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Summary 

Trend results from climate data (precipitation and temperature) were analysed in relation to 
trends in water flow and forest fire occurrence over a 30 year time span in the Ebro watershed 
in Spain. An important part of the study was dedicated to data selection and preparation. 
Water and climate data are notorious for containing gaps and therefore artificial neural 
networks (ANN’s) were tested and proved to be reliable to fill up those gaps, but were 
unfortunately too time consuming. After the selection of unaltered gauging stations (i.e. no 
influence by dams or irrigation, etc.) and climate stations with data availability from 1976 – 
2006, linear regression analysis was applied to the evaluation of changes in water flow 
regime, climate and forest fires. The results confirmed that there were changes in those 
variables, however limited to some locations (very few for forest fire occurrence). To identify 
regionalization of the compounded regimes a cluster analysis was performed based on a 
principal component analysis (PCA) of the slope estimates (trends). A clear regionalization 
could not be delineated but some locations showed remarkable changes in water flow and 
climate over time. The spatial overlay of trend areas indicated that climate change could be 
related to water flow regime change, to some extent, in some of the locations where gauging 
and climate stations indicated the highest rate of change over time. 
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1 Introduction 

Global changes are a major issue in the 21st century and attention to this subject is growing 
steadily (e.g. the Climate Congress in Copenhagen, Denmark in March 2009). The possible 
effects are widespread and could have very serious implications on human society and the 
environment (Arthington et al. 2010, Bales and Pope 2001, NASA 2010, Poff et al. 1997, 
Vorosmarty et al. 2000, Woodward and Diament 1991). 
The possible effects on the environment have been discussed by many researchers (Alquilar 
2009, Arnell 1999a, Bates et al. 2008, Dios et al. 2007, EPA 2010, NASA 2010, Woodward 
and Diament 1991), but uncertainties about global change and especially climate change 
remain, particularly in regions most expected to encounter changing climate patterns, like the 
Mediterranean area. This region is known for its warm summer periods with low precipitation 
so a further increase of temperature and decrease of precipitation could have serious impacts 
on the water availability. Also forest fire occurrence could be influenced by climate change 
and in turn have an indirect influence on water flow (i.e. through loss of vegetation). The 
absence of vegetation causes a faster water runoff which means that there is a larger input 
after a rainfall event but no gradual input of water over the following days. 
Since water availability and forest fire prevention are important issues in Spain we focused in 
this study on the relationships between climate change, fire occurrence patterns and water 
resources distribution and availability in a Mediterranean watershed (figure 1). 

 
Figure 1: Flow chart of the variables used in this study 
 
Effect of climate change on hydrology 
Various climate models developed over the last years show consistent results in a reduction of 
water availability with increasing temperature and a reduced precipitation, which are 
supported by observed studies (Arnell 1999a, Arnell 1999b, Poff et al. 1996, Vorosmarty et 
al. 2000). It is a fact that during the last decades an increase in climate extremes has been 
observed. Precipitation patterns have changed, and currently the ice caps on the North Pole 
are melting at a high rate. Many previous studies suggest that freshwater supplies are 
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diminishing, especially in countries located in the southern latitude from 10°S to 30°N (Bates 
et al. 2008). 
In Europe this seems to translate in reduced water availability and increased forest fires in the 
Southern part (which is the case in Spain) and a higher occurrence of floods in the Northern 
part of Europe, where reduced snowfall and snow melt has shifted towards an earlier period in 
the season (Arnell 1999a, Bates et al. 2008, Cuadrat et al. 2007, Poff et al. 1996). 
Many studies in the Mediterranean show trends towards increasing temperature and 
decreasing precipitation which indicates a general decrease in annual runoff (Arnell 1999a, 
Bates et al. 2008, Cuadrat et al. 2007, Poff et al. 1996, Vorosmarty et al. 2000). There are also 
indirect consequences of climate variability to consider; the urban water consumption 
increases, more irrigation is needed and the constructions of new dams adds to the ecological 
impacts (Batalla et al. 2004). All these factors will likely further decrease the already scarce 
available water in the Mediterranean region. 
 
Effect of climate change on forest fires 
Climate change also may have a high influence on forest fire occurrence. Climate directly 
influences fuel conditions, ignition and spread of fires and the lack of water in summer 
months will make fires even more frequent and severe. Anthropogenic pressure (range 
management, agricultural burning, recreation, demand for irrigated lands, etc.) is an important 
factor when evaluating forest fires in Spain (Diaz-Delgado et al. 2004), a factor that caused 
increasing trends in human-caused fires in the last decades. Also in past years, shrublands, 
woodlands and forests have increased in rural Spain due to land abandonment. Climate 
change in combination with rural abandonment and high human risk will cause more 
favorable conditions for fires on the short-medium term (Dios et al. 2007, Vega-Garcia and 
Chuvieco 2006, Vega-Garcia et al. 2010) because abandoned regions are likely to be 
dominated by fire prone shrub and pine communities (secondary vegetal succession). On the 
long term, expected impacts are unfathomable, and a cause for concern given that forested 
areas in the Mediterranean are likely to be even more reduced in the future due to harder 
drought conditions. Furthermore, forests could become more susceptible to pathogens. 
Normally trees and pathogens are in balance and only weak trees will die, but because 
unfavorable environmental conditions a larger number of trees will be at risk (Dios et al. 
2007). This increases the amount of highly flammable dead wood material. 
 
In order to explore the hypothesized effects of climate change on fire occurrence and on water 
resources distribution and availability, the following research questions are formulated: 
1) Are there indications that climate has changed in the Ebro watershed over the past 30 
years? 
2) Are there indications of hydrologic alteration in the Ebro watershed in the past 30 years 
and if so, is it possible to find a relationship between hydrologic alterations (water flow) in the 
Ebro watershed and climate change parameters? 
3) Are there indications that the fire regime has changed in the Ebro watershed in the last 30 
years, and if so, is there a relationship between fire occurrence and climate change 
parameters? Is there a relationship between fire occurrence and water flow parameters. 
This study mainly focused at temporal trends in climate, water resources data and forest fire 
occurrence’s, but also an analysis of the spatial patterns was included to observe if changes 
had a local or regional character. 
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2 Materials and methods 

Figure 2 shows an overview of the methods used in this explorative study to answer the 
research questions and will be explained in detail in this chapter. 

 
Figure 2: Overview of the methods used in this study. 

2.1 Database 

The selected study area is the Ebro River Basin in Spain which is located at the northeast of 
the country and has an approximate area of 85550 km² (Alcazar et al. 2008) (Figure 3). It is 
the largest river in Spain, having a total length of 910 km, and the foremost in terms of flow, 
with an average water discharge of 430 m³/s. The Ebro river is of major importance for 
ecological and human purposes, holding heavy demands from hydropower generation, 
irrigation of agricultural fields, recreation and urban uses (Alcazar and Palau 2010). Within 
the watershed there are a total of 240 gauging stations (GS’s) that record daily water flow 
levels of tributaries and 1700 climate stations (CS’s) with temperature and precipitation 
recordings.  
 

 
 

0 50 100 150 20025
Kilometers

Figure 3: The Ebro watershed - highlighted (source: based on figure of Wikipedia 2007) 
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The water flow data are freely available at the ‘Confederación Hidrográfica del Ebro’ from 
the Spanish Government (source: http://www.oph.chebro.es). They have online data 
containing daily water flow records (m³/s) and digital maps with the locations of a.o. GS’s 
(point data) without known accuracy, river branches (line data) with a scale of 1:50000, the 
delineation of the study area (polygon data) and the digital elevation model (DEM) with a grid 
size of 100m. 
Climate data with daily temperature and precipitation records were ordered from AEMET 
(Agencia Estatal de Meteorología) from the Spanish government. The data were stored in a 
Microsoft Excel file and contained several climate parameters and also the xy – coordinates 
which allowed adding the CS’s as point data in ArcGIS 9.3. No information about accuracy 
was available. 
The fire history records are collected from the EGIF Wildland Fire National Statistics of the 
Protection against Forest Fires Area (ADCIF) of the General Directorate for Environment and 
Forestry Policy (DGMNPF) (Ministerio de Medio Ambiente y Medio Rural y Marino). The 
Spanish Government data provides individual fire reports from 1988 till 2008. The data are 
stored in a Microsoft Access database and contains a.o. location (xy – coordinates), frequency 
and the burned area on several administrative levels. No information about accuracy was 
available. 

2.2 Data Preparation 

2.2.1 Filling gaps in water flow and station selection 

First a selection of suitable GS’s has been made because within the Ebro watershed many 
rivers have altered regimes due to dams, hydro power plants, irrigation channels and urban 
consumption. Therefore, all GS’s in rivers with altered/variable water flows were excluded 
from further analysis in order to keep out any human-caused influence. Only stations without 
sudden alteration or very low variability in water flow were selected and if they had also 
reliable data from 1976 till 2006. 
The selection of the CS’s was based on the availability of a long enough registry (i.e. data 
available from 1986 to 2006), data quality and on their proximity to the selected GS’s. 
Water flow and climate data are notorious for containing missing data periods, especially 
when considering a 30 year time span. Depending on the positioning of the gap (e.g. at the 
beginning of the time series) the analysis could be less reliable, therefore double mass 
analysis (Brooks et al., 1991 and Ponce, 1994) was used for small gaps and if nearby GS’s or 
CS’s were available.  
 
Also artificial neural networks (ANN) were tested for filling up the gaps of water flow data. 
ANNs are universal approximation functions, robust and data distribution-independent 
mathematical models that are especially useful when statistical models cannot be applied. In 
this case, climate variables would be expected to be highly correlated spatially and 
temporally, violating assumptions required for statistical model building. Over the last 10 
years forecasting models based on artificial neural networks (ANNs) have been increasingly 
applied in many fields of hydrology and have proven their reliability (Alcazar et al. 2008, 
Besaw et al. 2010, Dastorani et al. 2010a, Dastorani et al. 2010b, Kuo et al. 2010, Decuyper, 
2011). There are many types of networks, but a specific multilayered feed-forward type of 
ANN was used in this study, the cascade-correlation model defined by Fahlman & Lebiere 
(1990), which has the advantage of optimizing network architecture in the so called ‘training’ 
or ‘learning’ process (Alcázar et al. 2008). By using historical data it is possible to fit the 
ANN models to the patterns in the data (Besaw et al. 2010, Dastorani et al. 2010a, Dastorani 
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et al. 2010b, Kuo et al. 2010, Decuyper 2011). The database for analysis is split in training1, 
test2 and validation3 groups, and the iterative learning algorithm was set to improve the 
correlation (Pearson R) between observed and predicted outcomes: the known flow values 
(average daily water discharge in m³/s) and the output of the net.  
To predict daily water flow in GS’s nearby CS’s (precipitation records) were used. A 
preliminary study was done for five GS’s with each one or two nearby CS’s. They were 
selected because all of them presented unimpaired, natural flow regimes with a reliable data 
range of 30 years (1976 – 2005) of daily climate and flow records (average daily water 
discharge in m³/s), and no more than three gaps. The selected GS’s showed a mainly rainfall-
dominated hydrological regime. The database presented a total of 10 gaps or discontinuities 
ranging from 17 to 272 days (nine months). The variables used for completing gaps in the 
database were Julian day, the precipitation (mm) on the day of the missing value, and the 
precipitation up to five days before the date of the missing value. Given the small size of the 
watersheds, that was considered time enough for water from the watershed divide to reach the 
watershed outlet (time of concentration) regarding the particularities of shape, topography, 
vegetation and soil characteristics of the watersheds studied. 
Several transformations were applied to the independent variables and tested through a 
genetic algorithm provided by Predict® software (Neuralware 2009) previously to model 
building. The cases were randomly shifted between groups at least three times for each model, 
and we built 5 replicas with different sets of random weights for each grouping at the 
beginning of training. Correlation was used to rate performance, but convergence of the 15 
trials for each model (each gap) to a same or similar structure was also considered a trait of 
robustness of the solution. A sensitivity analysis of the variables in the best model through 
partial derivatives was used to rate their relative importance in the models. 
Six different approaches (scenarios) were defined to optimize the predictive models of water 
flow for each gap in any gauging station. They were required because the natural variability 
of flow regime (inter and intra-annual variability) is a key aspect in defining the functioning 
and structure of a river (i.e. Ritcher et al. 1996, Poff et al. 1997, Stewardson and Gippel 2003, 
Poff and Zimmerman 2010), especially in Mediterranean ecosystems. But this high variability 
of the streamflow database could induce large errors when developing prediction models from 
large time spans (30 years, Scenario 1). Consequently, several scenarios were proposed to 
reduce errors induced by a high inter and intra-annual daily flow variability while keeping the 
observations for model building representative (Scenarios 2, 3, 4, 6). We also considered that 
the hydrological response of watersheds is influenced by the basin characteristics that regulate 
runoff, such as geomorphology, geology and vegetation cover. Changes in land cover over 
time due to either natural causes or human activities may influence the hydrological behaviour 
of the watershed, i.e. the relationship between precipitation and runoff. Then, the accuracy of 
streamflow prediction models based only on precipitation data over a long period of time may 
be decreased by errors related to vegetation cover changes, for instance. Scenario 5 tried to 
reduce this possible source of error by reducing the time span of the observations used for 
modelling. 
Scenario 1 (Sall): we used the whole range of 30 years of weather and flow data. 
Scenario 2 (Sout): we removed extreme years (outliers) if present, only when the gap was not 
located within those years. 
Scenario 3 (Sinter): we looked at inter-annual variability of flow regimes. All available years 
were classified into three types, Wet, Normal and Dry year, based on the characterization of 

                                                 
1 Training data is used for learning/fitting the parameters (weights) of the classifier (Ripley 1996). 
2 Validation data is used to tune (transform) the parameter of the classifier (e.g. to choose the number of hidden units in the ANN) (Ripley 
1996). 
3 Test data is used to assess the performance of a fully specified classifier (Ripley 1996). 
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the regime’s inter-annual variability, and according to the following criteria (Martínez Santa-
María and Fernández Yuste 2010): 
• A year was considered to be ‘Wet’ if its annual volume in natural regime is greater than the 
volume corresponding to the 25% exceedance percentile. 
• A year is considered to be ‘Normal/Average’ if its annual volume in natural regime lies 
between the volume corresponding to 25% and 75% exceedance percentile. 
• A year is considered to be ‘Dry’ if its annual volume in a natural regime is lower than the 
volume corresponding to the 75% exceedance percentile. 
Water flow data were divided in Wet, Normal and Dry years, and only years of the same type 
as those where the gaps were occurring were used for the corresponding analysis. 
Scenario 4 (Sintra): we looked at intra-annual variability of flow regimes. Annual flow 
regimes were divided in Low, Medium and High flow periods based on an analysis of 
seasonal flow variability, and only data of the same period as that where the gaps were located 
were used for the analysis. 
Scenario 5 (S4years): we selected short periods of time where the basin characteristics could be 
considered invariable and therefore the hydrological response of the watershed did not 
change. Only data of the two years before and after the gap were used for the analysis. 
Scenario 6 (S4-5): Combined scenarios 4 and 5. Only data of the same seasonal flow period of 
the two years before and after the gap were used for the analysis. 
 
When gaps were too big (i.e. several gaps of a few years) and no nearby GS’s were available 
(in the same river and unaltered), the GS was discarded. The same applied for CS’s.  

