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1 INTRODUCTION

This report shows the results of a comparison of drought indices obtained from different datasets
and spatial resolutions with the purpose of monitoring drought conditions on real time. The
comparison is based on the application of a scientific objective methodology in two different
regions of Europe: the Ebro basin (northeast Spain) and Slovenia. The report also shows the
usefulness of the drought information developed in the frame of the drought monitoring systems for
different scientific research purposes.

Drought is a period of deficient precipitation with high impacts on agriculture, water resources and
on the natural ecosystems. Thus, drought is a natural hazard that affects large sectors with very
negative consequences. Nevertheless, most of the actions conducted to mitigate the negative
effects of droughts belong to the response and recovery phases of the disaster management cycle
(Figure 1), i.e. they are focused on alleviating the immediate effects of drought once the

phenomenon has occurred and restoring the affected areas to their previous state (Wilhite and
Svoboda, 2000).

gesponse
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Figure 1: The disaster management cycle.

These measures are very necessary, but are of limited effect in the long term since they can only
cope with specific catastrophes; i.e., they hardly contribute to reducing the vulnerability of the
affected societies to drought. In order to reduce the drought vulnerability of the affected societies, it
iS necessary to promote an integral conception of drought risk management (Wilhite, 1996).
Hence, event-oriented actions need to be complemented by other measures focused on promoting
drought risk mitigation and preparedness (Wilhite, 2002).

Two fundamental requisites for reinforcing drought mitigation and preparedness in the long term
are: i) an accurate drought risk assessment quantifying the degree of hazard and the vulnerability
of the different regions; and ii) real-time information informing on the development of drought
conditions and providing forecasts of the likely evolution of the drought. This was acknowledged by
the World Summit on Sustainable development (24 Aug to 2 Sep 2002) by the UN and the
Johannesburg Plan of Implementation of the Agenda 21, who pointed to priority policy actions
which included f& (e) Providing affordable local access to information to improve monitoring and
early warning related to desertification and drought.0 The Review of implementation of Agenda 21
and the Johannesburg Plan of Implementation by the Commission on Sustainable Development of
the UN Economic and Social Council (5-16 May 2008) stressed that it he est abl
effective operation of systems and networks for drought monitoring, early warning and drought
impact assessment are essential to the identification and formulation of effective and timely
response. actionso

New technologies are available for developing monitoring and early warning systems based on
real-time information to support decision making (Svoboda et al., 2002; Carbone et al., 2008). At

7178
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present the different drought monitoring systems developed worldwide have the problems of
accessing to high quality climate information on a real time. In Europe there is a lack of a common
net of meteorological observatories to have access to the information on real time. On the contrary,
the competences for collecting information correspond to the different states and commonly most
of the available meteorological information is not open and available on real time. This makes
necessary to use the open available information to develop the real time drought information and
commonly the available information has much lower spatial resolution that the really available
datasets. In this report we analyze the capability of these low resolution climatic datasets to
guantify drought severity and drought impacts in the Ebro basin (Northeast Spain) and Slovenia.

2 General Methods

Drought is a natural phenomenon that occurs when water availability is significantly below normal
levels over a long period and it cannot supply the existing demand (Havens, 1954; Redmond,
2002). Despite the apparent simplicity of this definition, understanding, monitoring and mitigating
drought is a very difficult task as a consequence of the intrinsic nature of the phenomenon. Due to
its long-term development and duration, progressive character of its impacts and diffuse spatial
limits, drought is the most complex natural hazard to be identified, analyzed, monitored and
managed (Burton et al., 1978; Wilhite, 1993). Drought conditions are much more difficult to identify
than other natural hazards since drought is commonly the result of a number of factors, which are
only apparent after a long period of precipitation deficit, and it is very difficult to determine its onset,
extent and end. In contrast to other natural hazards such as floods, which are typically restricted to
small regions and well-defined temporal intervals, drought is difficult to pinpoint in time and space,
affecting wide areas over long time periods.

Given the difficulties to objectively identify the onset and end of a drought, and to quantify drought
severity in terms of its duration, magnitude, and spatial extent, much effort has been devoted to
developing drought indicators for risk analysis and drought monitoring. Drought indicators are the
most essential element for drought analysis and monitoring since they allow identifying and
guantifying droughts (e.g., see review in Heim, 2002). Although there is not a general consensus to
select any specific drought index for drought monitoring, among the different existing drought
indices here we have selected the Standardized Precipitation Index (SPI) since it has been
accepted by the World Meteorological Organiz
Decl aration on Drexpertg fnom all regibris ofethe dvorld &greed on the use of a
universal meteorological drought index for more effective drought monitoring and climate risk
management. They made the significant consensus agreement that the Standardized Precipitation
Index (SPI) should be used by national meteorological and hydrological services worldwide to
characterize meteorological droughts (Hayes et al., 2011).

The SPI is being used in different drought monitoring systems (e.g., Svoboda et al., 2002),
including the European Drought Observatory (EDO). This index is obtained using exclusively
precipitation data. Therefore, the quality of the SPI outputs and the quantification of the severity
and spatial extent of droughts will depend on the quality of the precipitation inputs to be included in
the analysis.

