Course Description
TEMPUS project EcoBRU
	Course Title

	GIS-Technologies in Study and Research Activities in Geography and Ecology 


	Course Unit Title  (if necessary) 

	– definition of geoinformation systems and its use in ecology; 
– ecological mapping in MapInfo environment;
– digital terrain models and its ecological analysis in Surfer programme


	Expected Teacher`s Qualification 

	Specific knowledge, knowledge of subject methodology and didactics; teaching experience  


	Teacher
	Educational Institution

	Head of the Course: 
A.V. Kavaliova, Candidate of Biological Sciences, associate professor 
Other Team Members:

A.S. Sokolov, assistant
V.D. Liauchuk, Candidate of Technical Sciences, associate professor 
I.U. Semenchukova, Candidate of Economic Sciences, associate professor 
S.A. Demjanov, Master of Geographic Sciences 
	Educational Institution «Francisk Skorina Gomel State University»
Educational Institution «Vitebsk State Technological University» 
Educational Institution «Polessky State University»

	Deficiency Diagnostics


	Occupied Position in the System of Advanced Training
	Course Level
	Course Type

	Supplementary education for grown-ups 
	On the basis of secondary specialized and higher education 
	Advanced training


	Target Group
	Timeline
	Language(s)

	Teachers of ecological and geographical disciplines in educational institutions of different levels; master`s degree students; researchers who study territorial systems and its interaction with environment and society, the ones who aspire to master modern information technologies of spatial modeling, analysis, storage, transformation and visualization of research results;
	1 week (40 hours)
	Russian


	Terms

	Terms: Availability of study and curriculum documentation, hardware and software and system of distance learning 
	Other Requirements (if necessary)
Customers` needs for educational service


	Credits
(1 credit=30 hours)
	Total Number of Hours
	Classroom Activity
	Independent Activity (hours)

	1,3
	40
	30
	10


	Relevance for EcoBRU**

	General ecological education: course gives the opportunity to master instruments for studying and modeling one of the most significant aspects of ecosystems – a spatial one, as well as to evaluate and visualize the peculiarities of formation and development of ecological situations in different regions, the peculiarities of structure of ecological relationships and interaction both between natural and natural-anthropogenic territorial complexes and subsystems of one complex. (

Specialized professional and academic education: the course presupposes the adaptation of actual methodologies of ecological spatial modeling, modern technologies of creation of various ecological maps and surface models, operations of geoinformation analysis used for ecosystems studies, its components and existing spatial-time relationships((

Actual connection with professional activities: such issues as GIS application for environmental protection practical problem solving, work with databases which exist in the organizations dealing with management and environment exploitation, for geoinformation provision of environmental measures(((



	Whole Course Objects

	To develop knowledge and skills in the sphere of theoretical bases and practice on operations implementation and  technologies of geographical information systems for ecological research objects and environmental management 

	
	Educational Course Objects (see the list of verbs used for the description of educational objects)

	Methods and Forms of Educational Process Organization 
	Means of Control and Knowledge Evaluation 

	Special Knowledge
	Application of modern research methods and professional ecological problem solving on the basis of analytical and cartographical tools of modern GIS-systems
	
	

	
	Creation of ecological and topical maps, atlases and other cartographical production using geoinformation and publishing technologies 
	Lecture, presentation, practical tasks
	Testing, practical home task completion control 

	
	Analysing environmental condition and reveal factors of its formation by means of GIS-technologies  
	
	

	Methodological and Didactic Competence 
	Search, analysis and systematization of ecological spatial information, its transformation applicable to GIS-analysis 
	
	

	
	Analysing and choosing GIS-methods and working out mechanisms for successful scientific problem solving, complexing and combining methods 
	Lecture, presentation, practical tasks
	Testing, practical home task completion control 

	
	Proper interpretation of obtained results
	
	