2.2.2 Watershed delineation 

Watersheds are the unit of analysis since the water flow regime and the possible effect of 
climate change on water runoff is not affected at the location of the GS but the whole 
upstream area until the GS. To create the exact area of influence (i.e. the watershed area until 
the GS) a ‘watershed delineation’ was drawn by using Digital Elevation Models (DEM’s) in 
ArcGIS. 

2.2.3 Fire occurrences 

The fire records were added as point data in ArcGIS by using the xy -coordinates, but had 
some positional inaccuracies (e.g. some points were located in the Mediterranean Sea and no 
information about accuracy was available). This problem was solved by summing up the fire 
records for each townships (the lowest administrative level) since the forest fire database 
relates each ignition to the townships. To assign the forest fire data to the watersheds an 
overlay with the areas of the townships was made in ArcGIS and only those which had an 
overlay of more than 50 percent were assigned to the corresponding watershed. 

2.3 Parameter selection 

2.3.1 Water flow 

After a thorough literature review a selection of aspects (i.e. magnitude, frequency, variability 
and rate of change) was made based on the work of Richter et al. (1995; 1996; 1998), Brizga 
et al. (2001) and Clausen and Biggs (2000). In order to describe those aspects a number of 
parameters was selected based on Martínez Santa-María and Fernández Yuste (2010) which 
resulted in a reduced selection of parameters based on the work of Ritcher et al. (1995; 1996; 
1998), but covering a wider range of environmental aspects (including seasonality) that made 
them more specific and appropriate to the characteristics of Mediterranean river flows (see 
overview in table 1). These aspects/parameters were studied for ordinary and extreme 



8 
 

conditions (habitual and extreme values components). The list with all parameters and the 
description and the calculation of the less common ones can be found in appendix I. 

Table 1: Overview of the components, aspect and parameters for water flow included in this study 
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2.3.2 Climate change 

To study climate change the same components as in water flow were used. The selection of 
aspect and parameters was based on the study of Vicente-Serrano and Cuadrat-Prats (2006) 
and Cuadrat-Prats et al. (2007) and on data availability (e.g. daily or monthly data), which 
resulted in: magnitude, seasonality and frequency (see overview in table 2). The list with all 
parameters can be found in appendix I. 

Table 2: Overview of the components, aspect and parameters for climate included in this study 

2.3.3  Forest fires 

The database of the forest fire records contained many parameters not used in this study (e.g. 
the person who detected the fire, firefighting technique, wind direction, etc.). Some 
parameters are also susceptible to the interpretation of the observers like the type of fire (e.g. 
canopy –or ground fire) and the location of ignition is not always very accurate. To solve the 
latter problem we summed up the fire occurrences per township (see ‘data preparation’). 
Only the reliable (physically measurable) and for our study important parameters were 
selected, which resulted in forest fire occurrence (number of fires per township) and the total 
amount of burned area (km²) over a time span of 17 years (1988-2005). An example of a fire 
occurrence form (in Spanish) can be found in appendix III. 

2.4 Modelling/ analysis 

2.4.1 Temporal analysis 

Once the parameters of the different variables were calculated they were subjected to a linear 
regression analysis (single linear structure) which for each parameter indicated if there was a 
change in water flow regime (per watershed), climate change (per CS) and forest fire 
occurrence (per watershed) over the 30 years’ time span. The significant slope estimate values 
indicated the amount of change or trend of each specific parameter over the study period (an 
example of a non-significant trend can be found in figure 4). The parameters where the plot of 
the residuals showed a under – or over –estimation were re-analysed after exclusion of the 
outlier(s) (an example can be found in figure 5). 



10 
 

 
Figure 4: The average water flow of august (X11) - Slope estimate = -0.80; SE= 0.37549; P=0.0430*, but 
after removal of the two outliers: P>0.05 and slope estimate was set to zero . 
 

 
Figure 5: The residuals of the average water flow in August – an overestimation in the first years due to 
two high values 

2.4.2 Spatial patterns 

In order to identify spatial patterns in GS/CS and forest fire occurrence with similar 
characteristics (regimes), a non –spatial cluster analysis was performed based on the slope 
estimate values (non-significant values were assigned the value zero). A prior Principal 
Component Analysis (PCA) was done to convert the potentially correlated parameters 
(avoiding then problems of collinearity) into a set of values of uncorrelated parameters. For 
the water flow and precipitation principal components were used which range of eigenvalues 
contributed up to 85% of the variance (otherwise the division between clusters was too 
vague), while for temperature and fire occurrence all principal components were used to 
perform the cluster analysis. 
A hierarchical cluster analysis using Ward´s procedure (Ward, 1963) was performed to sort 
the GS’s, CS’s and forest fire occurrences and group them by their relatively similar regimes. 
The loadings of the original data on the principal component axes were used as the new 
variables in the cluster analysis.  
 
The next step was to build a spatial data base in ArcGIS to find spatial relationships within 
(regionalization) and between the variables, based on the cluster analysis and with the use of 
the stations’ XY -coordinates. Water flow regimes and forest fire occurrences were assigned 
to the watersheds as mentioned before. CS’s (point data) could not be assigned to the 
watershed database because of multiple CS’s with a different regime within or near a 
watershed or there was a lack of a close-by CS. Furthermore, in some cases several CS’s 
influenced the same watershed, but were situated just outside the watershed perimeter and 
averaging the original data (i.e. before the parameter calculation) of the CS’s would result in 
the loss of the local characteristics. Therefore the ‘Thiessen Polygon’ function in ArcGIS 9.3 
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was used to create a spatial database of climate variables. Due to the lack of data, not all CS’s 
had both temperature and precipitation data. This created a difference in location (different 
CS’s) and amount of stations between the two climate variables, so one layer for each was 
made. 
Once all coordinates systems were adjusted to a common reference the datasets were overlaid 
by using the ‘intersect’ function.  
We could not pair temperature or precipitation regime (cluster) to water flow regime one-on-
one because one watershed (unit for water flow) could be influenced by several temperature 
or precipitation regimes and averaging trends is not possible. The problem with averaging the 
original data was mentioned above. A solution was found by making contingency tables 
which were a result of overlaying the data layers in ArcGIS 9.3. These tables show how much 
the area of each cluster of variable A is influenced by the clusters of variable B which enables 
us to identify the relationships between the regimes (clusters) of the two variables. 
The tables were analyzed in a descriptive way since the contingency tables have many classes 
(i.e. clusters) per variable and more than five values were below five, which makes it easy to 
get highly significant results in the chi square analyses when there are actually not very big 
differences (type II error). 
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3 Results 

3.1 Data preparation 

The best models for each GS or the best outcome out of 15 runs for each scenario and gap are 
presented in Tables 3 to 7. An overview of the most important results for the three gaps in 
GS-7 can be examined in Table 3. The results of GS-7 were based on climate stations 354 and 
350A, but in some models a whole station’s variables were left out. Models for scenarios S1, 
S2 and S3 all had R < 0.50. S4 was the best for the longer 1988 spring gap (87 days). S5 was 
best for the shorter 91’ summer gap (17 days). Best results were achieved for the 55-days gap 
in summer 1984 in which the S6 model reached R= 0.76 for the trained dataset and R= 0.82 
for the test and validation datasets. 
 
Table 3: Results of ANN for GS-7 (the best performance is marked) 

 
 

Station GS-57 was nearby the same climate stations as GS-7 were used. Analysis of the water 
flow curves over all the years based on the average monthly volume showed no extreme 
years. No homogenous period within the year could be identified (heterogeneous data over all 
months), so scenarios S2, S3, S4 and S6 could not be applied. The other scenarios gave 
unsatisfying correlation values R < 0.50 for all replicas. An overview of the best results can 
be found in Table 4. 
 
Table 4: Model results for GS-57 (best performance is marked) 
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Station GS-78 water flow did not show any extreme years. The two gaps present overlapped 
the periods with homogenous very low water flow and the period with high heterogeneous 
water flow so also here S2, S3 and S6 could not be used. S1 and S4 gave low R values. The 
S5 model produced the best results for the 28-day 92’ winter gap with an R=0.60 for the 
trained dataset and an R=0.69 for the validation dataset (Table 5). 
 
Table 5: Model results for GS-78 (best performance is marked) 

 
 
GS-86 shared climate station with GS-78. In this GS all scenarios could be applied for 
modelling, but none of them gave good results (R values ≤ 0.50). An overview of the most 
important results can be found in Table 6. 
 
Table 6: Model results for GS-86 (best performance is marked) 

 
 
GS-150 was modelled with independent weather variables from climate station 279. S1 
showed R values close to 0.56 for training, test and validation data for all three gaps. S2, S3 
and S6 could not be applied to the longer gaps (49-days and 77-days) because the gaps 
overlapped both High and Low flow periods. Models for the gap in the High period (32-days) 
gave bad correlations in general (R values ≤ 0.50), except for S5. S5 provided reasonably 
good results for all the gaps, with R=0.66-0.60 (training-validation datasets) in the 49- days 
86’ summer gap, R values above 0.71 for the 77-days 94’ winter spring gap and R= 0.71-0.80 
for the shorter autumn 32-days 2004’ gap (Table 7). 
 
Table 7: Model results for GS-86 (best performance is marked) 

 
 
In most models, structures were parsimonious and solutions converged. The difference 
between the R values of the training, test and validation datasets were well balanced 
indicating good reliability in the best models. The variables excluded from most models or 
with partial derivatives that did not indicate relevant contribution were usually the 
precipitation values 4-5 days before the daily gap. 
 
Despite the good results in some stations the ANN method was considered too time 
consuming because there was not one single scenario suitable for filling up gaps in all GS’s. 
Only four GS’s could be filled up using the double mass technique. After the selection 
procedure and filling up gaps a total of 56 GS’s, 53 CS’s for precipitation and 35 CS’s for 
temperature were selected and used for analysis. Each of the 56 GS’s were assigned to a 
watershed (area of influence) and based on these watersheds forest fire occurrence has been 
determined, so also this variable has 56 records. 
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3.2 Waterflow 

The detailed results from the general trends and the cluster analysis can be found in appendix 
II. 

3.2.1 General trends 

Habitual values 
Most of the gauging stations (GS’s) (~79%) did not show changes in most magnitude related 
parameters. Some GS’s showed a decrease in average water flow (WF), especially in the 
months February, May, June and the annual data (X5, X8, X9 and X13). The annual data in 
particular showed more decrease in WF (~36%) then the monthly data (~18%), but also in this 
parameter the majority of the GS’s did not show changes (~63%). GS’s where an increase in 
WF was noted were negligible (~1%). 
All of the variability related parameters, the difference between the min. and max. daily and 
monthly discharge and between Q10 and Q90 - percentile (X14-X27, X30), did not show 
many changes over the years, only in ~12% of the GS’s this difference became smaller and 
those with a higher variability were negligible (~1%). When separating the monthly and 
annual parameters, respectively ~10% and ~21% of the GS’s had less variability. 
Also in the seasonal data the same trends were found: mainly no change (~94%) in the 
number of the month with the lowest and highest water discharge (X28, X29), only one GS 
(~2%) for low water flow and ~7% of the GS’s for high water flow indicated a shift of 
towards an earlier time in the season. GS’s that had a shift in low and high water flow towards 
a later period in the season were absent or negligible. 
 
Extreme values (floods) 
The magnitude and frequency related parameters, the maximum daily flow and average 
maximum monthly flow - Qc (X31-X57, X59), did not show significant changes in ~62% of 
the GS’s and respectively a decrease and increase of ~24% and ~13% in the remaining GS’s. 
However the monthly data of the effective discharge (QED) (X44-X55) had many significant 
trends, ~39% of the GS’s had a lower maximum WF(based on the previous 10 years, but over 
a 30 year time span) and ~34% a higher maximum WF. Especially the months December & 
September had a higher maximum WF (in 51% of the GS’s) and November, April and May 
had a lower maximum WF (in 58% of the GS’s). On an annual base the effective discharge or 
bankfull flow (X56) summarizes the monthly results, no changes in ~34% of the GS’s, a 
lower maximum WF in ~36%, and a higher maximum WF in ~30% of the GS’s. Flushing 
floods (X57) had known a reduction in maximum WF in ~25% of the GS’s, but other stations 
did not show changes. The maximum daily flow (X31-X42) did not show so many changes 
(~88% of the GS’s) and an increase in maximum daily flow did not occur. 
There were also no changes in variability (coefficient of variation of the monthly maximum 
flows - X58) over time (~96% of the GS’s), only in ~4% of the cases a higher variability was 
observed. 
There was mainly no variation in the increasing rate of change (X76) over time (~86% of the 
GS’s), while the remaining ~13% GS’s showed a slower change in hydrological conditions 
(water level). GS’s with fast change (~2%) were negligible. The same trend is confirmed by 
the decreasing rate of change (X77): ~82% of the GS’s did not changed significantly over the 
years, while the remaining GS’s (~16%) showed a fast change of daily WF. GS’s with slow 
change in daily WF (~2%) were negligible. 
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Extreme values (droughts)  
The magnitude and frequency related parameters; the minimum daily flow and the average 
minimum monthly flow per year and the annual ordinary drought discharge (X60-X73, X75), 
did not show a significant trend in ~77% of the GS’s and a further reduction of minimum flow 
in ~22% of the GS’s. An increase in the minimum flow was negligible. The same results were 
obtained when only looking at the minimum daily flow and the average minimum monthly 
flow per year separately. The differences between months taught us that the autumn months 
and January did not show any changes in minimum daily water flow, while in the other 
months ~30% of the GS’s a decrease was found. Only the annual ordinary drought discharge 
showed a slightly larger amount of GS’s with a lower minimum annual discharge (~33% of 
the GS’s). 
There were almost no changes in variability (X74) over time in the GS’s (~88%). Of the 
remaining only ~5% of the GS’s had a smaller and ~ 7% had a larger difference between the 
minimum monthly WF’s. 

3.2.2 Cluster analysis 

The dendrogram was divided into eight clusters based on the dotted line in figure 6. A lower 
number of clusters was nearly impossible because we would have only one cluster, while a 
higher number of clusters was undesirable since it would make regionalization and relations 
with other variables (e.g. precipitation) very difficult. Since the distinction between clusters 
was not the same over all parameters, the characteristics or different water flow regimes were 
described per parameter or group of parameters in this section (see below). The differences 
between clusters could range from many changes over time to no changes at all. 
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Figure 6: Dendrogram for the GS's. The dotted line indicates where the dendrogram was split into 
clusters 
 
Analysis of the dendrogram clearly showed very unequal cluster sizes (i.e. the number of 
GS’s per cluster) (see figure 6). 
 
Habitual values 
With regards to the magnitude related variables, the cluster analysis did not show completely 
different behaviors among clusters. The minor differences indicated that the WF in the GS’s 
of C4 and C5 did not changed a lot over time, but in C4 the annual WF became lower. 
In C6, followed by C1, most changes towards a decrease in average WF could be observed, 
while the other clusters were comparable to each other and a further hierarchy was difficult. 
One exception was found in GS153 of C2, which showed an opposite trend, an increase in 
average WF. 
The variability related parameters were lacking sufficient significant changes to see a 
difference between clusters. Only in C6 more changes could be observed (i.e. less difference 
between the minimum and maximum WF’s) in the months February, May and June. When 
looking at the annual data there were (almost) no changes in variability for C6 and the other 
clusters, only C4 tended towards a decrease in difference between minimum and maximum 

Cluster 1 (7 GS’s) 

Cluster 2 (36 GS’s) 

Cluster 3 (1 GS) 

Cluster 4 (3 GS’s) 

Cluster 5 (3 GS’s) 

Cluster 6 (3 GS’s) 

Cluster 7 (2 GS’s) 
Cluster 8 (1 GS) 
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WF. The monthly difference between the minimum and maximum WF and difference 
between the Q10 and Q90 percentile had similar results, except C5, C6 and C8 where the 
majority of the GS’s showed smaller variation over the years, all other clusters were mainly 
dominated by GS’s without changes. Only GS153 had an opposite trend in the last two 
parameters. 
 
