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Drought in Spain

� The factors that influence the climate of the Iberian Peninsula and the
Insular Spain are so varied that in an area of almost 500000 Km2 one cand
find very different types of sub-climates.  

� One of the common features of all these subclimates is the frequent
ocurrence of long drought periods that are connected with anomalies of the
atmospheric circulation.

� The Iberian Peninsula is located in the southern extreme of the zone over
which flows the northern hemisphere´s circumploar 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 has dry weather.                       



Drought in Spain

� So, in Spain there is a high recurrence of droughts that in some cases have greatly
affected the activity of various productive sectors and caused important economic
losses and severe environmental damages.

� As an example of this, it could be mentioned the severe drought of the first half of
the 90´s in southern Spain leading to:

� Heavy impact on the water resources sector: domestic water supply problems, 
reduction of irrigated land, decrease of the hydroelectrical energy production.

� Great repercusion on the agrarian sector: Main crops affected were irrigation
herbaceous crops, particularly cereals (30% yield reduction). ThereThere waswas aalso a 20% 
reduction in olive oil production and 40% reduction in wine production. 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. In this part of Spain the area
affected by forest fires increased a 63% in comparison with the mean of the previous
ten-years.



Interannual variability of the precipitation in Spain

mean areal precipitation over the spanish territory (mm) for the period 1 september-30 august 
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Interannual variability of the precipitation in the
atlantic Spanish basins.

Annual precipitation volume over the atlantic Spanish basins 

(Duero, Tajo, Guadiana y Guadalquivir). 
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Interannual variability of the precipitation in the
mediterranean Spanish basins.

Annual precipitation volume over the mediterranean Spanish basins 

(Sur, Segura, Jucar, Ebro and Cataluña basins). 
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Interannual variability of the precipitation in north
Spanish basins.

Annual precipitation volume over the north Spanish basins 
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Interannual variability of the SPI 12 values

historical serie of SPI 12 values considering the mean precipitation over the Segura Basin
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Drought in Spain

� Due to the upmost importance of this climate hazard 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.

� In this respect an operational water balance was developped in 
AEMET and it is currently runnig. The main features of this Water
Balance will be described as well as the SPI-based system for
drought monitoring which is one of the modules of this application.        



The AEMET Water Balance: 
Objectives and general characteristics.

The soil moisture estimation is an important tool for decision-making in different sectors, 
particularly for farmers (irrigation needs evaluation, soil workability, drought assessment and early 
warning), forestry services (forest fires risk assessment and controlled burning authorisation) and 
hydrology. 

AEMET developed in 1997 a 0,2ºresolution gridded national water balance aimed at providing a daily 
assessment of soil moisture conditions in order to meet the specific needs of the different users.

Water balance general characteristics

a) The water balance model inputs are: 10-m wind, 2m-temperature and surface pressure from the 
analysis of HIRLAM 0,2º plus synoptic data in real time of sunshine and precipitation as well as 
physiographical and edaphological information.

b) The water balance outputs are a set of variables like soil moisture content, soil moisture percentage 
with respect to the field capacity, reference and actual Evapotranspiration, precipitation…etc. All 
these outputs are issued in a grid of 0,2º resolution.

c) The incoming rainwater and the atmosphere extraction are not considered as direct processes but  
dependent on the previous soil moisture content.

d) To handle all the information a raster GIS is used.



Assesment of the water balance´s
terms

a) The maximum soil water retention values are calculated at the original resolution of 
the physiographical files and then upscaled to the water balance grid resolution, 
based on the soil texture and  land-use classes. 

b) Daily precipitation is the main input in the balance and it is divided in two 
components,  the effective precipitation (the fraction of total precipitation that 
feeds the soil moisture) and the surplus (runoff and groundwater infiltration). 

c) To calculate the effective precipitation, the total precipitation value is assigned to 
each grid point by interpolation of the synoptic stations data. A simplified model 
based on the concept of Curve Number (Soil Conservation Service) is applied to 
estimate the surplus as a function of precipitation, evapotranspiration, maximum 
soil water retention and adimensional coefficients. 

d) The real evapotranspiration is evaluated as dependent of the reference 
evapotranspiration (obtained form Penman-Monteith approach) and  the ratio 
between actual soil humidity and maximum soil water retention. The soil  rising  
resistance to loose water when its moisture decreases is also taken into account. 
To this respect a non-lineal water extraction function has been used .



The Water balance grid.



Water balance products.

All the different variables that take part in the water balance can be displayed as maps 
or as numeric values for an specific place and date. 

In particular maps and tables (for spanish synoptic stations) for accumulated 
precipitation, reference and actual evapotranspiration, soil moisture content and ratio 
(%) of the soil moisture to maximum soil retention are routinely produced. 

Time series for any location or pixel for any water balance variable can be also 
generated. 

A two soil-layers water balance was developed and it is operationally running, allowing 
the separate evaluation of the surface moisture contempt. 