	Interdisciplinary Competence, Social Competence 
	GIS-technologies use for studying relationships and interactions between objects of various natural sciences 
	
	

	
	Professional exploitation of modern equipment and program features which provide informational basis of practical activities 
	Lecture, practical tasks, presentation, analysis of actual environmental tasks and situations 
	Testing, practical home task completion control 

	
	Use of acquired GIS-technologies skills in social, educational and professional activities 
	
	


	Course Unit Object 1 

	Be familiar with basic terminology of spatial data processing in GIS, with principal vector and raster models of GIS data; be familiar with structure and main units of GIS MapInfo 

	
	Educational Course Objects (see the list of verbs used for the description of educational objects) 

	Methods and Forms of Educational Process Organization 
	Means of Control and Knowledge Evaluation 

	Special Knowledge
	Be familiar with the main types of geoinformation systems, its constituencies, be  familiar with the used data storage models 
	
	

	
	Be familiar with MapInfo programme interface, rational organization of working environment 
	Lecture, presentation 
	Testing

	
	To master generally accepted GIS terminology 
	
	

	Methodological and Didactic Competence 
	Working out ecological GIS-technologies research plan
	Lecture, presentation 
	Discussion and mutual evaluation

	
	Be aware of the  role of GIS in the system of ecological education and enlightenment 
	
	

	Interdisciplinary Competence, Social Competence 
	Potential application of GIS in future professional activities  
	
	

	
	Observing GIS as a basis for integration and joint results presentation of various spatial studies of nature, society and technosphere 
	Lecture, group discussion 
	Reflection, discussion and mutual evaluation 

	

	Topics/Contents
	Classroom Activity
	Number of Hours and Tasks for Independent Activity 

	Lecture. Geoinformation systems. GIS-technologies and operations in ecology. Geoinformatics. Geoinformation systems. Main GIS components. The role of GIS-specialist. GIS functions. GIS classification. Data. Positional and attributive data. Databases. Means of data organization. Modern GIS overview. Role and place of GIS in environmental measures. 
	2
	

	Lecture. Interface, dashboards  and starting in GIS MapInfo.   Geoinformation MapInfo system. Fundamental notions. Purpose, functions, used files formats. Interface. Dashboard Operations. Dashboard Pen Case. Dashboard Programmes. Dashboard Commands. Start of work in в MapInfo. Table creation. Principle graphic primitives, its creation and design. Subscriptions. Working set.
	2
	


	Course Unit Object 2 

	To master principal operations which are used in ecological and geographical analysis implemented in geoinformation MapInfo system 

	
	Educational Course Objects (see the list of verbs used for the description of educational objects) 
	Methods and Forms of Educational Process Organization 
	Means of Control and Knowledge Evaluation 

	Special Knowledge
	Be aware of principles and essence of spatial and analytical operations and data bases request
	
	

	
	To implement entering of geographical coordinates into raster image, choosing and transformation of cartographical projections  
	
	

	
	To create electronic layers, to attach data bases to it with various information filling  
	Presentation, practical tasks
	Testing, practical home task completion control 

	
	Implementation of principal analytical operations 
	
	

	
	Implementation of principal cartographical operations 
	
	

	Methodological and Didactic Competence 
	Comparison of analytical operations with the peculiarities of current task and expected results 
	
	

	
	Explanation of connection between components and elements in a particular territory
	Presentation, practical tasks 
	Testing, practical home task completion control 

	
	Preparation of didactic material for demonstration of peculiarities of ecological situations of various territories 
	
	

	Interdisciplinary Competence, Social Competence 
	Participation in research activities dedicated to spatial visualization within the framework of non-ecological disciplines 
	
	

	
	Application of GIS-technologies for ecological propaganda and enlightenment of population
	Group discussion 
	Reflection, discussion and mutual evaluation 

	
	Creation of databases of creative and social contents and use of geographical reference
	
	

	