Extreme values (floods) 
From the general trends it was indicated that only the end of spring (May), summer (June and 
July) and February somewhat larger amount of GS’s had a significant reduction in maximum 
daily WF. Within these months C6 and C1, followed by C5 had a majority of GS’s with 
changes. When generalizing towards annual data, only C4 had a majority of GS’s with a 
reduced maximum WF. Other clusters had only few changes, but with the same trend. 
The bankfull flow or effective discharge per month (X44-X55) showed many significant 
trends. There was a lot of variation within groups, especially the months October, January, 
March, June, July and August showed positive, negative and no trends depending on the GS. 
December and September were dominated by GS’s with a higher maximum flow or bankfull 
flow over the 10 years’ return period (positive trend) and November, April and May had 
mainly GS’s with a lower maximum flow or bankfull flow (negative trend). The trends based 
on annual data (X56) showed the same variation between positive, negative and no trends 
within groups. Because of this high variability within groups no difference between clusters 
could be made. 
The reduction in WF of flushing floods (X57) was mainly found in C5, C6 and C8, where in 
other  clusters no changes were noted (only GS153 had again an opposite trend). 
In the variability related parameters, the coefficient of variation (CV) of the maximum 
monthly flows per year (X58) and the month with the highest flood frequency (X59), there 
were almost no changes in any of the clusters and therefore it was not possible to divide the 
clusters.  
The same accounted for the increasing rate of change (X76), only the decreasing rate of 
change (X77) had some changes towards a lower rate of change (positive trend), but not 
sufficient for making a division between cluster characteristics. 
 
 
Extreme values (droughts) 
The minimum daily WF (X60-X71) did not show enough changes in the months from 
October to April to find differences between the clusters. In the other months (from May to 
September) however a distinction between C1, C3, C6 and C8 with a large amount of GS’s 
showing a decrease in minimum daily flow and the other clusters with mainly no changes. In 
C2 a sub-cluster could be distinguished (GS 78, 85 and 86) which had a majority of GS’s with 
a reduction in minimum WF. Also in C2, GS 153 was again the outlier with an opposite trend. 
The generalized annual data (X72) showed fewer changes; only in C1, C3, C8 and the 
previously mentioned sub-group of C2 a decrease in minimum daily flow was observed. The 
ordinary drought discharge (X73) had very similar results than X72, so the same distinction 
between clusters was made. 
Almost no changes in the variability related parameters (X74 and X75) occurred, so no 
difference between clusters could be inferred based on variability of drought extreme values. 

3.2.3 Spatial distribution 

The mapping of the water flow regimes did not indicate a differentiated spatial pattern 
between the clusters (figure 7). Some clusters appeared only in the north and one only in the 
south, but they were mainly clusters with one single watershed. Some semi-large clusters 
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(ranging from 3 to 7 GS’s) showed spatial patterns; C1 was only present in the Northwest and 
C4, C6, C7 in the North. Contrariwise, the GS’s corresponding to C2 were spread over the 
map, not showing any spatial pattern. 

 
 

3.3 Climate - Precipitation 

The results from the general trends and the cluster analysis can be found in appendix III. 

3.3.1 General trends 

Habitual values 
Most of the CS’s (~83%) did not show a significant trend in the magnitude related parameters 
total and average precipitation (Y5, Y6). The CS’s that showed a change indicated mainly a 
reduction in the amount of precipitation (~13%). 
The same trends were found in the seasonality related parameters, the total precipitation per 
season (Y1-Y4), where ~90% of the CS’s did not show a trend. CS’s indicating a decrease 
and increase in precipitation were negligible, respectively ~6% and ~4%. 
 
Extreme values (high rainfall) 
The maximum seasonal precipitation per year (Y7) did not show a significant trend in ~91% 
of the GS’s and respectively a lower and higher amount of rain in ~7% and ~2% in the 
remaining CS’s. Also the seasonality related parameters, the maximum precipitation within 24 
hours, did not indicate many changes over time (93% of the CS’s). CS’s indicating a decrease 
and increase in maximum precipitation were negligible, respectively ~2% and ~5%. 
 
Extreme values (low rainfall) 
The minimum seasonal precipitation (Y8) did not indicate changes (~96% of the CS’s), with 
only a few CS’s showing an increase in minimum rainfall (~4%). 
The frequency related parameters; the number of days without precipitation per season (Y18-

Clusters 

Figure 7: Spatial distribution of the water flow regimes (C: cluster) 
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Y22) did not show a significant trend in ~79% of the CS’s and a decrease in ~13% of the 
CS’s. An increase of rain free days was observed in only ~8% of the CS’s. There was a high 
variation in trends between the seasons. Winter and summer hardly showed any changes, but 
in spring the number of days without precipitation decreased (~41% of the CS’s against ~59% 
without change), while autumn had more days with precipitation (~19% of the CS’s against 
~78% without change). The more general annual data summarized the seasonal data, ~72% of 
the CS’s without change, ~17% had less days with precipitation and ~11% had more days 
with precipitation. 

3.3.2 Cluster analysis 

The dendrogram was divided into eight clusters based on the vertical dotted line in figure 8. A 
lower number of clusters was nearly impossible because the relationships between CS’s 
would become too vague, while a higher number of clusters was undesirable since it would 
make regionalization and relations with other variables (e.g. water flow) very difficult. Each 
cluster had its own characteristics or precipitation regime per parameter ranging from many 
changes to no changes and were explained in detail in this section. 
 

 
 
Figure 8: Dendrogram for the CS’s - precipitation. The dotted line indicates where the dendrogram was 
split into clusters 
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Habitual data 
The total and average precipitation (Y5-Y6) showed similar results; C4, C7 were 
characterized by lower precipitation values over the years, as did few stations of C1. In C2, 
C6 and C8 no changes occurred and in C5 there was a trend towards more precipitation. 
In winter (Y1) and summer (Y3) there was no difference between the clusters since there were 
only very few changes. In spring (Y2) only in C4 a majority of the CS’s showed a decrease in 
precipitation. In other clusters very few changes were found; besides C1, C2 and C7 where 
some CS’s showed also a decrease in precipitation (except 1 CS’s in C2 which had a positive 
trend), all other clusters did not show any changes. 
 
Extreme values (high rainfall) 
Making a distinction between clusters based on the results of the maximum seasonal 
precipitation (Y7) was difficult since almost all clusters had very few or no changes. Only C7 
tended towards a lower maximum precipitation and in C2 one GS had the same and one an 
opposite trend.  The maximum precipitation in one day (Y14-Y17) did not show many 
changes within the seasons to make a separation between clusters, only in autumn (Y17) there 
was an increase in maximum precipitation in most of the CS’s of C8.   
 
Extreme values (low rainfall) 
The minimum seasonal precipitation (Y8) did not show sufficient trends and also the number 
of days without rain did not show changes for the winter (Y18) and summer (Y20) season. 
Only spring (Y19) and autumn (Y21) had enough changes to find a difference between 
clusters by their changing regimes. In spring C4, C7 and C8 showed a clear trend towards a 
reduction of days with precipitation, while other clusters had no or very few CS’s with 
changes. In autumn the opposite trend (more days with rain) was found for C1 and C3 and 
quite some CS’s in C2 and C8, while other clusters had no or few changes. In the annual data 
there was a quite large variation between the clusters: C5 and especially C1 and C3 had CS’s 
with an increase in days with rain, while C4, C8 and especially C7 were characterized by a 
decrease in days with rain. 

3.3.3 Spatial distribution 

A spatial pattern that could be recognized was that the largest cluster (C2) is mainly situated 
in the North –and Southeast, but in this area CS’s are scarce. Furthermore only C4 and C8 
show a clear pattern (all are situated in the Northwest), but all other clusters (precipitation 
regimes) had spread stations (see figure 9).  
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Figure 9: Spatial distribution of the precipitation (C: cluster) 

3.4 Climate - Temperature 

The results from the general trends and the cluster analysis can be found in appendix III. 

3.4.1 General trends 

Habitual values 
The average annual temperature (Y27) showed a trend towards an increase in temperature in 
~49% of the CS’s and except two CS’s declining, all other stations did not had a change over 
time. 
Also the seasonal trends indicated a raise in temperature, especially in spring (Y24) and 
summer (Y25) with ~69% of the GS’s. In winter and autumn very few changes were 
noticeable (~13% of the CS’s). CS105 was an exception, showing in all seasonal and annual 
averages a decrease in temperature. 
 
Extreme values (high T) 
The average of maximum monthly temperatures (Y28) had no trend in (~46%) of the CS’s, 
~9% had a lower temperature and quite some CS’s (~46%) showed an increase in maximum 
temperature.  
Maximum seasonal temperature (Y30) was dominated by CS’s without change 
(~86%) and the small amount of CS’s that showed a trend (~14%) were all indicating a 
decrease.  
The frequency related parameters; the number of days with a temperature higher than 30°C 
and 25°C per season and per year (Y32-Y39) did not show a significant trend in ~59% of the 
CS’s and a decrease of days with high temperature in ~6% of the CS’s. The most remarkable 
was a considerable amount CS’s (~35%) with a tendency towards an increase in days with 
high temperature. There was no difference when separating seasonal and annual data. 

Clusters 
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Extreme values (low T) – Magnitude, seasonality and frequency 
In ~57% of the CS’s there was no change in the average monthly minimum temperatures 
(Y29), while the rest of the CS’s showed an increase (~40%). The CS’s with a tendency 
towards lower minimum temperatures were negligible.  
The seasonal minimum temperature (Y31) was not influenced over time (~94% of the CS’s 
did not show a trend), because CS’s with an increase or decrease in minimum temperature 
were negligible. 
The frequency related parameters; the number of days with a temperature lower than 5°C and 
0°C per season and per year (Y40-Y47) did not show a significant change in ~72% of the 
CS’s and a lower number of days with low temperature in ~28% of the CS’s. Especially 
winter and spring showed a decrease in number of days below 0°C, with respectively ~66% 
and ~31% of the CS’s. The same pattern is found in the annual data, with a lower number of 
days with low temperature in ~60% of the CS’s. Stations with an increase in days with low 
temperature were absent. 

3.4.2 Cluster analysis 

The dendrogram was divided into seven clusters based on the vertical dotted (see figure 10). 
A lower number of clusters was not made because the relationships between CS’s would 
become unclear, while more clusters will complicate the regionalization (clusters will be too 
small to make conclusions). Similar to the previous variables, also in this case each cluster 
had its own characteristics or temperature regime per parameter ranging from many changes 
to no changes and were explained in detail in this section. 

Cluster 1 (2 CS’s) 

Cluster 2 (8 CS’s) 

Cluster 3 (9 CS’s) 

Cluster 4 (3 CS’s) 

Cluster 5 (5 CS’s) 

Cluster 6 (8 CS’s) 

Cluster 7 (1 CS) 
Figure 10: Dendrogram for the CS’s – temperature. The dotted line indicates where the dendrogram was 
split into clusters 
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Habitual data 
The average seasonal temperature in winter (Y23) and autumn (Y26) and the annual results 
(Y27) showed very few trends, only in C4 there was a majority of CS’s with an increase in 
average temperature. In spring (Y24) and summer (Y25) many significant increases in 
average temperature can be observed for all clusters so it was not really possible to make 
large distinctions between clusters for the habitual data. The only CS that had a decrease in 
average temperature was GS105 of C1. 
 
Extreme values – high temperatures 
The average of maximum monthly temperatures (Y28) knew an increase in most of the CS’s 
in C2, C3, C4 and C6 but no change in C5 and C7. Also in this parameter some GS’s showed 
a decrease in temperature (i.e. CS322 of C2, CS280 of C3 and CS105 of C1).  
The maximum seasonal temperature (Y30) indicated very few trends in all clusters, so in this 
case no difference between clusters could be found. 
Number of days with a temperature ≥ 30°C (Y32-Y34) occurred more over the years, 
especially in spring many clusters (i.e. C2, C4, C5, C6 and C7) had a majority of CS’s, but 
also C1 and C3 showed many CS’s with the same trend. Also in summer the same tendency 
was found, but only C3 and C6 this was the majority and in C7 no changes were found. Again 
some CS’s had an opposite trend, i.e. CS105 of C1 and CS322 of C2. In autumn only a few 
significant increases were found, especially in C2. When looking at the summed up annual 
data (Y35) it was mainly C4 and C6 that had more days with a temperature over 30°C, while 
C1 and C7 showed no changes. The number of days with a temperature ≥ 25°C (Y36-Y38) 
has similar results as in Y32-Y34, but in this case mainly C3-C6 were characterized by these 
changes. Only C1 and C7 in spring and C7 in summer had no changes. In autumn only C5 and 
C7 were affected by these changes. The more general annual data (Y39) showed an increase 
in days with a temperature above 25°C in C3 and C4, while in C1 and C5-C7 no changes 
were perceptible. In C2, CS322 had an opposite trend (decrease). 
 
Extreme values – low temperatures 
The number of days with a temperature ≤ 5°C did not have sufficient significant trends during 
all seasons (Y40-Y42) to mark a difference between cluster characteristics for these 
parameters. Only when looking at the more general annual data (Y43) a distinction could be 
made between C4 and C7, which had a decrease in number of days below 5°C, but the other 
cluster remained indistinct for extreme variables. The number of days with a temperature ≤ 
0°C per season (Y44-Y46) did show negative slope estimates, especially in winter almost all 
clusters (except C7) had CS’s with fewer days below 0°C. In spring only C4 had a majority of 
CS’s with this trend. In other clusters mainly no changes occurred, but all of them had some 
CS’s with the same decreasing trend. In C1 again CS 105, and in C2 CS91o showed an 
increase in days with frost. In autumn there were only few changes, so cluster differences 
were absent for this season. Annual data had similar results than winter so the same cluster 
characterization could be used. 
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3.4.3 Spatial distribution 

Some clusters followed spatial patterns; C3 only appeared in the Southern region. C4 was 
placed in the North (Pyrenees) and C6 was located in the Northwest. C7 had only one CS, so 
no pattern could be inferred. All other clusters, including the largest, are disaggregated over 
the map (see figure 11). 

Figure 11: Spatial distribution of the temperature regimes (the numbers are standing for the clusters) 

3.5 Forest fire occurrence 

3.5.1 General trends 

The forest fire occurrence did not change over time in ~73% of the watersheds, while there 
was more occurrence in ~21% of the watershed areas and a lower occurrence in ~7% of them. 
The burned area was about constant over time; ~95% of the watersheds exhibited no trend. 

3.5.2 Cluster analysis 

The dendrogram was divided into six clusters based on the vertical dotted (see figure 12). A 
lower number of clusters was not made because the relationships between CS’s would 
become indistinct and a larger number would make the clusters too specfic and too small 
which would obscure regional patterns and make relations with other variables (e.g. 
temperature) very difficult. 
 

Clusters 
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Figure 12: Dendrogram for the forest fire occurrence. The dotted line indicates where the dendrogram 
was split into clusters 
 
The forest fire occurrence clusters had clear deviations from each other since there were only 
two parameters included, i.e. frequency and burned area. C6 had the highest increase of 
occurrence over time, followed by C4 and C3, but these clusters had no change in burned area 
trends. In C2 there was no change in occurrence or burned area and in C5 there was only a 
change towards a decrease in burned area. 
 
