapt to the specific features and the data availability in the different case
studies. Each variable was assessed through two tools, so data could be collected using different
sources, which is particularly useful when dealing with complex evaluation objects (Hockings,
Stolton, Dudley & James, 2009). Moreover, this approach also reduces reliance on only one data
source and the risk of data gaps due to possible underperformance — for diverse and sometime
unpredictable reasons — of a specific tool.

Local teams of researchers collected the data needed for the evaluation of each case study. The
dataset was assembled with involvement of 81 stakeholders across the CSs, and includes: a) one
data collection form for each CS, prepared with information obtained from academic publications,
regulatory documents, technical reports, management plans or sectorial strategies; b) the
transcriptions of 40 interviews (Policy makers , 18% of the interviewees; Water users, 20%;
Decision-makers/Managers e.g. River Basin Organizations, Regional Authorities, 45%; and others
e.g. research institutions and environmental NGOs, 18%); c) 65 questionnaire replies from
stakeholders (replies were anonymous); and d) the results of 5 SWOT analyses carried out with
stakeholders (Policy makers, 25%; Decision-makers/Managers, 35%; Water users, 15%; and others,
26%). For resources constraints, no SWOT analysis could be carried out in NL.

The local teams selected the experts to be involved in the study based on a stakeholder analysis,
ensuring representativeness from the different sectors affected by drought. Each CS team carried
out data collection (literature review, interviews, questionnaires, SWOT analysis) in their native
language.

The analysis of the entire datasets led to the definition of a three-value qualitative scale (Low = 1;
Medium = 2; High = 3; see Table 3) to score each indicator. To determine the fuzzy-set values, we
followed the main steps defined by Basurto & Speer (2012). During the scoring process, two
researchers were responsible for scoring each indicator independently, and then reaching
consensus on the scores if there were differing interpretations.
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Table 3. Description of the fuzzy-set values and main (column 1) and complementary (column 2)
sources of information used in the coding process. Data collection form (D); Semi-structured
interviews (I) and Questionnaires (Q).

Source of
Dim Criteria Indicator description Fuzzy-set values information
1 2
Existence of a drought-management plan = High, Drought
1. Droucht issues are included in River Basin Management Plan and/or
oiic & Level of drought policy other type of water-management tool or a drought b
Zeve\llo ment development monitoring systems exist = Medium; Drought issues are
- P included in other general management tools or only
E emergency plans exist= Low
§ Stakeholders mainly perceive the regulatory framework to
- be sufficient and adequate = High; Stakeholders point out
e C2. Legal and Adequacy of the L q_ & P .
o to some deficiencies in the regulatory framework (in its
b= regulatory regulatory framework . S . . | D
5 . . design or in its implementation) = Medium; The regulatory
= instruments to deal with drought . . . .. .
§ framework is considered to be insufficient or inadequate =
= Low
-
. There is an official and comprehensive assessment of
Existence of an - . . -
- vulnerability to drought = High; The assessment is official
C3. Vulnerability assessment of ; . .
o but incomplete or comprehensive, but not official = D
assessment vulnerability to . . s
Medium; There is no assessment of vulnerability for the
drought
case study = Low
A formal definition of drought exists in official documents
C4. Drought Presence of an official on drought or water-management issues = High; Drought b
definition definition of drought definition is confused with other concepts (e.g. scarcity) =
Medium; No official definition of drought exists = Low
Operative definitions are well defined in official documents
_E C5. Operative Presence of operative related to drought and water management = High; b
£ definitions definition of droughts  Operative definitions are superficially mentioned =
"%'; Medium; Not mentioned = Low
= C 6. Practical Degree of practical Stakeholders perceive that the existing definitions had
% implications of  implications of practical implications in management practices = High; | D
g drought drought definitions in Stakeholders perceive partial or indirect implications =
N definition management practices Medium; No practical implications are perceived = Low
C7.Clear Stakeholders clearly distinguish between drought and other
understanding Degree of stakeholders related terms = High; Stakeholders have some confusion
of drought understanding of the about drought and other related terms = Medium; | D
concept by concept of drought Stakeholders do not distinguish between drought and other
stakeholders related terms = Low
. The CS had measures in all the measure categories
cs. Presence of different . . . &
(strategic, operative and recovery) = High; No measures for
Completeness types of measures . D
. . one type of category = Medium; No measures for two or
« of the design established
o three types of category = Low
= o N
. . Stakeholders value the implementation of drought
© C9. Quality of Perception of the " P . ; g.
g A . . measures positively overall = High; Implementation is
£ measures implementation of . . . . Q D
z . . valued positively but with issues to be improved;
) implementation measures L . ~
- Implementation is valued negatively = Low
g c10 Stakeholders perceive that the measures implemented
o . . Degree of contribution during the last drought did contribute to impact reduction =
Effectiveness in . . . .
mitieatin of the measures to High; Measures contributed to impact reduction only Q D
. gating impact mitigation partially = Medium; Did not contribute to impact reduction
impacts
= Low
C11. Availability  Availability of financial Resources from ordinary and extra-budget lines for drought
o of financial resources for drought were made available= High; Only ordinary or extra-budget D Q
g resources management lines = Medium; No resources were allocated = Low
2 - Stakeholders perceive that the financial resources during
Q C12. Sufficiency . . - . . .
[ . . Level of financial the last drought were overall sufficient = High; Financial
< of financial ) : o e I Q
resources resources assigned resources were somehow insufficient = Medium; They were

insufficient overall = Low

109



CAPITULO 4

Source of
Dim Criteria Indicator description Fuzzy-set values information
1 2
C13. Stakeholders perceive that the distribution of financial
. Degree of balanced .
Distribution o resources during the last drought was overall balanced
distribution among . e | Q
among across sectors = High; Imbalance for specific sectors/needs
sectors and/or needs .
sectors/needs = Medium; Imbalanced = Low
Stakeholders perceive the human resources in charge of
Degree of adequacy of . . .
C14. Adequacy . drought management to be insufficient (in terms of
human resources in . - S .
of human number, skills, clear responsibilities and continuity) = High; | D
charge of drought L. . .
resources Resources were sufficient but improvable = Medium;
management . -
Resources were insufficient = Low
¢15. Drought Existence of an Responsibilities for drought management have been clearly
’ g institution or entity assigned to specific entities = High; Responsibilities have
management . . . s D I;Q
responsibilities responsible for not been clearly assigned = Medium; No responsibilities
P drought management  were assigned = Low
Stakeholders perceive the coordination of drought
Adequacy of the . L
C1e. o management to have been good = High; Coordination is
c N coordination of : A Q
K] Coordination perceived to have some weaknesses = Medium;
= drought management L .
s Coordination is perceived to have been poor = Low
S . . .
= Stakeholders perceive the level of participation during the
t Adequacy of P P p &
= C17. , last drought to have been adequate = High; The level of
L stakeholders L L - Q
] Participation articipation participation had some deficiencies = Medium; The level of
_g P P participation was poor = Low
L
© Degree of . R .
£ & . Formal mechanisms of participation in drought
© cis. formalization of the . . L .
° . . management exist = High; Deficiencies or weakness in
° Mechanisms of  mechanisms and . . . | D
o L mechanisms are detected = Medium; Only informal
. participation process to  allow .
1 o procedures exist = Low
participation
All relevant stakeholders were included and their
Degree of . .
c19. . . representation was balanced = High; At least one relevant
, inclusiveness and L .
Stakeholders balanced stakeholder was missing or representation was unbalanced Q D
inclusiveness . = Medium; At least one relevant stakeholder was missing
representation .
and representation was unbalanced = Low
Degree of .
. & Stakeholders perceive the most recent drought to have
. improvement of . . .
o3 C20. Learning been better managed relative to the previous one= High,
c . drought management . . . Q
S w  capacity : h Managed in a similar way = Medium; Managed worse than
L & relative to previous . .
% E ) the previous episode = Low
3= drought episodes
E 9 A comprehensive evaluation of drought response was
S C21. Evaluation  Scope of the implemented = High; The evaluation was focused only on D Q

practice

evaluation practices

specific aspects = Medium; No ex-post evaluation was

carried out = Low

Results and Discussion

The results of the assessment will be presented as case-study profiles and by dimension. Final
scores by criterion can be found in the Supplementary Material (Section B).

Drought management profiles

The assessment led to the development of a drought management profile for each CS (Figure 3),
which offers an overview of the main strengths and weaknesses, according to the dimensions
analyzed, based on the assumption that high scores for each dimension mean a higher degree of
adoption of a risk-management approach.
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Figure 3. Case Studies profiles
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The shape and size of the CS profiles suggest that during the assessed drought event Portugal (PT),
Syros Island (SY), Switzerland (CH) and the Po river basin (PO) followed a crisis-management path,
while the Jucar river basin (JU) and the Netherlands (NL) proved to have a more proactive
approach. The profiles of PT and PO indicate an intermediate stage of drought management
development across all the dimensions, while in SY and CH response to drought appears to be
fragmented and reactive. Some key features of each Case Study help interpreting their profiles.

The Jacar river basin has a well-developed DMP as well as a battery of tools for drought
management (monitoring systems, tools for decision support, Emergency plans for urban water
supply). Its institutional framework evolved significantly after a severe drought episode in the
1990s, which led to establishment of the DMP and strengthened the overall response to drought in
the river basin. Drought levels are clearly defined and are associated with the activation of specific
measures. During the 2005-2008 drought sufficient financial resources were distributed across the
affected sectors, and impacts were greatly mitigated. Stakeholders participated in decision-making
through a Drought Commission, whose functioning is regulated by law and whose meetings served
as an effective platform for consensus building. A post-drought assessment was carried out by the
Jucar River Basin Authority but so far has not been made publicly available.

The Netherlands has a flexible drought management system that monitors drought-relevant
parameters and, when needed, brings together water managers at different levels and stakeholders
to agree on actions to manage drought. For instance, there is continuous monitoring of
temperature and discharge of the main transboundary rivers and there is a priority ranking to
allocate water in case of scarcity. Drought response is planned in advance and is supported with
sufficient human and financial resources. A severe drought in 1976 laid the foundation for current
drought management, suggesting also in this case the importance of capitalizing past experiences
to enhance institutional capacity. NL has formal mechanisms and a long tradition in participatory
processes, and during the assessed drought, effective participation of stakeholders contributed to
preempt possible conflicts. The 2003 drought demonstrated that the current water management
system, its operation and policy are nearing their limits. While the short-term focus is on flexibility
of the water system, for the long term the strategy is aimed at protecting the country against
flooding (from the sea and rivers) and securing freshwater supplies.

Despite the current high pressure on the whole river system, the Po CS lacks drought management
plans at basin or local level, except for Emilia-Romagna region. During the assessed drought,
management efforts mainly involved voluntary water allocation agreements and exceptional
measures associated with declaration of emergency by the central government. In 2003, a drought
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commission was created to manage response to drought. In 2005, the committee was made
permanent, with the objective of building a coordinated procedure for monitoring and forecasting
water deficiencies in the basin. In spite of this effort, institutional capacity presents weaknesses
related to the absence of vulnerability studies, insufficient emphasis on planning of drought
measures and definition of clear levels of alert. Regarding drought measures, pitfalls were related
to lack of recovery measures, poor control of water withdrawals and water release, or insufficient
management of salinity problems in the river delta. The Po River Basin Authority made a significant
effort of coordination and inclusiveness. However, the decision-making process was still largely
centralized, and not all the stakeholders felt adequately involved or represented. Even if there are
some economic analyses of drought impacts, comprehensive and systematic assessment of drought
management is still lacking.

In Portugal drought management is undertaken through a set of instruments at different scales and
in different sectors. Thus, tools to manage drought exist but they are quite scattered and
uncoordinated. The development of systems for drought monitoring and early warning is still
ongoing and there is no well-planned response to drought. The regulatory framework is considered
to be sufficiently developed, but its effectiveness is sometimes hampered by lack of a clear
operational framework and poor implementation on the ground. During the assessed drought, the
main venue for participation and coordination was a Drought Commission. Its work was positively
valued by the consulted stakeholders, who, however, criticized the limited role of local
governmental and non-governmental stakeholders. Moreover, responses were sometimes slow
and not fully effective in coping with technical and financial needs at regional and local scales.
Conflicts existed in the operation of multiple-purpose reservoirs, the conciliation of different water
needs in some rivers and aquifers, and budget allocation according to technical and financial needs.

Even if the local scale allows for a more adapted strategy to address drought problems, Syros Island
lacks a drought management plan and has a reactive approach to drought. Main weaknesses
identified are lack of operative definitions of drought and poor implementation of groundwater use
control. So far, efforts have been mainly focused on reducing the dependency of the domestic and
tourism sectors from freshwater resources through sea-water desalination. Agriculture is highly
dependent on intensively exploited and degraded aquifers and drought measures focus on
compensation to farmers rather on impact prevention. Overall, local capacity needs to be
improved, to reduce the fragmentation of responsibilities, to maintain the know-how of local
agencies and to ensure a more even distribution of financial resources across sectors. Participation
of stakeholders in decision making is limited and often informal, which can create imbalance among
stakeholders having different access to the authorities.

During the 2003 drought Switzerland did not have specific policy instruments for drought
management and, except for few drought-prone cantons, response was reactive. Even if basic
drought-relevant data are collected, there is no integrated drought information system. Drought
management regulation is considered to be in its infancy. Cantons hold most of the responsibilities
over water, and incentive in inter-canton cooperation lays in the potential benefits of joint
response rather than on legal obligations. Most Swiss regions have enough personnel and effective
cooperation to face sporadic drought but lack long-term strategies. After the 2003 drought and the
associated heatwave, awareness about the importance of managing drought increased, and
recently the Swiss government has been revising its water policy strategy to include also drought
issues.

While direct comparison of the performance of CSs can be misleading, it is worth noting some
common trends across the CS profiles. First, each CS got quite homogenous scores in all the
dimensions of evaluation, which seems to confirm that the performance of specific management
measures depends on the full context where intervention takes place (Wilhite and Glantz, 1985;
Knutson et al., 1998; Wilhite et al., 2000). Second, in the two CSs that obtained the lowest scores
(SY and CH), the most developed dimension is related to drought measures. However, when looking
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at the type of measures, both CSs lack preventive measures and monitoring and early-warning
systems, which is consistent with their crisis-management approach. Third, the performance in
drought management seems not to be linked to the characteristics of drought, as the two CSs that
fared the best were the JU - located on the Mediterranean coast, which suffered from a three-year
drought affecting mainly the water supply system and agriculture - and NL- located in Central
Europe which had to manage a one-year drought that affected mainly river levels for navigation
and agriculture. On the other side of the spectrum, the two CSs that obtained the lowest scores (SY
and CH) also have little in common in terms of size, climatic conditions and socioeconomic context.
This seems to suggest that a key factor in the adoption of a drought risk management approach is
having a strong tradition in water management, as is the case for the Jucar basin and the
Netherlands.

Recommendations by Dimension

The assessment led to the identification of gaps in drought management and response, and the
subsequent formulation of recommendations for improvement across the CSs (Table 4).

In all the CSs the policy and regulatory instruments dealing with drought are mainly framed within
water-related initiatives and instruments (laws, plans) addressing different facets of drought. These
instruments are developed with different levels of detail, depending on the CS, and have been
established mostly during the past decade. In general the consulted stakeholders valued positively
the recent development of drought management in their CS but they still perceived gaps in the
establishment of preventive measures and proactive planning drought response and management.
This is coherent with the majority of the CSs following a crisis approach as shown in the profiles. In
particular, most CSs lack a DMP that defines the different actions to be taken at each stage of
drought, despite the fact that this type of plan provides a framework that helps reducing
improvisation when droughts occur (Hayes et al.,, 2004; Kampragou et al.,, 2011; Wilhite et al.,
2014).

All the CSs have a set of legal norms dealing with drought but there are still normative gaps. For
example, in PT better regulation of the operation of large reservoirs is needed, while in JU the
consulted stakeholders remarked that it would be advisable to improve the regulatory framework
of water trade. Moreover, in most CSs (PT, SY, PO, JU) the enforcement of regulation needs to be
strengthened, especially in relation to environmental protection and to restrictions on water use
during drought.

It should be noted that in none of the CSs there is a comprehensive assessment of vulnerability to
drought. This confirms the existence of a gap between the increasing attention to vulnerability in
general (Janssen, Schoon, Ke, & Borner, 2006), and of drought vulnerability in particular (Gonzélez
Tanago, Urquijo, Blauhut, Villarroya, & De Stefano, 2015), and their limited integration into
management, and reveals the need for more socio-economic and environment-oriented studies to
complement the traditional biophysical approach in drought analysis (Wilhite & Glantz, 1985;
Lackstrom et al., 2013).

Our assumption, based on Hanberger (2001), is that a clear definition of the problem provides a
sound basis for action. In the case of drought, this is particularly important, as its definition is not
unique or univocal (e.g. Wilhite & Glantz, 1985; Lloyd- Hughes, 2014). From a practical point of
view, it is advisable to have a detailed definition of drought associated with a drought monitoring
system that takes into account the impact of drought on the different sectors. This allows the
establishment of clear thresholds to activate or deactivate specific drought measures and to
support communication between water managers and water users and the general public. All the
CSs have at least one drought definition in their official drought-related documents but, except for
JU, there is no further detail on the different levels of alert or different levels of drought that can be
used to guide management actions.
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Interviews with stakeholders confirmed that that at local level individuals perceive and define
drought differently (Heathcote, 1969), depending on personal, cultural, historical and contextual
factors (Slegers, 2008; Patt & Schroter, 2008; Dessai & Sims, 2010; Higginbotham, Connor & Bakker,
2014). In our study, stakeholders often used water scarcity as a synonymous for drought, primarily
in a water stressed context like the Mediterranean area (SY, JU, PT), where drought is often
perceived as an intensification of a water scarcity situation. In contrast, in contexts where water is
more abundant (NL, CH, PO), they perceived drought mainly as an unusual phenomenon where
abnormal high temperatures are also a matter of concern. Since perception will influence
stakeholders’ behavior (Giordano & Vurro, 2010), it is important for water managers to work with
operational definitions but also taking into account the perception of water users on the ground, to
make sure that there is a shared vision of the problem and that solutions are accepted also at the
local level (Urquijo & De Stefano, in press).

