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I. INTRODUCTION 
The association between water and the economy is so gripping that decisions about water are hardly ever 

delayed. Such decisions which are not conversant nearly all the time have unintentional consequences, with 

major impact on the environment and society. Changing climates are creating water shortages and changing 

flood patterns (Amir H.H et al., 2018; Chen.Q  et al., 2016; Davoodi.M  et al., 2015; Bodeaux.M et al., 2000).  

It is rare to find one level of government with sole jurisdiction over water management. Management is needed 

because water is not distributed evenly in space and time. Understanding its distribution can lead to solutions 

when water is temporarily unavailable. 

Due to the changeable climatic conditions, universally in current years, the government has to seek out for 

apposite solution which can offer for the finest water management. In this view, geographic information systems 

will provide the goal. GIS is a computer system that provides accessibility, and allows simultaneous 

applicability of multiple issues (King T.V et al., 2018; Lee M.J et al., 2015; Lee M.J et al, 2004). GIS 

knowledge can superimpose different maps based on various aims, and also provide a comprehensive survey in 

water management. Therefore, the need of GIS tools for analyzing water management is essential and 

unavoidable. Till now, diverse types of models, including expert knowledge, statistics, analytical and machine 

learning have been used for water spatial modeling. Among these, the efficiency of different machine learning-

based models has been approved in several studies (Naghibi, S. A et al., 2015; Saro.L et al., 2018). Machine 

learning can computerize, abridge and perk up many aspects of water modeling. This paper focuses on survey of 

various literatures that exists on proving efficiency of different machine learning based GIS models for water 

management. 

The remainder of the paper is organized as follows, Section 2 describes about GIS in water modeling, and 

Section 3 is about Machine learning in GIS. Section 4 is on tools used for GIS and Machine learning. Section 5 

describes Applications of GIS in water modeling. Section 6 concludes our survey. 

 

 

II. GIS IN WATER MODELING 
Geographic information system concepts and technologies are applied expansively in current water resources 

engineering, design, planning and operations and are changing the way these behavior are accomplished. GIS 
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has become a progressively more significant means for understanding and dealing with the critical problems of 

water and related resources management in our world. GIS concepts and technologies help us collect and 

organize the data about such problems and understand their spatial relationships. GIS analysis capability offer 

methods for modeling information that contribute to sustaining decisions for resource management over a wide 

range of balance, from local to global. GIS provides a way for visualizing resource characteristics and thus 

improving the understanding in support of decision making. Many studies used integrated geographic 

information system methods for water management. (Heddam et al., 2016b; Heddam, S et al., 2016c; Clapcott et 

al., 2013; Baiyinbaoligao et al., 2011; Amiri B.J et al., 2009).  

King T.V  et al., 2018; Lee .S.  et al., 2014 and Nikoo, M. R.  et al., 2015 employed GIS functions to provide 

extensive means for developing surface water hydrologic models and operations. They said that the watershed 

runoff processes are inherently spatial in character so there is a strong motivation to use GIS tools to organize 

the data and formulate hydrologic models. Their research concludes that surface water hydrology is perhaps the 

area for which GIS has been applied effectively in the water resources and environmental field. They used 

DEMs, TINs, DLGs, digital soil and land use data, radar-rainfall and satellite imagery, real-time gage reporting, 

and the GIS software to process these has contributed to an increased awareness of the spatial distribution of 

hydrologic processes. 

Shokoohi.M  et al., 2017; Şener.S et al., 2017; Zhang et al., 2010; Wu Z.Y,  et al., 2003 and Rossman L.A 2000  

applied GIS  in water supply distribution systems and components, aspects of their design and operation, and 

GIS concepts and tools which support these activities. These researchers also applied GIS tools for demand 

estimations, network design, and system operations. GIS spatial data management and analysis tools enable 

these functions.  