 
 
 
 
 
 
 
 

Cluster1 

Cluster2 

Cluster4 

Cluster5 

Cluster6 

Cluster3 
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3.5.3 Spatial distribution 

The map of the forest fire occurrences did indicate a spatial pattern for some clusters; C4 was 
only located in the South, while the largest cluster (C2) was mainly present in the Northern 
part. Other clusters did not show patterns or were too small to assume patterns (see figure 13). 

 
Figure 13: Spatial distribution of the forest fire occurrence regimes (C: cluster) 

3.6 Relationships between the variables 

In this section the relations (the amount of spatial overlap in km2) between the regimes of the 
variables are shown as indicated by ‘intersect’ in figure 2.  

3.6.1 Relations between water resources and climate data 

From table 8 and figure 14 it is possible to discern that WF1 is mainly related to P1 although 
in some cases they also appear to be related to P2, P3 and P5. Also WF6 is related to P1, but 
this WF regime has some additional relations, mainly with P2, P4 and P7. All other water 
flow regimes are mainly related with P2. 
 
Table 8: Relations between water resources (WF + cluster number) and precipitation (P + cluster 
number). The values are indicating the overlapping areas (km²). 

WF/P 1 2 3 4 5 6 7 8 

1 1068 814 707 576 211 0 230 733 

2 1338 10159 675 310 293 0 401 329 

3 0 558 0 0 0 0 0 0 

4 494 1150 0 1 0 0 0 284 

5 16 2948 0 0 0 0 0 30 

6 2572 787 217 1284 482 0 1470 62 

7 0 521 0 108 0 0 0 0 

8 0 235 0 30 0 0 0 0 

Clusters 
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Figure 14: Relation between water flow regimes (indicated by C in the legend) and precipitation (the 
clusters of precipitation are indicated by the number within the map) 
 
From table 9 and figure 15 it can be noticed that WF1 is mainly related to T6, although there 
is also a relation with T1, T2, T4 and T5. WF2 is mainly related to T4, but also a large area of 
T2, T3 and T7 is overlapping with this water flow regime. WF3 is only related to T7 and WF4 
to T2 and T4. WF5 and WF6 are mostly related to T1, but in the latter WF regime also T2, T4 
and T5 are related. WF8 was mainly related to T4. 
 
Table 9: Relations between water resources (WF + cluster number) and temperature (T + cluster 
number). The values are indicating the overlapping areas (km²). 

WF/T 1 2 3 4 5 6 7 

1 678 787 0 703 928 1244 0 

2 265 1877 2843 3943 1927 0 2786 

3 0 0 0 0 0 0 559 

4 0 873 97 824 134 0 0 

5 2617 310 49 0 17 0 0 

6 2015 1952 0 1452 1456 0 0 

7 139 0 0 0 0 0 0 

8 0 0 0 235 30 0 0 

Water flow clusters 

Relationship between water flow regimes and precipitation 
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3.6.2 Relations between water resources and forest fire occurrence 

The influence of forest fire occurrence on the water flow regimes is mainly related to FF2, 
although in some cases (WF1, WF2 and WF6) there is respectively also quite some overlap 
with FF1, FF4 and FF6 (see table 10 and figure 16).  
 
Table 10: Relations between water resources (WF + cluster number) and forest fire occurrence (FF+ 
cluster number). The values are indicating the overlapping areas (km²). 

WF/FF 1 2 3 4 5 6 

1 1455 2615 75 0 196 0 

2 1590 8046 153 3287 564 0 

3 0 559 0 0 0 0 

4 0 1645 284 0 0 0 

5 0 2447 546 0 0 0 

6 0 4079 0 0 0 2796 

7 0 623 0 0 0 0 

8 0 266 0 0 0 0 

Water flow clusters 

Relationship between water flow regimes and temperature 

Figure 15: Relation between water flow regimes and temperature (the clusters of temperature 
are indicated by the number within the map) 
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3.6.3 Relations between forest fire occurrence and climate change 

Table 11 and figure 17 show that all forest fire occurrence regimes, except FF6, are mainly 
related to P2. FF6 is mostly overlapped by P4. Some other precipitation regimes that also 
have a considerable amount of overlap are P1 on FF2 and P8 for FF3. 
 
Table 11: Relations between forest fire occurrence (FF+ cluster number) and precipitation (P + cluster 
number). The values are indicating the overlapping areas (km²). 

FF/P 1 2 3 4 5 6 7 8 

1 371 1669 675 98 211 0 0 20 

2 4305 11437 707 868 168 0 2075 724 

3 31 546 0 20 0 0 26 436 

4 528 2566 0 57 0 0 135 0 

5 0 438 0 0 126 0 0 196 

6 252 516 217 1266 482 0 0 62 

Relationship between water flow regimes and forest fire occurrence 

Water flow clusters 

Figure 16: Relation between water flow regimes and forest fire occurrence (the clusters of forest 
fire occurrence are indicated by the number within the map) 
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From table 12 and figure 18 one can see that FF1 is mostly related to T7, FF2 is mainly 
related to T1 and T2, FF3 to T1, but also to T5 and FF4 mainly to T4 and T1. FF5 is mainly 
overlapped by T1, while FF6 is mostly related to T4. 
 
Table 12: Relations between forest fire occurrence (FF+ cluster number) and temperature (T + cluster 
number). The values are indicating the overlapping areas (km²). 

FF/T 1 2 3 4 5 6 7 

1 361 228 0 70 795 0 1590 

2 6186 3935 226 5952 2370 973 643 

3 577 0 0 20 387 75 0 

4 589 97 0 824 134 0 0 

5 1280 310 49 0 17 0 0 

6 252 482 0 1434 628 0 0 

 

Figure 17: Relation between forest fire occurrence and precipitation (the clusters of precipitation 
are indicated by the number within the map) 

Relationship between forest fire occurrence and precipitation 

clusters 
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Figure 18: Relation between forest fire occurrence and temperature (the clusters of temperature 
are indicated by the number within the map) 

clusters 
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4 Discussion 

4.1 Data preparation 

Natural and rainfall-dominated flow regime watersheds with a reliable data range of 30 years 
of daily weather and flow records were not abundant in the Ebro river watershed. These 
conditions were not easily met and consequently, the data used in this study was limited to 
five GS’s. Nevertheless, the selection of the gauging stations spread North and South of the 
main stream and include paired, nearby gauging stations. Ten gaps were modelled under 
different conditions of inter and intra-annual flow variability. The variables used to build the 
models were purposely few, because Julian day and precipitation data are considered the most 
important variables to make predictions on streamflow (Besaw et al. 2010; Cuadrat et al. 
2007; Wu and Chau 2011), and they are usually available within the area of interest. Data 
availability is always an issue in this type of studies. Existing data at GS’s nearby, either 
upstream or downstream of the same watercourse, are rarely available. Complex rainfall-
runoff models can be built, but they also require many data, and watershed characteristics 
(shape, soil, elevation, vegetation) are not always easily acquired. Instead, we tested simple 
models based on generally available weather data with a view to use them for filling gaps in 
water flow series. In many instances the artificial neural network models (ANNs) further 
reduced the amount of variables in order to improve training results (as in Vega-García et al. 
1996; Klutowski and White 1993), mainly precipitation values delayed 4-5 days from the 
gaps. This fact backed the assessment of the small size of the watersheds and the selection of 
precipitation variables (previous 1-5 days) based on time of concentration. 
Like in other hydrological problems (Alcázar et al. 2008, Araujo et al. 2011, Besaw et al. 
2010, Poff et al. 1996, Wu and Chau 2011), ANNs have proven their potential value for 
modelling complex processes with limited data, but the variability of the Pearson R 
correlation values between observed and predicted outcomes under different scenarios and 
GS’s indicate that procedures cannot be generalized. Not all models performed well enough 
for their intended filling gaps application. 
The results of the study suggested that there was not one single scenario suitable for filling up 
gaps in all gauging stations, but S4, S5 and S6 gave the best results. Different scenarios would 
have to be tested, if applicable, but this approach seemed promising if seasonal variability is 
accounted for and short periods before and after the gap are considered. Using the full 30 
years of data did not give satisfactory results which probably were related to changes in water 
flow over the years, more likely with longer time spans. Gaps in Low water flow periods  
gave better modelling results, probably caused by a lower variability in the data typical of 
these periods. High heterogeneity in the water flow data negatively influenced the training of 
suitable models, like in case of GS-57 and GS-86 gauging stations, where no suitable model 
was found for any scenario or gap. Future work may have to look into neural network 
algorithms better suited to identify extreme values instead of general trends. 

4.2 Waterflow 

4.2.1 General trends 

The habitual parameters to determine if there was a change in water flow regime during the 
30 years’ time span indicated that on an annual base there was a decrease in water discharge 
in a considerable amount of rivers (GS’s), but in the majority of rivers no change was 
noticeable. Summarizing the monthly results resulted in leveling out most of the seasonal 
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influence because in most months almost no changes were appreciated, but it is remarkable 
that the decrease found in annual data is mainly influenced by the month’s spring (May and 
June) and the beginning of summer (July). This could be an indication that the period of 
drought, normally taking place in summer, is extending towards spring and could maybe 
cause more severe drought stress in summer. Summer itself is already dry so that is possibly 
the reason why in August and September no significant changes were noted. A somewhat 
strange observation in the results is the decrease in water flow in February which was not in 
line with the expectations. GS153 was an exception since it is the only river with an increase 
in water discharge. No explanation could be found by looking at the trend results of other 
variables at this location or topography. Including factors such as vegetation or soil could 
maybe have explained more but were out of the scope of this research. 
The variability had not changed in most of the months, except in February, May and June 
some changes towards a lower variability were found. This was also the case for the annual 
data. This could be explained by the fact that a reduction in maximum water flow reduces the 
difference between the minimum and maximum flows. Also the difference between the Q10 
and Q90 percentile of the flow duration curve confirms these observations.  
Seasonality was included to see if climate change could cause a shift in the water flow regime. 
Maybe an increase in temperature could had an influence on the snow melt, causing a shift in 
high water flow towards an earlier period in the year and affecting the water availability later 
in the year (Bates et al. 2008, Arnell 1999a, Arnell 1999b, Cuadrat et al. 2007, Poff et al. 
1996). However both the months with maximum and minimum water discharge presented 
very few changes. 
 
Trends similar to those in habitual data were found in the maximum values or floods. The 
monthly maximum in most GS’s did not change over time, only in the months February, May, 
June and July some changes towards a lower maximum water flow were apparent, similar to 
the trends in the monthly average data. Also the average maximum monthly discharge had 
similar results. The effective discharge or bankfull flow enabled us to see if the peaks in water 
flow, measured over a period of 10 years (return period from the year of interest till 10 year 
before), decreased or not. In general it seems that the effective discharge was very site 
specific because the monthly data showed, besides some stations without change, stations 
with decrease and increase within the each parameter. Only for the months September and 
December there was a tendency towards higher peaks in water discharge and in the months 
November, April and May towards lower peaks. The lower peaks could be the result of a 
generally lower water discharge over the years as found in the average and maximum flows. 
The increase in peak flows is probably caused by extreme weather events (heavy rainfall) in 
some days although it could be the case that the rest of the time precipitation was reduced 
(Arnell 1999a, Bates et al. 2008, Cuadrat et al. 2007, Poff et al. 1996). The results of the 
flushing floods over time indicated a reduction in floods, which supports the decreasing trends 
in bankfull flows.  
There was no change in the variability of maximum flows. That could be because lower peaks 
in winter and lower peaks in summer level each other out, but it is also possible that there are 
no changes in variability. Also the months with the highest flood frequency did not show any 
changes, which means no shifts occurred in floods from one month to another over time. 
The increasing and decreasing rate of change (a measure for how rapidly a flow raises or falls 
from day to day) did not show many changes. The GS’s in which a change was observed were 
indicating rate of change became lower, probably caused by the reduction in water flow. 
 
The reduction of water availability is also found in some of the GS’s when looking at the 
minimum daily flows per month. This trend is mainly observed in spring, summer and in 
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February, strengthening the earlier findings in habitual and maximum data. The ordinary 
drought and the average minimum monthly –discharge confirms previous results. Similar to 
the maximum values there was almost no variability in minimum values, probably because 
annual data is too general. 

4.2.2 Cluster analysis 

The temporal results of the habitual data had a majority of stations without change which 
somewhat complicated the comparison between the different clusters (few differences) 
However as described in the general trends some parameters had still many GS’s indicating a 
change, enabling us to distinguish the differences in characteristics between clusters and thus 
the type of water flow regime. Unfortunately the dissimilarities in characteristics that separate 
these clusters are different from parameter to parameter which makes it impossible to make a 
clear division into clusters with many changes to those with no changes. Therefore the 
characteristics had to be explained per parameter and it has to be noted that this is an 
explorative study. Nevertheless it was possible to denote that the clusters which seemed to 
have changed most over the 30 years’ time span in the months with sufficient changes were 
C1 and C6, while the GS’s of C2 and C4 indicated the lowest amount of changes. This was 
not the case for C4 when looking at the annual data.  
In the variability related parameters with fewer changes, C6 was again the most remarkable 
cluster showing a decrease in variability in the months with sufficient changes (as found in the 
general trends). These trends were also found in the annual data and the in the difference 
between the Q10 and Q90 percentile for C6, together with C5. In most of these (latter) 
parameters C2 and C4 were indicating only very few changes. C3, C7 and C8 were too small 
(1 or 2 GS’s) to categorize them as having many or few changes, especially because within 
those clusters with 2 GS’s the results were mixed (no change and decreasing trend) and this 
was also the case when looking over all the parameters of the habitual data. In general C6, 
followed by C1 were the clusters with their water discharge most affected, and C2 and C4 less 
affected over time. 
 
The same patterns as in the average water flow were found for the maximum values; C1 and 
C6, and in some extent C5 had lower maxima. However this was not found in the annual data 
of maximum water flows, probably the other months disguise the effects found in some 
months. In this case only C4 was indicated as being most affected. The effective discharge 
was, as mentioned before in the results, very site specific and could not be used on a cluster 
level because of the large variability within each cluster. From all other parameters only the 
‘flushing floods’ had sufficient changes and also in this case C6, and C5 were characterized 
by lower peak flows. In general the maximum values (floods) had similar clusters which had 
been affected by changes (C1 and C6), but in this aspect also C5 had many changes. 
 
The months in which there was an influence on the minimum daily discharge (see ‘general 
trends’) indicated that these changes mainly occurred in C1 and C6. The annual data had 
similar results, but in this parameter no changes were found in C6. This could be because the 
other months disguise the effects found in some months (as found in the ‘maximum values’). 
What was also remarkable was C8; despite this cluster had only one GS, this station had a 
change in minimum water flow in all of the monthly and annual parameters. When looking at 
the results of the annual drought discharge, only C1 had a majority of GS’s which showed a 
decrease in minimum discharge. In general this aspect also indicated C1 and C6 as the 
clusters most affected by changes. 
 
