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   Sergiy Kostrikov
GIS-MODULE UKRAINIAN - WATERSHED MODELING SOFTWARE 
FOR ENVIRONMENTAL RESEARCH PURPOSES

The author’s approach  of the GIS-Module Ukrainian software elaboration has been briefly introduced. This software links computer simulation of drainage areas with geoinformation technology implemented in this PC modeling system. Such an approach unites a strong spatial aspect of geomorphic-hydrologic research area of GIS applications with human environmental issues in watersheds. As a practical implementation of the approach suggested the GIS-Module software has been firstly presented in this paper in terms of its functionality, operational scope, and some basics for users. Few generalized regional examples of the GIS-Module using and testing have been provided.
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Сергій Костріков. GIS-MODULE UKRAINIAN – ПРОГРАМНЕ ЗАБЕЗПЕЧЕННЯ ДЛЯ ЦІЛЕЙ ДОСЛІДЖЕННЯ ПРИРОДНО-АНТРОПОГЕННОГО ДОВКІЛЛЯ ВОДОЗБІРНИХ БАСЕЙНІВ. Коротко викладений авторський підхід щодо створення комп’ютерного пакету GIS-Module Ukrainian 1.5 – автоматизованої системи просторового гідролого-геоморфологічного аналізу та моделювання інших компонентів природно-антропогенного довкілля водозборів. Базовою складовою пакету є реалізація моделей гідрологічного стоку та флювіального рельєфоутворення, однак підкреслюється, що саме вказана функціональність, причому реалізована на підставі фрактального підходу, забезпечує принципові можливості для візуалізованного подання даних із предметної галузі соціально-економічної географії при створенні, структуризації та калібруванні геоінформаційних моделей водозборів. Програмне забезпечення включає розвинений інструментарій: різні меню, панель управління і панелі завдань, через які здійснюється моделювання та виділення річкового або яружно-балкового басейну у вікні «Карта» для отримання його характеристик. Програмне забезпечення, яке описується у статті – автономний модуль для ГІС – впроваджує досить складні предметні моделювання та аналіз, а також забезпечує передачу отриманих результатів для повноформатної візуалізації та картографування в середовище відомої геоінформаційної системи MapInfo Professional. Надаються окремі регіональні приклади застосування цього спеціалізованого комп’ютерного пакету.        
Ключові слова: ГІС, флювіальний рельєф, довкілля водозбору, просторовий гідролого-геоморфологічний  аналіз, руслова мережа, геоінформаційна модель водозбору, візуалізація даних із соціально-економічної географії.  
Сергей Костриков. GIS-MODULE UKRAINIAN - ПРОГРАММНОЕ ОБЕСПЕЧЕНИЕ ДЛЯ ЦЕЛЕЙ ИССЛЕДОВАНИЯ ПРИРОДНО-АНТРОПОГЕННОЙ СРЕДЫ ВОДОСБОРНЫХ БАССЕЙНОВ. В статье коротко представлен авторский подход к созданию пакета компьютерного моделирования GIS - Module Ukrainian 1.5 - автоматизированной системы пространственного гидролого-геоморфологического анализа и исследования других компонентов окружающей среды в границах водосборов. Базовой составляющей пакета является реализация моделей гидрологического стока и флювиального рельефообразования, однако в  статье подчеркивается, что именно указанная функциональность, причем реализована на основании фрактального подхода, обеспечивает принципиальные возможности для визуализированного представления данных предметной области социально-экономической географии при создании, структуризации и калибровке геоинформационных моделей водосборов. Данное программное обеспечение включает развитый инструментарий: разные меню, панель управления и панели заданий, через которые осуществляется моделирование и выделение речного или балочного для яруги бассейна в окне "Карта" для получения его характеристик. Программное обеспечение, которое описывается в статье - автономный модуль для ГІС - выполняет достаточно сложные предметные моделирования и анализ, а также обеспечивает передачу полученных результатов для полноформатной визуализации и картографирования в среду известной геоинформационной системы MapInfo Professional. В статье представлены отдельные региональные примеры применения этого специализированного компьютерного пакета.        

Ключевые слова: ГІС, флювиальный рельеф, природно-антропогенная среда водосбора, пространственный гидролого-геоморфологический анализ  анализ, русловая сеть, геоинформационная модель водосбора, визуализация данных социально-экономической географии.  

