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ABSTRACT

Report 34 pages, 15 Figures, 37 sources, 1 appendix.

DIGITAL TERRAIN MODEL, GEOINFORMATION TECHNOLOGIES, WEB TECHNOLOGIES, EMERGENCY, HYDRODYNAMIC DISASTER, REAL (HORIZONTAL) CROSS-SECTION

Object of research: Akmola region reservoir,  destructive floods and flood hazards, Dynamics of occurrence and development of natural and man-made emergencies in the reservoirs of the Republic of Kazakhstan using mathematical and simulation models based on remote sensing data obtained from domestic spacecraft KazEOSat-1,2.

Purpose of the object:

Development of a scientifically based methodology for forecasting and modeling flood and flood waters, which allows predicting possible local floods, warning the population and preventing possible emergencies based on remote sensing data, Meteorological and Geoinformation technologies.

To achieve these goals, the project uses modern methods of scientific research, the quality of which is well defined and has a wide range of applications.

The project uses the following basic scientific methods and information technologies:

methods and algorithms for Mathematical and simulation modeling of hydrological problems, space technologies of remote sensing, Geoinformation technologies, Web technologies.

Results:

- A Geoportal with a current electronic map of water resources of Akmola region has been developed. The ability to analyze open materials and integrate industry data into a Geoportal will be created.

- Collection and systematization of Industry data on water resources of Akmola region was carried out. A plan for satellite research activities is drawn up and the research area is determined.

- Planning and conducting space surveys of test sites has been completed. Open meteorological data was collected in the test area.

- Field interpretation of remote sensing data was carried out. Planar-height and in-house analysis of data on the planning of control points was carried out. A database of control points is created for the Geoportal.

- Analysis of remote sensing data and interpretation of data has been carried out.

The results of the research work were validated, and articles were published in foreign publications included in the Scopus database.
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TERMS AND DEFENITIONS

	Metadata
	Data that allows you to describe the content, volume, position in space, quality, and other characteristics of a drawing of spatial data and features.

	Geoinformation systems
	Systems in geography and other areas dealing with spatial information are systems designed to collect, store, analyze, and visualize data about spatially distributed objects

	Digital elevation model
	A model created by digitizing cartographic sources, photogrammetric processing of remote sensing data, and digital registration.

	Emergency situation
	The situation in a certain territory that has developed as a result of an accident, a dangerous natural phenomenon, a disaster, a natural or other disaster that may or may have caused human casualties, damage to human health or the environment, significant material losses and violation of the living conditions of people

	Hydrodynamic accident
	This is an emergency situation associated with the failure of the GTS (dam) or part of it and the uncontrolled movement of large masses of water, leading to significant destruction and flooding of large areas

	
	


DESIGNATIONS AND ABBREVIATIONS
	JSC «NC «KGS»
	Joint stock company «National company «Kazakhstan National Company»

	HR
	High resolution

	HDA
	Hydrodynamic accident

	GIS
	Geoinformation systems

	ERS
	Earth remote sensing

	HS
	Hydraulic structure

	RI    
	Region of interest

	OE
	Objects of economics

	RK
	Republic of Kazakhstan

	MR   
	Middle resolution

	ES
	Emergency situaion

	DEM
	Digital Elevation Model

	COF
	Customer Office 

	SRTM
	(Shuttle radar topographic mission) 


INTRODUCTION



The project idea is based on the urgent need for forecasting and modeling the development of emergency situations in terms of floods and flood situations to prevent emergencies and possible economic damage and human casualties in the Republic of Kazakhstan.


The head of state N. Nazarbayev called climate change, which is accompanied by weather cataclysms and other natural anomalies, as one of the five external challenges of our time. In the world, the number of floods increases annually by about 6%. The increase in the number of floods is associated with a global trend of rising temperatures. In the Republic of Kazakhstan, according to data from more than 100 years of observations, the temperature increase has already amounted to about 2 ° C. At the same time, in the past four decades, the temperature has been increasing at a faster rate on average by 0.4 ° C every 10 years. According to the climate change scenarios developed by scientists in Kazakhstan, during the 21st century, a further increase in the average annual temperature is expected by an average of 1-4 С0. At the same time, according to the modeling data of all considered scenarios with climate change, a decrease in precipitation is expected from May to September, in the remaining months an increase in precipitation is expected with a maximum in winter months. This leads to an increase in the volume of snow, followed by an increase in the volume of flood.


