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•! Some features of the pluviometric regime in Spain. 

•! Meteorological Drought Monitoring in AEMET. 

•! Historic Drought events in Spain: a Study case  (1991-95 episode 
in South Spain)  

•! Drought management in Spain: The current situation.  The 
“Observatorio Nacional de la Sequía” (National Drought monitoring 
system).  



Precipitation variability in Spain 
(I)   

•! The Iberian Peninsula is located in the southern extreme of the zone 
over which flows the northern hemisphere´s circumpolar vortex. So, the 
Peninsula´s weather depends on wave shape (upper circulation) and the 
jetstream location. 

•! A shift toward the north of this vortex lead to the consequence that the 
fronts associated with the atlantic low pressure systems will affect just 
to the northern part of Spain, where they produce abundant rain while 
the rest of the Spanish territory remains under the influence of the high 
pressure systems and experience dry weather conditions.    

•! These factors lead to a high heterogeneity in the precipitation spatial 
distribution (see next slight) as well as a high temporal variability.      



Geographic distribution of the mean 

annual precipitation over Spain  



Precipitation variability in Spain 
(II)   

•! The high temporal variability in annual precipitation 
could be noticed in the following slights that show the 
series of total annual precipitation over a set of 
different Spanish basins (period 1947- 2009).  

•! The total volume of precipitation and mean areal 
precipitation value at national scale and in each main 
Spanish basin that will used in this presentation is 
routinely assessed making use of all the stations of the 
AEMET climatological network whose number have 
varied steadily along the time.        



Precipitation variability in Spain 
(III) 

Number of pluviometric stations of AEMET.   



Main river basins in Spain 



Precipitation variability in 
Spain (IV)   

•! No general long-term trends are observed when we look at the time 
series of annual mean precipitation over Spain. Nevertheless if we 
desagregate the precipitation volume by main river basins, a slight 
decrease of annual precipitation over the spanish atlantic basins and to a 
lesser extent in the mediterranean basins it is observed. On the 
contrary, a  very slight increase in north Spain it is also detected, but 
none of these trends are statistically significant.        

•! If we look into the details of the seasonal distribution of the 
precipitation, a decrease of the amount of precipitation in late winter and 
early spring has been observed in most of the Spanish territory, mainly in 
the river basins of south Spain. In particular, a significant reduction in 
precipitation in both February and March months since the 60’s has been 
detected. 



Interannual variability of the 
precipitation in Spain 



Interannual variability of the 
precipitation in the atlantic Spanish 

basins (1947-2009). 



Interannual variability of the 
precipitation in the mediterranean 

Spanish basins (1947-2009). 



Interannual variability of the 
precipitation in north Spanish basins 

(1947-2009). 



Interannual variability of the 
precipitation in the basins of 
southern Spain (1947-2009). 



Interannual variability of the 
precipitation in Spain  in February-

June (1947-2010). 



Interannual variability of the 
precipitation in Spain  in February-

March (1947-2010). 



Interannual variability of the 
precipitation in Guadalquivir basin in 

February-March (1947-2010). 



Meteorological Drought 
Monitoring System in AEMET.   

•! One of the common features of all the subclimates of the Iberian 
Peninsula is the frequent ocurrence of long drought periods that are 
connected with anomalies of the atmospheric circulation (positive 
NAO index). 

•! Due to the upmost importance of this climate hazard in Spain, there 
is a need to develop and implement drought monitoring programmes in 
Spain.  

•! Planners should be aware of these climatic features and risks and it 
is the role of climatologists to provide them with the best 
information to understand and to plan for drought. 



Drought monitoring system 
description 

•! An operational water balance has been developped in AEMET and it is currently 
runnig. One of the modules of this  National Water Balance is the SPI-based 
system for drought monitoring.  

•! Climate data as well as daily precipitation data entering in cuasi-real time are its 
input data in the drought montoring system. The operational application allows to 
generate, on a monthly basis a set of graphics and tabulated products related to 
the SPI for periods ranging from 1 month to 3 years.  The input data in the system 
are the local precipitation data from AEMET´s synoptic stations plus the 
precipitation volumes assessed for all the main hydrographic basins.       