The map of the water flow regimes did not indicate a spatial pattern between the clusters 
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(figure 7). Some clusters only appear in the north and one only in the south, but they are 
mainly clusters which comprise only one single watershed and their uncertainty is too high to 
speak of pattern (i.e. it is not sure that if there would be more stations in this cluster, they 
would be near each other. Nevertheless for some semi large clusters (ranging from 3 to 7 
GS’s) we could say with some confidence that they indicate a spatial pattern; C1 was only 
found in the Northwest and C4, C6, C7 in the North. However, the GS’s corresponding to C2 
in the contrary were spread over the map, not showing any spatial pattern 

4.2.3 Spatial distribution 

When looking at the location of the clusters and taking into account the results from the 
cluster analysis it can be clearly found that both C1 and C6 have rivers which had a change in 
water flow regime over time and both are located in the North to Northwest. C8 which 
showed changes in the minimum values is also located in the North but this cluster, together 
with C3 and C7 is actually too small to speak of patterns. The cluster containing the GS’s 
with the least change was C2 and is spread over the map.  

4.3 Climate – precipitation 

4.3.1 General trends 

The annual data did not indicate changes in precipitation, only in a small amount of stations 
there was less rainfall over the years and the division into seasonal data did not show different 
results. Only in spring there was a slight decrease in rainfall and in autumn an increase which 
to some extent could indicate wetter autumns and drier springs. Maybe the effects in summer 
could increase the already dry summer period and cause problems regarding drought. 
 
Also the extreme events of high (maximum) rainfall were mainly not influenced over time. It 
is possible that over the 30 years’ time span habitual (average) rainfall events were occurring 
less frequently, but their intensity remained the same (that could explain the drop in water 
flow in some rivers, but not their maximum flows). Maybe including parameters, which did 
not look at the absolute maximum values, but for example the amount of days with a rainfall 
above a certain threshold or the average of the 10 largest rainfall events per season would 
maybe reveal more changes. 
 
Similar results were observed for the minimum values (droughts), but in this regard some 
remarkable trends were found in autumn, tending towards more days of rainfall and spring 
tending to fewer days with rain as indicated by Bates et al. (2008), Arnell (1999a) and Arnell 
(1999b). Especially the changes in the spring season are important; as mentioned before this 
could be an indication towards an extension of the characteristic dry summer which could 
maybe cause water stress (for vegetation) and shortage of water availability (e.g. irrigation). 
Overall it would have been useful to look at more specific monthly data in addition of 
seasonal and annual data. Annual data often seems too general and therefore not always 
shows the changes that occur on a seasonal level. Specifically, opposite trends in the seasonal 
data causes annual data to be non-significant (trends are disguised). 

4.3.2 Cluster analysis 

Since for habitual data the majority of CS’s were not indicating changes, it was difficult to 
separate the cluster characteristics. However seasonal data, and especially spring and autumn 
enabled us to select clusters with different characteristics such as C4 and C7 which had a 
lower total precipitation in spring and C8 with increased total precipitation in autumn. C2 
displayed the least changes. 
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Similar patterns were found in the maximum values; C7 indicated a decrease in maximum 
precipitation in the annual data, while C8 showed an increase in autumn. 
 
Also the minimum rainfall parameters were supportive of previous findings. The annual data 
seems too general (as mentioned in the general trends), but the seasonal data indicates that 
spring had more days without rain in C4, C7 and C8. In autumn the trend was opposite in C1 
and C3 and to some extent in C2 and C8. In summary, C4, C7 and to some extent C8 
indicated a decrease in precipitation events in spring, while in autumn an opposite trend was 
found in C8 especially, but also in C1, C2 and C3. 

4.3.3 Spatial distribution 

Figure 9 indicates that C4 is only located in the Northwest, while C7, the other cluster with a 
decreasing precipitation regime, is more dispersed. C8, which showed an increase in rain in 
autumn and a decrease in spring, was also located in the Northwest. The other clusters 
existing only out of one CS could not be considered as having a pattern because with so little 
stations we cannot speak of groups. Another remarkable pattern is that C2 (least changes) is 
mainly located East, but this is a less reliable assumption since in that area only very few 
stations were useful for analysis (due to lack of data). 

4.4 Climate - temperature 

4.4.1 General trends 

When compared to the other two variables, temperature showed most changes over time. 
Habitual data indicated clearly that in many locations an increase in temperature occurred 
which was especially discernible in spring and summer. 
 
Also in the averages of maximum monthly temperature per year an increase was found, but 
when looking at the absolute peaks in temperature over time there were only few changes. 
This indicates that although temperature raises and maybe temperature peaks are more 
frequent, they are not becoming more severe. Frequency related parameters supported the 
trend results of the habitual data: the increase in temperature was also found in the number of 
days above 25°C and 30°C during spring and summer. Annual frequencies were showing less 
significant results but that could be caused by the inclusion of autumn. 
 
To explore if these trends were also taking place in and around the winter season, maybe 
influencing snowfall and/or snow melt (regarding the shift in water flow), the frequency of 
days below 0°C and 5°C were analysed. The results indeed indicated a decrease in days with 
low temperature, mainly in the days below 0°C in winter and spring, which are the most 
important months regarding snow melt and the effect on water discharge. These results are 
also supported by Bates et al. (2008), Arnell (1999a), Arnell (1999b), Cuadrat et al. (2007) 
and Poff et al. (1996). Despite the small amount of CS’s one can still conclude with some 
certainty that there is a tendency towards an increase in temperature in almost all parameters, 
although this does not seem true in all areas. 

4.4.2 Cluster analysis 

Since the habitual values the annual data and the autumn season did not show a sufficient 
amount of changes (see general trends) for dividing the clusters by their characteristics the 
emphasis lays on the increase in temperature in winter, spring and summer. In the habitual 
data only C4 stuck out (significant increase in temperature in all parameters) and this was also 
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the case for the number of days above 30°C in spring. In the last mentioned parameter also 
C2, C6, C7 and especially C5 had a majority of CS’s with an increase in days with high 
temperature. In summer this was the case for C3 and C6, while C7 had no changes at all. Also 
for the days with a temperature above 25°C C3 and C6 were the clusters with most changes 
towards an increase in days with high temperature, while the CS’s C1 and C7 had no changes. 
The trends in low temperatures in winter indicated a difference between C7 (no change) and 
all other clusters (especially C3, C4 and C5) which had a decrease in days with low 
temperature (0°C). In spring only C3 had a majority of CS’s with a decrease in the last 
mentioned parameter, while in C7 again no changes occurred.  
Overall one can conclude that C3, C4, C5 and in some extent in C6, most changes towards an 
increase in temperature. This was not the case for C7 and other clusters could be found as 
intermediate. 

4.4.3 Spatial distribution 

The location of the clusters suggested that most clusters which showed a change towards an 
increasing temperature had a spatial pattern: C3 was situated in the Southern part of the Ebro 
watershed, C4 only in the northern part and C6 in the Northwest. Only the CS’s of C5 were 
scattered. The cluster with few or no changes (C7) had only one CS, so here one cannot speak 
of a pattern. In general the number and extent of the CS’s was poor because of the lack of 
data. However regarding the relationship with the other variables (water flow and forest fire 
occurrence) the reliability is quite high since most CS’s are situated within or near the 
watersheds. 

4.5 Forest fires 

4.5.1 General trends 

In most watersheds forest fire occurrence did not change over the 30 years’ time span, but 
some areas suggested an increase. The amount of burned area did not change, and it has been 
speculated this is due to improvement in monitoring and technological advancement in 
techniques for firefighting. Also, the awareness of the danger of fires increased during the 
years which lead towards preventive measures against fire spread (fire roads, hazard reduction 
through fuel treatment). To be able to fully understand the trends regarding forest fires, 
though, more parameters are needed, especially regarding vegetation type and structure, 
amount of dead wood, shrubs/understory, but also land management is important. 

4.5.2 Cluster analysis 

Since only two parameters were included in the cluster analysis the cluster division of the 
dendrogram is very clear, showing mainly watersheds where no fires occurred (C2). C6, 
followed by C4 had the highest changes over time. As mentioned before more parameters are 
needed to have a full understanding and more complete and reliable cluster division. 

4.5.3 Spatial distribution 

The clusters indicating most change towards an increase in fire forest fire occurrence, C6 and 
C4 were respectively located in the North and the South. However C6 only had one watershed 
so it is difficult to make any hard conclusions regarding its location. Since C4 and C6 had a 
similar regime, we would expect them to be located near each other if there was a spatial 
pattern, but this was not the case. Therefore there is a high uncertainty regarding any spatial 
relationship. 
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4.6 Spatial relationships between the variables 

4.6.1 Relations between water resources and climate change 

The main interest is on the clusters with the most affected water flow regime and if there is a 
relation with to the most affected clusters of precipitation. This was found for the water flow 
regime of C1, which was mainly related to the precipitation regimes in C4 and C8 (see figure 
14). This was to some extent also the case for C6 which was mainly related to C4 and C7 
together, although the precipitation regime in C1 covered most area (see table 8). Other 
relations were found in water flow C2 (characterized by ‘no changes’), which is mainly 
related to C2 of precipitation (also characterized by ‘no changes’). However in the latter case 
one needs to be aware that the relation is also partly due to the large size of the clusters of 
both variables as indicated in the dendrogram (figure 8). Other relations were not found 
because they are not clear (i.e. clusters with only some changes and/or overlapped by multiple 
clusters with different regimes or the cluster is too small). 
 
The decreasing water flow regime in C1 is mainly related to the increasing temperature in the 
CS’s of C6, but there was also an overlap with C2 and C5 from which C2 had only few 
changes. Water flow C6 (decrease in water discharge) is mainly related to C1 and C2 and in 
some extent to C4 and C5, so in this case temperature had not much influence on the water 
discharge. C8 (decrease in water discharge) was mainly related to C4, but this is only a small 
area, not enough for making hard assumptions. This was also the case for C7 (no changes in 
temperature) covering C2 (no changes in water discharge). Other relations were not found 
because they are not clear (i.e. clusters with only some changes and/or overlapped by multiple 
clusters with different regimes). 

4.6.2 Relations between water resources and forest fire occurrence 

Forest fire occurrence did not have any influence on the water flow regime besides the 
relation between C6 of both variables with water flow showing a decrease in water flow and a 
higher forest fire occurrence. This one relation could be coincidence, but a more plausible 
assumption is that this was mainly the effect of precipitation and temperature changes in this 
area. Forest fire occurrence is actually an indirect influence, i.e. replacing the effect of 
vegetation on water flow (they cause removal of some of the vegetation). 
More important is the effect the last mentioned variables on the water flow regime (see above) 
and forest fire occurrence (see below). 

4.6.3 Relations between forest fire occurrence and climate data 

The area where most forest fires occurred (C6) was mainly influenced by C4 which showed 
most decrease in precipitation. Other relevant relations were not found. 
In the case of temperature the area where most forest fires occurred (C6) was mainly 
influenced by C4, characterized by many trends of increasing temperature.  
This means that there is a probability that the increase forest fire occurrence in that area is 
related to a combination of more droughts and an increase in temperature over time. However 
we need to keep in mind that this is an explorative study and this means that also other 
variables could cause an increase in forest fire occurrence. 
This is only the case for forest fire C6, but other clusters did not show these relationship. To 
thoroughly analyze forest fire occurrence more parameters are needed. Especially vegetation, 
land management (abandonment) and the amount of dead wood (fuel) as also mentioned in 
Diaz-Delgado et al. (2004), Dios et al. (2007) and Vega-Garcia & Chuvieco (2006). 
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5 Conclusions 

The artificial neural network modeling part (ANNs) in this study was a stepping stone used 
for the estimation of daily water flow in five gauging stations with rainfall dominated natural 
hydrological regime located in watersheds of the Ebro River. We concluded that no general 
rule applied to all stations and gaps investigated, but if seasonal variability is accounted for 
and short periods before and after the gap are considered this approach may be useful. Models 
for low water flow periods apparently performed better, probably because of the lower 
variability in the data typical of these periods. 
 
The main goal of this study was to explore effects (relations) of climate change on fire 
occurrence and water regimes in a Mediterranean watershed. Before the relations could be 
made between climate change, water flow regime and historical forest fire occurrence, the 
change in climate, water flow regime and forest fire occurrence had to be tested to see if there 
were changes in the first place: 
 

• Are there indications of hydrologic alteration in the Ebro watershed in the past 30 
years and are there spatial patterns? 

Changes in water flow occurred, but the majority of rivers (GS’s) did not show changes over 
the 30 year time span. The stations with changes all pointed towards a reduced water 
discharge which was most detectable during the spring. The reduction of water flow in spring 
was an important observation because it could extent the characteristic dry summer period 
which could cause ecological problems. Most changes are grouped in the clusters located in 
the North to Northwest, but in general we cannot make a regionalization of the water flow 
regimes since most gauging stations and/ or clusters are widespread. 
 

• Are there indications that climate has changed in the Ebro watershed over the past 30 
years and are there spatial patterns? 

The variables of the climate analysed, precipitation and temperature, both indicated changes. 
The changes in precipitation were limited to some locations, showing a decrease in 
precipitation mainly discernible in spring. There was also an increase in precipitation in 
autumn. Especially the number of days without rain highlighted these changes. Also in this 
case two of the three clusters with most changes were located in the Northwest of the Ebro 
watershed. 
Temperature was the variable with most changes over time, displaying an increase in almost 
all parameters. The main seasons showing an increase in temperature were spring and 
summer, in the habitual data and the high temperature data. But also around the winter period 
some remarkable changes were found; there was a considerable decrease of days with frost 
which could have a large effect on the water flow. The assumption of a reduction of snow or 
earlier snow melt could cause a shift in water discharge towards an earlier period in the year, 
causing reduction of water flow later on and maybe even shortage.  
 

• Are there indications that the fire regime has changed in the Ebro watershed in the last 
30 years and are there spatial patterns? 

