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DEVELOPMENT OF A PROGRAM FOR THE INTEGRATION
OF SOCIO-ECONOMIC INDICATORS WITH SPATIAL DATA TO ANALYZE
THE STANDARD OF LIVING OF THE POPULATION OF KAZAKHSTAN

Up-to-date and reliable information is vital for assessing the socio-economic status of the population
and effective decision-making. With the help of a spatial information base, social security and living
standards data can be integrated to formulate strategic development plans and improve decision-making.
This article presents the work on the integration of information about the standard of living and social
security of the inhabitants of Kazakhstan with the display of data on the map. GIS tools were used for
integration, as the latest technological advances in this field allow the manipulation of large amounts of
geographic data and the creation of a spatial environment with socio-economic data. This work includes
collecting unstructured data from the Bureau of National Statistics, reformatting the data into a structured
database as an attribute-value pair, calculating important living standards indicators such as the real
income index, the depth and severity of poverty and the social inequality index, and monitoring the results
on the web map to compare regions based on the results obtained. It is also important to note the operation
performed for the gridding of table attributes, since it was implemented automatically using the GIS tool.
The results of the work are presented for three important indicators of the standard of living and displayed
on a map using a heat map to visually show the changes in the indices for each region of Kazakhstan.

Key words: socio-economic information, living standards indicators, spatial data, GIS, map
visualization, data extraction.

Introduction. Economics professionals and governments need powerful tools to help
them analyze, display and disseminate results, and make informed decisions about where to
create new jobs or improve the quality of life in a given region [1]. Today, GIS technologies
(such as ArcGIS Pro, QGIS, Google Earth Engine) are powerful and efficient in realizing
these functions, helping economic professionals to support and control the change and
growth of people’s social life. A GIS facilitates the study of geographic distribution (single
columns of an attribute table focusing on trends), geographic variation (single columns of
an attribute table focusing on fluctuations), and geographic relationships (pairs of columns
in an attribute table) [2].

Statistics are generally mathematical calculations such as mean, squared error,
variance, correlation, and other mathematical statistics that support the scientific collection,
organization, analysis, and interpretation of sample data to draw conclusions about their
original population. Spatial statistical and econometric methods are broadly classified into
three sub-domains based on the characteristics of spatial data: spatial point structures, geo-
statistics, and attributes associated with discrete spatial units, mainly polygons [3].
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The procedure for integrating socio-economic data and spatial reference of heterogeneous
data is shown in Figure 1. This model was presented by the International Cartographic
Association in its work “Cartography beyond the ordinary world” [4]. Using this model
for statistical data associated with geographic features, one can obtain a spatial factor atlas
about the main socio-economic indicators and convert the statistics into spatial data. Thus,
the quantitative distribution in the cells of the spatial grid and integration with natural sta-
tistics data will be implemented.

Figure 1 — Diagram of a model for integrating socio-economic data with spatial data

Based on this scheme, our tasks of integrating indicators of the level of social life of the
people of Kazakhstan with a GIS-based spatial database with data visualization on a web
map for a better understanding of the situation and comparison of results were completed.

Related work. Recent technological advances in GIS make it possible to manipulate
large amounts of geographic data and create spatial environments with socioeconomic data.
The creators of ArcGIS [5] have introduced a separate package called “GIS for Economic
Development”, where the thematic map has a table of contents that allows the reader to
add layers of information to the base map. For example, a sociologist can use a base map
of a particular country, and add datasets from the Bureau of Statistics to add layers of data
to a map that shows the standard of living, age, and employment status of residents, thus
combining multiple datasets in an infinite number of ways.

Recognizingthesynergies (fromtheintegration of GIS and spatial statistics/econometrics),
spatial data scientists have proposed and made efforts to integrate the technical fields of the
two disciplines [6]. Recent developments have resulted in greater availability of spatial
statistics and econometrics tools on various platforms, including commercial GIS software
(e.g. ArcGIS), statistical and mathematical software (e.g. Python), stand-alone packages
and libraries in popular programming environments Spatial statistical and econometric
methods are broadly classified into three sub-domains based on the characteristics of spatial



Ospan A. G. e. a. Development of a program for the integration of socio-economic ... 69

data: structures, geo-statistics and attributes associated with discrete spatial units, mainly
polygons [7]. Fischer, M.M., Getis, A. provide an extensive overview of spatial statistics
and econometrics tools [8].

