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ETL PROCESS FOR WATER RESOURCES AND DEMOGRAPHICS DATA:
AN OPEN SOURCE DATA PROCESSING TOOLS AND VISUALIZATIONS

Open data portals have become increasingly popular in recent years as more and more governments,
organizations, and businesses recognize the benefits of making data publicly available for researchers,
analysts and decision-making platforms. Many governments have launched their portal at the national,
regional, and local levels. In addition to traditional government datasets such as demographics, finance,
and transportation, open data portals are increasingly providing access to a broader range of data types,
including environmental data, health data, and social media data. Many open data portals are offering
improved tools for data analysis and visualization, making it easier for users to extract insights from
the data. Increased collaboration and engagement between government, businesses, and the public, with
features such as forums and hackathons. The purpose of this research is to find a way to automate data
collecting and visualization processes by using different open source technologies and promoting Open
Data Portal by using environmental data, especially water resources and pollution data from the Agency
for Strategic Planning and Reforms of the Republic of Kazakhstan, Bureau of National Statistics.
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Introduction. Open data portals are online platforms that provide access to government
data in a structured, standardized, and machine-readable format. Here are some of the key
reasons why open data portals are important for countries:

— Transparency and Accountability: Open data portals increase transparency and
accountability by making government data available to the public. Citizens can use this
information to hold government officials accountable for their actions and decisions [1].

— Economic Development: Open data portals can stimulate economic development by
providing businesses with access to valuable data that can inform their decisions. This can
lead to the creation of new businesses and job opportunities [2].

— Improved Service Delivery: Open data portals can improve service delivery by
making government data available to service providers and other stakeholders. This can
help service providers to better understand the needs of their clients and to design more
effective programs and services [1].

— Innovation: Open data portals can stimulate innovation by providing entrepreneurs,
researchers, and developers with access to data that can be used to create new products and
services. This can lead to new business opportunities, increased competitiveness, and eco-
nomic growth [3].

— Better Decision Making: Open data portals can enable better decision making by pro-
viding policymakers with access to data and analytics. This can help them to design more
effective policies and programs that meet the needs of citizens [1].

* E-mail xoppecnonaupyroiiero aBropa: mansurova.madina@gmail.com



Zhiyenbayev M. M. e. a. ETL process for water resources and demographics data... 39

Overall, open data portals are important tools for countries that want to promote trans-
parency, accountability, economic development, innovation, and better decision making.
By making government data available to the public in a structured and accessible format,
open data portals can help to drive positive change and improve the lives of citizens. Figure
1 depicts the open data portals by Open Knowledge Foundation https://okfn.org/, there are
597 open data portals from around the world. Unfortunately, in Kazakhstan, we have only
few portals compared to other countries. More open portals in the Republic of Kazakhstan
will allow us to make more informed data-driven decisions.

Figure 1 — Open Data Portals by Open Knowledge Foundation (dataportals.org [4])

For the water resources of Kazakhstan, there are also open data portals, which
collect socio-economic indicators, data on Kazakhstan’s water resources, air pollution
and surface water pollution, and data on industries. But despite the fact that all data is in
the public domain, all information is stored in unstructured or semi-structured sources,
such as text documents, excel files or PDF documents. Storing data in such formats
makes it difficult to understand the situation and complicates readability. To do this, this
paper presents dashboards for visualizing data on the water resources of Kazakhstan
and their relationship with socio-economic indicators. Since water resources are an
important part of the country’s economy and agro-industry, 8§ main water intake basins
with hydro-energy resources, as well as rivers and water pollution indices, were selected
for visualization. (Figure 2). Architecture and electronic graphics are built on the basis
of these data.

ETL Design and Architecture. This paper takes you through the entire ETL process,
as shown in Figure 3, data management and visualization. ETL is the process of extracting
data from one or more sources, transforming it to fit the target schema, and loading it into a
target data warechouse. ETL is a complex and time-consuming process that requires careful
planning and execution [5]. First part of this process we explain the tools and packages to
make data powerful and readable, in addition, we provide you schema for processing data
from the source to the structured form with publicly available tools. When our data is clean
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Figure 2 — 8 water basins of Kazakhstan: 1. Aral-Syrdarya, 2. Ile-Balkhash, 3. Irtysh, 4 Ishim, 5.
Nura-Sarysu, 6. Tobol-Turgay, 7. Ural-Caspian, 8. Shu-Talas

and structured in commonly used data format, as an example we came up with comma
separated values(CSV) files. There are huge advantages using CSV file format:

—easy to read and write - CSV is an easy-to-read and - write file format for data exchange
between systems and applications [6];

— lightweight - CSV files are lightweight, and their small file size makes them easy to
share and transfer over the internet [7];

— compatible with a wide range of applications - CSV is a universal format that can
be easily imported and exported by a wide range of applications, including databases,
programming languages, and spreadsheet software [8];

— preserves data structure - CSV format preserves the data structure, including column
headers and data types, making it easy for users to understand and work with the data [9].