Introduction.  The swift recent growth of geoinformation system (GIS) implementations has been caused by the fact that a number of physio-geographic, socio-economic, and environmental protection problems can be solved when transformed and manipulated data serve as a test-criterion for a research survey. Land use evaluation, Environmental Impact Assessment (EIA), general nature conservation, ecological security issues,  and territorial management – all are only a few examples of this. Although the necessity for coupling advantages provided by GIS with various ecological models which have been increasingly used in environmental management, is well recognized, there are only a few hitherto developed environmental simulation modeling outfits, which have been elaborated either as inner GIS modules or as external tools for these systems. Except the example presented in this paper none of such software has been originally developed in Ukraine up till now.
One of the least studied aspects of watershed areas is the interaction of their geomorphic, hydrological, ecological, and socio-economic (human impact)  features exemplifying basin development through space and time. Yet these interdependencies are an important aspect of the most basic attribute of the local environment in humid fluvial regions. In existing cases, conventional geomorphic and hydrological models attempt to represent the spatial behavior of environmental events. Such models are needed to address integrated watershed management issues and must be compatible with the structure of GIS. Unfortunately, these models developed for research drainage basins apply to only one primary component – either geomorphic, or hydrological. The author considers this as the reason why the fundamental premise of many these models as predictive tools should be questioned, and even the sophisticated graphics and data handling features of GIS used must not seduce an environmentalist into a sense of accuracy with these models. Thus an alternative research approach to watershed management issues (especially if the latter implies a socio-economic perspective) is needed, requiring a substantial shift in thinking away from traditional GIS mapping procedures to qualitative modeling of leading processes and their consequences in watersheds. 
The main research goal of this paper is to represent proceeding from the ideas mentioned above the approach capable of minimising the distortions mentioned by modelling on the base of that data set, which follows from the so-called “transitional research subject”. The latter is affiliated to the area of environmental science. It combines both human and physical geography and strictly implies complex consideration of geomorphologic, hydrological, environmental and human impact aspects of drainage areas. 

There is a basic point here that river basin morphology and hydrological processes in a watershed are strongly connected through regional geomorphic processes. These territories are the variety of geographical landscapes. The assessment of watershed morphology and hydrology by appropriate modelling software can lead to some considerations and conclusions not only about the fixed parameters of a landscape’s spatial organisation, but also about dynamic processes important for the functioning of this landscape, and consequently – to inferences about watershed management issues [1, 2].       

Applications of GIS modelling concept in watersheds: focus on interactions among channel network, basin morphology, hydrological response and human impact. The GIS research methods successfully enter into both environmental science and social geography subject field [3-5], thus creating the support methodology for decision-making procedures. This statement is based on the fact, that "...many of the processes of society and global environment are determined by spatial interaction" [6]. Such a predestination of a geographic information system coincides with representing of spatial-temporal aspects of natural objects in an efficient way [5].                                     

One of the main reasons why GIS technology has not achieved highly  efficient results until recently might be the lack of associated with a geoinformation system modelling tools . Some failure in this subject field has been caused, from my point of view, by the absence of such a definite research methodology, that could have united a strong spatial aspect of ecological researches with the GIS regional applications, directly related to the realm of physical and social geography. The application of GIS modelling concept, which employs basin boundaries to spatially determine the natural region of research for the assessment of changes in watershed landscapes is the example of that proficient spatial information handling, which may substantially assist in management of landscape ecology and human impact in watersheds.

The possibility of the environmental research approach application lies substantially in the fact that watershed morphology and its hydrological regime are strongly connected through basin geomorphic development (water and wind erosion, soil mass movement, etc.). The understanding of a river basin as the “environmental system”, which is a synonym to the certain point of the “geographical landscape” term, necessarily implies quantitative study of drainage areas, what would produce valid criteria for the system component definition.  

Historically, studying of some specific phenomena, processes, and problems, such as water resource supply, desertification and irrigation, waste water and hazardous waste management, flood prediction and control, have introduced methods based on river basins as a basic mapping unit in dealing with these geographical problems. Nowadays, swift technological growth is the main reason of a rapidly increasing demand for watershed (drainage basin) mapping. Contemporary development of advanced computer technology, geoinformation system algorithms and corresponding modelling methods have also led to increased opportunities for the proper usage of this kind of geographical information – drainage basin data.  

