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ABSTRACT  
 

Geographic Information System (GIS) has been extensively utilized in water resources management because 

it features integrated tools to analyze spatial and tabular dataset. Proprietary software for GIS processing is 

available in the market, but the cost is expensive that only certain organizations are able to make such 

investment. This article covers technical introductory on data analysis and GIS processing using R Statistics. 

R is a free statistical software that also support software extensions (packages) for spatial and tabular data 

manipulation. These features enable R as an integrated tool for big data analysis in GIS to support water 

resources modeling. 
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ABSTRAK 
 

Sistem Informasi Geografis (SIG) telah banyak digunakan sebagai alat bantu analisis data spasial dan 

tabular terintegrasi untuk pengelolaan sumber daya air. Perangkat lunak berbayar untuk pemrosesan GIS 

sudah banyak tersedia, tetapi mahal sehingga hanya organisasi tertentu yang dapat melakukan investasi. 

Artikel ini mencakup pengantar teknis tentang analisis data dan pemrosesan GIS menggunakan perangkat 

lunak analisis statistik R. R adalah perangkat lunak statistik gratis yang juga mendukung ekstensi perangkat 

lunak (paket) untuk manipulasi data spasial dan tabular. Fitur-fitur ini memungkinkan R sebagai alat 

terintegrasi untuk analisis data besar dalam SIG untuk mendukung pemodelan sumber daya air. 
 

Kata kunci: R, SIG, pemodelan 

  

 

OVERVIEW 
 

R  is a free statistical software suite for data analysis and graphical data representation that 

provides a flexible and interactive programming environment and contains large collections of packages, 

including statistical modeling and data processing (Venables et al., 2016). R Statistics is an interpreter-based 

software that supports extensions to reduce the data analysis complexity while increasing the processing 

efficiency. This software tool has been used extensively in research particularly for statistical data analysis. 

Apart from abundant statistical modeling extensions, R also include packages for spatial data processing, 

tabular database management, and performance enhancement. This article therefore focused on 

introduction to spatial and tabular data processing using R, with a brief discussion on how to enhance R 

processing performance in handling big data analysis. 
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Spatial Data Manipulation with R 

Spatial data are commonly used in environmental modeling, especially for distribution analysis over 

space and time periods. This data can be originated from satellite observations, ground instrumentations, 

or traditional surveys, in which each value of the parameters is bound into its geographic position. Several 

dedicated Geographic Information System (GIS) software exist, such as ArcGIS, QGIS, SAGA, and Geo-

graphic Resources Analysis Support System (GRASS), although R also provides free packages for GIS-based 

processing. These packages include software plug-ins for direct manipulation of vector-based and raster-

based data and functions that bridge communications between R and other GIS-based software. For the 

latter, these functions enable R to run certain commands from other GIS software, so that the model flow 

and parameterization can be controlled within a single R environment. 
 

Spatial Data Processing  

 Spatial data have specific data formats, whether it is raster or vector. The Geospatial Data Abstrac-

tion Library (GDAL) is a library that provides translations for raster and vector data under Open Source Ge-

ospatial Foundation (OSGEO) standard formats. This library enables supported spatial data files to be im-

ported using the defined standard procedure. Four packages available for handling spatial data include 

―sp‖, ―rgdal‖, ―raster‖ and ―fields‖.  

 The ―sp‖ package provides base classes to store the spatial objects and methods to access the 

stored spatial objects of the imported spatial data so that the information inside the spatial data can be 

stored, retrieved, or updated using a particular standard procedure (Bivand et al., 2013; Pebesma and Bi-

vand, 2005).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Example of spatial data processing with R 
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The standard classes and methods are valuable for other R developers to create specific functions for 

spatial data processing. The ―rgdal‖ package (Bivand et al., 2016) provides a binding mechanism for GDAL 

and functions to read and write GDAL supported spatial data files. Furthermore, the ―raster‖ package 

(Hijmans, 2016) is built specifically for raster data analysis, while the ―fields‖ package contains functions for 

spatial model definition (e.g., spline, kriging) that might be integrated within the raster data analysis 

(Douglas Nychka et al., 2015). An example of R functions for spatial data processing is presented in Figure 

1. 
 

Communication with Other GIS Software  

 Along with packages that enable direct manipulation of spatial data, several other packages within R 

also provide a standard mechanism to run the function from other GIS software. This mechanism enables 

parameterization to be programmed within the R environment, passing the variables to be executed out-

side R, and then getting the execution results back to R for further processing. The three packages used in 

this research consist of ―gdalUtils‖, ―rts‖ and ―RSAGA‖. 

Moreover, OSGEO also provides a free command-line based application for spatial data processing (e.g., 

gdal_translate() command for spatial data conversion). For the R environment, this utility is wrapped under 

the ―gdalUtils‖ package (Greenberg and Mattiuzzi, 2015). Because the actual executable functions are lo-

cated outside the R environment, to use the provided functions, the GDAL utility installation path has to be 

defined using the gdal_setInstallation(search_path=‖GDAL installation folder‖) command. This command 

automatically sets the ―gdalUtils‖ environment variables that are needed to run GDAL utilities. 

