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ABSTRACT

Turkey is ranked fourth in the world in terms of geothermal production with more than 45 active plants having 1347 MWe installed
capacity. Western Anatolia, primarily the Bilyilk Menderes Graben followed by the Gediz Graben, are among the most important
regions in the world in terms of geothermal energy potential and hosts almost the entire installed capacity of Turkey. There are
several operational geothermal power plants in the Gediz Graben where other projects are either in a construction or planning stage.
Following the preliminary exploration, one of the most important stages in a geothermal project is well site selection due to high
drilling costs. GIS has been proven to be a useful tool in identification of potential areas for detailed resource exploration through
detection of spatial correlations between various types of data that have been collected during the initial exploration stages.

In this study, various geothermal potential and favorability criteria layers were generated, and each layer was incorporated into a
GIS environment. These variable layers were correlated with a favorability map generated based on knowledge driven criteria
ranking in order to assess the relative importance of each criterion. A MCDA (Multi-Criteria Decision Analysis) was performed to
generate a geothermal favorability map of the region. Finally, the success rate of the final geothermal favorability map was assessed
based on the known producing wells.

1. INTRODUCTION

Biiyiik Menderes and Gediz Grabens are the two major regions in Western Anatolia generating almost entire geothermal power in
Turkey. The total geothermal installed capacity of Turkey is 1347 MWe and Gediz Graben hosts nine operational geothermal
power plants in the Gediz Graben with a total installed capacity of 215 MWe and there are several projects in planning and
construction stage with more than 300 MWe possible installed capacity.

In this study, the favorability map of the region which was generated according to knowledge based ranking of criteria layers
related with geothermal potential and favorability (Cambazoglu et al., 2019) was correlated with the each criteria based on Pearson
Correlation. The relative importance of each layer was then rearranged according to the results of the statistical analysis and a
favorability map was generated based on this new ranking and weight assignment. Both maps were correlated with the known
geothermal producing wells and their results were discussed.

Topographical, geological, hot spring location, active fault map, Bouger gravity anomaly map, earthquake epicenter catalogue,
Landsat and ASTER satellite images were used to generate slope, Normalized Difference Vegetation Index (NDVI), Gutenberg-
Richter b-value, fault density, distance to fault, distance to graben center, Neogene cap rock, ASTER night-time surface
temperature data and distance to hot springs layers to be used as criteria maps in the assessment. A MCDA (Multi-Criteria Decision
Analysis) was performed by using TOPSIS (Technique for Order Preference by Similarity to the Ideal Solution) methodology
based on each ranking and it was observed that knowledge based relative importance ranking have presented better results in
comparison to datasets ranked based on the results of the bivariate correlation.

2. STUDY AREA AND GEOLOGICAL SETTING

The study area is located at N-S extending Western Anatolia and within the Gediz Graben having an WNW-ESE arc-shape trend
with 140-150 km length and 10 to 40 km width bounded by Bozdag Mountains and a series of ENE-WSW trending horst-graben
systems from south and north, respectively. (Yilmaz et al., 2000; Bozkurt and So6zbilir, 2004, Klingel et al., 2015) (Figure 1). There
are different models regarding the extensional regime in the Aegean Extensional Province, however, it is generally accepted that the
extension has initiated in southwest Turkey by the latest Oligocene - Early Miocene time and has led to the formation of the
Miocene metamorphic core-complex and Plio-Quaternary grabens (Cift¢i and Bozkurt, 2009). The Menderes Massif is divided into
sub-massifs by Gediz and Biiyiik Menders grabens which are bound by large scale detachment faults respectively from south and
north, forming the two regions with the highest geothermal potential in Western Anatolia (Bozkurt and Sozbilir, 2004; Ciftci and
Bozkurt, 2009; Gessner et al., 2013).

