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Abstract— Water is one valuable resource and is a primary 

necessity for the people, agricultural production and for the 

industries.  Looking in to the history of the numerical 

modeling in the water resources area it can be seen that the 

general trend of modeling approach is moving from periods 

of ‗function-centric‘,‘data-centric‘ and ‗map-centric ‗where 

models would be supported by or written in GIS. This paper 

attemps to aware role of Geographical Information System 

(GIS) and the contribution of Remote Sensing (RS) in Water 

Resources Management.Presanted work describes 

importance of GIS in the flood plain 

management,hydrologic modeling,spatial information, 

watershed delination,water quality assessment and 

planning,Constructing a ground water simulation model and 

connecting the spatially referenced time series data. 

Limitations and constraint working with GIS mention in the 

presented work. Also advantages and dis advantages using 

GIS are narrated in the paper. 
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I. HISTORY 

GIS technology was conceived in the 1960s as a digital 

layering system for co-registered overlays. Started in the 

mid-1960s and still operating today,     Canadian GIS is an 

example of one of the earliest GIS developments. Civilian 

GIS in the U.S. got a jump start from the military and 

intelligence imagery programs of the 1960s. The Internet 

was started in the 1970s by the U.S. Department of Defense 

to enable computers and researchers at universities to work 

together. GIS technology was conceived even before the 

birth of the Internet. The mid-1990s witnessed the inception 

of a new generation of user-friendly desktop GIS software 

packages that transferred the power of GIS technology to the 

average personal computer (PC) user with entry level 

computing skills. There were only a few dozen GIS software 

vendors before 1988     (Kindle Berger, 1992); [1] in 2001, 

the number had grown to more than 500. This revolution 

rightfully steered the GIS industry from a focus on the 

technology itself toward the applications of the technology 

(Jenkins, 2002). [2]  The use of GIS as a management tool 

has grown since the late 20th century. In the past 10 years, 

the number of GIS users has increased substantially. GIS 

technology has eased previously laborious procedures. 

Exchange Today GIS is being used in concert with 

applications such as maintenance management, capital 

planning, and customer service. Many of us are using GIS 

applications on the Internet and on wireless devices without 

even knowing that we are using a GIS. These developments 

make GIS an excellent tool for managing water, wastewater, 

and storm water utility information and for improving the 

operation of these utilities. Of data between GIS, CAD, 

supervisory control and data acquisition (SCADA), and 

hydrologic and hydraulic (H&H) models is becoming much 

simpler. For example, delineating watersheds and stream 

networks has been simplified and the difficulty of 

conducting spatial data management and model 

parameterization reduced (Miller et al., 2004). [3] 

II. OBJECTIVES 

GIS is a new technology which can be used as an effective 

tool at any science. As a civil engineer (water resources), I 

am interested to know how GIS can be used in my field. In 

addition to that I am willing to use GIS in future 

applications in water resources. So, to reach my goal in 

using GIS, first I have to perform a search on applications of 

GIS in my field of interest. 

III. LIMITATIONS AND CONSTRAINTS 

Actually there are some limitations and obstacles faced me 

when preparing this term paper such as:-1-Applications of 

GIS in Water resources are relatively new ( since 90s), and 

they are still being studied by scientist. Different scientist – 

sometimes- have various opinions on 

1) GIS applications in water resources. 

2) Papers published are not accessible, a searcher must pay 

money to get the papers. 

3) 3-The field is really complicated and sometimes We 

faced difficulties of understanding some GIS technical 

terms because of my recent knowledge of GIS. 

IV. APPLICATIONS 

A GIS article published in American City and County in 

1992 predicted faster computers and networks and that 

efficient database management and software will move GIS 

applications from property recording, assessing, and taxing 

functions to much more diverse applications during the 

1990s.This article anticipated future GIS applications to be 

rich in their use of multimedia, images, and sound. It 

expected GIS applications to become more closely linked to 

the 3D world of CAD as used by architects and engineers. 

