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Portugal (mainland)
Improving integrated water management and preparedness
for drought risk reduction

The Case Study context
Mainland Portugal is located in south-western Europe, and has
a mild Mediterranean climate, susceptible to the occurrence of
regular drought episodes. Analysis of events from the last
century shows an increase in drought frequency and intensity
since the 1980s, particularly from February to April.
The importance of the extreme 2005 drought event resulted in
the creation of a Drought Commission by Governmental
initiative to monitor the progress of the drought and to assist in
mitigating its effects, and was very illustrative of the
importance of cooperation among national entities and between
Portugal and Spain.
General information
Location: Portugal, South-western
Europe
Area: 89,290 km2
Permanent Population: 10,047,083
persons

Overall, current drought management and planning is based on
a crisis management approach, effected through several
regulations from affected sectors and across municipal
contingency plans. The National Water Authority (INAG/APA)
coordinates water management and drought monitoring at
national level and 5 River Basin Authorities are responsible for
water resources management at river basin level. A system for
early warning and drought management is currently being
developed by INAG/APA.

Douro River, shared between
northeast Portugal and Spain

Lisbon facing Tagus estuary

Capital: Lisbon (22% of permanent
population, metropolitan area)
Fifteen main river basins grouped into 5
River Basin Authorities
Climate and water availability
Average precipitation: 960 mm/yr (70%
between October and March)
Average temperature: 7ºC (inner central
highlands) to 18ºC (southern coast)
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Total run-off: 30,700 hm /yr
Infiltration: 6,000 hm3/yr

Alqueva reservoir, Guadiana river
basin, southeast Portugal

In the last 65 years (period 1941-2006), there were nine major drought events experienced in
mainland Portugal: 1944-45 (extreme), 1948-49, 1964-65, 1974-76, 1980-83, 1990-92, 1994-95,
1998-99 and 2004-2006 (extreme). The drought episode of 2004-2005 can be considered the
most severe in the last 65 years, in terms of meteorological data, extent of the area affected,
and impacts on different socio-economic and environmental sectors.
Climatic data for the period 1931-2000 show that, since 1972, there is a very consistent trend
towards an increase in the mean annual near surface air temperature for all regions in Portugal
(about 0.4ºC per decade).
Climate change regional models for the period 2080-2100 project a substantial increase in mean
air temperature all over Portugal and an increasing frequency of droughts. Temperature
increases will be more marked in the inner regions of the mainland (7ºC) than along the coast
(3ºC). Almost all models project reduction in mean precipitation and in the duration of the rainy
season, and a decrease in streamflow.
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The current framework for drought management and planning
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Drought management in Portugal is based on a crisis management approach. Until now Portugal
did not develop drought management plans and there is no policy or plan developed specifically
for droughts. River Basin Management Plans are currently under public consultation within the
framework of WFD, and substitute previous River Basin Plans from 2001.
The National Water Authority (INAG/APA) coordinates drought monitoring in Portugal, based on
the National Information System on Water Resources (SNIRH), a network of monitoring stations
of climate and hydrological data. However, this system is more oriented for flood evaluation and
does not allow drought evaluation with a unique classification. The implementation of a system
for early warning and drought management is currently being developed by INAG/APA.
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Current vulnerability to drought
Transboundary water resources are one of the most important factors determining vulnerability
to droughts in Portugal, since 64% of the area of mainland Portugal is located within 5 river
basins shared with Spain, corresponding to 67% of the total annual average water resources in
Portugal (20,300 of a total of 30,400 hm3). Since the drought episode of 2005, cooperation and
information exchange between Portugal and Spain on shared water resources has been
consolidated. However, most joint planning and management measures are lacking for
Portuguese-Spanish river basins. Within the WFD, a common planning process for shared river
basins will have to be implemented until 2015.

The Portugal Drought-R&SPI
Case Study Forum
A collaboration between government
stakeholders, water users and risk
experts
National authorities
National Water Authority (INAG/APA)
National Authority for Civil Protection
(ANPC) (HFA Focal Point)
Department of Agriculture and Rural
Development (DGADR)
Regional authorities
River Basin Authorities

Overall, there is a strong dependence on surface waters, particularly in the drier southern
regions and especially for private irrigated agriculture, which is the activity with the highest
water consumption in Portugal. Furthermore, water demand for agriculture and tourism has
been increasing and will continue to increase in the future due to the expansion of irrigated
agricultural areas. Such vulnerabilities result in frequent user conflicts for water during drought
events, especially over water resources from reservoirs with multiple uses.
Lack of good agricultural practices for crop production and livestock farming, and small
industries without efficient water treatment systems have led to decreasing water quality of
rivers and ground water through diffuse and point source pollution. Lack of efficient irrigation
systems in many agricultural systems has contributed to water waste and increased vulnerability
to drought.
Reference values and methodologies to determine ecological streamflow for aquatic ecosystems
are lacking, as well as continuous monitoring data and updated information on aquatic flora and
fauna.

