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Abstract 

Flooding is one of the first places among natural disasters in terms of frequency, magnitude and annual 

damage to property. Thus, the problem of timely forecasting of flooding of territories is actual today. One of the 

main tasks of flood monitoring is operational satellite imagery of the area, analysis of the flooded area, water 

level measurement, assessment of the scale of the disaster. In this case, geographic information systems have 

advantages in processing a huge amount of multidimensional data using digital maps. GIS can significantly 

simplify the system of forecasts and assessments of complex environmental impact, quickly identify anomalies, 

take the necessary measures to eliminate them. They have a functional system and are easy to implement. This 

article discusses the problems and prospects of using geoinformation systems in the field of management. As an 

available program is taken ArcGIS, in which work is underway to create of interactive thematic maps forecasting 

flood zones on the example of the river Ishim. 

Key words: geographic information systems, GIS technologies, monitoring, forecasting, floods, flood 

areas. 
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Аңдатпа 

Су тасқыны табиғи апаттар арасында жиілікте, масштабта және жыл сайын мүлікке зиян келтіруде 

бірінші орын алады. Осылайша, аумақты су басуды уақтылы болжау мәселесі бүгінгі күні өзекті болып 

табылады. Су тасқыны мониторингінің негізгі міндеттерінің бірі жергілікті жердің жедел жерсеріктік 

түсірілімі, су басқан аумақты талдау, су деңгейін өлшеу, апат ауқымын бағалау болып табылады. Бұл 

жағдайда геоақпараттық жүйелер сандық карталарды пайдалана отырып, көп өлшемді деректердің үлкен 

көлемін өңдеуде артықшылықтары бар. ГАЖ қоршаған ортаға кешенді әсерді болжау және бағалау 

жүйесін айтарлықтай жеңілдетуге, аномалияларды жедел анықтауға, оларды жою жөнінде қажетті 

шаралар қабылдауға мүмкіндік береді. Олардың функционалдық жүйесі бар және оңай іске асыру. Бұл 

мақалада басқару саласындағы геоақпараттық жүйелерді пайдалану мәселелері мен перспективалары 

қарастырылады. Қолжетімді бағдарлама ретінде Есіл өзенінің мысалында су басу аймақтарын 

болжаудың интерактивті тақырыптық карталарын құру бойынша жұмыс жүргізіліп жатқан ArcGIS 

алынды. 

Түйінді сөздер: географиялық ақпараттық жүйелер, ГАЖ технологиялары, мониторинг, болжам, 

су тасқыны, су басу аймақтары. 
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Аннотация 

Наводнения занимают одно из первых мест среди стихийных природных бедствий по 

повторяемости, масштабам и ежегодному материальному ущербу. Поэтому на сегодняшний день 

актуальной является проблема своевременного прогнозирования территорий затопления. Одной из 

основных задач мониторинга наводнений является оперативная спутниковая съемка местности, анализ 
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подтопляемой территории, измерение уровня воды, и оценка масштабов бедствия. В этом случае 

геоинформационные системы имеют преимущества в обработке огромного количества многомерных 

данных с использованием цифровых карт. ГИС позволяют существенно упростить систему прогнозов и 

оценок комплексного воздействия окружающей среды, оперативно выявить аномалии для принятия 

необходимых мер по их устранению. Они имеют функциональную систему и просты во внедрении. В 

данной статье рассматриваются проблемы и перспективы использования геоинформационных систем в 

управленческой сфере. В качестве доступной программы взята ArcGIS, в которой и ведутся работы по 

созданию интерактивных тематических карт прогнозирования территорий затопления на примере 

р. Ишим. 

Ключевые слова: геоинформационные системы, ГИС-технологии, мониторинг, прогнозирование, 

наводнения, территории затопления. 

 

 

Introduction 

Currently, there is an increasing trend of occurrence of natural disasters on Earth, and, 

despite its level of development, humanity has not yet learned to fully timely predict and 

prevent natural hazards. The number of victims of natural disasters from year to year 

increases by 4.3%, and victims-by 8.6%. Economic losses increase by an average of 6% per 

year. Natural disasters in 2018 caused $160 billion in damage and killed 10,400 people 

worldwide. So, 2018 was the most unprofitable year in the last 38 years for insurance 

companies [1]. Today, everyone understands that natural disasters are a global problem that is 

the source of the deepest humanitarian shocks. 

Of natural disasters, floods are one of the first places in terms of the frequency of the 

phenomenon, the area of distribution and annual material damage. In our country over the 

past 15 years there have been more than 300 floods of various origin, 70 % of them are 

caused by the spring flood. Annually in Kazakhstan about 300 thousand people suffer from 

floods, and the GDP of the Republic loses up to 3 billion dollars [2]. Such data were cited by 

analysts of the world Bank at the forum «Financing the risk of natural disasters» in Almaty. 

The reason for such a frequent recent occurrence of floods in Kazakhstan, according to 

the Institute of geography of the International scientific complex «Astana» [3], is climate 

change, as for this reason, mean annual air temperature and annual amount of precipitation 

reaches its maximum performance, in addition you need to consider the fact of increasing 

numbers and density of the population living on the banks of rivers, laying of infrastructure 

(transport, energy, communication, water) objects along the rivers, regulation of rivers and the 

technical condition of the hydraulic structures themselves. 

In our region, the most ambitious year in 37 years was 2017 in terms of its suddenness 

of occurrence and the number of victims. Flooding on the Ishim river was caused by a 

combination of several factors – the depth of soil freezing, rainfall and temperature. As a 

result, the water level in the river rises and the flood waters merge [4].  