— open standard - CSV is an open standard format that is widely used for data exchange
because it is simple, widely supported, and platform-independent [10].

ETL process for generation structured datasets is built using Python programming
language with automation of some open source technologies. During the cleaning process,
the major role is played by the dataflows [11] library which has all necessary methods to
clean, parse, pivot data. The source data comes from the Agency for Strategic planning
and reforms of the Republic of Kazakhstan, Bureau of National Statistics https://stat.
gov.kz/. Analyzing the documents, they are not standardized and structured, mainly in
excel format with different structure and data formats which are not structured to use in
building dashboards and doing some analytics. So our goal is to build a data pipeline which
has collecting, cleaning, formatting and packaging steps which are fully automated and
scheduled depending on the source published dates.
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Figure 3 — ETL process for water resources and demographics data

When building our dataset, we use lightweight yet comprehensive data standards as
Data Package [12]. Basic container format for describing a collection of data in a single
“package”. It provides a basis for convenient delivery, installation and management of
datasets. A Data Package can contain any kind of data. At the same time, Data Packages can
be specialized and enriched for specific types of data so there are, for example, Tabular Data
Packages for tabular data, Geo Data Packages for geo data etc. Figure 4 shows metadata
json file, you can find all necessary information about the data such as author, license,
published date, total of rows, profile, hash and metadata about each resource with format,
encoding, name, title schema describing each field, as shown in Figure 5. The Data Package
is supported also by Open Knowledge Foundation and its specification is updated and posted
in channels, posts [13].

Figure 4 — This is the sample generated metadata about the package.
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Figure 5 — This is the sample generated metadata about the resources
(github.com/open-data-kazakhstan/water-resources-and-demographics[14])

Data storage and management. Second part of the process is to keep the data up to
date and publicly available. In order to accomplish this step, we are using and enhancing
Open Data Kazakhstan organization [15] in the GitHub platform which collects, cleans,
structures and keeps data from different formats. Currently, this organization has several
core datasets such as “Decent work indicators”, “Gross domestic product per capita
using production method by regions”, “Average per capita nominal cash income of the
population”, “Demographics in Kazakhstan by region, age and sex.”, “Covid statistics” and
so on. In addition, this organization develops a “School of Data” portal where students and
enthusiasts about the data can join and solve real world issues by helping our country to
prepare Data Engineers. For these reasons we came up with the solution to keep data in Open
Data Kazakhstan organization in Github repository since all our sources are public and open
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[16]. For this paper, we are using the “Water resources and Demographics” repository under
the organization and make it public so everyone can access it and get some insight from our
dashboards and use it for their papers and future works. Lastly, the reason behind publishing
datasets into Open Data Kazakhstan is to promote open data portals in our country, to help
researchers, analysts, and students to do some analysis with structured and clean datasets.

In order to keep data up to date we added Github Actions [17] which runs periodically
depending on the data, the configuration file as shown in Figure 6. GitHub Actions is a
powerful tool that allows developers to automate their workflows and streamline their
development processes. Here are some advantages of using GitHub Actions for updating
data such as automated data updates, version control, collaboration, integration with other
tools and open-source community [18].

Figure 6 — This is the generated actions.yml for Github actions (workflows/actions.yml [15])
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Data visualization. In addition, we build some graphs out of data, so it can be useful
to see some trends in water consumption and resources. Dashboard [19] is built by using
the Vercel [20] platform which provides the speed and reliability during the inspiration of
our researchers to quickly build frontend applications. Vercel is a platform that provides
a serverless development environment for building web applications, including data
visualizations. Here are some benefits of using Vercel for building visualizations such
as high performance by loading visualizations quickly,since it is based on serverless
architecture, your visualizations can scale automatically to handle large amounts of data,
a simple deployment process that allows you to easily deploy your visualizations to the
web, also supports collaboration features which allow to work with other developers
on your visualizations, making it easy to collaborate on projects and share code. The
codebase is also available publicly on Github [21]. In addition, the reason we are building
visualization on Vercel, it integrates with popular data visualization libraries such as
D3.js and Plotly [22]. It is publicly available on the web so researchers, analysts, data
enthusiasts can take a look at the water resources and consumptions by basins, rivers and
water pollution indicators.

Dashboard and processed dataset are synchronized together so it will be updated
automatically when changes will be applied to the dataset repository, so it will be updated.
During the implementation of this project, we proposed only open source tools and libraries,
so anyone can create data pipelines and dashboards freely by enriching our publicly open
organization. Additionally, there are some graphs on average annual water consumption,
water and energy resources. These are some samples taken from the dashboard such as
water resources in cure meters by basins, as shown in Figure 7, share of river (Figure 8) and
water pollution index (Figure 9).