	Topics / Contents
	Classroom Activity
	Number of Hours and Tasks for Independent Activity 

	Practical training. Registration of raster image, digitalization of its objects. Notion of registration (assignment of geographical coordinates and projections). Detection of raster image. Registration by means of manual geographic coordinates and projections assignment. Registration by means of coordinates transfer from existing registered images. Objects digitalization on the map, creation of objects data bases. 
	1
	1

	Practical training. Creation of multilayer ecological map, operation with layers and subscriptions. Layered objects digitalization. Combining of layers. Operation with design and subscriptions of various map layers. Adjustment of settings of cartographical generalization with map zooming. Settings adjustment of cartographical generalization with map zooming. 
	1
	1

	Practical training. Object part deletion, object cutting by a template, creation of layer mask. Commands «Delete the part», «Delete the exterior part», «Cut». Deletion of exterior (inner) object part. Dialogue box «Data separation». Object cutting  by means of template. Object cutting by means of polyline. Offcut of raster image. Creation of semi-transparent mask. 
	1
	1

	Practical training. Data bases transfer within MapInfo и Excel. Data bases combining. Creation of point features in MapInfo. Images export. Files of [.shp]  format and its transformation into [.tab] format. Data transfer from Excel to MapInfo. Data transfer from MapInfo to Excel and text files. Images export from MapInfo to graphical files [.jpg], [.bmp], [.tif], [.psd], etc. Insertion of MapInfo object into Word documents. OLE-programmes. MapInfo Map supplement. Creation of point features objects layer on the basis of point data list. 
	1
	1

	Practical training. Acquisition of geotagging raster images (space images, maps, relief matrix) for free through the Internet. Vector maps acquisition and its transformation into required format. Cartographical web-services. SAS. Planet programme. Types of downloaded images: satellite images, maps, topographical maps, relief raster models, hybrid images, etc. Choose of source, mage type and download zone. Methodology of image acquisition and creation of tab-file of geotagging in SAS.Planet programme. Image acquisition by means of Landsat satellite. Radiometric relief images acquisition. 
	1
	1

	Practical training. Creation of topical ecological and geographical maps. Map and descriptive text design. Types of topical maps in MapInfo. Map creation by means of point density method. Map creation by means of dimension symbols method. Cartograms creation. Diagrammatic maps creation. Topical maps creation by means of two different layers data. Topical maps creation for point and linear features. Map creation by means of qualitative data. 
	1
	1

	Practical training. Zone division (geological groups creation). Geocoding and geological references. Essence and features of zone division procedure. Zone division methods. New zones distinction. Objects transfer from one region to another. Regions unification. Regional figures automatic calculation. Essence and meaning of geocoding procedure. Initial and target tables. Geocoding methods in MapInfo. Automatic and manual geocoding. Geological reference. Types of geological references. Adjustment of geological references. 
	1
	1

	Practical training. Data bases requests. Extraction, analysis and cartographic visualization of required information. Relational databases. Language of structured SQL requests. SQL-requests in MapInfo. SQL-requests box. Description of MapBasic language operators for creation of data extracts in MapInfo tables. Mathematical operators in expressions. Use of operators of comparison in expressions. Logical operators in expressions. Geographical operators in expressions. Examples of requests. Map creation on the basis of requests. Requests saving. 
	2
	

	Practical training. Creation of buffer zones and Voronoi testing areas. Buffer zones: designation, calculation, examples.  Creation of buffer zones for point, linear and areal features. Buffer zones design. Utility «Buffer zones-rings». Buffer zones statistics calculation. Concept of Voronoi testing areas. Examples of practical application. Creation of Voronoi testing areas in MapInfo.
	2
	

	Practical training. Elements of map design (creation of graduated scale, grade frame, indicator pointing to the North, map title, management of descriptive text, subscriptions, etc.). Traditional elements of geographical map design. Utility «Framework and map scopes» and its application for grade frame creation and design. Utilities «Graduated scale», «Descriptive text manager», «Map title», «Subscriptions», «Indicator pointing to the North», «Editor of conventional signals», etc. and its application for  map design. 
	2
	