•! Monthly series of precipitation for a total of 90 synoptical stations and monthly 
series of mean areal precipitation for the  12 geographical areas defined by the 
broader spanish water basins are used as a basis information of the System. For 
the stations the data are obtained from the National Climate Database; the gaps 
have been filled by interpolation in the corresponding monthly grid. The recent 
data come from the pluviometric data for the National Water Balance.    



•! For each water basin, data are obtained from the precipitation volume series which 
calculus started in 1947. Recent data come from the AEMET National Water Balance. 
Precipitation volumes are estimated by integrating pluviometric data into the 0,16º 
grid. Further on in the process, these provisional volumes are replaced by more 
precise estimations once pluviometric data from the whole set of AEMET´s 
climatological stations are available at the National Climate Database, (usually with a 
delay of 1-2 months).           

•! From monthly precipitation series, we get accumulated values for periods ranging from 
1 month to 36 months.  

•! Data for every month, station or water basin are fitted to Gama distribution in order 
to get the corresponding series of values of SPI index. In AEMET web page (internal 
page), the SPI values appear separatedly for every station and water basin. For some 
accumulation times: 1, 3 and 6 months (representative of short temporal scale) and 1,2 
and 3 years (representative of long temporal scale) there are graphical pesentations. 

•! In the attached graphics some of the products from the drought monitoring system 
are shown.  

Drought monitoring system 

description 



Some examples of  products from the 
AEMET Drought Monitoring System 

•! SPI 3 mapping 
(monthly updating)  

•! SPI 6 mapping 
(monthly updating)  



Some examples of  products from the 
AEMET Drought Monitoring System 

•! Time serie of mean values 
of SPI 1 (blue line), SPI 3 
(red line) and SPI6 (green 
line) over the Segura 
Basin territory (monthly 
updating).  

•! Mean values of SPI 3 for 
all the main spanish river 
basins. (monthly updating).  



Historic Drought events in Spain: 
A Study case  (the 1991-95 severe 

drought episode in South Spain)  

•! In all the regions of Spain there is a high recurrence of droughts events 
(see the slights referred to the time series of SPI3 and SPI12 in different 
areas), that in some cases have greatly affected the activity of various 
productive sectors and caused important economic losses and severe 
environmental damages.  

•! Considering the last 75 years, very severe drought events ocurred in in the 
biennials  1944-45, 1949-50 and 1953-54 as well as in the 70,s and early 
80,s, in the first half of the 90,s and in the hidrological years 1998-99, 
1999-2000, 2001-2002  and 2004-2005. 

•! The longest drought spell of at least the last 75 years, was the five 
consecutive years of pluviometric deficit from 1991-1995, that affects to 
the southern half of Spain.  

•! The characteristics of this drought event as well as the impacts and the 
response measures will be considered in some detail in the coming slights.    



SPI 3 time evolution in climatic 
region 7 (1950-2008) 



SPI 12 time evolution in climatic region 9 
(1950-2008) 



The 1991-95 severe drought episode 
in South Spain 

•! The main characteristic of this drought spell 
is its extraordinary long duration and its 
intensity. (see figures of SPI 12 mean values 
over two big river basins in South Spain: 
Segura for 1972-2008 periode and 
Guadalquivir for 1947-2008 periode).  

•! All the regions of central and south Spain 
were affected, specially those of the 
southwest corner. On the other side, the 
north part of Spain was not affected 
including the region of Catalonia. 

•! The longest time range SPI (SPI 36) peaked 
their minimum values by the end of the 1995 
summer, showing in different basins the 
minimum values since 1947.    

•! The spatial structure year by year of the 
drought intensity (characterised by the SPI 
12 ) is mapped in the following slights.    



SPI scale  

>= 2.00  Extremely wet !

1.50 a 1.99  Very wet!

1.00 a 1.49  Moderately wet!

0 a 0.99     Slightly wet!