To measure the changes in forest fire occurrence only two parameters were included, but the 
most important parameter, the occurrence, showed an increase in fires in some (few) 
locations. Except for the cluster with most changes, located in the North, no other spatial 
patterns were evident. 
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• Is it possible to find a relationship between the variables? 
When testing the relations between the variables we noticed that there is a considerable 
amount of overlap between the clusters most affected by changes, but not everywhere. 
Despite the fact that this part of the study is only descriptive and explorative we can say that 
there are quite some indications that there is a relation between water flow and climate change 
(combination of precipitation and temperature). The effect of climate change on forest fire 
occurrence (despite some relation with the cluster characterized by a decrease in rainfall) 
could not be proved. Forest fire ignition is mainly caused by humans (but also influenced by 
climate) and therefore is very complex to model. 
Even though some quite clear trends and some indications of spatial relationships were found, 
this is an exploratory report and we concluded further analysis were needed to improve the 
reliability of our findings by including other important variables as vegetation and soil 
characteristics.
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Appendix I: Parameters for water flow and climate data 

Parameters WaterFlow Data  
Par. nr. Name 
X1 Average discharge – m³/s (oct) 
X2 Average discharge – m³/s (nov) 
X3 Average discharge – m³/s (dec) 
X4 Average discharge – m³/s (jan) 
X5 Average discharge – m³/s (feb) 
X6 Average discharge – m³/s (mar) 
X7 Average discharge – m³/s (apr) 
X8 Average discharge – m³/s (may) 
X9 Average discharge – m³/s (jun) 
X10 Average discharge – m³/s (jul) 
X11 Average discharge – m³/s (aug) 
X12 Average discharge – m³/s (sept) 
X13 Average discharge – m³/s (annual) 
X14 Difference between the min. and max. daily discharge – m³/s (oct) 
X15 Difference between the min. and max. daily discharge – m³/s (nov) 
X16 Difference between the min. and max. daily discharge – m³/s (dec) 
X17 Difference between the min. and max. daily discharge – m³/s (jan) 
X18 Difference between the min. and max. daily discharge – m³/s (feb) 
X19 Difference between the min. and max. daily discharge – m³/s (mar) 
X20 Difference between the min. and max. daily discharge – m³/s (apr) 
X21 Difference between the min. and max. daily discharge – m³/s (may) 
X22 Difference between the min. and max. daily discharge – m³/s (jun) 
X23 Difference between the min. and max. daily discharge – m³/s (jul) 
X24 Difference between the min. and max. daily discharge – m³/s (aug) 
X25 Difference between the min. and max. daily discharge – m³/s (sept) 
X26 Difference between the min. and max. daily discharge – m³/s (annual) 
X27 Difference between the min. and max. average monthly discharge – m³/s (annual) 
X28 Month with the max. water discharge – number of the month (annual) 
X29 Month with the min. water discharge  – number of the month (annual) 

X30* Difference between Q10% and Q90% – m³/s (flow duration curve) 
X31 Max. daily discharge – m³/s (oct) 
X32 Max. daily discharge – m³/s (nov) 
X33 Max. daily discharge – m³/s (dec) 
X34 Max. daily discharge – m³/s (jan) 
X35 Max. daily discharge – m³/s (feb) 
X36 Max. daily discharge – m³/s (mar) 
X37 Max. daily discharge – m³/s (apr) 
X38 Max. daily discharge – m³/s (may) 
X39 Max. daily discharge – m³/s (jun) 
X40 Max. daily discharge – m³/s (jul) 
X41 Max. daily discharge – m³/s (aug) 
X42 Max. daily discharge – m³/s (sept) 
X43 Qc - Average max. monthly discharge  – m³/s (annual) 

X44** QED - effective discharge – m³/s (oct) 

X45 QED - effective discharge – m³/s (nov) 

X46 QED - effective discharge – m³/s (dec) 

X47 QED - effective discharge – m³/s (jan) 

X48 QED - effective discharge – m³/s (feb) 
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X49 QED - effective discharge – m³/s (mar) 

X50 QED - effective discharge – m³/s (apr) 

X51 QED - effective discharge – m³/s (may) 

X52 QED - effective discharge – m³/s (jun) 

X53 QED - effective discharge – m³/s (jul) 

X54 QED - effective discharge – m³/s (aug) 

X55 QED - effective discharge – m³/s (sept) 

X56 QED - effective discharge – m³/s (annual) 

X57*** Q5% - flushing flood – m³/s (annual) 

X58 Coefficient of variation of the max. monthly discharges (annual) 

X59**** Q≥Q5% - Month with the highest flood frequency - number of the month (annual) 

X60 Min. daily discharge – m³/s (oct) 

X61 Min. daily discharge – m³/s (nov) 

X62 Min. daily discharge – m³/s (dec) 

X63 Min. daily discharge – m³/s (jan) 

X64 Min. daily discharge – m³/s (feb) 

X65 Min. daily discharge – m³/s (mar) 

X66 Min. daily discharge – m³/s (apr) 

X67 Min. daily discharge – m³/s (may) 

X68 Min. daily discharge – m³/s (jun) 

X69 Min. daily discharge – m³/s (jul) 

X70 Min. daily discharge – m³/s (aug) 

X71 Min. daily discharge – m³/s (sept) 

X72 Qs - Average min. monthly discharge – m³/s (annual) 

X73***** Q95% - ordinary drought discharge – m³/s (annual) 

X74 Coefficient of variation of the min. monthly flows (annual) 

X75 Q≤Q95% - Month with the lowest flood frequency - number of the month (annual) 

X76 Increasing rate of change (annual) 

X77 Decreasing rate of change (annual) 
 
 
 
Explanation/formula of the less common parameters: 
* Difference between Q10% and Q90% – m³/s (X30) 
Explanation: Is a measure for variability and is based on the flow duration curve.  
Calculation: This curve is a cumulative frequency curve that shows the percentage of time 
that a discharge is equaled or exceeded (Searcy 1959). The percentiles are derived by 
rescaling the number of days (365) to 100% and the discharges (Q) are obtained by sorting the 
daily data descended for each year. For this parameters is that Q10% - Q90%, with:  
10% exceedance (Q10), as flow which on average, is only equaled or surpassed during 10% 
of the year, i.e., ~37 days. Similarly, 90% exceedance (Q90) indicates flow which on average 
is equaled or surpassed during 90% of the year, i.e., in daily terms, on ~329 days (Martínez 
Santa-María and Fernández Yuste, 2010). 
 
** Effective discharge or QED (X44-X56) 
Explanation: The effective discharge is the water flow with a geomorphological significance 
of peak flows, as the flow that shapes the channel and they represent the aspects magnitude 
and frequency (Martínez Santa-María and Fernández Yuste, 2010) 
Calculation: The maximum of the year of interest and the nine year before. 
 

Remark: the stars * indicate that this parameter has an explanation/formula below 
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*** Flushing flood – m³/s or Q5% (X57) 
Explanation: flushing flood is the flow that will transport small particles within the river bed. 
Calculation: Also based on the flow duration curve (see above) and is the 5% exceedance), as 
flow which on average, is only equaled or surpassed during 5% of the year, i.e., ~18 days. 
 
**** Q ≥Q5% - Month with the highest flood frequency - number of the month (X59) 
Explanation: Is used to find if there is a shift in peak flows towards an earlier or later period in 
the year over the 30 year time span. 
Calculation: The same as the above parameter but now the month with the highest frequency 
(related to the values of the 5% exeedance) is selected. 
 
***** Q95% - ordinary drought discharge – m³/s (X73) 
Explanation: This is the flow representing the most common low flow periods. 
Calculation: The flow corresponding to the 95% exceedance based on the flow duration curve 
(see above). 
 
Parameters Climate Data 
Par. 
nr. Name 
Y1 Total P – mm (winter) 
Y2 Total P – mm (spring) 
Y3 Total P – mm (summer) 
Y4 Total P – mm (autumn) 
Y5 Total P – mm (annual) 
Y6 Average P – mm (annual) 
Y7 Max. seasonal P – mm (annual) 
Y8 Min. seasonal P – mm (annual) 
Y14 Max. P in 24hour – mm (winter) 
Y15 Max. P in 24hour – mm (spring) 
Y16 Max. P in 24hour – mm (summer) 
Y17 Max. P in 24hour – mm (autumn) 
Y18 # of days with P=0 (winter) 
Y19 # of days with P=0 (spring) 
Y20 # of days with P=0 (summer) 
Y21 # of days with P=0 (autumn) 
Y22 # of days with P=0 (annual) 
Y23 Average T – °C (winter) 
Y24 Average T – °C (spring) 
Y25 Average T – °C (summer) 
Y26 Average T – °C (autumn) 
Y27 Average T – °C (annual) 
Y28 Average of monthly max. values – °C 
Y29 Average of monthly min. values – °C 
Y30 Max. seasonal T – °C (annual) 
Y31 Min. seasonal T – °C (annual) 
Y32 # of days with T≥30°C (spring) 
Y33 # of days with T≥30°C (summer) 
Y34 # of days with T≥30°C (autumn) 

Y35 # of days with T≥30°C (annual) 
Y36 # of days with T≥25°C (spring) 
Y37 # of days with T≥25°C (summer) 
Y38 # of days with T≥25°C (autumn) 
Y39 # of days with T≥25°C (annual) 
Y40 # of days with T≤5°C (winter) 
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Y41 # of days with T≤5°C (spring) 
Y42 # of days with T≤5°C (autumn) 
Y43 # of days with T≤5°C (annual) 
Y44 # of days with T≤0°C (winter) 
Y45 # of days with T≤0°C (spring) 
Y46 # of days with T≤0°C (autumn) 
Y47 # of days with T≤0°C (annual) 
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GS # Cluster # X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 X13 X14 X15 X17 X18 X19 X20 X21 X22 X23 X25 X26 X27 X28 X29 X30 X31 
3 1 0 0 0 0 0 0 -0.41 -0.33 -0.34 0 -0.07 0 0 0 0 0 0 0 0 -1.54 -2.02 0 0 0 0 0 0 0 0 
63 1 0 0 0 0 -0.97 0 0 -0.43 -0.21 0 -0.04 0 -0.25 0 0 -2.23 -3.42 0 0 -2.06 -1.52 0 0 -3.17 -0.72 0 0 -0.49 0 
157 1 0 0.06 0 0 -0.06 0 0 0 -0.04 0 0 0 0 0 0.25 0 -0.17 0 0 0 0 0 0 0 0 0 0 0 0 
158 1 0 0 0 0 -0.12 0 0 0 -0.08 -0.04 -0.04 -0.02 0 0.13 0.30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
93 1 0 0 0 0 0 0 -0.31 -0.24 -0.24 -0.09 -0.06 0 -0.13 0 0 -0.80 0 0 -0.89 -0.62 0 0 0 -1.33 -0.32 0 0 -0.25 0 
189 1 0 0 0 0 0 0 0 -0.04 -0.06 -0.02 -0.02 -0.01 0 0 0 -0.71 0 0 -0.81 -0.15 0 0 0 -1.37 0 0 0 0 0 
40 1 0 0 0 0 -0.38 0 0 0 0 -0.38 -0.18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
8 2 0 0 0 0 -0.02 0 0 0 -0.03 0 -0.01 -0.01 -0.02 0 -0.01 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
21 2 0 0 0 0 -0.10 0 0 -0.14 -0.19 -0.07 0 0 0 0 0 0 -0.33 0 0 0 0 -0.12 0 0 0 0 0 0 0 
30 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
43 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
46 2 0 0 0 0 -0.06 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.10 0 0 0 0 0 0 
58 2 0 0 0 0 0 0 0 0 0 0 0 -0.01 0 0.01 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
62 2 0 0 0 0 -0.23 0 0 -0.15 -0.14 0 0 0 -0.05 0 0 0 -0.61 0 0 0 0 0 0 0 0 0 0 0 0 
64 2 0 0 0 0 -0.80 0 0 -0.22 0 0 0 0 -0.13 0 0 -2.14 -3.22 0 0 -1.76 0 0 0 -2.24 -0.48 0 -0.03 0 0 
71 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -1.00 0 0 0 0 0 0 0 0 0 
78 2 0 0 0 0 0 0 0 -0.01 -0.01 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -0.05 0 0 
85 2 0 0 0 0 0 0 -0.17 -0.13 -0.07 -0.02 -0.01 -0.01 -0.04 0 0 0 0 0 0 -0.44 0 0 0 -0.26 0 0 0 0 0 
86 2 -0.01 0 -0.01 -0.02 0 0 0 -0.01 -0.01 -0.01 0 0 -0.01 0 0 -0.08 0 0 0 0 -0.03 0 0 -0.24 -0.04 0 0 -0.03 0 
88 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -0.08 0 0 0 0 0 0 0 0 0 0 0 0 
95 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
100 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
127 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.04 0 0 0 0 0 0 
129 2 0 0 0 0 0 -0.01 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
148 2 0 0 0 0 -0.02 0 -0.02 0 -0.02 0 0 0 0 0 0 0 0 0 0 0 -0.07 0 0 0 0 0 0 0 0 
150 2 0 0 0 0 0 0 -0.01 -0.01 -0.01 0 0 0 0 0 0 0 0 0 0 -0.02 0 0 0 0 0 0 -0.06 0 0 
177 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
190 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
221 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
57 2 0 -0.01 0 0 0 -0.01 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -0.06 -0.01 0 0 -0.01 0 
80 2 0 0 0 0 -0.08 0 0 -0.10 -0.06 -0.03 0 0 -0.03 0 0 0 -0.20 0 0 0 0 0 0 0 0 0 0 0 0 
91 2 0 0 0 0 -0.26 0 0 0 0 0 0 0 0 0 0 -1.52 0 0 0 0 0 0 0 -1.60 0 0 0 0 0 
110 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
33 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
44 2 0 0 0 0 0 0 0 0 0 -0.02 -0.01 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
113 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.15 0 0 
135 2 0 0 0.04 0.03 0 0 0 0 -0.11 -0.04 0 0 0 0 0 0.24 0 0 0 0 -0.12 -0.09 0 0 0 0 0 -0.07 0 
153 2 0 0 0 0 0.07 0.11 0 0.18 0.07 0 0.01 0.02 0.07 0 0 0 0 0 0 0 0 0 0 0 0.21 0 0 0.18 0 
154 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
155 2 0 0 0 0 0 0 0 0 -0.03 0 0 0 0 0 0 0 0 0 0 0 -0.10 -0.01 0 0 0 0 0 0 0 
187 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
6 2 -0.01 0 -0.01 0 -0.02 -0.03 0 0 0 0 -0.01 -0.01 -0.02 0 -0.01 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
56 3 -0.02 -0.02 0 0 -0.06 0 0 0 -0.07 -0.05 -0.03 -0.03 -0.04 0 0 0 -0.10 0 0 0 0 -0.05 0 0 0 0 0 -0.05 -
123 4 0 0 0 0 -0.97 0 0 0 0 0 0 0 0 0 0 0 -1.98 0 0 0 0 0 0 0 0 0 0 0 0 
165 4 0 0 0 0 0 0 0 0 -0.25 0 0 -0.03 -0.10 0 0 -2.21 0 0 0 0 0 0 0 -3.95 0 0 0 0 0 
197 4 0 0 0 0 0 0 0 -0.19 0 0 0 0 -0.05 0 0 0 0 0 0 -2.42 -1.84 0 0 -3.90 -0.24 0 0 0 0 
22 5 0 0 0 0 0 0 0 0 -1.37 -0.39 0 0 -0.19 0 0 0 0 0 0 -1.12 -2.16 -0.64 0 -1.68 -0.87 0 0 -0.52 0 
111 5 0 0 0 0 0 0 0 -0.72 -1.60 -0.61 0 0 0 0 0 0 0 0 0 -1.31 -2.22 -1.05 0 0 -0.89 0 0 -0.67 0 
41 5 0 -0.01 -0.01 -0.02 -0.02 -0.02 0 0 0 0 0 0 -0.01 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.03 0 
4 6 0 0 0 0 0 0 -1.57 -1.52 -1.00 -0.38 0 0 0 0 0 0 0 0 0 -4.82 -4.29 0 0 0 0 0 0 0 0 
65 6 0 0 0 0 -1.70 0 0 -1.10 -0.55 0 0 0 -0.59 0 0 -8.96 -7.04 0 0 -6.79 -3.10 0 0 0 -1.36 0 -0.05 -1.39 0 
170 6 0 0 0 0 -2.19 0 0 -1.28 -1.75 -0.52 0 0.31 -0.65 0 0 0 -6.85 0 0 0 -4.30 0 0 0 -1.24 0 0 -1.33 0 
47 7 0 0 0 0 -0.23 0 0 0 -0.18 0 0 0.08 0 0 0 0 -1.01 0 0 0 0 -0.24 0.41 0 0 0 0 0 0 
79 7 0 0 0 0 -0.33 0 0 -0.11 -0.07 -0.02 0 0 -0.12 0 -1.79 -3.73 -1.67 0 -0.75 -1.44 0 0 0 -4.80 -0.54 -0.16 -0.05 -0.15 0 
67 8 0 0 0 -0.45 -0.42 -0.35 -0.30 -0.35 -0.12 0 0 0 -0.22 0 0 0 -1.50 -2.09 0 -1.80 0 0 0 0 -0.55 0 0 -0.46 0 