	Practical training. Calculation of distance between objects. Calculation of proportional overlap. Additional functions of ecological information analysis. Utility «Range calculator». Setting of «Range analysis» box. Range determination between objects of one table. Determination of the nearest and the furthest object. Range determination between objects of various tables. Utility «Proportional overlap». Calculation of objects area ratio of one table within the objects of another table. 
	2
	

	Practical training. Surfaces maps in MapInfo. Surfaces maps creation by means of elevation figures and ecological characteristics. Concept of surfaces. Principles of surface creation. Two- and three-dimensional surfaces. Surfaces creation in MapInfo. Surfaces maps design. Creation and design of isoline maps in MapInfo. Surfaces creation by means of elevation figures. Surfaces creation by means of ecological characteristics. Surface creation on the part of the map.
	2
	

	Practical training. Reports writing. Reports export. Pre-printing activities. Reports in MapInfo. Reports editor. Report writing. Placing of objects in reports. Elements of report writing. Report window export. Additional utilities for reports writing. Reports pre-printing activities.
	2
	


	Course Unit Object 3 

	To master principle operations of two- and three-dimensional surface modeling and its ecological interpretation. 

	
	Educational Course Objects (see the list of verbs used for the description of educational objects) 

	Methods and Forms of Educational Process Organization 
	Means of Control and Knowledge Evaluation 

	Special Knowledge
	Definition of principal surface models and its application in ecological problem solving  
	
	

	
	Creation of two- and three-dimensional surfaces models 
	
	

	
	Detection of territories ecological peculiarities by means of surface models  
	Lectures, presentation, practical tasks
	Testing, practical home task completion control 

	
	Implementation of mathematical transformation of surfaces 
	
	

	
	Creation of derived models on the basis of initial ones 
	
	

	Methodological and Didactic Competence 
	Preparation of didactic material to reflect principles of spatial organization of territories and its influence on formation of specific ecological situations  
	
	

	
	Management of ecological research activities of learners and students with GIS-technologies application 
	Presentation, practical tasks
	Testing, practical home task completion control 

	
	Creation of illustrative structural model and functioning of natural systems 
	
	

	Interdisciplinary Competence, Social Competence 
	Stimulation of knowledge acquisition on environment in the process of study of interdisciplinary subjects and special disciplines   
	
	

	
	Use of surface three-dimensional modeling in activities unrelated to ecological researches and education 
	Lecture, group discussion 
	Reflection, discussion and mutual evaluation 

	
	To demonstrate the necessity of application of physical and mathematical operations for environmental problem solving   
	
	

	

	Topics / Contents
	Classroom Activity
	Number of Hours and Tasks for Independent Activity 

	Lecture. Definition of digital terrain models. Its types. Interface, dashboards  and principal operations in GIS Surfer. Theoretical principles of creation of digital terrain models (DTM). Data support for DTM creation. Examples of DTM practical application in geography and ecology. Surfaces and objects. GRID- and TIN-relief models: advantages and disadvantages. Programmes for DTM creation and analysis. Golden Software Surfer Programme. Dashboards. Boxes  «Drawing» and «Work table». Objects manager. Properties manager. Principal operations in Surfer.
	2
	

	Practical training. Creation and design of two- and three-dimensional surface models in GIS Surfer. Data input into programme Surfer. Creation of grid-file. Algorithms of interpolation. Maps creation on the basis of grid-files. Two-dimensional images: isolines map, coordinates map, classified coordinates map, principal map, image map, map with shaded relief, vector map, watersheds map. Three-dimensional images – 3D-carcass and 3D-surface. Overlap of various maps. Maps design. Properties of Map element. Axes properties. Image properties. 
	1
	1