0 a -0.99     Slightly dry  !

-1.00 a -1.49  Moderately dry !

-1.50 a -1.99  Very dry!

<=-2.00  Extremely wet!



The 1991-95 severe drought episode 
in South Spain 



The 1991-95 severe drought episode 
in South Spain 



The 1991-95 severe drought episode in 
South Spain:  

Impacts on different sectors :  
Water resources sector.     

•! The meteorological drought lead to a severe hydrological drought that caused the main 
adverse impacts, that were most important because the precipitation deficit was mainly 
concentrated in the winter period, when rainfall is more effetive to producing surface runoff. 

•! The water resources storaged in some big atlantic spanish basins as Tajo, Guadiana and 
Guadalquivir fell below 10% of its total capacity at the end of the long drought spell, in 
September 1995.      

•! Because water supply was so limited for such a long period, various productive sectors 
experienced a number of direct impacts: 

•! Domestic water supply problems:  
•! Numerous urban areas of the west- southern corner of Spain suffered some type of limitation 

and intermitent shortages in domestic weater supply during the entire drought spell. The 
worse situation happened at the beginning of the autumn 1995, just before the abrupt end of 
the drought event, when 15% of the Spanish population was experiencing water shortages and 
another 15% was facing reduced water supply.                    



The 1991-95 severe drought episode in 
South Spain: Impacts on different 

sectors:   
Water resources sector.     

•! Overexploitation of aquifers.  
•! The shortage of water resources forced in 1995 a greater exploitation of hydrogeological 

resources, specially for agricultural users, causing a depletion of groundwater levels. This 
produced the draining of wetlands in some parts of central Spain and increasing salinisation by 
marine intrusion in some coastal aquifers of south-east Spain.         

•! Reduction of irrigated land surface: 
•! Strong restrictions were placed on irrigation in this period and this seriously affected irrigated 

herbaceous crops, reducing the total land area in these crops by a 18% between 1992 and 
1993.During the 1992-1995 period the average area in corn was reduced by 30% (compared with 
the previous five years), the area in cotton was reduced by 51% and the area in rice was reduced 
by 33%.     

•! Decrease of hydroelectrical energy production:  
•! The average production of hydroelectric energy for the four hydrological years 1991-2 to  1994-5 

was 14,5% less than the average during the five-year period 1986-1991; in the year 1992-93 the 
reduction was of 30%. Electrical companies had to increase the thermal energy production by 7% 
to compensate this deficit.  



The 1991-95 severe drought episode in 
South Spain: Impacts on Crop 

production, forests and cattle raising.     

•! The water shortages were centred in certain areas and crops of the aouthern half of 
Spain, but the growing diversification of the Spanish agrarian sector tend to limit the 
magnitude of the adverse climatic impacts on agricultural production at national level. 
The worse year for the agrarian sector in this periode was 1995 with a reduction of 
10% in the agrarian final production (expressed in pesetas of 1980). Main crops 
affected were irrigated herbaceous crops, mainly cereals. In the cereal-producing 
sector the yield in 1995, experienced a decrease of 30% compared to the average of 
the 1986-1991 periode.   

•! Perennial crops were less affected, but with the persistence of dry conditions, the 
wineyards, olives and citrus fruits were affected from 1994 on. In the 1994-95 season 
olive oil production was reduced by a 20% from the avergae of the four last seasons. 
The vinicultural sector was also affected and average vine production decreased in 
1994 qnd 1995 by a 25% compared with 1993 and 40% compared with 1992.  



The 1991-95 severe drought episode 
in South Spain: Impacts on Crop 

production, forests and cattle raising. 

•! Catle production was also affected by the decrease in the capacity of pasture lands to 
sustain cattle. 

•! This prolonged drought severely affected the forested areas in South Spain, where it 
casued a high mortality of Pinus Pinaster and severe withering symptoms in oak groves, 
scrub, gall oaks, stone pines (Pinus pinea) and cork oak.  

•! Increase of the forest fire risk conditions. In the southern half of Spain the area 
affected by forest fires increased a 63% in 1991-95 in comparison with the mean of 
the previous 10 years.  