An additional module for SPI based drought assessment that use information and data 
from the water balance terms has also been implemented and will be described in more 
detail.

Some of the maps produced by the Water Balance application are available through the 
AEMET web page and a specific Bulletin based on the water balance outputs is 
produced every ten days.



Water balance products: 
Time series of water balance outputs



Water balance products: 
Time series of water balance outputs



Water balance products: 
Soil moisture content (%).



Water balance products: 
Soil moisture content (mm).



Water balance products: 
Soil moisture anomaly



Water balance products: Soil 
moisture variation



Water balance products: ETo



Water balance products: 
precipitation accumulated for a certain 

period 



Water balance products: 
decadal precipitation



Water balance products: daily precipitation



Water balance products: 
precipitation anomaly 



Water balance products: Mean 
Temperature



Water balance products: 
Double layer balance



Water balance products: 
soil moisture climatology



Water balance products: 
surface soil moisture climatology



Water balance products: 
ETo climatology



Current actions to improve the water balance

To carry out soil water content monitoring in non irrigated areas. 

To make use of different measurement systems to estimate soil volumetric
wetness.

To compare real value of soil water content with those estimated from different
daily water balances, calculated from the meteorological stations data. 

To determine which modifications in the water balance will lead to improve
estimations.

To gain spatial resolution from 0,16º to 0,05º.  

To improve to accuracy of the gridded precipitation estimation.        



Experimental 
Campaigns

Periodic measurements of soil water
content by the gravimetric method
(cylinder extractions and sample drying) 
at three different sites:

Guadalajara Observatory
Barajas Station
Colmenar Station

Flat environment with grassland
vegetation



Drought monitoring modules´s

description

� The drought module has been developed as an independent module in the framework of
the National Water Balance, operational in its current scheme since 1997. Climate data 
as well as daily precipitation data entering in cuasi-real time are its input data. The
SPI, Mckee et al, (1993) is drought index currently used

� 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. 
Input data for this application are local data from AEMET´s synoptic stations plus 
precipitation volumes calcutated for 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.   



Drought monitoring modules´s

description
� 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. 



The outputs from the Drought Monitoring System



The outputs from the Drought Monitoring System



The outputs from the Drought Monitoring System



The outputs from the Drought Monitoring System



The outputs from the Drought Monitoring System



The outputs from the Drought Monitoring System



The outputs from the Drought Monitoring System



The outputs from the Drought Monitoring System



The outputs from the Drought Monitoring System



The outputs from the Drought Monitoring
System



The outputs from the Drought Monitoring System



The outputs from the Drought Monitoring System



The outputs from the Drought Monitoring
System



The outputs from the Drought Monitoring
System



The outputs from the Drought Monitoring
System



The outputs from the Drought Monitoring
System



The outputs from the Drought Monitoring
System



The outputs from the Drought Monitoring
System



Drought monitoring: application to the 1991-95 

severe drought in Southern Spain . 

Serie de SPI a 36 meses en la cuenca del Guadiana 
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Drought monitoring: application to the 1991-95 

severe drought in Southern Spain. 

Serie de SPI a 36 meses de la cuenca del Guadalquivir

-3

-2

-1

0

1

2

3

4

19
50

19
53

19
56

19
59

19
62

19
65

19
68

19
71

19
74

19
77

19
80

19
83

19
86

19
89

19
92

19
95

19
98

20
01

20
04

20
07

año

S
P

I



Drought monitoring: application to the 1991-95 

severe drought in Southern Spain .

SPI a 36 meses en la cuenca del Tajo 
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Drought monitoring: application to the 1991-95 

severe drought in Southern Spain .

Serie de datos de SPI a 36 meses para el conjunto de España Peninsular 
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Drought monitoring: application to the 2004-2005 

severe drought in Spain .

Serie de SPI a 12 meses para España peninsular 
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Drought monitoring: application to the 2004-2005 

severe drought in Spain .



Drought monitoring: application to the drought of

the first half of the 2007-2008 hidrological year in 

Spain .



Drought monitoring: application to the drought of

the first half of the 2007-2008 hidrological year in 

Spain .

Serie de valores de SPI a 36 meses en la cuenca del Pirineo Oriental 
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Drought monitoring: application to the drought of

the first half of the 2007-2008 hidrological year in 

Spain .

Valor del índice SPI a 36 meses para la cuenca del Ebro
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Conclusions

� The drought is a recurrent climate hazard that affects the territory of
Spain, so there is a need to reinforce the meteorological and
agricultural drought monitoring programmes currently in operation in 
Spain. 

� The SPI is a very 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.  In this regard, the SPI-based
drought monitoring system of AEMET has been applied to diagnose some
recent events of severe drought. 

� In the framework of the National Water Balance there is a need to
extend the drought monitoring module in order to include explicitly
other sectorial drought indexes (particularly those connected to the
agricultural drought taken into account the soil moisture calculations) 
and to produce drought predictions under a probabilistic approach taking
advantage of the recent developments in monthly and seasonal
prediction.