The southern margin of the asymmetric Gediz Graben is seismically more active with presently a low-angle ("10°) detachment fault
and cross-cutting high angle north dipping normal faults whereas, the northern margin has less pronounced topography and inactive
high angle normal faults. The low-angle detachment fault has formed an unconformity between the pre-Neogene crystalline
basement and Miocene to recent graben-fill units (Yilmaz et al., 2000; Sozbilir, 2002; Ciftci and Bozkurt, 2009, 2010). The
Paleozoic-Mesozoic aged basement Menderes Metamorphics are composed of granitic augen-gneiss, various gneisses,
metavolcanics and metasedimentary units. The metasedimentary units of Paleozoic-Early Tertiary age are moderate to low degree
metamorphosed schist, quartz- schist, calc-schist and marbles. The basement Menderes Massif is unconformably overlain by the
Neogene Alasehir Group composed of continental clastics and carbonate rock units which is unconformably overlain by Miocene-
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Pliocene aged Kizildag Group composed of clastic units. The Plio-Quaternary Sart Group, composed of conglomerates with minor
sandstone and clays, unconformably overlays the Miocene-Pliocene sequence and is overlain by the Quaternary alluvial deposits
(Y1lmaz et al., 2000) (Fig. 2). The Paleozoic-Mesozoic Menderes Metamorphics serve as the reservoir rocks of the geothermal
system whereas the Neogene rock units serve as the cap rock of the geothermal system in the region (Yilmazer et al., 2010).
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Figure 1. Location map showing the extent of the confined study area in blue color boundary over true color Landsat image
(GDG: Gediz Graben, GG: Gordes Graben, DDH: Dilekdag-Demircidag Horst, DG: Demirci Graben, IH: Icikler
Horst, SG: Selendi Graben).
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Figure 2. Generalized geological map of the study area and its surroundings (Adapted from: MTA, 2002).

3. DATASETS AND CRITERIA LAYERS

In order the assess the geothermal favorability of the Gediz Graben, 9 criteria layers were generated from different datasets (Table
1). These criteria layers included fault density and distance to fault, distance to hot springs, distance to cap rock units and graben
center, night-time surface temperature, b-value, slope angle and NDVI.

The presence of faults is directly related with the fracture network generation at the reservoir level and heat transport from depth
especially in the case of southern bounding crustal scale detachment fault. Therefore, distance to faults and more importantly fault
density layer which was included to account for the importance of cross-cutting relationship at the southern margin of the graben
were prepared in order to represent both proximity to the possibly fractured lithologies and the presence of a highly fractured
reservoir. Initially, a generalized fault map was compiled by digitizing different fault maps in the literature (MTA, 2002; Bozkurt
and Sozbilir, 2004; Cift¢i and Bozkurt, 2009; Yilmazer et al., 2010; Duman et al., 2011; Gessner et al., 2013; Klingel et al., 2015).
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Table 1. Datasets and criteria maps used in the study.
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Dataset Criteria maps Source
Hot spring Distance to hot springs Akkus et al., 2005
Fault density MTA,2002; Bozkurt and So6zbilir, 2004; Cift¢i and Bozkurt, 2009;
Fault map . Yilmazer et al., 2010; Duman et al., 2011; Gesner et al., 2013;
Distance to fault Klingel et al.. 2015
gel et al.,
LANDSAT Vegetation-NDVI USGS-EROS, 2017
ASTER-TIR Night-time surface NASA LP DAAC, 2017
temperature
DEM Slope angle General Command of Mapping, 2000
Geological map Neocene cap rock MTA, 2002
Regional geophysical data | Distance to graben center Arslan et al., 2010; Ciftci and Bozkurt, 2010
Earthquake epicenter Gutenberg-Richter b-value | KOERI, 2017

The distance to fault layer was generated by using Euclidian distance to fault lines and the values of the resultant layer (30 m x 30
m resolution) ranging between 0 and 17.73 km with a mean value of 3.5 km. For the fault density map, a search radius was
identified based on 9 km average depth of the earthquake epicenters within the study area (KOERI, 2017) and by considering the
dip-angle of the faults within the study area based on focal mechanism solutions where dip angle values range between 28° and 89°
with a mean value of 60° (Shah, 2015). Therefore, the search radius for the fault density map was identified as 5.2 km and
generated according to Kernel density approach as described by Silverman (1986) by considering a weight factor of 2 for the
detachment fault trace. Both distance to fault and fault density layers (Figure 3 and 4, respectively) were generated in 30 m
resolution.
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Figure 4. Distance to fault map of the study area (Generalized fault lines are shown in red).