As mentioned earlier, the Drought Measures dimension was built combining the inventory of
measures implemented in each CS. This provides flexibility to the assessment, to adapt to the
specificities of each case, but also entails high heterogeneity of the mapped measures. Thus,
conclusions about this dimension are meaningful only when considering our broad measures
categories: a) strategic measures, including measures to prepare for drought and monitor its
occurrence; b) management measures, meant as actions to address different aspects of drought
and mitigate its impacts; and c) recovery measures, including actions undertaken during or after
drought to ensure swift damage recovery. Moreover, this study aimed at providing an overview of
the whole process of response to drought rather than the evaluation specific measures, which is
also scarce in the literature (Hernandez-Mora, Gil, Garrido & Rodriguez-Casado, 2013; Lackstrom et
al., 2013). Thus, our analysis focused on the balance of measures categories in each particular CS,
as the presence or absence of a given type of measures gives insights into the strategy followed to
address drought. For instance, the existence of preventive and monitoring measures can be
interpreted as a sign of a risk-management approach.

When considering the overall picture, it can be observed that, in all the CSs during the assessed
drought, recovery measures were the least developed ones. Similarly, the development of
environmental measures was also very limited.

Participation of stakeholders in drought management was found to be uneven across the assessed
CSs. In most of the cases, decisions were made by the responsible organization(s) after involving
governmental stakeholders. In general, at least some non-governmental stakeholders were
involved in the decision-making process, but their involvement was not always judged to be
sufficient (SY) or well-balanced (JU), as not all the affected sectors were involved (SY, PO, PT) or had
a similar chance to influence decisions. In general, the coordination of drought response by the
responsible authorities during the past drought events was valued in a positive way by
stakeholders. This is an encouraging finding, as good coordination and communication is crucial to
avoid work fragmentation (Bokal, Grobicki, Kindler, & Thalmeinerova, 2014) and to reduce
institutional barriers towards adaptive drought management (Rossi & Cancelliere, 2013). In all the
CSs, however, there is room for improvement, especially to find mechanisms that solve possible
disputes among the involved authorities and speed up decision-making processes during the
drought emergency.

In some CSs (PT and SY), human and financial resources to face drought were perceived as
insufficient, leading to an uneven (and unfair) distribution of the resources. In other cases (JU, CH,
NL, PO) the availability of staff and funds was considered adequate, for the presence of sufficient
permanent staff or resources in the responsible management agencies or because extraordinary
financial resources were approved during the drought. In the future, it would be advisable to
ensure a more even distribution of funds among the affected sectors and also to foster staff
continuity in the agencies responsible for drought management, so that the human capital created
during a given drought can be available also in those that follow. Moreover, data about the
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economic impacts of drought and the cost-benefit ratio of measures should be systematically
generated (Gopalakrishnan, 2013; Hernandez Mora et al., 2013; Garrido & Rey, 2014).

In all the CSs an increase in the level and quality of stakeholders’ participation between the

assessed drought and the previous one was reported, which suggests that the responsible
authorities are making efforts to open up their decision-making processes by including the actors
affected by drought. The existence of formal mechanisms of participation in drought meetings with
the authorities was positively valued by stakeholders. Indeed, formal arrangements create a

structured venue of communication, beyond discretionary initiatives from the authorities, and an
opportunity for stakeholders to influence decisions. In particular, the establishment of well-
regulated mechanisms for consultation and active involvement, with frequent and regular meetings
during the emergency phase, was remarked as positive (JU, NL). Nevertheless, it is important to
continuously monitor the actual functioning and effectiveness of those formal mechanisms, as
sometimes participation is regulated and compulsory, but decisions are taken beyond closed doors
(Hernandez- Mora, Cabello, De Stefano & Del Moral, 2015). This can discourage participation and
hamper the implementation of measures to mitigate drought impacts.

The assessment revealed that in the CSs there is a poor tradition of ex-post evaluation of drought

management and responses (Hernandez-Mora et al., 2013; Garrido & Rey 2014), despite the fact
that post-drought evaluation are the last and crucial step toward full development of a drought
national policy (Wilhite et al., 2014). The most advanced CSs in this field are the JU and NL, where
an official evaluation was undertaken after the last drought.

Table 4. Main recommendations by dimension. Based on surveys, interviews, SWOT analyses and

documentary analysis in the six CSs.

Dim Recommendations
e Promote a risk-management approach (SY, PO, PT, CH).
e Enhance drought planning and develop preventive measures or develop DMP (SY, PO, PT, CH)
% o Improve law enforcement mechanisms (PT), especially by controlling abstractions or dry wells (SY, PO)
E e Improve specific legal issues: e.g. clear rules for the operation of large reservoirs, update of current public water supply
T: legislation, revision of transboundary treaties to better define actions during drought (PT); revision of water trade
g regulation (JU)
§ e Establish clear rules on water uses, especially where resources are scarce (PT)
‘é o Include drought issues in RBMP under development (PO)
: e Develop drought vulnerability assessment (SY, CH); In-depth studies about real economic, social and environmental effects

of drought (JU, CH); Development of studies on vulnerability to drought and management under different drought
Scenarios (PT); To discuss the drivers behind the impact of drought on the different sectors (PT)

2. Drought
definition

e Establish a clear definition of drought that can be tied to different alert levels to triggered interventions (PO, PT, CH)
o Tailor the drought definition to the local context (SY, CH) and clearly distinguish between water scarcity and drought (SY)

3. Drought measures

Strategic or planning measures
e Develop drought planning based on a reliable monitoring network (e.g. climate data, water use data, status of

groundwater bodies) (SY, PT, PO)

e Improve research and studies to increase knowledge on storage capacity, overall demands and water availability (PT, PO)
e Promote monitoring and early warning system (SY, PO, PT);

e Undertake research on specific measures such as multi-functional use of pumping systems (flood and drought
prevention), and on water storage for high-value agriculture (e.g. horticulture) (NL)

e Improve the mechanisms of drought phases activations based on drought monitoring systems (JU)

o Improve the adequacy of the time of activation of specific measures to avoid delays (JU)

e Revise the “emergency state declaration” criteria and homogenize the procedures of drought funding request among
municipalities (SY)
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Dim Recommendations

Demand management

e Prioritize demand management over supply management (JU)

e Revise pricing policy to avoid overexploitation of groundwater due to higher prices of desalinated water (relative to
groundwater) (SY); Improve the current water pricing policy and provide incentives for efficient use and water savings,
particularly in the agricultural sector (PT)

e Establish a clear prioritization of uses according to drought scenarios provision to reduce water allocation conflicts during
drought (PO); Prioritize water uses and adjust of the uses within the basin and subsystems in the basin and better
adjustment of demand to the real needs, especially in the agricultural sector (JU), or to reduce high pressures on water
resources (PO)

e Include nature conservation needs in the ranking of priority for water allocation, especially for highly valuable natural
areas (NL)

e Implement a multi-annual resources management for ensuring strategic reserves available during drought episodes (JU)

e Develop a well register (SY); upgrade the existing groundwater and surface water rights registers (PT)

w
°;’ e Enhance control of extractions and existing drills (SY) or improve water withdrawals control systems and its
§ implementation (PO); To curb illegal extraction (PT)
E e Modernize the existing irrigation systems and create a National Irrigation Plan (PT)
-§° e Develop awareness-raising campaigns about drought issues and include drought issues in professional education (e.g. of
o farmers) (CH)
Q_ Supply management
m e Promote waste water reuse (PT)
e Undertake an inventory of water infrastructure for emergency water supply (e.g. wells) and ensure their maintenance
during wet and average rainfall periods (JU)
e Develop clear procedures for the use and control of desalination plants to ensure the long-term financial support for the
their maintenance (SY)
Environmental measures
e Enhance environmental measures to address ecosystems protection, fish mortality, groundwater depletion and salt-
intrusion (JU, PT, SY, PO, NL)
e Evaluate possible alternative measures like barriers against salty water in the Po delta and barriers or dams at different
points along the river (PO)
e Improve management of ecological flows and fish protection during droughts (PT)
Recovery measures
e Improve recovery measures, particularly agricultural compensation schemes (SY, JU, PO, PT)
e Ensure availability of resources for the implementation of drought measures ( e.g. increased aids for farmers to
§ compensate production losses (PO, PT)
§ o Develop a clear procedure for the allocation of financial resources among water uses and sectors (SY, PT) and among
é"’, different types of measures (JU)
< e Define clear responsibilities and personnel assignment for drought management at a municipal level (SY)

e To enhance transparency and information mechanism of economic resources utilization (SY)

e Improve coordination among municipalities to improve drought management (SY) and among public administration
authorities (JU); To improve communication between the technical committee (Cabina di Regia) and external
actors/stakeholders, including public opinion (PO); To improve drought management coordination between the national and
cantonal levels and between neighbouring cantons (CH)

e Improve communication among all stakeholders at all levels (PO, PT, JU, CH, SY)

e Enhance active involvement of the agricultural sector (SY, PT), civil protection (PO) and environmental NGOs (SY, PT, PO,
JU) in decision-making processes

e Create mechanisms that reduce delayed response during drought events (SY) or improve efficiency of participatory
process to reduce time consuming in meetings and decision making due to consensus reach requirements (JU);

e Establish formal participation mechanisms. (SY) e.g. creation of drought commission (PO) or maintain a permanent
drought commission (JU);

5. Coordination & Participation

e To integrate groundwater and surface water in water planning (PT)
e Enhance conjunctive management on transboundary water with Spanish authorities (PT)
e Improve integration of DMP into RBMP and Municipal Contingency Plans (JU)
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Recommendations

6. Evaluation

e Develop a monitoring systems of the implementation of drought measures (JU, PO)

Carry out an ex-post evaluation of the adopted individual measures after each drought episode (PT, SY, PO)

& learning

creating action protocols including past experiences (PT)

Some methodological considerations

The application of our methodology to several case studies helped to identify some issues worth to
be considered when undertaking an assessment of drought management.

In terms of scale, the local level represented by the SY proved to be particularly suitable for
analyzing specific drought measures and linkages with context and other factors. Policies, however,
are usually defined at a higher level and the influence of other administrative spheres on local
problems and solutions can be crucial but difficult to capture when working at a strictly local level.
A similar problem can occur also at a river-basin level, although many drought responses can be
effectively defined and implemented at such scale. Finally, the national scale can be too broad for a
comprehensive assessment of drought response, as a country-wide study can hide important
regional differences and needs. Additionally, as national policies are generally defined in generic
terms (Jann & Wegrich, 2006), locally their implementation can be hindered by conflicts, as it may
affect stakeholders’ interests in a particular context or sector. Thus, it is important to combine the
establishment of a country-wide policy frame for drought management with adaptation of national
guidelines to the local context.

The study is mainly based on qualitative sources of information, due to the value of considering
also the perception of actors involved in drought management and because quantitative data on
several relevant issues (e.g., executed budget by implemented measure, economic impacts) were
heterogeneous and incomplete. This reveals a significant data gap hampering a comprehensive
assessment of drought management, based on both qualitative and quantitative data.

Conclusions

The paper presents a methodology for ex-post evaluation of response to drought in a European
context. The evaluation aims at offering a snapshot of drought management from a risk-
management perspective in a given location rather than an in-depth assessment of the
performance of selected individual measures.

The implementation of the methodology in six case studies has demonstrated the capability of a
theory-based evaluation (TBE) approach to organize and structure the analysis of key aspects of
drought management in very different contexts, at different scales and with different degrees of
drought policy development. Indeed, it allows the formulation of evaluation questions with the
input of stakeholders, the identification of evaluation dimensions broad enough to include the
specificity of each case study, and the design of tools that can be adjusted to the actual data
availability.

The information resulting from the assessment is useful in at least four ways. Firstly, it offers an
overall picture of drought management in a given case study. This serves as starting point for more
in-depth studies when information and knowledge about drought management is dispersed and
fragmented, and to frame those detailed analyses into a specific context. Secondly, it can be used
to reveal whether the current drought-management strategy follows a crisis- or a risk-management
approach. In particular, the use of visual CS profiles can be an effective instrument to signal to
policy-makers pitfalls in the shift toward a risk-management approach. Thirdly, the evaluation
contributes to identify good practices and management pitfalls, and therefore can inform actions
for improvement of drought management in the future. This can also contribute to identify a pool
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of good practices that can be considered for possible use in other areas once they have been
adapted to their specific context (Biswas & Tortajada, 2010). And fourth, the evaluation serves for
documenting past practices and their performance, in order to create a body of knowledge that
could otherwise get lost due to lack of institutional continuity.

Results suggest that the existence of a drought management plan or a similar integrated system
substantially contributes to a coordinated and structured response to drought. Moreover, the
involvement of all management levels and of stakeholders in decision-making processes has proven
to be a crucial ingredient in seeking and implementing effective response to drought. For this
reason, comprehensive participation of all stakeholders at different territorial levels through clearly
regulated participatory mechanisms has to be ensured. Areas for improvement that have emerged
in the case studies are presented in the paper. Some outstanding issues that need to be addressed
are: environmental protection to avoid irreversible damage to ecosystems; systematic assessment
of vulnerability to drought and of drought impacts; balanced and transparent distribution of
economic resources across sectors affected by drought; and, last but not least, systematic and
comprehensive ex-post evaluation of drought management and responses. Indeed, the assessment
of past responses paves the way to an enhanced management of drought, by strengthening
positive practices and addressing challenges that were not managed in a satisfactory way in the
past.
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1. Introduction

Drought is a complex phenomenon and one of the least understood natural hazards (Swain
and Swain 2011). Estimates of global economic losses caused by drought are higher than any
other meteorological disaster (Wilhite 2000) and drought impacts affect directly or indirectly
several sectors (social, economic, environmental) and large geographical areas.

In 2013, several UN agencies*® organized a high-level meeting on National Drought Policy
(HMNDP) to provide decision makers with relevant recommendations and science- based
actions to address key drought issues. The meeting conclusions expressed concern for the
absence of drought preparedness and drought management policies in the majority of the
countries, as the lack of national drought policy makes that “responses are generally reactive
in terms of crisis management, and often untimely and poorly coordinated” (Si- vakumar et al.
2014). Strategies for drought mitigation and preparedness are thus needed in order to reduce
societal vulnerability, and drought vulnerability assessments are the first step in this direction
(Knutson et al. 1998; Wilhelmi and Wilhite 2002; Zarafshani et al. 2012; Zhang et al. 2014).
Drought vulnerability assessment can support decision-making processes (So"nmez et al. 2005;
Pereira et al. 2014) through the identification of adequate mitigation actions (Wilhelmi and
Wilhite 2002), the design of contingency plans (So"nmez et al. 2005), and the setup of early
warning systems (Villholth et al. 2013; Naumann et al. 2013). In this context, several authors
warn that more efforts are spent on studying and quantifying drought as a natural hazard than
in exploring societal vulnerability to drought, despite the fact that the latter is the underlying
cause of most of drought impacts (Downing and Bakker 2000 in Wilhelmi and Wilhite 2002;
Shiau and Hsiao 2012; Kim et al. 2013).

According to Knutson et al. (1998) a vulnerability assessment provides a framework for
identifying the root causes of drought impacts at social, economic, and environmental levels,
linking drought mitigation with “true causes” of vulnerability that generate impacts. In other
words, vulnerability assessments attempt to understand who is vulnerable to what, when, and
why, and what can be done to reduce vulnerability (Gbetibouo and Ringler 2009). Since
vulnerability is very context specific and location specific, its assessment should be
multidimensional and should take into account socioeconomic and cultural aspects as well as
physical ones (Sivakumar et al. 2014).

In the literature, there is a broad diversity of drought vulnerability assessments (DVAs)
depending on the purposes, the scope, the conceptual framework, or the methodology used.
For instance, there are descriptive studies that explore drought vulnerability and coping
strategies (Abraham 2006; Derbile 2013); assessments focused on a specific socioeco- nomic
sector (e.g., Thomas et al. 2013), or several ones (Karavitis et al. 2012; Assima- copoulos et al.
2014; De Stefano et al. 2015); studies that use ethnographic techniques (Adepetu and Berthe
2007; Keshavarz et al. 2013), modelling (Fraser et al. 2013; Flo"rke et al. 2011), fuzzy systems
(Bhattacharya and Das 2007; Cheng and Tao 2010), or vul- nerability curves (Lei and Luo 2011).
There are also DVAs that study natural systems, human systems, or coupled human-
environmental systems; that stress biophysical aspects or socioeconomic aspects or both; and
that focus exclusively on responses or exclusively on drought hazard. Besides, DVAs are
undertaken at different geographical (subnational to global) and temporal scales (past, current
and future vulnerability). The diversity within drought vulnerability studies is extremely high,
and there is a lack of common conceptual understanding of vulnerability, standardized

** World Meteorological Organization (WMOQ), the Secretariat of the United Nations Convention to
Combat Desertification (UNCCD) and the Food and Agriculture Organization of the United Nations(FAO),
in collaboration with a number of partners.
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methodology, and common vulnerability metrics. All this hampers comparisons of results
obtained by different DVAs. Compara- bility of vulnerability levels, however, is frequently
demanded by decision makers (Hinkel and Klein 2006; Wolf 2012), in order to identify hotspots
of vulnerability where they should focus efforts to strengthen adaptive capacity (Cutter et al.
2003; Hinkel and Klein 2006; Eriksen and Kelly 2007; Sivakumar et al. 2014). DVAs also
contribute to identify the sources of risk inherent in the assessed system, and, for this reason,
they are important elements for the development of drought risk management plans.
Moreover, they can be used as a diagnostic tool to understand why some areas have suffered
impacts in past events (Knutson et al. 1998), thus informing ex post evaluation of response to
drought.

This paper presents a systematic literature review of existing applied assessments of
vulnerability to drought, with the objective of identifying gaps and trends in this field. Thus,
this work has the potential to support future research and practice related to the assessment
of vulnerability to drought.