Here three different precipitation datasets have been used to calculate the SPI in the Ebro basin
and Slovenia. Initially, a high quality and dense dataset of precipitation observations from the
complete net of meteorological observatories have been used in both study regions. In the Ebro
basin we have used a high quality precipitation data set, which contains 429 observatories with
data between 1945 and 2005. The information has been obtained from the MOPREDAS data set.
This dataset has been subjected to an accurate quality control and homogeneity testing to ensure

8/78
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the reliability of the precipitation records (Gonzalez-Hidalgo et al., 2010). Given the quality and
spatial density of this data set, it has been the reference EBRO dataset for comparing the other
datasets with lower spatial resolution in the Ebro basin. In Slovenia, high density meteorological
station network from EARS has been used to produce reference SPI dataset. Precipitation data,
used in this dataset, have also been quality controlled and tested for in homogeneities. The second
dataset has been obtained directly from the EDO precipitation, which uses the available stations
from the telecommunication net of the World Meteorological Organization. The availability of data
and the density of observatories are much lower than that showed from the national datasets
indicated above. For the Ebro basin, the EDO dataset contains 14 observatories within the basin or
in neighbor areas and for Slovenia the EDO dataset contains only one station within the country
and 8 stations in neighbor countries (Austria, Italy and Hungary). Finally, at present different
climate observing institutions are developing global precipitation datasets at low spatial resolutions
combining the available observation information and sometimes satellite data. The spatial
resolution of these datasets is 0.5° and they are being provided on real time. For the Ebro basin
we have used the CRU TS 3.1 dataset produced for the Climate Research Unit of the University of
East Anglia (United Kingdom). For Slovenia, data from Global Precipitation Climatology Centre
(GPCC) has been used to produce SPI maps with resolution 0.5°. This dataset is used also for
production of SPI maps for Drought Management Centre for Southeastern Europe (DMCSEE). The
spatial distribution of the high density precipitation observatories used as reference information
and the distribution of the EDO observatories and the grid point of the 0.5° datasets are showed in
Figure 2 and Figure 3 for the Ebro basin and Slovenia, respectively.

Stations
D CRU
e EBRO
® co0
0 50 100 km @
Pt

Figure 2: Spatial distribution of the stations used in the EBRO, EDO and CRU datasets in
the Ebro basin

9/78



EuroGEOSS. a Eu ropean EuroGEOSS_D5_7_FINAL.docx_FINAL
m ,h to GEOSS D.5.7: Recommendations for the application of the drought
approac ; 0 component in multi-scale and multi-source applications
FP7 Project nr 226487
EuroGEOSS

AN APPROACH TO GEOSS

+ SLO
® coo

[] GpCC

Figure 3: Spatial distribution of the stations used in Slovenia, EDO and GPCC datasets

The SPI has been calculated from the three data sets of the two study regions using a probability
distribution of the gamma family (2-parameters gamma or 3-parameters Pearson lll distributions).
The SPI has the ability of being calculated on different time-scales. It is commonly accepted that
drought is a multi-scalar phenomenon. McKee et al. (1993) clearly illustrated this essential
characteristic of droughts through consideration of usable water resources including soil moisture,
ground water, snowpack, river discharges, and reservoir storages. The time period from the arrival
of water inputs to availability of a given usable resource differs considerably. Thus, the time scale
over which water deficits accumulate becomes extremely important, and functionally separates
hydrological, environmental, agricultural and other types of drought. For example, the response of
hydrological systems to precipitation can vary markedly as a function of time (Changnon and
Easterling, 1989; Elfatih et al., 1999). This is determined by the different frequencies of
hydrologic/climatic variables (Skgien et al.,, 2003). For this reason, drought indices must be
associated with a specific timescale to be useful for monitoring and management of different
usable water resources and to identify impacts in ecosystems and crops since the times of
response to water availability of different vegetation species also varies greatly (Ji and Peters,
2003; Vicente-Serrano, 2007; Quiring and Ganesh, 2010)

The SPI calculation was independent for each one of the meteorological stations from the
reference and EDO datasets but also for the 0.5° gridded series from the CRU and GPCC
datasets. Once the SPI was calculated in each station, it was interpolated. Given the high spatial
density of the reference datasets, it was done at a spatial resolution of 1 km. The EDO dataset was
interpolated at a resolution of 5 km to match with the SPI outputs of the EDO. A fsplines with
tensionomethod was used to perform the interpolations. Finally, the reference datasets in the Ebro
basin and Slovenia were re-gridded to the EDO (5 km) and 0.5° resolutions to be compared with
these lower resolution datasets.

The comparison between the different datasets was performed using different statistical
techniques. Firstly, we used correlations to determine the relationship between the different
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datasets as well as the areas of low agreement between drought datasets. We have used trend
statistics to determine possible differences in the drought changes as a function of the drought
dataset. For this purpose we obtained a non-parametric coefficient (Mann-Kendall Tau) because it
is less affected by the presence of outliers and non-normality of the series than parametric
coefficients (Lanzante, 1996).

Finally, we also analysed the capability of the different drought datasets to identify drought impacts
in systems prone to be affected by droughts: forest growth, water resources and crop growth.

