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= ABSTRACT
The distribution of brightness of nighttime lights (NTL) at the Earth’s surface in the
visible band of the electromagnetic spectrum is a new forward-looking data source
for socio-economic studies. Visual and statistical analysis of this distribution in
time and space requires new mathematical and geo-informational methods of
cooperative processing of many raster images and vector data (geographical
maps) together with socio-economic analytics. The current research develops new
means of the spatiotemporal analysis, reveals basic problems of applied
monitoring, and outlines forward-looking approaches to their solution.
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analysis, socio-economic applications.



SPATIOTEMPORAL STATISTICAL ANALYSIS OF PATTERNS

OF NIGHT-TIME LIGHTS (NTL) DYNAMICS DATA



An example of a brightness distribution

» Figure 1 demonstrates an
example of a brightness
distribution map of
Moscow in the DNB
channel. Yellow color o .. .
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corresponds to pixels with
higher brightness, blue —
to pixels with lower
brightness. In order to
create the map, the data
were compressed with the
use of a logarithmic
function for the purpose of
multiplexing the range of
accepted data. The
obtained image was laid
over a map in the Google ; £ ) A
Earth application. The map c SN (W T e el
Contains Several diStinCt _ < . : K GAMUHUCTRATMBEEIN OKDYT
large objects: the Kremlin
and city center are much
brighter even after a
logarithmic compression;
blue color corresponds to
large forest park; major
highways are clearly
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Abnormal indications

This figure demonstrates
an example of a time
sequence of the mean
brightness value of
pixels obtained in
Moscow, that was
formed starting from
January 2017 till July
2019.

The graph is
characterized by the
absence of indications in
several summer months
and an abnormal
increase in brightness
during winter months.
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APPLICATIONS OF THE PATTERN RECOGNITION METHOD

IN TERMS OF TIME SEQUENCES
OF NIGHT-TIME LIGHTS (NTL) BRIGHTNESS
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= German researchers Julia Bluszcz and Marica Valente in their recent work
«The War in Europe: Economic Costs of the Ukrainian Conflict» used the
“potential opportunities” approach for estimating the influence of the military
conflict in Ukraine on the national GDP. In their work, the researchers evaluate
the influence of the military conflict on the national GDP by defining the difference
in prewar and postwar GDP rates that are extrapolated to postwar years.

= The authors estimate that, due to the Donbass war, Donetsk’s and Luhansk’s
average GRP for 2013-2016 decreased by 43% (4630%) and 52% (33269%),
respectively.

» For the period from 2012 to 2018 there is a consistent negative trend in
the brightness of urban radiance in the entire territory of military conflicts in
the so-called 'Donetsk People's Republic' and 'Luhansk People's Republic’.
Using NTL data and non-parametric analysis of trends, we made our estimation of
the GDP loss in these two regions.

= QOur results perfectly correspond to the results obtained by Bluszcz& Valente
(2019).
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» Bluszcz& Valente (2019) — econometric models
Donetsk: Decrease in GDP 43%
Luhansk: Decrease in GDP 52%
» RANEPA team (2020) — analysis of Night-time lights (NTL) trends

Donetsk: Decrease in GDP 40% (A =-3%);

Luhansk: Decrease in GDP 53% (A =+1%).
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Our results perfectly correspond to the results obtained by Bluszcz&

Valente (2019).

» Bluszcz& Valente (2019)

Donetsk: Decrease
Luhansk; Decrease

» RANEPA team (2020) — ¢

Donetsk: Decrease
Luhansk; Decrease

STATISTICS

PHYSICAL SENSOR

Data are coherently and logically defined
Are'registered by the same devise

Have global character
and the results from different regions can be
compared
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CONCLUSIONS
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» The current research presents new methods of visualization of changes in NTL
brightness at the Earth’s surface underpinned by economic, sociologic, and
political factors. A quantitative analysis of time sequences of the integral NTL
brightness over a limited area in Russia is aggravated by interseasonal changes
in albedo because of snow. The current research provides a new method of
distinguishing interseasonal abnormalities on the basis of the RANSAC algorithm.
After the separation of abnormalities in NTL brightness associated with climate
characteristics, it is possible to apply pattern recognition for time sequences in the
form of stepwise changes and trends associated with different socio-economic
and political phenomena. This research presents the results of such analysis for
Eastern Ukrainian cities affected by the military conflict since spring 2014.
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