2. Methods

“A systematic literature review is a summary and assessment of the state of knowledge on a
given topic area” (Ford and Pearce 2010). It systematizes the state of the art and is
necessary to support practice and policy, as well as to identify gaps and new directions for
further research efforts, policy, and methods (Petticrew and Roberts 2006; Ford and Pearce
2010; Johnson et al. 2011; Plummer et al. 2012). Systematic reviews allow overcoming
potential author’s bias and inconsistencies, manage and handle information overload, shed
light into gaps, and inform policy makers by providing robust and reliable summaries of
evidence (Petticrew and Roberts 2006).

In recent years, there have been several efforts to synthesize investigations and
assessments in different domains, such as global environmental and climate change (e.g.,
Rudel 2008; Ford and Pearce 2010; Thompson et al. 2010; Hofmann et al. 2011) or
vulnerability and risk assessments (e.g., Plummer et al. 2012; or Sohrabizadeh et al. 2014), but
none of these addresses specifically vulnerability to drought.

A systematic literature review usually follows three steps (Hofmann et al. 2011). Firstly, a
search protocol must be designed through the establishment of inclusion and exclusion
criteria for the selection of the studies to be reviewed (Rudel 2008; Hofmann et al. 2011;
Plummer et al. 2012); then the information from the selected studies is classified or coded
(Rudel 2008; Hofmann et al. 2011); and finally, the information is analyzed following
specific criteria and using statistical, descriptive, or qualitative methods.

These steps were followed to study the existing applied assessments of vulnerability to
drought that have been documented in the scientific literature until April 2015.

2.1. Search protocol

Table 1 summarizes the criteria used for the selection of items to be analyzed. We focused
specifically on DVAs that quantify vulnerability and present vulnerability values in a
graphic or numerical way. Furthermore, we prioritised studies focused on human systems,
excluding those exploring only natural systems (e.g., vulnerability to drought of flora and
fauna).

Table 2 presents the outcomes of the application of the search protocol to diverse
databases of scientific literature (ProQuest, Springer Link, Science Direct, Willey Online and
Google Scholar). To undertake the search, we worked under the assumption that
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relevant items should include in the abstract the words “DROUGHT VULNERABILITY
ASSESSMENT”. To complement the search, and not limit it to peer review journals, we also
followed the CEE protocol® for internet searches, fully reviewing the first

Table 1. Criteria for items selection

Inclusion criteria Exclusion criteria

English literature All non-English literature

Drought vulnerability Assessment of the vulnerability of water resources, climate
assessment variability or climate change (broadly) vulnerability assessment

Drought hazard assessment or drought risk assessment not
measuring vulnerability

Human systems and/ DVAs focused exclusively on natural system (forest, fishes, aquatic
or Coupled Human- ecosystem, etc.)
Environmental . .
Systems DVAs focused exclusively on functioning of water supply systems
DVAs focused only on agriculture productivity

Applied assessment  Theoretical framework, ethnographic or qualitative studies that do
with a quantification not include vulnerability quantification.
of vulnerability

Table 2. Search outcomes

DATASET SEARCH PARAMETERS OUTCOME
ProQuest 1% search: 1" §earch 334 items found
21 included
Drought AND vulnerability AND assessment 2" search: 71 items found
- ALL (Except full text) : ;?ndclljlil;zzted
2" search: + drought (title) - 52 excluded
. . st 6431 items found
springer link 17 search: 2" search: 298 items found

Drought AND vulnerability AND assessment - 36included

2" search: + drought (title) - 262 excluded

50 items found

Sci Direct 1™ h:
cience Direc searc - 8 duplicated
Drought AND vulnerability AND assessment + ABSTRACT TITLE - 2 included
KEYWORDS - 40 excluded
Willey online 1% search: 27 items found:
v ’ - 1 Included
Drought AND vulnerability AND assessment + - 26 excluded
- ABSTRACT
121 items found:
Google Scholar 1% search “Drought vulnerability assessment”

- 35 duplicated
- 88 excluded

50 items presented in Google, and exploring the following 50 for relevance. We explored also
the references of selected studies to identify further relevant investigations. To narrow the
search and identify relevant studies, in those search motors that allowed it, the search was
restricted using specific words as search parameters (see Table 2). We conducted the searches
along a 4-month period (April-July, 2014) and repeated the exploration in October 2014 and
April 2015.

*’ Collaboration for Environmental Evidence (CEE) is a specialized library of systematic reviews.
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During the search, we found some DVAs that were presented in more than one pub- lication.
Thus, we decided that our unit of analysis (item) should be each DVA and not the single
papers. Following the document screening, approximately 190 items were selected for
systematic review (see Supplementary Material). After a full-text exploration of those items
and the application of the inclusion criteria described above, 46 DVAs were retained for the
systematic review.

After the identification of the items to be analyzed, we proceeded to code them to explore
methodological and conceptual aspects of the DVAs, and also for basic inferential statistics.
The analysis was focused on the following aspects: location and scale of DVAs, to identify
possible gaps and scale implications; conceptual frameworks most frequently used within
DVAs; dimensions and subdimensions of vulnerability factors included in DVA’s, to explore
comprehensiveness and identify possible patterns. On the method- ological side, we explored
three steps in the assessment process: identification and selection of factors, weighing of
factors and components, and validation of results. And finally, we examined the intended uses
and users stated in the DVAs.

3. Results and discussion
3.1. Geographical distribution and spatial scope

Trends in the number of vulnerability studies published during the last decade (Fig. 1)
mirror the growing interest for vulnerability assessments in the international community,
especially within the disaster risk reduction (DRR) and climate change adaptation (CCA)
schools.

Diversity in terms of scale, as well as geographical location, is high (Table 3). The majority
of the assessments identified focus on Asia, mostly at subnational level in China, India, and
Iran, while South and Central America and Northern Africa are the regions where fewer
assessments have been found (Table 3 and Table 1 in Supplementary mate- rial). Initially,
this gap was attributed to the linguistic criterion applied in the search, since these are
mostly Spanish- and French-speaking regions, respectively. However, a test search
applying the protocol with Spanish terms (“evaluacion or analisis ? vulnerabili- dad ?
sequia”) returned a very low number of items, thus suggesting that, at least for Latin
America, the scarcity of DVAs found cannot be attributed to our search protocol. Also the
absence of DVAs in Australia is somehow surprising and requires further research, in order to
understand the reasons behind this gap.

It is interesting to compare the spatial distribution of DVAs (Fig. 2) with the magnitude of the
impacts of drought registered in EM-DAT®. Table 4 shows the 15 countries most affected
by droughts in terms of people affected, total economic damage, and number of drought
events since 1990. Countries with high drought impacts such as China, USA, or Brazil
present at least one DVA, while in others such as Mozambique, Ethiopia, Thailand, or
Honduras, no DVAs were found.

3.2. Types of conceptual frameworks

The review has shown that there is a significant diversity in the understanding and defi-
nition of vulnerability (see Table 4 Supplementary Material), confirming that the lack of

8 http://www.emdat.be/database
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12

Number of DVAs

2002 2007 2008 2009 2010 2011 2012 2013 2014
Year of publication

Figure 1. Evolution over time of DVA publications (source: own elaboration).

Table 3 Location and scale of the reviewed DVAs.

Location National Regional Continental Global Total
Africa 1 1 1 6
Asia 3 24
Europe 4 1 2 9
Mediterranean 1 1
North America 3
South America 1
World 2 2
Total 8 3 3 2 46

Assessments scale:

Fi ~.
. : Continental
N . .I

O Transboundary
- National
@  Regonal
®  Local

Figure 2 Location of the reviewed DVAs

consensus among scholars regarding the definition, frames, and methods for measuring
vulnerability continues to be an unresolved issue (Preston et al. 2011; Costa and Kropp

2013)

129



CAPITULO 4

Table 4 Drought impacts and losses around the world (1990-2014)

Country '(I';tiﬁ:ons)people Country ‘(I:g"c)aols) damage Country eDvr::',(gsht
China P Rep 415.27 United States 39,135,000 China P Rep 26
India 351.18 China P Rep 25,110,415 United States 11
Kenya 46.15 Spain 7,700,000 Brazil 10
Ethiopia 39.49 Brazil 7,532,000 Mozambique 9
Iran Islam Rep 37.00 Australia 3,973,000 Ethiopia 9
Thailand 29.98 Iran Islam Rep 3,300,000 Kenya 9
Malawi 20.15 Russia 2,540,000 Thailand 8
Niger 19.12 India 2,041,122 Honduras 8
Sudan 18.86 Italy 1,990,000 Bolivia 7
Zimbabwe 17.02 Ukraine 1,690,000 Namibia 6
South Africa 15.30 Mexico 1,610,000 Zimbabwe 6
Brazil 12.06 Portugal 1,348,136 Uganda 6
Somalia 11.70 South Africa 1,000,000 Malawi 6
Tanzania Uni Rep 10.65 Greece 1,000,000 Niger 6
Australia 7.00 Yugoslavia 1,000,000 Sudan 6

EM-DATA (2014) (Drought events 1990-2014. In bold locations with DVAs)

Most of the definitions of vulnerability used in the reviewed DVAs originate from the
following definitions by the climate change adaptation (CCA) and the disaster reduction
risk (DRR) schools:

CCA school: The degree to which a system is susceptible to, or unable to cope with,
adverse effects of drought. Vulnerability is a function of the character, magnitude, and
rate of climate variation to which a system is exposed, its sensitivity, and its adaptive
capacity (IPCC 2001, 2007), used by, e.g., Chandrasekar et al. (2009), Antwi-Agyei et
al. (2012), Deems (2010), and Flarke et al. (2011), De Stefano et al. (2015).

DDR school: The characteristics of a person or group in terms of their capacity to
anticipate, resist, cope with, and recover from the impact of natural or man-made
hazards (UN/ISDR 2009) used by, e.g., Iglesias et al. (2007), Adepetu and Berthe
(2007), Cheng and Tao (2010), Zarafshani et al. (2012), Safavi et al. (2014), and
Naumann et al. (2013).

According to Romieu et al. (2010), both schools have different goals, as DRR aims at
highlighting means for risk reduction in shocks, while CCA looks for the most efficient
way to adapt to shocks derived from climate change. Hence, DDR considers vulnerability
as one step within the process of a risk assessment, whereas CCA considers vulnerability
assessment as the expected outcome of the analysis*. These differences are reflected in
their patterns of conceptualization and operationalization of vulnerability.

Within the reviewed DVAs, 16 assessments adopted the IPCC (2001) definition of
vulnerability. Table 5 presents a selection of these DVAs to show that each DVA has a

* Some risk assessment studies (e.g., Blauhut et al. 2015) combine data about past drought impacts
with hazard measurement in order to assess drought risk. This is a quite new approach that, contrary to
traditional risk assessments, does not include a vulnerability assessment sensu stricto
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Table 5. Selection of DVAs following the IPCC (2001) model

Study equation Exposure Sensitivity Adaptive capacity

Antwi-Agyei et Long Term growing

al. 2012 V= season rainfall/ Crop yield sensitivity index = Human capital (literacy rate (%),
] (E+S—AC) yearly growing expected yield/actual yield financial capital (poverty rates (%).

(national) season rainfall

Assimacopoulos
et al. 2014 V=(E+S-AC)
(subnational)

Number of drought

events, drought
duration,  drought
intensity, Water

Exploitation Index

Ground Water level, Water
quality, Population density,
(Demand coverage urban
and agriculture), % irrigated
land, Share of agricultural
GDP, Crop pattern/ diversity,

Access to information, Willingness
to change, Conflicts, Existence of
drought management policies,
Actors & institutions (jurisdictions,
availability to resources), Access to
(water saving) technology, Access

L . to alternative water sources,
Tourism intensity
Infrastructure
Socio economic  factors
Probabilit f . . L . .
dizuahlcl ylabour ?n (income per capita, gini Human capacity (literacy and
Bhattacharya a riClg.I|tLllI’e rural coeff); Technology (fertilizer education expenditure),
and Das 2007 V =Ff(E,S AC) i ulation’ <hare of per Ha, tractor per Ha); Governance (Share of tax revenue)
(subnational) iprripated/u;mirri ated Activity (share of Coping options  (labour in
Iani? g fruit/vegetable, share of households (HHs) industries)
’ oilseed)
Human Capital (population); Social
Capital (services, institution, social
V= Precipitation Water resources (GW, participation); Financial capital
Deems 2010 (Average annual government irrigation (farm holders, workforce,
(national) (E+S+A0) precipitation) scheme, irrigated area) Land unemployed, € / agricultural
3 Drought (SPI) resources (slope, soil) holdings); Physical capital
(agricultural area, livestock, crop
and livestock diversity)
Law enforcement, drought
management tools, public
De Stefano et _ Water use, Water stress, participation, drought awareness ,
al. 2015 V= Drought Water body status, education, innovation capacity,
) (E +5S—AC) characteristics Population, Socioeconomic water resources development,
(regional) relevance (by sector) availability and distribution of
economic  resources, financial
capacity for drought recovery
Fontaine and Drought frequency Ability of a water user to manage
Steinemann V=(-AC) severity, magnitude or reduce adverse effects of a
Y ." Susceptibility of a water user drought, through actions taken
2009 I=(E+S duration, spatial .
=(E+S) before, during, or after the
(subnational) extent. drought
Population- economic production
factor (cultivated land area, ratio
) Temporal and Precipitation variances; of agriculture and industry output,
Liuetal. 2013 _(E+S) . atigl changes of Temperature variances; population  density),  Income-
(subnational) - AC afmual precip?tation Vegetation coverage information access factor (savings
deviation; Average elevation deposit and access to information),
skills and total productivity factor
(Technologists and income)
Agricultural employment (%), HHs legally owned by farmer (%),
smallholder farm’s HHs receiving technical assistance
Pereira et al. V= production system (%); level (%) HHs whose heads can read and
2011, 2014 EJ 4 ST + (1 — AcI) Aridity index of smallholder farming’s write (%) HHs whose heads are
subnationa income ependence on engaged in associations or unions
(subnational) 3 . d d di . .
vegetal and livestock (%) HHs with access to electric

production (%), % of rainfed
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Study equation Exposure Sensitivity Adaptive capacity
smallholder farms; HHs with
access to water supply (%)
GDP, Net income of residents in
rural area, Rate of irrigation area
Amount of water resources e
Wu et al. 2013 er unit, Irrigation water use to cultivation area, Rate of GW
- VI = SI + ACI Not included P » IMe resources, Effective utilization
(subnational) rate, Sown area rate of farm - .
crops, Population density coefficient of irrigated water use,
! Land reclamation rate, Rate of
regular secondary schools
. Sh f | lation, . .
| Share of cultivated W;Z Ocoi:lsrjmpi?opnua lsgr Per capita GDP, fixed assets for
Yuan et al. 2013 field h f d ht itigati
V =f(ES AC) €S, - share o agriculture Value Added and . rought - mitigation, —emergency
(subnational) paddy fields and . irrigation, water supply and rate of
opulation densit water  consumption  per effective irrigation area
pop ¥ industry VA €

specific context and scope, but they all conceptualize their assessment components (ex-
posure, sensitivity and adaptive capacity) in a similar manner, e.g., most of them include
drought characteristics in exposure, and diverse capitals (social, economic, institutional,
etc.) in adaptive capacity. At the same time, it can be noticed that the combination of
components to produce a measure of vulnerability varies and that the boundaries between
the components are not clearly defined, as variations of the same factor are used to
characterize different components (e.g., rural population or the percentage of arable land
under irrigation).

Among the reviewed DVAs, 11 assess vulnerability as part of a risk assessment study. These
studies apply the formula proposed by the Pressure and Release Model (Blaikie et al.
1994):

R=HxV
where risk (R) is considered to be a function of hazard (H) and vulnerability (V).

Most of these studies build a composite index to measure drought vulnerability but use
different conceptualizations. Some of them group factors in renewable natural capital,
economic capacity, human and civic resources, institutional capacity and infrastructure and
technology (Naumann et al. (2013) or in socioeconomic and physical factors (Shahid and
Behrawan, 2008); Jordaan (2012) assesses social, economic, and environmental vulnera-
bilities separately, whereas Kim et al. (2013) or Kipterer and Mundia (2014) combine
diverse individual factors, without grouping them. The dimensions and subdimensions used
in these DVAs to assess vulnerability can be found in Table 7.

3.3. Scope of the vulnerability factors

Several vulnerability scholars argue that vulnerability has a multifaceted and multidi-
mensional nature (Turner et al. 2003; Vogel and O’Brien 2004; Birkmann 2006; Birkmann and
Wisner 2006; Hufschmidt 2011), and that no single measure can fully capture its
complexity (Luers et al. 2003; Gbetiobouo and Ringler 2009). Therefore, vulnerability
assessments should be integrative and comprehensive and incorporate different dimen-
sions (social, economic, physical, environmental, and institutional).

To analyze the comprehensiveness of the approaches, we have grouped vulnerability
factors in two main dimensions—biophysical and socioeconomic (Preston et al. 2011)— and
eleven subdimensions (Table 6). Six DVAs that did not describe vulnerability factors explicitly
were not considered in this part of the analysis.
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Table 6 shows the number of reviewed DVAs that include each type of subdimension, and
the most frequently used vulnerability factor within each subdimension. The most
commonly used subdimension (70 % of the DVAs) describes sociocultural characteristics of
the assessed system, while the least common one is the one characterizing water uses (27
%).

The number of DVAs that include water resources or water uses within vulnerability factors
is quite low (19 and 11, respectively). This is in contrast to reality, where avail- ability of
water resources and how it is employed are key elements within drought miti- gation and
prevention policies. Even though several scholars consider water scarcity to be a key driver of
drought impacts (Wilhite et al. 2007, Ganapuram et al. 2013), only few assessments
(FI6rke et al. 2011; Shiau and Hsiao 2012; Assimacopoulos et al. 2014; De Stefano et al.
2015) include water stress among their vulnerability factors. Some studies (Deems 2010;
Sreedhar et al. 2012; Fraser et al. 2013) acknowledge the relevance of including
information about the available water resources (e.g., availability of ground- water, water
balance, and water quality) but eventually cannot take them into account in the
assessment due to lack of data.