2.1 Capabilities of established infrastructure to download the data for the offline analysis

Improvement of data accessing and downloading capabilities is an important achievement in the
framework of the EuroGEOSS project. Drought data for the offline analysis was obtained from
several different data providers, which are integrated into the EDO mapserver infrastructure
(Figure 4). Available information on data layers, needed for the analysis, can be obtained from the
EuroGEOSS Drought Catalogue.

In the use case scenario for Slovenia, SPI from three different data sources was compared. We
were able to query for data items based on attributes, such as DMCSEE, SPI and Slovenia. Data
layers can be visualized through EDO map viewer (http://edo.jrc.ec.europa.eu/php/index.php?
action=view&id=201) or DMCSEE map viewer (http://www.dmcsee.org/GlSapp/). Web Coverage
Service from DMCSEE (http://www.dmcsee.org/en/wcs/) was used to obtain SPI data from
DMCSEE (calculated from low resolution GPCC precipitation) as well as high resolution SPI for
Slovenia (calculated based on national meteorological databases). DMCSEE WCS has a time
component, allowing user to select between different time periods to download SPI data. Data from
the EDO was obtained through contact point on the EDO web page, who delivered us calculated
SPIs for locations of meteorological stations from WMO catalogue in south-eastern Europe. A
spatial interpolation had to be performed after obtaining data in order to make spatial comparison
of SPI between different data sources possible. EDO Web Coverage Service for SPI data is,
however, under development. After it is published, user will be able to download also SPI maps for
selected region and time period.

Accessing the data for the analysis: T ; ( .5
% %

Figure 4: Accessing and downloading of SPI from different data sources for use case
scenario analysis in Slovenia
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3 The Ebro Basin Case Study

The Ebro basin is located in northeast Spain and it is a region with complex topography and
diverse climate conditions. The Ebro basin is the northernmost semi-arid region of Europe, in
which water availability is low and the management of water resources is a priority task. As the
Ebro valley is usually isolated from humid air masses by mountains to the north and south,
droughts are very frequent in this area (Vicente-Serrano, 2005), as they affect reservoir storage
levels (Vicente-Serrano and Lépez-Moreno, 2005), river flow (Lopez-Moreno et al., 2011), crop
production (Vicente-Serrano et al., 2006), and vegetation growth (Vicente-Serrano, 2007). In
addition, aridity is high in this area, with a negative water balance (precipitation minus
evapotranspiration), as a consequence of the high potential evapotranspiration (PET) that occurs
in summer. Thus, annual PET reaches 1300 mm in some sectors of the valley where the annual
precipitation is 300 mm. For these reasons, drought monitoring in the region is a priority with the
purpose of having real time information on how drought is developing to assess the possible
related impacts on the ecology, water resources and cultivations of the basin.

3.1 Datasets

In the Ebro basin, in addition to the three different precipitation datasets used to obtain the SPI
data, two different environmental data sets have been used to compare the reliability of using
different datasets to identify drought impacts. On the one hand, tree-ring data from different forest
sites in the Ebro basin were used. These data inform on the forest growth per year. The dataset
correspond to 8 Pinus halepensis forests located in the Ebro basin. The forests were selected
based on the dominance of P. halepensis in the canopy over at least 1 hectare of fully forested
area. At each of 8 sampling sites 15-20 trees were randomly selected, separated by at least 50 m
from each other, and measured their diameter at 1.3 m from the ground. At least two radial cores
per tree were removed at 1.3 m height using a Pressler increment borer. The preparation of the
cores and the statistical standardisation of the series were done using standard
dendrochronological methods. Details on the dataset can be found in Pasho et al. (2011). Figure 5
shows the evolution of the annual growth in the individual forest sites and Figure 6 the location of
the forests in the Ebro basin.

22
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1.8 1
1.6
1.4 4
1.2 4
1.0 1
0.8
0.6
0.4
02

ring width (z-value)

T T T T T T T T T T T T T
1945 1950 1955 1860 1865 1970 1975 1980 1885 1990 1995 2000 2005

individual sites
Average (n= 8)

Figure 5: temporal evolution of the tree-ring within the eight P. halepensis forests of the
study area
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On the other hand, we used stream flow series for the Ebro basin. For the entire gauging stations
available in the Ebro basin (see Lépez-Moreno et al., 2011), we have selected different basins that
correspond to the headwaters, the medium course and the Ebro River at the mouth. The series of
monthly discharge were converted to standard units through calculation of the standardized
streamflow index (SSI) (Vicente-Serrano et al., 2011). Figure 6 shows the location of the basins
analysed in the Ebro basin.

. A Tortosa (outlet)

® treering sites
A  SS| stations

| Pyrenean catchments

Ebro river sub-catchmemts
0 50 100 km _
@ Iberian catchments
Figure 6: Location of the tree-ring forest sites and the analysed sub-basins in the Ebro
basin

3.2 Comparison of drought indices from different datasets and spatial resolutions

There are important differences in the spatial detail of the drought information provided by the
different dataset. As a representative example, Figure 7 shows the 3-, 6-, 9- and 12-month SPI for
the EBRO, EDO and CRU datasets for the Ebro basin in June 1995, when very severe drought
conditions affected most of the basin. The EBRO dataset shows a high degree of spatial detail,
recording several local features in the drought severity given the high density of precipitation
observatories used. On the contrary, the EDO dataset shows the most general spatial patterns in
the drought conditions, with an excessive spatial filtering of the drought severity levels across the
region. Finally, the CRU dataset records excessively coarse information to detect the local drought
features at a regional scale.
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Figure 7: Example of the SPI datasets from the EBRO, EDO and CRU data. The maps
correspond to June 1995, in which strong drought conditions affected the Ebro basin.

