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Abstract  

 

Gretl and R statistical libraries enables to perform data analysis using various algorithms, 

modules and functions. The case study of this research consists in geospatial analysis of 

the Mariana Trench, a hadal trench located in the Pacific Ocean. Technically, data 

modelling was performed using multi-functional combined approach of both Gretl and R 

libraries. The study aim is modelling and visualizing trends in the variations of the 

trench’s properties: bathymetry (depths), geomorphology (steepness gradient),  geology, 

volcanism (igneous rocks). The workflow included following statistical methods 

computed and visualized by Gretl and R libraries: 1) descriptive statistics; 2) box plots, 

normality analysis by quantile-quantile (QQ) plots; 3) local weighted polynomial 

regression model (loess), 4) linear regression by several methods: weighted least squares 

(WLS) regression, ordinary least squares (OLS) regression, maximal likelihood linear 

regression and heteroskedasticity regression model; 5) confidence ellipses and marginal 

intervals for data distribution; 6) robust estimation by Nadaraya–Watson kernel 

regression fit; 7) correlation analysis and matrix. The results include following 

conclusions. First, the slope angle gradient has a correlation with the geological settings 

of the trench and distribution of volcanic igneous rocks. Second, the sediment thickness 

varies by the tectonic plates showing unequal distribution in space. Third, there is a 

correlation between the slope gradient and aspect degree. Forth, geospatial analysis of the 

bathymetry shows that the deepest part of the trench is located in the south-west.  
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INTRODUCTION 

Gretl (abbreviation stands for: GNU Regression, Econometrics and Time-series 

Library) is a functional cross-platform software package for the econometrics and statistical 

data analysis developed by A. Cottrell and R. Lucchetti, written in the C programming 

language [1], [2]. Gretl is a part of the a GNU (GNU is Not Unix) project by the Free 

Software Foundation (FSF) promoting free open source software [3]. Having an intuitive GUI 

to operate, flexible functionality of the modules and embedded statistical functions, Gretl was 

chosen in this research as a useful software for statistical data analysis. R, a programming 

language with a powerful functionality of statistical packages [4], [5] was selected as a 

comparative instrument to perform advanced plotting (multi-facetted plots and scatterplots 

with overlaid dots) for complex data analysis and modelling through scripting.  

 Nowadays, data science and data analysis are important part both in industry and in 

academic research, because the computerization and increased amounts of information lead to 

the need of processing large amount of data. Therefore, in both academia and economic 

domain, proper effective data analysis, methods, approaches and techniques are widely 

discussed [6], [7], [8], [9]. Data analysis specifically in geosciences as a general Earth science 

domain, and in geology as its sub-branch, also received attention [10], [11], [12]. As for 

marine geology, there are some examples of using R [13], [14] and Python [15], [16] libraries 

for the data modelling and analysis. However, processing data in marine geology is mostly 

limited by the GIS analysis based on geoinformatics and cartography. Current research 

highlights the effectiveness of the geospatial data processing by means of pure statistical 

software, such as Gretl and R, filling the gap between the mathematical approaches in the data 

analysis and geospatial data processing. Presented study aims at modelling, visualizing and 

understanding trends in spatial variations of the properties of the ocean trench.  

 A case study of this research is the Mariana Trench, the deepest place of the Earth 

located southeast of the island of Guam, west Pacific Ocean, reaching from Japan to Palau as 

a 2550 km long geometric arc. It is the deepest trench in the world, with a maximum depth of 

~11,000 m  [17]. Mariana Trench is a geologically unique place formed as a typical example 

of the tectonic plate spreading in an oceanic subduction system: the Pacific tectonic plate 

subducts beneath the Philippine Sea plate forming Mariana Trench. Such tectonic activities 

results in the formation of the active volcanic arc near the Mariana Trench which consists in 9 

islands and more than 60 seamounts, around 20 of which are hydrothermally active [18]. The 
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motion of the tectonic plates naturally affects the geomorphology of the trench. Furthermore, 

the interaction between the subducting plates and the underlying mantle cause gradual motion 

of the trench itself. Thus, the seafloor of the Mariana trench represents the site where oceanic 

lithosphere subducts into the mantle with many factors that influence the rate and direction of 

the trench migration [19]. The details of the tectonics and tectonophysics properties of the 

Mariana Trench subduction system are discussed in more details in various research papers 

(e.g. [20], [21], [22]).  

