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DATA MINING OF SUSTAINABLE
DEVELOPMENT PROCESS WITH USING
NIGHTLIGHT INDICATORS

06 cxmom 00CHIOHCEHHS € NPOUEC CIMAT0Z0 PO3BUMKY MEPUMOPIATLHUX O0UHUUDL HA NPUKLAdi pezionie Yipainu.
Konuenuis cmanozo possumxy cmaia npogionoio cmpamezieio poseumxy ois Oirvuocmi kpain ceimy. Oowuicio i3
HAUOLIUWUX NPOOIEM 3ANUULAEMBC OMPUMAHHA NOGHUX A BePUDIKOBANUX 0aHUX 0L MOOeNell OUiHIOBANHHS
poseumxy. B po6omi 6yno euxopucmano memoouxy popaxynry iHOeKcy cmanozo po3GUMKY, AKka po3podiena
¢ Ceimosomy yenmpi danux 3 zeoingopmamuru ma cmaiozo pozeumxy Hayionaivnozo mexuiunozo ynieepcume-
my Ypainu «Kuiecoxuii norimexniunuil incmumym im. lzops Cikopcokozos. Jlana memoouxa rpynmyemvcs na
PO3PAXYHKY MEMPUKU IHOCKCY CMAL020 POICUMKY HA OCHOGL GUMIPIE AKOCMI HCUMMS HAcerenis ma 6e3neKosoi
KOMNOHEHMU NPOHCUBANHSL DL OKDEMUX KPAin ma pezionia. /s 3acmocyeaiis MemoouxKu na pezionaibHomy pieii
OYJ10 3anpPoNOHOBANO BUKOPUCTIAHNS THPOPMAUIL NP0 HiuHe 0CCIMACHH MEePUMOPIL, SKA OMPUMYEMBCI 3ACOOAMU
oucmanyiinozo 30n0yeanins 3emai iz cynymuuxosux cucmem. [ociioxnceno xapaxmep ma micHomy 36 3Ky Mix
SACKPABICMI0 HIUHOZ20 OCGIMICHHS MA THOUKAMOPAMU CMANI0Z0 PO3BUMKY. 3’IC08AH0, WO HAUOIILW 3HAUYULULL
36’A30K HASAGHULL MIdC NOKASHUKAMU THOCKCY eKOHOMIUN020 DO3GUMKY, IHOCKCOM 6NAUGY HA 3MINY KAIMamy ma
HIUHUM 0CEImeHHAM mepumopii pezionie Yipainu. Ha ocnogi 2e0ingopmayiiinozo anaisy npozpamnozo 3abes-
neuenns ArcGIS xomnanii ESRI 6yno 3acmocosano incmpymenmapiic Cmamucmuunozo 30Hy8anus, Skuil Haoae
MONCAUBOCIE OISt CIMAMUCTUYHOT 00POOKU AHUX CYNYMHUKOBUX 3HIMKIG I MENCAX BUOKDEMICHUX 34 AOMIHICMpa-
MUGHUM NPUNHUUNOM Pe2ionie abo THUX NOJIZ0HAILHUX 00acmell.

Ha ocnosi mamemamuuinozo anapamy inmeiexmyaivnozo anaiisy oanux 0yno 30icHeno ziobaivhull ma
JIOKAIOHUTL Peepeciinuil anania 36’ 13Ky Midc 6UABLCHUMU NOKA3HUKAMU. Posensd micnomu ypozo 36’13Ky 6 mepu-
MOPIaILHOMY PO3PI3i 00360UE BUABUMU 30HU 3 HAULOLILULOIO WA HU3LKOIO MICHOMOIO 6NJIUBY, U0 NOSACHIOEMbCS
0COOIUBOCMAMU COUIATLHO-EKOHOMIUHO020 PO3GUMKY OaHUX MePUMOPIi. 3a80SKU YbOMY 3a0E3NEUYEMbCI MONC-
JUGICMb OMPUMANHS POIPAXYHKY AHAOZIMHUX NOKASHUKIE Ha Oiivll 0emarvHux mepumopiaivhux pieHax, aKi
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1. Introduction

In 2015, Ukraine joined the global efforts to achieve the
goals of sustainable development (CSR) within the United
Nations (UN) Summit for the adoption of the Development
Agenda for the post-2015 period. This integrated action plan
is based on the harmonization of economic, environmental
and socio-institutional development dimensions, in particular,
to overcome poverty in all its forms and strengthen the fight
against climate change. The CSR Global Assessment System
covers around 230 indicators [1], receiving high-quality data
that is often a challenge for national statistical authorities.