Nevertheless, independently of the spatial detail of the data sets, they represent quite well the
general evolution of the drought conditions and the drought severity in the entire basin. Figure 8
shows the temporal evolution of the average 3-, 6-, 9- and 12-month SPI for the whole Ebro basin
considering the three different datasets. The main drought episodes recorded in the basin from the
EBRO dataset are also well identified using the EDO and the CRU datasets. Thus, at the time
scale of three months the correlation between the EBRO and the EDO SPI is 0.96 and between
the EBRO and the CRU SPI is 0.97. Nevertheless, the resemblance between the different datasets
decreases when the SPI time-scale increases. For example, at the time-scale of 12 months the
magnitude of the drought episodes changes noticeably as a function of the dataset. The episode of
1985-1986, which showed a high magnitude from the EBRO SPI shows much lower magnitude
from the EDO SPI. In addition the EDO dataset tends to increase the magnitude of the moist
periods recorded from 1995 and to reduce the magnitude of the droughts during the same period.
These differences can be both due to the different spatial resolution but also to the different
longitude of the precipitation series used to calculate the SPI, being insufficient the 30 years of
data used in the EDO to quantify with more accuracy the magnitude of the SPI values. Also
differences are recorded between the EBRO and the CRU datasets with some differences in the
magnitude and duration of the drought episodes identified with the two datasets.
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Figure 8: Average 3-, 6-, 9- and 12-month SPI for the entire Ebro basin from the EBRO,
EDO and CRU datasets (1974-2005).

The evolution of the surface affected by droughts from the three datasets also provides interesting
results. For this purpose, two different thresholds have been used. On the one hand SPI = -0.84,
which represents the 20% of the probability distribution of the SPI and that can be considered as a
threshold for moderate droughts and SPI = -1.65, which is the 5% of the probability distribution and
can be representative as a limit for severe droughts. Figure 9 shows the evolution of the surface
affected by droughts at the time-scales of 3 and 12 months considering the three datasets. Both
the CRU and EDO data sets tend to record the surface area affected by droughts by the EBRO
SPI, independently of the SPI time-scale, but the EDO SPI tends to underestimate the surface
affected by droughts at both time-scales.
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Figure 9: Evolution (1974-2005) of the surface area affected by droughts considering two
SPI thresholds (-0.84 and -1.65) at the time-scales of 3 and 12 months for the EBRO, EDO
and CRU datasets.
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Nevertheless, independently of the differences in the SPI values and the surface affected by
droughts between the different datasets, we can consider that given the low spatial resolution of
the CRU dataset and the low number of precipitation observatories used to generate the EDO
dataset the agreement between datasets is quite good. This is also observed when spatial
variability in the agreement of the SPI values is analysed. Figure 10 shows the spatial distribution
of correlations between the time series of 5 km of the EBRO data set and the series of the EDO.
As observed for the whole basin average time-series, the correlations tend to be higher for shorter
(3 month) than longer time scales (12-months) but, in general, the correlations are high for most of
the basin. Minimum correlation is 0.5 and recorded in the north-western areas, where the EDO
dataset does not contain any precipitation stations but correlations tend to be higher than 0.75 in
most of the basin.
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Figure 10: Correlations between the EBRO SPI and the EDO SPI on different time scales
(1974-2005).

Figure 11 shows the spatial distribution of correlations between the EBRO SPI and the CRU SPI at
different time scales. We can see that the agreement between the time series is higher in the
eastern part of the basin, with correlations close to 0.9 whereas like the observed for the EDO SPI,
lower correlations are found in the north-west of the basin.

Given the low resolution of the CRU dataset and the low number of precipitation observatories
used in the EDO dataset, we can consider a close agreement with the reference EBRO SPI and
consequently a high performance of the datasets to make a reliable spatial quantification of the
drought severity conditions. This is also observed when the spatial correlations are calculated from
the monthly time series of SPI. Figure 12 shows the correlations between the time series of the
EBRO SPI and the EDO SPI at the time-scales of 3-, 6-, 9- and 12-months for January and July.
These months correspond to the coldest (January) and warmest (July) in the study area. In both
months lower correlations are found in the northwest of the study area, mainly at the longest SPI
time-scales. Nevertheless, it is interesting to remark the spatial differences found between the two
series as a function of the different meteorological factors that drive the climate of the region in the
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different seasons of the year. In winter the precipitation is usually related to the polar depressions
and the spatial variability of precipitation tends to be lower than that found in late spring and early
summer, when the convective local precipitation phenomena dominates. This would explain the
stronger spatial differences found in the 3-month SPI for the series of July regarding January.
Therefore, when short SPI time-scales are used to monitor drought conditions in the Ebro basin,
the spatial density of observations is more critical in summer than winter months. Nevertheless,
when the precipitation aggregation increases with longer time-scales the problem tends to be the
opposite since stronger spatial variability in the correlations is found in winter than in summer. The
aggregation for longer time-scales causes that the SPI values is mainly driven by the closest
precipitation events, recorded in summer and autumn, which tend to be more spatially variable
than the events that drive the long-time scale SPI in July. For example, the magnitude of the 6-
month or the 9-month SPI in July will mainly depend on the winter and spring precipitation, which is
less spatially variant than the summer and autumn precipitation.
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Figure 11: Correlations between the EBRO SPI and the CRU SPI on different time scales
(1946-2005).