 Although until recent, the hadal deep-sea trenches were thought to be an almost 

biological deserts and understanding of their biology and ecology was very scarce due to the 

inaccessibility, it is now proved [23] that there are deep-ocean ecosystems even at such great 

depths as the Challenger Deep, the southernmost part of the Mariana Trench, existing due to 

the supply of nutrients and energy in form of chemical species. This becomes possible 

because of the constant ocean motion and waves turbulence upbringing sufficient nutrients for 

the organisms living in the trench [24]. Nevertheless, Mariana Trench is notable for the low 

temperature and low productivity comparing to other world trenches, as well as intermediate 

bottom temperature underlying the lowest surface productivity comparing to other trenches 

[25]. Being a hadal trench, Mariana Trench has higher hydrostatic pressure and relatively 

isolated bathymetry, while other geophysical and biogeochemical conditions, such as 

temperature, salinity, and dissolved oxygen are similar to those in abyssal settings [26].  

 As for topography of the Mariana Trench, it reflects rather complex geological 

situation: there are detected changes in strike of the bathymetric shape of the trench axis 

around 142°20E, being N 85°E to the east and N 80°E to the west of that longitude. The 

elongated depressions are located along the trench axis, not parallel with the trench axis. 

Other remarkable topographic feature of the Mariana Trench include a set of the elongated 

ridges and escarpments, having a shape of a half graben topographically. These geomorphic 

structures are accompanied by the plate bending on the outer slope, as well as soft and smooth 

seafloor of the western depression of the Mariana Trench [27].  

 

2. MATERIALS AND METHODS 

 The research aim and specific task of this work is to analyze the correlation trends in 

several factors affecting the submarine ecosystem of the Mariana Trench: bathymetry 

(depths), geomorphology (slope steepness gradient),  geology (location on four tectonic 
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plates: Mariana, Caroline, Pacific and Philippine Sea), volcanism in the adjacent area (igneous 

rocks). The data set consisting of the 25 cross-sectioning profiles with 518 observation 

samples in each. The workflow included following statistical methods computed and 

visualized in Gretl and R libraries: 1) descriptive statistics (mean, extremes, median); 2) data 

distribution by box plots, normality analysis by quantiles (QQ) plots; 3) local weighted 

polynomial regression (loess), 4) linear regression forecast evaluation by weighted least 

squares (WLS), ordinary least squares (OLS), limited information maximal likelihood (LML) 

and heteroskedasticity; 5) visualized confidence ellipses and marginal intervals for data 

distribution; 6) robust estimation modelling by Nadaraya-Watson fit; 7) correlation analysis: 

pairwise, triple and matrix plotting for all factors from the data set.  

  

Figure 1.  Descriptive statistical analysis of the bathymetry in the study area: minimal, mean, 

median and maximal values (A); box plots of the cross-sectional profiles (B). Plotting: Gretl 

 The descriptive statistical analysis (Figure 1) was computed by the ‘View / Graph 

specified vars / Boxplots’ where the initial data set (25 profiles with 518 observations in each) 

was imported as a .csv table with structure of the data set chosen as ‘Panel’ type of the data 

structure and Panel data organization as ‘Stacked cross sections’. The multi-faceted quantiles 

(QQ) and regression analysis plots (Figure 3 and 4) were performed in R for visualizing the 

variability of the bathymetric data values (elevation depths) by 25 profiles. The statistical 

approach followed common existing methods [28], [29]. The quantile-quantile plot (QQ) for 

the 25 profiles was modeled (Figure 3) by R packages {ggplot} and {qqplotr} by function 

stat_qq(). The faceting for the 25 profiles combined in one plot was performed using 

{ggplot2} package of R by function: facet_wrap( ~ profiles, labeller = label_both). The same 

scales were used for all panels for comparability of the sub-plots (Figure 3).  
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Figure 2.  Statistical analysis of the sediment thickness: QQ plot (A),   locally-weighted 

polynomial regression (B); box plots ranked by clusters (C). 