The distance to hot springs and cap rock units layers are directly related with the geothermal system. As hot springs are spatially
location specific digitized from Akkus et al. (2005), this criterion was included as a distance layer by using Euclidian distance with
a resolution of 30 m (Figure 5). The cap rock of the geothermal system in the Gediz Graben region is the Miocene units
unconformably overlying the pre-Neogene basement Menderes Massif (Yilmazer et al., 2010). Therefore the digitized 1:500.000
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scale geological map (MTA, 2002) is divided into two as pre- and post-Neogene units and a distance to post-Neogene unit layer
was generated with a resolution of 30 m (Figure 6). Furthermore, since the cap rock thickness is another important parameter for
geothermal occurrence, the distance to the graben center map was prepared in order to represent the decreasing thickness of the cap
rock units away from the center of the graben as identified from 1:1250000 scale regional geophysical maps (free air gravity and
Bouger gravity maps) (Arslan et al., 2010), 1:500000 scale geological map (MTA, 2002) and seismic reflection interpretations of
Cift¢i and Bozkurt (2010). The Euclidian distance map (Figure 7) was generated by using a weight factor of 0.5 for the southern
section of the graben due to the following reasons: 1) most of the known geothermal hot springs are located at the southern part of
the graben, 2) the southern margin is known to be more active from a seismicity standpoint, 3) the southern margin that is bound by
low angle detachment fault is cross-cut by the high angle north dipping normal faults, and 4) thinning of Miocene cap rock from
south to north.
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Figure 6. Distance to cap rock units (Cap rock unit boundaries shown as blue lines).
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The night-time surface temperature layer was generated by using ASTER LIT satellite image data (NASA LP DAAC, 2015),
courtesy of the NASA Land Processes Distributed Active Archive Center (LP DAAC), USGS/Earth Resources Observation and
Science (EROS) Center, Sioux Falls, South Dakota. A total of 6 ASTER images were used mainly from August 2013 and from
September 2012 as a 5 km filler. Surface temperature image was generated by applying emissivity and temperature separation
algorithm (Hook et al., 1992; Gillespie et al., 1998) on the five thermal infrared (TIR) bands of ASTER images. Elevation
correction was applied by considering -5.15°C/km environmental lapse rate estimated according to linear regression between night-
time surface temperature and elevation data with an R? value of 0.74 (Eneva and Coolbaugh, 2009; Gutierrez et al., 2012). The
Digital Elevation Model (DEM) with 30 m resolution generated from the 1:25000 scale topographical map contours was used for
the elevation correction to obtain the final surface temperature image (Figure 8).
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Figure 8. Night-time surface temperature map.

Along with the fault density and distance to fault maps, the Gutenberg-Richter (1949) b-value map which is directly related to
earthquake occurrence and was used to explain the seismo-tectonic character of the region. The b-value was calculated according to
magnitude-frequency recurrence relation of logioN(M) = a + b(M) as proposed by Gutenberg and Richter (1949) where, N is the
number of earthquakes with a magnitude equal to or larger than M, and 'a' and 'b' are the regression coefficients. The epicenter data
of the region that was compiled by the Kandilli Observatory and Earthquake Research Institute (KOERI, 2017) was used as an
input for the Z-Map seismic analysis software (Weimer, 2001). In order to generate a seamless b-value map, a search radius of 45
km was selected by considering the maximum earthquake depth of 120 km that was observed in the region and more importantly,
direct seismicity relationship that was observed along the length of the Gediz Graben and across the graben structures of the
Aegean Region during the secondary event analysis. A secondary-event, de-clustering analysis was performed based on
temporospatial windows proposed by Gardner and Knopoff (1974) in order to ensure that the catalogue has a Poisson distribution
which is used to represent the earthquake phenomenon in time domain, and also to ensure a mutual exclusiveness of the events (i.e.,
main shocks and pre- and after-shocks). It was observed during the analysis that there is a clear seismicity relation throughout the
graben structure and across normal fault dominated, extensional regime grabens of the Aegean Region where after-shocks were
observed up to a 50 km distance from main events. Furthermore, in order to ensure the catalogue completeness principle (Stepp,
1973), only events after 1964 were used in the final analysis (Atakan et al., 2002; Kalkan et al, 2009; Cambazoglu et al., 2016).
Thus, following de-clustering analysis and the time threshold of 1964, a total of 3358 events out of 9293 earthquakes with Mw>3.0
were used to generate the b-value map. The map was generated with a 0.001 decimal degree resolution and resampled to 30 m x 30
m resolution (Figure 9).

Legend

b-Value
Value
P High : 1.71

B Low:138
:[ District Boundaries

@ District Center

Figure 9. Gutenberg-Richter b-value map.