Griffith D.A. points out that one of the goals of spatial statistics is to provide
a better understanding of how geographic landscapes function, some of which are
economies of space [9]. It poses the following challenges for spatial econometricians, as
suggested by contemporary spatial statistical work: (1) formulate efficient and efficient
implementations of spatial autoregression for massive georeferenced datasets; (2)
determining the usefulness of the main eigenvector of the geographic weights matrix for
empirical analysis; (3) transformation of georeferenced data generation mechanisms in
terms of mixed parametric models including spatial filters based on eigenvectors; and
(4) improving our understanding of the terms spatially structured random effect (SSRE)
and spatially unstructured random effect (SURE) that can appear in spatial statistical/
econometric model specifications.

Introducing the term “spatial econometrics”, Paelinck, J. emphasizes the need to account
for geographic dependence in spatial models, eliminate asymmetries in spatial relationships,
recognize the importance of covariates located elsewhere, and include topological variables
that explicitly span space. in the model specification [10].

Spatial statisticians often deal with observational data and therefore conduct correlation
studies. Paclinck J. points out that one of the goals of spatial econometrics is to better
understand how spatial economics works [10]. He discusses specification and multiple modes
in the context of spatiotemporal representations. He concludes that partial difference equation
models appear to be a suitable analysis tool for large sets of small spatial units. In conclusion,
especially applied spatial statistics/econometrics has been made possible by the existence of
GIS and other computer software packages. Let’s take a look at the work done in this area.

In[11], the authors applied GIS to integrate social, economic and environmental factors
to assess land vulnerability to degradation in the Pir Panjal Himalayas, Kashmir, India. In
this work, a GIS tool was used to obtain information about irrigated lands and vegetation
areas, as well as lands where degradation is high. The data obtained were compared with
population density, age of residents, and economically important enterprises.

The authors of [12] present a GIS method for modeling ecosystem services by mapping
socio-economic scenarios. As a result, the authors developed scenarios with the involvement
of local stakeholders and experts to determine how major land cover classes might change
under the influence of different sets of factors, formalized spatial rules such as agriculture
can only occur on certain soil types, and created a future land cover map. cover, which can
then be used to model ecosystem services.

The work [13] provides an analysis of the human resources of Kazakhstan based on GIS.
Demographic, social, economic and environmental indicators were used to calculate human
resources. Here, the results of the calculation of human resources are displayed on a map of
Kazakhstan, where cities are identified as a “talent magnet”, industrial areas and peripheral
regions with the lowest rates, and an analysis of the reasons for such results is also made.

Based on the above works, it can be concluded that the integration of socio-economic
data with GIS is an effective method and gives a positive result in the course of analysis
and research.
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If we turn to the implementation of our program, then different methods and tools were used
here. For example, for our work, all tabular data are taken from the Bureau of National Statistics
[14] and they are in the form of unstructured data. To solve this problem, the article [15] provides
a CRL (Cells Rule Language) method that extracts data from arbitrary semi-structured tables
(in text formats, spreadsheets and web tables) and transforms them into a structured form from
which they can be loaded to the database using standard ETL tools (Extract, Transform, Load).
A formal language of rules for the analysis and interpretation of tables, called CRL (Cells Rule
Language), has been proposed. The execution of such rules allows you to restore the semantics
of the table, which was originally absent, but necessary for extracting and transforming tabular
information. The complete implementation algorithm is given in [16].

As soon as our tables are brought into a structured database, and are ready for
manipulation for calculation, an economic model will be built to assess the standard of
living of the population of Kazakhstan. In [13], four indicators are used to calculate human
resources, and the results are successful, therefore, a similar model will be used for our
economic model, only indicators for the standard of living of the population.

Materials and methods. To accomplish our tasks, the following steps will be performed:

1. Collection of data from the Bureau of National Statistics.

2. Converting unstructured tabular data to structured databases using SQL.

3. Selection of living standards indicators based on the UN guidelines for measuring
poverty: the index of real money incomes of the population, the severity of poverty, the
depth of poverty and the inequality index (Gini coefficient)).

4. Construction of an economic model for effective analysis of the standard of living of
the population.

5. Performing coordinate referencing of all regions of Kazakhstan and visualizing the
results on a web map for comparison and analysis.

The definition of the term poverty is described in the guidelines on measuring poverty
by the United Nations Economic Commission for Europe [17]. This guide notes the concept
of inequality, which is measured by the Gini coefficient, as well as the monetary approach to
poverty, including in terms of income and consumption spending, most commonly used to
measure poverty in monetary terms. It is now widely recognized that the concept of poverty
goes beyond the material conditions of people’s lives and is also expressed in ill health, job
insecurity, social exclusion, malnutrition, and personal insecurity.

Based on UN information, for the study of the living standards of Kazakhstan, indicators
such as the index of real money incomes of the population, the severity of poverty, the depth
of poverty and the inequality index (Gini coefficient) from the Bureau of National Statistics
of Kazakhstan (1) were selected.