Floods as a natural disaster cannot be completely prevented anywhere and everywhere, 

they can only be weakened, localized and with timely warning to minimize material damage. 

It is necessary to take comprehensive measures to prevent or mitigate the consequences of 

floods (construction of hydraulic structures to regulate flow, the creation of protective dams, 

etc.) and timely notify the Ministry of emergency situations and residents about the threat and 

extent of flooding. In order to avoid undesirable developments, it is necessary to attract a 

large number of heterogeneous data coming from different sources (cartographic, aerospace, 

hydrological information), promptly process and analyze this information, and present it in a 

form that would ensure decision-making in a limited time frame [5]. 
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Despite the fact that in the last decade there has been a rapid growth of information 

technologies and their widespread introduction in geographical Sciences, in Kazakhstan there 

is an acute problem in the use of GIS technologies in the assessment and analysis of the risks 

of emergencies. The tasks of forecasting and liquidation of emergency situations in our 

country remain at the traditional level. The problem lies in the use of insufficiently rich tools 

in predicting emergencies, in the lack of special scientific research in Kazakhstan to 

determine the risk of flooding of territories, although this dangerous phenomenon due to 

natural and man-made causes annually leads to an increase in social tension and economic 

damage. In addition, there is insufficient material in the public domain, there is no availability 

of thematic maps of certain territories, and on the website of EMERCOM of North-

Kazakhstan region just 1 map of the exposure area as the emergency situations of technogenic 

character. Using GIS in forecasting will identify areas at risk of flooding, on the basis of 

which will create thematic interactive maps, recommendations and taken the necessary 

measures to protect these areas. 

Organized in Almaty in May 2017 Fund «Soros-Kazakhstan» discussion of the experts 

pointed to the problem of fragmented management of water sector, explained that the issues 

supervised by different agencies (Ministry of agriculture, Ministry of energy, Ministry of 

interior), between which there is no proper coordination, and research of water issues in 

various ministries and are managed inefficiently [6]. Attention was also focused on the 

problems with hydrological forecasting – in the 1990s, the enterprise «Kazhydromet» closed 

most of the hydrological posts due to lack of funding, subsequently, as noted by the 

emergency Committee after the floods, there was an unreliability of the reports of 

«Kazhydromet». In addition, many noted that the country does not have a body that controls 

the state of hydraulic structures. Therefore, appropriate measures should be taken to prevent 

floods, not to eliminate the consequences. In our opinion, it would be rational to make a 

decision to create a comprehensive geographic information system for monitoring and 

forecasting natural emergencies. 

When monitoring floods, one of the main tasks is operational satellite imagery of the 

area and timely analysis of the flooded area, changes in the water level, as well as the scale of 

the disaster.  

In this case, the advantages of geoinformation systems are that they allow to analyze a 

large amount of multidimensional data using digital maps, as well as simplify the system of 

forecasts and assessments of complex environmental impact, quickly identify anomalies and 

take the necessary measures to eliminate them. A distinctive feature of the effective use of 

GIS is the presence of a functional system and simple implementation.  

For example, in 2016, an overview of the elementary geoinformation system «GIS-

Sputnik» was presented on the example of modeling the flood situation of a specific territory 

of the Ishim river – Voroniy island [7]. The figures below show the forecast model for this 

area. 
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Figure 1 Scenario management of emergency situations in case of flooding of the territory 

 

At that time, the program was publicly available on the Internet, everyone could go and 

predict the territory of flooding for their area. Today, this feature was removed from the demo 

version, making it paid.  

Currently, we are working on the creation of interactive thematic maps of flood 

forecasting areas on the example of the Ishim river using the ArcGIS platform. ArcGIS is a 

complete system that allows you to collect, organize, manage, analyze, share, and distribute 

geographic information. Further, this data can be embedded in management processes and 

provide open access to use. The ArcGIS platform allows you to publish geographic 

information for anyone to access and use. The system is available at any point where it is 

possible to use web browsers, mobile devices in the form of smartphones, as well as desktop 

computers. As a world leader in platforms for building and using geographic information 

systems, ArcGIS is already being used by people around the world to apply geographic 

knowledge in the practical areas of government, business, science, education, and media. The 

geographic information system Of the national center for crisis management of the 

EMERCOM of Russia is also based on the Esri ArcGIS system [8]. And in Kazakhstan, 

corporate geoinformation systems are being developed on the basis of «Kazakhstan center of 

information technologies» LLP [9]. 

ArcGIS allows you to do the following: 

1)  Create, share and use smart cards; 

2)  Compilation of geographical information; 

3)  Create and manage geographic databases; 

4)  solving problems using spatial analysis; 

5)  creating applications based on maps; 

6)  Communication and exchange of information using the power of geography and 

visualization. 

Conclusion 

Thus, the advantage of geoinformation technologies in the processes of systematization, 

compilation and forecasting of natural disasters is undeniable. The use of satellite images in 

integration with the capabilities of the ArcGIS platform will allow to simulate the situation of 

the onset of floods, to make an operational forecast of the flood zones, to assess the scale of 

the situation and the damage caused. The use of geographic information systems is required 

including prediction of areas of inundation of the floodplain of the river Ishim. The 

forecasting methodology developed in the future can be implemented in the Ministry of 

emergency situations for timely adoption of necessary measures and prevention of 

catastrophic consequences. 
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