Figure 7 — Water resources in m3 by basins - Republic of Kazakhstan
(https://water-resources-and-demographics-dashboard.vercel.app/[19])
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Figure 8 — Share of the river in kilometers - Republic of Kazakhstan
(https://water-resources-and-demographics-dashboard.vercel.app/[19])

Figure 9 — Complex water pollution index(WPI) - Republic of Kazakhstan
(https://water-resources-and-demographics-dashboard.vercel.app/[ 19])

Results. To visualize data on water intake basins, rivers and the water pollution index,
the following steps were performed:

1. Collection of data on socio-economic indicators from open sources, such as the
Bureau of National Statistics of the Republic of Kazakhstan (stat.gov), 8 water intake basins
and rivers, surface water pollution index (kazhydromet.kz);

2. Data conversion from unstructured and semi-structured data to a structured format
(CSV);
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3. Placement of data on Open Data Kazakhstan on the GitHub platform, which collects,
cleans, structures and stores data from different formats;

4. Graphing for better understanding and data analysis.

Further, based on the constructed graphs, the user can do a comparative analysis. In our
research area, we see that the largest water intake basin is the Ile Balkhash basin, which
is located in Almaty, Zhambyl and Karaganda regions. Also, these regions are the most
densely populated regions, also the Karaganda region is the most industrial region. All this
leads to the fact that it is from the Ile-Balkhash basin that there will be the most water intake
for the agricultural and household needs of the population, for industries and agriculture.

On the basis of the 3rd graph (Fig. 8) it is possible to trace the pollution of water bodies.
Here we can conclude that the largest WPI of water falls on those water bodies that are
closer to industrial plants, and the growth of the population of the region also has a direct
impact on the WPI.

Based on the results of this work, we can conclude that by building dashboards for
data on water resources and socio-economic indicators, it is possible to better analyze the
data and identify correlations between these indicators. Further on this work, it is planned
to add data on the level and flow of water, on the incidence of the population living close
to the water intake populations, on industries using hydro-energy resources and changes in
WPI over time intervals. All this in the future will show us a clearer picture of the impact of
water resources in general on the overall social and economic indicators of the country. All
the datasets which are used for the analysis are published on “Open Data Kazakhstan open
data portal [23] which provides enhanced open data systems for public use.

Conclusion. We demonstrated the power of open data and tools where we can create a
data pipeline and dashboards using open source projects. Contributing to open data portal
would help other researchers to make a quality data analysis and decision making based
on structured and clean data. As we discussed in this paper, increasing data portals at the
national, regional and local levels could help the public to get more insights from the data.
In addition, we are not only providing access to environmental data which plays a key role
nowadays when we have a water shortage. This paper would trigger other researchers to
collect and do analysis on other parts of data such as media, health, transportation.
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JKacanow unmennexm dscane Big Data, Axnapammulx mexunono2usniap axyivmeni,
an-Dapabdbu ameindazvl Kazax ynmmolx ynueepcumemi
Aamamul ., Kazaxcman

CY PECYPCTAPBIHA KOHE JEMOT PA®USLIBIK JEPEKTEPIEPTE
OHJIEYTE APHAJIFAH ETL IPOLECI: JEPEKTEPII OHJIEVIETT
OPEN SOURCE KYPAJIJIAP MEH BU3YAJTU3ALIMSLIAP

Awblk Oepexmep nOpmanodapvl COHbL HCHLIOAPLL KOOIPEK ManvbiMan 600bl, olmKeHi Kobipek
YKiMemmep, YuslmMoap caHe OuzHec 3epmmeyuiiniep, manioayuibliap icaHe wlewliM  Kaowulioay
niam@opmanapvl Yuin Heainvled Koicemimoi 0epexmepoit KOiCemimOinieiniy apmulKuLbLiblKmMAapblH
MotbiHOaObl. Kenmeeen ykimemmep YimmuvlK, auMAaKmulk OJiCoHe Jicepeinikmi OeHeeliiepoe 63
nopmandapuin icke Kocmol. [lemozpagus, Kapaicol Jicane KoK CUsKmovl 02CMypii MeMaeKemmik oepexmep
JHCUBLIHOAPBIHA KOCA, QWbIK OepeKmep Nopmanodapvl KOpuiazan opmd, OeHCAYTblK JICIHEe dneyMemmiK
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Mmedua Oepexmepin Koca anganod, 0epekmep mypiepiniy Key ayKbIMblHa KOI JcemKizy0i KAMmMamacyl3
emyoe. Konmezen awwlx Oepexmep nopmanodapvl naudaiaHyuibliapea OepekmepoeH MyCiHiK anyobl
JHCEHIIOEMEMIH  JHCAKCAPMBLIEAH O0epeKmepoi manday JHCoHe GU3YANU3AYUs KYpaioapblH YCbIHAOL.
Dopymoap men XakamoHoap CUAKMbL MYMKIHOIKMEp apKulibl YKiMem, OU3HeC JHCIHe IICYPMULbLIbIK
apacvbiH0azel bIHMBIMAKMACMuIK NeH 03apa apekemmecyoi apmmuipuiyblz. byn zepmmeyoiy maxcamor
apmypni  auwiblk 06acmankbl MexXHONOUANAPObl NAUOANAHA OMbIPLIN, OepeKmepoi JHCUHAY IHCIHe
BUZVATUZAYUANLAY NPOYECMEPIH ABMOMAMMAHObIPY JHCOTbIH MAOY JHCIHE KOpULaean opma Oepekmepin,
acipece Pecnyonuxanviyy Cmpame2usnli #coCRapaay jdcamne pepopmanay azeHmmiciniy cy Jcamne 1acmany
Odepexmepin navidarana omvipin, Kazaxcmannviy, ¥nmmolx cmamucmura 010poCbIHbIY AulblK 0epexmep
nopmanvit ineepiiemy.