The depth of poverty index shows how far people have fallen below the poverty line
(depth of poverty) as a percentage of the poverty line. The depth of poverty index can be
expressed as follows (formula 1):

_ 1 <nG
Ehiv Y (M

where the poverty gap (G,) is equal to the poverty line minus actual (equivalent) income or
expenditure for those living in poverty and zero for those who are not.



Ospan A. G. e. a. Development of a program for the integration of socio-economic ... 71

The following formula (2) also calculates the poverty depth coefficient (P1), which
characterizes the average distance of the poor from the poverty line:

1en O [@-x [
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where z is the average subsistence minimum for one member of the household; xi is the
indicator of the per capita income index of person i covered by the survey; n is the total
surveyed population.

The poverty severity coefficient (P2), which characterizes the degree of inequality
among the poor, is calculated using formula (3):
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The difference between the poverty depth ratio and the poverty severity ratio is that the
latter is calculated more heavily by households that are severely underfunded.

The Gini coefficient (Income Concentration Index) is a statistic for assessing economic
equality. It was invented by the economist Gini Corrado [17]. It shows the even distribution
of income or wealth among the members of society. The coefficient is measured using a
graphical method - the Lorentz curve. To get the Gini coefficient, you need to: a) calculate
the area of the figure (T), which is formed by the line of absolute equality and the Lorentz
curve; b) calculate the area of triangle OFE; c) divide the area T by the area OFE: Gini
coefficient =T / OFE.

As a result, we get a number from 0 to 1. If incomes are evenly distributed, then the
indicator will be 0, if everything belongs to one person, then - 1. In general, the lower the
Gini coefficient, the better, the less economic inequality in the country.

After receiving the results of the above indicators of the standard of living, it is
necessary to perform a spatial reference to the regions of Kazakhstan. To perform this task,
the ArcGIS tool will be used, since there is a tool that automatically determines vector X,
y coordinates from the names of areas, without adding extra attributes to the tables. For
the best understanding and analysis of the results, a heat map will be applied, which will
highlight the regions in comparison with each other.

Results and discussion. Based on the above calculations, results were obtained
from 2001 to 2021 for the regions of Kazakhstan. To visualize and compare the results,
the data will be displayed on a map using a heat map, where the colors change from the
minimum to the maximum value. The convenience of using a web map is that the user
himself can choose the colors he needs, thus making it easier to read the results on the
map.

Using formulas (1), (2) and (3), we have obtained indicators of the depth and severity of
poverty from 2001 to 2021. (Table 1) life of the population over the past 10 years.
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Table 1 — Indicators of the depth and severity of poverty in the regions
of Kazakhstan from 2001 to 2021.

In this Table 1, the regions marked in orange and green have the highest depth of poverty
and the lowest. In Mangistau and North Kazakhstan regions, the depth of poverty is higher
than in other cities, which indicates an unsatisfactory standard of living in these regions.
Below are graphs for a better comparison of results over the past 10 years. (Figure 2, 3)

Figure 2 — Indicators of the depth of poverty of the regions
of Kazakhstan from 2011 to 2021
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Figure 3 — Poverty severity rates of the regions
of Kazakhstan from 2011 to 2021

The depth and severity of poverty indicators for 2021 were displayed on a web map
using a regional and heat map, where the color changes depending on the value of the
coefficient. (Figure 4). Here we can see that two layers are used. The first layer displays
tabular data for the depth of poverty, and colors from light blue to dark blue. The second
layer is a heat map for poverty severity, in red and green circles.

Figure 4 — Displaying data of depth and severity of poverty for regions
of Kazakhstan for 2021 on the web map

Table 2 shows the performance of the Gini coefficient from 2001 to 2021, as mentioned
above, the lower the Gini index and close to zero, the more equal the region is and vice versa.
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Table 2 — Indicators of the Gini coefficient for the last 20 years in all regions of Kazakhstan.

Here you can see that social inequality for 2021 is more pronounced in the largest city
of Kazakhstan - Almaty, where the incomes of the population are very different from each
other. Also, the North Kazakhstan region showed the best results for 2015 and 2021, which
indicates that the incomes of the population are close to each other. The developed countries
of the world practice economic models that help bring the Gini coefficient closer to 0 [16].
In Figure 5, one can observe the declining dynamics for all regions, here the conclusion is
that the country has improved its social condition over the past 20 years. On the one hand, it
is necessary to take into account both devaluation and other categories that mainly describe
economic development and the standard of living of the population. However, these tasks
are outside the scope of our work.