Almost all of the GIS applications predicted in 1992 are 

now available except interacting with GIS data in a ―virtual 

reality‖ medium wearing helmets and data gloves. 

A. APPLICAION OF GIS IN WATER RESOURCES 

MANAGEMENT 

GIS saves time and money in developing water distribution 

system hydraulic models for simulating flows and pressures 

in the system. GIS also helps in presenting the model results  
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to non-technical audiences. 

1) APPLICATION IN WAER DISTRUBUTION 

SYSTEM 

GIS has wide applicability for water distribution system 

studies. Representation and analysis of water-related 

phenomena by GIS facilitates their management. The GIS 

applications that are of particular importance for water 

utilities include mapping, modeling, facilities management, 

work-order management, and short- and long-term planning. 

Additional examples include (Shamsi, 2002) [4]: 

•  Conducting hydraulic modeling of water distribution 

systems. 

•  Estimating node demands from land use, census data, or 

billing records. 

•  Estimating node elevations from digital elevation model 

(DEM) data. 

•  Performing model simplification or skeletonization for 

reducing the number of nodes and links to be included in 

the hydraulic model. 

•  Conducting a water main isolation trace to identify 

valves that must be closed to isolate a broken water main 

for repair. Identifying dry pipes for locating customers or 

buildings that would not have any water due to a broken 

water main.  

•  Prepare work orders by clicking on features on a map.  

•  Identifying valves and pumps that should be closed to 

isolate a contaminated part of the system due to acts of 

terrorism. Recommending a flushing strategy to clean 

the contaminated parts of the system.  

• Providing the basis for investigating the occurrence of 

regulated contaminants for estimating the compliance 

cost or evaluating human health impacts (Schock and 

Clement, 1995). Investigating process changes for a 

water utility to deter     mine the effectiveness of 

treatment methods such as corrosion control or 

chlorination. 

 
Fig. 1: Germantown water distribution system layers in 

ArcGIS. 

•  Investigating process changes for a water utility to deter     

mine the effectiveness of treatment methods such as 

corrosion control or chlorination. 

•  Assessing the feasibility and impact of system 

expansion. 

•  Developing wellhead protection plan. 

By using information obtained with these applications, a 

water system manager can develop a detailed capital 

improvement program or operations and maintenance plan 

(Morgan and Polcari, 1991)[5]. The planning activities of a 

water distribution system can be greatly improved through 

the integration of these applications. 

2) DEVELOPMENT OF HYDRAULIC MODELS 

The most common use of a water distribution system 

hydraulic model is to determine pipe sizes for system 

improvement, expansion, and rehabilitation. Models are also 

used to assess water quality and age and investigate 

strategies for reducing detention time. Models also allow 

engineers to quickly assess the distribution network during 

critical periods such as treatment plant outages and major 

water main breaks. GIS applications reduce modeling 

development and analysis time. GIS can be used to design 

optimal water distribution systems. An optimal design 

considers both costeffectiveness and reliability (Quimpo and 

Shamsi, 1991; Shamsi, 2002a) [6]: simultaneously. It 

minimizes the cost of the system while satisfying hydraulic 

criteria (ac ceptable flow and pressures). Taher and Labadie 

(1996) [7]:developed a prototype model for optimal design 

of water distribution networks using GIS. They integrated 

GIS for spatial database management and analysis with 

optimization theory to develop a computer-aided decision 

support system called WADSOP (Water Distribution 

System Optimization Program). WADSOP employed a 

nonlinear programming technique as the network solver, 

which offers certain advantages over conventional methods 

such as Hardy-Cross, Newton Raphson, and linear system 

theory for balancing looped water supply systems. 

WADSOP created a linkage between a GIS and the 

optimization model, which provided the ability to capture 

model input data; build network topology; verify,modify, 

and update spatial data; perform spatial analysis; and 

provide both hard-copy reporting and graphical display of 

model results. The GIS analysis was conducted in PC 

ARC/INFO. The ROUTE and ALLOCATE programs of the 

NETWORK module of PC ARC/INFO were found to be 

very helpful. Computational time savings of 80 to 99% were 

observed over the other programs. Generally, there are four 

main tasks in GIS applications to water system modeling: 

1. Synchronize the model‘s network to match the GIS 

network. 