Appendix II : Slope estimates indicating the change within each parameter. Zero values mean no significant 
change was found. Water flow 
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GS # Cluster # X32 X33 X34 X35 X36 X37 X38 X39 X40 X41 X42 X43 X44 X45 X46 X47 X48 X49 X50 X51 X52 X53 X54 X55 X56 X57 
3 1 0 0 0 0 0 0 -1.67 -2.19 0 0 0 0 0 -2.35 3.31 0 0 -8.38 -2.26 -4.51 -7.25 1.61 -1.25 0.21 -6.02 0 
63 1 0 0 -2.21 -3.58 0 0 -2.21 -1.59 0 0 0 -3.19 0 -10.28 -3.42 -6.35 -6.48 -1.88 -3.11 -6.09 -3.22 0 0 2.00 -6.93 -1.04 
157 1 0.24 0 0 -0.20 0 0 0 0 0 0 0 0 0.49 0.69 3.57 0.85 0 1.20 0.24 0.29 0.18 0.87 0.70 0.14 0 0 
158 1 0.30 0 0 -0.29 0 0 0 0 0 0 0 0 0.49 0.50 2.71 0.95 -0.54 0 0 0.70 0.88 0.43 -0.86 -0.19 0.71 0 
93 1 0 0 -0.81 0 0 -1.00 -0.74 -0.96 0 0 0 -1.34 0 -2.10 2.73 0 0 0 -2.66 -2.62 0 0.31 -1.91 -0.13 0 -0.46 
189 1 0 0 -0.70 0 0 -0.82 -0.16 0 -0.03 0 0 -1.37 0 -0.38 -0.88 -2.87 0 -0.86 -4.19 -0.64 -1.58 -0.08 -1.05 -0.16 -3.46 0 
40 1 0 0 0 0 0 0 0 0 0 0 0 0 -11.42 -28.08 17.57 14.13 0 0 0 -14.13 0 0 0 0 0 0 
8 2 -0.02 0 0 -0.05 0 0 0 0 0 0 0 0 -0.22 -0.05 0.01 1.32 -0.21 0 0 0 -0.69 0 -0.03 0 1.11 0 
21 2 0 0 0 -0.34 0 0 0 -0.32 -0.16 0 0 0 -0.61 -2.05 2.34 1.14 -0.91 0.36 0.48 0 -0.49 -0.48 -0.20 0 1.57 0 
30 2 0 0 0 0 0 0 0 0 0 0 0 0 1.78 -1.87 0 -1.46 -0.75 0 0 0 0 0 -0.03 0 0 0 
43 2 0 0 0 0 0 0 0 0 0 0 0 0 0.08 -0.15 0.19 -0.19 0 0 0 0 0 -0.08 0 0.07 0 0 
46 2 0 0 0 0 0 0 0 0 0 0 0 0 0 -0.95 1.35 0 0 0 -0.74 0 0.56 0.39 0.16 0.09 0 0 
58 2 0 0 0 0 0 0 0 0 0 0 0 0 0.02 0.03 0.17 0 -0.12 0 0 0.04 0 -0.05 -0.03 0 -0.22 0 
62 2 0 0 0 -0.66 0 0 -0.37 -0.34 0 0 0 0 1.93 -0.52 1.49 0 -1.03 0.51 -0.54 -0.69 0 0.34 0 0.62 1.30 0 
64 2 0 0 0 -3.30 0 0 -1.81 0 0 0 0 -2.24 3.94 -7.09 0 -3.53 -4.75 0 0 -4.04 0 1.86 0.60 1.20 -1.97 -0.74 
71 2 0 0 0 0 0 0 -1.06 0 0 0 0 0 2.23 0 0 0 -3.30 -2.13 0 -1.41 -1.70 0 -2.94 0 0 0 
78 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.18 0 0.34 0 -0.42 -0.03 -0.13 0.01 0 0.08 0.28 0 
85 2 0 0 0 0 0 0 -0.47 -0.28 0 0 0 -0.27 0 -0.53 -0.42 -0.36 -0.26 -0.27 -0.44 -0.74 -0.40 0.25 -0.98 -0.23 -0.37 0 
86 2 0 0 -0.08 0 0 0 0 -0.04 -0.01 0 0 -0.24 -0.61 -0.37 -0.20 0 0 -0.22 -1.30 0.26 -0.13 -0.07 0.20 0.03 -0.77 -0.04 
88 2 0 0 0 -0.08 0 0 0 0 0 0 0 0 0.45 -0.36 0 0 -0.19 0 0 0 0 -0.19 0.07 0.07 0.50 0 
95 2 0 0 0 0 0 0 0 0 0 0 0 0 0 -1.36 3.21 1.25 1.15 -0.36 -0.96 0.36 1.16 0 -1.45 0.60 2.00 0 
100 2 0 0 0 0 0 0 0 0 0 0 0 0 0 -0.05 0 -0.05 -0.01 0 0 0.28 0.23 -0.03 0 0 0.24 0 
127 2 0 0 0 0 0 0 0 0 0 0 0 0 -0.35 -0.20 0.37 -0.17 -0.11 0 -0.41 0 0.31 0 0.19 0 0 0 
129 2 0 0 0 -0.01 0 0 0 0 0 0 0 0 0 0 0 0 -0.03 0 0 0 -0.11 -0.08 -0.01 -0.02 0 0 
148 2 0 0 0 0 0 0 0 -0.08 -0.01 0 0 0 0.49 0 0 1.15 0.17 -0.16 -0.15 -0.18 -0.17 -0.05 0 -0.01 0.46 0 
150 2 0 0 0 0 0 0 -0.03 -0.02 0 0 0 0 -0.01 0.03 0.07 0.10 0.15 0 -0.05 -0.12 -0.05 -0.02 0.04 -0.01 0.11 0 
177 2 0 0 0 0 0 0 0 0 0 0 0 0 7.59 -1.23 0 -0.68 0.49 0 0 1.06 0.52 0 0.60 0 6.22 0 
190 2 0 0 0 0 0 0 0 0 0 0 0 0 -0.07 -0.13 1.45 1.07 0.99 0.20 0 0 0.30 0 0.32 0.34 0 0 
221 2 0 0 0 0 0 0 0 0 0 0 0 0 0 -0.20 0 -0.26 0.58 0 0 0 0.09 0.19 -0.58 -0.09 0.23 0 
7 2 0 0 0 0 0 0 0 0 0 0 0 0 0.10 0.91 1.01 0 0.71 0 -0.12 0 0.54 1.03 0.83 0.55 0 0 
57 2 -0.05 -0.01 -0.01 0 -0.02 0 0 0 0 0 0 -0.06 -0.02 -0.19 0 0 0 -0.06 -0.01 0 -0.19 0.04 -0.11 0 -0.25 -0.01 
80 2 0 0 0 -0.23 0 0 0 0 0 -0.04 0 0 -0.59 -1.04 0.59 0 -0.40 0.27 -0.15 -0.10 0.68 0.32 0 0.59 -0.72 0 
91 2 0 0 0 0 0 0 0 0 0 0 0 -1.61 -2.63 -3.59 3.74 0 0 -1.16 -0.38 0 1.36 1.01 -0.87 0.24 0 0 
110 2 0 0 0 0 0 0 0 0 0 0 0 0 -0.67 -0.58 0.12 -0.39 0 0 -0.42 1.37 0.10 0 0 0 0 0 
33 2 0 0 0 0 0 0 0 0 0 0 0 0 0 -4.79 10.90 4.40 0 0.41 0 0 1.75 0 -0.47 0 11.02 0 
44 2 0 0 0 0 0 0 0 0 0 0 0 0 0 -0.77 2.06 0.45 0 0.11 0 0.62 0 -0.25 0 0 1.37 0 
113 2 0 0 0 0 0 0 0 0 0 0 0 0 0.16 0 0.01 0 0 0 0 0.01 0.01 0 0 0 0.15 0 
135 2 0 0 0.24 0 0 0 0 -0.17 -0.10 0 0 0 -0.19 0 0.91 0.92 0.77 0.34 -1.94 -2.24 -0.39 -0.48 0.09 0.13 -2.02 -0.10 
153 2 0 0 0 0 0 0 0 0 0 0 0 0 9.13 -6.78 0 -1.02 0 1.15 -2.19 0 1.11 0.16 0.29 -0.61 0 0.24 
154 2 0 0 0 0 0 0 0 0 0 0 0 0 10.07 -0.51 0 -0.09 0.12 0 -0.38 0 0.27 0 -0.10 0.04 0 0 
155 2 0 0 0 0 0 0 0 -0.11 -0.01 0 0 0 0 -0.30 0 -1.01 0 0 -0.14 -0.34 -0.19 0 0 0.27 -0.73 0 
187 2 0 0 0 0 0 0 0 0 0 0 0 0 0 -0.43 0.87 -0.08 0.73 0.25 -0.18 -0.20 0.53 -0.41 0 0.24 0.80 0 
6 2 -0.02 -0.02 0 -0.04 0 0 0 0 0 -0.01 0 0 -0.21 -0.05 0.01 1.27 -0.21 0 0 0.33 -0.66 -0.17 -0.03 0 0.86 0 
56 3 0 0 0 -0.14 0 0 0 0 -0.08 -0.04 0 0 -0.18 -0.09 0.69 0 -0.32 0 0 0 -0.26 -0.38 -0.10 0 0 -0.08 
123 4 0 0 0 -2.27 0 0 0 0 0 0 0 0 -4.44 -14.02 8.40 2.56 -6.57 1.27 -3.56 -17.29 -9.85 -5.21 0 0 -12.75 0 
165 4 0 0 -2.22 0 0 0 0 -2.31 0 0 0 -3.96 6.95 -2.96 -6.88 -10.50 0 0 0 -5.70 -7.20 0 -18.38 -1.11 -6.57 -0.44 
197 4 0 0 0 0 0 0 -2.44 -1.87 0 0 0 -3.90 0 -0.45 0.28 -0.56 0 -1.01 -2.73 -12.82 -6.39 0 -0.92 0 -12.37 0 
22 5 0 0 0 0 0 0 0 -2.55 -0.79 0 0 -1.65 -1.47 4.85 4.03 1.97 -1.82 2.50 0 -2.08 -2.61 -1.19 -0.84 0 0 -1.02 
111 5 0 0 0 0 0 0 -1.49 -2.96 -1.24 0 0 0 0 0 28.08 24.89 0 3.56 8.89 0 -6.14 -1.72 -0.16 0 14.87 -1.02 
41 5 0 0 0 0 0 0 0 0 0 0 0 0 -0.19 -0.04 0.02 -0.19 -0.10 0 -0.06 -1.16 0 -0.25 -0.21 -0.61 -0.95 0 
4 6 0 0 0 0 0 0 -5.55 -4.76 0 0 0 0 12.53 0 12.41 0 0 0 0 -13.41 -7.67 -2.31 -18.42 -1.27 0 0 
65 6 0 0 -8.95 -7.41 0 0 -7.12 -3.30 0 0 0 0 17.61 -9.82 0 -19.43 -11.10 0 -10.70 -17.99 0 0 6.45 4.99 0 -2.32 
170 6 0 0 0 -7.48 0 0 0 -5.17 0 0 0 0 0 -17.23 10.82 0 -18.01 7.79 0 -22.76 -5.88 0.80 0 4.68 -17.88 -1.67 
47 7 0 0 0 -0.97 0 0 0 0 -0.26 0 0.41 0 0 0 9.43 0 -1.93 0 0 -1.55 0.61 -0.56 0.15 1.38 7.93 -0.36 
79 7 -1.78 -2.75 -3.71 -1.71 0 -0.75 -1.46 0 0 0 0 -4.80 -10.55 -8.94 -12.74 -14.72 -4.19 -3.29 -2.94 -7.27 0 0 0.46 0 -12.30 -0.46 
67 8 0 0 0 -1.65 -2.21 -1.37 -1.89 0 0 0 0 0 0 -2.69 0 19.48 -3.09 -1.88 -0.05 -6.56 0 0 -6.50 0 20.26 -0.72 
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GS # Cluster # X58 X59 X60 X61 X62 X63 X64 X65 X66 X67 X68 X69 X70 X71 X72 X73 X74 X75 X76 X77 X78 

3 1 0 0 0 0 0 0 0 0 0 -0.13 -0.16 -0.07 -0.05 0 0 -0.05 0 0 0 0 0 

63 1 0 0 -0.03 0 0 0 -0.16 -0.11 0 -0.15 -0.07 -0.03 -0.03 -0.02 -0.02 -0.03 0 0 0 0 0.05 

157 1 0 0 -0.01 0 0 0 0 -0.03 0 0 -0.04 -0.02 -0.01 0 -0.01 -0.01 0 0 0 0 0 

158 1 0 0 -0.02 0 0 0 0 0 0 -0.07 -0.05 -0.04 -0.03 0 -0.02 -0.02 0 0 0 0 0 

93 1 0 0 -0.02 0 0 0 0 0 -0.11 -0.12 -0.12 -0.05 -0.03 0 0 -0.01 0 0 0 0 0 

189 1 -0.03 0 0 0 0 0 0 0 0 0 -0.03 -0.01 0 -0.01 0 -0.01 0.01 0 0 0 0.04 

40 1 0 0 0 0 0 0 0 0 0 0 0 -0.22 0 0 0 0 0 0 0 0 0 

8 2 0 0 0 0 0 0 -0.02 -0.02 -0.02 0 -0.02 -0.02 -0.02 -0.02 0 -0.01 0 0 0 0 0 

21 2 0 0 0 0 0 0 0 0 0 0 -0.11 -0.04 0 0 0 0 0 0 0 0 0 

30 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

43 2 0 0 0 0 0 0 0 0 -0.01 0 0 0 0 0 0 0 0 0 0 0 0 

46 2 0 0 0 0 0 0 -0.03 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

58 2 0 0 -0.01 0 0 0 0 0 0 0 0 0 0 -0.01 -0.01 -0.01 0 0 0 0 0 

62 2 0 0 0 0 0 0 -0.04 0 0 -0.09 -0.06 -0.01 -0.01 0 0 0 0 0 0 0 0 

64 2 0 0 0 0 0 0 0 0 0 -0.05 0 0 0 0 0 0 0 0 0 0 0.04 

71 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

78 2 0 0 0 0 0 0 0 0 0 -0.01 0 0 0 0 0 0 0 0 0 0 0 

85 2 0 0 -0.01 -0.01 0 0 0 -0.02 0 -0.03 -0.02 -0.01 -0.01 -0.01 0 0 0 0 0 0 0.03 

86 2 0 0 0 0 0 -0.01 -0.01 -0.01 0 -0.01 0 0 0 0 0 0 0 0 0 0 0.05 

88 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

95 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

100 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

127 2 0 0 0 0 0 -0.01 -0.02 -0.02 0 0 0 0 -0.01 0 0 0 0 0 0 0 0 

129 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.03 

148 2 0 0 -0.01 0 0 0 -0.01 -0.01 0 0 -0.01 0 0 0 0 0 0 0 0 0 0 

150 2 0 0 0 0 0 0 0 0 -0.01 0 -0.01 0 0 0 0 0 0 0 0 0 0.03 

177 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

190 2 0 0 0 0 0 0 0 0 0 0 -0.01 0 0 0 0 0 0 0 0 0 0 

221 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

7 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

57 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

80 2 0 0 0 0 0 0 -0.03 0 -0.03 -0.06 -0.04 0 0 0 0 0 0 0 0 0 0.03 

91 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

110 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -0.12 0 0 0 

33 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

44 2 0.01 0 0 0 0.02 0 0 0 0 0 0 -0.01 -0.01 0 0 0 0 0 0 0 0 

113 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

135 2 0 0 0 0 0 0 0 0 0 0 -0.05 0 0 0 0 0.01 -0.02 0 0 0 0 

153 2 0 0 0 0 0 0 0 0.05 0 0.08 0 0 0.01 0.01 0 0.01 0 0 0 0 0 

154 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.03 0 0 0 0 

155 2 0 0 0 0 0 0 -0.03 -0.02 0 -0.01 -0.01 0 0 0 0 0 0 0 0 0 0.04 

187 2 0 0 0 0.01 0.01 0.02 0 0 0 0 0 0 0 0 0 0 -0.03 0 0 0 0 

6 2 0 0 -0.01 0 0 0 -0.02 -0.02 -0.02 0 0 -0.01 -0.02 -0.02 -0.01 -0.01 0 0 0 0 0.04 