Figure 5 — Graph of Gini coefficient indicators from 2001 to 2021 for the regions of Kazakhstan
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Below the data display of the Gini coefficient is shown in Figure 6, where a heat map
is used, which highlights areas by their values: red - maximum, yellow - average, green -
minimum. There is also a sheet map displaying tabular data for 20 years of the geoobject to
which the coordinate referencing is performed.

Figure 6 — Heatmap of Kazakhstan with Gini coefficient indicators for 2021

In the future, the establishment of such tasks as finding the causes of poverty, identifying
the stability of variability is to be set. For example, a significant number of employed
population on life indices, between such indicators of labor/employment and acute poverty,
a direct or inverse correlation, and whether there is a relationship between fast working
youth and the level of income in the region. That is, it requires a thorough analysis of all
indicators that are relevant to the socio-economic life of the population. All these works will
be carried out in anticipation of our research.

Conclusion. Our main goal in this work was to integrate socio-economic indicators
with the map for better monitoring and comparison of results. To accomplish these tasks,
a collection of unstructured tabular data was made, consisting of indicators describing
the socio-economic condition of the population. Since there are many indicators, it was
important to choose the most important 3-4 indicators. Moreover, the choice was made in
favor of such indicators as the severity of poverty, the depth of poverty and the inequality
index (Gini coefficient). Mean income measures were used to calculate the Gini coefficient.
All calculations were made in ArcGIS Analytics, it is important to properly prepare the
incoming data.

After receiving the results, the regions were coordinated to the map, where the program
automatically recognized the vector coordinates of all regions of Kazakhstan. Here it should
be taken into account that today the ArcGIS program recognizes names only in English.

Since, now we are interested in automatically displaying attribute values on a map, only a
vector map was used, where raster data is not specified. In addition, for the best understanding,
a heat map layer has been added where the color changes depending on the value.

Based on the results obtained, we can say that all our tasks that we set at the beginning
have been completed, there are also new tasks that, based on this work, we will continue in
the future.
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KA3AKCTAH XAJIKBIHBIH OMIP CYPY JEHTI'EATH

TAJIAY YIHIH 9JIEYMETTIK-9KOHOMMUMKAJIBIK

KOPCETKIIUTEPII KEHICTIKTIK JEPEKTEPMEH
NHTEI'PAIUAJIAY BATTAPIAMACBIH 93IPJIEY

Xanvikmoiy aneymemmik-3KOHOMUKATBIK HCALOAUbIH OALANAY HcaHe MUIMOI ulewimoep Kadolioay yulin
63eKkmi Jcone ceHimoi aknapam Kasxcem. Kewicmikmix aknapammolk 0a3aHblly KOMeSiMeH dleyMemmiK
KaMCbI30AHObIPY MeH OMID CYpY Oeneelii mypaivl 0epekmepoi CImpame2usiivlk OaMY JHCOCRAPILAPbIH d3Ipiey
JICoHe wlewimM Kaowlioay npoyecin xcaxcapmy yulin 6ipikmipyee 6onadwvl. bByn makanrada Kasaxcman
MYPELIHOAPBIHBIY, OMID CYPY OeHeelli MeH dieyMemmiK KamMmamacsl3 emizyi mypaisl aknapammsl Kap-
maoa Kepceme Omulpbln UHMeZPaYUAIAy OolbIHWAa dcymbicmap yevinviazan. Mnmeepayus ywin TAXK
KYpanoapuvl KoNOaHblI0bl, OUMKEH OCbl CANAOAdbl COHEbL MEXHOL0UANBIK HCCMICIIKmep 2e02papdusibli
Oepekmepoiy YiaKeH KoIeMiH 6AcKapyea JcoHe neyMemmiK-3KOHOMUKAIbIK 0ePEeKmepMeH KeHICMIKMIK
opma Kypyea MyMKiHOIK 6epedi. Byn scymvic ¥ammolx cmamucmuka 010poCoiHa KYpulibiMOaHOAeaH
depekmepoi HCUHAYObl, OepeKmepoi ampudymvl-maHi HcyObl pemiHoe KYpulibIMOAI2AH O0epeKKopad
Kaima gopmammayovl, HaAKmMvl Mabblc UHOEKCI, KeOelnikmiy mepeHdici MeH ayblpiblebl JHCIHE
aneymemmix meyciz0ik UHOEKCI CUSKMbL OMIP CYPY OeHeeliHil MAaHbl30bl KOpCemKiumepin ecenmeyoi
Kammuovl. Humepnemmezi namuodicenepli OAKbLIAY, AIbIHEAH HIMUdICENEp He2i3inoe aumakmapobl
canvicmoipyza apuanzan kapma. Conoau-ax, xecme ampudymmapulibly MOPLIH KYpYy YuliH JHcacaneam
onepayuanvl aman ony Kepek, oumieni on agmomammel mypoe IAXK xypanvinviy xemezimen gucysece
aceipuLnovl. JKymvic Hamuoicenepi omip cypy 0eneelliniy Yl Maybi30bl KOPCemKiuti OOUbIHUA YCLIHbIIZAH
arcone Kasaxcemarnnviy apoip 6HIpi GOUbIHULIA KOPCEMKIUMEPOIY 632eP2eHIH KOPHEKT KOpCemy YUliH MLy
KapmacwiHvly KoMe2iMeH Kapmaoa KopCcemineeH.