For the whole variety of interrelated geomorphic-hydrological issues two outlined expressions possess crucial meaning: a drainage basin (a river basin, a watershed, a catchment) and fluvial relief (topography) as the major features of a basin surface. If it is obvious that watershed hill-slope morphology is a definite three-dimensional entity, then decision of the triune task of the system approach application to fluvial relief study (definition of properties of a complete system, its hierarchical structure determination, study of a complex of interrelations between its elements) must be carried out and proved first of all in the horizontal (area but not volume) aspect.                                                                                     

While numerous Soviet fluvial geomorphologists were intense in the rather ceremonial application of the general theory of systems, mainly in the late sixties and seventies, the American and British schools continued their fruitful efforts in clarification of catchment riddles without formal affiliation to the terminology of system theory, but with usage of all advances of the system research technique in practice. The definite achievements probably took place because of the unique traditions founded as long ago as in the nineteenth century by Cayley and in the first half of the twentieth century by Horton. The former provided conventional tools, from those related to general science, for research of various sets of channel networks [7], the latter was first who efficiently linked together the study of watershed morphology and hydrological processes and did it in the only way possible for such a linkage - the quantitative way [8]. Cayley’s research technique was efficiently applied later, in the 1960s, when Shreve presented his fundamental paper with the “Random Topology Model” (RTM) of channel network [9].   

R. Horton [8] gave a persuasive example of the actual implementation of the system approach: he defined the ordering scheme for a channel link, an individual stream, and for a whole network based on the network composition as the system structure. Besides his ordering scheme itself, perhaps Horton’s establishment of quantitative regularities for ordered elements of channel networks was even more crucial for several future decades of fluvial geomorphology. Horton demonstrated that statistical theoretical values for the number of channels (streams), their lengths and slopes were strictly related to each order and can be represented by formal descriptive characteristics for natural networks as:   
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where N( is the number of streams (channels) of order (, while ( is the rank (order) of a whole fluvial network, a watershed, or an outlet of the main channel in a basin (a complete list of notations is given); RB and RL are the bifurcation and channel length ratios, correspondingly, while RS – the slope ratio; L(m is the mean value of channel length and S(m – the mean value of channel slope of a given order.

Horton’s ordering scheme was both structured and simplified by A. Strahler [10], who gave the opportunity not only to examine geometric characteristics of channel networks, but also investigate their topological properties. In Strahler’s ordering system elementary (initial) channels were awarded by the first rank and differed from any other, because only they were “source streams”. The channel system could be easily analysed after since it became a binary tree. Where two elementary channels of equal order (() joined together, they created a channel of (( + 1) order, but a conjunction of unequal channels did not change an order of a confluent channel downstream – it still possessed the higher order from those two. Consequently the order of a whole watershed (() was equal to the order of its main stream – the outlet stream. Another contribution of Strahler was his proposition that watershed areas were also under the relationships similar to those Horton (1945) delineated for numbers and lengths:   

(1.6)                                               RA ( (A(m /A()1 / ( ( - (),

where A(m – the mean value of drainage area for subbasins of order (.

It can be stated without exaggeration that Horton-Strahler’s methodology produced tremendous impact on future developments in fluvial geomorphology for several decades. 

Many from watershed characteristics considered above were the subject for detailed study. They have been associated with basin discharge, drainage area, main channel slope, length of mainstream slope, and the length of geometric centre to basin bounds. All these characteristics were found as the most important basin parameters relating to the elementary hydrograph of watershed, while existing anomalies were attributed to effect of the drainage density. Many works, to which we don’t refer to ecomonize this paper space, identify salient, region independent, geomorphic properties of watersheds, and the necessity of including of these properties into hydrologic models such as the synthetic unit hydrograph has been reported. The determination of actual, well-recognised interactions between geomorphic properties and basin hydrology calls for GIS techniques that play crucial roles in display and analysis of spatial data on watersheds. This issue is highlighted in more detail in the next section.       
Fundamentals of watershed environment modelling algorithms.  Our environmental research approach has been developed as a fairly theoretical paradigm, which needs proper applying tools for steady implementation in a research process. Practically it can be provided via algorithmic procedures of the watershed modeling software – GIS-Module Ukrainian. Nevertheless, the procedures mentioned need some further theoretical grounds, and the thesis author refers to these foundations. An accurate digital representation of watershed surface topography, presented either in regular or in irregular arrays of topographic background data, is needed to create a realistic three-dimensional model of the watershed geomorphologic environment – basin morphology and a channel network. The auto-delineation of watershed boundaries is strictly implied in this case.