56 3 0 0 -0.02 0 0 0 -0.03 0 0 -0.04 -0.05 -0.03 -0.03 -0.03 -0.02 -0.02 0 0 0 0 0 

123 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

165 4 0 0 0 0 0 0 0 0 0 0 -0.04 0 -0.02 0 0 -0.01 0.01 0 0 0 0.03 

197 4 -0.03 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

22 5 0 0 0 0 0 0 0 0 0 0 -0.39 -0.14 0 0 0 0 0.01 0 0 0 0.03 

111 5 0 0 0 0 0 0 0 0 0 0 -0.74 0 0 0 0 0 0 0 0 0 0.04 

41 5 0 -0.19 0 -0.01 -0.01 -0.01 -0.01 -0.02 -0.01 0 0 0 0 0 0 -0.04 0 0.38 0 0 0 

4 6 0 0 0 0 0 0 -0.94 -0.58 -0.67 -0.73 -0.46 -0.24 -0.23 0 0 0 0 0 0 0 0.03 

65 6 0 0 0 0 0 0 -0.38 -0.41 -0.27 -0.33 -0.20 0 0 0 0 0 0 0 0 0 0.04 

170 6 0 0 0 0 0 0 -0.63 0 -0.40 -0.50 -0.87 -0.17 0 0 0 0 0 0 0 0 0.04 

47 7 0 0 0 0 0.05 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

79 7 0 0 0 0 0 0 0 0 0 -0.02 -0.02 -0.01 -0.01 -0.01 -0.01 -0.01 0.01 0 0 0 0.05 

67 8 0 0 0 -0.08 -0.11 -0.10 -0.15 -0.12 -0.10 -0.09 -0.05 -0.02 -0.01 -0.01 -0.01 -0.01 -0.01 0 0 0 0.05 
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CS # Cluster # Y1 Y2 Y3 Y4 Y5 Y6 Y7 Y8 Y9 Y10 Y11 Y12 Y13 Y14 Y15 Y16 Y17 Y18 Y19 Y20 Y21 Y22 

44 1 0 -34.45 0 0 0 0 0 0 0 0 0 0.66 0 0 0 0 0 0 0 0 -0.66 0 

91o 1 0 -30.10 0 0 -50.17 -12.54 0 0 0 0 0 0.68 0 0 0 0 0 0 0 0 -0.68 0 

121 1 0 -42.63 0 0 0 0 0 0 0 0 0 0.67 0 0 0 0 0 0 0 0 -0.67 0 

202 1 0 0 0 0 0 0 0 0 0 0 0 0.65 0 0 0 0 0 0 0 0 -0.65 0 

205 1 0 0 0 0 0 0 0 0 0 0.35 0 0.55 1.02 0 0 0 0 0 -0.35 0 -0.55 -1.01 

237i 1 0 0 0 0 0 0 0 0 0 0 0 0.87 1.54 0 0 0 0 0 0 0 -0.87 0 

279 1 0 0 0 0 -78.44 -19.61 0 0 0 0 0 0.60 0.96 -5.51 0 0 0 0 0 0 -0.60 -0.96 

495u 1 0 0 0 0 0 0 0 0 0.49 0.30 0 0.68 1.56 0 0 0 0 -0.49 0 0 -0.68 -1.55 

499 1 0 0 -16.02 0 0 0 0 0 0 0 0 0.57 0 0 0 0 0 0 0 0 -0.57 0 

537 1 0 0 0 0 0 0 0 0 0 0.32 0.27 0.49 1.33 0 0 0 0 0 -0.32 -0.27 -0.49 -1.33 

72i 2 0 0 0 0 0 0 0 0 0 0 0 0.65 0 0 0 0 0 0 0 0 0 0 

72x 2 0 -43.48 0 0 0 0 -21.03 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

160 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

261e 2 0 -26.68 0 0 0 0 0 0 0 0 0 0.47 0 0 -7.15 0 0 0 0 0 -0.47 0 

322 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

349a 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

364e 2 0 0 0 0 80.79 20.20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

372 2 0 0 0 0 0 0 0 0 0 0 0 0.49 0.73 0 0 0 0 0 0 0 -0.49 -0.73 

376i 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

392 2 0 0 0 0 0 0 0 0 0 0 0 0.36 0 0 0 0 0 0 0 0 -0.36 0 

399 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -0.42 0 

405e 2 0 0 0 0 0 0 0 0 0 0 0 0.30 0 0 0 0 0 0 0 0 -0.30 0 

414 2 0 0 0 0 0 0 0 0 0 0 0 0.32 0.76 0 0 0 0 0 0 0 -0.32 -0.76 

440e 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

461 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

491 2 0 0 0 0 0 0 0 0 0 0 0 0.38 0 0 0 0 0 0 0 0 -0.38 0 

554a 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

562 2 0 0 0 0 0 0 45.22 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

713 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8.88 0 0 0 0 0 -0.66 

814 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

828u 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

948 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

961 2 0 55.62 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

179 3 0 0 0 0 0 0 0 0 1.15 0 0 0.81 2.34 0 0 0 0 -1.15 0 0 -0.81 -2.34 

65m 4 0 0 0 0 -80.53 -20.13 -32.94 0 0 -0.57 0 0 -1.09 0 0 0 0 0 0.57 0 0 1.10 

76g 4 0 0 0 0 -112.39 -28.10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

262 4 0 -39.68 0 0 0 0 0 0 0 -0.43 0 0 0 0 0 0 0 0 0.43 0 0 0 

263d 4 0 -33.99 0 0 -75.11 -18.78 0 0 0 -0.47 0 0 0 0 0 0 0 0 0.47 0 0 0 

263i 4 0 -32.95 0 0 0 0 0 0 0 -0.43 0 0 0 0 0 0 0 0 0.43 0 0 0 

266i 4 0 -73.30 0 0 0 0 0 0 0 -0.42 0 0 -0.86 0 0 0 0 0 0.42 0 0 0.86 

275b 4 0 -36.90 0 0 -156.84 -39.21 0 0 0 0 0 0.50 0 0 0 0 0 0 0 0 -0.50 0 

280e 5 0 0 0 0 111.65 27.91 0 26.22 0 0 0 0 1.44 6.27 0 0 0 0 0 0 0 -1.43 

981a 5 0 0 0 0 0 0 0 19.24 0 0 0 0 0 0 15.13 0 0 0 0 0 0 0 

497 6 0 0 -32.22 0 0 0 0 0 0 0 0 0 0 0 0 -11.58 0 0 0 0 0 0 

140 7 0 -21.92 0 0 -93.20 -23.30 -51.44 0 0 -0.58 -0.32 0 -1.23 -5.65 0 0 0 0 0.58 0.32 0 1.24 

207 7 -91.03 0 0 0 0 0 0 0 -0.83 -0.44 0 0 -1.49 0 0 0 0 0.83 0.44 0 0 1.49 

378 7 0 0 0 0 0 0 -28.66 0 -0.33 0 -0.42 0 -1.29 0 0 0 0 0.34 0 0.42 0 1.30 

105 8 0 0 0 38.22 0 0 0 0 0 -0.47 0 0.50 0 0 0 0 0 0 0.47 0 -0.50 0 

115i 8 0 0 0 26.80 0 0 0 0 0 -0.35 0 0 -0.54 0 0 0 6.44 0 0.35 0 0 0.55 

164 8 0 0 0 29.50 0 0 0 0 0 0 0 0.45 0 0 0 0 0 0 0.34 0 -0.45 0 

170 8 0 0 0 29.42 0 0 0 0 0 0 0 0.38 0 0 0 0 3.84 0 0 0 -0.38 0 

192 8 0 0 0 24.64 0 0 0 0 0 0 0 0 0 0 0 0 5.87 0 0 0 0 0 

194o 8 0 0 0 28.94 0 0 0 0 0 0 0 0 0 0 0 0 6.42 0 0 0 0 0 

390 8 0 0 0 16.47 0 0 0 0 -0.32 0 0 0 0 0 2.24 1.89 3.58 0.33 0 0 0 0 

Precipitation 
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CS # Cluster # Y23 Y24 Y25 Y26 Y27 Y28 Y29 Y30 Y31 Y32 Y33 Y34 Y35 Y36 Y37 Y38 Y39 Y40 Y41 Y42 Y43 Y44 Y45 Y46 Y47 

202 1 0.54 0.98 0.86 0 0.57 0.74 0.40 0 0 0.07 0 0 0 0.32 0.64 0 0 0 0 0 -0.41 -0.79 -0.46 0 -1.12 

279 1 0 0.74 0.52 0 0.29 0.53 0 0 0 0.08 0.48 -0.20 0 0.32 0.60 0 0.68 0 0 0 0 0 0 0 0 

322 1 0 0 0 -0.95 0 -0.75 0 -1.98 0 0 -1.16 -0.46 -1.50 0 0 -0.95 -1.54 0 0 0 0 -1.72 -0.41 0 -2.35 

499 1 0 0.37 0.62 0 0 0.27 0 0 0 0.14 0 -0.29 0 0 0 0 0 0 0 0 0 0 0 0 0 

713 1 0 0 0 -0.72 0 0 0 -1.18 0 0 0 0 0 0 0 0 0 0 0 0 0 -1.64 0 0 -1.67 

948 1 0 0 0 0 0 0 0 0 0 0 0.73 -0.33 0 0 0 0 0 0 0 0 0 -0.78 0 0 0 

237i 1 0 0.91 0.92 0 0.53 0 0.73 0 0 0.08 0 0 0 0 0 0 0 0 0 0 -0.75 -1.92 -0.75 0 -2.66 

91o 1 0 0.57 0.81 0 0.36 0.89 0 0 0 0.11 0.76 0 0.78 0.38 0.73 0 1.04 0 0 0 0 0 0.08 0 0 

207 2 0 0.84 1.28 0 0 0 0.60 0 0 0 1.10 0 1.51 0 1.10 0 1.55 0 0 -0.16 0 0 -0.83 -0.51 -2.14 

491 2 0 0.92 0.75 0 0.51 0.49 0.53 0 0 0.10 0 0 0 0.34 0.34 0 0 0 0 0 0 0 -0.20 0 0 

115i 2 0 0.68 0.82 0 0.44 0.42 0.39 0 0 0.06 0.54 0 0.57 0.27 0.68 0 0.77 0 0 0 0 -0.76 0 0 -0.97 

280e 2 0 0 0 -1.11 -0.46 -0.51 -0.50 0 -1.24 0 0 -0.48 0 0 0 0 0 0 0 0 0 0 0 0 0 

376i 2 0 0.74 1.09 0 0.42 0.52 0.30 0 0 0 0.81 0 0.76 0.22 0.82 0 0.71 0 0 0 0 -0.92 -0.45 0 -1.33 

495u 2 0 0.59 0 0 0 0 0 0 0 0.22 0 0 0 0.43 0 0 0 0 0 0 0 0 0 0 0 

554a 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -2.81 0 0 -4.32 

72x 2 0 0.89 0.76 0 0.45 0.55 0 0 0 0.07 0.76 0 0.78 0.33 1.01 0 1.15 0 0 0 0 0 0 0 0 

981a 2 0 0.62 0.77 0 0.41 0.55 0 0 0 0 1.03 0 0.96 0.80 0 0 1.27 0 0 0 0 -0.37 0 0 -0.39 

390 3 0.69 1.19 0.95 0.62 0.86 0.92 1.03 0 1.38 0.12 0.75 0 0.74 0.44 0.53 0 0.87 -0.38 0 -0.07 -0.47 -1.53 -0.49 -0.53 -2.55 

562 3 0.90 1.33 0.70 0.16 0.80 0.70 0.88 -1.31 0 0 0 0 0 0 0.75 0 0.61 -0.26 0 -0.06 -0.37 -1.60 -0.65 0 -2.35 

961 3 0 0.76 0 0 0.52 1.03 0 0 0 0.11 0 0 0.68 0.36 0 0 0 0 0 0 0 -0.82 0 0 -0.78 

461 4 0 0.76 0 0 0 0 0 0 0 0 0 0 0 0.24 0 0 0 0 0 0 0 -1.65 -0.62 0 -2.00 

261e 4 0 0.38 0.61 0 0 0 0 0 0 0.05 0.50 0 0.45 0 0.44 -0.31 0 0 0 0 0 -0.64 0 0 0 

263i 4 0 1.01 0 0 0 0 0 -1.05 0 0.10 0 0 0 0.30 0.58 0 0 -0.29 0 0 -0.32 -1.42 -0.57 0 -2.06 

266i 4 0 0.49 0.41 0 0 0 0.31 0 0 0.07 0 -0.25 0 0 0 -0.45 0 0 0 0 0 -0.71 0 0 -0.93 

275b 4 0 0.58 0.61 0 0 0 0 0 0 0 0 0 0 0 0 -0.32 0 0 0 0 0 -0.62 0 0 -0.71 

121 5 0 0.90 0.94 0 0.59 0.55 0.60 0 0 0.09 0.56 0 0.51 0.25 0.54 0 0 0 0 0 0 -0.69 0 -0.19 -0.90 

179 5 0 0 0 0 0 0 0 0 0 0 0.59 0 0 0.34 0.62 0 0 0 0 0 0 -1.23 0 0 0 

205 5 -0.42 0 0 0 0 0 0 0 0 0 0 0 0 0.17 0 0 0 0 0 0 0 -1.14 0 0 -1.55 

262 5 0 0.91 0.85 0 0.35 0.50 0.23 0 0 0.09 0.71 0 0.58 0.28 0.59 0 0 0 0 0 0 0 0 0 0 

537 5 0 0 0.49 0 0 0 0 0 0 0.06 0.62 0 0.66 0.32 0 0 0 0 0 0 0 0 0 0 0 

194o 5 0 0.87 0.95 0 0.57 0.65 0.45 0 0 0.13 0.95 0 1.02 0.56 0.69 0 0 0 0 0 0 -0.72 0 0 -0.86 

263d 5 0 1.04 0.96 0 0.61 0.68 0.54 0 0 0.10 0.66 0 0.57 0.26 0.61 0 0 0 0 0 0 -0.57 -0.24 0 -0.85 

44 6 0 0.99 0.62 0 0.54 0 0.52 0 0 0.10 0 0 0 0 0.56 0 0 -0.44 0 0 -0.55 -1.64 0 0 -1.69 

105 6 -0.94 -0.53 -0.53 -1.47 -0.66 -0.87 0 -0.89 0 0 -0.49 -0.42 0 0 0 -0.80 0 0 0 0 0 0 0.42 0.47 0 

392 7 0 0.86 0 0 0 0 0 0 0 0.13 0 0 0 0 0 -0.48 0 0 0 0 -0.77 0 0 0 0 

Temperature 
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Appendix III: Forest fire occurrence report 
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