	Practical training. Methods of isoline maps quality increase. Spline smoothing. Mesh clustering. Mesh recalculation. Mesh filter. Principal filter algorithms. Joint application of filter and smoothing. 
	1
	1

	Practical training. Blanking (вырезание) of segments. Cross-section profile. Scheduling of z = f (x, y) function graph. Interpolation in the segments of data absence. Blanking of grid-file, choose of blanking zone. Blanking file [.bln]. Creation and design of cross-section profile. Creation of grid-file by means of function. Standard functions. Functions syntax. Mathematical transformation of grid-files.
	1
	1

	Practical training. Measurement of areas and volumes. Measurement of inclinations degree and directions in each spot, map construction of its characteristics. Ecological essence of these characteristics and maps. Measurement of surfaces areas. Measurement of volumes between two surfaces. Measurement of volumes between plane and surface. Mathematical calculi. Tools for grid file interpretation.  Measurement of inclination or degree of grid file inclination change in the indicated direction. Measurement of gradients of z coordinate change (directions of the largest inclination in the indicated spot). Creation of grid with the largest inclination characteristics (i.e. gradients sizes) in each surface spot. Measurement of degree of water accumulation or water discharge poured on the surface. Ecological essence and practical application of the acquired characteristics.
	2
	


	Means of Control and Knowledge Evaluation 

	Means of Control
	Percentage Rating 
	Terms of Implementation
	Evaluation Criteria

	Final test 
	20
	After studying of theoretical material
	The number of correct answers must constitute more than a half of the posed questions

	Portfolio folder
	80
	At the end of the course
	Completeness and quality of the fulfilled tasks within the framework of practical classes

	Amount
	100
	
	


	Terms of the Admission to the Control Procedure and Knowledge Evaluation (Exam)  

	Regular attendance of lectures/practical classes and activities within the framework of practical classes  


	Type of the Document to Certify Successfully Finished Course (Certificate?)

	Document of state standard to certify the completion of advanced training course (certificate) 


	Organizational Instructions

	Place of course holding: Educational Institution «Francisk Skorina Gomel State University»
Recommended number of participants: 12 persons



	Study Materials 

	Author
	Year of Publication
	Title
	Number of Pages
	Place of Publication, Publishing House or Internet Reference

	Principal Study Materials

	Y.Y. Blinovskaja, D.S. Zadoja 
	2015
	Introduction to Geoinformation Systems 
	112
	Moscow, FORUM

	V.P. Raklov 
	2014
	Geographical Information Systems in Topical Cartography
	176
	Moscow, Academical Project

	E.G. Kapralov and others
	2005
	Geoinformatics  
	480 
	Moscow, Academy

	E.G. Kapralov and others
	2009
	Collected Tasks and Exercises Book on Geoinformatics
	512
	Moscow, Academy

	Supplementary Study Materials 

	V.V. Khromov,O.V. Khromov 
	2007
	Digital Relief Models 
	178
	Tomsk, TML-press

	
	2010
	MapInfo Professional 10.5. User`s Guide
	570
	Pitney Bowes Software Inc.

	K.Y. Silkin
	208
	Golden Software Surfer 8 Geoinformation System
	66
	Voronezh, Publishing Centre of Voronezh State University

	I.G. Zhurkin, S.V. Shajtura 

	2009
	Geoinformation Systems 
	273
	Moscow, KUDITS-PRESS

	A.N. Krasnoschokov, T.A. Trifonova, N.V. Mischenko 
	2004
	GIS in Ecology 
	152
	Vladimir, VSU

	A.V. Korosov, A.A. Korosov 
	2005
	Technique of GIS management. Supplement in Ecology