On the territory of the Republic of Kazakhstan, 852 flood-hazardous areas have been identified, on which 807 settlements, 596 moraine lakes are located, when they break through, mud flows may be caused that threaten settlements and individual objects [1].




In 2016, the total losses from natural disasters in the world amounted to $ 175 billion - this is the highest figure in four years, - highlighted in the Munich Re report [2], of which 32% of total losses are caused by hydrological events. The cumulative material damage from emergencies in 2016 in Kazakhstan, according to the Committee for Emergency Situations of the Ministry of Internal Affairs of the Republic of Kazakhstan, amounted to 3.4 billion tenge. Natural emergencies of the total number of emergencies in 2016 reached 12.3%. The Committee identified 2061 natural emergencies.



In 2016, 43 residential areas were affected in the northern and central regions of Kazakhstan. As a result, about 1 thousand people had to be evacuated from about 500 flooded houses [3]. According to the Ministry of Internal Affairs, which deals with emergency situations, 10 billion tenge ($ 32 million) were allocated to prevent the crisis in 2017. The chairman of the ecological union "Tabigat" Mels Yeleusizov said that every year the problem of floods will be aggravated against the background of the consequences of global climate change, which manifests itself in our region in the form of more and more precipitation.


In Russia, remote sensing data is used for monitoring hydrological phenomena, for rapid monitoring of flood development, determining the configuration and size of flooded territories, determining the relationship between the area of flooding and the level at a hydrological post, modeling the flow of spring floods based on the analysis of snow cover dynamics, assessing the ice situation to predict possible ice jams, assessing the state of hydraulic structures and other structures in the flood zone, assessing damage from flooding of floodplain territories [4].


Hydrological monitoring in the Republic of Kazakhstan is carried out by the hydrometeorological service of the RSE "Kazhydromet" of the Ministry of energy. Insufficient accuracy of forecasts for flood situations is associated with the low availability of hydrological posts on the territory of the Republic and the lack of software systems for computer modeling of flood processes on rivers, as well as the lack of use of operational and up-to-date remote sensing data.

JSC " NC " Kazakhstan Garysh Sapary "(hereinafter-the company) The resolution of the Government dated 31 may 2012 No. 721 fixed national operator of a space system of Earth remote sensing and GSN RK. The use of data from domestic spacecraft for monitoring natural resources and ensuring national security will increase the effect of commercialization of state programs for the development of the space industry. 



Scientific novelty and significance of the project

The scientific novelty and significance of the project lies in the fact that in Kazakhstan there is an acute issue of safety during spring floods, and to date there is no scientifically based methodology for forecasting and modeling floods using modern GIS design methods and up-to-date remote sensing data. The project is developing a science-based methodology for forecasting and modeling floods based on data from domestic remote sensing satellites of the KazEOSat-1 and KazEOSat-2 series. The obtained materials and models were obtained for the first time on the basis of images and data from domestic satellites.




Prerequisites for the project development the Method of integrated geoinformation terrain modeling based on remote sensing data for performing hydrographic tasks in areas with different physical and geographical conditions will have a high integration effect for solving many industrial, agroecological and system problems. First, the project activities include mapping the terrain and creating a digital terrain model (DEM), which will allow you to get accurate data on the current state of the terrain (morphometric, hydrographic, etc.), have knowledge-intensive information resources for hydrographic monitoring and provide data in the historical perspective.

Secondly, systematic monitoring of the ecological state of natural resources will allow timely identification of changes in the state, make an assessment, forecast and develop recommendations for preventing and eliminating the consequences of negative processes and emergencies. Third, the development of its own space technologies and the use of remote sensing in the national economy will contribute to the formation of the image of the space power of Kazakhstan, as well as the development and strengthening of international relations and cooperation in the field of remote sensing and GIS technologies.