2.  Transfer the model input data from a GIS to the model. 

3.  Establish the model execution conditions and run the 

model. 

4.  Transfer the model output results to GIS. 

In creating the input for hydraulic models and presenting the 

output. A hydraulic modeler who spends hundreds of hours 

extracting input data from paper maps canaccomplish the 

same task with a few mouse clicks inside a GIS (provided 

that therequired data layers are available). GIS can be used 

to present hydraulic modeling results in the form of thematic 

maps that are easy for nontechnical audiences to understand.  
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According to Shamsi‘s classification, the three methods of 

developing GIS-based modeling applications are 

interchange, interface, and integration. For GIS integration 

of water distribution system hydraulic models, one needs a 

hydraulic modeling software package. The software can run 

either inside or outside the GIS. When modeling software is 

run inside a GIS, it is considered ―seamlessly integrated‖ 

into the GIS. Most modeling programs run in stand-alone 

mode outside the GIS, in which case the application 

software simply shares GIS data. This method of running 

applications is called a ―GIS interface.‖ The interchange 

method offers the most basic application of GIS in hydraulic 

modeling of water distribution systems. In 1995, the 

Charlotte–Mecklenburg Utility Department (CMUD) used 

this method to develop a KYPIPE model for an area serving 

140,000 customers from 2,500 mi of water pipes ranging in 

size from 2 in. to 54 in.  The modeling was started by 

creating an AutoCAD drawing of all pipes 12 in. and larger. 

The pipes were drawn as polylines and joined at the 

intersections. The AutoCAD drawing was converted to a 

facilities management database by placing nodes at the 

hydraulic intersections of the pipes, breaking the polylines 

as needed, adding extended attributes to the polylines from 

the defined nodes, extracting this information into external 

tables, and adding the nongraphical information to the 

tables. Then, by using ArcCAD inside AutoCAD, coverages 

were created for the pipes and nodes, which could be viewed 

inside ArcView. Although this method was considered state-

of-the-art in 1995, it is not a very efficient GIS integration 

method by today‘s standards. In the simplest application of 

the integration method, it should be possible to use a GIS to 

modify the configuration of the water distribution network, 

compile model input files reflecting those changes, run the 

hydraulic model from within the GIS, use the GIS to map 

the model results, and graphically display the results of the 

simulation. on a georeferenced base map. The integration 

method interrelationships among the user, the hydraulic 

model, and the GIS software are illustrated in Figure .2 

 
Fig. 2: Integration method interrelationships. 

B. HYDROLOGIC AND WATER QUALITY DATA 

The new rising GIS-Hydro science has enabled 

governments, agencies and organizations related to water 

resources to change numerical tables‘ data to maps of spatial 

data that 

support any spatial search for relevant data. There are a lot 

of examples that show this jump in water management. 

Environmental Protection Agency is a good example, which 

allows the user to obtain water quality data in the form of 

maps and tables (http://www.epa.gov/surf/). It is obvious 

that these spatial data can be used beyond research, 

management or assessment ( such as the values of real estate 

or decisions on business locations ) because of its huge 

capabilities ( Wilson J.P., Mitasova H., Wright D.J., 2000). 