The 1991-95 severe drought episode 
in South Spain: some global economic 

effects. 

•! The 1991 to 1995 period of drought brought the following global economic effects: 
Urban suply: a 12 million population suffered water cuts in 1995 (severe problems in 
Sevilla, Cadiz y Palma de Mallorca) 

•! Agricultural production: between 1992 and 1995 there was an annual decrease (in 
reference to previous and later years) amounting to more than 1 billon euros. 

•! Environmental effects: no quantified. High fish mortality in dams and birds mortality 
in the interior wetlands. 

•! Insurance sector: the final amount for contracted policies in 1999 multiplied by 1.6 
that of 1995 for unirrigated land   

•! For comparison purposes, the drought of the agricultural year 2004-05 that affected 
most of the Iberian peninsula caused over 2.500 millons euros losses (2/3 of it 
corresponding to the agricultural sector, and 1/3 to the cattle raising sector).  



The 1991-95 severe drought episode 
in South Spain: Mitigation measures. 

•! The situation created by the persistent drought forced the Autorithies in 1992 to 
adopt a set of urgent measures aimed at reducing water consumption and providing 
extraordinary credits for new water catchments. 

•! A set of economic and administrative measures to mitigate the effect of the 
drought on agricultural activities and production and marketing cooperatives were 
adopted by the Spanish Government, in particular the following: 

•! Water rationing: 

•! Short-term measures giving domestic consumption first priority, in particular: 
irrigation suspension in the most affected areas, where water reserves fell below 
a certain threshold; reduction of cultivated areas with high level of water 
consumption crops and substitution with droguht-resistent crops ( mainly wheat 
and sunflower); establishment of consumption quotas for municipalities, limitations 
on the irrigation of parks and public and private gardens; intensive campaign for 
public awareness of the need for reducing domestic water consumption.   



The 1991-95 severe drought episode 
in South Spain: Mitigation measures. 

•! Long-term measures: Establishement of extra-budgetary funds to help 
irrigation communities improve and modernise irrigation systems and reduce 
the leakage and water losses from channels; establishment of computer drip 
control irrigation systems; establishment of progressive tariffs depending 
of consumed water volume.       

•! New water resources catchment: 

•! Extraordinary credits were approved to undertake emergency construction 
of new reservoirs as well as interconnections for existing supply systems in 
the most affected basins; building up of new seawater desalinisation plants 
and modernization and expanding of existing desalinisation facilities.       



The 1991-95 severe drought episode 
in South Spain: Mitigation measures. 

•! Economic and administrative mesaures to alliviate losses to producers  

•! Providing water supplies for cattle producers through construction of supply 
points. 

•! Producers were given financial assistance  if their harvest was reduced by 
more than a 50% for rainfed crops or the water quota was reduced  by more 
than a 50% in case of irrigated cultivation areas. These assistance measures 
included: special tax policies for producers affected by drought; moratorium 
on tariff payments for water use and social security quotas and promotion of 
low-rate interest loans. 

•! Reinforcement of rural employment plans.    



Drought management in Spain 
nowadays: The National Observatory 

for Drought.   

•! The Observatorio Nacional de la Sequía (ONS, National Observatory for 
Drought) is a reference centre for drought monitoring and analysis in Spain.  

•! It has been launched by the Ministerio de Medio Ambiente (MMA, 
Environmental Ministry) together with the Ministerio de Agricultura, Pesca y 
Alimentación (MAPA, Agriculture, Fishing and Food Ministry) and serves as a 
mean to get together all Spanish Hydrologycal Administrations operating in 
the water domain.  

•! It is framed inside a new policy for the public control on water use and 
quality, as well as the public participation and responsibility to fight water 
wastes, speculation, shortages and pollution.  

•! It aims at gathering and centralizing information coming from every Spanish 
Hydrologic Administration in the water domain, as well as to monitor, to 
prevent and to mitigate drought effects in Spain.  