The development of GIS terrain models for hydrological applications is an urgent problem of great scientific and practical significance. When solving such problems, both European complexes and officially registered Russian software complexes were used for calculating breakout waves (BOR), for calculating currents in the riverbed system (RIVER), and for calculating river flows (FLOOD).

The Republic of Kazakhstan has been developing technologies for space monitoring of emergencies in Kazakhstan for more than 10 years. In particular, the objects of monitoring are flood waters and large water formations (lakes, reservoirs) [5].



This project provides for the development of an industry geoportal for monitoring water resources, as one of the innovative areas of GIS use, as well as testing and using data from the national remote sensing system of the Republic of Kazakhstan in the project. One of the main tasks is also to develop an information and analytical system for rapid warning in areas of high risk of flooding and using modern geo-web services and ICT.


Between 2018 and 2020, the following interim reports were prepared:

- "Development of a scientifically grounded methodology for forecasting and modeling floods and floods based on the use of remote sensing data from domestic KazEOSat-1.2 spacecraft in the northern regions of Kazakhstan" 2018, inventory number 0218RK01374;

- "Development of a scientifically grounded methodology for forecasting and modeling floods and floods based on the use of remote sensing data from the domestic KazEOSat-1.2 spacecraft in the northern regions of Kazakhstan" 2019, inventory number 0219RK00940.


The report contains the results obtained for the year 2020 of the research topic " Development of a scientifically based methodology for forecasting and modeling floods and floods based on the use of remote sensing data from domestic KazEOSat-1.2 spacecraft»

· The research was carried out on the basis of: resolution of the National Scientific Council "Information, Telecommunications and space technologies, scientific research in the field of Natural Science" on grant financing( Protocol No. 10 from January 10, 2018), Agreement No. 334 from April 02, 2018;

· Order of JSC NC "Kazakhstan Garysh Sapary" from 157 - P from May 17, 2018.

MAIN PART OF REPORT ON SRW

1 Creation of an up-to-date electronic map of water resources of the Akmola region. Analysis of stock material and search for opportunities to integrate industry data into the geoportal. Collection and systematization of open industry data on water resources of the Akmola region. Planning for ground truth studies. Planning and conducting satellite images of test sites. Thematic processing of remote sensing data. Collection of open meteorological and hydrological data for the test area. Conducting field decryption of remote sensing data. Planned high-altitude survey of control points. In-house data analysis. Create a database of the geoportal.

As part of the project IRN: AP05133188, a geoportal of its own design was developed with an up-to-date electronic map of water resources of the Akmola region. Geoportal is developed on the basis of its own server equipment of JSC " NC "Kazakhstan Garysh Sapary", the server is installed in the buildings of the NCC in Astana, 89 Turan street.

[image: image3.jpg]



Figure 1-geoportal Server hardware



The software part of the geoportal is implemented on the own development of the project team " Development of a science-based methodology for forecasting and modeling floods and floods based on the use of remote sensing data from domestic KazEOSat-1 spacecraft.2 " based on the open Map Bender platform.


The software part of the geoportal is available at the following link:

Further, this link opens the geoportal interface for the project «Development of a science-based methodology for forecasting and modeling floods and floods based on the use of remote sensing data from domestic KazEOSat-1.2 spacecraft»
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Figure 2-Content of uploaded open stock materials

All collected and systematized materials were published on the geoportal.

Interface of the geoportal is composed of thematic layers of different levels of scale and detail.

The following layers are currently available in the geoportal interface ( Figure):

· Vectors of Akmola region

· Akmola region

· Base map

· SRTM Akmola region

· Mosaic Akmola 
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Figure 3-Map of scale M 1: 100 000 for the Akmola region

Layer: the Akmola region Vector represents the database of data on the hydrography of the Akmola region. Within this layer, there are the following sublayers :

· - Rastitelnost_polygon (layers with vegetation classification)

· - Hydro_polygon (hydrographic layers as polygons)

· - Hydro_point (hydrographic data in points, hydro posts)

· - Hydro_line (hydrographic data in the form of lines)

1.1 Development of a science-based methodology for forecasting and modeling floods and inundation using remote sensing, GNSS and ground-based interpretation data. Validation of the developed methodology to the technical, technological, economic and social requirements of potential users and consumers. Testing of flood modeling and forecasting methods in the zone of interest.