Figure 12 shows the same monthly analysis for the correlations between the EBRO SPI and the
CRU SPI. Although the spatial resolution of the dataset is quite low the same pattern of
correlations is also showed for winter and summer months, with higher (lower) correlations at short
(long) time-scales in winter months and the opposite pattern for summer months.

The results for the different months of the year are summarised in the Figure 14, by means of a
box plot of the correlations between the series of the EBRO SPI and the EDO and CRU SPIs at
different time-scales. It is interesting to remark that in general the agreement between the EBRO
SPI and the other two low resolution datasets is quite good, independently of the SPI time-scale
and the month of the year. Average correlations tend to be higher than 0.8 for all of the months.
The observed pattern of higher (lower) correlations for short (long) time-scales in winter months
and the opposite for winter is clearly observed analysing both the EDO and CRU correlations.
Nevertheless, independently of these differences we can again affirm the quite good reliability of
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the low resolution SPI datasets to reproduce the drought variability in the region, independently of
the local limitations in some areas.
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Figure 12: Correlations between the EBRO SPI and the EDO SPI on different time scales for
the January and July monthly series (1974-2005).
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Figure 13: Correlations between the EBRO SPI and the CRU SPI on different time scales
for the January and July monthly series (1974-2005).
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Figure 14: Box-plot of correlations between the EBRO SPI and the EDO and CRU SPlIs at
the time scales of 3, 6, 9 and 12 months.

NOTE: Each bar summarises the correlations for the complete set of 5 km or 0.5° for the
corresponding month andtime-s cal e. The pl ot fAtotal 0 fomthe espond
complete series without distinguish between months.

The different SPI datasets have been compared in terms of their capability of identifying the trends
in the drought severity during the study period. For this purpose, we have obtained the Mann-
Kendall Tau statistic for the different datasets. Figure 15 shows the spatial distribution of the Tau
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values for the time series of SPI of January and July for the EBRO data set between 1974 and
2005. In January the SPI trends are dominantly positive (more humid conditions) but the most
important changes are identified at the time-scale of 6 months, mainly in the western part of the
study area. In July the trends are dominantly negative (drier conditions) and also the 6-month time-
scale records the changes of higher magnitude in the basin. These dominant positive trends in
January and negative in July are also observed from the EDO and CRU datasets although large
spatial differences are found. For example, for the EDO series both the positive and negative
trends for January and July, respectively affect more areas than in the EBRO dataset, especially
for the 6-month SPI. For the CRU dataset the SPI trends in January also tend to be positive
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Figure 15: Tau statistics for the 3-, 6-, 9- and 12-month SPI for January and July. EBRO
dataset. 1974-2005.
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Figure 16: Tau statistics for the 3-, 6-, 9- and 12-month SPI for January and July. EDO
dataset. 1974-2005.
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Figure 17: Tau statistics for the 3-, 6-, 9- and 12-month SPI for January and July. CRU
dataset. 1974-2005.

Figure 18 shows a summary of the trends found for the different months and time-scales between
1974 and 2006 from the EBRO, EDO and CRU datasets. In the Ebro dataset at the time-scale of
three months dominant negative trends are found between February and August whereas
dominant positive trends of the SPI are found between September and December. The same
pattern is very well reproduced using the CRU and EDO datasets. At the time-scale of 6 months
the negative trends in the CRU data set are dominant from April to September and although with
some differences in magnitude are also well observed in the EDO and CRU datasets, although the
EDO SPI tends to produce higher magnitude of the observed positive trends in some months and
a lower spatial variability than the observed in the EBRO dataset and the CRU datasets shows a
higher spatial variability in the Tau trend coefficients. Finally, at the time-scale of 12 months the
EBRO dataset shows dominant negative trends for all of the months although the trends do not
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tend to be significant in any month of the year. On the contrary, the EDO dataset tends to show
dominant low-magnitude positive Tau coefficients and the CRU SPI series show a tendency to 0
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(no change) values and a high spatial variability of the trends.

Therefore, although some important differences in the assessment of the drought trends may be
identified from the different datasets, mainly at the longest SPI time-scales, the low resolution
datasets (EDO and CRU) tend to reproduce quite well the seasonality and magnitude of the
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observed SPI trends, mainly at time-scales between three and six months.
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Figure 18: Box-plot of Tau coefficient for the EBRO SPI and the EDO and CRU SPlIs at the
time scales of 3, 6, 9 and 12 months. 1974-2005.