Tyitin co30ep: depexmep naxemi, oepekmep NOPMaAbl, CyObly IACMAHY UHOEKCI, auiblK oepekmep,
CcsV.
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HUckyccmeennuiii unmennexm u Big Data, paxynemem unghopmayuonnvix mexnonozuil,
Kaszaxcxuii nayuonanvhulil ynugepcumem umenu anib-Papadu, e. Aimamot

ETL NIPOLHECC JJIs1 BOAHBIX PECYPCOB U JEMOI' PAONUYECKHUX
JAHHBIX: HTHCTPYMEHTbBI ObPABOTKHU JAHHBIX C OTKPbITBIM
NCTOYHUKOM U BU3YAJIMZALIUSA

Topmanst omKpbLIMbIX OGHHBIX CMAHOBAMCS BCe OONIee NONYIAPHBIMU 68 NOCLEOHUEe 200bl, HOCKOTbKY
6ce bonvuie 1 bonbule NPAGUMENbCME, OPLAHU3AYUL U NPEONPUATNULL NPUSHATOM NpeuMyuecmea oouyedo-
CmMynRHOCIU OauHbIX 07151 UCCredosamenetl, aHATUMUKO8 1 naiamgopm 01 npunsamus pewenui. Muocue
npasumenbCmea 3anyCmu C60u NOPManbl Ha HAYUOHANLHOM, PESUOHATLHOM U MECHOM YPOGHAX. B
dononnenue Kk mpaouyuoHHbIM 20CYOapCMEEHHbIM HADOPAM OAHHBIX, MAKUM KAK 0eMocpaus, PUHAHCH
U Mpancnopm, NOPMansl OMKPLIMLIX OAHHLIX 6ce dauje npedocmagnam 00Cmyn Kk boiee WupoKomy
oUanasony munoe OAHHwIX, 6KII0UAs OaHHble 00 OKpYdIcaowell cpede, OanHble 0 300p08be U OAHHbLE CO-
yuanvHuix cemeil. Muozue nopmanst OmMKpuLIMbIX OAHHLIX NPeONacaom yiyuuieHHvle UHCTPYMeHmbl 0
AHANU3A U BU3YATU3AYUU OAHHBIX, YIPOWAowue NoIb306ameisimM U3eieueHue UHGopmayuy u3 OaHHbIX.
Pacwupenue compyonuuecmaa u 63aumo0eticCmeus Mexicoy npasumenscmeom, npeonpusmusamu u oouje-
CMBEHHOCTBIO NPOUCXO0UM O1A200aps MAKUM QYHKYUAM, KaKk hopymul u xakamonul. Llenvio dannoeo
uccne008anus AGIAEMcs NOUCK Cnocoda agmomMamusayuu npoyeccos coopa u GU3yamu3ayuu OAHHbIX ¢
UCNONL30BAHUEM PASTUUHBIX MEXHOL02UL ¢ OMKPBIMBIM UCXOOHBLM KOOOM U hpodsudicenust [lopmana om-
KPbIMbIX OAHHBIX C UCNONIb30BAHUEM OAHHBIX 00 OKpYdHcaloujeli cpede, 0COOEHHO OAHHBIX O BOOHBIX pecyp-
cax u 3azpsizHeHull om Aeenmemea cmpame2uyecko2o niaHuposanus u pegpopm Pecnyonuru Kazaxcman,
bBropo nayuonanvroti cmamucmuxu.

Knrwouesvle cnosa: naxem 0annvlx, nopman OaHHbIX, UHOEKC 3A2PA3HEHUS. B00bl, OMKPbIMble OaH-
Hole, CSV.