Within the framework of the IRN: AP05133188 project, a methodology was developed:

«Development of a science-based methodology for forecasting and modeling floods and floods based on the use of remote sensing data from domestic KazEOSat-1.2 spacecraft»

This methodology consists of 32 pages and covers the tasks of scientific substantiation of the results obtained within the framework of this project.

The methodology was tested and validated in 2019, and work was carried out in The Committee on water resources of the Ministry of agriculture of the Republic of Kazakhstan and the Committee on emergency situations of the Ministry of internal Affairs of the Republic of Kazakhstan.

The results of the work carried out in The Committee on water resources of the Ministry of agriculture of the Republic of Kazakhstan were noted by letter No. 18-2-15/1682-KVR dated 04.07.2019.

Validation of the developed methodology on the basis Of the Committee on emergency situations of the Ministry of internal Affairs of the Republic of Kazakhstan was confirmed by letter No. 29-3/11639 dated 17.07.2019 .

1.2 Creating a dem of the area. If necessary, conduct additional surveys and appropriate measurements. Analysis of algorithms modeling in a GIS using hydrometeology and remote sensing data.



At the stage of making a short-term flood forecast, the following were studied:

-  Hydrological and morphological characteristics of rivers.

-  Possible situation when the area is flooded by flood waters.

-  Forces and means of flood response.

The methodological basis for flood modeling in Northern Kazakhstan was implemented on the basis of proprietary software.
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                а -  DEM: in Tiff format                            б - DEM: in LAS format

Figure 26-DEM data Structure in various formats

Next, the point cloud is loaded into the Open GL software console, followed by output of results in vector form.

The point cloud is loaded into a special data structure, which is a class for storing and processing data. The results are then exported to a vector file.

Digital terrain models are filled with colors with a fill step of 1 meter in height. This is due to the spatial resolution of the original DTM and the step of relief heights for every 1 meter in the Cartesian coordinate system. To implement this task, the KazEOSat-1 satellite survey was performed on the territory of the zone of interest WITH a spatial resolution of 1 meter per pixel. As a result of the use of planned-height clarifying coordinates obtained as a result of the work on collecting control points within the project, it was possible to achieve an accuracy of 3 meters. Based on these data, high-resolution digital terrain models were obtained.
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                         а – Color DEM                                                б – DEM in one color

Figure 4-DEM for the study area according to KazEOsat -1 satellite data

Further, the obtained Dems were loaded into the software of their own development created within the framework of this project.
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 а – DEM without filling in                                                  
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b – DEM with 10% fill-in
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c - DEM with 20% fill-in
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d - DEM with 30% fill-in
	[image: image12.png]



e - DEM with 45% fill-in
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f - DEM with 55% fill-in
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g - DEM with 70% fill-in
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h - DEM with 85% fill-in
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i - DEM with 95% fill-in


Figure 5-DEM-based simulation Results obtained from KazEOSat -1 data

with a spatial resolution of -1 meter on proprietary SOFTWARE.

 Currently, algorithms are being developed for developing various flooding scenarios and using high-resolution digital terrain models based on satellite images of the KazEOSat -1 SPACECRAFT with a spatial resolution of 1 meter per pixel.

1.3 Data collection for testing the model in the zone of interest.

Further, as part of the task of creating a geoportal for monitoring and modeling floods for

To develop a science-based methodology for forecasting and modeling floods and floods based on the use of remote sensing data from domestic KazEOSat-1.2 spacecraft, we are developing a software solution for modeling flooding.

To identify basins in a complex river network, digital terrain models obtained by field survey or optical and radar surveys are used. In our case, we use a combination of digital terrain models obtained from the KazEOSat -1 satellite survey AND digital terrain models obtained from the UAV.

To build a model, we translate raster digital terrain models to a point cloud..       



The project also created a soil map for the study area of the Zhabay river basin in the Atbasar district of the Akmola region. The soil map on paper was digitized and brought into the coordinate system. The map also has a database in the form of symbols for soil types.

