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1. Introduction 

 Environmental studies are related to the implementation of 

monitoring and modeling activities that require the use of reliable 

databases and validated technologies. For these purposes, 

conventional terrestrial measurements and methods continue to 

apply, but geographic information systems (GIS) and remote 

sensing are increasingly used. Their high technological and 

financial efficiency is the basis for their validation as sources of 

reliable information and quality spatial geo-data. They are therefore 

increasingly being used to develop a variety of environmental 

studies to help manage management decisions on spatial 

development and planning. Remote sensing and GIS technologies 

provide new opportunities for exploring the natural environment not 

only by providing modern tools, methods and data for analyzes, but 

also by integrating direct observation processes and quantitative 

measurements with spatial analysis and modeling into a unified 

system1. 

In GIS, the basic concept is one of location, of spatial 

distribution and relationship, and basic elements are spatial objects. 

By contrast, in environmental modeling the basic concept is one of 

system state, of mass and energy conservation, of transformation 

and translocation, of species and individuals' interaction and 

dynamics. Populations and species, environmental media such as 

air, water, and soil, and environmental chemicals are the basic units. 

Since all the basic units, or better, actors, in envircnmental 

modeling do have a spatial distribution, and this distribution does 

affect the processes and dynamics of their interactions considerably, 

GIS has a lot to offer to environmental modeling.  

The overlap and relationship is apparent, and thus the 

integration of these two fields of research, technologies, or sets of 

methods, that is, their paradigms, is an obvious and promising idea. 

Clearly, this could describe environmental modeling and probably 

GIS as a field of research, often enough a puzzle-solving activity 

short on theory with its own way of seeing (and displaying) things. 

It is exactly this way of seeing things that gets changed, or enlarged, 

when paradigms are merged and thus at least shifted if not 

revolutionized. Language, concepts, and tools of different fields can 

certainly enrich each other. For environmental applications in a 

rather loose sense, including land management, there is 

considerable tradition in the field, for example, in Canada under the 

header of land modeling in the Lands Directorate of Environment 

Canada [7, 10]  

While many of these systems have explicit environmental 

components and functions, they are not usually integrated with any 

modeling capabilities in the sense of simulation models, that is, 

transport or process and fate models, models of population 

development, etc. The idea of this integration, however, is obvious 

and discussed frequently [9, 11]. Recent overview papers on 

environmental GIS, and more generally, information technology for 

environmental applications. 

                                                           
1 Tepeliev Y. et al., Geographic Information Systems, Sofia, 2003 

 

2. Monitoring of the natural environment 

 
There are many different types of monitoring systems. 

Many of them automate the process of data collection and (pre-) 

processing – a task often hidden from the ordinary user. 

Monitoring itself may be implemented in several different ways 

depending on the type of system under study. When designing 

an environmental monitoring system, the following factors 

should be taken into consideration: 

● the acceptable time delay is likely to range from true 

real-time monitoring to manual sampling with a following 

laboratory analysis; 

● the requirement to control quality may range from 

showing pure raw data to a complete quality assurance/quality 

control (QA/QC) procedure; 

● there is often a distinction between manual and fully 

automated data sampling systems. 

Whatever method is used for the actual monitoring, the 

process involves the following steps: 

 a communication task which takes data from a sensor 

(or other information source) and communicates it to a receiving 

monitoring system; 

 pre-processing the data using steps such as calibration, 

checking, and formatting; 

 storing the data in some sort of database; 

 presenting the data in an appropriate form to users. 

The reason for introducing GIS into the pure monitoring 

process is mostly connected to a userinterface requirement. By 

introducing GIS at this stage it is possible to utilise mapping 

functions to display objects such as measurement stations. 

Furthermore, it can be of great value to keep the complete 

system within the framework of the GIS, especially if the 

required data processing tasks involve spatial analysis. 

 
3. Spatial Data Management 

 
GIS involves raw field observations/measurements linked to 

a location - also known as spatial data or geographic information. 

These raw data can acquire added value and provide new insights 

when placed in a framework of reference systems in GIS (i.e. 

spatial, temporal and attribute reference systems providing location 

and units of measure, time scale/period for which the data is 

relevant, and qualitative characteristics or quantitative physical 

properties associated with a given feature or location). 

Consequently, such raw data can be overlaid to obtain new insights 

on behavioural relationships within or with other datasets, or 

incorporated into models to simulate, and in this way anticipate, 

future changes in field observations and thus support environmental 

assessment. However, to ensure that all relevant data are 

incorporated into GIS and to provide an appropriate assessment 

framework, a number of pre-requisites need to be fulfilled, 

including: 
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 availability and accessibility of datasets; uniformity of 

reference systems;  

 accuracy, scale, consistency, completeness and timeliness 

of datasets and their attributes; 

 and provision of detailed metada. 