[8] 

C. SPATIAL INTERPOLATION 

One of the most powerful aids GIS provided Hydrology is 

the new tools for creating spatial and spatiotemporal models 

of land surfaces, climatic phenomena (e.g.,precipitation and 

temperature), soil properties, and water quality from 

measured data. ―The inclusion of the ANUDEM elevation 

gridding procedure in ArcInfo (Versions 7.0 and higher) 

illustrates these new capabilities. ANUDEM and 

TOPOGRID (as it is called in ArcInfo) take irregular point 

or contour data and create square-grid DEMs. The procedure 

automatically removes spurious pits within user-defined 

tolerances, calculates stream and ridgelines from points of 

locally maximum curvature on contour lines, and (most 

importantly) incorporates a drainage enforcement algorithm 

to maintain fidelity with a catchment‘s drainage network.‖ 

D. WATERSHED DELINEATION 

Over the last decade a number of algorithms for the 

delineation of watershed and extraction of stream networks 

from DEMs (Digital Elevation Models) have been 

developed and implemented in GIS. This development in 

calculating top topographic attributes ( such as, slope, aspect 

or curvature) has provided the basic required parameters for 

hydraulic modeling. Tracing flow allowed the simulation of 

Water movement, Sedimentation movement, and Pollutants 

movement, which improved our understanding and 

identification of potential sources of non-point source 

pollution. 

E. FLOODPLAIN MANAGEMENT  

Computer models play a pivotal role in hydrologic analyses 

by aiding in the determination of water surface profiles 

associated with different flow conditions. Unfortunately, a 

consistent deficiency of these programs has been their 

inability to connect the information describing the water 

profiles with their physical locations on the land surface. 

Often the computed water surface elevations are manually 

plotted on paper maps in order to delineate floodplains. 

Automating this manual plotting would result in significant 

savings of both time and resources. Geographic information 

systems (GIS) offer the ideal environment for this type of 

work to help improve hydraulic design capabilities. The 

connection between the HEC-RAS hydraulic model and 

ArcView GIS, allowing for improved visualization and 

analysis of floodplain data. It also permits GIS to function as 

an effective planning tool by making hydraulic data easily 
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transferable to floodplain management, flood insurance rate 

determination, economic impact analysis, and flood warning 

systems. Another important application is automating 

floodplain mapping to aid in the design of drainage facilities 

(Eric Tate, 1999) [9] In addition to that, before using GIS 

evaluating extreme storm events and the resulting floodplain 

has been accomplished by manually plotting the extent of 

the floodplain on paper maps. As GIS entered to the scene 

the process was automated and a significantsaving of time 

and resources in the design process. It was an effective tool 

for representing the spatial variability of the watershed 

characteristics, integrating hydrologic and hydraulic 

modeling processes with GIS, and displaying an accurate 

floodplain map of the project site. 

F. CLOSED BASIN HYDROLOGY 

Closed basins are a product of a delicate balance between 

inputs—precipitation over the lake and runoff from 

surrounding land—and outputs, such as evaporation and 

seepage outflows. This dynamic balance makes a closed-

basin system extremely sensitive to climate variation. A 

disturbed balance causes fluctuations in lake levels. So fall 

of water level will cause the closed basin's salinity to rise, 

which affects the lake's ecosystem, and rise will cause flood 

over new areas. Because of their capability to integrate and 

analyze data from many sources, geospatial tools such as 

geographic information systems (GIS) are ideal for 

unraveling the complex mysteries of closed-basin systems. 

The versatility of GIS allows researchers to integrate diverse 

data from many scales—from micro-climate to regional 

climate variations. 

G. CONSTRUCTING A GROUNDWATER 

SIMULATION MODEL UNDER GIS 

 Because most groundwater simulation models are self-

contained and require a specific input data format, it is not 

easy to integrate an external groundwater model with a GIS 

However, because GIS has the ability to manage and display 

spatially-referenced data, it is desirable to use GIS to 

support groundwater simulation models. To achieve this 

goal, a map-based groundwater model is constructed within 

the GIS environment using the concepts of spatial database 

management and OOP. The user interface and data 

processing capability of this map-based model are enhanced 

by the spatial data display and analysis capabilities of the 

GIS. It is now said that building a regional groundwater 

flow model without the foundation of a good GIS is 

unthinkable. GIS has helped to organize and analyze 

enormous amounts of information, making the models more 

accurate and useful. Although GIS may not get its deserved 

attention or credit, a Groundwater Availability Models, or 

GAMs would be nothing without it. These GAMs are used 

to assist in making management and policy decisions 

concerning groundwater. They are useful tools for assessing 

the possible effects of drought and pumping on water levels 

and spring flows. 