NOTE: Dashed lines indicate the threshold for statistical signification

3.3 Assessment of the capability of different drought data sets to monitor drought

impacts on forest growth

In this section we show the different performance of the three drought datasets to identify the
droughts impacts on forest growth by means of the analysis of the relationship between the growth
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(measured by means of tree-ring analysis) of a forest specie (P. halepensis) located in an area
with large water constraints and in which drought largely limits the forest growth (Pasho et al.,
2011) and the series of the SPI at different time-scales. For this purpose, we obtained the SPI
series from each one of the three datasets corresponding to the grid cells in which the forests are
located. Since the tree-rings provide information of the annual growth, correlations have been
calculated between the series of annual growth and each one of the twelve monthly series of SPI.
Figure 19 shows the results of the correlation analysis with examples in two of the forest sites and
the average correlations for the 8 forests. The observed pattern in these two forests is quite similar
to that observed for the rest of forests. In general, the forest growth is more determined by the
drought conditions during the spring and summer months and quantified at long time scales (> 9
months). This is the pattern observed in Alcubierre and Tarazona forests and in the average of the
8 forests.

The results show that, as expected, the strongest correlations between the SPI and the forest
growth is recorded with the EBRO dataset. Nevertheless, although slightly lower in magnitude, the
pattern of correlations between the EDO SPI and the forest growth is similar to that observed for
the EBRO SPI. This is really surprising given the low data used to generate the EDO SPI dataset
in comparison to the high density of observatories used to create the EBRO SPI. Finally, the CRU
dataset provides the worst results in terms of the magnitude of correlations, much lower than those
obtained for the other two datasets. Nevertheless, the pattern of months/time-scale correlations is
quite similar to that obtained with the EBRO dataset.
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Figure 19: Correlations between the monthly series of SPI at the time-scales of 3, 6, 9 and
12 months and the annual growth of the P. halepensis forests obtained from tree-ring
records. Correlations were obtained from the EBRO, EDO and CRU SPI datasets.
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Figure 20 shows a summary to make easy the comparison between the capability of the three
datasets to determine drought impacts on forest growth. First, it is necessary to stress that the
influence of droughts on the tree growth varies largely as a function of the SPI time scale and that
the strongest correlations are clearly identified at a time-scale of 12 months, but independently of
the SPI time-scale and the month the correlations tend to be higher for the EBRO dataset than for
the other two datasets. There are very few exceptions (e.g., May for the 3-month SPI or May to
July for the 6-month SPI) in which the strongest correlation corresponds to the EDO dataset.
Nevertheless, the figure shows clearly the high capability of using the low resolution EDO data set
given that for most of the months and time-scales it provides similar correlations that the EBRO
SPI. On the contrary, the CRU dataset provides much lower correlations, mainly at the longest
time-scales in which the strongest correlations are found.
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Figure 20: Average correlations between the different monthly series of the EBRO, EDO
and CRU SPI and the tree-ring growth for the 8 forest sites.

3.4 Assessment of the capability of different drought data sets to monitor water resources

Figure 21shows the correlation between the SPI and the series of the standardized stream flow
(SSI) index in the selected sub-basins of the Ebro basin. The SPI used corresponds to the average
SPI for the entire sub-basin aggregated from the limits of the surface area drained to each station.
The results are showed independently for the two gauging stations located in the Ebro river (the
main course of the basin) and the gauging stations of the Pyrenees (north of the basin) and the
Iberian range (south of the basin). This is due to the different response of the hydrological droughts
to the different time-scales of climatic droughts. In the Pyrenees the SSI mainly respond to short
SPI time-scales whereas the Iberian rivers tend to respond better to longer time scales. This is
related to the different lithology in the two ranges. In the Iberian range the dominant lithology are
limestone that determine a higher temporal inertia in the river flows.
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Correlations show that in the two stations located in the Ebro river (Zaragoza, in the middle course
and Tortosa, near of the mouth and corresponding to the last gauging station of the basin) the
streamflows droughts seem to be insensitive to the time-scale of the climatic droughts. In both
stations the EBRO SPI record higher correlations than the EDO and CRU SPI. Nevertheless, the
differences are minimum between the different data sets, which indicate that when the drought
indices are aggregated at low spatial scales, corresponding to large basins, to be related to the
streamflow drought variability, the spatial resolution of the climatic dataset is not a constrain. On
the contrary, when small basins located in the headwaters are analysed, the spatial resolution of
the climate datasets is logically more critical since the scale is more local. When the correlation
between the SPI and the SSI is analysed in the headwaters of the Pyrenees and the Iberian range,
higher correlations are also obtained with the EBRO dataset. The differences are more important
in the Iberian range since the hydrological behaviour in this zone responds in more depth to the
local climatic conditions. Nevertheless, we must indicate that as expected the low resolution EDO
and CRU datasets provided worse results to identify drought impacts on streamflows than the
EBRO dataset, they reproduce quite well the differences in the response to different time-scales of
climatic droughts and the differences in correlation are not so strong to invalidate their application
with this purpose.
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Figure 21: Correlations between the series of SPI at the time-scales of 3, 6, 9 and 12
months and the SSI series in different sub-basins of the Ebro river basin.