[image: image17.png]



Figure 6-Soil map for the study area

    

The design of the subsatellite survey plan and the definition of the survey site were based on the scale of the area and the interest and tasks of flood modeling. The choice of the research site was determined based on the relevance of modeling and forecasting flooding in the Zhabay river basin due to private floods and inundations in Atbasar, for example, in 2017, the total amount of damage amounted to more than 332 million tenge, https://ru.sputniknews.kz/regions/20171115/3776302/navodnenie-v-atbasare-deshevle-pereselit-lyudej-chem-stroit-dambu.html. This trend has continued over the past 10 years.


So, in April 2014, the flooded area was cut off from electricity and deprived of drinking water. More than 400 homes were at the mercy of water. Rescuers, working around the clock, pumped out more than 10 thousand cubic meters of water.



Based on the analysis of territories, we determined the study area of the Zhabay river basin on the territory of the Atbasar district in the Akmola region.



Further, a plan for subsatellite research was drawn up and the boundaries of the Zhabay river basin were determined for further research.
          [image: image18.jpg]



Figure 7-Zhabay river Basin

As a result, the plan for subsatellite research and the research area amounted to more than 700 square meters. Km and has an extensive river network of the first, second and third order with different flow regimes.
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Figure 8 - A plan for subsatellite research and the research area

For planning and conducting space imagery of test sites within the framework of the project, JSC “NC “Kazakhstan Gharysh Sapary” uses its own infrastructure of the ERS space system of Kazakhstan, which has the following application: http://cof.gharysh.kz to view the catalog of HR and MR images, order archived or new imagery from KazEOSat-1 and KazEOSat-2 satellites.

When you open the application, the welcome page of the Customer Office web portal opens (Figure 9). On the welcome page, you can select a language (EN-English, KZ-Kazakh, RU-Russian). To apply for archived images, select the appropriate panel. Then, in the window that appears, select the "Images catalog" tab and go to the "Application" tab. Then select the "New AOI" button, and highlight the area of ​​interest for which you need archived images. Then set the imaging period (for the required images). The program also allows you to select other criteria. 
	[image: image20.emf]
	[image: image21.emf]


Figure 9 -  Imaging list

If there are archived images in the catalog, the found images are displayed in the "Results" tab of the "Images catalog" tab (Figure 9), where you can see the Catalog name (DZZ), Thumbnail image (image boundaries), Product (image name), Thumbnail (quick view image), Date of arrival (date of imaging), and Metadata. 

Example: Let's look at the bottommost image in the list in Figure 21, since this imagery is cloudless.



To view a thumbnail image and a thumbnail image on the map, check the boxes next to the image of interest. After that, a reduced image of the imagery appears on the map (Figure 21).
Thematic processing of remote sensing data. Collection of open meteorological data on the test area.


Based on the planned and completed space imagery on domestic spacecraft of the KazEOSat -1, KazEOSat-2 series, thematic processing of remote sensing data was carried out for the last 5 years. As a result of the creation of a library of spectral signatures made by means of field decryption, masks of controlled classification were made according to the Supervised Classification algorithm according to predetermined classes with known horizontal-height coordinates, the horizontal-height coordinates were collected as a result of field work on the territory of the Atbasar district of Akmola region.


The selected classes constitute the following taxonomic landscape units: forest, fields, pastures, water, roads.

[image: image22.png]



Figure 10 - Results of thematic processing of remote sensing data on the study area

The collection of meteorological data was done from the following sources:
Meteo infospace http://meteo.infospace.ru/win/wcarch/html/r_sel_admin.sht?country=176

 Daily Global Historical Climatology Network
https://www.ncdc.noaa.gov/data-access/land-based-station-data/land-based-datasets/global-historical-climatology-network-ghcn
Global Surface Summary of the Day
https://catalog.data.gov/dataset/global-surface-summary-of-the-day-gsod
European Climate Assessment & Dataset (ECA&D)

http://eca.knmi.nl/dailydata/index.php
https://www.gismeteo.kz/weather-atbasar-5155/
https://kazhydromet.kz/ru/p/gidrometeorologiceskij-prognoz
Field interpretation of remote sensing data.