H. CONNECTING THE SPATIALLY-REFERENCED 

TIME-SERIES DATA WITH GIS 

Because most hydrologic processes are time dependent, 

spatially referenced time-series data are frequently 

encountered in simulating hydrologic events. Therefore, it is 

important to have an efficient data structure and data 

management system to handle spatially-referenced time-

series data. Data structures designed during this research can 

be either embedded in or connected to a GIS map to manage 

the spatially-referenced timeseries data efficiently and 

effectively,  

V. ADVANTAGES AND DISADVANTAGES 

A. ADVANTAGES 

Overall, the computer-generated climate surfaces represent a 

major advance over their hand-drawn predecessors. They 

cost less and can be produced more quickly, they are 

repeatable, and they can be used with the visualization tools 

commonly found in GIS to develop customized maps and 

tables.GIScience has changed the communication of water 

resource data by increasing their availability in the form of 

maps generated efficiently by cartographic tools available 

within many GIS softwares. It has also provided tools for 

new ways to visualize the movement of water through 

landscapes using dynamic visualization in three-dimensional 

space.  The averaged values of landscape characteristics 

used in the watershed models have been replaced by their 

distributed representation in these new models using GIS. In 

addition to simulating impact-specific land use practices, 

these new models simulate the spatial pattern and location 

within the watershedReally the use of GIS will make like 

life easier for hydrologic engineers and will increase their 

abilities to perform complex analysis easily such as: 

1) Effective and efficient delineation of watersheds and 

streams. 

2) Quick extraction of watershed and stream parameters. 

3) Digital Elevation Models (DEM) can define the drainage 

basin boundaries. 

4) A key advantage of using GIS in water applications is its 

ability to integrate, manage and analyze large volumes of 

data, particularly over very large areas, (John P. Wilson, 

Helena Mitasova, Dawn J. Wright, 2000). [10] 

VI. DISADVANTAGES 

Although using GIS as a hydrologic/hydraulic model‘s pre-

processor and post-processor amount of data preparation 

work, enhancing spatial data display and revealing some 

hidden spatial relations, the effort and cost of developing a 

GIS interface can also be significant and sometimes, 

outweigh the benefits of using it . One of the reasons for this 

high development cost is that both GIS databases and 

simulation models are usually self-contained and have 

different data structures. As a result of this difference, a 

great number of programs and procedures need to be 

constructed simply for data conversion purposes. This 

problem can be mitigated if a simulation model is 

constructed with all three of its elements integrated, because 

in such a model, the programs and maps would share the 

same databases and the problems of data inconsistency 

would be eliminated. High set-up and operating cost can 

also be improved if a GIS interface developed for one model 

can be shared by other models. Unfortunately, making 

programs and maps share the same database and making one 

main model to be shared with other models needs a wide use 

and understanding of GIS benefits worldwide, but this will 
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take long time since GIS applications in water recourses is a 

relatively new science from early 90s Cost of using GIS 

applications in water recourses still slows the acceptance of 

this new technology. Many case studies and detailed 

discussions with the experts of the subject have proven that 

the cost of development can be brought down when Remote 

Sensing has been used along with conventional methods 

Another obstacle hydrologists have to become GIS experts 

to solve problems. It‘s a hope that they will simply   

(without going deep into GIS Technology) be able to use 

and benefit from GIS tools that are fully integrated into an 

overall information system. 

VII. CONCLUSION 

Water resource assessment and management are inherently 

geographical activities requiring the handling of multiple 

forms of spatial data. GISs and simulation models have 

contributed to the identification and evaluation of potential 

solutions to water resource problems during the past decade. 

GISs have expanded the number of ways information can be 

presented and thereby extended their accessibility, and many 

of the most popular spatially distributed data sets can now 

be accessed via the Internet. 
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