4. Application of GIS technologies in 

environmental modeling. 
 

Modern GIS technologies allow the storage and 

visualization of huge arrays of data (satellite imagery, aerospace, 

GIS data) that are needed and enjoyed by professionals and the 

general public. Geographic information technologies provide the 

development of platforms providing value added public services by 

supporting better management decisions, greater efficiency in terms 

of financial resources, time, resources and more efficient 

communications. 

An important driving force for the continued development 

of GIS is currently the development of Google's internet products 

and services. The launch of Google Earth and Google Maps 

changes the public perception of GIS. Google Maps and the ever-

expanding online GIS services promote and make GIS and 

cartographic activities universally available. A variety of Google 

Maps applications are created in Web 2.0 that provide services not 

only to various professional communities but also to the general 

public. New resources and opportunities are emerging in relation to 

data collection, in relation to which Goodchild (2007) highlights the 

application of "new principles of voluntary participation of 

individuals in the creation, dissemination and free sharing of 

geographic information" [7]. 

It should be noted, however, that despite the different stages 

of GIS development, their essence remains unchanged, and as 

Dangermond (2003) emphasizes, "the true essence of GIS is the 

analytical part that explores at scientific level the spatial 

interconnections, structures and processes of geographic 

phenomena, cultural, biological and physical phenomena ... this is 

the area that opens up the best opportunities to understand the 

essence of our world, its development, interconnection and change" 

9]. In the same sense, Poten (2012) notes that "spatial analysis and 

modeling functions not only distinguish GIS from other information 

systems but make them an effective tool for revealing and 

visualizing spatial relationships and interactions between objects 

and phenomena "[9]. It is important to add the capabilities of 

modern GIS to directly input geobase data of the results obtained 

with different forms of measurements of objects and processes of 

the Earth's surface. Thus, GISs currently contain not only an 

analytical part, but integrate the monitoring and quantitative 

measurements with geospatial analyzes and modeling into a unified 

system. All of this, together with the great capabilities of GIS for 

data storage and visualization, identifies them as an extremely 

important and necessary tool for studying the status and monitoring 

of landscape changes. 

An environmental mapis a cartographic thematic 

compilation which, in spatial expression and on the basis of 

scientific and objective assessment, presents the state of natural 

environment as well as the causes and results of environmental 

transformations (both negative and positive) taking place in the 

environment under the influence of various activities. It also 

presents the methods of protecting environmental values. 

Particular elements of the thematic content of the 

environmental map are compiled on the basis of the collected 

materials and results of field mapping. The merits of environmental 

map contain 6 information levels. These are as follows: 

1. Protection of the natural environment and its resources 

2. Susceptibility of the natural environment to degradation 

3. Degradation of the natural environment 

4. Counteraction to natural environment degradation 

5. The natural environment reclamation 

6. Wasteland. 

An integral part of the environmental map is a commentary, 

which is placed on the reverse of the sheet. The commentary is 

produced according to a strict scheme and contains: 

 characteristics of the main components of the natural 

environment and their selected features, 

 supplementary data for the individual informational levels 

of the map (text, tables, additional maps), 

 general evaluation of the natural environment condition 

and degree of its degradation, 

 indicators concerning environmental management and 

protection, 

 other essential information and evaluations. 

GIS is a fairly new analytical and planning tool for the 

visual impact of GIS produced maps in sectors concerned with 

agriculture, natural resources, urban and regional planning, and 

tourism in developing countries have been using GIS for many 

years. This paper is to identify and explore various environmental 

issues and opportunities to apply GIS in Environmental 

Engineering. 

GIS process – GIS is fundamentally used to answer 

questions and make decisions. To use GIS properly, following 

disciplined process is used for getting the answer. 

Frame the question - Start your GIS analysis by figuring 

out what information you need. 

Select your data – Select the type of data and features that 

require to be worked with to help determine the method and 

information needed 

Choose an analysis method - Decide which analysis 

method to use based on your original question and how the results 

of the analysis will be used. 

Process the data - Once we have selected the analysis 

method, we will need to process your data in a way that makes 

sense for our goal. 

Look at the results - The final step is to look at the results 

of your analysis and take action based on those results. Our results 

can be displayed as a digital map, printed as a paper map, combined 

with spreadsheet-like tables or charts etc. 

GIS Features For Environmental Engineer Are: 

Mapping where things are – lets you find places that have 

the features you're looking for, and to see where to take action.  

Find a feature—we can use maps to see where or what an 

individual feature is. 