As part of the project, the research group performed field work on the decoded remote sensing data.

Field interpretation was carried out by the method of registration of the description by visual observation, as well as by the method of measuring the vegetative indices of the spectrum display with a hand-held radio spectrometer. The handheld radio spectrometer is the property of JSC “NC “Kazakhstan Gharysh Sapary” and was used within the framework of this project to create a library of spectral signatures.
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               а – Radio spectrometer                                     b – Measurements on the ground

Figure 11 - Performing a measurement with a handheld radio spectrometer
Planned high-altitude survey of control points and office data analysis. A database of control points for the geoportal has been created.
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	а – Test site for horizontal and vertical survey
	                      b - Study area
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	          c - High-level measurements
	d – Imaging of research areas using UAVs


Figure 12 - Performing a high-level measurements

As a result of the planned-high-altitude survey of the territories of interest using GNSS technologies, a map was made of the areas of interest with the measured coordinates.
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                 а – Schematic map                                                         b - Library

Figure 13 - Schematic map of horizontal-height surveys on the territory of interest and a library of spectral signatures

1.4 Patenting results in the Kazakhstan or Eurasian patent office.

Based on the results of the research work, an application was filed for a patent for a useful model: A method for decoding water bodies based on data from remote sensing of the Earth and geoinformation technologies.

Utility model formula: The method of decoding water bodies according to the data of remote sensing of the Earth and geoinformation technologies, including automatic recognition (decoding) of water bodies and their thematic analysis, vectorization and creation of digital thematic maps differs in that space images are decrypted by a cameral visual and automated method with subsequent verification on the ground 

Utility model abstract: The utility model relates to the field of space monitoring, in particular, to methods of decoding water bodies according to Earth remote sensing (ERS) and geoinformation technologies (GIT), and can be used to monitor and interpret water bodies using ERS and GIT data, as well as to create digital thematic maps in the geoinformation environment.

The technical result consists in the combined use of field and office decryption, in the correct determination of the boundaries of the watershed, in obtaining a thematic map reflecting the state of a particular water body, and which can be used to create a base and a general set of water facilities, visual cartographic material. This is achieved by the fact that the method for decoding water bodies according to the data of remote sensing of the Earth and geoinformation technologies, including automatic recognition (decoding) of water bodies and their thematic analysis, in which the decryption of space images is carried out by a cameral visual and automated method with subsequent verification on the ground.

Method for decoding water bodies according to Earth remote sensing and geoinformation technologies

                Scheme 1 - The logical sequence of a patentable utility model
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CONCLUSION

In the period 2018-2020, research work was carried out in accordance with the calendar plan, which is fully completed.

The following main results were obtained:

The developed methodology was validated to the technical, technological, economic and social requirements of potential consumers and users. The approbation of methods for modeling and forecasting floods in the conditions of the zone of interest was carried out by analogy to the existing methods. Letters from government agencies are attached.

 
DEM of the area was created. Additional surveys and corresponding measurements were carried out.



The analysis of modeling algorithms in GIS using hydrometeorological data and remote sensing data is carried out.

Data collection for testing the model in the conditions of the zone of interest.
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APPLICATION A 

Program schedule and technical specification: « Researh work development of a science-based methodology for forecasting and modeling floods based on the use of remote sensing data from National KazEOSat-1,2 spacecrafts in the conditions of the northern regions of Kazakhstan»
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TECHNICAL SPECIFICATION
to contract No. 334 dated April 02, 2018
1. NAME OF THE CONTRACTOR: Joint Stock Company "National Company" Kazakhstan Gharysh Sapary "
1.1 Priority: Information, telecommunications and space technologies, scientific research in the field of natural sciences.
1.2 Sub-priority: Space technologies.
1.3 On the topic of the project: No. AP05133188 "Development of a scientifically grounded methodology for forecasting and modeling floods and floods based on the use of remote sensing data from domestic spacecraft KazEOSat-1.2."
1.4 The total amount of the project is 60,000,000 (sixty million) tenge, including with a breakdown by years, for the performance of work in accordance with paragraph 3:
- for 2018 - in the amount of 20,000,000 (twenty million) tenge;

- for 2019 - in the amount of 20,000,000 (twenty million) tenge;

- for 2020 - in the amount of 20,000,000 (twenty million) tenge.
2. Characteristics of scientific and technical products by qualification characteristics and economic indicators
2.1 Direction of work: Monitoring and forecasting of space and geodynamic processes, natural resources and remote sensing of the Earth.