Radin H.A , 2006; Rindahl.B 2013; and Maidment D.R, 2004 described that GIS has found extensive 

application for groundwater assessments as there are many types and large amounts of data involved. They also 

stated that proper evaluation of groundwater resources requires thorough hydrologic, geologic, and hydraulic 

investigations. Their work were based on the most popular computer model of the numerical type, the modular 

finite-difference groundwater flow model (MODFLOW) developed by the US Geological Survey. MODFLOW 

simulates groundwater flow in aquifer systems using the finite-difference method  

 

III. MACHINE LEARNING IN GIS 
The Machine learning technique is a swiftly emerging area of predictive modeling that is concerned with 

identifying structure in complex, often nonlinear, data and generating accurate predictive models. Machine 

learning approaches regularly demonstrate superior control for solving multifaceted relations. Machine learning 

approaches are not limited to the conventional assumptions normally used with traditional and parametric 

approaches (Sener.S 2017; Parsaie.A. 2018; Jaddi.N. S. 2017, Azamathulla H.M., 2016). Conventional 

modeling methods are normally based on statistical assumptions, data requirements and regularly employ linear 

modeling approaches that are inconsistent with usual processes that happen in the landscape (Davoodi M et al., 

2015; Naghibi et al., 2015; Razandi et al., 2015; Clapcott et al., 2013;  Manap et al.; 2012). Regression tree 

models are such examples of machine learning techniques that offer alternative approaches to the traditional 

methods of prediction. 

Elith et al., 2008; Leathwick et al.; 2008 and  De ’ath et al., 2010  proved  boosted-tree algorithm as an 

influential approach for water modeling study. A study that used the boosted-tree algorithm for flood mapping 

was also conducted by Coltin et al., 2016. Lee et al., 2014, Lee M.J et al., 2015 and Lee 2015 showed the 

effective results of the analysis of the water modeling in the Seoul area using artificial neural network. 

A number of studies have applied the random forest classifier for flood mapping for which other methods are 

integrated. Parsaie.A et al., 2018 applied machine learning models such as classification and regression tree 

techniques in GIS water modeling and groundwater studies (Chen , 2016; Elith et al., 2008). Multivariate 

statistical methods were used to study water quality assessment and spatiotemporal variations in water quality 

for Melen River water quality data by Koklu et al., 2010. 

Stream water total nitrogen was predicted from land cover and human population density for 21 river basins 

using artificial neural networks and multiple linear regression by Amiri et al., 2009. Amiri  et al., 2008 have also 

studied the linkage between land use and buffer zone with water quality using neural networks. 

Amir.H et al., 2018 and  Azamathulla, H.M et al., 2016 investigates the performance of artificial intelligence 

techniques including artificial neural network, group method of data handling and support vector machine 

(SVM) for predicting water quality components of Tireh River located in the southwest of Iran. They tested 

different types of transfer and kernel functions to develop the ANN and SVM. Reviewing the results of ANN  

 

and SVM , they indicated that both models have suitable performance for predicting water quality components. 

Shokoohi et al., 2017 managed the water quality of a water supply system. They considered this an optimization 

problem and used modern optimization methods to solve it. Heddam et al., 2017 a  utilized artificial neural 
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networks for predicting the water quality components in several case studies. Emamgholizadeh et al., 2014 used 

multilayer perceptron, radial basis network and an adaptive neurofuzzy inference system for water quality 

components of Karoon River. They stated that all applied models have suitable performance for prediction of 

water quality components; however, the multilayer perceptron model was slightly more accurate. Zhang et al. 

2010 introduced a new neural network approach for water allocation. They considered water quality as one of 

the main factors in their approach.  

Nikoo et al., 2015 developed a probabilistic support vector machines model associated with GIS technique for 

planning the classification and distribution of surface and groundwater water in Iran. They stated that the use of 

these two methods would provide accurate information for feasibility studies of water conservation projects. 