Finding patterns—Looking at the distribution of features 

on the map instead of just an individual feature, we can see patterns 

emerge. 

We can map quantities, like where the most and least are, to 

find places that meet their criteria and take action, or to see the 

relationships between places. A density map can lets us to measure 

the number of features using a uniform aerial unit, such as acres or 

square miles, so you can clearly see the distribution2. We can use 

GIS to monitor what's happening and to take specific action by 

mapping what's inside a specific area. 

We can use GIS to find out what's occurring within a set 

distance of a feature by mapping what's nearby. By mapping where 

and how things move over a period of time, we can gain insight into 

how they behave. There are five type of questions that a 

sophisticated GIS can answer for environmental engineering 

purpose:  

a) Location what is at? – e.g. location of wells for study of 

ground water contamination study can be found out.  

b) Condition where is it? – e.g., an unfrosted section of at-

least 2000 square meters in size, within 100 meters of road, and 

with soils suitable for supporting buildings can be located. 

c) Trends what has changed since? - e.g. change in 

vegetation on land within last 5 year can be identified. d) Patterns 

                                                           
2 Hoffman-Velenhov B., H. Liechtener, Collins, Global Positioning 

System, Sofia, 2002  
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what spatial pattern exists? – pattern of identical landslide sites 

mostly occurring near stream can be found out.  

e) Modeling what if? - "What if…" questions are posed to 

determine what happens, for example, if a new oad is added to a 

network or if a toxic substance seeps into the local ground water 

supply.  

f) Spatial Questions – e.g. What is the shortest route 

passing through various location of water bodies for animal in forest 

These are spatial questions that can only be answered using latitude 

and longitude data 

and other information such as the radius of earth. 

Geographic Information Systems can answer such questions. 

Advantages and constraints of using GIS3 

i. Effective tool for implementation and monitoring of 

municipal infrastructure 

ii. Formulating scenarios for an Environmental Impact 

Assessment 

iii. Improved management of organization and resources. 

iv. Visualization of 3D modeling of landscape  

v. Replacing paper maps by digitized map 

vi. Multiple map overlays for comparison and relational 

database analysis 

vii. Create new information from existing data, through 

selection and combination of analysis techniques 

Costs are currently the main constraint to the use of GIS. 

Software is relatively expensive in relation to the other 

methodology, and there exists at present a lack of trained personal. 

 

Application Of GIS In Environmental Engineering  

 

In the process of human evolution the issues confronting 

today are safe guarding the natural environment and maintaining 

good quality of life. While taking up developmental activities, the 

assimilative capacities of the environmental components i.e., air; 

water and land to various pollution are rarely considered. The 

developmental activities being haphazard and erratic are leading to 

over use, congestion, incompatible land use and poor living 

conditions. Hence the problems of environmental pollution are 

becoming a heated topic of high-risk environment. 

GIS can play a vital role for analysis and in formulating the 

quick mitigation plans for high risk environments. GIS is one of the 

key tools in the environmental data framework for data validation, 

digital data transfer standards, data retrieval/dissemination and 

analysis. It can serve as the ultimate communication of 

environmental information to the public and policy makers since it 

is the technical basis for the multimedia approach in environmental 

decision-making. 

 

5 The role of gis in environmental monitoring 

 
GIS, not surprisingly, has a very important role to play in 

environmental monitoring. GIS is ideally suited as a tool for the 

presentation of data derived from distributed measurement stations 

(e.g. field-based water quality sensors). Unfortunately, however, 

most GIS have some severe shortcomings when it comes to dealing 

with the typical data obtained from such measurements, namely 

time series data. 

The techniques for dealing with time series data are covered 

more thoroughly elsewhere. In a nutshell, time series are long 

consecutive runs of data, such as the temperature measured every 

half hour at a certain point. Since most standard GIS software 

packages do not possess adequate tools for handling temporal data, 

they must be extended or auxiliary applications interfaced [8, 11].  

                                                           
3 STANAG 7016 IGEO – Maintenance of geographic materials, 

edition 4, 2002 

 

The time series data routinely collected for environmental 

monitoring very often have two significant analytical and display 

problems. First, they typically relate to points, when data based on 

areal units would often be more useful (a problem of spatial object 

type). Second, the temporal sampling incidence is often too 

frequent, resulting in large volumes of data. GIS offer relatively 

simple means of dealing with each of these problems. First, with 

regard to spatial resolution, a measurement point may be 

permanently assigned to a representative area using a simple point-

to-area transform [10]. 

A different option is to use standard GIS gridding and 

contouring facilities to interpolate between the point measurements 

across the whole study area. Second, with regard to temporal 

resolution, standard database selection capabilities may be used to 

extract data pertaining to a time value corresponding to other data to 

which it must be compared. 