Adequate data are definitely important for making in-
formed decisions and tracking progress towards achieving
the CSR. This requires the collection, processing, analysis
and dissemination of unprecedented levels of data and
statistical information at all levels, including data from
new and innovative sources, as outlined in the CSR 2016
report [2]. The report also highlights the importance of
researching new data sources, new data collection tech-
nologies, integrating different data sources, in particular,
the combination of geospatial information and statistics.
The global reports on sustainable development [3, 4] have
repeatedly highlighted the potential of using Big Data
approach in measuring progress on sustainable develop-
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ment, using satellite remote sensing and communication
technology.

Therefore, it is important to study the possibilities of
data verification for models of sustainable development
assessment using remote sensing of the Earth.

2. The ohject of research
and its technological audit

The object of the study is the process of sustainable
development of territorial units by the example of the regions
of Ukraine. The UN Millennium Declaration, accepted in
2000 by the 189 countries at the UN Millennium Summit,
identified 17 Millennium Development Goals (MDGs), that
is, a comprehensive framework of values, principles and
key development drivers by 2015. After the development
of universal MDGs in many countries of the world, the
MDGs were adapted and targets were set, taking into
account the specifics of the national situation. Ukraine
has joined the UN Millennium Declaration. The assess-
ment of the sustainable development process is based on
the use of statistical data, sensory data, data from remote
sensing of the Earth, content analysis in social networks
and the Internet. This provides an opportunity to assess
the economic, social and environmental components of

.

TECHNOLOGY AUDIT AND PRODUCTION RESERVES — Ne 3/2(47), 2019



I55N 2226-3780

INFORMATION AND CONTROL SYSTEMS:
INFORMATION TECHNOLOGIES )

the sustainable development process. In many cases, the
necessary statistical indicators are missing or not going to,
which complicates the adoption of managerial decisions.
In this case, the calculation of estimates is based on the
use of related factors, which requires the definition of the
nature, level and closeness of the links between factors
that influence on the process of sustainable development.

One of the most problematic places is the definition of
the distribution rule and the strength of the links between
components of the sustainable development process and
the data of remote sensing.

3. The aim and ohjectives of research

The aim of research is determination of the availabi-
lity and strength of statistical dependencies between light
exposure at night on the level of regions of Ukraine and
the main indicators characterizing the process of sustain-
able development.

The objectives of research are:

1. To determine the input data used to estimate night-
time illumination at the regional level.

2. To make preliminary analysis of geospatial data in
order to obtain zonal statistics by region.

3. To determine the type of links between light data
and components of sustainable development.

4. To establish global and local correlations and re-
gression relationships between these groups of data.

4. Research of existing solutions
of the prohlem

A striking example of the implementation of this approach
can be NASA's ARSET program [5], which provides training
on the implementation of satellite data in decision-making.
For example, one of the ARSET webinars in 2017 was
devoted to the use of satellite data on suspended particle
contents of less than 2.5 microns for air quality assessment,
based on the indicators of CSR 3 «Healthcare» and CSR 11
«Sustainable City» [6]. But these studies do not provide
an opportunity to assess the impact of individual factors
in the structure of the sustainable development model. The
papers [7, 8] deals with research of using of Remote Sen-
sing Data for modeling air quality in the Ukraine’s cities.
However, they do not provide a quantification assessment.
One more — from the soil and vegetation cover to analyze
progress towards achieving the CSR 15 «Ensuring Life on
Earth» [9]. However, the described parameters do not have
a developed system of criteria for evaluation.