Cambazoglu et al.

The final layer used for the assessment was the slope angle map generated from DEM created with a 30 m resolution by using
digitized contours of the 1:25000 scale topographical maps. The slope values in the study area range between 0° and 55.3° with a
mean of 10.4° and a standard deviation of 9.4°. The resultant slope angle map is reclassified into four discrete classes as: 1 for
values lower than 10°, 0.5 for values between 10° and 20°, 0.25 for values between 20° and 30°, and 0 for values higher than 30°
(Figure 10). The slope layer is included in the analysis with low importance as it is a parameter related with the accessibility which
is not directly related with geothermal potential but rather with favorability.

The Normalized Difference Vegetation Index layer was generated by using Path: 180, Row: 33 Landsat 8 OLI&TIRS image
acquired on June 20, 2016, courtesy of the U.S. Geological Survey (USGS-EROS, 2017). The NDVI layer is generated by using 30
m resolution Near-Infrared (NIR-band 5) and Red (RED-Band 4) bands of Landsat 8 image according to the NDVI = (NIR-
RED)/(NIR+RED) relation which represents the density of green biomass with a data range between -1 and +1, where higher
values indicate healthy vegetation (Figure 11). The NDVI layer is classified as a binary variable by using a threshold value of 0.353
(mean + standard deviation), indicating the healthy and dense vegetation above this threshold, are defined as '0' whereas the values
lower than this threshold are defined as '1'. The NDVI layer was included in the analysis with the lowest importance as a land cover
indicator in terms of favorability.
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Figure 11. NDVI map with pixels above 0.353 threshold shown in green.

4. METHODOLOGY AND ANALYSES

In a geothermal project, a secondary thorough exploration stage is usually performed after initial reconnaissance and prior to well
site selection in consideration of the high drilling costs. GIS has been proven to be a useful tool in detecting the spatial correlations
between various types of data to aid in identifying potential zones (Bonham-Carter et al., 1988; Chung et al., 1992). Furthermore,
MCDA techniques based on GIS serve as a powerful tool where the geographical data and the decision maker's preferences are
integrated through a specified decision rule (Malczewski, 1999) and these techniques can be categorized into knowledge driven and
data-driven methods (Bonham-Carter, 1994). Some examples of data driven methods are weight-of-evidence (Bonham-Carter et al.,
1988; Coolbaugh et al., 2003; Coolbaugh and Bedell, 2006; Coolbaugh et al., 2007; Tufekei et al., 2010; Moghaddam et al., 2014),
evidential belief function method (Carranza et al., 2008; Moghaddam et al., 2013), certainty factor based models (Li and Zhang,
2017). On the other hand, in knowledge driven methods, the relative importance of each criterion is subjectively determined by the
judgment of experts. Index overlay (Prol-Ledesma, 2000; Noorollahi et al., 2008), weighted linear combination (Noorollahi et al.,
2007; Yalcin and Kilic-Gul, 2017; Kiavarz and Jelokhani-Niaraki, 2017), fuzzy scheme models (Prol-Ledesma, 2000) and Boolean
(Yousefi et al., 2007; Noorollahi et al., 2008; Yousefi et al., 2010) are some examples of this method in geothermal applications.
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In this study, a knowledge driven ideal point methodology, namely, the Technique for Order Preference by Similarity to Ideal
Solution (TOPSIS) (Jankowski and Ewart, 1996; Malczewski, 1996; Chen et al., 2001) has been employed. TOPSIS methodology
has been implemented in many areas such as landfill site selection (Yal and Akgiin, 2013, 2014), environmental assessment (Liu et
al., 2006), and mineral mapping (Pazanda et al., 2012; Abedi and Norouzi, 2016), and it was used herein in order to produce a
geothermal favorability map of Gediz Graben, Manisa, Turkey.

TOPSIS method, first introduced by Hwang and Yoon (1981), is based on selecting the best alternative with the shortest Euclidean
distance from the ideal solution and farthest from the negative ideal solution (Malczewski and Rinner, 2015). The alternative with
the highest closeness measure is selected (Zanakis et al., 1998). TOPSIS methodology was followed to generate the final
favorability map by using a number of datasets. The datasets and the criteria constructed from these datasets along with their
sources are given in Table 1. Each dataset was used to generate a criteria map and further weighted according to their relative
importance.