The regression analysis (Figure 4) was plotted using {ggplot} package of R by the following 

function: ggplot(MarDF_NEW, aes(x = observ, y = value, shape = "Observation points", 

color = "Observation points", size = "Observation points"). Statistical lines were added by 

special calls of geom_point(), geom_quantile() and geom_smooth(). The local polynomial 

regression was computed by fitting a smooth curve between the two variables by 25 profiles, 

respectively: depths values by 518 observation samples in each profile (Figure 4).  
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Figure 3. Statistical quantile-quantile (QQ) plot for the 25 cross-sectioning profiles 

 

The order of the polynomial in the independent variable and the proportion of the observation 

samples used in each local regression were specified in bandwidth, defined in R package 

{ggplot} by the following command: geom_smooth(aes(x = observ, y = value, colour = 

"Loess method"), method = loess, se = TRUE, span = .4, size=.2, linetype = "solid", 

show.legend =  TRUE), Figure 4.  
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The  

 

Figure 4.  Statistical regression analysis for the 25 cross-sectioning profiles 

The analysis of inter-dependancies by factors was performed using data set containing 

multiple variables (25 rows for values on geomorphology, geology, maximal and minimal 

depths, gradient slope steepness angle in tangent, etc. The table was imported as a .csv into 

Gretl environment with a ‘Cross-sectional’ type of the data structure. The method for 
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Ordinary Least Squares data modelling (Figure 6) followed ‘Model / OLS’ function in the 

menu. The dependent variable was selected as sediment thickness and several regressors were 

chosen for each sub-plot (Figure 6, A-F): tectonic plates (Mariana, Pacific, Philippine Sea), 

gradient angle steepness, volcanic rocks, tangent slope angle.  

Figure 5.  Study area: Mariana Trench crossing four tectonic plates 

 Other statistical methods were tested following existing described methodological 

approaches [30], [31], [32] via the command ‘Models / Other Linear Models’ in Gretl menu: 

Limited Information Maximal Likelihood (LIML), Weighted Least Squares (WLS), 

Heteroskedasticity-corrected, respectively (Figure 6, G-I). methodology for plotting Locally-

Weighted Polynomial Regression (Loess) model [33] (Figure 7) followed ‘Model / Robust 

Estimation / Loess’ command of Gretl. Loess visualizes a series of sub-plots (Figure 7, A-D) 

showing predicted values of the dependent geological variable of sediment thickness for each 

non-missing value of the independent variable of the tectonic plates: Mariana, Pacific, 

Philippine Sea, Caroline. Confidence ellipses (Figure 8) illustrate the generalization of a 

confidence interval represented as an ellipsoid around an interval of observation samples 

containing 95% of the pairwise against geologic data variable (sediment thickness) (Figure 8, 

following from A to F): igneous volcanic areas, Caroline Plate, Pacific Plate, minimal depths, 

Philippine Plate, Mariana Plate.  
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Figure 6.  Forecast evaluation of the spatial variations in sediment thickness. Modelling 

methods: OLS (A-F); LML (G); WLS (H); Heteroskedastisity-corrected (I). Plotting: Gretl 

 

Methodological approach in finding correlation between the variables consists in finding 

similarities between the selected values by existing algorithms [34], [35], [36]. The algorithms 

for the used approaches of OLS, WLS and LIML are provided in the existing statistical and 

reference literature [37], [38]. Specifically in this research the correlation matrix was 

computed using the ‘View / Graph specified vars / Correlation Matrix’ command. 

 

3. RESULTS 

3.1. Descriptive statistical analysis of the bathymetric and geological factors, Plotting: Gretl 

Findings in the primary statistical analysis of the examination of bathymetric data distribution   

show the most prominent depth by the profiles 20, 21, 22 located in the south-western part of 

the Mariana Trench (Figure 1).  
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Figure 7.  Spatial variations of the sediment thickness by four tectonic plates. Plotting: Gretl. 

 

Data records on the sediment thickness have normal distribution patterns (Figure 2 A). The 

increased values in the sediment thickness can be noted (Figure 2) in the profile groups with 

the depths range -9,000 to -9,200 m (Figure 2 B) and from -7,700 to -7,000 meters with a 

gradual decrease thereafter. Profiles with depths ranging from -6,500 to -6,000 meters show 

lesser values in sediment thickness (Figure 2 B). Grouping profiles by values of the sediment 

thickness values (Figure 2 C) shows five distinct clusters with mean values of 138, 124, 114, 

98 and 125 m, respectively (Figure 2 C). The QQ for the 25 profiles shows sample and 

theoretical quantiles for the bathymetric data (depths, in m) for each of the 25 profiles. The 

data shows normal distribution character. The Local Polynomial Regression for the 25 

profiles was modeled in a facetted plot (Figure 4) using methodology explain in a previous 

chapter. 