Determining the economic status of a country or re-
gion — the issue is rather difficult. One way of indirect
estimation of economic activity is based on the analysis of
the change in illumination in the area under observation
at night, based on satellite images [10]. But for each type
of region economy this assessment will be different. The
paper [11] estimates the economies of sub-Saharan Africa.
However, this region is very different from Ukraine. The
paper [12] attempted to assess the economic situation in the
East of Ukraine by studying the change in lighting during
the period of hostilities. And in [13, 14] — based on data
on electricity consumption in these territories received from
satellite images. But these works do not provide an actual
assessment. The intensity of illumination is closely linked
to an important indicator of economic activity — electri-

city consumption. The authors of the relevant method [12]
have found that in countries with low and middle income
per capita, the change in night illumination by 1 % is ap-
proximately equal to a change in income by 1 %. However,
this estimate is correct only for a well-developed economy.
Thus, the results of the analysis allow to conclude
that the relevant indicators of the sustainable development
process for the territory of Ukraine were not mathemati-
cally formalized, which requires an expanded study.

5. Methods of research

In this work it was used data from Suomi NPP satel-
lites that were orbited in 2011. The satellite has 5 on-
board sensors:

1) Advanced Technology Microwave Sounder (ATMS);

2) Cross-track Infrared Sounder (CrIS);

3) Ozone Mapping and Profiler Suite (OMPS);

4) Visible Infrared Imaging Radiometer Suite (VIIRS);

5) Clouds and the Earth’s Radiant Energy System
(CERES).

For thematic processing of the filming data, the Day/Night
Band (DNB) product developed on the basis of images
from the VIIRS device was used — the monthly composite
nightlight coverage of the night shots.

Using the ArcGIS 10.5 program, a statistical analysis
of the illumination of the area was made to compare with
the integral index of the economic dimension used in the
assessment of sustainable development.

The formation of geostatistical data takes place using zonal
statistics operations implemented in the ArcGIS Spatial Ana-
lyst module. The tool «Zonal statistics in a table» is suitable,
which allows you to summarize the values of the raster within
the zones of another set of data, is used for process data of
a qualitative distribution of classification features (Table 1).

The calculation of zonal statistics occurs with the use
of all cells that fall into the boundary of the input zones.
As zones, spatial objects with the same values can be used
as well as a group of objects that fall into one class. The
size and configuration of the zones can be defined as a the-
matic raster containing qualitative signs, as well as vector
features containing the appropriate attributes for zoning.

The zonal statistics can be calculated for both geometric
parameters of features that fall into the zone, and for their
attributive or quantitative attributes. Also, the tool for
calculating zonal statistics is used to fill the zones with
minimum values at the boundary of the zone (Table 1).

Tahle 1

Tools for working with zones are divided into two categories
in terms of application

Category of tools for working with zones Tools

Zonal Geometry

Processing of zone shape statistics Zonal Geometry As Table

Zonal Statistics

Processing attribute statistics for zones Zonal Statistics as Table

Tools that determine the proportion of classes

within the zone Tabulate Area

Tools that determine the frequency distribution of
the values of one input raster in zones defined
by ancther raster

Zonal Histogram

Tools to fill the values of the zone Zonal Fill
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The administrative-territorial division of Ukraine by
regions was selected as the basic unit of zonal statistics.
As a result, statistics were obtained on night lighting for
each region. These data were compared with the data of the
model of sustainable development assessment. As a result,
a correlation matrix was derived between indicators of
threats and the mean value of illumination for the region.

The methodology of evaluation and analysis of sustain-
able development, as it is partially outlined in [14, 15] and
used in this study. This methodology includes a model of
sustainable development, which is an interdisciplinary ge-
neralization of the models known in the scientific, economic
and social fields of science. The technique of methodology
is applying formal statistical methods and expert evaluation
methods for the analysis of sustainable development processes.

According to the methodology sustainable development
assessment, the process of sustainable development will
be characterized by two main components: security (Cy)
and quality (C,) of people life, and generalized measure
of sustainable development will be defined by quaterion:

{Q}=jw,Cy+w0,Cy(L. 1..1,). (1)

Quaterion {Q} contains an imaginary weighted scalar
part jwyCy which describes the security of people life
and actual weighted part of a vector which describes the
quality of life in the space of three dimensions:

1) economic (1,);

2) environmental (I,.);

3) socio-institutional (Iy).