For criteria weighting, the pairwise comparison method was used and a weight value was assigned to each criterion. The Pairwise
Comparison (paired comparison) Method, developed by Saaty (1980), allows to determine the relative importance of an entity by
comparing all entities in pairs. As a conventional geothermal system requires the existence of four major factors; i) a natural heat
source, such as cooling magma, ii) an impervious cover rock, iii) a permeable reservoir and iv) consequently, sufficient fluid flow
(Ozgiiler et al., 1983), the relative importance of the criteria layers was assigned accordingly (Cambazoglu et al., 2019). Therefore,
in this previous study by Cambazoglu et al. (2019) the highest importance was given to the fault related criteria which are directly
related with the fracture network generation (i.e., permeability) and heat transfer from the depth. Secondly, distance to hot spring
locations was ranked which is a direct surface manifestation of geothermal occurrence. The distance to cap rock criteria was ranked
third which is another requirement for geothermal presence. The next importance was given to the final geological parameter,
namely, the distance to the graben center which is linked to the cap rock units and the asymmetrical character of the Gediz Graben.
ASTER night-time surface temperature criterion was ranked following the primary geothermal indicators and is followed by the
Gutenberg-Richter b-value, related with the seismo-tectonic activity of the region. The final two criteria, namely slope and NDVI is
not directly related with geothermal occurrence and have significance in terms of land cover and accessibility, which is related with
the well siting (i.e., favorability), and thus were assigned the least importance. Finally, the weight of fault related criterion is further
divided into fault density and distance to fault according to a 0.6—-0.4 weight ratio, respectively (Table 2).

In addition, a multi co-linearity analysis, where the tolerance is the percent of the variance in a given variable that cannot be
explained by other variables and tolerance values close to 0 indicate high multi co-linearity and inflated regression coefficients
(Norusis, 2004), was performed on each variable data set to avoid any major interdependency. The results of multi co-linearity
analysis on variables (Table 3) have shown no co-linearity as the VIF (variance inflation factor) values were below 5 and tolerance
values were above 0.2 (Menard, 1995; Rogerson, 2001).

The geothermal favorability map of the Gediz Graben based on this expert opinion ranking approach by a previous study
(Cambazoglu et al., 2019) have shown a success rate of 76% based on number of producing geothermal wells falling within the
highest two favorability classes (80 out of 105) out of 6 classes divided based on equal area approach (Figure 12). In order to assess
the success of this initial ranking, a bivariate correlation between each criteria layer and final favorability map was performed
according to Pearson Correlation approach and each criteria layer was then re-ranked based on correlation coefficients (Table 2).

Table 2. Criteria layers, weights and ranks based on knowledge based and correlation based ranking as well as tolerance
and variance inflation factors (VIF).

Knowledge Knowledge Bivariate Correlation | Correlation
Criteria Layer Based Ra;glk Based Weig ht Correlation Based Based Toler. VIF
g Coefficient Rank Weight

Fault density 1 0.22 .900 1 0.22 0.649 1.541

Distance to fault 1 0.14 760 1 0.14 0.909 1.100

Distance to hot springs 3 0.23 748 4 0.15 0.239 | 4.187

Cap rock 4 0.15 475 5 0.10 0.659 1.517

Distance to graben 5 0.10 751 3 0.23 0.221 | 4531

center

Night-time surface 6 0.07 071 8 0.03 0.901 | 1.110
temperature

b-value 7 0.04 .094 7 0.04 0911 1.098

Slope angle 8 0.03 -.201 6 0.07 0.712 1.405

NDVI 9 0.02 -.033 9 0.02 0.895 1.118
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Figure 12. Geothermal favorability map of the Gediz Graben based on expert opinion (knowledge based) criteria ranking
(Cambazoglu et al., 2019).

The Pearson correlation coefficient (Pearson, 1895) was used to identify the degree of linear correlation between dependent and
explanatory variables. The coefficient ranges between -1 and 1 where the sign indicates negative or positive correlation respectively
and the value of the coefficient indicates the degree of correlation. Therefore, the result of a bivariate, Pearson correlation shows
the degree of linear dependence between two variables. The bivariate normal distribution assumption can be replaced with the
assumption that one of the variables has normal distribution and the two variables are independent (Hogg and Craig, 1978). Hence,
prior to performing bivariate correlation, each dataset was individually inspected and the necessary transformations were
performed. The correlation coefficients of the bivariate correlation have shown that the primary criteria layers, namely fault density
and distance, distance to graben center, distance to hot springs and distance to cap rock units have significant correlation with the
favorability map whereas the secondary criteria layers, namely slope angle, b-value, night-time surface temperature and NDVI,
have low to very low correlation. Therefore, the TOPSIS analysis was repeated based on this new relative ranking and weight
assignment (Table 2).