Correlations were obtained from the EBRO, EDO and CRU SPI datasets.
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4 The Slovenia Case Study

Slovenia has very complex topography, which is reflected in diverse climate conditions. In the
northeast, the continental climate type with greatest difference between winter and summer
temperatures prevails. In the coastal region, there is sub-Mediterranean climate. The effect of the

sea on the temperaturei s vi si bl e also up the Sola valley,

in the high mountain regions. There is a strong interaction between these three climatic systems
across most of the country. Precipitation varies across the country as well, with over 3500 mm in
some western regions and dropping down to 800 mm in Prekmurje region. Agricultural droughts
occur most frequently in north-eastern and Mediterranean part of Slovenia. Extreme and long-
lasting water deficits for crop growth were reported from these regions. According to climate
change studies, these are also the most vulnerable regions to drought occurrence in the future. For
these reasons, DMCSEE aims to coordinate and facilitate the development, assessment and
application of drought risk management tools and policies in SEE with the goal of improving
drought preparedness and reducing drought impacts on sub-continental as well as regional level.
Slovenian datasets were used in this case study.

4.1 Datasets

In Slovenia, three different precipitation datasets were used to obtain the SPI data, as already
mentioned (Slovenian high resolution precipitation station network, EDO and GPCC). Besides that,
two different environmental data sets have been used to compare the reliability of using different
datasets to identify drought impacts. Both datasets aim at monitoring agricultural drought. Water
balance data were used on the one hand as direct indicator of water availability for crop growth
whereas maize yield was used on the other hand as indirect indicator of weather conditions during
the growing season. Both indicators were measured as well as modelled. Modelled values
represent an important estimate of conditions on locations, where measurements are not available.
In addition, qualitative estimates of damage caused by drought on summer crops have been used
to compare with SPI on different time scales.

Agricultural water balance, used in this study, was calculated using the calibrated water balance
model IRRFIB (Matajc, 2001), which is also on operational use in agro-meteorological department
of the EARS. IRRFIB model simulates water consumption by crops during their vegetation season
and ripening season taking into account soil water characteristics, phenological phases of crops,
rooting depth and atmospheric conditions. Since the water balance measurement system has been
established only recently (few years ago), modelled values represent an important data for the
analysis of drought conditions in past, when all meteorological input data are available. Recent
eval uation of the | RRFI B model has shown, that
et al., 2010), but possess very micro-location capability. We have therefore chosen few sites for
the comparison, where simulations are in good agreement with measured data: Ljubljana and
Murska Sobota. An example of water balance estimates for the reference crop in Bilje (location in
sub-Mediterranean part of Slovenia) is shown on the Figure 22. Calibrated IRRFIB model was
used to simulate water balance for soil, where maize was grown, for period after 1971.

Maize yield was used on the other hand as an indirect indicator of weather conditions during the
growing season. Since data on maize yield are available only for short time period (around 15
years), modelled values for period between 1961 and 2008 were used for comparison purposes.
Dynamic crop model WOFOST (Boogard et al., 1998) was used to simulate maize yield in past
climate conditions. Measured yield data from the field and observed phenological stages were
used to calibrate the crop model in the Bayesian framework (Ceglar et al., 2010). Phenological
data and measured yield at maturity on these locations was obtained from Agricultural Institute of

28/78

w h



EuroGEOSS. a Euro pean EuroGEOSS_D5_7_FINAL.docx_FINAL
' D.5.7: Recommendations for the application of the drought
GEOSS approach to GEOSS ' R oo .

; component in multi-scale and multi-source applications
FP7 Project nr 226487
EuroGEOSS

A EUROPEAN APPROACH TO GEOSS

Slovenia. The maize variety Furio used in our study was grown on these locations from 1995 until
2008. Phenological data were accessible for a period between 1983 and 2008. In the field
experiments during these years the maize was well managed without irrigation, using fertilization
and pesticides. Under these circumstances the climate was the major determinant of the yield
variability. Maize yield was simulated for three representative agricultural locations in Slovenia:
Ljubljana (central Slovenia), Novo mesto (south-eastern part of Slovenia) and Murska Sobota
(north-eastern part of Slovenia). Figure 23 shows an example of yield simulations, where
simulations and measured yield data are shown. Unfavourable weather conditions like hail and
strong wind, which can damage plants on sub-daily time scale, were not included in vyield
simulations. This enabled us to study the impact of drought episodes of different duration and
intensity on maize growth and yield at the end of growing season.
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Figure 22: Simulated water balance in soil, where reference crop (pasture grass) is grown.

NOTE: Water balance in case, where no irrigation was applied, is shown with yellow line. Lower
limit is wilting point, whereas upper limit represents field capacity.
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Figure 23: Measured (black line) and simulated maize yield (gray line) for Murska Sobota
(left) and Novo mesto (right).