2.2 Scope: Study of natural processes of flood inundation of territories, modeling of flooding, forecast of flood situation.

2.3 End result:

- for 2018: A geoportal will be created with a database of water bodies in the North Kazakhstan region and decryption of remote sensing satellite images, field work will be carried out to collect control points, open fund materials and open meteorological data will be collected for the study site;

- for 2019: An analysis of mathematical algorithms for modeling flooding will be carried out, a digital relief model of the investigated area will be created, a time series of flooding models will be created based on archival satellite remote sensing images of the survey area;

- for 2020: A scientifically based methodology for forecasting and modeling floods and floods will be developed. One patent or copyright certificate of research results will be obtained.

2.4 Patentability: Patenting at the Kazakh or Eurasian Patent Office.

2.5 Scientific and technical level (novelty): The scientific novelty and significance of the project lies in the fact that in Kazakhstan there is an acute issue of safety during spring floods, and to date there is no scientifically substantiated methodology for forecasting and modeling floods using modern GIS methods. design and up-to-date remote sensing data.

2.6 The use of scientific and technical products is carried out by: State bodies of the Republic of Kazakhstan, local executive bodies.

2.7 Type of use of the result of scientific and (or) scientific and technical activities: Purchase of consulting services, purchase of materials (methodological guidance), purchase of services for providing access to the information system (geoportal) 

3. Name of work, terms of their implementation and results
	Cipher

tasks,

stage
Name of work under the Agreement and the main stages of its implementation
Period of execution
Expected Result
Start
Ending
1.

Creation of an up-to-date electronic map of water resources of the Akmola region. Analysis of stock material and search for opportunities for integrating industry data into the geoportal.

March 2018
Until November 1, 2018
A geoportal will be created with an up-to-date electronic map of water resources of the Akmola region. An analysis of open stock materials and a search for opportunities for integrating industry data into the geoportal will be performed

1.1

Collection and systematization of sectoral data on water resources of the Akmola region. Planning of satellite research.
March 2018
June 2018
Collection and systematization of open sectoral data on water resources of the Akmola region will be carried out. A plan for subsatellite research will be drawn up and a research site will be determined.

1.2

Planning and conducting space survey of test sites. Thematic processing of remote sensing data. Collection of open meteorological and hydrological data on the test area.

March 2018
June 2018
Planning and conducting of space survey of test sites will be carried out. The collection of open meteorological and hydrological data will be carried out on the test area.

1.3

Field interpretation of remote sensing data. Planned high-altitude survey of control points. Cameral data analysis. Creation of a geoportal database.
March 2018
Until November 1, 2018
Field interpretation of remote sensing data will be carried out. Planned high-altitude survey of control points and office data analysis will be carried out. A database of control points for the geoportal will be created.

1.4

Analysis of research results: field survey data and remote sensing data. Development of a methodological basis for modeling floods in northern Kazakhstan.

March 2018
Until November 1, 2018
An analysis of the research results will be obtained: field survey data and remote sensing data. A methodological framework for modeling floods in northern Kazakhstan will be developed.

ERS data will be analyzed and the data obtained will be interpreted.

2.

Validation of the developed methodology to the technical, technological, economic and social requirements of potential consumers and users. Approbation of methods for modeling and forecasting floods in the conditions of the zone of interest.

January 2019
Until November 1, 2019
The developed methodology will be validated to the technical, technological, economic and social requirements of potential consumers and users. Approbation of methods for modeling and forecasting floods in the conditions of the zone of interest.

2.1

Creation of DEM of the area. If necessary, additional survey and appropriate measurements

January 2019
Until November 1, 2019
DEM of the area will be created. If necessary, additional shooting and appropriate measurements.