3.2. Evaluation of the spatial variations of the geological factors. Plotting: Gretl. 

The particular spatial characteristics of the Mariana Trench consists in its form: a crescent 

shape crossing four tectonic plates: Mariana, Caroline, Pacific and the Philippine Sea (Figure 
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5). Hence, to analyze spatial variations in the attribute data distribution across the plates, a 

spatial analysis by four plates was performed, which is discussed in this chapter. 

 

Figure 8.  Confidence ellipse and marginal intervals for the data distribution. Plotting: Gretl.  

Close examination of the Figure 9 shows that the geomorphic, geologic and bathymetric 

variables are distributed unequally by tectonic plates. There include the following tested 

parameters: slope angle expressed in tangent degree, sediment thickness, maximal depths and 

igneous volcanic rocks. The variations may be explained by the diverse geospatial conditions 

and geological settings in these areas (Figure 9).  
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Figure 9.  Variations in the geomorphology (A), geology (B), bathymetry (C), volcanism (D) 

visualized by strip plot. Plotting: R. 

The geology of the trench (sediment thickness) has a correlation with geomorphic parameters 

of the slope shape: slope angle gradient, steepness tangent angle and aspect degree location of 

the igneous rocks (volcanism effect), Figure 10.   
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Figure 10.  Robust estimation of the correlation trend. Model method: Naradaya-Watson Fit. 

3.3. Correlation analysis of various factors: geomorphology, bathymetry and geography 

The relevance of variations in multiple factors (Figure 13) was studied in relation to the cross-

sectional profiles across the trench (Figure 12), and specifically pairwise, for slope angle 

gradient and sediment thickness, slope angle gradient and igneous volcanic areas, and slope 

angle gradient and aspect degree (Figure 12 from upper to lower sub-plots, respectively). 

Besides, there is correlation between the slope gradient observations and aspect degree for the 

profiles located in the north and north-eastern part of the trench: 1-6, 16-19, 13-14, Figure 12. 

The 3D visualization of the triple correlation between geomorphic and geological variables 

(Figure 12) shows dependancies between these factors and tectonics, examples of the Pacific 

and the Philippine Sea plates (Figure 12 A). 
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Figure 11.  Scatterplot visualization of the dependancies between factors: elevation range by 

cross-sectioning profiles (upper plot); slope gradient and geospatial location (lower plot). 

 Overall, a strong relationship was not observed between tectonic plates (dependence < 

-0.5). However, a closer look revealed that the bathymetric values (depths, m) have a high 

correlation value, especially at profiles 14 to 17 and 1 to 6 (Figure 13, B). 

 

 

Figure 12.  3D visualization of the triple correlation between variables. Plotting: Gretl. 

In this case, the geospatial effects could be the factors explaining this relationship (location in 

the northern and central part of the trench), Figure 11. A similar pattern, but with a higher 
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correlation, was observed for the slope gradient angle and sediment thickness (correlation >  

0.75, Figure 13, A). 

Figure 13.  Correlation matrix between variables: similarities on factors (A); Correlation 

matrix between cross-sectioning profiles: similarities on geomorphology (B). Plot: Gretl. 

 

4. CONCLUSION 

 Mariana Trench marks the location at which the Pacific plate subducts beneath the 

eastern edge of the Philippine Sea plate [39]. Therefore, the tectonic activities in the study 

area strongly affect the geomorphology of the trench. This study demonstrated quantitative 

and qualitative analysis of the correlation between various geospatial factors affecting 

Mariana Trench geomorphology by technical means of Gretl and R based data modelling. 

Hence, the research aim was to analyze factors affecting the variations of the Mariana Trench 

shape by various tectonic plates and how they correlate with each other.  

 Gretl based tests and data models proved to be supportive of the geospatial 

dependence between the factors affecting the trench geomorphology, which further reinforces 

geospatial data modelling interpretations made in this regard by R showing strip plots of data 

correlation: slope angles, maximal depths, sediment thickness and volcanism in the study 

area. The distributions of the depth values in the bathymetric patters across the trench show an 

important difference:  the most prominent depth is detected in the south-western part of the 

Mariana Trench and decrease gradually from there until the north-eastern part of the trench. 