Water Users
Regulatory Entity for Water and Waste
(ERSAR)
National Association of Portuguese
Municipalities (ANMP)
National Federation of Irrigation
Farmers (FENAREG)
Energies of Portugal (EDP)
Other risk experts
Meteorology Institute (IM)
National Laboratory of Civil Engineering
(LNEC)
National Commission of the UN Program
to Combat Desertification (CNCD – AFN)
NGOs
WWF (Mediterranean Program)
Portuguese League for Nature
Conservation (LPN)

Well-preserved willow riparian gallery forest,
central Portugal

Intensive irrigated olive cultivation, Guadiana
river basin, southeast Portugal

Research challenges within the context of Drought-R&SPI
Analysis of the drought management approach adopted during the severe drought of 2005 will
provide good insights for the understanding of past vulnerabilities to drought, and will promote
the understanding of future drought impacts, vulnerabilities and management, as well as the
development of measures for better preparedness and risk reduction.
The Portuguese case study within Drought-R&SPI will contribute to:
1. Promotion of drought management at international river basins;

Case Study Contact Person:
Prof. Francisco Castro Rego
Centre for Applied Ecology Prof. Baeta
Neves (CEABN)
Institute of Agronomy
Technical University of Lisbon
e-mail: fcastrorego3@gmail.com

2. Assessment of the current operational framework for drought forecasting, monitoring and
mitigation;
3. Scientific studies on drought environmental impacts and ecological thresholds for aquatic
ecosystems and biodiversity;
4. Understanding the link between drought and forest fire risks.
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Learning from the past
Understanding underlying causes of
vulnerability to drought in Portugal

Characterization of past drought events in Portugal and trends
In the last century, an increase has occurred in drought frequency and intensity in mainland
Portugal since the 1980s, particularly from February to April. Moreover, the three driest years
registered for the 1931-2007 period occurred in the last decade: 2005, 2007, and 2004 (in
decreasing order of severity).

Key features of the past drought
events analysed in DROUGHT-R&SPI

1991-1995


Very long event



Affected sectors: agriculture, urban
supply

2004-2006


The largest in area affected (100% of
mainland Portugal was affected)



Extreme event (considering consecutive months with severe drought index
- PDSI)



Affected sectors: agriculture, urban
supply, energy, industry, environment
(aquatic systems and fish populations)

Trend analysis of annual and monthly precipitation for the period 1864-2011 for 3
meteorological stations across Portugal showed a significant tendency toward a stronger trend
of decreasing precipitation, occurring mostly in March. Trend analysis of annual and monthly
streamflow for 7 gauging stations across Portugal also showed a significant decreasing trend for
most stations, with the highest decline in a southern catchment located at the Guadiana river
basin. Similarly to precipitation, a higher number of stations show a significant decreasing
streamflow trend for March also.
The trend analysis (Mann-Kendal test) of gridded data from the FP6 WATCH Project for the 19632001 period also indicates a statistically significant decreasing trend in mean annual flow for
Portugal (–17.73%) with stronger trends for March, a decreasing trend for monthly precipitation
(also for March) and an increasing trend for temperature. Trend analysis for drought
characteristics shows a small decrease in the average duration of droughts and average deficit
volume, but an increase in the average drought intensity (except for some coastal cells).

SPI-12 averaged for mainland Portugal (1942-2012)

The 1991-1995 Drought
Agriculture has been one of the most affected
sectors by droughts in Portugal

Why were these two events selected?