2.2 

Analysis of modeling algorithms in GIS using hydrometeorological data and remote sensing data.

April 2019
Until November 1, 2019
Algorithms for modeling in GIS using hydrometeorological data and remote sensing data will be analyzed. An analytical report will be created on the mathematical foundations and algorithms for flooding modeling with a comparative description of the advantages and disadvantages of each of the algorithm.

2.3

Collecting data to validate the model in a zone of interest

October 2019
Until November 1, 2019
Data collection will be performed to test the model in the conditions of the zone of interest

2.4
Publication of articles in foreign scientific journals, indexed in the Web of Sciense or Scopus database with a non-zero impact factor.

January 2019
Until November 1, 2019
1 (one) article will be published in peer-reviewed foreign scientific journals indexed in the Web of Sciense or Scopus databases with a non-zero impact factor

2.5

Publication in peer-reviewed foreign and domestic scientific journals with a non-zero impact factor.

January 2019
Until November 1, 2019
1 (one) publication will be published in peer-reviewed foreign and domestic scientific journals with a non-zero impact factor.

3.
Development of a scientifically grounded methodology for forecasting and modeling floods and floods using remote sensing data, GNSS and ground-based interpretation

January 2019
Until November 1, 2019
Development of a scientifically grounded methodology for forecasting and modeling floods and floods using remote sensing data, GNSS and ground-based interpretation

A methodology for forecasting and modeling floods in the area of interest will be developed.

3.4
Publication of articles in foreign scientific journals, indexed in the Web of Sciense or Scopus database with a non-zero impact factor.

January 2019
June 2019
1 (one) article will be published in peer-reviewed foreign scientific journals, indexed in the Web of Sciense or Scopus databases with a non-zero impact factor

3.5

Publication in peer-reviewed foreign and domestic scientific journals with a non-zero impact factor.

June 2019
Until November 1, 2019
1 (one) publication will be published in peer-reviewed foreign and domestic scientific journals with a non-zero impact factor.

3.6

Patenting results in the Kazakhstani or Eurasian patent office.

January 2020
Until November 1, 2019

There will be patenting of the results in the Kazakhstani or Eurasian patent office.

3.3

Preparation of reports.
October 2020
Until November 1, 2019
The final report on the research results will be submitted.




APPLICATION B
List of publications of articles in journals, collections of scientific papers for 2018-2020
1 Tuleukulova D. Flood and inundation space monitoring assessment on Akmola region based on KazEOSat-1, 2 Kazakhstan spacecraft remote sensing data usage // Journal of Earth Science & Climatic Change,-2018, Vol.-9, -P.29, DOI: 10.4172/2157-7617-C5-051 (english)
2 Duisenbai N., Baktybekov K., Aimbetov A. , Tuleukulova D. , Rakhimzhanov B.  Development and implementation of scientific based methodology of predicting and modeling of flood and inundation using kazeosat-1, 2 space craft remote sensing datas. // International Multidisciplinary Scientific GeoConference Surveying Geology and Mining Ecology Management, SGEM, 2018, 18(1.5), с. 253-258. (Base Percentile Scopus-17%, CiteScore -0,4),  DOI:10.5593/sgem2018V/1.5/S02.031 (english)
3 Rakhimzhanov B.K, Murat A., Shaikhova  G.N. Flood estimation for Zhabay River Basin in Akmola region // Journal of Physics: Conference Series, 2019, 1391(1), 012168. (Base Percentile Scopus-17%, CiteScore -0,7), DOI: 10.1088/1742-6596/1391/1/012168 (english)
4 Baktybekov K.S., Aimbetov A., Rakhimzhanov B.K., Murat A. Modeling of flood inundation for Zhabay River Basin in Central Kazakhstan Region // Eurasian Physical Technical Journal, 2020, 17(1), P. 157-162. (Base Percentile Scopus-16%, CiteScore -0,2), DOI 10.31489/2020No1/157-162 (english)
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Vectorization





Creating a vector layer manually





Automatic vector layer creation (raster extraction) / editing








39