Drought management in Spain 
nowadays: The National 

Observatory for Drought  

•! The Institutions taking part in the National Observatory for Drought are: 
•! 1. Hydrological Institutions at catchment level:  
•! 2. Hydrological Administrations in each Autonomous Community, plus those 

representing the 17 Autonomous Communities, the Local Corporations and 
social groups related to drought (users, conservationists, universities).  

•! The ONS main targets are: 
•! a) To provide good and complete information about drought issue to the social agents 

related to water management as well as to the public in general. 
•! b) To get together every Hydrological Administration related with drought matters. 
•! c) To determine communication ways and methods, as well as an agenda of steps aiming 

at reducing drought impacts. 
•! d) To develop a policy of environmental education focussed on policies of water saving 

and responsible consumption.  



•! Information provide by the ONS: 

•! 1. Hydrologic information (precipitation, surface and underground water, 
flows, water quality, not conventional resources, snow reserve and 
wetlands reserve).   

•! 2. Regional and local legislation on water.  

•! 3. Information addressed to public environmental education. 

•! 4. Steps to mitigate drought effects on the agricultural sector.  

Drought management in Spain 
nowadays: The National 

Observatory for Drought  



•! The ONS gathers: 

•! News related to drought coming from every Spanish Hydrological Administration. 

•! Drought definitions and drought recurrence in Spain. 

•! Reserve's state (precipitation, surface and underground water reserves, surface flows, 
surface and underground water quality, not conventional resources, desalination, resources 
allotting, snow reserve).  

•! Monitoring maps of drought effects for every Hydrological Basin, Exploitation System and 
Province.  

•! Legislation, norms, management, and international agreements.  

•! Users and experts commissions. 

•! Public environmental education aiming at responsible consumption and saving policies.  

•! Drought risk management for agriculture. 

•! Civil works related to emergencies. 

Drought management in Spain 
nowadays: The National 

Observatory for Drought  



•! Detailed  information provided by ONS through Internet 

•! 1. Resource's state. 

•! - Last week precipitation, average precipitation and forecasting. 
•! - Last week state for surface water reserve. 
•! - Aquifers filling evolution. 
•! - Surface flows in strategic points of the National Hydrologycal Network  

•! 2. Precipitation. 

•! - The last available Hydrological Bulletin, with the weekly precipitation values for the whole 
national territory (Information provided by AEMet). AEMet provides as well additional 
climatological information: precipitation accumulated through several periods, evapotranspiration, 
soil wetness, temperature, and precipitation probability for the next three days.  

•! - Monitoring of surface water quality through environmental indicators correlated with drought 
effects. 

•! - The state of not conventional resources (reutilization of wasted waters previously purified, 
desalination, resources allotting rights).  

•! - State of snow reserve.  

Drought management in Spain 
nowadays: The National 

Observatory for Drought  



•! 3. Surface water. 

•! The last Hydrologycal Bulletin information on surface water reserve in cubic hectometres for 
every basin; its weekly variation through the year and its variation (percentage) related to the 
previous year and to the period average for the five and ten previous years. All this information is 
also shown in graphics. 

•! 4. Underground waters.  

•! Aquifers filling data, complemented with an analysis of the average level evolution of underground 
water in every basin during the last 12 months, pondered by the aquifers extension and porosity. 
For every hydrologycal basin it is added the maximum and minimum registered level for every 
month corresponding to the period of the last 10 years.  

•! 5. Surface running waters. 

•! -Flows for the main rivers (taken in several points of their courses) in the peninsular Spain, taken 
every morning at 8 hours. There is a map showing where all this points are located.  

•! -Information from the SAIH (Authomatic System of Hydrological Information). Selected control 
stations to monitor drought effects in running flows.  

Drought management in Spain 
nowadays: The National 

Observatory for Drought  



•! 6 Surface water quality. 

•! Information of how drought affects the environment, particularly surface water 
quality, through monitoring certain analytical parameters taken in automatic stations 
(Watching Network SAICA). Of all its stations, those representative of drought 
effects in water volumes have been chosen. There are graphics showing the evolution 
of those parameters. There are environmental indicators to know how drought affects 
fish populations. 