Table 6 Sub-dimensions and most frequent factors.

DVAs
. . Most frequently included factors
Sub-dimension , y (# of DVAs)
(]

§ Drought characteristics (‘Drought’) 17 41% SPI (3), NDVI (4)
g Climatic components: rainfall evapotranspiration
£ ) .p N ’ P P ' 20 49% Average annual precipitation (9)
5 temperature (‘Climate’)
.§ Soil characteristics and topographic factors (‘Soil’) 20 49% Soil water-holding capacity (10)
>
& Water resources (SW and GW, storage, runoff, etc.) (‘Water 19 46% Status groundwater (12) and
;:% resource’) ? surface water (10)

Socioeconomic dimension

Water uses (DWS, Industrial, Agricultural, etc.) (‘Water uses’) 11 27% Agricultural water use (9)

Land use (‘Land use’) 17 41% Agricultural land uses (9)

Socio-cultural (demography, education, health, gender,
drought awareness, etc.) (‘Socio-cultural’)

29 71% Population (24) and education (16)

(20),
(17),

Economic and financial resources (labour, income, Economic resources
consumption, equity, productivity, investments, savings, 28 68% agricultural income

assets, insurance, etc.) (‘Econ financ’) employment (9)

Institutional, Policy and Governance (social networks, taxes, 14 34% Government presence or programs
governmental programs, participation, etc.) (‘Instit’) ? (9)

Technical, technological and infrastructural (irrigation, tillage,
improved seeds, fertilizers, access to services (electricity, safe 28 68% Irrigation (23)
water, communications, etc.) (‘Techn infrastr)

Others (‘Others’) 4 10% Impacts (2)

In cursive and between parentheses are the abbreviated names used in Table 7

Very few DVAs (Villholth et al. 2011, 2013; De Stefano et al. 2015; Murthy et al. 2015) include
environmental aspects, such as water body status and water quality. This is sur- prising for
two reasons. First, because, in a context of high anthropogenic pressure, the environment
is highly vulnerable to drought. And second, because a low quantitative or qualitative
status of water bodies decreases the capacity of response of water supply systems and
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thus exacerbates the vulnerability to drought of the whole socioeconomic system (WWAP
2014; Kossida et al. 2012; Van Vliet and Zwolsman 2008; Strosser et al. 2012). Interestingly,
only four studies include gender as a factor (Adepetu and Berthe 2007; Shahid and
Behrawan 2008; Cheng and Tao 2010; Zhang et al. 2014).

The majority of the studies reviewed include biophysical as well as socioeconomic factors
(Table 7). The number of factors used in each DVA ranges from 3 to 33. Only very few cases
[Cheng and Tao (2010), Zarafshani et al. (2012), Khoshnodifar et al. (2012)] explore drought
vulnerability from a merely socioeconomic perspective, excluding factors of the biophysical
dimensions. On the contrary, Moring et al. (2012), Percec Tadic et al. (2014) and Safavi et
al. (2014) include factors belonging mostly to the biophysical dimensions.

Table 7 Drought vulnerability assessments: dimensions, sub-dimensions and factors

Biophysical dimensions Socio economic dimensions
Drough Climat Soi Water Wate Lan  Socio E.con Insti Techn Other Tota
Resourc d cultura finan infrast
t e | r uses t s |
e use | ¢ r

Adepetu  and
Berthe 2007 ! 3 9 ! 14
Antwi-Agyei et
al. 2012 ! ! 2 4
Assimacopoulo 5 5 5 5 4 6 2
setal. 2014
Bhattacharya
and Das 2007 1 3 / ! 3 15
Chandrasekar
et al. 2009 2 4 ! 2 ! 2 16
Cheng and Tao
2010 7 7 2 1 17
De Stefano et
al. 2015 2 1 4 3 2 2 15
Deems 2010 1 1 2 1 4 8 1 1 19
Fraser et al.
2013 2 1 4 2 9
Ganapuram et
al. 2013 2 3 3
Huang et al.
2014 1 2 1 2 1 3 5 15
Iglesias et al. 1 ) 3 6 4 1 17
2007
Jainetal. 2015 2 5 1 1 1 10
Jiang et al
»012 2 1 1 3 2 9
Jordaan 2012 2 3 1 1 8 2 17
Karavitis et al.
2011 2 1 1 1 1 6
Kim et al. 2013 3 1 2 1 7
Kipterer and
Mundia 2014 ! 2 3
Kumar 2013 2 2 4 1 1 2 1 13
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Biophysical dimensions Socio economic dimensions
Drough Climat Soi Water Wate Lan  Socio E.con Insti Techn Other Tota
Resourc d cultura finan infrast
t e | r uses t s |
e use | c r

Liu et al. 2013 1 3 1 2 4 2 13
Longetal. 2011 1 2 1 4
Moéring et al.
2012 2 2 1 1 1 7
Murthy et al.
2015 1 2 1 1 5
Naumann et al. 1 ) 1 6 4 ) 5 2
2013
Pandey et al.
2010 1 1 2 1 2 7
Percec Tadi¢ et
al. 2014 2 2 ! 3
Pereira et al.
2011, 2014 ! ! > ! 3 1
Safavi et al.
2014 3 2 3 1 9
Salvati et al.
2009 1 4 5 2 2 14
Shahid and
Behrawan 2008 ! 2 3 ! 7
Shiau and Hsiao
2012 3 3 6
Simelton et al.
2009 1 4 3 8 3 19
Sookhtanlo et
al. 2013 7 9 2 9 27
Sreedhar et al.
2013 1 3 1 5
Swain and
Swain 2011 2 1 2 1 2 3 5 1 2 19
Villholth et al.
2011, 2013 1 3 1 1 2 2 1 2 13
Wilhelmi  and
Wilhite 2002 ! ! ! ! 4
Wou et al. 2013 2 1 1 2 3 2 11
Yuan et al
2013 1 2 2 2 2 2 11
Zarafshani et al.
2012 1 5 11 3 7 6 33
Zhang et al.
2014 1 5 2 1 9

Forty-two percent of the reviewed DVAs include less than five subdimensions. The
subdimensions and factors most frequently used within DVAs are sociocultural factors and

135



CAPITULO 4

economic and financial resources (both used in 69 % of the reviewed studies); followed by
technical, technological, and infrastructural resources (67 %); and climatic components (49
%). Among vulnerability factors, the most used ones are population and irrigation (both
58 %), and economic resources (50 %).

The inclusion of a high number of subdimensions can be interpreted as an attempt to have
a comprehensive approach, as they consider different perspectives. None of the selected
DVAs includes factors of all subdimensions, although DVAs by Swain and Swain (2011), Deems
(2010) and Villholth et al. (2013) include most of them. In this context, a high number of
factors can help to improve the understanding of a specific subdimension, but it does not
necessarily reflect a comprehensive approach. For instance, Sookhtanlo et al. (2013) use 27
factors but only consider five subdimensions.

3.4. Geographical and temporal scales

The majority of the studies reviewed (65 %) were carried out at subnational level, mainly in a
particular region, state, or river basin. According to several authors (Cutter et al. 2009; Fekete
et al. 2010; Preston et al. 2011), the subnational scale favors the inclusion of more detailed
information and the use of participatory approaches and qualitative techniques, which
allows a contextualization of drought vulnerability and could lead to a better identification
of intervention tools for reducing vulnerability locally (Cutter et al. 2009). At the same time,
very context-specific assessments are not suitable for comparison across regions to identify
hotspots and, e.g., guide the allocation of funds, which is often demanded by policy and
decision makers at national, regional, or international level. The trade-off between scope
and depth of analysis, however, seems inevitable, as spatially broader assessments are
usually compelled to simplify their methodological approach due to constraints in data
availability, and to consider only issues that are relevant across the whole region assessed.

Interestingly, these differences in depth and scope do not reflect on the number of
subdimensions and factors included in the assessment at different geographical scales, as
the average mean of factors among subnational assessments is 13 factors against 11 in
assessments of national, regional, or global scales. Some of the reviewed DVAs at larger
scales (Villholth et al. 2011, 2013; Naumann et al. 2013 and De Stefano et al. 2015)
attempt to apprehend multidimensionality of drought vulnerability by including an even
higher number of factors (13, 21, and 15, respectively) from different subdimensions (8, 9,and
7, respectively).

Several studies (e.g., Wilhelmi and Wilhite 2002; Naumann et al. 2013; De Stefano et al. 2015)
acknowledge that the reliability and accuracy of data represent a significant challenge for the
elaboration of policy-relevant DVAs and stress the need to invest in systematic data collection
at different scales. This underscores the importance for DVAs to discuss data constraints, as
they should be taken into account the interpretation of the DVA results.

In terms of data used, Adger (2006) and Cardona et al. (2012) highlight the importance of
complementing quantitative measures with narratives of stakeholders in order to better
capture the complexity of vulnerability, and thus enhance the assessment. According to
Cardona et al. (2012), the diversity of tangible and intangible features of vulnerability in
complex systems, cannot be grasped and assessed using the same methodology. Besides,
Adepetu and Berthe (2007) argue that ethnographic methods can provide valuable infor-
mation that might improve further capacity-building measures to reduce vulnerability,
especially in contexts where “long-standing cultural and economic differences among
multiple ethnic groups produce different adaptation strategies to natural disasters” (p. xi).
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Table 8. Scale and type of data

Type of data Scale
Scale Mixed  Qualitative  Quantitative  Total %
Subnational 5 5 20 30 65%
National 1 7 8 17%
Regional 3 3 7%
Continental 1 2 3 7%
Global 2 2 4%
Total 7 5 34 46 100%

As it can be observed in Table 8, qualitative data are used only in 11 DVAs (24 %), mostly
corresponding to subnational scales, with the exception of Deems (2010), who assessed
vulnerability to drought in Cyprus at national level. The majority of DVAs use data compiled
from secondary sources such as official census and governmental or international statistics
datasets. There are very few studies that collect or produce their own data ad hoc for the
assessment, such as Fontaine and Steinemann (2009).

Within the studies that use qualitative or mixed methods, data are gathered mostly
through surveys (Jordaan 2012; Zarafshani et al. 2012; Khoshnodifar et al. 2012; Sookh-
tanlo et al. 2013), interviews (Alcamo et al. 2008; Fontaine and Steinemann; 2009;
Khoshnodifar et al. 2012; Sookhtanlo et al. 2013; Jordaan 2012; Assimacopoulos et al.
2014), stakeholder meetings (Jordaan 2012; Assimacopoulos et al. 2014), and visits in loco
(Adepetu and Berthe 2007; Jordaan 2012). The use of qualitative methods is not limited to
data gathering, as it occurs also in other steps of the vulnerability assessment processes,
such as the identification and weighting of vulnerability factors (Adepetu and Berthe 2007,
Khoshnodifar et al. 2012; Sookhtanlo et al. 2013); the design of the assessment process
(CWCB 2010); or the validation of results (Deems 2010).

3.5. Transparency of design and validation of results

Vulnerability assessments necessarily involve a certain level of subjectivity. Several authors
(Luers et al. 2003; Vincent 2004; Eriksen and Kelly 2007) highlight the need for improving
transparency along the process, by making the assumptions as well as the decisions
adopted for the assessment explicit. Wiréhn et al. (2015) also prove how methodological
choices influence the final results of the DVA and stress that “methods and underlying factors
must be visible.” Transparency increases the robustness of the assess- ments (Eriksen and
Kelly 2007) and contributes to comparability across studies. To examine transparency, we
have focused on two key methodological aspects of the design and operationalization of
the DVAs: the selection of vulnerability factors and, where several factors are aggregated,
the process used to weight their relative importance.

The review of DVAs shows that only 57 % of the studies actually describe their process of
selection of vulnerability factors. Usually, it is based on previous studies and specialized
literature, and adjusted on data availability. Some studies limit it to data availability (Liu et
al. 2013; Antwi-Agyei et al. 2012; Kim et al. 2013; Naumann et al. 2013), while others
specifically refer to expert knowledge (Wilhelmi and Wilhite 2002; Shahid and Behrawan
2008; Cheng and Tao 2010; Khoshnodifar et al. 2012; Sookhtanlo et al. 2013; Yuan et al.
2013; Assimacopoulos et al. 2014). Others involve stakeholders in the selection process
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(Adepetu and Berthe 2007). Moreover, 56 % of the studies describe the hypothesized
relationship between factors and vulnerability; 13 % provide brief explanations; while the
remaining 31 % do not explicitly describe the logic underlying the factors’ selection.

Applied weighing schemes can be categorized into three groups: (a) arbitrary choice of equal
weights; (b) statistical methods; and (c) expert judgment (Gbetibouo and Ringler 2009; Deems
2010). In the review, we found that only 28 DVAs (61 % of the total) mention and describe
the weighing scheme applied. Almost half of these (12) use statistical methods such as principal
component analysis, while eight consult experts and/or stakeholders for weighing the
indicators. Iglesias et al. (2007) present two scenarios, one with equal weights, and another with
weights based on expert opinion, so as to support an explicit theoretical assumption.

Finally, an important step within the research process is the validation of results. As
Eriksen and Kelly (2007) explain, this process increases the credibility of the set of measures
and contributes to improve the understanding of vulnerability. Also Fekete et al. (2010) stress
the importance of the validation process using an independent dataset. Nonetheless, only a
third of the reviewed studies attempt to validate their results, or explicitly mention that they
attempted to do so. The most common method employed (Table 9) is to correlate vulnera-
bility results to past disasters data (Vincent 2004; Brooks et al. 2005).

Seven studies validate the assessment by comparing their results with previous impacts of
past drought events using data from media (Alcamo et al. 2008), from international data
bases such EM-DAT (Naumann et al. 2013), or their own register, such as the impact
archive developed by the DMCSEE project (Karavitis et al. 2012). Villholth et al. (2011, 2013)
explain that, due to lack of data, they could undertake only a partial validation of results.
Other studies (Deems 2010; Pandey et al. 2010; Jordaan 2012; Safavi et al. 2014) validate
their findings with field surveys, through community meetings, interviews, or visit in loco.
This method is more feasible in assessments with a narrow geographical scope, where
proximity makes data gathering easier. And finally, some of the studies consult experts or
specialist literature to validate their results with expert opinion (Fontaine and Steinemann
2009; Chandrasekar et al. 2009; FIérke et al. 2011; Zarafshani et al. 2012).

The validation of DVA results is hampered by several factors. First, vulnerability is
frequently conceptualized and measured as a potential state, and thus no dataset of observed
variables can fully reflect and measure it. Despite this important difference, however, past
impact data are often used as a proxy for vulnerability. This leads to a second important
constraint, linked to the fact that drought impacts are difficult to quantify (Mishra and Singh
2010) and that the vast majority of countries and regions lack com- prehensive and
systematic drought impact databases. Although there are recent regional and global
initiatives to create impacts inventories (e.g., EM-DAT, North America Impact

Table 9. Validation process

Validation Process DVA %
Experts and/ or specialist literature 6 13%
Field surveys 5 11%
Partial validation due to lack of past event data 1 2%
Impacts recorded during past drought events 7 15%
Not mentioned validation process 27 59%
46 100%
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Reporter, European Drought Impact Inventory), these are still far from complete, espe-
cially in terms of evaluation of economic losses and indirect impacts. And finally, even
when impact data are available, the reporting methods heavily influence issues such as the
count or the magnitude of the reported impacts, thus making those parameters highly
imperfect indicators to validate vulnerability assessments.

3.6. Users and uses of the results of vulnerability assessments

The majority of the reviewed studies state that policy makers or decision makers, disaster
reduction or water managers, other stakeholders (e.g., farmers) or the scientific community
are the intended users of their results. Nevertheless, only one-third of the DVAs involve
prospective final users in some of the steps of the assessment process, even though that
inclusion could enhance relevance and adequacy of assessments, relating them to the “real
world” (Tscherning et al. 2012). Tscherning et al. (2012) observed similar trends in their
systematic review of DPSIR framework studies. This suggests the difficulties that still exist in
creating a good communication between science and policy, and points to the need to
further invest in bridging that gap.

The majority of the reviewed assessments present final results through maps of vul-
nerability (72 %), while 18 % present scores and 10 % spider diagrams. This is in line with the
fact that mapping undoubtedly is an appropriate method to communicate complex
spatial and temporal information (WHO 2014). Vulnerability mapping can help decision
makers to visualize the hazard and communicate it to potentially affected stakeholders such
as agricultural producers (Wilhelmi and Wilhite 2002). Ganapuram et al. (2013), for
example, expressly chose an intuitive range of color for mapping, to reach illiterate
farmers. Nevertheless, practitioners and stakeholders should be cautious with the use of
maps since mapping can also be a misleading instrument, as they can lead to premature
decisions, under the assumption that “once a map is available, sufficient information is at
hand for effective decision making” (Preston et al. 2011).

Only a third of the assessments reviewed expressly link their results with recommen- dations
for drought mitigation, prevention or adaptation strategies. According to Costa and Kropp
(2013), scientists frequently use DVAs to understand general principles of a system and what
can be learned from observed situations, while stakeholders expect concrete solutions
regarding what to do to cope with specific threats. Considerations such as Per- eira’s et al.
(2014) of building a vulnerability assessment tool that is “simple, easy to use for decision
makers while at the same time being sufficiently representative of reality” are not frequent
within DVAs. This could due to the fact that DVAs are a way of combining and presenting
data to systematically characterize vulnerability, pointing to areas where there is a
concomitance of factors that can exacerbate vulnerability. However, the for- mulation of
specific recommendations and solutions requires an in-depth understanding of a range of
dynamics that influence decision-making processes and that are too complex and diverse to be
taken into account in a DVA.

4, Conclusions

The assessment of vulnerability to drought is a very complex task. The diversity of scope,
approach, focus, methodology, and measurement criteria used within assessments hampers a
common understanding of vulnerability to drought. In this paper, we have undertaken a
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systematic literature review of existing applied assessments of vulnerability to drought,
with the objective of identifying gaps and trends in this field, and contributing to future
research and practice related to the assessment of vulnerability to drought. The review has
identified and analysed 46 drought vulnerability assessments from different perspectives:
location and scale of DVAs; type and characteristics of the most commonly used con-
ceptual frameworks; processes used in the identification and selection of assessment fac-
tors; weighting and validation methods; and intended uses and users of the DVAs.