 

IV. TOOLS 
GIS is extremely influential for addressing diverse water resources issues such as water quality, ground water 

movement, ground water contamination, river restoration, flood prediction and management, and etc. on a local, 

regional, national or even global scale (Parsaie.A. 2018; Sener.S 2017; Jaddi.N. S.  2017, Azamathulla H.M., 

2016; Hammouri, N. et al., 2007). It could be used for different approaches such as analyzing the current 

situation, modeling and stimulating different scenarios for predicting the future, projecting new information, and 

enhancing decision making and watershed management (Chen et al., 2004). New developments in geographic 

information systems are providing a stronger framework for synthesizing geospatial and temporal water 

resources data into a single information system.  

 

1.1. GIS tools  

 Arc Hydro is a data model and toolset for water resources application, built within the ArcGIS software 

system. Arc Hydro includes a network of rivers and streams, a means for defining drainage areas and 

linking them to the network, connections to time series recorded at gaging sites, and a three-dimensional 

model for channel shape (Colti et al., 2016). 

 Quantum GIS is an open-source and cross-platform GIS tool that allows the user to create, manipulate, 

analyze and visualize geographical data. Quantum GIS represents the maps in vector format  or raster data 

(Ilayaraja, K, et al., 2015).  

 gvSIG is another open source GIS tool that aids in solving sophisticated management problems by 

capturing, storing and handling the geographical data. It also can handle vector and raster data (Rossetto, R. 

U. D. Y. et al., 2013). 

 PostGIS tool scores high on performance and is pretty fast when loading large volume of raster data. 

GRASS is the GIS tool well suited for scientific problems. It also has support for image processing and 

handling of graphical data. This tool is specialized for spatial modeling, maps and graphic production 

(Swain, N. R et al., 2015). 

 

1.2. Machine learning tools 

 Flink-ML is a machine learning library currently in development for the Flink platform. It supports 

implementations of Logistic Regression, k-Means Clustering, and Least Squares (Lee S et al., 2015). 

 Weka 3 is a collection of machine learning algorithms for data mining tasks. 

 H20 is an open source Environment for predictive analytics platform. 

 Mahout is a framework for building scalable algorithms for shallow learning.  

 Theano is a Python based numerical computation library for Deep and shallow learning. 

 R is an Environment for statistical shallow learning. 

 Torch 7 is a scientific computing framework with wide support for machine learning algorithms.  

 

Applications 
GIS  find its application on diverse water resources issues such as water quality, ground water movement, ground 

water contamination, river restoration, flood prediction and management, and etc. on a local, regional, national or 

even global scale (Parsaie.A. 2018; Sener.S 2017; Jaddi.N. S.  2017, Azamathulla H.M., 2016; Hammouri, N. et 

al., 2007). 

Rainfall-Runoff modeling is one of the most useful applications of GIS. Baiyinbaoligao et al. (2011) has 

employed GIS for modeling the rainfall-runoff process in the Kuronagi River based on two rainfall stations.  

Hammouri et al., 2007  applied GIS to model the rainfall-runoff process in the Wadi Madoneh ungauged basin in  

 

 

Jordan. The main objective of this study is to investigate the surface water potential for groundwater artificial 

recharge. Predicting water quality components is another prominent application of GIS in water management.   
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Amir Hamzeh  et al., 2018 investigates the performance of artificial intelligence techniques including artificial 

neural network, group method of data handling and support vector machine for predicting water quality 

components of Tireh River located in the southwest of Iran.. 

GIS also finds its application in ground water management. In Saro. L et al., 2018’s work, groundwater 

productivity-potential was analyzed using the data mining models of an artificial neural network and a support 

vector machine in Boryeong city, Korea.  

 

V. CONCLUSION 
A Machine learning based GIS for water management is a major area of research to promote a country’s 

economy. The tendency for GIS to become more important in the mainstream of other information technologies 

means that it will be easier in the future than it has been in the past to synthesize geospatial with temporal water 

resources data, and to robustly link water resources models to the resulting hydrologic information system. 

Finally, the great thing that makes GIS attractive in water resources is that in this environment an integrated 

analysis could be achieved truly. The efficiency of different machine learning-based models has been approved 

in several studies. But, still a wide research gap is available to make use of GIS and machine learning tools more 

effectively.  
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