4. RESULTS AND DISCUSSION

According to the results of bivariate Pearson correlation, the ranking of the criteria layers was changed where fault density and
distance to fault layers remained the highest and NDVI remained the lowest ranked layer. As can be seen from Table 2, the criteria
layers can be divided into two groups where fault, hot spring and geology related layers can be considered as primary and have
significant correlation. On the other hand, the b-value, slope, night-time surface temperature and NDVI layers have low correlation
with the favorability map. The most significant result of the bivariate correlation is that the correlation coefficient of distance to cap
rock unit layer is 0.475, which indicates moderate correlation. This result is probably due to the fact that approximately 57% of the
entire study area is covered by cap rock units which may have caused this moderate correlation due to lack of variation. Along with
this, it can be observed that the three lowest ranked layers have considerably insignificant correlation with the favorability map and
the slope angle layer have low correlation.

Therefore, TOPSIS analysis was repeated based on this new ranking according to according to bivariate correlation results. In order
to allow comparison of two favorability maps based on knowledge based and bivariate correlation based rankings, the correlation
based favorability map were also divided into 6 classes with equal area approach (Figure 13). The resultant map was compared with
the locations of the producing wells, where 75% of the wells (79 out of 105) corresponded to the highest two favorability classes
and again, no wells fell within the least favorable and unfavorable classes of the final map (Table 3).
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Figure 13. Geothermal favorability map of the Gediz Graben based on results of bivariate correlation criteria ranking.
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Table 3. The number and percent of wells corresponding to each class.

According to Knowledge According to Bivariate
Class Category Based Ranking Correlation Based Ranking
Number of Wells % Number of Wells %
6 Most favorable 51 48.57 52 49.52
5 Favorable 29 27.62 27 25.71
4 Reasonably favorable 17 16.19 17 16.19
3 Moderately favorable 8 7.62 9 8.57
2 Least favorable 0 0.00 0 0.00
1 Unfavorable 0 0.00 0 0.00

5. CONCLUSION

In this study, a favorability map of the Gediz Graben region generated previously based on knowledge based ranking approach of
the criteria layers was correlated with the criteria layers according to bivariate Pearson Correlation. Each layer, then, was re-ranked
according to results of the correlation and a new favorability map was generated by applying the same TOPSIS methodology with
the new weight values for criteria layers. It was observed that the ranking of criteria layers can be divided into two as primary and
secondary variables where the primary criteria include geothermal related layers being fault density, distance to fault, distance to
hot springs, distance to graben center and distance to cap rock units which have shown strong correlation with the favorability map
with the exception of distance to cap rock units layer. The distance to cap rock units layer have shown moderate correlation with
the favorability map which is considered to be a result of large areal coverage of the units within the study area with 57% coverage.
These primary variables were ranked highest in both knowledge based and correlation based rankings. The remaining criteria layers
night-time surface temperature, b-value and NDVI layers shown very low, insignificant correlation while slope layer have
presented low correlation with the favorability map and can be considered as secondary variables.

Therefore, the TOPSIS analysis was repeated with the new correlation result based on ranking and corresponding weights. It can be
seen that the two favorability maps are similar in the main graben region. The success rate of the two favorability maps, namely
knowledge based and correlation based maps, according to number of producing wells falling within each favorability class have
shown that the two maps have presented very similar success rate (Table 3). Out of 105 known producing wells, the number of
wells falling within the highest two favorability classes were 80 and 79 for the favorability maps generated according to knowledge
based and correlation based ranking approaches, respectively. In order to further compare the two favorability maps, correlation
based map was extracted from the knowledge based map. The resultant map have shown that 83.64% of the favorability areas
remained unchanged whereas favorability class of 8.22% of the cells have decreased to one lower class and favorability class of
8.12% of the cells have increased to one higher class. As a conclusion, the result of the bivariate correlation based favorability map
was, although by a small amount, lower than the knowledge based favorability map.
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