•! 7. Not conventional resources. 

•! -Availability of waste waters to be purified and reused.  
•! -Volume coming from desalination plants. 
•! -Water rights reallocation by transfer contracts 

Drought management in Spain 
nowadays: The National 

Observatory for Drought  



•! 8. Snow water reserves. 
•! The program ERHIN, implemented to evaluate snow water resources in high mountains. 

Information at every moment of the current available reserve in the different Spanish 
mountain ranges.  

•! 9. Maps and monitoring report. 
•! Maps, at national scale, and reports to monitor drought effects in order to implement 

measures to establish the adequate limitations on water consumption in periods of crisis. Maps 
and reports take into account the exploitation systems and can be produced at lesser scales: 
hydrologic basins and provinces. 

•! 10. Legislation. 
•! Information about the different legal texts related to norms and laws introduced by the 

competent Hydrological Institutions and Basin's Administrations. 
•! Management measures adopted by the appropriate Institutions to preserve and improve the 

public water domain.  
•! Scheme on water wastes. 
•! Information about the management measures implemented for every Autonomous Community, 

as well as those carried out by Local Corporations to mitigate drought effects. 
•! Information on International Agreements, specially those concerning protection and 

sustainable exploitation of hydrological basins covering two countries (Spain and Portugal).      
•! Users and experts commissions. There is a mean to facilitate that every citizen could 

personally address his own questions directly to the Institution.  

Drought management in Spain 
nowadays: The National 

Observatory for Drought  



•! 11 Public environmental education. 

•! It is framed inside the society cultural development. The population education on these matters is 
a guarantee for a better understanding of environmental problems, in particular those related to 
water use. 

•! Actions implemented by Local Authorities aiming at a better use of water resources, not just in 
drought periods but as a measure sustained through time. The adequate environmental education 
should increase awareness of the benefits of a sustainable policy. 

•! 12. Drought risk management in the agricultural sector 

•! Irrigation is an absolute necessity in the Spanish agricultural system. The irrigated lands supply 
more than 50 % of the whole agricultural production, but it makes use of just a 13 % of the 
country's useful agricultural lands. In average, an irrigated hectare of land harvests 6 times more 
than an unirrigated hectare, getting a 4 times bigger rent.   

•! The MAPA (Agriculture, Fishing and Food Ministry) has implemented a system for the adequate 
management of this scarce resource: Actions of the Irrigation National Plan and the Advice 
Service to Users. There is also an Agroclimatic Information System to Irrigated Lands (SIAR), 
operating since 1998, which gathers and transmits data to calculate water needs in irrigated zones.  

•! There is also an Insurance System for the Agricultural Sector aiming at alleviate losses not 
covered by private insurance companies. 

Drought management in Spain 
nowadays: The National 

Observatory for Drought  



Conclusions 

•! Drought is a recurrent climate hazard that affects the territory of Spain. The country   had to 
face up severe drought events in the recent past that caused severe impacts on a number of 
different socio-economic sectors. In this presentation the main features of the 1991-95 drought 
event have been described as well as the impacts on the water resources, crop production, forests 
and cattle raising sectors.  

•! The SPI-based drought monitoring system of AEMET is a useful tool to establish, from an 
operational point of view, the start and lasting of a meteorological drought event as well as its 
extension and severity level. But there is a need to extend this drought monitoring system in order 
to include explicitly other sectorial drought indexes and to produce drought predictions under a 
probabilistic approach taking advantage of the recent developments in monthly and seasonal 
prediction. 

•! The previously mentioned facts highlights the need to plan and develop an integrated management 
system of the water resources in order to prevent and mitigate the drought linked negative 
effects. 

•! A  National Drought Monitoring System has been launched by the Ministry of Environment,  
Agriculture and Fisheries and serves as a mean to gathering and centralizing information coming 
from every Spanish Hydrological Administration in the water domain, as well as to monitor, to 
prevent and to mitigate drought effects in Spain.                


