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Drought, an insidious natural hazard, is a complex
phenomenon involving climate processes that has
large environmental and socioeconomic impacts.
In recent years there has been an increasing in-
terest in droughts effects and monitoring due to
the current situations of extreme climatic events.
Such drought events have implications on many
of the Societal Benefit Areas (SBAs) that GEOSS
(Global Earth Observation System of Systems)
addresses; and this phenomenon set up an in-
terconnection between different fields, such as
agriculture sustainability, food security, ecosys-
tem functions and services, biodiversity, carbon
stocks, water resources, and wildfires, among
others. According to the recently published IPCC
5™ Assessment Report, a decrease in precipitation
coupled with warmer temperatures associated
to drought events is projected especially in the
Mediterranean Basin, which will result in reduc-
tions on water availability for natural and agricul-
tural systems and human needs.

Although research on drought is progressing, the
phenomenon is still not well understood, and this
fact makes difficult to adequately manage this type
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of events and their derived consequences. For in-
stance, in the Spanish Iberian Peninsula droughts
are recurring phenomena which in recent decades
have led to major natural and socioeconomic im-
pacts. Moreover, the Spanish Iberian Peninsula is
an interesting case study due to its situation in the
Mediterranean Basin and its heterogeneous com-
plex territory. With around 90% of its land surface
(35% agriculture and 55% forest areas) highly
threatened by droughts, understanding the spatial
and temporal characteristics of drought in this area
is essential for monitoring, forecasting and man-
aging of its consequences.

Both climate and remote-sensing data are the
core of this thesis that wants to contribute to the
knowledge of the multitemporal spatial patterns
of droughts in the Iberian Peninsula and their ef-
fects, especially on forests, from a Geographic
Information Science perspective. This thesis ad-
dresses drought identification and characterization
at different spatiotemporal scales and demon-
strates the need for a new conceptual framework
where forest drought has its own recognition.
A Dbetter understanding of past droughts events
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affecting the Spanish Iberian Peninsula and their
possible drivers has been achieved through the
development of a monthly climate (precipita-
tion and temperature) and drought (Standardized
Precipitation Index- SPI and Standardized
Precipitation Evapotranspiration Index- SPEI)
cartographic Big Data base for the period 1950-
2012 at 8 different timescales, which includes
more than 14000 continuous maps at a detailed
spatial resolution of 100 m.

The analysis of spatiotemporally continuous
SPEI maps offers an innovative spatial vision of
drought, identifies the spatial distribution of most
affected areas, and quantifies the intensity and
time extent of drought events, often unveiling ar-
cas more affected than previously expected and
suggesting new future climatic units for the area
(Figure 1). This multidimensional approach has
enabled monitoring the spatiotemporal dynam-
ics evolution of droughts, the so-called drought
moving waves, which facilitates the identification
of several simultaneous present and long-term
drought events. Trends of SPEI time-series at dif-
ferent timescales identify an abrupt regime shift
between 1979 and 1981 affecting the central-east-
ern part of the Iberian Peninsula, which was con-
sistently anticipated by early warning signals. The
analysis indicates that the Atlantic Multidecadal
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Oscillation (AMO) is the strongest predictor of
the shift. The evaluation of potential impacts of
drought regime shifts in forest carbon sequestra-
tion of Mediterranean Pinus halepensis forests
has also resulted in reduction in carbon stock ac-
cumulation rates in most of the evaluated areas.

However, climate-based patterns do not entirely
explain the real state of vegetation. Instead, sat-
ellite observations potentially provide a comple-
mentary view with greater spatial and temporal
coverage of drought conditions. Therefore, vege-
tation indices derived from MODIS (MODerate-
resolution Imaging Spectoradiometer) sensor has
been calculated as possible indicators of physio-
logical forest parameters. An exploratory analysis
based on time-series of climate and MODIS data
has been carried out showing the capabilities of in-
tegrated climate and remote-sensing data to iden-
tify and characterize drought patterns on forests at
different timescales. For instance, remote-sensing
temperature indices exhibit R2~0.56 with SPEI
at the shortest timescales, while when examining
timescales of about 1 year, the higher correla-
tions are found with water and vegetation indices
(R2~0.38). These results show both the robustness
of SPEI and remote-sensing data working togeth-
er, and the sense of using SPEI for pre-remote
sensing drought studies.
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Figure 1. Series of timescales computed for a given month (May 2008) showing the spatial distribution of drought.
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Finally, a new methodology for generating
MODIS 8-day surface reflectance products based
on a topographic correction and a geostatistical
analysis approach has been developed in order to
address several issues related to the spatial het-
erogeneity of current MODIS 8-day composites
(MODO09A1). Results show that this new product
not only greatly improves the current product,
but also presents a high monthly correlation with
products obtained by the compilation of the daily
product (MODO09GA), being a possible substitute
of high processing time analysis of daily products.

In summary, the research carried out in this thesis
covers many aspects of drought studies, meteor-
ological studies and forest studies, consolidat-
ing progress in the investigation of the drought
phenomenon.
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