The increased values in the sediment thickness can be noted in the profile groups with the 

depths range -9,000 to -9,000 m and from -7,700 to -7,000 meters with a gradual decrease 

thereafter. Profiles with bathymetric values ranging around -6,500 meters show a contrast of 
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the intensity of sedimentation rates showing lesser values in the sediment thickness. A 

simulation model applied to the profiles grouped by the sediment thickness  showed five 

distinct clusters showing variation of the sediment thickness according to the spatial 

distribution of the data samples. Overall, the bathymetric values (depths, m) have a high 

correlation value in the central part of the trench. Hence, the parameter of sediment thickness 

has a distinct correlation with geomorphic parameters of the slope shape: angle gradient, 

steepness and aspect, as well as distribution of the igneous rocks. 

 This brings up the issue of how these parameters are actually distributed in space. 

Gretl-simulated data modelling showed that the geomorphic, geologic and bathymetric 

variables are distributed unequally by the tectonic plates. Thus, the 3D visualization of the 

triple correlation between the geomorphic and geological variables shows dependancies 

between these factors and tectonics, e.g. the Pacific and the Philippine Sea plates. Virtually, 

the variations may be explained by the diverse geospatial conditions and geological settings in 

these areas. The remaining outliers in the data can be explained by the local variations in the 

geological parameters. The relevance of variations in multiple factors was studied in relation 

to the cross-sectional profiles across the trench and specifically pairwise, for the slope angle 

gradient with sediment thickness, igneous volcanic areas, and aspect degree, respectively. 

Finally, there is correlation between the slope gradient observations and aspect degree for the 

profiles located in the north and north-eastern part of the trench. 

 As demonstrated in the results, there is a distinct correlation between the volcanic 

activities and slope gradient angle of the trench, sediment thickness and depths in the places 

of the bathymetric sample points. This proves that trench motion caused by high tectonic 

activities in the study region directly impacts the geometry and shape geomorphology of the 

Mariana Trench. Furthermore, the influence of the geomorphic, geologic and bathymetric 

variables is assessed by the computing and measuring correlation effects, as well as visualized 

by graphic plotting and data modelling using Gretl and R statistical packages. The descriptive 

statistical analysis and correlation matrices yielded following results: sediment thickness 

correlate with the variations in depths and slope gradient angles, as well as changes in 

geographic locations moving from north southwards. Using a combination of statistical 

packages of R and Gretl demonstrated effective results visualized by the multifaceted plots 

and subplots, pairwise and triple correlation graphs, correlation matrices and other types of 

the graphical output.  
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 Selecting a suitable software for statistical analysis is always important step in the 

research methodology. Most of all, it requires a review in choice, an argued approach 

comparing both pros and contras in the functionality of the particular software [40], [41], [42]. 

Methodologically, comparing Gretl with R, Gretl offers a more user-friendly possibilities:  

intuitive GUI enabling user to more smoothly perform analysis. In terms of functionality, R, 

comparing to Gretl, contains more packages and additional modules for diverse types of the 

statistical analysis that were not performed here due to the scope of this paper.  

 Graphical plotting is important part of the research in data analysis [43]: besides 

aesthetic value of the high-quality scientific plotting, effective visualization enables to 

highlight dependancies between variables and to put an accent on the groups variables that 

can be overlooked otherwise. R has powerful possibilities of graphical visualization due to 

such packages as {RColorBrewer}, {viridis}, {graphics}, {ggplot2}, {plotfunctions}, 

{ggplotgui}, {extrafont}, {fontLiberation}, {crayon}, {gridExtra}, {grid}. R enables to 

switch between necessary packages, adjust graphical plotting at the advanced level, create 

multi-plots, faceted plots, as well as enables a variety and flexibility in the statistical 

modelling and approaches, and many more. However, Gretl, due to the user-friendly GUI 

enables to focus more on the research and statistical analysis without strong skills in syntax of 

programming language, as required by R. To conclude, both Gretl and R are useful for the 

geological data analysis. Using combination of the both packages demonstrated positive 

results: data analysis, statistical modelling with possibilities to tune functions, select variables, 

options, as well as fine visualization plotting.  
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