Our three basic model implementations as three key modelling methods are to be elaborated according to the goals of quantitative  research of watershed topography,  hydrology, and human impact. All these models strictly undertake auto-delineation of boundaries of watersheds of different rank. The first one is Watershed Incessant Rainfall Input Model (WIRIM).   Actually, the WIRIM is the paper author’s modification of the well-known heuristic model of “a running droplet” [11]. Exclusively for the purposes of this paper the author has debugged the WIRIM’s algorithms for MS Windows software implementation by using MS Visual C++ programming tools.  A channel network pattern modelled upon the modelling stage of the WIRIM procedure is purely topological. In this meaning its parameters represent the set of topological properties of a channel network. First of all, it is both the Horton’s and Strahler’s laws of stream numbers (see first chapter for details) which generally may fit a geometric series. The key parameter, that has to be modelled, is a bifurcation ratio RB. The latter (RB) is computed from the slope of a line that passes through ((, 0) and best corresponds to the plot of (log N ( ) versus ((), where (N () is a number of streams of order (() in a network, and (() - the highest order in this network. Relevant values also provided are the slope ratio, the length ratio and the area ratio.

Practically the second one – Structural Surface Model (SSM) - is not some distinct model that differs from the WIRIM model. It simply represents some alternative for the WIRIM model implementation provided in accordance with the habitual structural analysis of the watersheds.

The third one is Channel Network Stochastic Model.  CNSM is the third basic model that is to be implemented for the watershed modeling system. The thesis author developed the CNSM model as some heuristic alliance of Shreve’s Random Topology Model. “A channel link” remains the basic definition in this model. In the CNSM modeling procedure it is drawn as a section of the channel extending from either an initial source or a node (a fork of merging) to the next node downstream. Thus a link appears in modelled arrays as a segment of a channel between two consecutive nodes. The Shreve’s magnitude of a link ( is normally computed in the CNSM modelling procedure as the number of sources located upstream from this link. Thus a magnitude of an outlet link, network, or basin M is equal to a whole number of exterior links in a network. It is recognized that natural channel networks are ordinarily included in much larger overall networks that for modeling purposes may be considered infinite in extent. 

Fundamental specifications of the watershed modeling software GIS-Module Ukrainian 1.5.  The ultimate goal of our Watershed Modelling System Project (WMSP) was the development of the specific programming products and supports - powerful, efficient, easy-to-use tools – the watershed modelling software (WMS). This software is necessary for a process intended to ensure that potentially significant environmental impacts on river watersheds are satisfactorily assessed and taken into account in the planning, design, authorization, and implementation of all relevant types of human activity. In other words, it is necessary for the process of watershed management.  The WMS software belongs to the technology well beyond routine GIS mapping and goes into the larger area of mathematical modelling. The latter feature allows the demonstration of extended spatial modelling abilities, the only ones which assume involvement of efficient GIS technique in environmental modeling. In spite of its difference from a GIS commonplace mapping tool the overall modelling structure of this software can be expressed by meanings of GIS mapping levels by means of suitability criteria (Fig. 1). 
The Primary Maps section of the WMSP applications indicates those basic maps necessary for mapping causes and effects of watershed problems. They trace watershed physical features examined through watershed field survey (or remote sensing data); mainly they depict topography, water and anthropogenic objects. These maps are factual inventory of watersheds. The next section is the Derived Maps, and it already represents a result of the software application so that the main characteristics of watershed topography and hydrology can be obtained. The two sections mentioned are specific descriptions of a watershed. The next, third level of the WMP software conceptual model is the Interpreted Maps. They are the result of grading the watershed environmental factors in terms of an intended use, what finally must help in environmental management on these watershed areas. The final, fourth section of the Suitability Maps is the composite set of interpreted maps. It implies proper recommendations for activities on the areas selected. Finally all maps can be delivered to the completed GIS – MapInfo Professional – according to the following interactive dialogue (Fig. 2). 
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Fig. 1. The Black River watershed modelling interface of the GIS-Module Ukrainian  
[image: image2.jpg]E GIS-Module Ukrainian =2 Y]«