	188
	Petrozavodsk, PetrSU



*Deficiency Diagnostics
Participation in advanced training course must be relevant to a learner. It can be possible only if the learner has a necessity to acquire more knowledge and skills than he currently possesses. When he is suggested a certain advanced training course the learner must be aware of what knowledge and skills deficiency must be overcome in the end of advanced training course activities. Когда ему предлагают определенный курс повышения квалификации, для него должно быть совершенно понятным, какой дефицит знаний и умений может и должен быть устранен в результате участия в конкретном мероприятии повышения квалификации.
Course planning must define the degree of this deficiency and identify the interests of potential course learners.  For this purpose one should present additional information. And it is not sufficient to underline the role of EcoBRU (see the following paragraph «Relevance for EcoBRU»). It would be better to prove what issues in the existing teaching system can be improved by means of EcoBRU (providing the participation of teachers in the advanced training course). 
**Relevance for EcoBRU
In EcoBRU programme we conceptually distinguish three topical blocks: ecological education (I), concepts of protection (II) and energy saving (III). It can be described in the following manners: 
I
Ecological education is considered as a natural science, as well as not special set of principles which must be further specified within the frameworks of professional, i.e. typical working situations. 
II
Concepts of protection should be partially considered as projects for realization, i.e.  foresight of ecologically rational decisions, application of which does not  presupposes any special ecological education, as the indicated concepts aims at substitution of subjunctive considerations, arguments and priorities with obligatory norms and mechanisms. Concepts of protection find its reflection in study programmes of systems of professional education, that`s why the concepts do not constitute part of professional activities bases on the acquired knowledge and skills.  
III
Ecologically competent professional problem solving, which is not presupposed by concepts of environmental protection, can be realized economically, i. e. it can be long-lasting and continuous only if it stimulates the efficiency of work force utilization and materials use due to energy saving. 
Despite this fact, both mentioned blocks, that is «general ecology» and «concepts of protection» are undoubtedly relevant topics within the frameworks of advanced training course. However, the ideas on these blocks must comply with EcoBRU concept. 
(General Ecological Education 

It means ecological thinking in terms of natural science, not politics. Creation and maintenance of balance within ecological system is a typical form of ecological thinking. Its creation, structure, functions, sources of potential pollution can become subject of advanced training course. 
—
For example: Ecological systems in actual professional sphere, especially air and water emissions and soil pollution. The principal idea is to preserve and protect ecological systems. 
Particular type of ecological thinking: evolution as further system development which is the result of balance, the system is also oriented to another level of development (usually a higher one). In advanced training course of this specialization such issues as restoration of environment-friendly conditions and its stabilization, as well as air, water emissions and soil pollution can be considered. 
—
Restoration and extension of ecologically intact conditions can be considered as a principal idea. 
((Special Professional and Scientific Education 
Particular role is dedicated to concepts of environmental protection, especially to new concepts of national or international level. If extremely actual concepts are taken into consideration, such factor as premises can be analyzed together with the issue «General Ecological Education», as it more reasonable to be aware of not only what is done, but also why it is done or must be done. Concepts or general regulatory prescriptions determine statement of the question, as well as the observance of set principles. Its realization is rather complicated. 
—
Advanced training course, which considers the mentioned concepts and principles as advanced training procedure, must reflect the realization of prescriptions and serve as a guide line to its application in particular sphere. 
(((Actual Connection with Professional Activities 
In this paragraph the most significant EcoBRU potential is presented: resource saving amidst correlation between economics and ecology in everyday professional activities. Actually feasible actions aiming at changing the existing experience are taken into consideration (not general ecological concepts or subscribed concepts of environmental protection). On the one hand, it requires fantasy or use of available facilities and, on the other hand, awareness of conditions of professional activities. In order to acquire such knowledge, the concept of the corresponding advanced training course presupposes cooperation with the enterprises which lack resource saving (in order to detect the degree of resource saving necessity). 
—
It is vitally important to establish cooperation with production activities sphere and to demonstrate an example of desired or implemented change of generally accepted practice revealed during the cooperation with one or several enterprises within the framework of advanced training course. 
1