The review has shown that the assessment of vulnerability to drought is not a wide-
spread practice. The spatial distribution of existing DVAs suggests the need to increase
assessment efforts in general, but especially in Central and South America and in North
African countries. This has been remarked also by Belal et al. (2014), who recommend the
development of national drought policies and preparedness plans based on drought risk
assessments in drought-prone countries, in order to effectively shift from a reactive
approach to a proactive and preventive risk management approach. In this context, drought
vulnerability at different scales (subnational to global) are both necessary and comple-
mentary, since local studies might help to design more adequate mitigation tools, whereas
larger-scale DVAs offer an overview of broader trends of vulnerability as required by
policy makers.

The DVA’s design and implementation are strongly influenced by the context, the focus,
and objective of the study and data availability. Thus, while it is possible to for- mulate
some recommendations about the design and implementation of DVAs, the specific content
of the assessment will have to reflect the specific needs of each DVA.

Vulnerability is multidimensional and multifaceted, so assessments should attempt to
increase comprehensiveness and use different types of data to get new and more integrated
insights into drought vulnerability. The review found that 42% of the reviewed DVAs
include less than five subdimensions and only one-fifth use qualitative or mixed data. The
subdimensions and factors most frequently used within DVAs are sociocultural factors and
economic and financial resources, followed by technical, technological, and infrastructural
resources, and climatic components. This diversity of approaches shows that there is no
consensus on the number and type of factors and dimensions to be considered in a DVA.
However, the intrinsically multidimensional nature of any DVA makes it advisable to
include at least the analysis of the needs (of the assessed system) that could be threatened
by drought and the physical and institutional capacity to address them.

Knowing the most commonly used vulnerability factors is a starting point in the con-
struction of common drought vulnerability datasets. This is particularly relevant in view of the
fact that that several DVAs acknowledge the difficulties faced in the inclusion of several
relevant factors due to constraints in data availability. Thus, the improvement in DVAs
clearly requires the improvement in data gathering, mostly by national and local
authorities. In particular, the improvement in data on drought impacts, as well as on water
uses, water balance, and water status, is an urgent task in order that these aspects be more
accurately appraised within DVAs.

At methodological level, several authors recommend the explicit inclusion of the underlying
assumptions used during the whole process, especially those employed in the construction
of the conceptual model used to assess drought vulnerability, as well as those employed in
the selection and weighing of indicators. This is crucial in order to ensure transparency and
increase comparability. Regrettably, there is still a significant number of DVAs that do not
make the selection of factors or the hypothesized relation of factors with vulnerability
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explicit. Moreover, the final step of validation that can make results more robust and
sound and enhance their durability, is undertaken only by a third of the studies reviewed,
mainly due to lack of data and methodological constraints. Steps toward data gathering of
past drought impact data such as the European Drought Impact Inventory (Stahl et al.,
under review) could contribute to overcome this handicap and ease validation process.

Drought as a natural hazard can be very destructive, but its slow onset and development
provides a major opportunity to prevent and mitigate its impacts. The understanding and
appraise of drought vulnerability is key to develop adequate drought management strate-
gies, and thus its practice should be promoted and enhanced.
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Abstract

Drought is a natural hazard that can cause a wide range of impacts affecting the environment,
society, and the economy. Assessing and reducing vulnerability to these impacts for regions
beyond the local scale, spanning political and sectoral boundaries, requires systematic and
detailed data regarding impacts. This study presents an assessment of the diversity of drought
impacts across Europe based on the European Drought Impact report Inventory (EDII), a
unique research database that has collected close to 5000 impact reports from 33 European
countries. The reported drought impacts were classified into major impact categories, each of
which had a number of subtypes. The distribution of these categories and types was then
analyzed over time, by country, across Europe and for particular drought events. The results
show that impacts on agriculture and public water supply dominate the collection of drought
impact reports for most countries and for all major drought events since the 1970s, while the
number and relative fractions of reported impacts in other sectors can vary regionally and
from event to event. The data also shows that reported impacts have increased over time as
more media and website information has become available and environmental awareness has
increased. Even though the distribution of impact categories is relatively consistent across
Europe, the details of the reports show some differences. They confirm severe impacts in
southern regions (particularly on agriculture and public water supply) and sector-specific
impacts in central and northern regions (e.g. on forestry or energy production). As a text-based
database, the EDII presents a new challenge for quantitative analysis; however, the EDII
provides a new and more comprehensive view on drought impacts. Related studies have
already developed statistical techniques to evaluate the link between drought indices and
impacts using the EDIl. The EDII is a living database and is a promising source for further
research on drought impacts, vulnerabilities, and risks across Europe. A key result is the
extensive variety of impacts found across Europe and its documentation. This data coverage
may help drought policy planning at national to international levels.
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Introduction

Much progress has been made since Wilhite and Glantz (1985) criticized the drought research
community for a disproportionate research focus on climate and hydrology, while not
sufficiently incorporating the economic, political, and other human aspects that affect this
hazard. It is now accepted that a purely natural sciences perspective is not capable of
capturing the multi-faceted impacts of drought (Kallis, 2008; Lackstrom et al., 2013). An
assessment of past drought impacts is a crucial step in developing measures to reduce
vulnerability against drought hazard (Knutson et al., 1998; Wilhite et al., 2000; Wilhite et al.,
2007; UN/ISDR, 2009). Systematic quantitative knowledge on the environmental and socio-
economic impacts of drought, however, is often the missing piece in drought planning and
management. According to Hayes et al. (2011), there “appears to be a fundamental lack of
knowledge or understanding about the importance of monitoring impacts, the usefulness of
impact information, and the type of information that is worthwhile to collect”. As a result,
large-scale studies related to drought monitoring, early-warning, drought planning, and policy
development often do not incorporate information on societal drought impacts; the drought
indicators typically are chosen arbitrarily and not linked to specific impacts (Wilhite, 2000;
Kallis, 2008; Lackstrom et al., 2013; Steinemann, 2014).

The monitoring and assessment of drought impacts is complex because different types of
impacts vary in their intensity, often in different phases of the given drought event. Most
empirical studies of drought impacts have focused on agricultural crop production, which is
direct, immediately observable, well understood, and easy to quantify (Wilhite, 2000; Ding et
al., 2011). Lackstrom et al. (2013) concluded that there was a lack of data and understanding
of impacts on sectors other than agriculture and water resources. Studies of cross-sectoral
drought impacts are generally limited by data availability, as impact data is often maintained
by different organizations, e.g. agriculture, fisheries, and hydropower statistics are rarely
housed by the same department. Moreover, in-depth case studies may be very useful in the
context of the specific sector and region they are focused on, yet they are methodologically
heterogeneous and rarely cross-comparable (Kallis, 2008). In the USA, the National Drought
Mitigation Center (NMDC, drought.unl.edu) has considerable interest and experience in the
collection and use of trans-regional and trans-sectoral drought impact reports. Their Drought
Impact Reporter (DIR) tool is used in near-real time as part of the monitoring and early-
warning system (droughtreporter.unl.edu; Wilhite et al., 2007; Dieker et al., 2010; Lackstrom
et al., 2013). For example, the collected impact information supports expert judgement that
contributes to the drought severity classification for the weekly release of the US Drought
Monitor map (www.droughtmonitor.unl.edu).

In an international setting such as in the European Union, which also spans different
geoclimatic regions, a trans-boundary and trans-sectoral assessment of drought impacts is
particularly important. A number of databases exist that collect statistics on elements affected
by drought: crop vyield, hydropower production, wildfires, or various aspects of water
resources (e.g. Eurostat: epp.eurostat.ec.europa.eu/; European Forest Fire Information System
(EFFIS), http://forest.jrc.ec.europa.eu/effis/; Water Information System for Europe (WISE):
water.europa.eu/). However, these statistics do not make an assignment of cause (drought)
and effect (the statistics). The unambiguous attribution of a reported loss in a particular
season, year, or multi-year period to a particular causing drought event requires additional
information to isolate the drought cause from complex and sometimes competing extraneous
factors. Information on impacts that are directly linked to drought is often available in regional
or national reports of environment agencies, in newsletters from stakeholders such as
agricultural associations, in the media, or even from personal observation in the field. In
Europe, however, such textual evidence has found limited application in drought impact
analysis on a larger scale (beyond national boundaries).
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The European Union and the European Environment Agency have identified the need to
assemble information on a number of natural hazards, including drought (European
Commission, 2012; European Environment Agency, 2011, 2012; Kossida et al., 2012). Because
of the trans-boundary impacts of large-scale drought in Europe and the trans-national data
sharing challenges inherent in the European Union, the development of a comprehensive
drought impact database is particularly important for Europe. In support of this request, this
study demonstrates the potential of a novel database of categorized drought impact reports
for Europe that was developed within the EU FP-7 project DROUGHT-R&SPI (www.eu-
drought.org). Specifically, it aims to:

e evaluate the availability of drought impact information and the challenges in
categorizing drought impact reports across sectors,

e analyze emerging patterns of reported drought impacts in time, space and categories
across Europe’s geoclimatic regions, and

e assess pathways to capitalize on this information, considering the limitations
discovered by the analyses.

The European Drought Impact report Inventory (EDII): database structure, status and
assessment

As commonly encountered with drought research (Smakthin and Schipper, 2008), there is no
consistently used standard terminology and classification for drought impacts and related
economic losses (Kallis, 2008; Logar and van den Berg, 2013). The impacts of drought are often
classified either into the categories “economic”, “environmental” and “social”, or into “direct”,
“indirect”, and “intangible”, which refers to non-market losses (e.g. Wilhite and Vanyarkho,
2000; Ding et al., 2011; Logar and van den Berg, 2013; Gil et al., 2013). Knutson et al. (1998)
defined drought impacts as specific effects of drought, which are symptoms of vulnerability.
Using this definition of drought impact, the EDII database aims to compile reports on negative
environmental, economic or social effects experienced as a consequence of drought. Its impact
categorization scheme is tailored to capture the most directly observable impacts across a

wide range of sectors.

The EDII is structured into five primary sections that include the following information on the
reported impact: (1) reference, (2) location, (3) timing, (4) description, and (5) secondary
impacts/response measures (Stahl et al., 2012). Each drought impact report entered into the
database must provide information on items 1-4, with item 5 being optional:

1. Impact reference, including the type of source (Table Al.1), author, year, title, and weblink
(where applicable). Information on the reported impact entered into the database should
closely reflect the reference and thus be traceable and reproducible.

2. Location of reported impact, with at least the country level and options to refer either to
different levels of geographical regions using the European Union NUTS (Nomenclature of
Territorial Units for Statistics) regions standard or to specific rivers and lakes.

3. Timing of reported impact, with at least the year, but preferably a specification of the
season or month of occurrence, and, if possible, a link to a major regional drought event
listed in the database.

4. Impact category and sub-type(s) according to the classification in Table Al1.2 and a short
(free) text description. This text description should be translated to English and reflect the
text of the original information source as closely as possible.
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5. Associated secondary impacts, response and mitigation measures, and other relevant
information that may be available. This information is optional.

Unlike efforts that rely mostly on popular press and news coverage to target real-time
occurrence of drought impacts (e.g. the European Media Monitor used by the European
Drought Observatory of the Joint Research Centre of the European Commission
http://edo.jrc.ec.europa.eu), the EDII database was established for historical drought analysis
within a multi-national research project. It incorporates these sources as well, but in order to
collect data from past decades, it relies more heavily on scientific and governmental sources,
including published regular or special reports in European native languages, theses, scientific
articles, and other such sources.

A website interface (http://www.geo.uio.no/edc/droughtdb/) has been developed with pull-
down menus to facilitate the submission and categorization of impact reports. This interface
allows the submission of impact data into a SQL database, after screening by the database
team. The database can be queried through the same web interface. At present it includes
over 1200 unique references (original sources), which have resulted in over 4700 drought
impact reports, i.e. database entries. We refer to these as “impact report” entries. A given
impact report entry made for one of the 15 “impact categories” can then contain reference to
several impacts that can further be assigned to different “impact type” subcategories (Table
Al1.2). The approximately 4700 impact report entries thus resulted in over 6900 individual
impacts that are now classified by both their impact category and their impact type
subcategory. We refer to these as “reported impacts”.

The resulting categorical data can then be analysed and summarized in a number of ways. The
overview presented herein is based on an analysis of reported drought impacts as classified
and categorized in the EDII. First, we analysed the overall content of the database in terms of
the:

e spatial and temporal distribution of the number of impact report entries and their sources,
and the

e distribution of reported impact categories and impact types for particular geographical
regions and over time.

Second, we investigated selected historical (reference) drought events in Europe with respect
to the distribution of reported impact categories and the impacts’ text descriptions.

EDII database content
Impact data from 1900 to 2013 at a glance

The EDII contains report entries since 1900 and Figure 1 shows the annual timeseries of the
content of the database (as of March 2015). Impact reports prior to 1970 correspond to well-
known European drought years, such as the early 1920s, the second half of the 1940s, and
1959 (Figure 1a). However, this earlier time period prior to 1970 is only sparsely covered by
report entries in contrast with more recent times (Figure 1b). Consequently, we focused our
closer inspection of report sources and impact distributions on the period from 1970 to 2013,
and specifically on years with at least 20 drought impact reports (Figure 1b-e).

Within this 43-year study period, the largest numbers of reports refer to impacts reported in
the year 2003, followed by 1975-76, 2011-12, and 2005-06 (Figure 1b). Besides those events,
the number of annual reports generally appears to have increased since the 1990s. The bulk of
drought impact reports from the last 15 years (2000-2015) are reports published by
governmental authorities or other institutions, whereas a considerable fraction of the earlier
drought impact reports are based also on academic work (Figure 1c). The fraction of media and
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internet sources becomes larger in more recent years, with the most current entries almost
entirely based on these sources.

The collected impact reports cover many European countries and regions (Figure 1d). Impacts
in specific geographical regions, which we grouped based on simplified agro-climatic zones
proposed by Bouma (2005), reflect the occurrence of regional drought events: for instance,
reports in 2001 are mostly from Southeastern European countries, in 2005 mostly from Spain
and Portugal, and in 1976 mostly from Maritime/Western European countries (Figure 1d). By
contrast, the period from 1989 to 1995 is characterized by impact reports across several
regions in Europe with reports in Maritime/Western Europe dominating the early years of this
period and a high number of drought impact reports from Portugal and Spain as well as from
Southeastern European countries in the early 1990s (Figure 1d). The fraction of impact reports
from Northeastern European countries is relatively small.

The yearly distributions of reported impact categories (Figure 1e) illustrate the characteristic
diversity of drought impacts. Throughout, a substantial fraction of the reported drought
impacts were assigned to the category ‘Agriculture and livestock farming’, ‘Public water
supply’, and other impact categories directly linked to water resources. Impacts on ‘Energy and
industry’ appear prominently during the early 2000s and reports on ‘Freshwater ecosystems’
comprise a large fraction since 2003. Reports in the category ‘Terrestrial ecosystems’ or those
addressing social consequences, i.e. the categories ‘Conflicts’ and ‘Human health’, were only
found for few years and are limited in number. Overall, recent years show a slightly more
diverse and balanced distribution of the reported categories.

The annual distribution of impact categories and regions (Figure 1d and e) reveals some
agreement between a large proportion of reports from Southeastern Europe, i.e. drought
centered on this region, and increases in reports on ‘Agriculture and livestock farming’ (i.e.
1983, 1994, 2000-01). By contrast, large proportions of reports from Western European
countries generally coincide with a lower fraction of agricultural impacts (i.e. 1975, 1984, 1995,
2010) and more varied impact categories. In years with few impact reports, particular sources,
regions, and impact categories often dominated the reported impacts in contrast to the wide
range of reported impacts in other years.

Geographical distribution of report sources and impact categories

To date, drought impact reports in the EDII cover 33 countries, but there is a strong imbalance
in the distribution of entered reports per country (Figure 2). This geographical imbalance is
explained by a number of restrictions and biases regarding the availability of information to
populate this database and Section 5 provides a more detailed discussion of the resulting
limitations. The map in Figure 2 illustrates some important differences regarding the
composition of information sources within the current EDIl. The UK, Germany, France,
Portugal, the Netherlands, Spain, Bulgaria, Switzerland, Italy, and Norway are the ten countries
with the largest numbers of impact report entries (in order of decreasing numbers). Most of
these countries are located in Western Europe. Bulgaria is the only country located in Eastern
Europe. For Bulgaria, a particular academic information source (Knight et al., 2004), which had
previously compiled Bulgarian drought impact information over a long historical period was
available. In countries with many reported drought impacts, often governmental reports
comprise a high fraction of the EDII entries. Such reports are mostly systematic reviews of a
past drought situation and thus provide all necessary information for the EDII (time, location,
etc.). In countries with generally fewer impact reports, reports by non-governmental sources
as well as internet and (international) media sources comprise a higher fraction of the
information sources of drought impact reports (Figure 2).

Figure 3 shows the relative ranking of the three most frequently reported impact categories
for each country across Europe. The relative frequency within each country is independent of
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the absolute number of reports and hence less affected by quantitative report bias. The
category ‘Agriculture and livestock farming’ ranks highest most often and ranks among the top
three most frequently reported impact categories for all countries except Finland (Figure 3).
Only eight out of the 15 available EDII impact categories are represented in these top three
impact categories. Besides agriculture, these are most often the impact categories ‘Public
water supply’, ‘Energy and industry’ and ‘Wildfires’, followed by the categories ‘Water quality’,
‘Freshwater ecosystems’ and ‘Human health and public safety”. Categories that are nowhere
represented among the three most frequent categories are ‘Freshwater aquaculture and
fisheries’, Waterborne transportation’, ‘Tourism and recreation’, ‘Terrestrial ecosystems’, ‘Soil
systems’, ‘Air quality’ and ‘Conflicts’.