NOTE: Gray shading represents yield simulations, reflecting parameter uncertainty of the dynamic
crop model
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Figure 24: Locations, where maize yield was measured and phenological development
observed

4.2 Comparison of drought indices from different datasets and spatial resolutions

We have compared SPI for Slovenia on different time scales from different data sources. Figure 25
shows maps of SPI on 1-, 3-, 6- and 12-monts time scale for Slovenia from three different data
sources (EDO, GPCC and Slovenian national data base) in June 2003. In this year, drought and
heat wave in Slovenia caused significant damage, especially in agriculture. Precipitation in
vegetation period was significantly lower from average. Extremely low precipitation amount in
majority of Slovenia was recorded already in March, leading to very dry soil conditions in the
beginning of the vegetation period. Slovenian maps show high degree of spatial details, with
majority of eastern and north-eastern Slovenia being under the influence of extreme drought, when
considering SPI on time scales below 6 months. On 12-months time scale, majority of central and
north-eastern Slovenia was under severe drought conditions. Several isolated regions can be
seen, where drought conditions were more pronounced. GPCC data show the most general
patterns of drought conditions, especially on longer time scales (3, 6 and 12 months), whereas SPI
on monthly time scale showed significantly larger area, affected by extreme drought conditions.
EDO dataset on the other hand, shows extreme drought conditions only in south-western
(Mediterranean) part of Slovenia, whereas non-drought conditions prevail in the rest of the country
(SPI on all time scales).

Low degree of agreement with Slovenian dataset is a consequence of very low number of
locations, being used for interpolation of SPI values in Slovenia (only one is located in Slovenia,
several in Italy, Austria and Hungary). An impact of Italian station Trieste can be seen from figures
(mainly showing severe and extreme drought conditions in western part of Slovenia).
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Figure 25: Example of SPI datasets from EDO, GPCC and Slovenian data.

NOTE: The maps correspond to June 2003, in which extreme drought conditions affected
majority of Slovenia

Figure 26 shows the temporal evolution of the spatial averages of the SPI on 1-, 3-, 6- and 12-
months time scales, using three different datasets. The main drought episodes recorded in
Slovenia from fine resolution dataset, are well identified using the GPCC dataset, especially on
shorter time scales (1, 3 and 6 months). Highest correlation was observed for time scales 3 and 6
months (0.94), whereas slightly lower correlations for 1 month (0.92) and 12 months (0.90). On the
ot her hand, EDO dataset wasnodot able to ident
scales (6 and 12 months). Corresponding correlations were lowest on 12-months time scale (0.35)
and slightly higher on 6-months time scale (0.57). Higher correlation was observed on shorter time
scales of 1-month and 3-months (0.79 and 0.70, respectively). EDO time series on longer time
scale show sharp increase of SPI values in 1995. SPI values on 12-months time scale were almost
continuously negative until 1995 and almost always positive after that year. This pattern can also
be seen on shorter time scale, but is less pronounced. This poses a problem, whether EDO data
series are representative for Slovenia. The calibration period for EDO SPI was 1971-2000;
therefore the mean value of SPI for this period should be very close to zero, whereas EDO time
series point to significantly negative value. This problem could arise from two reasons. First is
related to interpolation of SPI values, since the station density in the country and around it is very
low. Only one station was used from Slovenia, several from Austria and one near the border with
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Italy. Moreover, no stations from Croatia were used (Figure 3). Second reason is related to the SPI
calculation procedure. Quality controlled and homogenized precipitation time series should be
used to calculate the SPI time series. Quite large gaps of missing data values can occur in
precipitation datasets, making SPI calculation more difficult or even impossible.

Average drought magnitude and length of drought events were quite similar in Slovenian and
GPCC datasets, especially when comparing SPI on shorter time scales. On 12-months time scale,
drought magnitude and length, recorded based on GPCC data, were slightly underestimated.
Average length of drought events on 12-months time scale was 13.3 months for Slovenian dataset
and 12.1 months for GPCC dataset. Drought magnitude and duration were significantly higher in
EDO dataset, especially on longer time scale (Figure 26).
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Figure 26: Average 1-, 3-, 6- and 12-month SPI for Slovenia from the EDO, GPCC and
Slovenian datasets

The evolution of surface area affected by droughts from three datasets has been estimated. For
this purpose, three different thresholds have been used: SPI=-2 (representing extreme drought
events), SPI=-1.5 (representing severe drought events) and SPIl=-1 (representing moderate
drought events). Figure 26 shows the evolution of the surface area affected by droughts on time
scales of 3- and 12- months. SPI, calculated based on GPCC dataset, tends to record the surface
area affected by droughts, especially on the time scale of 3-months. Better agreement can be
found for severe and extreme drought events; whereas area, affected by moderate drought events,
tends to be overestimated in GPCC dataset (similar conclusions can be found for SPI on 12-
months time scale). This result is expected, since moderate droughts occur more frequently, than
severe and extreme drought events. Slightly worse agreement can be observed between drought
affected areas on 12-months time scale, when comparing GPCC and Slovenian datasets. Biggest
differences occur at moderate droughts. Positive trends for areas, affected by severe and extreme
droughts, were recorded from Slovenian dataset, but not from GPCC datasets. Significantly worse
agreement can be observed between EDO and Slovenian SPIs (on both time scales). Surface
area, affected by moderate, severe and extreme droughts, tends to be overestimated before 1996
(due to the problem that was already highlighted) and underestimated after that year. Trends are
therefore significantly negative, especially when considering moderate and severe drought events
on both time scales.
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