 The ―rts‖ package (Naimi, 2016) is a notable package for handling Moderate Resolution Imaging 

Spectroradiometer (MODIS) data in the hierarchical data format (HDF). This package provides the 

ModisDownload()function to download (and optionally to mosaic) MODIS data tiles for certain observation 

date ranges. This function runs executable commands from the MODIS Reprojection Tool software 

(abbreviated as MRT) to perform the data mosaicking process. Therefore, the installation path of the MRT 

software needs to be defined inside this function. This function also requires the ―rcurl‖ package (Lang, 

2016) to perform HyperText Transfer Protocol (HTTP) communications with the NASA website. Before the 

download process can be initiated, the login information to authorize the download process from the NASA 

website must be defined. This authentication process is performed using the setNASAauth() command. Fur-

thermore, the list of the MODIS data product can be run using the modisProducts() command. An example 

of the R script to download, mosaic, mask, and convert HDF to the GeoTIFF format using a combination of 

―rts‖ and ―gdalUtils‖ is presented in Figure 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. R script to download, mosaic, mask, and covert MODIS HDF files to GeoTIFF 
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―RSAGA‖ is the R package to communicate with the System for Automated Geoscientific Analyses 

(SAGA) software (Brenning, 2008). This package provides functions to run SAGA geoprocessing modules 

from the R environment. The SAGA installation path is defined using the rsaga.env(path = ―SAGA-

installation-path‖) command. The SAGA geoprocessing modules are classified into libraries, where the list 

of this libraries can be retrieved using the rsaga.get.libraries(saga.env$modules) command. Furthermore, 

geoprocessing modules inside any particular library (e.g., hydrology library under ―ta_hydrology‖) can be 

retrieved using the rsaga.get.modules(libs = "ta_hydrology", env = saga.env) command, while the usage 

of certain modules (e.g., ―Topographic Wetness Index (TWI)‖ module under the ―ta_hydrology‖ library) is 

run using the rsaga.get.usage(―ta_hydrology‖, "Topographic Wetness Index (TWI)", env=saga.env) com-

mand. The result of this command is the list of required parameters for the SAGA module. Finally, the geo-

processing module execution (e.g., TWI) is governed using the rsaga.geoprocessor(―ta_hydrology‖, 

"Topographic Wetness Index (TWI)", env=saga.env, param=list(TWI-module-parameters)) command.  

Database Management with R 

 R also provides packages to work with the Database Management System (DBMS) software. This 

research used the DBMS software to manage large, millions of tabular data records, where data are struc-

tured in the form of relational tables to simplify the data query processes using the SQL language. The 

DBMS software was built specifically for big data management; therefore, it offers better performance and 

efficiency compared to traditional data handling. This research used the MySQL database server as the 

DBMS software, where the ―RMySQL‖ package is used to bridge the communications between R and 

MySQL. 

 ―RMySQL‖ is an R package that provides an interface and driver for the MySQL database (Ooms et 

al., 2016). This package provides basic functions to connect and pass the SQL query to be executed by the 

MySQL server. The result of the select query is returned to R in the form of the data frame, which later can 

be used for further analysis. The general syntax to execute the MySQL query using tahe ―RMySQL‖ package 

is provided in Figure 3. 

 

 

 

 

 

 

 

 

 

Figure 3. The general syntax of query execution in ―RMySQL‖ 

R Software Performance Enhancement 

 R is an interpreter-based software that provides an interactive programming environment. However, 

due to the nature of the interpreter-based software, the execution of large amounts of command-scripts 

(especially for-loop) could significantly decelerate the overall processes. This bottleneck process occurs due 

to the nature of the interpreter-based program architecture, in which the command-scripts are executed 

(interpreted) on-the-fly during the process. This back-and-forth interpretation processes create massive 

communication between R and the computer processing unit that decelerate the overall performance. Fur-

thermore, because data processing is performed in the computer Random Access Memory (RAM), analyzing 

large datasets could also potentially trigger memory problems. Therefore, two approaches are available for 

large data management, which include parallel processing and virtual memory management.  
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Parallel Processing  

Two packages to enable parallel processing in R are ―foreach‖ (Weston, 2015a) and 

―doParallel‖ (Weston, 2015b). This combination is specially designed to enable parallel processing in asyn-

chronous processes that are wrapped into a for-loop. These packages utilize the advances of the multi-core 

processor technology, in which asynchronous commands can be performed simultaneously (virtually paral-

lel) on different processor cores. At the end of the loop, the results of these processes are merged and re-

turned to the main command. The general syntax for parallel processing using these two packages is pre-

sented in Figure 4. 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. The general syntax for parallel processing in R 

Virtual Memory Management  

 The virtual memory management in R is performed using the ―ffbase‖ package (Jonge et al., 2016), 

which is the basic statistical function for the ―ff‖ package (Adler et al., 2014). This library enables atomic 

data structures virtualization where the processed data are stored on disk, rather than in the memory, and 

only a section of its structure are mapped into the RAM. This strategy enables R to efficiently process large 

datasets without memory limitation. To use this function, the variable only needs to be defined as ―ff‖ or 

―ffdf‖ for vector or data frame, respectively, using as.ff(vector( )) or as.ffdf(data.frame( )) commands. Fur-

thermore, the name of the function to manipulate the ff (or ffdf) variables is generally similar to the built-in 

basic function of R with the additional ―.ff‖ (or ―.ffdf‖) suffix. For example, sum.ff to obtain the vector sum 

and subset.ffdf to obtain the subset data frame. The complete list of the supported functions is available in 

the help menu by executing the help(―ffdf‖) command within the R environment. 

 An example on how these techniques enhance the execution process in R is presented in Table 1. 

Note that this result cannot be used as a reference since the actual performance is also influenced by the 

algorithm efficiency and the computer specification.  

Table 1. Comparison of time to process 10 parameters numerical weather data with more than 3.5 million 
of rows  
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Table 1 shows that the highest execution efficiency was achieved by combining both the virtual 

memory management and parallel processing techniques. However, combining these two approaches 

might also significantly increase the program’s complexity. 
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