®aitn  Mogentosanna Bubipkn  Jocnignuupki Kaptn  Nepernsg  Mopgonoria-Mopdomerpia

ligponoria Bikwa [po MNC-Mogynb

E D:\GIS-Module Ukrainian 1.5\Data\BlackRiver_Big.grd

Mepeaat go Maplnfo

[V Pycna |D:\GIS—Module Ukrainian 1.5\Data\BlackRiver_Big -I J

[V Bogoginu |D:\GIS—Module Ukrainian 1.5\Data\BlackRiver_Big cl _J

| [V Hanpamku croky D:\GIS-Module Ukrainian 1.5\Data\BlackRiver_Big «I J

[~ 3oHa noseHi | D:\GIS-Module Ukrainian 1.5\Data\BlackRiver_Big I J

[~ ObpaHe Pycno |7 MotyskHicte CToky [ MepumeTp-Cxun
[~ oucTuTi BMGiD
I~ MoposkHHM

[~ OBpaHuit Bacelin |~ LWeuakicte CToky

I~ oumcTrTy BUMbID

=





Fig. 2. The GIS-Module Ukrainian dialogue for modelling results delivery 

Watershed modeling software applications for socio-economic geographical data: operational scope and functionality. The GIS-Module Ukrainian package mirrors definite progress in complex usage of digital elevation data, geomorphic-hydrological and human impact simulation modeling, and GIS technique to evaluate the time-and-space distribution of geomorphic and hydrological processes as well as human impact phenomena and assess the consequences of the latter on watersheds. As already mentioned in previous chapters, among the strongest viability of the software is the fact that this package is able to consider watershed topography as a hierarchical system produced by a number of the landforms, for instance subcatchments. The main peculiarity of this system is the necessity for subcatchments to fit together in the boundaries of a higher order basin with respect to their sizes, shape and migration rates of valley bends, as well as to take into account length of the main channels and steepness of their valley sides. In this way the variety of patterns of watersheds occur, which historically define the details of some socio-economic issues, for instance, the space distributions of human settlements within watershed boundaries.

The issue of how human settlements may share watershed space, even if we consider the latter as the part of the routine Euclidian plane, possesses many complex riddles, and might be solved on the base of the fractal approach [12]. 
He case considered there would be socio-economic geographical questions, for instance, due to commercial establishments concerning volume of sales and cost of moving goods to market areas within watersheds, as well as aware and  concerns from consumers involving competitive pricing and distance to market. There are all mentioned in this paper above topographic issues, which might involve the ease of travel to market within a given watershed boundary. There are social issues, which might involve religious or food preference or any of a number of elements based on cultural tradition of those settlements in watersheds. Shortly speaking, many components already present in a society, coupled with different perceived needs, might influence decisions as to how settle​ments share space and how trade areas might take shape around such settlements. These and related issues are all hot topics on which tough geographic research has been based and further provided. The GIS-Module Ukrainian software may assists in all issues mentioned in this paper section with its advanced 3D visualizing tools (Fig. 3):  
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Fig. 3. The GIS-Module Ukrainian 3D visualizing tools for solutions in the socio-economic geographical domain 

Conclusions. The significance of the river basin research methodology proceeds from a watershed’s role as a basic mapping unit in solutions of many environmental problems. Strong spatial orientation of the watershed research approach must be naturally combined with conventional techniques of GIS modelling applications. Consideration of a river basin as an “environmental system” necessarily implies quantitative research of watershed areas and generates valid criteria for the system component definitions. 

The original watershed simulating technique presented in this paper has taken into account all hitherto developed simulation models, which fall into two broad categories: stream convergence, headward growth, and channel network stochastic models from one side - all from the stochastic class; and models of the deterministic class from another side. 

Interdependencies between terrain peculiarities (hill-slope morphology, channels, and divides) and water flow pathways cause a watershed to be considered as a unique environmental phenomenon: a geomorphic-hydrological system. Two crucial descriptive features of this system are the watershed surface morphology and a channel network. These parameters are interconnected with the third one - hydrological events. These features can be considered as a key not only to geomorphic-hydrological, but also to environmental zoning and are examined through the consequences of the human impact on the watersheds. 

While “What-If” GIS-Module Ukrainian interactive modelling helps in managing water resources in the areas of a case study by achieving the following goals: a proposed definition of water resources; quantification of the water resources for designed reservoirs; identification of types of probable erosion processes (as consequences of water flow regulation by reservoir), its 3D visualization may assist in pure socio economic geographical issues: for instance, how human settlements might share space in the watersheds. 
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