The data flow and hardware configuration for a combined 

monitoring and GIS is shown in Figure 1. The illustrated system is a 

rather complex example implemented as a multi-user, client-server 

configuration. Apart from showing the basic system architecture, 

the figure also demonstrates how many functions may be involved 

in a GIS-based monitoring system. In particular, it should be noted 

how much of the system is actually dedicated to collecting, 

processing, and storing data rather than explicit spatial analysis and 

display operations. 

Essentially GIS is only used at user workstations, whereas 

the major part of the system is dedicated to other tasks. This 

distribution is in most cases reflected in the corresponding 

implementation and running costs. As a rule of thumb at least 90 

percent of the cost involved in setting up an environmental 

monitoring system is related to the measurement program, the 

quality control, and processing of data; only a minor part is related 

to the programming of GIS-based analysis and display functions4. 

Often the simple data analysis functions provided by 

standard GIS software packages are insufficient for dealing with the 

data monitoring requirements of environmental problems. The 

reasons for this are many, the most common being: 

● the economic aspects of a project do not allow sufficient 

data to be collected to ‘feed’ the analysis tools; 

● the characteristics of the data make simple extrapolation 

inappropriate; 

● several parameters are interconnected and the required 

data cannot be measured directly. 

In such cases more complex models are needed to reflect 

the expected environmental situation. In such circumstances, the 

task of environmental monitoring goes much further than can 

realistically be achieved within a standard GIS. 

 

 
 

Figure 1  Application of GIS for various environmental solutions 

 

                                                           
4 Keenan, P. B., Spatial Decision Support Systems: A coming of 

age, Control and Cybernetics vol. 35 (2006) No. 1 
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GIS display and analyze aerial photos. Digital information 

can be overlaid on photographs to provide environmental data 

analysts with more familiar views of landscapes and associated 

data. GIS can provide a quick, comparative view of hazards (highly 

prone areas) and risks (areas of high risk which may occur) and 

areas to be safeguarded. On completion of Data analysis GIS helps 

in Planning and Managing the environmental hazards and risks. In 

order to plan and monitor the environmental problems, the 

assessment of hazards and risks becomes the foundation for 

planning decisions and for mitigation activities. GIS supports 

activities in environmental assessment, monitoring, and mitigation 

and can also be used for generating Environmental models.  

Geographical information systems can be applied at all 

planning stages. Decision process aims to both identify and 

anticipate impacts on the natural environment. The interface 

between these two components produces several effects, which will 

generate specific impacts. GIS can also be explored within the 

whole process to improve different features, mainly related to data 

storage and access, to the analytical capabilities and to the 

communicability of the results. The development of such a system 

will allow a more realistic approach to the environmental 

descriptors and a better understanding of their interrelationships. 

GIS will bring to the process a new way of analyzing and 

manipulating spatial objects and an improved way of 

communicating the results of the analysis, which can be of great 

importance to the public participation process. 

The use of GIS in the planning process, where public 

participation is of great importance, requires the development of 

applications allowing a better understanding of spatial phenomena. 

During the process many different variables and phenomena 

presenting complex interrelationships, which vary in space and time 

are considered. These procedures involve technical analysis that 

includes changing assumptions and priorities and descriptions of 

significant visual and audible impacts. 

 
6. Conclusion 

In summary, the capabilities of GIS in modeling of the 

natural environment are: 

• It is possible to store large amounts of different kinds of 

data. The access to these rich databases allows the performance of 

dynamic queries based on real world representations. 

• Concerning the analytical capabilities, some potential 

functionality can be added such as the use of interactive video and 

digital sound associated with zoning maps, to help planners and 

decision-makers to visualize and better evaluate the impact of a new 

infrastructure.  

Other capabilities are related to the integration of spatial 

simulations associated with real images and to stereoscopic aerial 

photographs in order to get an improved visualization of the 

phenomena and their evaluation in real time. 

The results of modeling correspond to compressed 

information to synthesize in a small number of descriptors the 

complex and diversified universe that has been analysed. In a GIS, 

the improvements in the communicability of the results are 

associated with the use of images, which represent information in a 

compact way, of easier comprehension. 

The development of GIS for modeling requires the analysis of this 

process in order to identify the tasks that will be beneficial. To 

better understand the study area it may be necessary to view it from 

several different perspectives: aerial views, static and dynamic 

ground views. The aerial view corresponds to a combined flight 

through aerial photographs or satellite digital photographs, giving a 

perspective of the study area. This representation can be associated 

with the corresponding route of the flight over a map, allowing the 

interrelationship between the two spatial representations to be 

established.  
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