The high fraction of impacts on ‘Public water supply’ in southern (Mediterranean) countries is
in agreement with the common perception of susceptibility to quantitative water supply
problems due to water scarcity in the region. The fraction of reports in the ‘Forestry’ category
is greater in forest-rich countries in Northern and Eastern Europe. Impacts on ‘Wildfires’ also
rank highly in these countries, although in absolute numbers, available EDII data are scarce.
Impacts on Energy and Industry rank highly in Norway, Belgium, and several countries in
Southeastern Europe. Impacts on ‘Water quality’ rank highly, in terms of relative frequency,
for the UK, the Netherlands, and Germany. ‘Human health and public safety’ impacts were
identified in five countries. Nevertheless, the latter category includes a wide range of impact
type subcategories. An analysis of the impacts’ text descriptions in the EDII revealed that, in
the case of France, the high fraction of reported impacts results mainly from a multitude of
reports of increased human mortality rates during the associated heat wave in 2003. However,
for Moldova, the ‘Human health and public safety’ category ranks second with two out of a
total number of only 14 drought impact reports. Here, the reports deal with food security
issues in response to the droughts in 1946 and 2007. These examples demonstrate the diverse
nature of reported impacts within one broad category.

Reported impact type subcategories

The EDII's two-level categorization scheme of assigning main impact categories and more
detailed impact types within each category (see Table Al.2) facilitates a further differentiation
of the differences of reported impacts across Europe. The category ‘Agriculture and livestock
farming’ is separated into nine impact types. Their relative fractions were assessed for 21
countries with high data availability (Figure 4, upper panels). The proportion of impact types
were similarly assessed for the two impact categories ‘Public water supply’ and ‘Water quality’
across a selection of seven countries with high data availability in the EDII (Figure 4, lower
panels).

For ‘Agriculture and livestock farming’, reported impacts that relate to a reduced agricultural
production and to crop yield losses comprise the largest fraction of the overall agricultural
reported impacts. A considerable fraction of reported impacts also relates to livestock farming,
particularly in France, Hungary and Moldova. The reported impact types also demonstrate the
importance of irrigation in some regions through a high fraction of impact types related to
irrigation (e.g. ‘Reduced availability of irrigation water’) in the Mediterranean countries (Spain,
Greece, Italy and Portugal). Compared to other impact categories, the impact type describing
economic losses was more often reported in the ‘Agriculture and livestock farming’ category,
even though losses were rarely quantified.

For the category ‘Public water supply’, the distribution of impact types shows some differences
among countries. Within this category, the different impact types categorize increasing impact
severity ranging from a mere reporting of shortages to imposed restrictions (e.g. for outdoor
water use such as gardening or pools) to actual limitations in the public water supply (e.g.
water supply could no longer be provided). In general, the majority of reports describe local or

155



CAPITULO 4

regional water shortages and thus primarily aim to raise awareness. France and the UK have a
high total number of reported water supply impacts, with a relatively high fraction of use bans
aiming to reduce demand and conserve water. Bulgaria, Spain and Italy have the largest
fractions of reports on actual supply limitations during droughts. Reports on increased costs
for the public water supply sector were available for Portugal, Spain and the UK only.

Within the category ‘Water quality’, impact types are classified by their relevance to particular
water quality aspects such as temperature, the impaired water service (ecological status,
drinking water, irrigation water, etc.), and general consequences. The type ‘water quality
deterioration in surface waters’ typically constitutes a substantial fraction of impact types in all
countries, whereas other impact types appear to be more specific to certain countries. In
Germany and France, a significant fraction of the reports relates to increased surface water
temperature, as the majority of reported water quality impacts refer to the severe summer
droughts of 1975-76 and 2003 that were associated with very hot weather conditions. High
surface water temperatures during these droughts heavily impacted the energy sector due to
an impaired water use for cooling of thermal power plants (fossil and nuclear). In Germany,
bathing water quality impairments affected recreational activities during the summer holiday
time, but drinking water was rarely impaired. In the Netherlands, a comparatively large
fraction of reported impacts in the ‘Water quality’ category deal with increased salinity of
surface waters as a result of direct saltwater intrusion in the river mouths and a higher
proportion of brackish groundwater infiltration into the rivers. Increased salinity (of surface
water or groundwater) also appears to be a threat for Portugal, Spain and the UK. Water
quality problems with drinking water comprise considerable fractions of reports in Portugal,
Spain, and particularly in Bulgaria.

Impacts of selected large-scale European drought events

We extracted subsets of the current EDII contents for particular historical drought events and
specifically assessed them on an event basis. We analysed seven historical drought events
between 1970 and 2013, which included both large-scale and regional droughts. Information
about additional events can be found in the detailed event-based summaries in the European
Drought Reference Database (EDR, see Stagge et al., 2013;
http://www.geo.uio.no/edc/droughtdb/edr/DroughtEvents/). The selected large-scale events
include the droughts of 1975-76, 2003, and 2011-12 (Figure 5, upper row). The regional events
include multi-year drought events occurring during 1989-90 in France and the Mediterranean,
1992-94 in northern, central and eastern Europe, 2004-08 on the Iberian Peninsula, and 2006-
07 in Southeastern Europe (Figure 5, lower row). This selection was made with the objective to
cover different regions and impact distributions at the expense of some more well-known
regional droughts, such as the 1991-95 on the lberian Peninsula. Besides looking at the
reported impact data frequencies in time and space as in the previous sections, we also
analysed the impacts’ text descriptions. As a summary, the occurrence of certain words in
these text descriptions is presented in the form of word clouds with the words scaled to the
frequency of their use in the text descriptions (Figure 5).

Overall, Figure 5 shows that drought impacts have been reported in all seasons, especially for
the multi-year events, e.g. 1992-94 and 2004-08. However, as impacts tend to be more
frequent during the summer seasons, ‘summer’ was found to be a frequently used word in the
text descriptions. The impact descriptions of the events of 1975-76 and 2003 also contain
numerous references to “temperature” as they were accompanied by heat waves in western
and central Europe. In contrast, the word ‘winter’ appears only in the word cloud for the event
of 2011-12. Impacts on agriculture, water supply, and water quality dominate for most drought
events, and the respective words, such as ‘agricultural’, ‘area’, ‘crops’, ‘supply’ are therefore
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used frequently in the text descriptions. During three large-scale events, 1975-76, 2003, and
2011-12, more impacts were generally reported than in regional events; impact reports also
tended to cover impact categories that were less commonly reported in smaller events.
Whereas impacts on agriculture and water supply also dominate the regional events, they
showed specific differences in the impact category distribution that possibly relate to the
typical regional water use, economic sectors and relevance in the region. For instance, the
reports for events that specifically affected the Mediterranean (e.g. 1990, 2004-08, 2006-07)
often mention the words ‘irrigation’, ‘restriction’, ‘shortage’, ‘cost’, ‘request’ and ‘urban’,
which suggest a high degree of societal impact. Following the same pattern, reports for the
event of 1992-1994, which was characterized by a high number of impacts on northern forests,
frequently use the words ‘forest’ and ‘spruce’.

For the drought of 1975-76, the majority of impacts were reported in 1976 in central Europe,
although impacts were already reported in the UK, Denmark, and Northern Germany
throughout the year 1975. Agriculture and livestock farming suffered over the entire affected
region (Figure 5), particularly during the summer of 1976. Besides agricultural losses, impacts
were also noticeable for households through increased prices for vegetables and dairy
products as well as through losses in kitchen gardens. Water supply shortages were mainly
reported in the UK and France, and were largely limited to rural areas. Rivers across Europe
recorded low flows and deteriorated water quality, affecting navigation, energy and industrial
production and aquatic and terrestrial ecosystems.

The drought of 2003 was a shorter, but more widespread and intense event with impacts in
southern, eastern, and central Europe (Figure 5). At the peak of the event, impact reports
reflect effects of water shortages combined with high temperatures. The fraction of impacts
on public health, on recreation and tourism, as well as the temperature-related energy sector,
was higher than during the event of 1975-76, possibly a consequence of the water shortages
and higher temperatures. Agricultural losses were again widespread. Water supply problems
were reported mostly from small local water suppliers in the Alps and other mountain areas.
However, compared to 1975-76, 2003 reports show a smaller fraction of water supply impacts
and a larger fraction of water quality impacts, which were often related to the high stream
water temperatures. As a result, impacts on freshwater ecosystems were frequently reported
in 2003, as were impacts on energy and industry. These categories are reflected in the
frequently used words ‘fish’, ‘power production’, and others. As well as the record number of
forest fires, the 2003 drought appears to have caused large damage to forests, which showed
lagged impacts in subsequent years (e.g. through dieback and pest infestations).

The drought of 2011-12 differs from the other two large-scale events. It had a wider spread of
impacts in space and time and a slightly different impact distribution with a lower fraction of
impacts related to public health, terrestrial ecosystems, and forests. In contrast to 2003,
impacts were not constrained to the summer season but occurred over a long time period and
a large fraction of the reported impacts were reported in the UK. The word “England” is one of
the frequently used words in the text descriptions, as are words that relate to water use
restrictions. The number of reported impacts on waterborne transportation, however, is as
high as in 2003, as major European navigation routes such as the rivers Rhine and Danube,
were affected by extreme low flows. Similar to the 1976 drought, a high number of impacts on
water supply and freshwater ecosystems was reported. The dominance of these impact
categories is reflected in ‘levels’ and ‘river’ being the most frequently used words in the text
descriptions.

During the late 1980s and early 1990s a number of drought events occurred in Europe that are
difficult to separate temporally and regionally. Based on the impact reports in the EDII, we
distinguished events with different impact distributions. An event of 1989-91 (or even longer)
in the Eastern Mediterranean (Figure 5) was dominated by impacts on water supply, e.g. in
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Greece, Sicily/Southern Italy. However, impacts were also reported in France and Spain. The
event of 1992-95 in Northern and Eastern Europe (Figure 5) is unique with an unusually high
fraction of reported impacts on forestry (in the Northeast) and water supply (in the Southeast).
The event of 2004-08 on the Iberian Peninsula is characterized by many reported impacts on
agriculture, water supply, water quality and freshwater ecosystems. During this long-term
drought the number of reported impacts in the category “Conflicts” was higher than for any
other event (Figure 5). The event of 2006-07 in Southeastern Europe peaked with the
emergence of an unprecedented heat wave in June 2007 and many forest fires. During this
event in Moldova, food security was threatened due to severe impacts on agriculture.

Discussion
Challenges in collecting and organizing drought impacts

The EDII database was developed and populated as part of a three-year research project (Stahl
et al., 2012; Van Lanen et al., 2015). The EDII’s classification scheme of impact categories and
subordinate impact types (Table Al.2) was modeled after the US Drought Impact Reporter
(DIR), but was adapted to the project’s needs and thus has a more detailed classification
scheme. The process of describing, assigning an impact to a category and associated subtype,
and entering time and space information may present some challenges if it was to be part of a
real time monitoring tool such as the DIR, but for a research database, it has the advantage of
allowing an unprecedented detailed stratification and assessment of the gathered data. So far,
the scheme has proven to be suitable for capturing impact details and all impacts found in the
collected reports could be categorized. It should be kept in mind that the EDII is limited to only
considering and categorizing negative impacts of drought. Drought can also have positive
impacts. For instance, in the agricultural sector, there may be winners and losers during the
same drought (e.g. Ding et al., 2011, Musolino et al., 2015). Furthermore, text descriptions in
the EDII were not standardized; the only requirement is that the text descriptions are in
English and reflect the text of the original information source as closely as possible. Although
the text descriptions often contain common terminology, differences in translation or
synonyms may have introduced uncertainty. We identified the correct categorization of
reported impacts as the critical step to enable an objective comparative assessment and
concluded that a moderator who performs a screening and quality assessment of the data is
crucial before impact reports are accepted into the database.

Governmental reports and documents make up a high fraction of referenced sources in the
EDIl (Figure 2). Governmental reports by national or regional authorities involved in the
monitoring and management of droughts were found to provide rather detailed information
on the occurrence of past drought impacts and related response measures, and thus proved to
be particularly useful for the historical reconstruction of drought impact distributions. It was
crucial that a clear association between drought impact and event was given in the referenced
source. Lackstrom et al. (2013) named this clear association as one of the major difficulties in
drought impact reporting owing to the complexity of drought impacts, especially the
complexity of multiple stressors and temporal indefinability of drought. Governmental reports
are usually edited in the respective national language. In addition, governmental reporting
culture varies across Europe and hence the availability of such reports also differs. By contrast,
academic output and reports by multinational organisations are available in English, but are
often less detailed on the nature of the impacts. These academic articles and reports represent
the major information sources of reported drought impacts in the EDII for countries in Eastern
Europe to date (Figure 2).

During the limited time available within the three-year project, the search for drought impact
reports revealed a wealth of information on a variety of drought impacts across most of
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Europe, even though it was carried out by a group of people limited to searching in only a few
European languages, particularly lacking Slavic languages. Generally, the requirement for and
availability of data has increased with the emerging prevalence of digital documents and
online dissemination techniques during the 20" century. This is reflected in the contents of the
database (Figure 1). There are more reports and categorized impacts for more recent
droughts. In our assessment, this limits a quantitative comparison of the larger samples of
impacts for the more recent drought events e.g. 2003 and 2011-12 to those of earlier events
(Figure 5). That the number of drought impacts may be more strongly related to the availability
of reports than to the severity of drought impacts confirms the relative approaches taken in
this study.

Similarly, the identification of the time and location of reported drought impacts challenges
the resolution and accuracy of the dataset. The specific month in which an impact started and
ended was often not detailed in the original information source and as a consequence, many
database entries only state a season or even only the year of occurrence. For instance, for the
selected drought events assessed in Section 4, between 15% and 41% of the reported impacts
did not specify the month or season of impact start (Figure 5, top graphs). However, during a
severe drought, similar impacts tend to be reported by many sources and we assume that
seasonal information still provides a valuable estimate of the onset of major impacts. The
same issue applies to the end of an impact. Similar to difficulties to define the termination of
drought as a natural phenomenon (Parry et al., 2015), the termination or recovery of drought
impacts remains largely unknown, as recovery is rarely reported, which is an issue not yet
widely addressed (Lackstrom et al., 2013). Introducing links between entries would allow the
identification and tracking of multiple reports of the same impact — this would enable an
accurate timeline of impact onset and end to be created. Currently, this information must be
distilled manually from the database.

The spatial reference (and so the reported NUTS levels) also show high variability in the level
of information details provided. Often, the original source provides only vague location
information; then, a larger spatial unit within which the reported impact occurred had to be
selected for the categorization. Consequently, for some regions and events, especially those
with sparser data coverage, reported impacts rarely referred to subnational scales (e.g.
drought events in 1990 and 2007 in Figure 5), whereas for other regions, more detailed spatial
information was available (e.g. drought events 2004-08 in the Iberian Peninsula and generally
in Germany). Occasionally, however, reports were very specific. For instance, in some cases
energy production impacts were provided for specific hydropower sites or fish kills for
particular sections of rivers. The flexibility to aggregate from lower (local) to higher
(regional/national) levels is desirable but known to be challenging (Lackstrom et al., 2013).

The information gathered provides a number of opportunities for assessment despite the
limitation and biases inherited in the collection of impact reports, i.e. provided these are kept
in mind. Given the current status of the EDII, the most reliable report samples for pan-
European assessments are aggregated information on an annual scale and at the country scale
or larger European regions. This is the resolution used by Blauhut et al. (2015a) to model
annual likelihood of impact occurrence by the standardized precipitation and
evapotranspiration index; and by Van Loon et al. (2015) to study the impacts of temperature-
related drought types. However, the more detailed the spatial and temporal reference, the
more details can be gained in the identification of similarities and differences across Europe.
Bachmair et al. (2015) compared the statistical link between drought impacts and a number of
different hydrometeorological drought indicators across Germany based on a higher spatial
resolution (NUTS-1 regions); Stagge et al. (2015) used the available monthly impact occurrence
for selected countries to identify the best hydrometeorological drought predictors of the
likelihood of impact occurrence and addressed the database’s biases by building trends into
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the model. All studies conclude that in order to derive a useful sector-specific operational
drought index, future efforts to compile drought impact data should aim at using available
higher resolution in time and space that is closer to the resolution of hydrometeorological
drought indices.

Emerging patterns in reported drought impacts

Impact reports show a wide range of impacts locally and across Europe. Additionally, impact
categories and types appear to have increased in diversity over time (e.g. Figure 1). Whereas
such patterns may be related to the overall increase of information availability over time, it
may also reflect an increased public awareness (e.g. Wilhite, 2007; Dessai and Sims, 2010), or
specific changes in the importance of the impact-related economic sector, both in governance
or policies (De Stefano et al., 2012; Tanago et al., 2015; Blauhut et al., 2015b). The spatial
distribution of the sheer number of reported impacts in the EDII differs to those recorded in
other databases. For example the Emergency Events Database (EM-DAT, www.emdat.be) from
the Université Catholique de Louvain in Brussels in Belgium generally returns few entries for
Europe compared to other continents, but these are mainly from Mediterranean and
(South)eastern European countries. However, with a focus on disasters, EM-DAT and other
databases use other definitions for drought impacts.

Availability and accessibility of impact information from reports appears to vary across Europe
and thus introduces bias in the volume of information on impacts. In some countries, regular
reports detailing the status of a water-dependent sector or special reports detailing a
particular drought event were rich sources that provided many database entries. Examples of
the former type of regular reports that were used include the Drought Monitoring Briefs for
England and Wales produced by the Environment Agency for the 2004-6 and 2010-12 droughts
in the UK. Such reports also highlight a sectoral relevance that differs regionally.
Comprehensive reports or books on specific drought events for example covered the drought
of 2003 in Germany and Switzerland, the event of 1992-94 in Bulgaria, and the event of 1975-
76 in the UK. In other regions, such previously assembled information sources were not
available and assembling impact information was more tedious and resulted in fewer database
entries. In addition, the EDII still lacks targeted searches for information in several countries
and languages. For example, data entries for many Eastern European countries rely mostly on
international report sources and media coverage available online. As a result of these regional
differences, the volume of EDII contents is biased, and therefore our analyses focused instead
on the relative fractions and composition of impact reports within each region.