Weight coefficients w, and @, in formula (2) are used
in order to align the scale of security and quality of life
components. For the purpose of quantitative assessment
of sustainable development we use the principles of con-
structing a hierarchical system of indicators and indices
that are defined as L;-norms:

n n
Ii:ijxi,j, i=tm, Y w; =1,
= P

(2)

in the space of indicators X'xX?x...x X™ characterizing
the economic, ecological and socio-institutional develop-
ment of each region. Weights w; in formula (3) are de-
termined expertly.

The value of security of life components Cy for j-th
region is defined as the rate of Minkowski vector S; = (s/),
si=1-t/,i=1n:

1
r

c-FIH{36r) @

with a parameter p=3.

In order to determine the strength of the link between
indicators of sustainable development and illumination
of the regions, key indicators that characterize the sus-
tainable development index were selected [14].

6. Research results

As a result, a correlation matrix was obtained for che-
cking the connectivity between the statistical indicators
of region illumination and their reflection in the main
parameters of sustainable development (Table 2).

Tahle 2

Value of correlation for indicators of illumination and components
of the index of sustainable development by regions of Ukraine

Values of illumination

Components of Index Max Min Mean
of sustainable development
Component of Quality of Life -0.3062362| 0.6958459 |0.775869|
Component of Security of Life  |-0.0870352| 0.209811661 | 0.5144

Economic prosperity -0.3388719|-0.031903556| 0.053557

Index of environmental dimension |-0.4851694 | 0.030830184 | —-0.12258
Index of economic dimension 0.16050311| 0.66635917 |0.837093
Human Development Index -0.0076972| 0.086519007 | -0.0017

Competitiveness Index 0.19815784| 0.573736492 |0.766881
(uality of life index -0.2961538| 0.1135191089 | 0.140841
Index of social dimension -0.3372712| 0.29152067 | 0.317583
Sustainable Development Index |-0.2552884| 0.590410857 |0.757561

Ecological security -0.3308463|-0.044158404| 0.168294

Economic security 0.12583802| 0.345941902 [0.637313
Security (other) 0.33180022| 0.061210228 | -0.09038
Impact on climate change —0.0620561| 0.77810648 |0.997733|

Environmental stress and danger |-0.4012843|-0.093752585| —-0.31661

The state of the environment —-0.3183306| 0.149893923 | 0.144667

The analysis of this matrix allows establishing the tight-
ness of the link between the regions’ illumination and
the components of the assessment of sustainable develop-
ment. Verification of statistical emissions of maximum and
minimum values indicates a lack of close dependencies.
The calculations of the mean values, on the contrary, in-
dicate the presence of significant dependencies between
the indicators. Among the economic indicators, the grea-
test tightness of dependencies is indicated by the index
of economic measurement 0.837093, which indicates the
correctness of the mathematical model of calculation. The
largest correlation index has an impact on climate change,
which is equal to almost 1 (0.997755). The threat «Impact
on Climate Change» has been assessed as an inescapable
contribution to climate change in each region of Ukraine
by using the Carbon Dioxide Density Index:

Xccrt

(4)

Xeen = )
XacmH1

where x¢c; — the regional contribution index for climate
change, tons CO9-eq/km?; x.¢;; — carbon dioxide emissions
into the atmosphere, ths. tons. Such a high correlation
between the indicators shows a direct relationship between
CO; emissions and illumination of the regions (Fig. 1).

The highest value is Kyiv. Despite the hostilities, the
Donetsk region continued to have highlight. The following
positions occupy Kharkiv, Dnipropetrovsk, Kyiv, Lviv and
Volyn regions. The smallest values of lighting are Kherson,
Kirovograd and Zhytomyr regions.

Spatial correlation and spatial regression indicators
are used to establish relationship.

5
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Night lighting
Average annual value

I 0.406 - 0.459
0.460 - 0,604
0.605-0.765
0.766 - 1.095

[ 1.096- 10583

Fig. 1. Average distribution of light indicators in 2016 by regions of Ukraine

Geographic weighted local regression is defined as:

Ui (X0, ) = Boi (Y1) +Bii (e Y1) 011+
+BQi(xkvyk)'02i+~~-+Bpi(xk7yk)'Upi+£i, (%)

for observation i, where u;(x;,y;) is the dependent variable
evaluated in place i; v, — explanatory variable; B,(x;,4,) —
local coefficients of regression; p — the number of va-
riables, and the remainder is estimated at the location i.
Each local regression equation is solved with different
weights of observations based on the decay function with
distance, centered on observation i.