Two of the most recent and severe
drought events



Different institutional and legal
frameworks



Different level of drought
preparedness and experience

During the years 1991-1992 the drought affected the whole Portuguese mainland and in 19921993 it affected 66% of the mainland, and especially the area north of the river Tagus. The
accumulated precipitation in 1992-1993 was 50% lower than the mean of previous years. River
flow was below normal values; by the end of the first semester of 1993, river flow was 20 to 31%
of average values for the whole country, and 1-7% in some southern rivers. In general, reservoir
total storage volume was at about 62% for the mainland, with smaller percentages for southern
reservoirs (lower than 20% in some cases).
The period 1994-1995 registered one of the most severe droughts in Portugal with 78% of the
country area affected with severe-extreme drought during consecutive months, especially the
area south of the river Tagus. There were restrictions and reduction of public water supply and
interruptions of water supply for more than 12 hours in most municipalities located in Alentejo
region (southern Portugal), which required the implementation of alternative systems for water
supply (e.g. water tanks). Due to such impacts, the National Water Authority and the
municipality of Serpa (Alentejo) decided to construct the reservoir of Enxoé, which was finished
in 1999.

Learning from the past
Understanding underlying causes of vulnerability
to drought in Portugal

The 2004-2006 Drought
st

The 1
Portugal Drought-R&SPI
Case Study Forum meeting
30 May 2012, Lisbon
The 1st Meeting among the Portugal
Dialogue Platform Forum members
focused on discussing the impacts,
vulnerability factors and responses of
past drought events. The meeting was
attended by representatives from
governmental entities (National Water
Authority, General Directorate of
Agriculture and Rural Development,
National Forest Authority, National
Authority for Civil Protection,
Regulatory Entity for Water and Waste,
Institute for Nature Conservancy and
Biodiversity, Meteorology Institute, and
General Directorate of Health), water
users (National Federation of Irrigation
F a r me r s , E n e r g i e s o f P or t u g a l,
Portuguese Water Company), and
experts from universities, environmental
agencies and the National Laboratory of
Civil Engineering.

The drought episode of 2004-2006 can be considered the most severe of all drought events
recorded in Portugal in the last 65 years. The whole Portuguese mainland was in severe or
extreme drought classes (PDSI < -3.0) in July and August 2005. The level of important aquifers
decreased in comparison with average values (1987-2005) and in some aquifers (e.g. in Algarve)
the water reached the lowest recorded values. The severity and extent of the 2004-2006
drought resulted in the decrease of water storage for domestic and industrial consumption,
energy production, and irrigation of agricultural crops. In August 2005 about 100 thousand
people were using water by alternative systems. There was decreased production of most crops
and lack of feed and water for livestock. In some rivers, fish populations were severely
depleted. Regardless of the efforts made, the summer of 2005 was the second worst in recorded
wildfire history with 325 thousand hectares burned.
The importance of the 2004-2006 drought
event led to the creation of a Drought
Commission, by governmental initiative, to
monitor the drought and to assist in
mitigating its impacts. Diverse measures
were adopted, targeting restrictions on
water uses and efficient management of
water supply across different sectors and
levels (from national to municipal), as well
as fish biomass harvesting and new laws
approval. A national sensitization campaign
Wildfires in July 2004 (cork oak forests)
for responsible water use was launched.
Algarve, southern Portugal
Portugal and Spain joined forces to create
a Commission to follow the management of reservoirs located at shared river basins and to
promote exchange of information.

Lessons learnt from the analysis of past events

The large Alqueva reservoir recently
inaugurated, southern Portugal

Discussions among the participants
were facilitated by the presentation of
the DROUGHT-R&SPI analysis of past
drought events and of the collected
information on impacts, vulnerability
factors and adopted responses. Impacts
were discussed and ranked, as well as
underlying causes of vulnerability. Past
responses were evaluated in terms of
their efficiency. Policy gaps and
recommendations to improve drought
management were also discussed.

The drought of 1991-1995 clearly marked a turning point
for drought management in Portugal. After 1995, the
drought follow up was very much improved with the
implementation of a permanent monitoring system by the
National Water Authority, periodic reports and ad hoc
Commissions, and several large reservoirs were
constructed. Furthermore, a Convention between Portugal
and Spain was signed in 1998, which represents a mark in
transboundary water management.

The drought of 2004-2006 was very illustrative of the
importance of cooperation among national entities and between countries. The 2005 Drought
Commission produced a report with a very complete set of measures to improve drought
planning and management in Portugal. However, this Commission no longer existed after the
end of the drought, and few of the suggested measures have been implemented.
Drought Management Plans have not been developed yet and droughts in Portugal are still
managed as a crisis. There is no defined drought policy and political measures are still ad hoc
measures. The most fundamental issues that need to be implemented to improve operational
drought management in Portugal are monitoring programs with well-structured information
networks, permanent early warning systems, contingency planning within River Basin plans, and
a clear regulation for reservoir exploitation.