Agricultural drought impacts represent the largest fraction of impacts in most regions across
Europe (Figure 3) and for most large-scale or regional drought events (Figure 5). This explains
why research on drought impacts across Europe has often used crop failures, losses or yields
and other types of drought impacts have been considered less often. Consistent with the
conceptual view of drought propagation from its origin as a precipitation deficit to a deficit in
soil moisture and finally to hydrological deficits (in groundwater and streamflow, and related
water resources), the dominance of agricultural reports may also reflect the typical association
the public has with drought. In addition, where agriculture is irrigated, agriculture is often the
major water user. This reliance on water for agriculture may explain the high visibility and
awareness (Ding et al., 2011) and thus the increased report availability of agricultural impacts.
The impact category ‘Agriculture and livestock farming’ also records the most entries for cost
and losses, suggesting a high economic visibility in Europe (Figure 4). The relevance is also
reflected in the efforts of drought monitoring systems targeting agricultural drought, e.g. the
European Drought Observatory (Sepulcre-Canto et al.,, 2012) or the Drought Managment
Centre for South Eastern Europe (e.g. Ceglar et al., 2012).
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Public water supply impacts have also been reported frequently. If considered together with
impacts on water quality and freshwater ecosystems, they comprise an even larger fraction of
impacts that relate to direct impacts on water resources than impacts on agriculture. In the
Mediterranean countries, the fraction of reported impacts on public water supplies is
particularly large. These numbers confirm general public perception of drought importance on
public water supply impacts in the South. This was illustrated, for example, by stakeholders
mapping drought impacts during the 2" DROUGHT-R&SPI pan-European Dialogue Forum,
where water supply was consistently labeled as a concern by Mediterranean stakeholders
(Stahl et al., 2014 and Stahl et al., 2015). In addition, the details of reported impact types in
this category revealed that water supply impacts in southern regions were more severe. They
have been affected by actual limitations to households and drinking water supply, whereas
other regions in Europe only reported preventive water use bans to decrease demand (Figure
4). Future work could investigate the feasibility of assigning a relative severity to impact details
to improve the ranking and analysis of such differences.

Our analyses show that that physical drought characteristics may be linked to the impact
characteristics (Figure 5). Summer droughts combined with heat waves, for example, have
invoked unusual impacts on public health and on energy and industry by restricting river water
use for cooling. Multi-year events in southern Europe (e.g. Estrela et al., 2000) and in the UK
(e.g. Folland et al., 2015) have specifically reduced storage levels (surface reservoirs and
groundwater), provoking conflicts among users. The factors controlling meteorological,
hydrological, and soil moisture drought in Europe have been previously analyzed (Hannaford et
al., 2011; Lloyd Hughes, 2012; Van Loon and Van Lanen, 2012; Tallaksen and Stahl, 2014). The
EDII provides a potential data source to investigate the importance of drought severity, surface
characteristics, and water management in producing drought impacts. This dataset, or similar
products, may provide the necessary link to evaluate whether drought metrics can predict
impacts, a research goal consistently stated (e.g. Kallis, 2008).

Conclusions

The EDII, a novel European database of reported drought impacts, was established to facilitate
the use of textual evidence and categorized information on drought impacts at the pan-
European scale for a variety of analyses. It provides a new view of drought across Europe’s
different geoclimatic regions and a unique basis for studies relating physical characteristics of
the natural hazard of drought events to their various impacts. This contributes to fill an
information gap on drought impacts and provides a useful data source for studies linking the
hydrological characteristics of droughts with their effects on society at large. Already in its
present state, the EDII database confirms the large variety of impacts associated with drought
hazards and suggests differences and commonalities among regions and events.

As some examples illustrate, the insights from the impacts’ text descriptions will be critical for
drought management and policy development and call for more in-depth studies. An
important finding was that impacts are diverse in Europe, suggesting that drought
management and policy cannot only target one specific sector. The findings further call for a
monitoring of variables besides precipitation, e.g. soil moisture, groundwater, water
temperature for improved impact-specific drought indicators. Over time, the diversity of
impacts appears to have increased and impact details may have changed in response to a
more complex society and infrastructure, as has the awareness of the drought hazard,
emphasizing the need to increase adaptive capacity. Although impact distributions appear
somewhat similar across Europe, the implications and severity of a given event may vary.
These details need to be further elucidated, which requires accurate and comparable, more
quantitative reporting. Apart from the agricultural sector, little information is available on the
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economic cost of drought impacts is available. Access to such information likely requires
accessing other information sources.

An assessment of the representativeness of the database with respect to European drought
impacts and their severity will be a key to any future, more detailed, study. Along with
updating and populating the database, continuous efforts are needed to improve the quality of
its content and to develop novel approaches to account for the aforementioned uncertainties
in categorizing the impact reports, as well as limitations in the data samples at specific spatial
and temporal scales. Any specific analysis will need to select, complement, and process the
impact data to create suitable samples. It is recommended that further work evaluate the use
of more advanced methods to incorporate the textual information than the word frequency
ranking presented here. It is anticipated that the combination of different datasets and the use
of inter- and trans-disciplinary approaches in drought impact assessments is a promising way
forward that will increase the confidence and usefulness of the EDII database.

Despite some biases in its current content, the EDII database constitutes a valuable resource
that provides insights into the characteristics and regional patterns of drought impacts. There
are still limitations and challenges ahead, but the presented material demonstrates the benefit
and potential of such a database of drought impact information at the pan-European scale.
European researchers have significant information and expertise regarding droughts; however,
this expertise is distributed across many countries and often is not compiled. The EDII is
designed to consolidate this drought knowledge. Access to this online database hopefully will
inspire public participation. It is our hope that this website will become a standard reference
tool and grow with time as more users participate in data collection, sharing, and analysis.
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Appendix A: EDII database categories

Table A1.1 Overview of information sources for drought impacts entered into the EDII (Stahl et

al., 2012)

Type of source (selection)

Explanation/Examples

Journal Article

Book

Newspaper Article
Government Report

(Other) Government Document
River Basin Organisation Report
Report by NGO

Report by private sector
Press Release

Thesis

Pamphlet

Personal Observation

URL (WWWeb Page)
Map
Other

Article in scientific or professional journals

Book, edited volume or book chapter/section

Article in any newspaper or magazine in the popular press
and

Reports by national water/environment

agencies etc.

regional

Other government issued sources
Reports by river basin organisations

Reports by environmental, social and other

organisations

justice,

Report e.g. by insurance company, water/energy industry
Press releases by stakeholders or agencies

Academic work

e.g. information note by water supply company, city, etc

Personal observation by contributor or contact (e.g. from
interview/stakeholder workshops)

Internet resources not published in official reports
Maps
Any other information source
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Table A1.2 EDII Impact categories and type subcategories (modified from Stahl et al., 2012)

Impact Impact Type

category

Agriculture 1.1 Reduced productivity of annual crop cultivation: crop losses, damage to
and crop quality or crop failure due to dieback, premature ripening, drought-
livestockfarmi induced pest infestations or diseases etc.

ng 1.2 Reduced productivity of permanent crop cultivation

1.3 Agricultural yield losses >= 30% of normal production (EU compensation
threshold)

1.4 Reduced availability of irrigation water

1.5 Reduced productivity of livestock farming (e.g. reduced yields or quality
of milk, reduced stock weights)

1.6 Forced reduction of stock(early selling/slaughtering)

1.7 Regional shortage of feed/water for livestock

1.8 other

1.9 Increased costs/economic losses

Forestry 2.1 Reduced tree growth and vitality

2.2 Decrease in annual non-timber products from forest trees (e.g. cork,
pine nuts, etc) (please specify which kind of product)

2.3 Increased occurrence of water stress indicators and damage symptoms
(e.g. premature ripening, seasoning checks, defoliation, worsened crown
conditions etc.) (please specify forest type/tree species in the
description field!)

2.4 Increase of pest/disease attacks on trees (please specify species in the
description field!)

2.5 Increased dieback of trees (please specify tree species in the description
field!)

2.6 Increased dieback of planted tree seedlings (in nurseries or afforested
area)

2.7 Damage to short rotation forestry plantations (energy forestry)

2.8 other

2.9 Increased costs/economic losses

Freshwater 3.1 Reduced (freshwater) fishery production (please specify fish species in

aquaculture the description field)

and fisheries 3.2 Reduced aquaculture production (please specify fish species in the
description field)

3.3 other

3.4 Increased costs/economic losses

Energy and 4.1 Reduced hydropower production

Industry 4.2 Impaired production/shut down of thermal/nuclear powerplants (due to
a lack of cooling water and/or environmental legislation for discharges
into streams)

4.3 Restriction/disruption of industrial production process (due to a lack of
process water and/or environmental legislation/restrictions for
discharges into streams)

4.4 other

4.5 Increased costs/economic losses

Waterborne 5.1 Impaired navigability of streams (reduction of load, increased need of
transportation interim storage of goods at ports)

5.2 Stream closed for navigation

53 other
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5.4 Increased costs/economic losses
Tourism and 6.1 Reduced number of short-stay-tourists
Recreation 6.2 Reduced number of long-stay-tourists
6.3 Sport/recreation facilities affected by a lack of water
6.4 Impaired use/navigability of surface waters for water sport activities
(including bans)
6.5 other
6.6 Increased costs/economic losses

Public water 7.1 Local water supply shortage / problems (drying up of springs/wells,
supply reservoirs, streams)
7.2 Regional/region-wide water supply shortage/problems (drying up of
springs/wells, reservoirs, streams)
7.3 Bans on domestic and public water use (e.g. car washing, watering the
lawn/garden, irrigation of sport fields, filling of swimming pools )
7.4 Limitations in water supply to households in rural areas (supply cuts,
need to ensure water supply by emergency actions)
7.5 Limitations in water supply to households in urban areas (supply cuts,
need to ensure water supply by emergency actions)

7.6 other
7.7 Increased costs/economic losses
Water quality 8.1 Increased temperature in surface waters (close to or exceeding critical
values)

8.2 (Temporary) water quality deterioration/problems of surface waters(
natural & manmade); e.g. significant change of physio-chemical
indicators, increased concentrations of pollutants, decreased oxygen
saturation levels, eutrophication, algal bloom)

8.3 (Temporary) impairment of ecological status of surface waters
(according to EU Water Framework Directive)

8.4 (Temporary) impairment of chemical status of surface waters (according
to EU Water Framework Directive)

8.5 Increased salinity of surface waters (saltwater intrusion and estuarine
effects)

8.6 Problems with groundwater quality

8.7 Increased salinity of groundwater

8.8 Problems with drinking water quality (e.g., increased treatment,
violation of standards)

8.9 Problems with bathing water quality

8.10 Problems with irrigation water quality

8.11 Problems with water quality for use in industrial production processes

8.12 other

8.13 Increased costs/economic losses

Freshwater 9.1 Increased mortality of aquatic species (specify species (latin term) and
ecosystems state whether a rare/endangered/protected species is concerned in the
description field)
9.2 Increased species concentration near water

9.3 Migration and concentration (loss of wildlife in some areas and too
many in others)

9.4 Increased populations of invasive (exotic) aquatic species

9.5 Observation of adverse impacts on populations of rare/endangered
(protected) riparian species

9.6 Observation of adverse impacts on populations of rare/endangered
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(protected) species of wetlands
9.7 Loss of biodiversity (decrease in species diversity)
9.8 Danger for or actual violation of minimum flow or environmental flow
requirements
9.9 Drying up of shallow water areas, weed growth or algae bloom
9.10 Drying up of perennial stream sections
9.11 Drying up of lakes and reservoirs (which have a habitat function)
9.12 (Mid-/Long-term) deterioration of wetlands
9.13 Irreversible deterioration/loss of wetlands
9.14 other
9.15 Increased costs/economic losses

Terrestrial 10.1 Increased species mortality (specify species (latin term) and state
ecosystems whether a rare/endangered/protected species is concerned)

10.2 Changes in species biology/ecology

10.3  Loss of biodiversity (decrease in species diversity)

10.4 Shift in species composition

10.5 Reduced plant growth

10.6  (Mid-/Long-term) deterioration of habitats

10.7 lIrreversible deterioration/loss of habitats

10.8 Lack of feed/water for terrestrial wildlife

10.9 Increased attacks of pests and diseases

10.10 Increased contact of wild animals under stress (shortage/lack of feed

and water) with humans/human settlements
10.11 other
10.12 Increased costs/economic losses

Soil system 11.1 Drought-related erosion processes (loss of soil fertility)
11.2  Structural damage to private property due to soil subsidence/shrinkage
11.3  Structural damages on infrastructures due to soil subsidence/shrinkage
11.4  other
11.5 Increased costs/economic losses

Wildfires 12.1 Increased burned area
12.2  Increased number of wildfires
12.3 Increased severity of wildfires
12.5 Increased costs/economic losses

Air quality 13.1  Air quality pollution effects/problems (dust bowl effect, wildfires,
substitution of hydropower production by fossil energy)
13.2  other

13.3 Increased costs/economic losses
Human health 14.1 Heat stress problems (if drought is associated with a heatwave)

and public 14.2 Increased respiratory ailments (heat wave and air quality)
safety 14.3  Excess mortality during heat waves
14.4 Drought induced public-safety issues (e.g. increased risk of structural
damages)
14.5 other
14.6 Increased costs/economic losses
Conflicts 15.1 Water allocation conflicts - international
15.2 Regional/local user conflicts
15.3 other

15.4 Increased costs/economic losses
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Figure Captions:

Figure 1. EDIl contents over time: with a) number of entries per year (according to the
recorded impact start year) in the period 1900-70 and b) from 1970 onwards. For years with >
20 reported impacts: yearly distribution of c) report sources, d) countries/geographical region,
e) impact categories.
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Figure 2. EDII contents by country, with the number of drought impact reports (pie size) and
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Figure 3. EDIl contents by country, with the top three (most frequently reported) impact
categories (colors from left to right show ranks 1-3) and the total number of drought impact

reports.
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Figure 4. Reported impact types in three selected impact categories for countries with
availability of > 15 reported drought impacts in the specific category. Impact type descriptions

in the legend are shortened from Table A1.2.
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Figure 5. Reported drought impacts for selected European drought events during the period
1970-2013. For each event the following characteristics are shown (up to down): temporal
distribution of reported impact starts, geographical location of reported impacts, number of
impacts per category, and most frequent words in text descriptions (word clouds generated

with TagCrowd.com).
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CAPITULO 5. CONCLUSIONES

Este capitulo recoge las principales conclusiones derivadas del trabajo realizado en la
presente tesis, centrandose en los temas transversales a mas de un articulo, ya que las
conclusiones especificas de cada articulo se pueden encontrar en el capitulo 4.
Ademas, se presentan algunas lineas de investigacion futura.

5.1. Conclusiones generales

Las sequias juegan un papel importante en la gestion del agua ya que impulsan
procesos o aceleran cambios que de otra manera se darian de manera mas lenta. Por
ejemplo, el estudio de las leyes de emergencia muestra que la sequia de 2005-2008 en
Espafia aceler6 la de modernizacién de regadios, la aprobacion de varias
infraestructuras hidrdulicas e incluso reformas legales de cardcter permanente. De
manera similar, el estudio de la sequia en varios contextos europeos ha mostrado que
eventos de sequia especialmente severos pueden impulsar cambios importantes en el
modelos de gestidn de la sequia de un pais. Esto se ha visto en relacién con la sequia
de la sequia de 1976 en Holanda y con la de 1991-1995 en Espaina, mostrando el papel
catalizador de la sequia y cdmo ésta abre una ventana de oportunidad para actuar.
Ademas, el analisis de la sequia revela informacion relevante sobre la politica de agua
de un pais, y por tanto, es importante profundizar en su analisis a nivel conceptual y
metodoldgico.

A nivel practico, la adopcion del enfoque de gestion de riesgo marca la tendencia
actual de gestion de la sequia aunque su implantacion en la practica es incipiente. El
nivel de implementacion de este enfoque varia considerablemente entre los seis casos
de estudio europeos analizados. Solo dos casos de estudio, Holanda y la Demarcacién
Hidrografica del Jucar, presentan este enfoque de una manera clara. Ambos casos
cuentan con una larga tradicién de la gestion del agua y, como se ha mencionado
arriba, se vieron afectados por eventos de sequia muy severos que actuaron como
catalizador de reformas institucionales e inversiones en infraestructruras.

Existe poca claridad sobre cual es el significado practico de la adopcién del enfoque
de riesgo y sobre como medirlo en un caso concreto. Esto refleja un menor avance
practico que conceptual, como ha evidenciado la revisidn de la literatura. En esta tesis
se entiende que la adopcidn de la gestion del riesgo a la sequia debe incluir elementos
como (i) Definicién, delimitacion y estudio del problema, es decir de los diferentes
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tipos de sequia y sus percepciones; (ii) El conocimiento de los impactos y de los
factores de vulnerabilidad para cada contexto y sector afectado; (iii) Un conjunto de
medidas que abarque diferentes problemas y que opere a diferente nivel de gestion,
donde los sistemas de monitoreo y los planes de sequia son medidas especialmente
relevantes; (iv) Procesos de participacién eficientes y mecanismos de asignacion de
recursos transparentes; (v) Capacidad institucional para actuar, implementar las
medidas y aprender de la experiencia mediante la evaluacion.

El analisis de los tipos de medidas en los diferentes casos de estudio ha ayudado a
entender las caracteristicas de la estrategia de gestion en cada contexto. Por
ejemplo, la ausencia de medidas preventivas y de monitoreo en el caso de estudio de
la isla Syros indica una clara gestién de crisis. La existencia de un plan especial de
sequia y de un sistema muy avanzado de monitoreo de la situacidn hidrolégica en la
Demarcacién del Jicar, refleja cierto nivel de adopcién del enfoque de riesgo. Otro
indicio de un enfoque de crisis se ha encontrado en las leyes de emrgencia. Ahi, la
securitizacién del discurso tiene implicaciones sobre el tipo de respuesta, ya que
permite alterar los procesos de toma de decisiones y la aprobacién por via de urgencia
de reformas e inversiones que deberian contemplarse en la planificacién hidroldgica
ordinaria. Esto muestra que el andlisis de las medidas propuestas en las leyes de
emergencia ayuda a identificar elementos caracteristicos de una respuesta de crisis.