Geographically weighted local Pearson correlation coef-
ficient allows to establish a tight relation between spatially
distributed data. To do this, it is calculated for each pair
of values of two phenomena in the places where they are
placed according to the formula:

Spatial correlation, R2

I 0.12-0.22 "y
[ 023-031 k.

[ Jo32-04 . ‘

[ Jos41-049 §rana
[ Jos-059 g s
[Jos-06s
[ 069-0.77
[Jo7s-oss
[ Jos7-09

Z;m]‘ (u;~1)-(0;-7)

(n=1)-5,-S,

S,
7i(Xp, i) = 251(%,%)?, (6)

where 7,(x4,y,) — the correlation coefficient; (x;,y,) — the
place of observation #; u; and v; — a separate observation;
#u and © — the mean values of two variables; ®@; — the
weight that each measurement has, depending on the func-
tion of decay with distance, centered on observation i; n —
the size of the sample; S, and S, — standard deviations of
two variables; B,(x;,1,) — calculated parameter for two-
dimensional local regression of observation i.

To use the geographically weighted regression method
and correlation, the transformation of attribute data from
average illumination and the index of economic dimen-
sion are used. The organization of data in such a model
allows to apply geo-weighted correlation algorithms in
the language of Python (Fig. 2).

Fig. 2. The value of the spatial correlation of regions of Ukraine in terms of average illumination and the index of economic dimension

TECHNOLOGY AUDIT AND PRODUCTION RESERVES — Ne 3/2(47), 2019

7 —)



— INFORMATION AND CONTROL SYSTEMS:
INFORMATION TECHNOLOGIES

I55N 2226-3780

The estimation of the spatial correlation between the
data shows the existence of the closest dependence between
the indicators for the central part of Ukraine and its de-
viation for the eastern and western parts of the country.
In the east, the decline in the tightness of dependence
may be due to military actions and the occupation of
the territory. In the west the decline in the tightness of
dependence may be due to ignoring part of economic in-
come by means of official statistics.

7. SWOT analysis of research results

Strengths. The positive effect of the use of such external
factors of assessment like the brightness of nightlights is the
possibility of a more detailed assessment of the economic
component of the process of sustainable development in
the context of subregional units and individual settle-
ments. This allows you to reduce the cost of collecting
field statistics, increase the speed of data processing and
reduce the time it takes to calculate model data.

Weaknesses. The negative effect are the difficulty of
obtaining statistically accurate estimates of the process
due to the fact that the cohesiveness of relate between
individual indicators of sustainable development and night-
lights varies in space and time.

Opportunities. Further studies are connected with the
use of machine learning for the possibility of evaluating
sustainable development components at a more detailed
level of administrative regions, cities and communities.

Implementation of the methods may allow to increase
the efficiency of the development of regional policy in
Ukraine under the conditions of the decentralization pro-
cess. This study may be conducted for other countries and
regions of the world, taking into account local specificities.

Threats. Instability of the military-political and eco-
nomic situation in Ukraine negatively affects the assess-
ment of components of sustainable development, taking
into account the weakening of the security component.

1. Satellite composite images from the Suomi NPP,
which provide the highest resolution and are represented
by composite images that accumulate information for the
year, have been selected as incoming illumination data.
It is determined that the use of composite images gives
the best result in the mathematical model of relations
with economic indicators of the process of sustainable
development.

2. Instrumentation of zonal statistics for the automated
calculation of the relevant statistical indicators of the
brightness of illumination in a regional section has been
applied.

3. The mathematical type of connection between the
indicators of illumination and indicators of sustainable
development is determined. The calculation of the index
of economic measurement has a fairly high correlation
value with illumination (0.83), which confirms the cor-
rectness of the calculations. The highest correlation value
has indicators of regional illumination with the threat
«Impact on climate change». Thus, illumination statistics
can also be used to estimate carbon emissions.

4. The indicators of global and local regression equa-
tions for different regions of Ukraine are established. It

is determined that the closest connection between the
indicators is characteristic of the central regions of Ukraine.
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