Tyitin co30ep: aneymemmik-3KOHOMUKANBIK aknapam, emip cypy OeHeeliniy Koepcemxiumepi,
Keyicmikmix oepexmep, IAJK, kapmoepadusnvix gusyanusayus, oepekmepoi uwvi2apy.
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PABPABOTKA ITPOI'PAMMbI UHTEI'PAIIUU COLIUAJIBHO-
3KOHOMUWYECKHNX MMOKA3ATEJIEH C MTPOCTPAHCTBEHHBIMUA
JAHHBIMMU JIJIS1 AHAJIM3A YPOBHS )KU3HU HACEJIEHUSA KASAXCTAHA

Axmyanvras u 0ocmosepnasn ungpopmayus HeodXoouma 015 OYeHKU COYUATbHO-IKOHOMUYECKO20 NO-
JIOdHCeHUsl HaceneHus U npuHamus dQgexmusHulx peuwenuti. C nomousbio npoCcmpaHcmeeHHol uHpopma-
YUOHHOU DA3bL OAHHbIE O COYUATLHOM 00eCneYeHul U YPOGHe JHCUHU MOSYI Oblb UHMeZPUPOo8ansl Ois
paspabomru cmpame2uyeckux niaHo8 pa3guimus U YIyuule s npoyecca nputamus pewenuil. B oannoi
cmamve npedcmasienvl pabomuvl no uHmezpayuy uHopmayuy 0o yposHe JiCU3HU U COYUATLHOU oDe-
cneyennocmu oicumeneti Kazaxcmana ¢ omobpasicenuem dannvix na xapme. [[na unmezpayuu ucnoio-
s06anucy uncmpymenmul I UC, nockonvky nociednue mexnono2uyeckue 00CMudiCeHUs 8 dmoti 0oracmu
N038ONAIOM MAHUNYIUPOBAMb DOTLUUMU 00beMaMU 2e02paduyeckux OaHHbIX U c030a6amy NPOCMpan-
CMBEHHYI0 cpedy ¢ COYUATLHO-IKOHOMULECKUMU OAHHbIMU. Dma paboma ekaouaem & cebs cOop HecmpyK-
Mypuposannvix 0anHwvix uz bropo nayuonanenoti cmamucmuxu, nepegpopmamuposanue OaHHbIX 8 CMpPYK-
Mypuposannyio 6azy OaHHLIX 8 ude napvl ampudym-3Havenue, pacuen GadliCHbIX NoKa3ameneil ypoeHs
DICUBHU, MAKUX KAK UHOEKC PeaibHO20 00X00d, 2YOUHA U Cepbe3HOCHb OEOHOCMU U UHOEKC COYUATILHO20
HepageHcmea, omceiedcusanie pe3ynomamos ¢ Mnmepueme, xapma 015 cpasHeHus pecuoHo8 Ha 0CHO8e
nonyyennvix pesyibmamos. Taxowce 8axcno ommemums onepayuio, 6blNOTHEHHYIO Ol NOCMPOEHUs cem-
Ku ampubymog mabnuybvl, max Kax oHa ObLIa peanu306and AgMoMamuyecKu ¢ NOMOUWbIO UHCIPYMEHmd
THC. Pesynomamul pabomul npedcmasienvl N0 mpem GANCHIM NOKA3AMENIM YPOGHS JCUSHU U OMOOPa-
JICeHbl HA Kapme ¢ NOMOWbIO MeNna080U Kapmul, 4modbl HA2AAOHO NOKA3AMb U3MEHeHe noKazamenetl no
Kasxcoomy peauony Kasaxcmana.

Knioueswie cnosa: coyuansHo-3K0HoMuyeckas UHGopmMayis, nOKA3amenu ypoeHs JCU3HU, NPOCMPAH-
cmeennvie oannvie, I UC, kapmoepaguueckas suzyanuzayus, u3eiedeHue OaHHbIX.