Existen diferentes definiciones y percepciones de la sequia y esto repercute en la
manera de responder a ella. En las leyes de emergencia la definicién de la sequia
utilizada contribuye a crear incoherencias entre el problema identificado y la solucién
planteada. Ademas, es interesante observar que los agricultores de regadio del Jucar
definen la sequia de manera diferente a cdmo lo hacen las leyes. Por tanto, a la hora
de gestionar la sequia es importante reconocer que se trata también de un
constructo social, que existen diferentes percepciones y que esto tiene implicaciones
relevantes en su gestion.

El analisis de la percepcién ha evidenciado la importancia de los impactos a la hora de
identificar los episodios de sequia y de evaluar su severidad, ya que la presencia de
impactos se utiliza para identificar situaciones de sequia por encima de otras
definiciones utilizadas en las leyes de emergencia y en documentos oficiales y que se
centran en la disminucidn de las precipitaciones o de las reservas hidricas. Ademas, los
impactos estan relacionados fundamentalmente con la sequia socioeconémica y
juegan un papel esencial en ayudar a definir los umbrales para este tipo de sequia, al
menos a nivel local. Por tanto, seria util prestarle mayor atencidn a este tipo de sequia
y desarrollar indicadores para su medicidon y su incorporacidon en los sistemas de
monitoreo y alerta temprana existentes. Asimismo, el andlisis de las percepciones y
medidas de respuesta de los regantes en el Jucar, ha evidenciado un grave problema
de escasez en la zona del Vinalopé que transciende al problema de las sequias.

Referirse a la sequia en términos generales puede llegar a carecer de sentido, dada la
diversidad de definiciones y caracteristicas. Para poder analizar y gestionar de manera
mas coherente y eficaz cada tipo y evento de sequia es necesario especificar
claramente: (a) el tipo de sequia al que nos estamos refiriendo, (b) los actores o
niveles de gestidn que sustentan cada una de las definiciones presentes en un
contexto determinado, (c) el ambito espacial y temporal de referencia del evento de
sequia.
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Mediante los trabajos desarrollados en esta tesis se han podido identificar algunos
elementos de la gestiéon del riesgo que se encuentran menos desarrollados o
incompletos, dentro de los cuales es importante centrarse en (i) el analisis de
vulnerabilidad, (ii) la evaluacion post-sequia v, (iii) los procesos de participacién en la
gestion de la sequia.

(i) Ia vulnerabilidad

La ausencia de estudios de vulnerabilidad en los seis casos de estudio europeos
demuestra el escaso desarrollo que tiene este tipo de andlisis a nivel practico. Esto
contrasta con el extenso desarrollo conceptual que existe sobre la vulnerabilidad.

El andlisis sistematico de los estudios de vulnerabilidad a la sequia (DVA, en su sigla en
inglés) muestra que hay cierta heterogeneidad en los marcos de evaluacién de la
vulnerabilidad aplicados. Sin embargo empieza a notarse cierta convergencia hacia el
marco del IPCC (2001) basado en la Exposicidon, Sensibilidad y Capacidad de
Adaptacion.

Ese mismo estudio muestra como los estudios de vulnerabilidad suelen fijar a priori los
criterios y factores de andlisis, condicionados por los datos disponibles y no tanto por
su importancia y relevancia. Por ejemplo, la diversificacién, el origen del agua y su
calidad fueron considerados por los agricultores de regadio del Juacar como
importantes factores de vulnerabilidad. Sin embargo, las caracteristicas o usos del
recurso apenas son incluidos en los estudios de vulnerabilidad a la sequia analizados
en la revision sistématica. Asimismo, destaca el limitado uso de factores institucionales
o de gobernanza a pesar de la importancia que estos juegan en la adopciéon del
enfoque de riesgo. El analisis de percepcion también ha permitido constatar que el
tipo de recurso influye en como se percibe la sequia y en cdmo se va a gestionar. Esto
confirma el papel de las aguas subterraneas como amortiguador de las sequias y surge
como un factor relevante de sensibilidad a tener en cuenta en los estudios de
vulnerabilidad.

Tener en cuenta factores de vulnerabilidad adicionales a los recogidos en las fuentes o
estadisticas oficiales o disponibles permite ahondar en aspectos relevantes de la
vulnerabilidad a la sequia y dar cuenta de su naturaleza multifacética, multiescalar y
sectorial. También permite orientar mejor la respuesta, puesto que facilita una vision
mas amplia y ajustada a las necesidades locales y sectoriales del problema. Ademas
ayuda a superar la falta de informacion, identificada como una de las principales
limitaciones de los estudios de vulnerabilidad y plantea la importancia de aumentar
la recoleccion de datos en un formato y a un nivel que sean relevantes para el
analisis de la vulnerabilidad.

(ii) el andlisis post sequia

La escasez de evaluaciones o analisis globales post sequia, encontrada en los casos de
estudio a nivel europeo, se identifica como un factor limitante para la adopcion del
enfoque de gestion del riesgo, ya que refleja la falta de analisis criticos sobre la
gestion de un determinado evento de sequia. Esto es clave para entender cémo
funcionan las medidas y como contribuyen a reducir los impactos, promoviendo el
aprendizaje para el futuro.
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En esta tesis se han desarrollado dos metodologias de evaluacion ex post que se
aplican a niveles de gestion diferentes. La evaluaciéon de las leyes de emergencia ha
permitido identificar incoherencias entre las medidas planteadas respecto al problema
identificado. Asimismo, el analisis diagndstico de la gestidon de la sequia en los seis
casos de estudio ha permitido identificar cudles elementos funcionan y cudles no con
respecto a las seis dimensiones analizadas. Ambos estudios muestran cémo las
evaluaciones expost permiten rescatar un conocimiento que puede ser utilizado
como punto de partida para mejorar los procesos de gestidon de la sequia en el futuro.

En esta tesis, la falta de evaluacidon post sequia en parte se relaciona con la falta
generalizada de datos sobre diferentes aspectos y componentes de la gestion. Esto
sugiere la necesidad de realizar mejoras en los procesos de recoleccidon y acceso a la
informacion sobre la sequia, principalmente de los impactos y las medidas concretas
implementadas. También indica la necesidad de adaptar los sistemas existentes para
ser mas sensibles a la vulnerabilidad, tal y como se ha comentado anteriormente.

En esta tesis, los impactos han sido abordados desde varias perspectivas, mostrando
los diversos roles que pueden jugar en el analisis de la gestion de la sequia,
destacando su uso:

(i) como argumento para actuar, justificando la aprobacién de leyes de
emergencia. En este caso se utilizan principalmente los impactos econdmicos y
agricolas. Si bien la agricultura tiene una mayor dependencia de los recursos
hidricos que otros sectores, esto también muestra que la agricultura es un
agente clave en la gestidon del agua, al menos en Espaiia, y sugiere que forma
un importante lobby. Este tipo de andlisis puede ser util en otros contextos
para ayudar a identificar posibles grupos de poder y agentes que puedan estar
siendo excluidos o menos atendidos.

(ii) como base para definir e identificar la ocurrencia de episodios de sequia y
su severidad, en el caso de los regantes del Jucar.

(iii) como indicador de la eficiencia de las medidas en la mitigacion de los
impactos, como se desprende de los seis casos de estudio europeo. Los
impactos han sido utilizados por los stakeholders para identificar mejoras en la
gestion de las sequias ya que en la mayoria de los casos, una disminucién de
estos ha ido asociada por los stakeholders consultados a una mejora en la
gestion de la sequia. Sin embargo, es necesario realizar un andlisis mas
detallado en este tema, porque la relacion entre los impactos y la gestién no es
siempre univoca, ya que un menor nivel de impactos también puede ser debido
a que la sequia ha sido mas moderada y con que los niveles de aceptacién de
impactos han cambiado y, por tanto, no necesariamente a mejoras en la
gestion.

El trabajo realizado para alimentar la ‘European Drought Impact Inventory’ (EDII), con
informacién sistematica de impactos reportados de la sequia en 33 paises europeos,
ha evidenciado importantes limitaciones en el proceso de recoleccidn y difusién de
los datos sobre impactos. En algunos paises, como en Espafia, la escasez de
informacién se podria atribuir a una escasa cultura del reporte y a problemas de
transparencia en la gestion de informacion sobre la sequia. Sin embargo, dado el
importante rol que juega la informacidn sobre los impactos en la gestidon de la sequia,
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la EDII puede actuar como un buen punto de partida para la institucionalizacién de la
recoleccion de este tipo de datos, ya que puede promover la creacion de mecanismos
de reporte e informacion mds homogéneos. En el caso de Espafia, esto podria
realizarse en el marco de otros sistemas de monitoreo ambiental existentes.

Es imprescindible avanzar en el conocimiento de cdmo funcionan las medidas de
sequia, principalmente en relacion a su coste-eficacia y a su contribucién a la
reduccidon y mitigacién de los impactos. Las limitaciones para realizar este tipo de
analisis se reflejan en la dificultad para dar seguimiento a los presupuestos y plazos de
ejecucion, como se ha observado al intentar averiguar el estado de ejecucion de los
proyectos aprobados por las leyes de emergencia. La relacién entre las medidas y los
factores de vulnerabilidad también ha surgido como un tema relevante en el estudio
de percepcidn, ya que es importante entender qué medidas de gestidn de la sequia se
dirigen a reducir qué factores de vulnerabilidad y cdmo. Sin embargo, también existen
pocos estudios al respecto y se ha identificado como un tema de creciente interés para
avanzar en un analisis mas holistico de la gestidn de la sequia desde la perspectiva del
riesgo.

(iii) La participacion

El andlisis de los casos de estudio europeos ha permitido detectar un aumento de la
participacion de los stakeholders en la gestion de la sequia, aunque todavia hay
margen para mejorar y aumentar su involucracion en las tomas de decision. Es
importante que las medidas de mitigacién de impactos consideren todos los sectores
expustos a la sequia para poder hacer frente a sus demandas y necesidades, algo que
no occurre en las leyes de emergencia, que se centran sobre todo en algunos sectores
econdmicos. En el analisis de los casos de estudio se han identificado como clave las
mejoras en los procesos de toma de decisiones, coordinacién y comunicacion. Esto
adquiere importancia también si tenemos en cuenta que la incorporacion de las
diferentes percepciones de los stakeholders, por ejemplo de los regantes, en otros
niveles de gestion ayuda a tener una perspectiva mas amplia en la gestion de la sequia.

5.2. Conclusiones metodologicas

En esta tesis se ha mostrado el potencial que tienen nuevos enfoques de analisis para
recabar informacidn de interés para la gestidn de la sequia en el futuro. Por tanto, se
ha podido contribuir a la literatura sobre la gestion del riesgo desde una perspectiva
tedrica y metodoldgica.

El andlisis de marcos enfatiza la importancia de analizar el binomio problema-solucién,
ya que esto ayuda a detectar incoherencias entre la formulacidon del problema y las
medidas de sequia propuestas como soluciones. Ademas, ha resultado especialmente
apropiado en su aplicacion al andlisis de leyes ya que se ajusta a la estructura y
contenido de las mismas, facilitando su anadlisis e interpretacién. Asi mismo, ha
permitido identificar el uso de la sequia como elemento ‘securitizador’ y analizar las
implicaciones que esto tiene para la gestion de la sequia y del agua.

El analisis de discurso permite profundizar en la perspectiva de los diferentes
stakeholders indagando en por qué la sequia es importante para ellos, cudles son los
impactos que sufren, los factores de vulnerabilidad que les afectan, las medidas que
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implementan y sus propuestas de mejoras. Dadas las diferentes percepciones, este
tipo de analisis permite identificar el tipo de sequia al que se refiere cada agente en
base a las definiciones que utiliza. Esto pone en evidencia la importancia de los
estudios de percepcidn sobre el tema y la necesidad de distinguir entre definiciones
formales e informales, ya que ayuda a orientar la respuesta hacia las propias
necesidades de cada grupo de actores o sector.

El analisis de vulnerabilidad permite profundizar en las causas de los impactos y
orientar la respuesta hacia ellas. Asimismo, el analisis de los factores de vulnerabilidad
en el estudio de los regantes del Jucar ha resultado util para distinguir en la practica
entre problemas de sequia y escasez. Esto es importante porque contribuye con un
ejemplo concreto a rellenar una laguna en la literatura, ya que existen pocas
referencias al respecto. El andlisis sistematico de los DVA ayuda a entender las
tendencias actuales y a identificar las principales debilidades y retos a superar en el
futuro. Esto puede contribuir de manera importante a la mejora de los DVA, al hacer
explicitos estos aspectos clave y retos, y al aportar referencias concretas sobre buenas
practicas.

El uso de un enfoque de evaluacion orientado por la teoria ha facilitado el analisis de
la gestion de la sequia en los seis casos de estudio por varias razones. Por un lado, ha
sido esencial para estructurar y abordar de manera légica todos los conceptos y
factores que son relevantes para la gestion de la sequia. Por otro, al permitir construir
un marco comun de analisis de la gestidn a la sequia lo suficientemente flexible, para
poder adaptarse a la diversidad de casos contemplados. Este proceso ha ayudado a
generar nuevos conocimientos sobre la gestion de las sequias y sus resultados han
ayudado a entender el contexto de cada caso de estudio y pueden servir como punto
de partidad para analisis mas en detalle.

El andlisis de percepcion ha resultado util para dar cuenta de la diversidad de
definiciones y percepciones de la sequia. Esto ha permitido evidenciar diferentes
formas de definir la sequia asi como identificar la ocurrencia de un evento o su
severidad. Ademas, ha ayudado a determinar aquellos factores del contexto que
influyen de manera significativa en la percepcion y respuesta a la sequia, como por
ejemplo el origen del agua utilizada por los regantes.

La construccion de la base de datos EDII se presenta como una herramienta potente
para el analisis de los impactos de la sequia a nivel europeo. El uso de datos textuales
de impactos representa un enfoque novedoso pero también plantea importantes retos
metodologicos y practicos. Es importante mejorar su contenido en cuanto a la
precision de la duracién y ambito territorial de cada impacto y la evalucién de su coste
econdmico. Otro aspecto critico es que actualmente la EDII apenas incluye datos sobre
las medidas de gestidn de la sequia, a pesar de que la recoleccién de esta informacién
se contempla en la EDII.

Se ha constatado que existe una brecha entre el nivel conceptual y practico que
afecta a todos los componentes del riesgo analizados: sequia, impactos, vulnerabilidad
y medidas, y la necesidad de integrar la perspectiva biofisica y social de una manera
contundente y coherente en todos estos campos.

Dado el importante papel que juegan las caracteristicas del contexto, es necesario
aplicar enfoques metodoldgicos similares a diferentes contextos para poder analizar la
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influencia de dichas variables en la construccién e implementacién de las politicas de
sequia. La flexibilidad metodoldgica es un aspecto clave para asegurarnos de que
nuestro estudio se adapta al contexto y para permitir su posterior replicacién, creando
asi un potencial de comparacién entre casos de estudio y contextos.

La triangulacion de datos y métodos puede contribuir a mejorar el analisis y aportar
mayor fiabilidad de los resultados, haciendo frente a la falta de datos. El hecho de
tener que buscar la informacion en diferentes fuentes o a través de diferentes técnicas
ha ayudado a identificar las fuentes de informacidon mas relevantes en cada contexto y
a constatar la disponibilidad y acceso a los datos asi como las lagunas de informacién
existentes. Esto puede ser muy util de cara a orientar la mejora de la recoleccion de
informacidn para la gestion en el futuro.

La participacidn de los stakeholders se ha centrado en el disefio de la evaluacidn en los
casos de estudio europeos y en la recoleccién de datos en esos casos de estudio y la
analisis de percepcion en el Jucar. En el futuro seria deseable hacerles participes de
todas las fases de evaluacién.

Identificar la escala territorial la que operan los diferentes actores y medidas es clave
para poder seleccionar de una manera apropiada el nivel de andlisis de cada
componente o dimensidn, ya que ésta condiciona tanto los resultados de la evaluacién
como la interpretacion de los mismos. Por tanto, es importante ser lo mas precisos
posible a la hora de considerar (a) la escala del fendmeno, (b) la escala de intervencién
de las medidas y (c) la escala de analisis de la evaluacién.

En cuanto a la escala temporal, es importante delimitar la duracién del episodio de
sequia estudiado y también el periodo de analisis de la evaluacion. Esto es
especialmente relevante para analizar la temporalidad de las actuaciones y medidas,
debido a que hay que tener en cuenta (a) el periodo necesario para su puesta en
marcha o construccion (ej. embalses), (b) su duracién (ej. duracién de las restricciones
de uso), y (c) el periodo o los plazos en los que se prevee que se van a manifestar los
efectos de dichas medidas. Tener en cuenta estos aspectos ayuda a centrar la escala
temporal de la evaluacion y repercute también en el analisis de los resultados de ésta.

5.3. Futuras lineas de investigacion

Como resultado de esta tesis han surgido algunas lineas de trabajo para el futuro:

e Andlisis de la situacion y desarrollo de los Planes de Sequia en el mundo,
Europa y Espafia. Se trata de determinar en qué paises existen esfuerzos
directos de gestion proactiva de sequia, indagando en aquellos casos donde
exista una politica de sequia como tal o existan planes especificos de sequia.

e Continuar con la recoleccién de informacién sobre impactos para Espafa
explorando nuevas fuentes de datos de forma que se alcance un numero
suficiente como para poder realizar una analisis de impactos mas amplio.

» Desarrollar un marco de analisis de la vulnerabilidad a la sequia para el caso de
Espaiia tomando como punto de partida el marco utilizado a nivel europeo (De
Stefano et al., 2015). Se persigue profundizar en la identificacién de variables
mas detalladas, relevantes o precisas que se puedan utilizar en el caso de
Espafa para realizar un analisis mas detallado de la vulnerabilidad.
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